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WO 2007/041861 PCT/CA2006/001685 Chimeric Antigen Containing
Hepatitis C Virus polypeptide and Fe Fragment for Eliciting an Immune
Response TECHNICAL FIELD The present invention relates to chimeric
{§:8,fusion proteins) for targeting and activating ant%cmooamowss
presenting cells (APCs) to elicit cellular and humoral immune responses.
In particular, the invention describes compositions and methods that 5
contain or use one or more chimeric antigens that contain one or more
pre-selected Hepatitis C Virus (HCV) antigen(s), and an immunoglobulin

fragment, wherein the chimeric antigen is capable of binding and
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antigen presentation to elicit cellular and humoral immune responses. 10
- BACKGROUND More than 170 million people worldwide are chronic
carriers of HCV [Delwaide TECHNEOSDFRE/DVed. Liege 55:337-340] .
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available for, . The route of infection is via blgod and. other, body fluids
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y, the only therapy for

341:556-562]. Presentl ! epatitis C infection Is
Hepptitie foMing NGy hentigendaly . 3o dnavaegiohulip diagsyerd. whprsindhe, has
chtbstantipks W e Hiipetss Bnehis sifestivatinoabCanppRsimsaERlealia
WEE ected Sroug o1:éfpatients. Thera te.utic vaccines, that er%‘ance ost
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reggemsgscement in the treatment of this disease. The immune system plays

a key role in the outcome of an HCV infection. Most individuals that are

exposed to HCV mount a br%&dcig?ﬁé multi-antigen-specific CD4+

(regulatory) and CDS+ (cytotoXiC) T cell tesponse to the virus. These
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focused immune response results in chronic infection. HCV is a member
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disease [Alter et al. (1999} N. Engl. J. Med. 341:556-562]. Presently, the only therapy for
hepatitis C infection is interferon-1 (IFN-I) and Ribavirin. However, this therapy is
expensive, has substantial side effects, and is effective in only approximately 50% of a
selected group of patients. Therapeutic vaccines that enhance host immune responses to
eliminate chronic HCV infection will be a major advancement in the treatment of this
diseasc.

" The immune system plays ékey role in the outcome of an HCV infection. Most
individuals that are exposed to HCV mount a broad strong and multi-antigen-specific
CD4+ (regulatory) and CD&+ (cytotoxic) T cell response to the virus. These individuals
develop only a self-limited infection. However, in some individuals exposed to HCV, a

weak or undetectable and narrowly focused immune response results in chronic infection.
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proteases to produce three structural proteins (core, El, E2), p7 protein
and 6 non 5 structural proteins (NS2, NS3, NS4A, NS4B, NS5A, NS5B)
[Hijikkata et al. (1991) Proc. Natl. Acad. Sri. USA 88:5547-5551]. The
NS3 protein is the viral serine protease involved in the proteolytic
processing of the non-structural proteins [Bartenschlager et al. (1993) J.
Virol. 67: 3835-3844]. The mechanism by which the virus evades the host
immune machinery is not to clearly established [Shoukry et al. (2004)
Ann. Rev. Microbiol. 58:391-424]. Several HCV proteins have been
implicatad indREAMURaRYARIOR MAshaniann Thess NUuley MNeah.is
suggested to induce theg&roductlon;of IL-8 which mjélé)gg g}%IFNamduced
a pogititiyeepe R SEFILH BRATRPITSH0 1) FPOH P 6955 BE0alaha %o
singlB B%}?@iﬁeﬂm@r id ENaY&Dﬂm?ediﬂ?Mﬁlﬂmoze}m it Aty Bistraisl tiirgl
antiviral immune responses [Tan et al. 1 iral.294: ; Core
PrOtEISE Rpd% ‘h‘"‘égrdé‘se_ e%PPc?t}ﬁ rT' v %‘8%?%@?@%’%32’? é@é’zér%%%%é%inll (2003)
strudutshpnotainls (V25835 5624), MHBOSPE AP ] Savdkatecs (B9dpY15e-
NatlV {9l ‘i 0202sA 0343 B¢ CriRkaus phadid 2083) e iaee 5o%859-662]
suggested to modulate T cell responses by modulating DC mc%‘ﬁgratlcg :
?Baya 54:
(199339-23]: €0 HIMMARY In one aspect, there is provided a purified
chimeric antigen for elicjting a_prophylagtic | YRG inst a
heggﬁ@%ﬁﬁy%\%’é #b%‘,ggai gh%%%%%é %OSg antlgeﬁr %%Enggﬁgylr?g% alp
cleaiplyypatpitibiedifBhoukey s sh P4 HdvnmiRewhEramhishe FAM e rdsotise
HC’g DR RPHEES ADE MR PAROSARISRALRASR] PReOTENME

otelns selected from the group consisting.of a HC (1-197)
- NSYoragacsicr nnduerhoiPORRF iR A8 WY 'ﬁg‘gﬁéﬁgﬁ&‘&% protein,

anti RGP (PEAK at30. HOM )BI-FRohratein9s-6106] MEE pulisinbectiglr
NS4B protejn, and.a HCV NSSA, protein; ol i
BT Ok, B LA P AsR s el o

get bin ain comé)rlses a hinge region, at
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. suggested to modulate T cell responses by modulating DC maturation; and finally the

lack of memory T cell help [Shoji et al. {1999) Virology 254:315-323].

SUMMARY

Tn one aspect, there is provided a purified chimeric antigen for eliciting a

prophylactic immune response against a hepatitis C (HCV) infection, said chimeric

| antigen comprising: a polypeptide immune response domain, wherein the immune

response domain comprises one Or More immunogenic portions of one or more
proteins selected from the group consisting of a HCV Core (1-191) protein, a HCV-
Core (1-177) protein, a HCV p7 protein, a HCV E1 protein, a HCV E2 protein, a
HCV E1-E2 protein, a HCV NS3 protein, a HCV NS4B protein, and a HCV NS5A

protein; a polypeptide target binding domain, wherein the target binding domain
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linkage; and wherein the chimeric antigen comprises non-maimmalian
glycoslyation. Disclosed are compositions and methods for targeting and
activating APCs, one of the first steps in eliciting an immune response.
The compositions disclosed herein include a novel class of molecules
(hereinafter designated as "chimeric antigens") that _include an immune =
responseadihn {IREC TogieRant ashaeesinpirba proteHOMkad s R Pic Fo
target bipgingidomainceh %a%]pﬁ%ﬁgam&l% ApANUbLdy, fragment BORIOR. wherein
[

More specifically, the chimeric antigens are molecules that couple viral )
antigendhaifamyae Hepantsicradrendribelspechbarding 0Brie eanked By peptide
non-strygtyral- PEAte NS 19 Ahe ERAYIRAARBER HREMRBL RIChASAdmiHine
immunoglobulin G Fc 2a fragment. In some embodiments, the antibody
fragmerﬁlﬁasié@%’ﬁypic antibody fragment. The compositions and

methods disclogehherein gpsseividandardating ane.activating Affasing APCs, one
The compositions and methods of the present invention are useful 5,f(€)/g? d herein
éff 1CrelL

inducing CEIRAK AHROIMH BRI W B TR e Y88 INESS BBLHET S

antigen iagsaciategvith 16\ Asoldistlosedraieithpiapatiic vacoiresiapens”) that
the trealment of chronic HCY infections aruell &s RIOBIMACHS YBCEINES ein, lnked
for the p}ﬂacv'é iOh' B e/ iRIEEHSHE “Also aidc1osed Bfe ‘onhe of more © ’
chiericantigertsultap b forimi@iBiing fane Xeirmume ridspgp fisg ragdipsttion. More
HCV. I Jiene.smoadshisioLiie Y IYAN SRR Hfpl AMUARRRALE such as
linked to fragmerits of antibodies. The resulting chimeric antigens are
capableldfnratitiefingandacioating rinceicdned e marige-eenstuskproteins, to an
discloseg, arg.qathads fRLrloning RN constustiseRcedingfusion

proteins and producing fusion proteins in a heterologous expression

system. In 15 preferred embodiments, the cloning and production

methods introduce unique post- translational modifications including, but

not limited to glycosylation (e.g., mannosylation) of the expressed fusion

proteins. In order to provide efficient presentation of the antigens, the

inventors have 20 developed a novel viral anti gen-marine monoclonal

antibody Fc fragment fusion protein. This molecule, by virtue of the Fe

fragment, is recognized at a high efficiency via
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specific receptors by APCs (e.g., dendritic cells), the fusion protein is
processed and peptide epitopes from the viral antigen are presented as
complexes with Major Histocompatibility Complex (MHC) Class I. This
processing and antigen presentation 25 results in the up-regulation of the
response by cytotoxic T-lymphocytes, resulting in the elimination of
virus-infected cell population. In addition, due to antigen presentation by
MHC Class Il molecules and activation of helper T cells, a humoral
response can be induced against the viral antigen that will help prevent
and/or eliminate,viral infection. The ¢himer| r helps
e S G
fragleadritic cells), making it a unique approach in the therapy 3 of chronic
'”fﬁﬁ%oc%%l%% £S0Y ﬁ%‘?ﬁéﬂﬁ%ﬂ%@&fﬂ&%iW@rA@E}JﬁRﬁ@&g&ir@ﬁﬁds
useful for developing therapeutic vaccines to treat chronic Hepatitis C
activdtiog o, ST Rbcorsmiprstiiansriot rbediihbriE fasis Pyrotin&e R aticit a
for MARDHITRUNE: 18SBPAS BRI eI hOSIniNckding hatiheellaviandntigen
Immoral responses. Thus, they can be s used as therapeutic _vaccir}es to
w55 OB OES Mhek BPeTHITFASIIHASAS MY P TRfEdBh TRAGPE™ ©
chrsRRAIfCallyidissiesedagirgipis i dhimerizantigén fbe plisitimgpant HiNune
. response, the chimeric antigen containing an immune response domain
infef§" target binding domain, the immune response domain containing a
he peititi®li€: ir4EMye amtigemnand thisataigetthinding bbmiin corgangiag an
m FOHPRATa0ment, Fevihedy Jiagmenheanr ot dxenalxplciantibody
Ii"?agme ¢ théchimeric antigen can elicit a Immoral immune response, a

HCéHotaeimmuliskedspofisamepia Yol iffitkal ifipinié s chpBSeranheras
are%%ﬁkg@é IPYEEESRPRSEy InAdditeN sthe shimerisiastigen can elicit a

hl immune response, a Th2 immune response or both a Thl and a Th2

immdke deelosrhaeTRETINR (e laups ¥ cSABEUSH RTS8 WP RX vivo

proi{ém%@ peshRnsefthe: frnunarespenskgamatpreaiceaytamnore than
one protein;, it can, for example, cont iq. one rgorei munogenic
PreB BT U B 1RGSR BIAL T Tor B B I

include, tor example, a ore
trakd ) prokiicas dCin Coden ¢l bLT Ty dioieid ta $h@vspitprotein; a HCV E

m aﬁ‘r@%%%@ (%\éwliig }ﬁ{g%@%@@@oﬁé&gﬁg_ protein, a HCV NS3 protein, a

proteir, or a SA protein. The target binding domain
- can_be capable of.binding to. an.antigesr presainiing erlltARoDs five
anti%ﬂé?fé%ﬁ%%‘ﬁ?%éﬁibe af ’

e fragment. Th

_ developed a novel viral antigen-murine moboclonal ant?body Fc fragment fusion protein.

This molecule, by virtue of the Fc fragment, is recognized ata high efficiency via
specific receptors by APCs (e.g., dendritic cells), the fusion protein is processed and
peptide epitopes from the viral antigen are presented as complexes with Major |
Histocompatibility Complex (MHC) Class I This processing and antigen presentation

results in the up-regulation of the response by cytotoxic T-lymphocytes, resulting in the

climination of virns-infected cell population. In addition, due to anfigen presentation by
MEC Class I molecules and activation of helper T cells, a humoral response can be
induce;zi against the viral antigen that will help prevent and/or eliminate viral infection.

. The chimeric nature of the molecule belps to target the antigen to the proper
antigen-presenting cells (¢.2-, dendritic cells), making it a unique approach in the therapy




chimeric antigen can further comprise one or more of a 6xHis tag, a
protease cleavage site, and a linker for linking the immune response
domain and the target binding domain. The linker can be selected from
leucine zippers, biotin bound to avidin, and a covalent peptide linkage.
Furthermore, the chimeric antigen can be glycosylated, e.g., mannose
glycosylated. The antibody fragment can include an immunoglobulin
heavy chain fragment and the immunoglobulin’heavy chain fragment can
" contain a hinge region. In addition, the immunoglobulin heavy chain
of HAIMSHEANCARIAIN BY Geapanohantantikobciragment selestedfiom
the group consisting of the CH 1, t gEe hmg %glo&t e CH2 domain, and
P herR48 Brovided A method of

delimes wighansamntigest tbea@elamﬁgerﬁumteq&ntmg; cetlf;lmewhembntunune
‘resp%%gn Q%’ISIrgq &}éjrs?lg:{c glbgtﬁh:%lm%ﬂ hgﬁﬁﬁﬁr}@%&@g %{Emﬁé

efmed above, whergin any such method practiced as a method for
usedrescifreraputictins Ran TSR AHHeaI BB P IRERS 9 AT fled as a

nfediggnostic method practiced on the human or animal body is excluded.

Also disclose et od fdellverln nt OeaN, H]
preY&iRTEeE ﬁa l:%seg 3:%%?)#?3%5115 rr%lnlésgtg |r¥119f%) tﬂg glr%gen
imnpfesesingcelt amimeﬁbtmnghunertmnggens@mlmmﬁr e antigen

ndB] B3RN0 Collcan b & dendiic. ool JehanalNeLASRES there)i

prov a metho t

g an antigen presenting cell, the method
antlgcxmpdﬁmgamﬁmmg ‘ﬂh@ﬁﬁﬁ@%‘ﬁ%‘&@ﬂtﬁ’g eng: st oHitigen

ined AboVeMEHBRYaSHeh: Wﬁwgﬁrﬂ&a@ﬁ@%ﬁ&ﬂ etpathod for
treatment of the human_or animal bod theragg/ d_dilc:ed as a
R

h““&'@é%@ﬁ&%@ﬂ%&ep?é&t}&@ﬂ B i} of anima idexcluded. 5
resphige diselodaduisametheshobectivatidtien ha u@mrptmwmelﬂmthe

n{ethod can iovolve SNIARNG.aN AUTBBBPEESANANG ¢6l wilhadny of the

chimeric a%tlgens erein. The contacting can take place_ex
respyings.OF b VELTE CEPORIRCIPIREE? foPRLARTHIE: e HEFEN FPReT et

i@ {aGIUAle adiminisiariagtitansHbibgt encqeoninsition, Carepasing cmyenf

the chimeric antigens of the jnvention, the anti 10,presen | being
onefy FHETE APTREROSTY BSHISRRG RS LN & g %@n%ra?@rém%&néggﬂ%% d

HCV Core (1-191) protein, a HCV Core (1-177) protem a HCV p7 protein, a HCV El
protein, a HCV E2 protein; a HCV E1-E2 protein, a HCV NS3'protein a HCV NS4B
protein, or a HCV NS3A protein. The target binding domain can be capable of bmdmg to
an antigen prescntmg cell (APC). The antibody fragment can be a Fe fragment The
chimeric antigen can further comprise one or more of a 6xHis tag, a protease cleavage
site, and a linker for hnkmg the immune response domain and the target binding domain.

The linker can be selected from leucine zippers, biotin bound to avidin, and a covalent

for dRectoping ABFTAR!S TASRGHRIMEY de

peptide linkage. Furthermore, the chimeric antigen can be glycosylated, e.g., mannose
glycosylated. The antibody fragment can include an immunoglobulin heavy chain
fragment and the immunoglobulin heavy chain fragment can contain a hinge region. In
" addition, the immunoglobulin heavy chain fragment can contain all or a part of an
antibody fragment selected from the group consisting of the Cyl, the hinge region, the

Cy2 domain, and the Cy3 domain.



response, a cellular immune response, or both a humoral immune

response and a cellular immune response. The cellular immune response
can be one or more of a Thl response, a Th2 response, and a CTL

response. The subject can have, or be likely to have, an

immune-treatable condition. The immun_e-treatabl%ﬁ?ong%on can be a{mo 0 an
acute infectidf 45 faefasas ks GRiHSCRMCBIY QAN DR E RRABHE e 0
infection {86 AGRIRRIE MRl Btectian) chhgatirenigrnféasancanbheaatigen
chronic hepatitis C viral infection. The immL ne-t%%agable condition can beth d
a hepathisseniinarcritectiomant MBS AE RhEee: GOISIR SN ESHEAR e
one or MQe RAtIGENIERNLHIBS Bf e LMAL RIeiins Betedteddydm theepy or
group consisting of a HCV Core (1-191) protein, aﬁggv Core 1:17?)0 dvi
protein, PAAFHSYAZ0 ENRERTHC GBI PSS HS NG EVPERES BES8im o5
HCV PZpetein, a HCV NS3 protein, a HCV NS4B protein, and a HCV

NSSA protein. Using the method, the subject 5 can be vaccinated against

a viral mtechan, e.g., propnytacucayy vacs nate in iral infecti .
or therape utigtlﬁ?/ ‘\i/%\%l&sneé%e%a%%?‘r? ét %%:?éi\(gtri%%ﬁ%ﬁfﬁ%c%oéﬁ{%@% PRBning
anothercalpiéctihied isiproisideddninetieod Dfophsdutizny aresintageell any of the
antigen gs defined %l%(g\{}% fe.meihed %g‘zﬂﬂﬂ%l@ﬂigg IdiNGA be a dendritic
microorganism or 5 cel , the microorganism or cell comprising a
polynuctebitide that encodes the chimeric antigen; and (b) culturing said

microorganism or.call pder.conditiong yRedely thereimesis antigemiantigen

expressed. Also disclosed is a method of producing a chimeric antigen,

The methoairziebives o reviaIRE R REGORAGHRBIRAS S Sl PR nting cell with
microorgapigio.r aét%‘%ﬁ GORIFINING.B RAYAHEIERLHS thaleRoadepacticed as a

chimeric antigen; and (b) culturingthe microorganism or cell under

conditiomsttbFebyaHaenimee SHmBPisiaipRk8edy dyiRerapy or practiced as a
microorgaiisie: I e 63 R 28R KR MRURFE 0PAaARISMoal celx dinacaell

can be a yeast cell, a plant cell or an insect cell. In addition'the chimeric
gt can be POk BANNAR IO bETHER CRa R & g
glycosylationdleyéianathenaspegtithetizds providieg ecthiciborganidiheghimeric
cell comprising a polynucleotide that encodes a chimeric antigen as
defined-abigus dmyirabotier Ehpeertatisredanyrboilers schimeiie digglsan ke
\a/l:lcdc:?r?gﬁlig?%?gy &Mpi@%@%ﬁr@%d@mcj@ LAHSRARIe REaRRYEREICo 2 subj ecta
composition comprising any of the chimeric antigens of the invention, the antigen
10 presenting cell being in the subject. The contacting can result in a humoral immune
_response, a cellular immune response, or both a humoml immune response and a cellular
IMMUDe response. Th;e celiular immune response can be one or more of a Thl response,
aTh2 response, and a CTL response. The subject can have, or be likely to have, an
mmune-treatable condition. The immune-treatable condition can be an acute infection
15 (e.p, an acute viral infectilo'n) or it can be a chronic infection (e.g., a chronic viral
infection). The chronic infection can be a chronic hepatitis C viral infection. The
immune-treatable c.onditién can be a hepatitis C viral infection and the immune response
domain can contain one or more anti genic portions of one or more proteins selected from
the group consisting of a HCV Core (1-191) protein, a HCV Core (1-177) protein, a HCV |
20 El protein, a HCV E2 protein, a HCV Ei-E2 protein, a HCV P7 protein, a HCV NS3
protein, a HCV NS4B protein, and a HCV NS5A protein. Using the method, the subject

5



prevention of a hepatitis C (HCV) infection. In yet another aspect, there
provided a pharmaceutical composition comprising a chimeric antigen as
defined above and a pharmaceutically acceptable excipient. 5a Also
disclosed is a polynucleotide encoding a chimeric antigen, the

polynucleotide containing a first polynucleotide portion encoding an
immunecrespapsadofriinaht ardeBsit Poyhudiagide Poor eftoding™ > *
a target pinging demait.thetarast hindingdermain containing:an datthady
fragment. The antibody fragment can be a xenotypic antibody fragment.- -
The polynucldatjdeanarheontaini, foerexapmpréded muetbotidé weduenge chimeric

selected from the group,consist f the ide. 0 QLN o
n SEQ ﬁfmals@@3%5"%5’%f?zgxé%%3%0@5?9&%%%15%%5#?%%%5%&%@2j“;m
chimeriorantigenithati iscatrlpast909sitanticplisonan peititaidnndedbid encodes the
sequence selected.from the .gro nsisiing: ' ' ditions
 Seauendly Cel o S 1 N e T el ontons
can selechivelyshibritiinectindetigtririgenpwsswitions to a polynucleotide
having a nucleqtide sequence sele f t r >onsisting-ef,.
A6 Feddsnes angé%% ffﬁ&o@%%gé’%h@%ﬁ'@ﬁﬁ @

nucleotide sequences set forth in and 41-51. The .

inventiofitelse:tiprbvidasvalveded m@@ﬁﬁé@ﬁiﬁ&%ﬁ%ﬂ%l@ﬁ%l%ﬁ%&oqgmm or
disgosed neseing £ 0y ;ﬁx}(ﬁ&&%&ﬁﬁéfﬂhﬂ%ﬂu@a@almm@ﬂdg&s;apefabdmmng the
a

linked to a transcriptional regulatory, element (TRE). In addifi i Th
inventio ETAPEIEEE PTARSBTGRAEIISPEE I?%réb Rta%% i?\%%%}f S?QI#?g]ﬁ expressed. e

polynucigptisies-disalosed: herdin 2 Aot oo tszamsartichsibf The cell can be a yeast

manufaciyre {jet can Soniain 4Ny ol SAmede ASERs disdassshos:
herein and’in {ru,c?lons for'a ministering the chimeric antigen to a subject

in need theviatnAls s Biobc IR BIAHIAEEAHEY THmgELifbR" s rensanonally
containing ARyiqf theFhimerisaptiganssisalesed herein and a

ph]a maceutically acceptable excipient.- Also disclosed is method of
producing a chigesicaaptigensgde thethacbearidnvelvecya)rproisding !l

microorganism or a cell, the microorganism. or cell. containin defined above .
poIynuc%&%%ﬁ%@éﬁé&ﬂ@%‘%&%&%ﬁﬁ%ﬁ%@%%%%ﬁ%?ﬁ%k%ll%gg?:uﬁa,mft:he

target-binding dekiaianinker melectiereintaminiydatahgptbindifiged mdgfined

o barar e Tead LS 09 % U HaRIREC ALl e
" prevention of a hepatitis C (HCV) infection.

In yet another aspect, there provided a pharmaceutical composition

comprising a chimeric antigen as defined above and a pharmaceutically

acceptable excipient. -

5a



target binding domain-linker molecule is expressed; and (c) contacting the
target binding domain-linker molecule and an immune response domain
under conditions that allow for the binding of the linker to the immune
response domain, the binding resulting in a chimeric antigen. The
microorganisms or cells, the polynucleotides, the target binding 6
domains, the linker molecules, and the immune response domains can be
" any of those disclosed herein. Unless otherwise defined, all technical and
- scientific terms used herein have the same meaning as. commonly
underﬁtodi@lclh}sme ofagsdinarylskildretbedarg u)cWhiei‘idlaisig'avehéion
n ase of cop flict ent document, IudLn deflnltlons
PO BT A o oot et el SR

res HQ@B&BaEﬁ%HB)Q&&ﬁﬁ Weﬁaﬂﬁls;smtmnmnaqmgal me@m@se @@Sﬁ‘}ﬂbed

erein c used in %he E)ractlc [ Q{@i@ﬁtﬂ.@ yeetiang The
t ertﬁ%%ﬁgi tHEdsT %h e%sb%l closed hereln are illustrative only
be am“@psmhuwﬁﬁb@mlﬂﬁgmb@ﬂl@“mé@% ByeETEed of the

e, cg‘ggg'%tu%tge’s@%%ﬁrﬂ:oﬁr{ﬁg %ﬁ@oﬁﬁﬁlﬂ&f@ﬁd}f@y@mﬁe gegtiences set

immune-treatable or condition, will

be ap nt.from the follo
Fori BB SRR B SR Tl T C B chimerc
" antiDEFRRIRTIQN $0F; Tddi EARAWMIES ﬁigudm@ﬁquﬁld@p@oﬁ#@n tka

|mer|zedf of C.hlml en3 vaccing SOpAIRS M. sy DUt seach
FFOEB HBESERP une res §ponse o!tng%%ﬁllRD?and a target binding

Ihmﬂjam}eﬁm)cﬁlgsmmHM@%@}@R&F@H!B%W@%%HEe sequence.
pot: g% %%%%fr}b&e&&@&éaﬁ’&{w Q@Eﬂf& ff@ﬂ‘ﬁ%'ﬂdﬂﬁﬁdﬁﬁ%ﬁng of

BD and the amino and s uen é@ ID NO:10)
nucdatide seR eReSe Rty BspRRHAN O ﬁl_:?s rﬁf pléluons of the
“’“*é@*e%*&?ﬂi@&ﬁ?“ﬁs% e e e g 4D NO40)
pFastBac m
Whigh UOREC grsap r\ltlveefg %’ﬁé@f%l g@c?f%?&%i%ﬁ%%%%éous
(TRBYtAS adﬂﬁﬁx@Ttﬂ@ {Pioalito W@héwﬁf%%ﬁ%ﬁ’r AbeaRiamBRRy of

the @&&iiﬁ&%&%&@%&& 3B. 7 WO 2007/041861
CA2006/001685 In the nucleotide sequence:

Also disclosed is an article of manufacture that can contain any of the
chimeric antigens disclosed herein and instructions for administering the chimeric
antigen to a subject in need thereof. | |

Also disclosed is a pharmaceutical composition containing any of the

chimeric antigens disclosed herein and a pharmaceutircally acceptable excipient.

Also disclosed is method of producing a chimeric antigen. The method can
involve: (a) providing a microorganism or a cell, the microorganism or |
cell containing a polynucleotide that encodes a target binding domain-linker molecule,
the target-binding domain-linker molecule containing a target binding domain bound to a
linker molecule; (b) cuituring the microorganism or cell under conditions whereby the
target binding domain-linker molecule 1s éxpreséed; and (c) contacting the target binding
domain-linker molecule and an immune response domain under conditions that allow for
tf:c binding of the linker to the immune respohse domain, the binding resulting in a

chimeric antigen. The microorganisms or cells, the polynucleotides, the target binding
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nucleotides 1-3: start codon nucleotides 13-30: 6XHis epitope tag
nucleotides 91-1431: HCV NSSA s nucleotides 1432-1461: linker peptide
nucleotides 1462-2157: TBD nucleotides 2158-2187: terminal peptide
nucleotides 2188-2190: stop colon , nucleotides 1639-1641: TBD
TTC-TTT conserved mutation 10 In the amino acid sequence: amino
acids 5-10: 6xHis epitope tag amino acids 31-477: HCV NS5A amino
acids 478-487: linker peptide 15 amino acids 488-719: TBD amino acids
720-729: terminal peptide Figs. 4A and B are depictions of the nucleotide

doﬁ@ﬂ&%gﬁxﬁéﬁ&yl&ﬂ&:éﬂ& 1t theneREspuplagondins can be any of those
pFastBacHTa-gp64-NSSA-TBD and the amino acid sequence (SEQ ID

displysrirstencoded by the ORF, respectively. There is an artifactual
MutatioR GNF(aspto-TAT EEm))hmiladoniirieaspsitmends e he
mutatian (TTC (Phe) to FT Natdhgaundedines apddeldadcpasitions
Sy Elega%l& %snc@é%?%wgﬁ .é)%}})?l[eotide se%%ﬁelfr!lce: ZL? nucl oltides 1;;:
invstaiopdeinsn Jolesteéeontliet: BE PSR BEEHHEH é?&o%gé%]@%ﬁ :
co%lﬁgi%%é%%nker pﬁﬁggﬁ %?ﬁi&jf—d?&ﬁ; 1546%?2&? éghmm;z?gps
mapegials ST (AR 5%'5{‘7?76‘%3‘?7 1881 PCTICA2006/001685
tesAHEIGQIE@Fe2R ¥ nRettns T codarnls, methods, and examples disclosed herein

are illustrative only and not intended to be limiting.

Other features and advantages of the invention, e.g., chimeric antigens for treating
or preventing an imfnune—ireatable or condition, will be apparent from the following

description, from the drawings and from the claims.

BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 is schematic depiction of a dimerized form of Chimigen3 vaccine. It

contains two subunits, each composed of an Immune TEsponse domain (IRD) and a target

binding domain (TBD).

Figs. 2A and B are depictions of the mucleotide sequence (SEQ ID NO:9) of the
ORF (open reading frame) in plasmid pFastBacHTa-TBD and the amino acid sequence
(SEQ D NO:lO) encoded by the ORF, respectively.

Figs. 3A and B are depictions of the nucleotide sequence'(SEQ IDNO:39) of the
ORF in plasmid pFastBacH Ta-NSSA-TBD and the amino acid sequence (SEQ D
NO:40) encoded by the ORF, respectively. Thereis a conserved spontaneous mutation

(TTC (Phe) 1o TTT (Phe)) at the underlined and bolded positions in Fig. 3A and Fig. 3B.
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nucleotides 61-63: signal peptide GAT to TAT artifactual mutation
nucleotide 1725: TBD TTC to ITT conserved mutation s In the amino acid
sequence: amino acids 1-24: gp64 secretion signal amino acids 33-38:

Sxbiisoepitepe tag amino acids 59-505: HCV NS5A amino aeitly&QBe6/181685

linker peptide 10 amino acids 516-747: TBD amino acids 748-757:
terminal peptide amino acid 21: signal peptide D to Y artifactual mutation
15 Figs. 5A and B are depictions of the nucleotide sequence (SEQ ID
NO:42) of the ORF in plasmid pPSCI2-NS5A-TBD and the amino acid
sequdhdie IEieytide RIS encoded by the ORF, respectively. Figs. 6A

- and Bgerdirpictionsaf thagucleotide sequence (SEQ ID NO:43) of the

20 ORF jn plasmid &_\FéééBacHTa-%pM-NSB-TBD and the amino acid
sequélté O NG B4 RHEBYES by the ORF, respectively. There are
two mutdtmiesshict’ byHEE Nfkerlined codons in Fig. 6A and amino
acids ﬁg&é&@igagaﬁ?m&eg gmggeam for Fig. 6A and N-terminal to
C-terminal for Fig.6B, the mutations are: an engineered CGG (Arg) to
GCG reeptifgeditss; ZdRd d 8Pontaneous CCA (Pro) to GGA (Gly)
mutatiaRiedbdeias 54 g7d iBanmreptadions of the nucleotide sequence
(SEQ ID NQ: 4? g%?@ OREF in plasmid pFastBacHTa NS3mut-TBD and
the arfRiSEde éq ey f?g@o NO:55) encoded by the ORF,
respeactivietjiddh b ket SRRUTINGHE & howerteg thetatioelerlined and
bolded codons in Fig. 7A and amino acids in Fig. 7B. Upstream to 30
downstream for Fig. 7A and N-terminal to C-terminal for Fig.7B, the

- mutatiSritearaing adgeNuRIeT/041861 PCTICA2006/001685 spontaneous

consemms(Aeg)sm{g%o%r@mutation; and an engineered CGG
(Arg) to GCG.SQ ) mytajj the nucleotide sequence: s nucleotides
1o, P 47 A NG

amino acids 478-487: linker peptide

amino acids 488-719: TBD

amino acids 720-729: terminal peptide

Figé. 4A and B are depictions of the nucieotide sequence (SEQ ID NO:41) of the
ORF in plasmid pFastBacHTa-gp64-NSSA-TBD and the amino acid sequence (SEQ ID
NO:52) encoded by the ORF, respectively. There is an artifactual mutation (GAT (Asp)
to TAT (Tyr)) and a conserved spontaneous mutation (TTC (Phe) to T'I"T (Phe)) at the
underlined and bolded positions in Fig. 4A and Fig. 4B.

In the nucleotide sequence:

~ nucleotides 1-3: start codon

' nucleotides 1-72: gp64 signal peptide

nucleotides 97-114: 6XHis epitope tag
nucleotides 175-1515: HCV NS5A
nucleotides 1516-1545: linker peptide
nucleotides 1546-2241: TBD -
nucleotides 2242-2271: terminal peptide
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nucleotides 13-30: 6XHis epitope tag nucleotides 91-1965: HCV NS3mut
nucleotides 1966-1995: linker peptide nucleotides 1996-2691: TBD 10
nucleotides 2692-2721: terminal peptide nucleotides 2722-2724: stop
'ng&ﬂwik%gtide 1462-1464: NS3mut AGG to CGG spontanggis- 4 »a06/001685
mutation nucleotides 1474-1476: NS3mut CGG to GCG engineered
mutation 15 In the amino acid sequence: amino acids 5-10: 6xHis epitope
tag amino acids 31-655: HCV NS3mut amino acids 656-665: linker
peptide 20 amino acids 666-897: TBD amino acids 898-907: terminal
peptidacikatides a2id-238:Mo30wdbiR to R spontaneous mutation amino

acid 492 t R t0 A enaineer ion. 25 Figs. 8A.and B are
cepich B R R R
plasniérisrida BESHTBLY pE4- ) SThoursmrdrmiivamino acid sequence

(SEQ ID NO:56) encoded by the ORF, respectively. There are three

mutatioHé shown by the highlighted codons in Fig. 8A and amino acids in

Fig. 88 B9 3RR ¢S 98fMEtream for so Fig. 8A and N-terminal to
C-teremhat foidf-ig28 Bgtbb saertatsorigmie: an artifactual 10 WO

2007/2%5%% (g%té%f@égﬁ%%g%ﬁ%%g[mutaﬂon (GAT (Asp) to TAT (Tyr)); a

spontaneous conserve rg) to CGG (Arg) mutation; and an

engindBiErad &g HE GRS fAla) mutation. In the nucleotide
SequUaRERs &AL SIINRSidkd $aElisodon nucleotides 1-72: gp64 signal

peptiq:!ae][lj Qoug%%)téq8% 2_7%%% 6XHis epitope tag

amnino acids 748-757: terminal peptide

b

amino acid 21: signal peptide D to Y artifactual mutation

Figs. 5A and B are depictions of the nucleotide sequence (SEQ ID NO:42) of the
ORF in plasmid pPSC12-NS5A-TBD and the amino acid sequence (SEQ ID NO:53)
encoded by the ORF, respectively.

. Figs. 6A and B are depictions of the nucleotide se&;uence (SEQ ID N(O:43) of the
ORF in plasmid pFastBacHTa-gp64-NS3-TBD and the amino acid sequence (SEQ ID
NO:54) encoded by the ORF, respectively. There are two mutations shown by the
underlined codons in Fig. 6A and amino acids in Fig. 6B. Upstream to downstream for
Fig. 6A and N-terminal to C-terminal for Fig.GB, the mutations are: an engineered CGG
(Arg) to GCG (Ala) mutation; and a spontaneous CCA (Pro) to GGA (Gly) mutation.

Figs. 7A and B are depictions of the nucleotide sequence (SEQ ID NO: 44) of the
ORF in plasmid pFastBacHTa NS3mut-TBD and the amino acid sequence (SEQ ID
NO:55) encoded by the ORF, respectively. There are two mutations shown by the
underlined and bolded codons in Fig. 7A and amino acids in Fig. 7B. Upstream to

downstream for Fig. 7A and N-terminal to C-terminal for Fig.7B, the mutations are: a
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nucleotides 175-2049: HCV NS3mut nucleotides 2050-2079: linker
peptide 10 nucleotides 2080-2775: TBD nucleotides 2776-2805: terminal
peptide nucleotides 2806-2808: stop codon nucleotides 61-63: signal
pepiidedfdito TAT artifactual mutation nucleotides 1546-1bd8:AN3B6ruot 685
AGG to CGG conserved mutation 15 nucleotides 1558-1560: NS3mut
CGG-GCG engineered mutation In the amino acid sequéence: amino
acids 1-24: gp64 secretion signal amino acids 33-38: 6xHis epitope tag
20 amino acids 59-683: HCV NS3mut amino acids 684-693: linker peptide
sparirns Ao 8Yed 2SI BT hin A G Are)oneies: aadmirarpeptiddCsitino
(Aerhe Eeronakpsrids.D to Y artifactual mutation 25 amino acid 5200
NS3mut R to A engineered mutation Figs. 9A and B are depictions of the
nucleotide sequence (SEQ ID NO:46) of the ORF in plasmid
pFasiBdehhlalgptdsbidieS4B-NS5A-TBD and the amino acid sequence

(SE ll[glelgg'g?})@n&o %d dgx the ORF, respectively. There are four
mutations 30 shown by the underlined and bolded codons in Fig. 9A and

amin@usitaiides R BXIpariteantas downstream for Fig. 9A and

N-tergyinahiads drriampalitor Rigz, 88, the 11 WO 2007/041861
PCT/CA2006/001685 mutations are: an artifactual mutation (GAT (Asp)

to TATPAEOHIeS e BEH BB r) to GCG (Ala) mutation: an
enginealestifis GG 1o TBOG (Ala) mutation; and a spontaneous CCA

(Pro) It}gpfm% e@b@l@'{?&tgﬁn R4rigs QA and B are depictions of the

nucleotide sequence ID NO:47). of the ORF in plasmid
FastBaelaatepa NS RNGBACIBD and the amino acid sequence (SEQ

ID NQiR&baac oged1ay4thesSlinl A6sPRAtE Ypditaiarad enfpsiohutations

shown by the underlined ¢odons in Fig. IGA and amino acids in Fig. | OB.
Up strE‘é“r%‘{B %W%Fégﬁ'\ g.gmut C%g ) A}%G engineered mutation -

In the amino acid sequence:

amino acids 5-10: 6xHis epitope tag

amine acids 31-655: HCV NS3mut

amino acids 656-663: linker peptide

amino acids 666-897: TBD

amino acids 898-907: terminal peptide

amino acid 488: NS3mut R to R spontaneous mutation

amino acid 492: NS3mut R to A engineered mutation

Figs. 8A and B are depictions of the macleotide sequence (SEQ 1D NO:45) of the
ORF in plasmid pFastBacHTa-~gp64-NS3mut-TBD and the amino acid sequence (SEQ ID
NO:56) encoded by the ORF, respectively. There are three mutations shown by the
highlighted codons in Fig. 8A and amino acids in Fig. 8B. Upstream to downstream for )
Fig. 8A and N-terminal to C-terminal for Fig.8B, the mutations are: an artifactual
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Fig. 10A and N-terminal to C-terminal for Fig. 10B, the mutations are: an
artifactual to mutation (GAT (Asp) to TAT (Tyr)); an engineered TCG (Ser)
to GCG (Ala) mutation; an engineered CGG (Arg) to GCG (Ala) mutation;

fwg Achaiapeous CCA (Pro) to GGA (Gly) mutation. In the preleRlifl€ooiess

sequence: Is nucleotides 1-3: start codon nucleotides 1-72: gp64 signal
peptide nucleotides 97-114: 6XHis epitope tag nucleotides 175-2049:

- HCV NS3mut nucleotides 2050-2058: linker peptide 20 nucleotides
2059-3402: HCV NS5A nucleotides 3403-3426: linker peptide

mitdGIROUSIES 842714422 fIBH); nlsRisRs AdRR:ALAZ dRITIRgG eRtide
nucleotides 41534155: stop codon 25 nucleotides 61-63: signal peptide

(A PRl our it REPFITEGEST (Helds il B8y 2NeMHERTCG to GCG -

engineered mutation nucleotides 1558-1559: NS3mut CGG to GCG
engirig%ggu@gg@gggeﬁg%%gotides 2050-2052: NS3mut CCA to GGA
10

spontaneous mutatiori 30 In the amino acid sequence: amino acids 1-24:
gp6anseleRsiden kiynditicpdrO 2007/041861 PCT/CA2006/001685 amino

acids3de38a&4119:9paRAAADMIRO acids 59-683: HCV NS3 amino
acids 6 4-636: linker pegtlde amino acids 687-1134: HCV NS5A 5 amino

acidSILF9B 4 HATP AR B UER§428375-1384: terminal peptide amino
acid fdclsitided pERHCHO THIOVYNSR3ifattual mutation amino acid 197:

NS3mi 385288 e RS HBHialeR |
‘mucleotides 2080-2775: TBD
nucleotides 2776-2805: terminal peptide
nucleotides 2806-2808: stop codon
nucleotides 61-63: signal peptide GAT to TAT artifactual mutation
nucleotides 1546-1548: NS3mut AGG to CGG conserved mutation
nucleotides 1558-1560: NS3mut CGG-GCG engineered mutation

In the amino acid sequence:

amino acids 1-24: gp64 secretion signal

amino acids 33-38: 6xHis epitope tag

amino acids 59-683: HCV NS3mut

amino acids 684-693: linker peptide

‘amino acids 694-925: TBD

amino acids 926-935: terminal peptide

amino acid 21:-signal peptide D to Y artifactual mutation
amino acid 520: NS3mut R to A engineered mutation

Figs. 9A and B are depictions of the nucleotide sequence (SEQ ID NO:46) of the
ORF in plasmid pFastBacHTa-gp64 NS3-NS4B-NS5A-TBD and the amino acid '
sequence (SEQ ID NO:57) encoded by the ORF, respectively. There are four mutations
shown by the underlined and bolded codons in Fig. 9A and amino acids in Fig. 9B. |
Upstream to downstream for Fig. 9A and N-terminal to C-terminal for Fig. 9B, the

11
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amino acid 520: NS3mut R to A engineered mutation 10 amino acid 684:
NS3mut P to G spontaneous mutation Figs. 11 A and B are depictions of

the nucleotide sequence (SEQ ID NO:48) of the ORF in plasmid
pRasiBaaitia HCV core (1-177)-TBD and the amino acid segéancgoishédsss
ID NO:59) encoded by the ORF, respectively. 15 Figs. 12A and B are
depictions of the nucleotide sequence (SEQ ID NO:49) of the ORF in
plasmid pFastBacHTa-E1-TBD and the amino acid-sequence (SEQ ID
NO:60) encoded by the ORF, respectively. 20 Figs. 13A and B are

: m%@ﬁ@%ﬁh@%lé@@@%é@ﬁ@ﬁé@t@sEm(MB@y erghecoRFGH
(sRjasDIEREM BasdR FlalRiRAube an B astesearen ﬁ?atﬁe%ﬁ%@

NO:61) encoded by the ORF respectlvely Flgs i4A and B are deplctlons

Sp??ﬁ?%"r‘ﬁﬁ%ﬁ%’@ §8tﬁﬁ?ﬁég é@W‘U‘t}‘NV ~i 1) or the 25 ORF in plasmid

pFastBacHTa El-E2- TBD and the amino acid sequence (SEQ ID

quore %gﬁge%%c\%b%ﬁ% etry (gFF eﬁéﬁ%@#ﬂvmg%ﬁ%ﬁ%ﬁ@ of the

ORditfe rhasid Fed Backl Barspot-The3 NS SA- Eiihsiebths mréte avibsimpetafSEQ
m@@%33Qﬁ&a\ﬁi@ﬁﬁ@6@%}%%&?{0%&%%9%%%@?@&&%@%@

S snowing. Innipigon o1 PINAING O imigen rote
W ER S R TR A
Figafiasnd Neaegraphs shewingk fier Bxgprdssidre nﬁ:ﬂammschrmimhnteﬂzkcswu rface

mu@&ﬁ&%‘?@ﬁy JHERIRE Jﬂ“&?gn hdgsEoRd Lt pﬂBE ERMRIEP LR

were obta| by FFC a are pr sented as cen osmve ce Is

mmﬁwﬁﬁ&%&ﬁcﬁkﬁamm@%www brtofrey pHSA
(Glsigsuikfifn- B are three sets of bar graphs showing the proportion of CD69

10 expressing T cells (Fig. 18A), CD69 expressing CDC T cells (Fig. 18B),
and CD69 expressing CD4+ T cells (Fig. 18C) in day 4 cultures of various
conde titeatiokestfe Fegaliscand NS5A Chimigen3 Protein or tetanus toxoid

loadgdRGakhedatansig,pbtained by FFC. 5ACI and 5AC2: two

different preparations of NS5A Chimigen3 Protein.
nucieotides 1-72: gp64 signal peptide

nucleotides 97-114: 6XHis epitope tag

nucleotides 175-2049: HCV NS3mut

nucleotides 2050-2058: linker peptide

mucleotides 2059-3402: HCV NS5A

nuclectides 3403-3426: linker peptide

nucleotides 3427-4122: TBD

nucleotides 4123-4152: terminal peptide

nucleotides 4153-4155: stop codon

nucleotides 61-63: signal peptide GAT to TAT artifactual mutation
nucleotide 589: NS3mut TCG to GCG engineered mutation
nucleotides 1558-1559: NS3mut CGG to GCG engineered mutation
nucleotides 2050-2052: NS3mut CCA to GGA spontaneous mutation

In the amino acid sequence:

amino acids 1-24: gp64 secretion signal

12



15 Figs. 19A-C are three sets of bar graphs showing the proportion of
CFSEIo T cells (Fig. 19A), CFSElo CD8' T cells (Fig. 19B), and CFSElo
CD4+ T cells (Fig. 19C) in day 4 cultures of various concentrations of T

ceisanchNeaA Chimigen3 Protein or tetanus toxoid loaded fEh 9‘%@1685
were obtained by FFC. 5ACI and 5AC2: two different preparat%nsAo%] .

NSSA Chimigen3 Protein. 20 Figs. 20A-C are three sets of bar graphs
. showing the proportion of CD69 expressing T cells (Fig. 20A), CD69
expressing CD8+ T cells (Fig. 20B), and CD69 expressing CD4+ T cells

. Fig'aﬁ@@é&lcﬂ%-@é?@%@%p?{o %Q%Js concentrations of T cells and NS5A
. . &

Chimigen3 Protein or tetanus toxoid loaded DC or phytohemagglutinin
(PHAMID ipeidigd5685R) Hthe Aidda were obtained by FFC. 5ACI and 5AC2:

two diffieeidps3paRdicneRbhbbaas Chimige‘n3 Protein. Figs. 2l A-C are
three sets ofé) rﬁu_sg@% ing the proportion of CFSElo T cells (Fig.
21 AFRREE okl \(Iﬁ%gfilB), and CFSElo CD4+ T cells (Fig.

21 Cyro36dmcaidsyl T36ule I BEvarious concentrations of T cells and NS5A

Chi@}gﬁg%@&g&g%g@@ﬁ%&@&%@&l%l PCT/CA2006/001685 tetanus
toxoid loaded DC or PHA (in Fig. 21A). The data were obtained by FFC.

SACTEHY 8AE2L: sz iraridalp fepa reifgrual maianc himigen3 Protein.

Fig. ZRit acsenien Qi grapha shgwinrgdhsupigrortion of T cells that are
varjous concentrations of T cells and NS5A

blasts in 57 cyliures C
Chirigens! CF}’cﬁ) EIh%}gifg%\ u%oﬁ%li%}%%a%ﬁ”ﬁﬁ‘%’r PHA. The data were
obtaimsddnr RS 4 SMB nan 8 SXEonencdiffarentipreparations ofNS5A
Chimigen3 Protein. Fig. 23 is a series of bar graphs showing the
- expression by matured, antigen- 10 loaded DC of the indicated cell
surfdceniafkand Brive deristiveyefdhtaprdertiesrauenmsdSEQ D A8 beishe -
ORFappshiwPgtne prapuriospef (T-cefis1hat ane blasisaitRidRegeence

imulations, with ured, antigen loaded DC made as described in the
(5 @%ﬁ%&g 3151{) %e@é?grs ?vg_;‘:

e data Wers obtding er/ C). SAC: NS5A Chimigen3
Protein. 15 Fig. 25 is a series of bar graphs showing the proportion of T
cellsigantainingd B HRCRI AN IGTR Q0K MBS AL SRE SF B UG,
I{VPjth ngatured antigen loaded ) .
ORF m plasmid pFastBacHTa-E1-TBD and the amino acid sequence (SEQ ID NO:60)
encoded by the ORF, respectively.

Figs. 13A and B are depictions of the nucleotide sequence (SEQ ID NO:50) of the
"ORF in plasmid pFastBacHTa E2-TBD and the amino acid sequence (SEQ ID NO:61)
encoded by the ORF, respectively. ' |

Figs. 14A and B are depictions of the nucleotide sequence (SEQ ID NO:51) of the
ORF in plasmid pFastBacHTa-E1-E2-TBD and the amino acid sequence (SEQ ID

NO:62) encoded by the ORF, respectively.

Fig. 15 is a series of fluorescence flow cytometry (FFC) profiles showing binding,
at three different concentrations, of the NS5A Chimigen3 Protein to immature DCs.
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DC made as described in the Examples. The data were obtained by FFC.
5AC: NS5A Chimigen3 Protein; PMA: phorbol myristic acid; Dulbecco's
phosphate buffered saline 20 (DPBS). Fig. 26 is a pair of bar graphs
shewire g proportion of CD8+. T cells containing  intracellulggthMKoafieisss
three stimulations with matured, antigen loaded DC made as described in
the Examples. The data were obtained by FFC. 5AC: NS5A Chimigen3 25
Protein. Fig. 27 is a pair of bar graphs showing the proportion of CD4+ T
cells containing intracellular IFN-K after three stimulations with matured,

LI R SR R e v

ChR0ig7i0 P1eein RATITARODSIO0N B8iboRigs Sediia fonFidi beuddPRane

showing the proportion of T cells containing intracellular tumor necrosis

factor-I iTNF-I) after three stimulations with matured, antigen loaded DC

maddgad dedcitpEtahae et Mnedog he gaTiene 59 e, 5
surf i NGRS ChumigeDC frodiest £ fivdrbobagtistig acithORBSiddg.

9i ir.of har graphs showing the proportion,of, D8+ T.cells {lef
e S S PR
flutiveeeenstirinitasion's("With hibetiesel geaptiglen loaded DC made as described in
the Examples. The data were to obtained by FFC. SAC: NS5A Chimigen3
Protein. Fig. 30 is a pair of bar graphs showing the proportion of CD8+ T
ce||5F&§p1é9és-.%%@5@%@3?‘&(&@%@3@5&#&3%%& Phithgnt
expreagihy Afteshifee sEiMUEHchaxpitsingTDEd] eeitigEipa8HEdidCD6ade as

" REGE Aﬁ.@&@@@i@&%@%@&%ﬂﬁ{&% ARG chiv B Efis Yot

Imigen ein. is a pair of bar grap wing the total

angh DiPib ColnypephBuyitds (Ridmestoseitsioadril i€ prbp datrovicnt ehtaieetiy
FFﬂft%rAt&ﬁeﬁéﬁmé@fé%&W&Q.ﬁ}@%ﬁﬁ%&@%%ﬂ%ﬁﬁ&i%&ﬂ?&&és

described for in the Examples. The cells were analyzed 6 days after 20
the last stimulation. The data were“obtained by FFC. SAC: NS5A

ChirpigendRroteie thizigsed2obar Raipky GkaEng Shovipatbe setatbmo T
roportjon 6 pressin .C%+Tcl t a 6
coBh e R CBRR (SR Ty e o €8 IR oo
in day 4 cultures of various concentrations of T cells and NS5A Chimigen3 Protein or
tetanus toxoid loaded DC. The data were obtained by FFC. 5ACI and 5AC2: two

different preparations of NS5A Chimigen3 Protein. '

Figs. 20A-C are three sets of bar graphs showing the proportion of CD69
éxpressing T cells (Fig. 20A), CD69 expressing CD8* T cells (Fig. 2OB), and CD69
expressing CD4" T cells (Fig. 20C) in day 7 cultures of various concentrations of T cells
and NS5A Chimigen3 Protein or tetanus toxoid loaded DC or phytohemagglutinin (PHA;
in Fig. 20A). The data were obtained by FFC. 5AC1 and 5AC2: two different
preparations of NSSA Chimigen3 Protein.

Figs. 21A-C are three sets of bar graphs showing the pfoportion of CFSElo T
cells (Fig. 21A), CFSElo CD8" T cells (Fig. 21B), and CFSElo CD4" T cells (Fig. 21C)

in day 7 cultures of various concentrations of T cells and NS5A Chimigen3 Protein or
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 Exagoles ;06 dan e Qi B oy

stimulations with matured, antigen loaded DC made as described in the
Examples. The 25 cells were analyzed 6 days after the last stimulation.
The data were obtained by FFC. 5AC: NSSA Chimigen3 Protein. Fig. 33

[ i r graphs showing the relative proportions of CDg&, ] -G8l 40168z
&%%@g&%%d CD4+ T cells (right graph) having antigen speci’ﬁc T Celf

receptors (TCR) 30 that bound an EBVpeptide/HLA-A2 tetramer (positive
control) or a control tetramer (negative tetramer) after three stimulations
with matured, antigen loaded DC made as 16 WO 2007/041861

eBGTIGARDAMN BIES: eaqiibeg. ke Exemplen-dhasalRerhiog,
individual culture wells (corresponding to the three bars in thé testand

fot: GrouBEr Rt RrepazaloRT PB4 GhigrERe3 BEte@imulation. The data
were obtained by FFC. 5 Fig. 34 is a pair of bar graphs showing the

lati ti CD8+ T cells. having TCR th d.NS5 )
B R e e R e ol e lsts
7 dpymidersoff v antiss aneb@@)tivithofi Btulednd MRjenChaceehDFrswdder as
relRscrineg m&g{?ﬁé@mﬁs-ﬁ@%&g'we%oa&;n{%%ciynﬁﬁéd%w'tUJ%x@!S

(corresponding to the three bars in the test and control grolps) weré
twariiffesent propavalianeeiNS JAstbimashdibetaie. The data were obtained by
FFC. SAC: NS5A Chimigen3 Protein. Fig. 35 is a series of FFC profiles
showing hinding, at two different concentrations, of the NS3 Chimigen3
Protéf o imARHRRHRE ShBhsigosans e sapratsinn by mahednabinsg-
loadhiiiOof didiintingotdieuNs riakistigans Brateicdobimaty FHICS by
antibodies specific for CD32 and CD206. Fig. 37 is a series of bar graphs
showing the proportion of CD69 expressing CD8+ T cells (left graphs)
and Ep64Y apessihbromphsshastiag thsrrgpapies) df Tegistr predlaptaphs)

afRPthWimaUHHRSKONAKIBE Mg himidand Riateididalantsiexoid
loaded DC. The data were obtained b%%FFC. 30 NS3 Chimigen3 Protein.

thHrd Sovmiseat Br'SBlo CcDs+
T cells (left graphs) and CFSElo CD4+ T cells (right graphs) in day 4 (top

grappl% ?f‘g . 25 cultur ntaining NS3 Chimigen3.Protein.or
e e R R D TR R
iniapkiye g Pk, G50 e taée oftbulatioap its hetvined, néigerolvedtidn
DOhPASHIB USRI BI Bxamples. The data were obtained by FFC. SAC: NSSA
Chimigen3 Protein; PMA: phorbol myristic acid; Dulbecco's phosphate buffered saline
(DPBS).

Fig. 26 is a pair of bar graphs showing the proportion of CD8" T cells containing
intracellular IFN-K after three stimulations with matured, antigen loaded DC made as
described in the Examples. The data were obtained by FFC. 5AC: NS5A Chimigen3

Protein.

Fig. 27 is a pair of bar graphs showing the proportion of CD4" T cells containing
intracellular IFN-K after three stimulations with matured, antigen Joaded DC made as
described in the Examples. The data were obtained by FFC. SAC: NS5A Chimigen3

Protein.
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after three stimulations with matured, antigen loaded DC made as -
described for the NSSA 30 Chimigen3 Protein in the Examples. The
stimulations were performed using two 17 WO 2007/041861

R hifeNed9a/001685 different T cell and two different DC copepialiRRsicss

The data were obtained by FC. 3C: NS3 Chimigen3 Protein. Fig. 40 is a
series of bar graphs showing the proportion of T cells containing 5
intracellular IFN-K after three stimulations with matured, antigen loaded
DC made as described in the Examples. The data were obtained by FFC.
3C: NS3 Chimigen3  Protein. Fig. 41 is a pair of bar graphs showing the

ti f CD8+ T cell f t dCD h
ContI T AAIECTTE PR AT PR TRUIGRShd Kk R,
intenoéihdar mmaeaﬁsm&dmasmr}mrummmmmmwﬁmmmwe re

obtajne é)% FC,3C: NS3 Chi 3 Protei 42 |s a alr
and %np‘ﬁg se v(\:‘;:ng egs p??ﬁ(%@ﬁﬂ%%%m ceﬁh”(lle grap J %!BC T
SAEe Sy Rhgeigsn$ Eovitain Mg A tphordbipd myrshEarbitBP Biree stlmulatlons
with matured, antigen loaded DC made as described in the Examples.

The data were obtained by FFC. 3C: NS3 Chlmlgen3 Protein. Fig. 43 is a
pair Ge0A g ARl BTG theh SrOpS bR aariion #H DS sTesahrdleh a0

andEDaranEdps pigte g}spﬁ)r&ﬂkafﬁﬁgaam@ndi&frﬁmwm aftesihae

o Y R PTG BRURBA R e S RSB G BTeton

obﬁige@élylﬁft(:pémof S&phSishoyeiigPtoitelative proportions of CD69
expressing 25 CD8+ T cells (left graph) and CD69 expressing CD4' T
cells (right graph) after three stimulations with matured, antlgen loaded

DC HRiad¥ asadedoridad sraphe ﬂ&wmptéspm@rtwugf\ﬁ&t’é dresljs expBssings

PRE QY frfee sBnilais wi
m%ﬁﬁ?ﬁ‘?ﬁtﬁﬁo Iff(ipé%qg&a p ﬁ)l?%g%?aphs showing Itklfi('g?%otalth

AR T, O o 56 4K OB S E PPN bt S Br B aRTeRes:
bylHBS! calls: (P graphyeaierdhuiae stimulations 18 WO 2007/041861
PCT/CA2006/001685
Fig. 31 is a pair of bar graphs showing the total number of lymphocytes (R1 gated
cells) and the proportion of blast cells after three stimulations with matured, antigen
loaded DC made as described for in the Examples. The cells were analyzed 6 days after

the last stimulation, The data were obtained by FFC. 5AC: NS5A Chimigen3 Protein.

Fig. 32 is a pair of graphs showing the relative proportions of CD69 expressing

~ CDS$" T cells (left graph) and CD69 expressing CD4* T cells (right graph) after three

stimulations with matured, antigen loaded DC made as described in the Examples. The
cells were analyzed 6 days after the last stimulation. The data were obtained by FFC.
5AC: NS5A Chimigen3 Protein.

Fig. 33 is a pair of bar graphs showing the relative proportions of CD8" T cells
(left graph) and CD4" T cells (right graph) having antigen specific T cell receptors (TCR)
that bound an EBVpeptide/HLA-A2 tetramer (positive control) or a control tetramer

{negative tetramer) afler three stimulations with matured, antigen loaded DC made as
i6
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with matured, antigen loaded DC made as described in the Examples.
The cells were analyzed 6 days after the last stimulation. The data were
obtained by FFC. 3C, AS60-1: NS3 Chimigen3 Protein. s Fig. 46 is a pair
r showing the relative proportions of CDB+ T cel i
%@%ﬁa@ggénd NS3 peptide/HLA-A2 pentamer after three Sﬁgﬁ@ﬁ%ﬁg{omss
(using different numbers of T cells and DC) with matured, antigen loaded
DC made as described in the Examples. The cells from three individual
culture wells (corresponding to the three bars in both the test groups and
dethateanirole@auivwe Fhabely feshitteysdiftduiherladastedlinolatiponding
ata were obtained by FEC. 3C: NS3 Chimigen3 ein, . Fig. 47 is a -
o e R e S Sl SR U s bR D
stithnbietiffdherdatowersbétiankbuFilhe HCV Core Chimigen3 Protein to
immature DCs. 15 Figs. 48 is a pair of bar graphs showing inhibition of
binding of the HCV Chimigen3 Core Protein to immatyre [@T‘ﬁ?
antibg8idd SFRARCf e SR a P ERLH8 R HISEII LUV BT
harig MR (BRSNS Mpenpld§G Aagpentsndrigietdinasgainiefidrar (using

araph ing.th jqn af CD8+ T cells (| ) 20304 GG
o R B T i, S RO et

inwherEasnpksd TantenitoadbnOetivided adtursseslbdaomomendingipies.
thied®H81R WEKS: RRIRINRAIRYITES wele Ynilprar BRRY ifieY thenks: IS RA3

Protein. Fig. 50 is apair of two.-dimensional FFC dot plots showing the
The: dariehs Hrtanee BEEFE cahChiiving Terarm SR a Hev core
peptide/HLA-B7 tetramer after three stimulations with DC loaded with the
HCV.Corg Chimigen ein {HCY Core:TBD) (right lot) or TBD
along(;@rée%’)‘ ﬁéﬁ%so %I%%it 5‘6"% “’éﬂ%‘?fﬁ;%ﬂ)%éigﬁ?:g’%%ﬁ‘(goe/001685
cpETRLER TREBCIRIFOHBIgA3 OdendniDistiosé berein are

compositions and methods for eliciting immune responses against
antigens. In particular embodiments, the compounds and methods elicit

immuie 36 ieapanethngHps W@%%@%@fd{mmﬁé’é HsShized by
ctheibast Bsieselb AnteansDTL 6y RAbNRLPPENSESCIIRARRUIR06.
presenting the host immune system with a chimeric -
Fig. 37 is a series of bar graphs showing the proportion of CD69 expressing CD8*

T cells (left graphs) and CD69 expressing CD4” T cells (right graphs) in day 4 (top

graphs) and day 7 cuitureé containing N83 Chimigen3 Protein or tetanus toxoid loaded

DC. The data were obtained by FFC, 3C: NS3 Chimigen3 Protein.

Fig. 38 is a series of bar graphs showing the pmpoﬁioﬁ of CFSElo CD8* T cells
(left graphs) and CFSElo CD4™ T cells (right graphs) in day 4 (top graphs) and day 7
cultures containing NS3 Chimigen3 Protein or tetanus foxoid loaded DC. The data were
obtained by FFC. 3C: NS3 Chimigen3 Protein,

Fig. 39 is a pair of bar graphs showing the proportion of T cells that are blasts
after three stimulations with matured, antigen loaded DC made as described for the NSSA

Chimigen3 Protein in the Examples. The stimulations were performed using two
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- andlesands Rimale

antigen comprising an immune response domain and a target binding
domain, wherein the target binding domain comprises an antibody

fragment. By virtue of the target binding domain, APCs internalize,
RieFERRS/anskpresent the chimeric antigen, eliciting lo both Imporal 896k 001685
cellular immune responses. HCV is a member of the flaviviridae family

which can infect humans, resulting in acute and chronic hepatitis, and

may result in hepatocellular carcinoma [Hoofnagle (2002) Hepatology
-36:521-S29]. The HCV genome is a 9.6 Kb uncapped positive palarity
R L e

negative-strand 15 mtermediate [Lindenbach and Rice ature

34363932988 in T PeeteiTV genome encodes a single open reading frame

that encodes a polyprotein, which is processed to generate the core or
capsid protein (C), two envelope glycoproteins (El & E2), a small
hydréndBie prstisrefiyn sarsthabrRedhumparisrteihssotnae
inNR4ruldN BABK Mehihrée Mihilti Jeptonessiigd-ali 1oe 1pai¥p oteintRiesthe
individual proteins is 20 catalyzed by host and viral proteases [Lohmann
degeried 1o i) B amBlsato e 4244 Wree ?%ﬁﬁ?@%ﬁ?&o’tﬁf\ﬁ%ﬁ%ﬁﬂ
Prdtkihl-19]. When a healthy host (human or animal) encounters a foreign
antigen (such as proteins derived from a bacterium, virus and/or
parasite), the host normally initiates an immune response. The adaptive

immdie t&épansis ofibsr Banhsrsioruing dirperortisath SDRN Airets defizraph)
anl 0P ’?‘gc\!}ls\/éﬁ%ﬁttr?ﬁﬁh Grid iRl bR G IRk SRRARRE Bimulations
e se

characterized by ection and expansion of specific T helper cells and

withpairde ptigerdorfied Bipmpte sy drreder? dhhmEiamplee dbadimmsre
oenIgIFE@NYIgENS UM BasS Bbitthe humoral response, antibodies are
produced by B cells and are secreted into the blood and/or lymph in
response to an antigenic stimulus. The antibodies neutralize the antigen,
30 (eFig. d¥isug)ayobndigrgrbp shifrdafiyHopegitotes GICRS sTirtalie(Infloglipi)
it f tructi iG.ce - ' -
B T R A S
wtiomaturedongipoiestdRamatic 20 dsicnbad e the Fiarolics: S8 - 088 Ve per

onelledlvgely CGlodiseet aVidediag, helper activity that is requited for
both CTL (largely CD8 T cells) and B cell- mediated antibody responses.

In individuals with chronic viral infections, the immune system does not
respaigl 43 is a pair of bar graphs showing the proportion of CD8" T cells expressing

the granular proteins GrB (left graph) and Pfa (right graph) afier three stimulations with
matured, antigen loaded DC made as described in the Examples. The data were obtained
by FFC. 3C: NS3 Chimigen3 Protein.

Fig. 44 is a pair of graphs showing the relative proportions of CD69 expressing
CD8" T cells (left graph) and CD69 expressing CD4" T cells (right graph) after three
stimulations with matured, antigen loaded DC made as described in the Examples. The

.cells were analyzed 6 days after the last stimulation. The data were obtained by FFC. 3C:

NS3 Chimigen3 Protein.

Fig. 45 is a pair of bar graphs showing the total number of lymphocytes (R gated

cells) (left graph) and the proportion of blast cells (right graph) after three stimulations
18
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5 to the incoming pathogen to produce an adaptive immune response to
clear the infection and thus the host becomes tolerant to the pathogen.
Although the mechanism HCV uses to evade the immune surveillance is

not completely understood, several possibilities have been s ted.
ﬁ%gg"f’n‘%ﬁﬁg blockage of IRF3-megiated induction of type | H.gg%sg{%momss
NS3-4A, E2 and NS5A sequences, blocking of PKR (double stranded -
RNA-activated to protein kinase) as well as interference of HCV proteins

with the function-of NK cells [Rehermann et al. (2005) Nature Rev.

Immunol, 5:215-229]. Recent results also,shqw _the pjvotal role of T cells
R R T o BROS PP O TR R U b (Sbfe
. anblgtede 43%: 0468 2a3\ddtaridliot AThE2BDEEY G Vireindbb9 %0038 0AS60-1:

Elje HCV, infection, although virus-specific antibodies were detected 7-8
NSV%e S eﬁ%éé Efg\? 5 infection [Pawlotsky (1999) J. Hepatol.
31(suppl):71-79], the role of antibody is not clear, since it has been

shovgth@tiFCMiinfeslio gl BRVesotNe LIRS RRERNER Gf @ngt Heels

antibodies in chimpanzees [Cooper et al. (199@9{%| munig ]]0:_439-449 '
haxing Uith B SRR SR elHHOmaTSTeBs %{fﬂ%@ N s 2
diﬁB&iﬁd&ﬁﬁﬁ%&f] Tl celBdadi D) reitk niatwidk notgstl fepd s an diesfadkseetladd
._individuals to produce.detectab + + T-
P ot B e Aot ol

thteobgy dubnd: tihiesreeowsand 2boaoptreberquntvars agalgead 6 davsodierbe 1 -

1 BRI IMTRE B2k 2 W bdfxPrided Lok 3R IAR0 pRIAGHKY et al.
(2003) J. Exp. Med. 197: 1645-1655].- An interplay of Immune functions
such as transcriptional changes in type | IFN-response and immune
resp@asel agaiRstdaibirostsanmeditNA 2 qurp (RREb ehiilinghviriag binding,
replication have been.su te cur,.but.no direct.eyidence for this

s s B S S
[Rehermann et al. (2005) supra]. It has been observed that in patients

Wwho s6s0lye;2 H NGB N5 YIS MIPORAIACLICRS SN0

multi-epitope-specific CD4+ and CD&+ T cell responses [Rehermann et al.
Crimiosr s Goraf msremmapuendis Wisnirndstenselc Bo hétans Ghaos:
meBHIS SRANEE e Selals al RS Ps ARHvheipeusedihEhimime et al. 21

WO 2007/041861 PCT/CA2006/001685 (2001) supra; Diepolder et al.

(1995) Lancet 36: 1006-1007; Lechner et al. (2000) J. Exp. Med.

191: FA@I9 5201l bbabsreplresbé wigp toeiprposibradiddged agkifistiacnh)

arﬁf@gﬁn§’ c\ém ?Héﬁ%%&)m containing intracellular IFN-K after three stimulations

with matured, antigen loaded DC made as described in the Examples. The data were

 obtained by FFC. HCV Core-TBD: HCV Core Chimigen3 Protein. -

~ Fig. 50 is a pair of two-dimensional FFC dot plots showing the proportioﬁ of
CD8" T cells having TCR that bound a HCV Core peptide/HLA-B7 tetramer afier three
stimulations with DC loaded with the HCV Core Chimigen3 Protein (HCV Core-TBD)
(right dot plot) or TBD alone (TBD) (left dot plot).
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chronic infections may also be due to the lack of proper presentation of
the appropriate s viral antigen to the host immune system. The success in
eliminating the virus may result from the manner in which the antigen is
RiecReses4qd presented by the APCs and the mvolvement‘%fﬁgﬁl@@ﬁ&ﬁsb
T helper cells and cytotoxic T lymphocytes (CTLs). The major participant
in the antigen presenting process is the dendritic cell (DC), which
captures and processes the antigens. In addition, DCs express
lymphocyte.co to stimulatory molecules and migrate to lymphoid organs
where they secrete cytDETASIBDIMHSERITIION responses. DCs also
contrpl the&gjﬁg&tidh of B and T lymphocytes, which are the mediators
of immunity JSteinman et al. (1999) Hum. Immunol. 60:562- 567]. The
gendriftieahsreir receppngqasend cegthedn Son Rlinitiag dnminp eesponses

agMifiaiieee nGRbScand dRbSHm e, g@ﬁ@ffwﬂm@& Ef@ciﬁ%ﬁgéc&gﬂﬁm;gune
encountere e esse 1Te, e S dependin

re o S At T e e e e Wi Sl ahgens.

The xogeme mespmig ereizasep lpopssatingithirhtseinnos syses ofithe ARGEric

anfiph e ganREAe RERIE IRMRALS RIS, RIGSR %@a&;ﬁ ragggf the

cell complexed with major histocompatibility com class Ii

the iyt bfading demrivcamatisns ot mibednimena-Ghairresfifirdaiges in 20

bifliRis acHvRlaPCASHEFRaIK, stelings sestatak biibealiandy6e!Sipimgde

re ed S le factors for activation of B cells to produce antibodies
b m?élns%r#;e exc?gl;‘é%rolﬂ%mlgh ireg?w 1Zﬁ%noral response). Conversely,

mtraHéIM g e antigem oiths ﬂwm@dmﬁymp@tmmt anokthe resstittinig
ac%eﬂé%fffagm%asw%m%@% FYRBLSHERMIRMHG (#1858 el

molecules 5 the surface of APCs. FoIIowm%bmdlng of this complex
(2092h Hepralpronidl tPER s tG¥ repese i adon Kb weersred resivsceurs,
poluHighirphudtrdnial BN idmi‘.la:thlile debPeResicAudh 5an elinnateiteavinds by

B R A B 6 oo e
engdes @%imwmuﬁgnm mmmwmmmmwm ipewstored, 180

geyasaleaﬂge&@so@éspa (wjthin Restissl 9&%&@&5@%@@ ANHHCRSAE
007/041861 PCT/CA2006/001685 C|rculat|on In

ent in the, 22
B R8P B S AP O A R A1
Nsﬁm&ﬁ'@586pﬁnmcaxgaamgtdﬁ$wqiwr&maﬁ&&oﬂhemﬂmd:m;fmﬁmse Would
cal YOS MRst and viral proteases [Lohmann et al. (1996) J. Hepatol, 24:11-19, Penin

et al. (2004) J. Hepatol. 24:11-19).

When a healthy host (hunian or animal) encounters a foreign antigen (such as

proteins derived from a bacterium, virus and/or parasite), the host normally initiates an

~ immune response. The adaptive immune response may be humoral, cellular or both

[Whitton at al. (2004) Adv. Virus Res. 63: 181-238]. The cellular response is
characterized by the selection and expansion of specific T helper cells and T lymphocytes
(CTLs) capable of directly eliminating the cells which contain the antigen. In the case of
the humoral response, antibodies are produced by B cells and are secreted into the blood
and/or lymph in response to an antigenic stimufus. The antibodies neutralize the antigcﬁ,
(e.g. a virus) by binding specifically to epitopes on its surface, marking it for destruction
by phagocytic cells and/or complement-mediated mechanisms to lyse the infected cells
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production of CTLs, which could recognize a broad array of viral epitopes
with high affinity. Thus an appropriate therapeutic vaccine containing viral
antigens must be s internalized and processed in the appropriate cellular
yﬁgjaortmer%t in order for viral peptiq_es to be pre_sente(_j in th% ﬁo&lzenﬁ%ﬁoalfz;'
Cra8&%olecules. The recognition of the viral epitopes’i he s
context of class | presentation would allow the activation, production, and
differentiation of CD8+ T cells to functional CTLs that are able to mount
an effective response against the viral infection. 10 ' Thus a therapeutic

vaccine containing viral antigens would be effective if it was processed
[Canrell g Eﬂ%&&a%‘a}%ag%éy"%% Friessells Urserhuelddse it arsson
prof@RIHZRGHr heangs mmueslire fidde tAST L Tiszegulh R & achiparetBaitiier

el% E)ggdLﬁl’g the gng'ggen within the host cell, or by delivery to the
map?:)roﬁﬁe{ & Celfiar compartment such that the antigen is processed and

presgnisd A INRnehhal vl slitdtdbs desitad efllWarhA5eSRANESond

Several approaches have been documented in the literatuye for the
toj{k ARSSMUIRE PARGEN DR AR LRIV S FRERSFS G a1 dpisF tion
an(PB04 e Lost Ksenped brart G 10OPathbed], Mitheindh dieDiddhanimsiéCiédseslls

Donnelly at al. (1997) Anna. Rev. Immunal..15:61.7- X Jhes
e R R e B T
beorisugeestetithessonchgieraiockear oD BRES-wiedietcgrindentinpd wnecishamy,
NOCAMWBICH AIesYRIGELHRIIRERRE EPK I AXRE SRSNQIYINA- Raratedeat

potential as immune, modulators;that stimulate primary T . cell response
PIRECIR EFRELT éﬁﬁﬁf@}@fé?mmfe%‘é&r&%:%ﬁ &%ﬁ&%% éﬁ@*of |
[Réterhyns 0atapOMD Natose Beyainheiiertive]j-BE9%ecRtantigenlmakeshtivem

very | . for the j o velapmens - l.
th?fé%%?ﬁ%%n%?rtrlf r%%lr%o Qé% CS%?R%% .ega?q%{?g%%%g of the an%iléﬂn&t%é?ﬁz%Cs
(2193 et SRR et ok (10 r N e SIASREOGH b Brsghie
HeReRificdenhfindroirR-gidinparinoal-anlipo dies AR iRRIERAHCY

o e R T S Rl e
clead\ 584 B % [Benlyhoen abat 2004 jiBlitidmenuboesd ted AT HogBEnon Gt RBIA
ARl RN ARIDORYLARHGR B GQBRIEXES (MY §18d. 41993430 Int.

Rev. Immunol. 18:251-258]. Cancer. immunotherapy using DCs loaded
Wi SRS AESSIAN R arERE Atle B HolRfrth Bibdfidd 846-1855]- In
addifier-aRegibciianunggesphachs Aildrd WD/ id06IE 041861k detectable

lexec%ﬂ%cﬂog{g Q,‘B%grsr-ccll responses against HCV resulted in chronic infections

~ [Cooper et al. {1999) supra; Thimme et al. (2001} Proc. Natl. Acad. Sci. USA 09:15661-

15668 ; Thimme et al. (2002) 1. Exp. Med. 194:1395-1406; Shoukry et al. (2003) J.
Exp. Med. 197: 1645-1655]. An interplay of immune functions such as transcriptional

:changes in type I IFN-response and immune response against double stranded RNA

produced during virus replication have been suggested to occur, but no direct evidence
for this effect in the clearance of the virus infection has been observed [Rehermann et al.
(2005) supra]. 1t has been observed that in patients who resolve an HCV infection, the
immune system produces strong, multi-epitope-specific CD4+ and CD8+ T cell
responses [Rehermann et al. (2005) supra], whereas in patients with chronic HCV

infection, the T cell response was late, transient or narrowly focused [Thimme et al.
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anti-tumor activity [Campton et al. (2000) J. Invest. Dermatol. 115:57-61;
Fong et al. (2000) Anna. Rev. Immunol. 18:245-273]. Promising results
were obtained in clinical trials in vivo using tumor antigen-pulsed DCs
[¥34505.8k6c1999) Leukemia 13:653-663]. These studies clggafyca2006/001685
demonstrate the efficacy of using DCs to generate immune 5 responses
against cancer antigens. A therapeutic vaccine must be able to elicit host
immune responses against viral antigens to which the host immune
system is tolerant. This in\‘/oilves the delivery of antigens to DCs,
AP BORPE §ostioR S IMINGE: HEMisrasilie6iaps. T
cells that can result in therapeutic effect in chronic carriers. to Chimeric
EXBTMQ%H%&%?&@&?}M invention are a novel class of recombinant '

"chimeric antigeps" produced, as fusion protei f selected antigens and
e TS AT At e HAgE S T HASTOL o
chrenforefttiotsrmey tieoviealuaisiife fach ({POpeTyeessialipC tietappiivitipsth

i & ANHeaRIN P WREAE SRRNSES - BANRT B SR IRE ANLO It
The HCV Chi nggnTM vaccine in its dimerized form is 15 schematically

fropa e EERRSHIYEIG R thertgradsiprersedind dsrrated e R G a1 Eonse

invitraait Ry ihairgdntaipe dbiB mdembinant Heghdcgleat@@es), and a

target-binding domain (TBD), which contains an Fc fragment of a
monBtermdepribedgntThEhel astiganafresenipg elrechnis Areclgedritiarall{iaGe

wHERBEHIES R dipriaclion Theingriadesiondaepsthefapmaienal
.antibody 20 like structures that facilitate its uptake through specijfic
SRR AR SCLF S SO T R S VAR YR A HOTE R A o

inifisecianent epugled Xsrateasomatipatlifyyatochbitespd fligepiresented
Wl%shpa?c éexg: 13‘{\(’}}?{3@4{{1'1%&!1%;33]( I%QtéP&"gld%%T . 1. 60:562-
imigenTM vaccines can also be processed via the endosomal pathway,
56p}cEragentigiionnic CHsEtporspitodiiical an hardrainasiopsih dee vinisipdettad
celRaHipies thenbirdingist tren€bhilaigenTM vaccine to specific APC -

receptors such as Fey receptors. While the invention is not limited by any
partitbéancovattred Mgeﬁamﬁmdtap@éﬁf@m mw&mmmmh@
lofaﬁya{%ﬁ%qtﬂgsaﬂ@g%?ﬁte{&ﬁ% @mﬁ%&@ﬁbp&&&a&%&g&se&ém of

the antigen through the class | pathway. In some embodiments, a
procesese préreby, sReorersHASiRar Rinfiad Hieriaied psptide Srageswt Srying
prieagth sinEorpavatast althel amplr-addvanbay Hninh piibitinrtigpiex
RS SReVRCle IR\ 52N, B RURNLIE BRBATIUMIS AFER ©
their activation. As a result, cytokines secreted by helper T cells provide the required
soluble factors for activation of B cells to produce antibodies against the exogenous
antigen (humoral response). | |

Conversely, intracellular antigens are processed in the proteasome and the
resulting peptide fragments are presented as complexes with MHC class I molecules on
the surface of APCs. Following binding of this complex to the T cell receptor (TCR),
antigen presentation to CD8+ T cells occurs, which results in a CTL immune response. _
CTLs can climinate the virus by killing the infcc.ted cells and by the production of factors
such as the cytokine interferon-y (IFN-y), which acts to inhibit viral replication.

As the virus is actively replicating in individuals with chronic viral infections,

viral antigens are produced within host cells and secreted antigens are present in the
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24 WO 2007/041861 PCT/CA2006/001685 epitopic immune responses
against the fusion protein, including the HCV antigen. Fusion protein
Chimigen3 proteins can also be produced in non-mammalian cells (e.g.,
east or insect cells) so that they are glycosylated in an non-mammalian
é&%ﬁ?‘fﬁgﬁéby enhancing their immunogenicity in mammal%q’@f\éf],{mmmss
human) hosts. Mannose/pauci 5 mannose glycosylation introduced in
_ insect cells also permits the uptake of the vaccine by mannose receptors
on APCs for uptake. Therefore, Chimigen vaccines can.be internalized by
_the APCs through specific Fey receptors I, Il and Il (CD64, CD32, CD16),
ciAioasin reite reesee pL Simsrretiagsdheedn 3 bckplor efrdtyy
implifg PayiaRIS JEatitahb ek cAR L2004 nhitk RRgvnte Wiuhlineblvi2i:3-54].
The, upt ia specific receptors, processing through the endaspmal and
P B T S RS S e R
afiinisie dlessap anprepdinththedspouies irasnin comsiparesarebpdisieofpsebenting
ineéﬁﬁhim@%@ﬁ@&ﬁ&&l@ﬁ{@@gﬁ%@%{y&lﬁﬁ%ﬁ&%ﬁmﬁﬁ%e&he &H8aaERtaa of a
CTL response is critical to clear_virus-infected cells [Whitton et al. (2004)
Pepiflesvarrmresentad i dhe sy agb P faskess | meigsRiesol bahoamiongiiav
vitilegappedin daccmetoolbasy & ptesanitivhohroldial B \the nédetions, has
proARLVERY RERIISIAAESHIBER RIEAINICA ST EAG 218l (BANTRA
novel class of therapeutic vaccines for the treatment of chronic viral
anjpfiestivhEespopst agabntifeviednibrdptcally infected with duck hepatitis B
Virust{EBMarapeHRAARE NS A FFRNHRISHA A2 VRBY slOstraa R fgh ik

Hepatjtis: December 14-18, Kauai, 20 Hawaii, USA; George et al. (2003) -
Pr%‘??é%?hé? g‘ﬂﬁ’é’?&ﬁ&&lﬂﬁﬁt‘%ﬂé&%ﬁ?@%é@éﬁﬁ SIFE%Iré?ﬁESWa‘Tt |
a}j(ﬁé@lﬂoﬁwﬂdﬁémaﬁ@ﬂalNl@étM@]oTﬂhecM@@dﬁ@i@l@hmbﬁmpdmm@hc
an ISR A BIPEn &%QQW%%O%Q Bﬁﬁ%p%%él 20 BRHGATA.

Iltaly; George et al. (2004) Immunological Evaluation of a Novel Chimeric
thqfH@&Md%@ﬁ%éﬁ%ﬁsw@éﬂﬁéﬂ@mmﬁ-@ﬁétmg ssiFfe cedar
redpfi34) daiernappratMeping et hecdhdedaauia Riniagy fof thepatitaBlar

iruses. Woods.Hole, MA, USA, October 24-27 4: Geqrge et al.
S AT P PRI M S
10pf095er HYFd e mm&ﬁfdramée@t@ch@nhbmpmmnﬁelh@ﬁa?mémn?@mions.
STy 1R K QN ot He RS SeNIAR R ARs L

Press USAg . 30 B. Definition:i
{Lai et al. (1998) Crit. Rev. Immunol. 18:449-484].

By virtue of their APC functionality, DCs which are derived from ﬁlonocytes,

have been shown to have great potential as immuné modulators that stimulate primary T
cell response [Banchereau et al. (1998) Nature 392:245-252]. This unique property of the
DCs to capture, process, and effectively present antigen makes them very important tools
for therapeutic vaccine development [Laupeze et al. (1999) Hum Immumol. 60:591-597].
Targeting of the antigen to the DCs is a crucial step and the presence of several receptors
on the DCs specific to the Fc region of monocional antibodies (mAb) has been exploited
for this purpose [Regnault et al. (1999) I. Exp. Med. 189:371-380]. Examples of this
approach include ovarian cancer mAb-B43.13 fBeriyn et al. (2001) Cfin Immunol. 101:
276-283] , anti-PSA mAb, and anti-HBV antibody antigen complexes {Wen et al, (1999)
Int. Rev. Immunol. 18:251-258]. Cancer immunotherapy using DCs loaded with tumor-

associated antigens have ben shown fo produce tumor-specific immune responses and
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25 WO 2007/041861 PCT/CA2006/001685 The terms used in this
application have the meanings indicated by the following definitions

(unless otherwise indicated). "Antibody" refers to an immunoglobulin
W8lskvsRrqduced by B lymphoid cells. s These molecules g¢gyc 2006001685
characterized by having the ability to bind specifically with an antigen,

each being defined in terms of the other. "Antibody response" or "Immoral
response” refers to a type of immune response in which antibodies are
produced by B lymphocytes and are secreted into the blood and/or lymph

- antimnaspatisétt ¢Camatonge alc(2HuIuRvistalpropésly fafdtTefinEpmeriahe to
. resnonse. the antibody-hinds, . 0 surfacs _
QURIPRARE ROF F%%R&Q. ;'%.Q%gﬁg.t Rl ie-aagcns A hea aGsaf

.g., ogen), mar e cell Tor destruction by phagocytic
triaeisvigntiBiei aeparisnr dat R dyies siaty (AP Erdmatio’c@iks 6631
Th@éeqtf%éém : }%rm%d ﬁbﬂaeﬁk@b. aiﬁaememﬁﬁﬁﬁn%hpﬁaﬁ?g&keﬁglﬁﬁm_ iEgulate

systiemically and can.pin ree virions. IS anlipo naing, can .
res AP PO AL b SHEREH G SR B 10 A g
imtihee/frigrorisEs fagasistniiraltionigrosidisich jhp hegdnytusisspstéitriatiokrimtthe
ThiSHREMRs 'i%‘&aﬁ@%rsf%ﬁig%@aﬁégwssﬁm@m@& reautaf Goming in

“contact with appropriate Cells, induces a state of sensitivity and/or
prifing oh BEasmaslicdTegs Tnellsihat santredhin thermnsHdt sliret armme
carbipodies and/or immune cells of the sensitized subject in vivo or in vitro.

Thus, antigens.can include, fQr example, cells or yital 2Q particles and/or
TR RIS 15 DRt s Bavchass R

“clipecifisatigeist priduoidhpfotemprotansighm predemtineneetid (i yogiters
of 18 108365 RRORYRGRYR 2 ARLigR B MBI%Q@M%Mf%l% Reigparily

by internalizing antigens, processing antigens and presenting anti genic
anigspdped frcantcialiBmfa;de Aist rkgrEiTbiek RAYES SEPersEs |
agAIhdl tROlaettesatdidy) The CYRsCHinekies astitifedh APEsoitbidotigéns.is

an ess ntial ste{&i{p.irgmupe induction because it enables lymphocytes to
schema maf rese in 1§e . . .

encounter and recognize antigenic molecules and to become activated.

Exeiftpsiaiagcine s inel ddmaing croipavreserponsssiasin GRE: et sendains,
td EsHigHatinacele pakitie 68US R licker viirnl BsrallsTany, Risel Sosin®
cell" refers tg a type of I){mp,hocyte that produces inimunoglobulins
an Fc fragment of a monoclonal antibody. The design of the vaccine imparts sever
unique properties to its function. The chimeric design favors the formation of antibody-
like structures that facilitate its uptake through specific receptors and results in

appropriate antigen presentation. It can be processed through the proteasomal pathway

. and the peptides presented as complexes with MHC class J, resulting in a CTL response.

Chimigen™ vaccines can also be processed via the endosomal pathway, presented by
MHC class II, to produce a humoral response.

The TBD mediates the binding of the Chimigen™ vaccine to specific APC
receptors such as Fey receptors. While the invention is not limited by any particular
mechanism of action, it appears that binding of the molecule to Fey receptors on APC
{e.g., immature DCs) results in the processing of the antigen through the MHC class |
pathway. Insome cmﬁodiments, a xenotypic TBD, the recombinant antigen, the linker
peptides of varying lengths incorporated at the amino and carboxy termini of the antigen,

make the whole molecule “foreign™ and allow the host immune system to mount multi-
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(antibodies) that interact with antigens. 26 WO 2007/041861
PCT/CA2006/001685 "CHI region", "CH2 region", "CH3 region" each
refer to a different region of the heavy chain constant domain of an
antibody. "Cellular response” or "cellular host response” refer, t f
i?ﬁ#ﬂoﬁgﬂ?ggﬁonse mediated by specific helper and killer T ce}?é%g%%{@?éﬂ%l@s
of directly or indirectly 5 eliminating virally infected or cancerous cells. As
used herein, the term "chimeric antigen" refers to a polypeptide '
comprising an immune response domain (IRD) and a target binding

epf R EERD T RE I IRHSEH ES SRR SRR AR WBEaRt Dingigendomains

may be directly or indirectly linked by covalent or non-covalent means. 10 - -

Fusfogpfein rmigrganosrinb e ko hpreaduesd i renramronlizenstitiee-
yebBaGtiafcbeliNg eRR BelikAcy RosyRf-A i IgtRoComBiRKes fanadiviiby

olyvalent antigens tend to be insolubje in.agueous systems. "Cytotoxic
B g e B LT Y S o
mioreigpiyetkyatichhustdeid infosted-vithiteimidttibe spgenttisataproduce

bﬁﬁxﬂﬁ?&s_@%&ﬁ% 35%@6{@%&0 the simplest form of an antigenic

determinant, on a complex antigen molecule; this is the specific portion of

an aRbEERInAtEEERgnT2EInGs 4R baiisBdiasH Ryrthehhee Saeh specific
Fof aesmed I;g%iﬁfﬂm(?{ﬂaé@ﬁ,gmmfiﬂﬁﬂﬂﬁ%e&%QQD@G),Q&H%EC}

Invention It may.als e use refer. to_that par art of a
AR A G e
Infragrsie?: RiaiAte Bretoptake stmsbendittraceiensl roorsgnsthypugthdlsame

' enRSRICS Arpie SRR PRHIANN S %ﬁ&df&@%@&%@é@é sefaescto a

protein formed by expression of a hybrid gene made by combining two or
mplgsides SeTESel ik hteed. IDg R ERPoRt GRPaRitaSIs e s hiefetipn of
claibadibataontestd thaah-legmaioh 04T E ecliramaentinaibingear

A USSR R Te R B
ViRoteoulest@ichi gqnﬁ]‘bﬂgthnt’ytogycﬁ@eaﬁqoth@ﬁeatment of chronic HBV
infections, has shown very promising results in preclinical studies [George et al. (2003) A
novel class of therapeutic vaccines for the treatment of chronic viral infections:
evaluation in ducks chronically infected with duck hepatitis B virus (DHBV), in Hepdart
2003, Frontiers in Drug Development for Viral Hepatitis: December 14-18, Kauai,
Hawaii, USA; George et al. (2003) A novel class of therapeutic vaccines for the treatment
of chronic viral infections. International Meeting of the Molecular Biology of Hepatitis B
Viruses. Septembér 7-10, Centro Congressi Giovanni XXIII, Bergamo, Italy; George et
al. (2004) Immunological Evaluation of a Novel Chimeric Therapeutic Vaccine for the

" Treatment of Chronic Hepétitis B Infections. (2004} International Meeting of the

Molecular Biology of 'Hépatitis B Viruses, Woods Hole, MA, USA, October 24-27, 2004;
George et al. (2005) BioProcessing Journal 4:39-45; George et al. (2006) A new class of
therapeutic vaccines for the treatment of chronic hepatitis B infections. In "Framing the
Knowledge of Viral Hepatitis" Schinazi, R. F. Editor, JHL Press USA].

B.. Definitions
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molecule, by for example, having sequences of chemical residues that are
the same or 30 similar at corresponding positions. The phrase "%
homologous" or "% homology" refers to the percent of nucleotides or
ANt the same position of homologous 27 WO 2001/9?%%@306;001685
PCT/CA2006/001685 polynucleotdes or polypeptides that are identical or
similar. For example, if 75 of 80 residues in two proteins are identical, the
two proteins are 93.75% homologous. Percent homology can be
determined using various software programs known to one of skill in the
art. 5,"Host" refers to.a warm-blooded,animal to which, a.chimeric,antigen,
for e B B R M M Ay e ol
definifisnd ialrsp othrswiss thdiqetiding of complementary strands of oligomeric
compounds. In the present invention, the preferred mechanism of pairing
involves hydrogen bonding, which may be Watson-Crick, 10 Hoogsteen or
oo St B SO ROBE D SR P LI HOHBR . cel
Thaucedsidies arevhatentidedagdsving dleabise 8) mhimpsifaniy witblagomeric
zomp. [ d thymine are complementary
mﬁ%ﬁb‘%@ﬁ%@%@éﬁ%?ﬁ%ﬁgﬁﬁﬁg ormation of hydrogen bonds.
Hybritipithedhi Eappaed T (haRerh FofRENSH dG st I Bec PRENEHRRTesponse
in WhibKighzBodieybEdizinged hyBridizascand dhedikesigediindhe srptext of
@5 r&% ucleotides, are meant to refe{ to convengé)n | hybridization
andion (YLD FrRRREhS “R ARHESE R B LS AR A POBEHRY, TSR EdRRune
respEGQLKAB RS INOds gfmtificBllyAg antigdactntthenpefakioé selly (ayghridization
paflS AOVE R ARG AP RRIRINESS (0r ARG IO GRairkiaaPS are

above 55C. " mmunlté/" or "Immune résponse” refers to thé body's
ceflals sHistordcin @itigehciiseon jsHrianiir srmpemerirrs detdaechgiges.
Aiibty-obahagideyasistarnieshitselitageingtdpie qiol e disdastnding

"Immune Respanse Domain (IRD)" refers to the variously copfigured. .
oo AR e O B TREL L IR S Eel i S B e
forgitigmpticorfomehosthy phagecpiosiiva fittzatiigem therkidheyed viral antigens

includg, ﬁiﬁ@féf-etdisﬁzv%qg&adé%aggg%&ﬁmvoﬁk- %n BN ELEICY
E2, HCV P7, HCV NS3-serineprotease, HCV NS4A, HCV NS4B, and

- appreRyiRegshs, induces a state of sensitivity and/or immune responsiveness and that

reacts in a demonstrable way with antibodies and/or immune cells of the sensitized
subject in vivo or in vitro. Thus, antigens can include, for example, cells or viral '
particles and/or each of their components. In the case of viruses, the components |
specifically include viral proteiﬁs. ' 7

- “Antigen-presenting cell” ("APC™) refers to the accessory cells of antigen¥
inductive events that function primarily by internalizing antigens, processing antigens
and presenting antigenic epitopes in context of major histocompatibility complex (MHC)
class I or II molecules to lymphocytes. The interaction of APCs with antigens is an
essential step in immune induction because it enables lymphocytes to encounter and
recogﬁize antigenic molecules and to become activated. Exemplary APCs include
macrophages, mondcytcé, Langerhans cells, interdigitating dendritic cells, Follicular
dendritic cells, and B cells.

“B cell” refers to a type of lymphocyte that produces immunoglobulins

(antibodies) that interact with antigens.
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As used herein, the phrase "immune-treatable condition" refers to a
condition or disease that can be prevented, inhibited or relieved by
eliciting-or modulating an immune response in the subject. 30

m hoc te" refers to a subset of nucleated cells found, for i
tWé ?éJ Wnch mediate specific immune responses. 28 Wgé%m ﬂ%g&%omgs

2007/041861 PCT/CA2006/001685 "Monoclonal antibody" or "mAb"
refers to an antibody produced from a clone or genetically homogenous
population of fused hybrid cells, i.e., a hybridoma cell. Hybrid cells are
cloned to estahlish cells. Ilnesg]é)duclng a specific mgnoclonal antibody

that | HHERIRGINHA PRI Lr SIOGRENY Fsh Bl e B adiferent e St es
heanjychaie dyeaaf domatipefwmAstitedd. herein, "operably linked" means '

IncorporatEd gs&éo%geé}e%%iﬁ?é}%&cﬁﬁ oAt X RSS) %?E}}{T%L?

sequences e tively control expression of a coding uence 0

refpasse seediigskpiesnpkag aelper mrpiller Boigls ?@é‘?&et@f th@féb%u atirectly
e}ﬁﬁ%@ﬁﬂ@bﬁﬁkﬁ&ﬁ‘é&éﬂ%@ﬁ&m &liEnore amino acids. It is a substituted -

amide lin ebet een thg a-amino gro f one amin |d and the
gy ey e N A S e
incomp rispsaeniaderia Uz haed atargeljbinsintg dommne{ﬁ}BEpH’kmd;nsnmg and
reMHEL RS A0S Hatioh 'G Héf’i} SHRGAGRM e AWEHNG AAR0N P linked by

eservatlve and t e like. 15 "Pharmaceutically acceptable™ refers to a
Coﬁéﬁnt'cﬁ(é%?ﬁlﬁ@%@mﬁ&t is physiologically compatible with humans or

other‘@&ﬁ@&lﬁ’ &h%dﬁgleﬁw&gbcm#‘dmp & ﬁ@@@hﬁq&ﬁ@w&@%@e&um
olymeric fqr ucleotides.of a r ripo uceotJ es or :
bdh %&/ ﬁ’é@’bﬂﬁy %ef’errﬁml% ers %%Pé’fia“f?mﬁé B Pﬁary R SPHBERB e
benoidoble inTdyusptheyttrmsincludes double- and 20 single-stranded DNA
and Bfrthlsei B noN L YRS A BOdicaHRRS N BERTBP .

labels which are known in the a methylation, "Caps", substitution of one
BRSSP B P e e it produce

viralamigeisotide modifications such as, for example, those with uncharged

linkages. (e. trg | hos opfates f[%ngiﬁtqhotn%s{g

t b r@l t Ie
phosp oé)%%dié%s g{ar Jamate tes, etc. ) and wﬁ%erlﬁarge wﬁ?éé’gsa gmp x

antigen molecule; this is the specific portion of an antigen that 13 recognized by an

antibody or a T celi receptor.

“Fragﬁ;pni” refers to a part of a disunified entity. In the context of this invention
it may also be used to refer to that part as part of a corresponding entity. Accordingly, a
fusion protein comprising a Fc fragment may refer to a recombinant molecule comprising
the same peptide sequence as the native fragment.

“Fusion protein” refers to a protein formed by expression of a hybrid gene made
by combining two or more coding sequences, '

“Hinge region” refers to the portion of an antibody that connects the Fab ﬁagtﬁent
to the Fc fragment; the hinge region contains disulfide bonds that covalently link the two
heavy chains together to form a dimeric molecule.

The term “homolog” refers to a molecule which exhibits homology to another
molecule, by for example, having sequences of chemical residues that are the same or
similar at corresponding positions. The phrase “% homologous” or “% homology” refers

to the percent of nucleotides or amino acids at the same position of homologous
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-whr.ﬁg 5@%%&%@%?“03 are above

-0.1X SSC/0.1% SDS are above 55°C,

25 phosphorothioates, phospborodithioates, etc.), those containing

. pendant moieties, such as, for example proteins (including e.g.,
nucleases, toxins, antibodies, signal peptides, poly- L-lysine, etc.), those
wihintargakators (e.g., acridine, psoralen, etc.), those contaipigea-066/001685
chelators (e.g., metals, radioactive metals, boron, oxidative metals, etc.),
those containing alkylators, those with modified linkages (e.g., alpha
“anomeric nucleic acids, etc.), as well 3o as unmodified forms of the
polynucleotide. 29 WO 2007/041861 PCT/CA2006/001685 "Polypeptide”

pogﬁqgi'w@&@érz;;%waﬁfﬁémﬁs?mre@e%@y m%mmm%@@ﬂﬁ%%

Chain of amino acids, regardless of length or post translational
resifiehfie SR Rrokdng sesddratisn); tsrbysratiss areihd dehametesprey Batent of
hotE Ry Rl 08 GerfRindiEeasey a ol ayiv 28 el @ithaswRRIEAS G il in

thedisease_, or a lessening in the severity of s subsequently developed
aﬁIstéase symptoms. "Prevention" of a disease means that symptoms of the
diseddestinsfendentiviyn-bbsdnd, difmaida saitleachipeesitetitieder Stesipbeat

caduGhRRleolytic enzymes catalyze the hydrolysis (break) of peptide
bonds between amino acids in polypeptide chains. 10 In the present

inveltiR CoREBEEEs BtgpiEnt RyBidrztiaR resra e Raitse otringent
coR@REhbMan; sededs 40 HRagitancoupdendvTic hasemponnih! i invantan
ill_hybridize.to its target sequence, but to a minimal humber .of other
ke b e e
Hopestesmblyerdreath Hoogsiesy hpdfepsnbanding ketwremarnkeksegtaenuecleseidao

or RRRIBA RN IhA e S iR M@é@?&xﬁ&@ﬁ dgﬁlﬁfﬁ%m pi%['ye}%ple,

includes a 6xHis (i.e., a sequence of six histidines) tag. "T cell" refers to a
adgping S RS SRR R ABUNC o et Bpie e e disdhmeattpant
hyérolige boadd HAtiah: pleys auroleuninden otwyiap dineikianNTHB @:FASPONSES.

e i Binding Domain,(TBD),, refers tg all or part of an immunoglobulin
i R A R AT L e
PolyRRgietidES e Madebin reffreiaiven vaniinal todfddizatioareenditions, ofeferaiient

sud® WA RBMGSICIABIGCH QlARRNRUNEANINS, aRoring S-LhIRISKA antigen)

sufficient to elicit an effective B cell, cg/;gtgxmd'{ Iymphocytfe_ (CT}I;;) and/or
an emperatures OF wasnng m

“Immunity” or “immune response” refers to the body’s. response to an antigen. In
particular embodiments, it refefs to the ability of the body to resist or protect itself against
infectious disease, 7 |

“Immune Response Domain (IRD)” refers to the variously configured antigenic
portion of a chimeric molecule. The IRD comprises one or more antigens or one or more
recombinant antigens. Preferred viral antigens include, but are not limited to, HCV Core, -
HCV E1-E2, HCV El, HCV E2, HCV P7, HCV NS3-serine protease, HCV NS4A, HCV
NS4B, and HCV NS5A. '

As used herein, the phrase “immune-treatable condition” refers to a condition or
disease that can be prevented, inhibited or relieved by eliciting or modulating an immune -
response in the subject.

“Lymphocyte” refers to a subset of nucleated cells fouﬁd, for example, in the

blood, which mediate specific immune responses.
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response to the antigen and to block or to cure or at least partially arrest
or slow 25 symptoms and/or complications of a disease or disorder. A
subset of T cells function as T helper cells by secreting cytokines that

- help activate B cells to secrete antibodies or help anotherr T _cell subset

{8 haUsHd%frector cytotoxic T lymphocytes (CTLs). The tern%cnijr%%%?ﬁgmmss |

and "treatment" as used herein cover any treatment of a condition
treatable by a chimeric antigen in an animal, particularly a human, and -
include: 30 (i) preventing the condition from occurring in a subject which
ma%f@&%&&’ﬁ%%ﬁ%%&?"&kﬂ‘&&ﬂf‘!?&@r?wQ%M&%QWQ%H%%
having It; (ii) inhibiting the condition, e.g.,, 30 WO 2007/041861
eenstiepity Rowoeon] e iva sk isest iburits!is e iBrdorme ekikybrid
cel[CARMIRB NG CORBITARCKS link PSInE KL § PSsiNG mbibelQan ailid Big Tits is

symptoms.. As used herein, an agent that,is "therapeutic; is an agent that
L e E R T T O S R
antgfgorease in the severity of the symptoms 5 of the disease. "Xenotypic"
me%é@é@ﬂ%?&ﬁ,gféwmb%éeﬁe@%%@&mfﬁoﬁa% At FQeIDBRIeua so
recombinantly expressed antibody cloned from a‘mousgggenome would
thah SxREFIRAFE T SHRSFS BTETIDIES OBl PeY AR AL S REIEr f it
intéggOMbinantly expressed antibody was produced in a bacterial, insect,
human, or mouse ¢ell,. Thus, in the context,of a 1o, chimeri i of the
inveriiaoaRakeg: S - pe e SR sl TG
betvarp typioamibodyiicandent) isesitBiutkd areddiothagedprbenes Grenmian
ardlf RS QY O RAANELGRAINOER o GRIREH GritRlASRS 15 A
cgmposmon of the present invention includes a chimeric antigen )
comprisimeeasentinlrreipies oresepdenhamatiis))saekiag 3 AR BRYGSGTIen
a pIRARINEEREN vlitreiafessedt, emhomimgatanf peninyenrtiany 4hadRD portion
is capable of inctjcing Immoral and/or T cell responses, and the target
PresRT B AR ikeapable of binding an APC, such as a dendritic cell. The
chini@liermatigeniytheqresienrifrettionomtnx izl sonpohiits 8reior 20 more
ph iEﬁ‘%@%J?\ééSlﬁ&i@ﬂ@%ﬂ%@%%ﬁ&ﬂ@r..l;l jeglobulin (or a segment

here ) region of an immunoglobulin (or a segment thereof), a
peptice trmerpehprsieatids” qewrdderenoretmta 105 HmeRs ™ fse with a
nubMbfgalisINupy M0E0) oAlehBEHEROHIGRb: deoxyribonucleotides. This term

refers only to the primary structure of the molecule. Thus, the term includes double~ and
single-stranded DNA and RNA. It also includes known types of modiﬁcations, for

—

example, labels which are known in the art, methylation, “caps”, substitution of one or
more of the naturally eccurring nucleotides with an analog, internucleotide modifications
such as, for exémple, those with uncharged linkages {e.g., methyl phosphonates,
phosphotriesters, phosphoamidates, carbamates, etc.) and with charged linkages (e.g.,
phosphorothioates, phosphofodithioates, efc.), those containing pendant moieties, such as,

for example proteins (including e.g., nucleases, toxins, antibodies, signal peptides, poly-

L-lysine, etc.), those with intercalators (e.g., acridine, psoralen, etc.), those containing

chelators {(e.g., metals, radioactive metals, boron,' oxidative metals, efc.), those containing
alkylators, those with modified linkages (e.g., alpha anomeric nucleic acids, etc.), as well

as unmodified forms of the polynucleotide.
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of the present invention is capable of binding to and activating an APC.
Generally, but not necessarily, the IRD is N-terminal of the TBD. 25 In

some embodiments of the invention, the RD of the chimeric antigen :
w[?lg&g%#%? or more (e.g., 2, 3,4, 5, 6,7, 8,9, or 10) proteipsHantigRns)sss
selected from the group comprising: one or more HCV proteins such as
those desecribed herein or one or more recombinant HCV proteins.
Between such proteins there can optionally be a linker such as any of the -
linkers disclosed herein. In the chimeric antigen of the invention, 30

i ic.f its, of th ' h full:|
B 8 SRS e
- linkwh eheinvSrantingncds rseaiglessieficestior pre-onnslerndmuelifcasion:

full-laRgthy RBRITUNNGEHIe Hﬁﬁ@@&_f%lé@é PréxiisoR biulespapbartigens

_and full-length proteins "can be used. The chimeric antigens of the
disprseriidFa¢n BEGIHBATERE GRS e Eaian? e%ﬁéré‘%‘mf%‘i%‘aﬁ&ng
subRdRPrigeval R0 ficedfeynande multimeric (i.e., they can contain

multiple AitSySaeh fompTzing and R AN, & Bk MulieIs GamRe. for
example,eﬁlmers, rimers, tetramers, pentamers, hexamers, septamers, or
absgstamers. In such multimers, the individual units can be identical or

differpnf QS eMs SR e Hanica sedier Fiftarend chigmbsdapisia the
a'dimeric chimeric antigen. i4 In yet another, mboiimenl of {]he invention,
hygralyRPOrRHE ehnsriite TR RSB E RARBL YRS one or
mordHkz\prRseteinsenionthoplmecé steognuihipbrdizaidy @retidiens”ler some
«.embodiments of,the inyention,. A ' i | ]
S e MR G HRA e G CRGH AT e caRRS Al
hyasidipede) ite toBrE Hequems: B i EEMmIb AT g EPRET RPBE M ninistered.
On theotherRandetnerelay g smbadisenisabificpaemign, tiead BD of

the chimeric antigen is an antibqdy fragment xenotypjc to the.host. Fo

examplé® if & ﬁ@ﬁfﬁ%ﬁ%ﬁn% er%ﬁl‘éﬁ@%ﬁsé%ﬁgr%ﬁgoaﬁm& ¢
conafpimgnhés .nhm @A tigiatladtioodHisdgmaricagore a8 sxhigtidaes)
tagr_wtibody fragment. In' certain embodiments of the invention, the

enotypie antibody fragment 20 comprises a murine Fcfrapgz]men In the

most Presriefer it ps b irarhAe theheBH Y SRBUESTRRTERS o
re¥piislRitahafRgmeniiahpRegmentitiemeof)] mbingllee jiomforeponscs.
“Target Binding Domain (TBD)” refers to all or part of an immunoglobulin heavy
chain constant region (e.g., Cy1(all or part)-C2-Cy3).
The phrase “therapeutically effective amount” refers to an amount of an agent
(e.g., a chimeric antigen or a polynucleotide encoding a chimeric antigen) sufficient to

elicit an effective B cell, cytotoxic T lymphocyte (CTL) and/or helper T lymphocyte (Th)

' response to the antigen and to block or to cure or at least partially arrest or slow

symptoms and/or complications of a disease or disorder. A subset of T cells function as
T helper cells by secreting cytokines that help activate B cells to secrete antibodies or
help anotherr T cell subset to become effector cytotoxic T lymphocytes (CTLs).

The terms “treating” and "treatment" as used herein cover any treatment of a
condition treatable by a chimeric antigen in an animal, particularly a human, and include:
(i) preventing the condition from occurring in a subject which may be predisposed to the

condition but has not yet been diagnosed as having it; (ii} inhibiting the condition, e.g.,
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segment thereof), a Cxl region (or a segment thereof), and a peptide
linkage suitable for linking the target binding domain to the IRD. The
present invention also comprises the use of linking molecules to join the
IRD 25 to the TBD. Exemplary linker molecules include leucine zippers,
K8 HGHKAin. Other linkers that can be used (for examplé” FﬁTfé)gf'(?ﬂﬁmmss
proteins) are peptide sequences. Such peptide linkers. are generally
about two to about 40 amino acids (e.g., about 4 -10 'amino acids) in
length. An exemplary peptide linkers-include the amino acid sequence
arrsRh PR R L S EEVEMENL o Qe iBle SR Sovlidown dautig art and
are generally 30 glycine and/or alanine rich to allow for flexibility between
re%sf%rb?gﬁget%@%%p@éﬁgpﬁ% the .chimeric antigens of the invention,
the IROGredddhdn TddRgare thet joThechps@ V@ 204264041864uses a complete
abblsHhcA 2P 0%/ §§,-s'%¥Mé@}i@%@'%@%&'%@%@%ﬁlf&?ﬁf@%& en
an antigen binding part of the TBD (e.g., an antibody madlecule or fragment
of gredlisafibody molecule) and an appropriate antigenic epitope on the

IRD =} RRorRMBRMN G 1R S NARE HiSpRHtOsM R IKRe (REeseN FRVG RIS a

fusjaon 5 protein having two portions, namely an IRD co%'-in%an .
ro R L AT R OHOA R B, AT S ORE oM B CRAERRIG P &
huxendtypiot Fe Aragme ntgdidssed otgisntiut reombifragly exprissseibatgibody

wa%%?&i%&@ﬁ%%&:ﬁﬂ,%&t%%ﬂﬁCal ARPALiiCHRISTHE LiRdIRYs fegion
of the chimeric antigén thus targefs ant|$en-present|ng_cells_specmcally.

chippraiciAREESA K THE RN Aresnobe: 3ZseopRICANRATY Belrgats
or aRdrREgsieAEBRBCHTIEHenIER IdEsIDafrclassshand slhastmatagidles

}}ohc ntahct and at%tivate T cells and generate humoral and cellular immune
W rlé;sp heBE'TE ci8aF ftected cells or other appropriate undesirable cells,

. e.g., cancer cells. In a further embodiment, the chimeric antigen can be a
fusion protein having two portions, namely a modified viral antigen or
antigens, arhigesic Aigtels fragments or 15 peptides, or any of these with
glycosylation at specific sites, and a xenotypic murine Fc _fragment, which
can él§8wa%b%9ﬁ%?é’a?3ﬁ?w‘aﬁmw@%a&%&msm@wgﬁﬁ@ﬂm an

impievdespen i dbakim (R drahinagsic bamdiigetunuhie{EBDIh inaintgend(IRD) is

enfuOMTYIALES %régnt NS BDHE R F%J{c"?‘@@.@%%ﬁ% o??r?é%&%‘%ehqﬂ%&%%@ T
e.g., Sstreptavi |n‘5 In, for example, a fusion protein. Such an

cell responses, and the target binding portion is capable of binding an APC, such asa

dendritic cell. The chimeric antigen of the present invention may also include one or

more of the following: a hinge region of an immunoglobulin (or a segment thereof), a

Chul region of an iiﬁmunoglobulin (or a segment thereof), a peptide linker, a protease

cleavage site, and a tag suitable for use with a purification protocol. A chimeric antigen

‘of the present invention is capable of binding to and activating an APC. Generally, but

not necessarily, the IRD is N-terminal of the TBD.

In some embodiments of the invention, the IRD of the chimernic antigen includes
one or more (e.g., 2, 3, 4, 5, 6,7, 8,9, or 10) proteins (anﬁgens) selected from the group
comprising: one or more HCV proteins such as those desecribed herein or one or more
recombinant HCV proteins. Between such proteins there can optionally be a linker such
as any of the linkers disclosed herein. In the chimeric antigen of the invention,

immunogenic fragments of these antigens, rather than the full-length antigens, can be
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20 avidin-conjugated TBD facilitates the production of a wide assortment
of IRD-TBD conjugates. Naturally it is appreciated that the IRD can be
conjugated with avidin (e.g., in the form of a fusion protein) and the TBD
(g(gmifﬁoﬁaglment) can be biotinylated. In yet another embod QH#B& 001685
invention provides an association between the IRD (antigen) an 'IJ
(e.g., antibody Fc fragment) through chemical conjugation. 25 An
embodiment of the present invention includes the use of recombinant
antigens of HCV fused to an antibody fragment by molecular biological
techniques, production of the fusion proteins in a baculovirus expression
system and their use as therapeutic vaccines against chronic HCV
infections. The present invention provides an efficient method to deliver a
HCV antigen to APCs in vivo so as to generate abroad immune 30

res nse, a Thl respanse | |nvoIV|n Ls. anq1 T ﬁxﬁtigﬁ,@f) response.
?ﬁerﬁﬁf?o Elé‘nlcuty o% pre L3S ecf“qa viral anti o

antrgen e% one unrecognlzed

onbyxmwmﬁw%%%@ﬂ%ﬂ@& PRS BYR BEETS stem)

cakBdpbgLincreased by the presence of a xenotypic antibody fragment as

well g8 Bl RESe Qsaefereﬁﬁ&ﬂwxgeﬁgdﬁésmmw%&dam dne insect
cell expression s ntigen-antibody.fragmen protein,
Single s SHEPEP ié%oﬂ‘llre an A }{m} I%rﬁ kS Lg,ch{‘

y &Bmponen d'to specific
comméﬁslpm%m‘sbﬁm% @éﬁ?éﬁﬁé‘"ﬁﬁh Eﬁﬁé’@?@t&%”& f&g., APC),
exbﬁiﬂltdﬂﬂﬁe&eﬂﬁdrﬁm@wsmﬁrp@tﬁﬁmmﬁmmmm 8 oudtssrandn

%J&%&H&'Hﬁt@éﬁ@@l&eﬁ@&i@ﬁiﬁéﬁ& tp it esd yenBRR AT
anlm s.will be Jn (g%llzed APCS esp %ually DCs, will be hydrolyzed
e

a“ﬂ)"%ﬂ‘ BEBtES: HEa RIS SRIRE S8 S rface, complexed with MHC
Clage v mepbenviphedmien oiisnseinacheBD cEle %@‘&ﬁﬁf&@ﬁ specific T

' m@&emme@ﬁ%a}mﬁdmmmmnmmmﬁmem thies teconalittng

g}&gﬁsantlgens (fu3|on protelns) can elicit a broad immune response

clear tg&o&ral |nf on A &?%eép term 'gargj %@glng

0 Sl or ] par of ‘an |mmunog eavy chain

%P@&ﬁm@qoﬂ‘h’a\mﬁ@ W&Wﬁlﬁ%@@%ﬁﬁ?@ﬂ?é&%%“ SRt to an
thEplseaapiingic amgPEtolbeadnbidande Githtkbepheskinnreferedon, the 15

enTﬁBdér@s Qfﬁf@iﬁvaﬁﬂﬁ,t{iﬁ @ﬁb inciRGHan heigace Plob G Trédent

g}é drltlc c [ﬁhe[ |§t§sua c&ne&tg#?gﬁpgﬁgﬁlgto the APC
ﬁ/@ ce or-me ae u n accor ance wit rese t entlon
any

‘bfé%eﬁ@éiar BoPERTHAR GRS gL Such as & OuSe anti

' fragment, Tn certain embodiments of the invention, the xenotypic antibody fragment

‘comprises a murine Fc fragment. In the most preferred embodiments of the invention,
the TBD comprises a xenotypic Fc fragment (or a segment thereof), a hinge region (or a
segment thereof), a Cx1 region (or a segment thereof), and a peptide Hnkage suitable for
Jinking the targét binding domain to the IRD. :

The present invention also comprises the nse of linking molecules to join the IRD -

- to the TBD. Exemplary linker molecules include leucine zippers, and biotin/avidin.

Other linkers that can be used (for example in fus_ion proteins) are peptide sequences.
Such peptide linkers are generally about two to about 40 amino acids (¢.g., about 4 -10
‘amino acids) in length. An exemplary peptide linkers include the amino acid sequence

~ SRPQGGGS (SEQ ID NO:1). Other linkers are well known in the art and are generally

iglycine and/or alanine rich to allow for flexibility between the regions fhey join.
Generally, in the chimeric antigens of the invention, the IRD _and the TBD are not joined
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uptake of the chimeric antigen through the Fe receptor on APCs,

specifically DC. By virtue of the specific uptake, the viral antigen is

processed and presented as foreign; thus, 20 an immune response is

effectively elicited to the viral antigen that, on its own, was tq|

Nty H)cﬂ)gfog}séﬁcited a very weak immune response in the hos([)l.J ﬁ%ﬁ@gmmss

accordance with the present invention, the chimeric antigen, preferably, is

capable of binding to a macrophage mannose receptor/C-type lectin

receptors. The macrophage mannose receptor (MMR), also known as

CD206, is expressed on APC such 25. as DCs. This molecule is a
Wﬁeﬂ%éﬁﬁiﬁﬂge&. & ARSHAR PSP SR SER BiBPS P M sV RRed
(eqhimresittibediganiearele fopuma tafcinteibaliz e byulc DA 6o bpgepeiel,

' is.thought to be processed and presented primarily

A

ss |l pathway. However, in the case of targeting

througPesabedinent tacalienc At aen b thapEIn Dveriss ishieiss ||

ploREAWAYS AFRd Deatuad LARSIMORIVIQR Ehale (2000} 36 BaluehcHHAANR!,
_3%:1714; ostglo los (tat,al. (ZOOF}%Curr ol. Medé\‘%x:%g; ) ,

viEsh YRR LR A1 BIO B IRG A BRISIYPYE S dpgmanns S sepptypic murine
me@mesiwwegmm@wmmkﬁqmﬁgmaa;a%meh@nmg
P L DT U e BT Rl

inferngbiariiesy SidhifetEh e metpurtdipunaeRatena rmaces st Sprois)

_ pebtiREINAE C45)1 284 ord ki MdiexaBIRtEI N TR A8 slakved FamMouse

ti-HBVSA( b brid 52C12 I in pFastBag HT
SR QB LB IR TELS CHAT S RSLEr Qo B SFLe e Gtem
apmopiiogemdSarsoad CAg LUBA Thil. TBD consists of part of CH1
(havigg, theaIRg.36d SeAHE Dt RISK p aFGh Wi Nidkidh ABin having two

Hinge-CH2-CH3 from N- terminal to C-terminal of the mouse anti-H

PUAGI AN BAdiatt FabiBHESP HTNGEP S RBRTHE P EHLIRRINR Bf the

pEFEESNETAKE B R RAMBAINNabYdaticker pepiiiasiearimfdQbddbibingami Tt
the retgi% Sc}?cHza?sn g:l—ﬁB.OIQetQinge region portion of the monomeric

f‘*f%‘t?“can orm%‘isuf’p ide’bonds with a second TBD molecule. The protein

can He yekpretbseerodimestidherimantinioropidreiiywibthr snesdified ehémeric

aRENENAHBIEA @EIGhHEEV IRBFABRINANAIARARALIED (LS FRIRIBASRY) is
cleavage site a,a%ltthe N-terminal fusion of the Targ{g:_t Binding Dor?laln

CQPBEIBrTHE XA e THRRFES T Ab I SEE R M 9B URYy fch an
aidigbeiatgug st ITER). fadibtexetinpiasduE B i a friglg asemtoérthe TODSTAN
c&l]{ilégtgsf. tﬁlﬁdg%y it is appreciated that the IRD can be conjugated with avidin (e.g.,
in the form of a fusion protein) and the TBD (e.g., Fc fragment) can be biotinylated.

In yet another embodiment, the invention provides an association between the
IRD (antigen} and the TBD (e.g., antibody Fe fragment) through chemical conjugation.

An embodiment of the present invention includes the use of recombinant antigens
of HCV fused to an antibody fragment by molecular biological techniques, production of
the fusion proteins in a baculovirus expression system and their use as therapeutic
vaccines against chronic HCV infections. The present invention provides an efficient

method to deliver a HCV antigen to APCs in vivo so as to generate a broad immune

response, a Thi response involving CTLs and a Th2 (antibody) response. The

- immunogenicity of pre-selected viral antigen (e.g., one unrecognized by a host immune
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mADb from 2C12 with the sequence of amino acids comprising the 8 amino
acid peptide linker, five amino acids of the CHI region, the hinge
sequences, CH2 and CH3 region sequences and, optionally, a C-terminal

Replids @fiep additional amino acids encoded by nucleotidegdeFivafde/oo168s
from the expression vector. The exemplary TBD fragment defined 20 .

herein forms the parent molecule for the generation of fusion proteins with

antigens derived from HCV virus. D. Novel Polvnucleotides Another

aspect of the invention provides polynucleotides encoding all of the
sySiain) efic tigeasdiscinspadaateit.abraopglinuibatidksaemps selafrisy

olynucleqtide .25 portion encoding an immune response domain.and a

R e A S e s B TS o
Thermitégsveomd oty faeteotidesivo miotrinnday todhigeraseeropfthe auibrstnr
cHlifferant MurigiidesshainsclmaddfionipdbeAbeyedescnbed reaionsah

the chimeric antigens of the, inventign, polynucleotides of the jnvention
(eeritiraiyebiin dentiticSelt EEP RIS IR ST ToddEF PePiities that
gringibtatessEhedtisiomirtheachimenictand gecitfrarhuaendldeagimalsedbbor 35
. WO .2007/041861 PCT. 06/001 ' t.cell) pr ing. |
] AT o P R e S Sl Pl e

oot setresicnmmencthwitieNHE Sdrse LavrferdBiCcalissdlaplesrlerded
cdliselosaptiperginand plharsdpRNT it Blle IPHRRMB RARNTY In this

chitinase signal , sequence having.the amino acid sequence
VRIBIOPRELR ENEDAVSIOA PTERED LR 3 7 A SO Ty e ier ae
theetradbinéetion.

ATG TLGT ATT TGT

N R P S e B
anfrarampRalobrihberydrinemetanserirtor Bighrisssigptibr e Sagmensc@dple
oﬁiﬁlaiﬂgqa%gm ﬁé@@fﬁbp@idl o e, hﬁ%@?&i@%@éﬁ»@ﬁ&ﬁa&%ﬁ&%ﬁlﬁ@ﬁd&ﬁ the

nent : t ,

R P ek S R R
cqlohpduis lebticlpshcoding sl meribaAli§dry varatirprodéind uiA TRNA,
2O ABNARYY i Andrelaind MRsUles . PAVRUEIRANALS Oents the

oligonucleatides complementary or_having at least a 90% homology to the
iR (o AR PEHRACHERER T RN AT L GarRes B R eFeof

viane qroheipeteftidesier the viral antigen is processed and presented as foreign; thus,
an immune response is effectively elicited to tﬁc viral antigen that, on its own, was
tolerated by the host or elicited a very weak immune response in the host. |

Also, in accordance with the present invention, the chimeric antigen, preferably,
is capable of binding to a macrophage mannose receptor/C-type lectin receptors. The
macrophage mannose receptor (MMR), also known as CD206, is expressed on APC such
as DCs. This molecule is 2 member of the C-type lectin family of endocytic receptors.
Mannosylated chimeric antigen can be bound and internalized by CD206. In general,
exogenous antigen is thought to be processed and presented primarily through the MHC

* class II pathway. However, in the case of targeting through CD206, there is evidence that

both the MHC class 1 and class II pathways are involved [Apostolopoulos et al. (2000)
Eur, J, Immunol, 30:17 14; Apostolopoulos et al. (2001) Curr. Mol. Med. 1:469;
Ramakrishna et al. (2004) J. Immunol. 172:2845-2852]. Thus, monocyte-derived
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15 oligonucleotides that hybridize to the genes encoding a chimeric
antigen, mRNAS, or to chimeric antigen-encoding polynucleotides.
Additionally, the invention includes analogs of the genes encoding a
6{ er17(/: antlgen specifically disclosed herein. Analogs IndUdeﬂc"ngz'oos/ﬂoms
e %at retain the ability to elicit an immune response, A ?
preferably have homology of at least 80%, more 20 preferably 90%, and

 most preferably 95% to any of polynucleotides encoding a chimeric

antigen, as specifically described by the sequences set forth in SEQ ID

- 'NOs: 39 and 41- 51. Typlcally, such analogs differ by only | to 10 colon

dendmigreeslis loaanglasthRiercratgse sheleacrifsatiramaimide e il aniiesns
a1 Heed @twﬂaéplmeae@wmr@p@ﬁ@ visal apdigeapeRfananibadye
ragment; in cular, consery. Nno acl nts.
e DR i L ey P Ao iy of
aminacxisiiiiatydf 8 e kadedvied their SideciairsBBehetivsyHybedoleal
z%ﬂ?%%%ﬁéa%%ﬂ&%%&%ﬂi‘?%?&%ﬂ%&%f éﬂﬂ‘ékgﬁﬁesééa Acig 'i%s&% paftate,

glutamate; (2) basic=lysine, arginine, histidine; non-polar=alanine,

SFRTSONTIERB (M}ge%ecaﬂmCWPalﬁ1ﬁ SO RE P SdoHan

(Badnghe aeha gad Ralaid Ig@gmlaseqrﬁgm 2C}oagd1mggh mfmz:mrfaam N-

serine, threonine, t sme e tr an, and tyrosin

S L e At R e R e R Re et e A i

mhsohéuehﬁpxaﬁk\ﬁ@fmm&B@@@W@ﬁc@@@ﬁi@ﬂﬁﬁ&ﬁp@hﬂ%@m af an
AL RACSHRIL YA IBHENS MR ORUFIRARE VM Albmeric

ﬁgﬁartate Wlth a’ utamate a threonine with a serine, or a similar
ide bradds St sspapfbTREGMAIRTHes e RIPIIY S8R d
e&ﬁiﬂ@ﬁbﬁﬁﬁfmu@ﬁhiﬁamﬁompxjamﬁam ooxmiotegicatastiihReigpeEptide
qaslesules having substantall e same, aing g6id B seauence as gy o
e poy ep es ISClose ereln blﬁ Sessing minor amino a d)

@J@@tﬁm@%ﬂhmmﬁéuﬁmmmmmm@ mmmtﬁéﬁ% sAg

@RULEHLOEIISITAD dRMYAS BB NG ARIVERIRBS dEfinition &8 1061
chlgenc ant| en Derivatives include aggregative conjugates with other

HovHis SEHER SAPERATEHT CORpIGSRePwitRTIRR aRitrpptide
luﬁemfo&lammeheﬁs ChHhhalent deibmtivasarespreparmsdhy inkdge efiba

Snetionalif %{%ﬂjﬂ’)‘»‘l%sc“?é&ﬂﬁ% L%Hﬁ&'@f?@l%ﬂ&oﬂ%%ﬁo%&%&%&d by

chains or af the N- of C-terminal fesidues by means known in the art
narA st oIS SRR S ArESHRgvIERIeri n%mqplm TBD fragment defined

herein forms the parent molecule for the generation of fusion proteins with antigens
derived from HCV virus.

D. Novel Polvnucléotides

Another aspect of the invention provides polynucleotides encoding all of the
chimeric antigens disclosed berein. The polynucleotides comprise a first polynucleotide
portion encoding an immune response domain and a second polynucleotide portion
encoding a target binding domain. The first and second polynucleotide portions may be
located on the same or different nucleotide chains.

In addition to the above described regions of the chimeric antigens of the
invention, polynucleotides of the invention generally contain leader sequences encoding

leader peptides that facilitate secretion of the chimeric antigen from a cell (e.g., a yeast or
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TABLE 1: Amino Acid Abbreviations Alanine Ala A Arginine Arg R As
araine Asn N D Aspartate Asp Cysteine Cys C Glutamate Glu E
Glutamine Gin Q Gl cine Gly G Histidine His H Isoleucine lle | Leucine

L s K Methionine Met M Phen lalanine Phe F_Proline Pro
y%énr?k/g éer Sy Threonine Thr T T to hanT W Tyrosine Tyr "R)’;l%mﬁ\/?g 683
V 15 Conservative amino acid substitutions can be made in a protein
without altering either the conformation or the function of the protein.
Proteins of the invention, or useful 37 WO 2007/041861

iRETGH RRE 6%é@&z%msameq&a&queeaﬁﬁm&mr%mﬁel5

Nt ke SRR TOHD) SR ﬁ?ﬂ‘ge%g%ﬁﬂh%ﬂ‘lyaﬂﬁ}we
disciteud ireeeh) anditither{\oamndrebe ing fir)cfampiy Athanoiiitese signal
sONAFPBRRIS the amino acid sequence MPLYKLLNVLWLVAVSNAI (SEQ ID
NO:37) encoded by the nucleotide sequence
ATGCCCTTGTACAAATTGTTAAACGTTTTGTGGTTGGTCGCCGTTTCTAACGC
GATT (SEQ ID NO:38) useful for expression in insect cells and the alpha-mating factor
leader useful for expression in yeast cells (e.g., Pichia pastoris yeast cells).

| The invention provides polynucleotides corresponding or cbmplementar_y to
genes encoding chimeric antigens, mRNAs, and/or coding sequences, preferably in
isolated form, including polynucleotides encoding chimeric antigen variant proteins;
DNA, RNA, DNA/RNA hybrids, and related molecules, polynucleotides or
oligonucieotides complementary or having at least a 90% homology to the genes
encoding a chimeric antigen or mRNA sequences or parts thereof; and polynucleotides or
oligonucleotides that hybridize to the genes encoding a chimeric antigen, mRNAs, or to
chimeric antigen-encoding polynucleotides.

Additionally, the invention includes analogs of the genes encoding a chimeric
antigen specifically disclosed herein. .Anaiogs include, e.g., mutants, that retain the
ability to elicit an immune response, and preferably have homology of at least 80%, more
preferably 90%, and most preferably 95% to any of polynucleotides encoding a chimeric
antigen, as specifically described by the sequences set forth in SEQ ID NOs: 39 and 41-
51. Typically, such analégs differ by only I to 10 codon changes. Examples include
polypeptides with minor amino acid variations from the natural amino acid sequence of a
viral antigen or of an antibody fragment; in particular, conservative amino acid
replacements. Conservative replacements are those that take place within a family of
amino acids that are related in their side chains. Genetically-encoded amino acids are
generally divided into four families: (1) acidic=aspartate, glutamate; (2) basic=lysine,
arginine, histidine; (3) non-polar=alanine, valine, leucine, isoieuciné, proline,
phenylalanine, methionine, tryptophan; and (4) uncharged polar=glycine, asparagine,
glutamine, cystine, serine, threonine, tyrosine. Phenylalanine, tryptophan, and tyrosine

are sometimes classified jointly as aromatic amino acids. For example, it is reasonable to
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amino acids; aspartic acid (D) for glutamic acid (E) and vice versa,;
glutamine (Q) for 5 asparagine (N) and vice versa; and serine (S) for
threonine (T) and vice versa. Other substitutions can also be considered
conservative, depending on the environment of the particular amino acid

WQ FYHOHIH the three dimensional structure of the protein. FSrTEA2AIR01685

glycine (G) and alanine (A) can frequently be interchangeable, as can

- alanine (A) and valine (V). Methionine (M), which is relatively

hydrophobic, can frequently be 1o interchanged with leucine and
isoleucine, and sometimes with valine. Lysine (K) and arginine (R) are

- expach{Bady IPRLHER SRS A8 Lt HI AR SR HEINS QR YR G Fe AERREIRSE
-ﬁﬂﬁ@ntma@@@m&n@ Withs ehaiganddtier dﬂﬁ&ﬁ&@&&p@&d&ﬁa& Biven

amino. ePa?tdsagnn|f|can(} SIIII other change n be
amino ac O af) ave or e
consigerat conserva VE" IN particular enwronmen

bigleibrdriitivifys BaypepiidemsSisydesddviy Sﬂsiﬁmgémahﬁﬁm ¥ephges

%2?%%;?‘?%%;“’%5%‘%@%%& s e i

subsiiiwiRg Imbfa'a%aﬂ%gé et Sireh lﬁaﬁsféheecamzn%mw%nsgo dligit o
aril Bk ehBspona) e dditinnh Oddgialato0s doranyrief Aty B Deradies mokdy

Ds that serve..for,ex Ie, to increase the solubilit the. reI vant
%gw%ﬁwer e con Pgénes gvdthi_ﬁe aagln@ qes éj z}ient con

IC anll Ions or 5e’fenflons can one or I]n%a
with yurelatgd ghanigal @ etdes Oovialent Aerigatives anfspwwbmnliagez@ 21,

- fubdiichnitifh ©re 404 2l Blnd B BindSd HAQe i Gl AR ICHIHON-

the chimeric antigens encoded by-the polynucleotides (and the

o1 ST AT YRS AAERR Bt E & the polynucleotides themselves).

The iAwdmiieriddsbréntziciesupqlynikié aiittésethat selectively hybridize to
25 polynucleotides that encode chimeric antigens. Preferably a
polynucleotide of the invention will hybridize under stringent conditions to
one or more of the Jétldhdadminospreid AblreviativnsOs:39 and 41-51.
Stringency of hybridiz3 AR ctions: é’\fr?aadl ;A-o gterminable by one of
ordinary skill in the artldH&BB8erally ¢ cal calculation
dependent upon probé g ratdre, and salt
concentration._ In gene o010 e higher temperatures for
proper annealing, whil éfge"éﬁmb’: Hwer temperatures.

=)

5

. e . U, .
Hybridization generally thgabtlity-af-denatured nucleic 38
0% R, auJ@equences to re-anneal
preselt gy environment

WO 2007/041861 PC /&40t
when complementary SiFis e

Isoleucine ile 1
Leucine Leu L
Lysine Lys K
Methionine Met M
Phenylalanine | Phe F
Proline Pro P
Serine Ser S |
Threonine Thr T
Tryptophan Tp W
Tyrosine Tyr Y
Valine Val v

Conservative amino acid substitutions can be made in a protein without altering

either the conformation or the function of the protein. Proteins of the invention, or useful
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below their melting temperature. The higher the degree of desired
homology between the probe and hybridizable sequence, the higher the
relative temperature that can be used. As a result, it follows that higher
@@gg&;ﬁ%%ratures would tend to make the hybridization Sl‘i‘?ﬁ?i i 1001685
more stringent, while lower temperatures.less so. For addition alls
and explanation of stringency of hybridization reactions, see, e.g.,
Ausubel et at., Current Protocols in Molecular Biology. Wiley Interscience
Publishers, ((c)1995, as Supplemented April 2004, Supplement 66) at
1-2.10.8 and 4.9.1-4.9,13.' mgetc %\tlo
o e e B S B A P T o
9; BnTtefd in4tﬁo&@zﬂat:@mseemprgyuhﬁmw!d@t@w@%mm&h@m@@tm

- e s vt e

AN AL ATRATS fafé%g?afm GanE SR YRarTSRS HRmEH R 00,

. aspufuﬁwmaam@lwnﬂmea;am mmaes;&mm@mummyeﬂ%eﬁmwomc%

vm Ip idon /50 M. sodium ho e Lo buffer at pH 6.
i R RS R A R

pa@maiomianﬁg@ B ISHUe (0. 1S rdmesions mamﬁtbnmmy%ﬁ%m

exapie! RiEhG:S)A Db SREIIPHRYHARARSREAR, 2tMenhaldt's
sol uu?ﬁp%%i?.?ﬁeﬁéi salmonaﬁg:)erm el%fﬁI@A 50 grg,rwlt;ﬂggl% §DS and 10%

(Ad @nehxpling kX e Mettiseins (Yh- Whishas wialpsely T HoPRoB o Fargmtly be
mrdmbhmge{mﬁ}umuammsa aam‘:a% dodraamithec Origh GHiGe. fhjomea pynd

hi W
“gk‘%o&zﬁg lﬁeé%e? tlﬁc}%% Iti gbj%ealr%e)l!c)l)cea?((:)%% d%{i}t’ %ﬁlml eg‘ga% of
thwmemc@amﬁmw&c&we@éhmmm& Wf_@B‘é?ré’t’Gﬁqwaﬁeéil 2nd
reﬁahei\_h%ﬂha’tlczﬁgn@@sﬂé %ﬂgﬁi&ﬂ%@w@? 28 endinakida;ithe wse of
wasning solution a yorigiz flon, co temp onic
D DR e AR A Mo 5 SR S EreRen
angb@onphegst bk Eebiciricigbn(i68R0onN 48 AvatiSig RISACRH B - HI937,

L& P GO84IaN MBS g7e P PasATABYde, 5X SSC (150 mM NaCl, 15
mM trisodium citrate), 50 mM sodium ‘ﬁ‘. osphate (pH 7.6), 5X Denhardt's

solutiititensl eles A KiHEgetidasinstadn ot WdeRt ASPSFEE @ s ANhon

- 6,5p8r9) DINE, fiol] oyey la;dlmsbmg:m&dtﬁr&ybimmmam

k|IIed a{tlsan Wli| reco! 1%23% QW %tr%hlevgrex nperatre thhIC
HZIﬁengtﬁ AT neéessary to accommogj QE{ % ctors such'as pro%[g Fength

Tharrfidifeotiker ddetions can be of one or more (e.g., 2, 3,4,5,6,7, 8,9, 10, 11, 12, 13,
14, 15,16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 30, 40, 50, 60, 70, 80, 90, 100, or more)
amino acids in the chimeric antigens encoded by the polynucleotides (and the
correspondihg numbers of nucleotides in the polynucleotides themselves).

The invention also includes polynucleotides that selectively hybridize to
polynucleotides that encode chimeric antigens. Preferably a polynucleotide of the
invention will hybridize under stringent conditions to one or more of the sequences set
forth in SEQ ID NOs:39 and 41-51. Stringency of hybridization reactions is readily
detenhjnable by one of ordinary skill in the art and generally is an empirical calculation
dependent upon probe length, washing temperature, and salt concentration. In general
longer probes require higher temperatures for proper annealing, while shorter probes need

lower temperatures. Hybridization generally depends on the ability of denatured nucleic
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WO 2007/041861 PCT/CA2006/001685 Embodiments of a polynucleotide
of the invention include: a polynucleotide encoding a chimeric antigen
having a sequence selected from any of the sequences as set forth in
SEQ ID NOs: 40 and 52-62, a nucleotide sequence of chimeric antigen

KR BH4HHh any of the sequences as set forth in SEQ 1D NESsH/§424fftf001685

41-51 but with T 5 nucleotides substituted with U nucleotides. For
example, embodiments of chimeric antigen nucleotides comprise, without
limitation: (a) a polynucleotide comprising or consisting of a sequence
lected from any of the se gnces as set forth in SEQ.ID NOs: 39 and
s SRRl PR HHED SH B ) S AR RRE S Bhce
belsvathen st thioproiogo Hitdigise uatrgeesd] detieet fromplugy bfﬁtm@n the
%rl{‘l‘ﬁﬁcﬁéaﬁfetsf&iﬁgnﬁ% %EQI%‘P N%eﬁ%@}gm%%e%?can be used. As

ucleotide that enco es a cnimeric antlgen whose sequence is

a ré baé“aﬂwsmm AetatedsmesR R P Spde Bk sy hdisriqe)

: coﬂdﬂ@&y@u@@@udegm@meo@l@@ apbineisanige Panasrica) dende isa 15

uence.selected fr of. the s uences as set forth |n S ID NOs:
exﬁggau%lgﬁ ggl fnf)é p nuc atl ’é&f‘r‘ﬁq{ encoues” aic |r8nérc E]%

s nHoltedlg et &flkyabbastm&@%lm%ma(@%ﬁ antheplameoted

| q ny of the sequences as
ABSEGE IS ARSIl AT gyl e sedences o

compférRerbsoEiopdIgniiimotdesencfpwhicns”(ay defined perein, are
ld&a{ﬁe@sgeemﬂ)m{;@alapwmt{w&gﬂmaﬁﬁ&umag@%qIﬁ;g'ns toa

e e b PRIy o D RT3 0T m SEQ
citdi0$s 38 amddédebyll hufaackiFijG I(Z))rexspm:e dfrthglsbgdientes ather than
deﬁéﬁdﬁga@ﬁ sHaf ﬂ%%ﬁ@%@é%#‘&%ﬁpﬂe%m@r@?fﬁﬁ%m& . opylonally

containing, for exam le, one or more alternativelinkers and/or an

boxins; B SuErEYSr Bl ol e pmie i ipyrghisme 28 am Aefigathasekae
bulffefat RO vaeH VRERSHGIaNeesHRERITICANIoa3H asigs atthe;Gr (3)

enkl5 3% NSl REMCEEPR TS R RAHCHHPMNUHEH RSS! 50 mm
sodium phosphate (pH 6.8), 0.1% sodium pyrophosphate, 5X Denhardt's solution,
sonicated salmon sperm DNA (50 pg/ml), 0.1% SDS, and 10% dextran sulfate at 42°C,
with washes at 42° C in 0.2X SSC (sodium chloride/sodium citrate} and 50% formamide
at 55°C, followed by a high-stringency wash consisting of 0.1X SSC containing EDTA at
55°C. “Moderately stringent conditions” are described by, but not limited to, those in
Sambrook et al., Moiecular Cloning: A Laborator\} Manual, 2™ Ed.. New York: Cold

Spring Harbor Press, 1989, and include the use of washing solution and hybridization

conditions (e.g., temperature, ionic strength and % SDS) less stringent than those
described above. An example of moderately stringent conditions is overnight incubation

at 37° C in a solution comprising: 20% formamide, 5X SSC (150 mM NaCl, 15 mM

© trisodium citrate), 50 mM sodium phosphate (pH 7.6), 5X Denhardt's solution, 10%

dextran éulfatc, and 20 mg/mL denatured sheared salmon sperm DNA, followed by
washing the filters in 1X SSC at about 37-50°C. The skilled artisan will recognize how to

adjust the temperature, jonic strength, efc. as necessary to accommodate factors such as

probe length and the like,
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40 WO 2007/041861 PCT/CA2006/001685 the invention. Such additional
sequences can be those encoding 1-15 (e.g., 2, 3,4,5,6, 7, 8, 9, 10, 11,
12, 13, or 14) amino acids. The invention also provides recombinant DNA

& rg)ra§)5£i{%§ RNA molecules 5 containing a chimeric antigelbe/CAz{)()ﬁ/e}eléss

polynucleotide, an analog or homologue thereof, including but not limited
to phages, plasmids, phagemids, cosmids, YACs (yeast articifical
.chromosomes), BACs (bacterial artificial chromosomes), as well as
various viral and non-viral vectors well known in the art, and cells

transformed or transfected with such recombinant DNA or RNA .

o R A P A GSISEVS 1 s AR BB P S i
endsdieg fochimariviat gSainiviopk etjatnct 986sted frap. aefi heswatumdes tisert
forll YIRS BIASLRUN %mnﬁeﬁm{a@%déﬁs&méw amg%@emaeale

containihg a chimeric antigen po%lﬁnucleotl e, analog or homologue

frogn @parsH WABHPARCRERE A 1 8 & dieaifotnd Abst &l widmples of

nuSUHRRE sidkARE UG OShERESINGIURS: axyl eplbodiftue cRihinean
animal?xell,dsuch as.a 15.5;1an1mag%n cell or an insect cell (e.g., a
AR AT RS UIRTS e ST 20 BE A réf9, Sf21, expresSF'8', Drosophila

S2 deHighlFivelEndaiimBrisingoiesrofistisifie sequnerdiorted w06
variousprastate cancer celhinegeHeiacDId 148 A6 TohRdn §B&T aiso

transfectable or transducible prostate cancer cell lines, primary cells
(PrEC),"SéJWeII as a number of mammalian cells routinely used for the
exXpreysippiphiaeaniifart pegienes (eaflcabt @R Boxaldghna 83 293dncells).
 More paficlaiyy 2ol ealide compising IheadRResy anem o
chimeric antigen or a}fragmen?, anafog or omolfog ereof can be used to.

genéehnaerchimelsetide s angvdrs afchisnmgcanjigrimberesefises ésctapoded
systemgyQuiqg Yo ia8eianday sl pnewrduitipad nayde range of

host-vector systems suitable for the expressjon of chimeric 25 antigens

theréOraRel girsieatde DabepsPds PR e aPts S RISSS FHSYS R dpra;

Ausubedeqaiesd ratdeatsaiy Molecaipemsislegyet F986nI QAN Rixfetfed
vectors for i sert cell expression include, but are not limited to, the
transfer vector plasmid pFastBac HTa (Invitrogen). Using such transfer

vectt plpehmaderits hisimaodpue dhovRiGcEtisgirpateg rraisi thahipd deast
cells anghthesasantbalistrdartnicatiaarpiatdoseckeallliars iineludiag 30

for example Sf9, Sf21, expresSF(r),. Drasqpuhil r High.FiyeIM, to
expr eségcgﬁjl v I%fs the séquegces as sg forth 1n ?D%d?; A_(l) A ;
{f) a polynucleotide that is fully complementary to a polynucleotide of any one of

(a)-(e); _
(g) a polynucleotide that selectively hybridizes under stringent conditions to a '
polynucleotide of (a)-(f); and '
(h) a.polynucleotide comprising or consisting of a sequence selected from any of
-the sequences as set forth in SEQ ID NOs: 39 and 41-51 but lacking all or
some of the sequences other than the IRD (e:g., the HCV proteins listed '
herein} and the TBD and, optionally containing, for example, one or more
alternative linkers and/or an altemnative éecretory (leader) peptide. In
addition, additional sequences (e.g., vector-derived sequences encoding amino

acids at the C terminus of the TBD) can be deleted from polynucleotides of
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antigens. An example of this is the Bac to Bac baculovirus expression
system 41 WO 2007/041861 PCT/CA2006/001685 (Invitrogen).
Alternatively, preferred yeast expression systems include Saccharomyces
cerevisiae, Schizosaccharomyces pombe, Pichia pastoris, and Pichia
%ﬁ%"tﬁ%@%ost vector systems of the invention are useful fEFHEA2006/001685
production of a chimeric antigen. A chimeric antigen or an analog or
homolog thereof can also be produced by the 5 stable transfection of

cells (e.g., insect cells) with a plasmid construct containing the an
appropriate promoter (e.g.,.an insect cell promoter) and en_coding a
chimerf@&inigaieTE o addiprealeraairtsirambpiboricisedisa st S (8. 2,

- (Invitroges)seBcnding ohimenz, aptigaa omeno agidog or homolog thereof
can be used for stable transfection of Sf9 insect cells. The chimeric
antigen or related protein is expressed in the Sf9 cells, and the chimeric
antidéa iy itics|akecbmsiitgsorsaubivrpUpiicativiansetihod SN armolgsubthier

coRXPERS SR RYS IS WL IHRMRHRLNE HEARDAIRLOR LRI including

Expression constructs encoding a leader pe&tide joined in frame to the
butphlicpited 1RiBhaeeh BIAREy RRARER s AR L RS saHERHRSh of a
cheemretedsipBACE thimanCaaifigsnhAsndisnusied welleinyiscundaneaydin the

-noxg_‘%ﬂ%t%88%%%?@5%%@%&%@” FURSHS, 42, ALY IER e with Suck In

particular, it is known in the art fhat specific host species often have

- recopiianetdIArrpReiarantesslanethedsdreseanraitgrtherdiceidsage well

mwgg@@%p&ﬂﬂtg@ﬂgﬁb@a%;rmgﬁq%ﬁpr example, preferred analog
codQn sequences typically, have rare codons (i.e., codons having a usage
freqOBRHEY THRBIHILH &8 62}8%‘1?98\%?3&%&&%38%%%%’%%%'&

DN sipkeplecedtainihgvghendrie gusgoypobadmnkoGd em jogode henadspRO for a

SRR RREGIRHA G SRICHAIE JALARTRIG Ml.%ﬂ%%&ﬁ‘téﬁ@ge

tables available on the INTERNET 5uch as at world e web URL

eularyiRtik dostsee by prbdasyeasdaiicirysstieprce e cstiofs e anown to
m:ANhanea:gretein RxpresHiondn fvaelidiarkgstediheseinaiiiog eliwnation of
se ces encoding spyri olya lation signals, exon/intron splice
o AN bA S L g PR O B g cal
incbinder vtiery proeigrence sel dineg eudk Rt BNDUS rodyEnErdxpthes Siansfertablc C
or GRRiERSE theseRaLaReRSIagikS IRt gy uaIS PuRTAge fRf A:d e bar

host, as calculated by reference to known_genes expressed in the host
magaln ErEsFBBHE WitE L e e S AT e I b RIS P28 & Hftpin
CHeciid asy TnikisA Sloucparss:l ®therpebefut] soddificatipmsnintie deding

- sequence of chimeric antigen or a fragment, analog or homolog thereof can be used to

generate chimeric antigen thereof using any number of host-vector systems routinely
used and widely known in the art.

A wide range of host-vector systems suitable for the expression of chimeric
antigens thereof are available, see for example, Sambrook et al., 1989, supra; Ausubel,

Current Protocols in Molecular Biology, 1995, supra). Preferred vectors for insect cell

expression include, but are not limited to, the transfer vector plasmid pFastBac HTa
(Invitrogen). Using such transfer vector plasmids, recombinant baculoviruses can be
produced in insect cells and these can be used to infect several insect cell lines, including
for example S9, Sf21, expresSF*®, Drosophila S2 or High Five™, to express chimeric

antigens. An example of this is the Bac to Bac baculovirus expression system
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the addition of a translational initiation consensus sequence at the start of
the open 30 reading frame, as described in Kozak [(1989) Mol. Cell Biol.
9:5073-5080]. Skilled artisans understand that the general rule that

osomes initiate translation 42 WO 2007/04186
S{*éi? %A{%%/OOM% exclusively at the 5' proximal AUG co gr? gha006/001683
abrogated only under rare conditions [see, e.g., Kozak (1995) Proc. Natl.
Acad. Sci USA 92:2662-2666; Kozak (1987) Nuel. Acids Res.
15:8125-8148]. Escherichia coli clones, each transformed with one of the
plasmlds listed below, 5 were deposited on October 11, 2006, under the

: m’é‘ﬁfﬂ’éﬁ‘@stWM&?%B%W&%?S?@FWB&WW&%@P@ Seehgramces
© cettRIAR) StRits dxlonton tieetba/iRhipe g vl ek PiRaERe Chrdtat-

Veéﬁg; L}g;ﬁggg ye|§§9 é&fledgﬁggi%%; catgd‘)% é%e%:@aezs%%%%}u%ﬁgm
PlasfhiéinSAcCankeeseidh m?ﬂﬁé@f hemalagierThcap slacderroduced by the

stafe R bR @f%&ﬂ&@%oﬂas% BB ARk A, ERGH IS SshtatniBhe an
111006-02 pFaztBacHT R?g%%\ NS3- N§15A -TBD 111006-03

apRERUAPRAY (B8 1S REROIT gieRepdBe rslipsric g for
exhiffSenatet@ibihiit QOGRS ERAB foMFagktQ vhbB RN B BN ABReFRDan
wéz%%%ﬁ’ﬁo%%z n%' JS& HEREF R Ml Q&Qﬁ‘slf%&}l e feken romsthg,game

osit mai by the ViRexx Medical Corporation since prior to the

chiAacERiE®r R F§1ﬁ6%98§ﬁ@ds vHECBeddR S5 Gl anthlimehimsa o pHatn

is [eglitigh s theiRAGdeRas R AvRRsac 8fe3 @x}ﬁ%’éﬁﬁ)ﬁy%&lﬂfter

o A T P O BEAEIS EPEOAE RO (Rt

joimedioufr@ben PhahmezcemtgtCadipp sitjoasofthddmsehio mh@g@mpscbbf
a hsHyenticgrrelaiastaaparmaceutical compositions comprising a

pharmaceutically acceptable excipient and a chimeric antigen com rlsmg

an infvhiiFrstedpaiite GeRdtACA R BoErBR L ARRRT EO e 2ioRd
ankaigeidalnding-fespipasiipiiads lapwntibodyd egmeasifinibe b@aﬁem@ﬁen
hadl Q“C 9 crzlgdc}rrl] gr ezae%rgeascglllj ! %Is one can adapt the disclosed sequence as
preferred for a desired host. For example, preferred analog codon sequences typically
have rare codons (i.e., codons having a usage ﬁ'equenéy of less than about 20% in known
sequences of the desired.host) .re:placed.wiﬂl higher frequency codons. Codon preferences
for a specific species are calculated, for example, by utilizing codon usage tables
available on the INTERNET such as at world wide web URL www.kazusa.or.jp/codon.
Additional sequence modifications are known to enhance protein expression in a
c¢llular host. These include elimination of sequences eﬁcoding spurious polyadenylation
signajs, exon/intron splice site signals, transposon-like repeats, and/or other such well-
characterized sequences that are deleterious to gene expression, The GC content of the
sequence is adjusted to levels average for a given cellular host, as calculated by reference
to known genes expressed in the host cell. Where possible, the sequence is modified to
avoid predicted hairpin secondary mRNA structures. Other useful modifications include
the addition of a translational initiation consensus sequence at the start of the open
reading frame, as described in Kozak [(1989) Mol Cell Biol. 9:50736080]. Skilled
artisans understand that the general rule that eukaryotic ribosomes initiate translation
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30 compositions can be administered to a subject in an amount sufficient
to elicit an effective B cell, cytotoxic T lymphocyte (CTL) and/or helper T
lymphocyte (Th) 43 WO 2007/041861 PCT/CA2006/001685 response to
the antigen and to prevent infection or to cure or at least partially arrest or
G ﬁll s and/or complications of infection. Amounts e#ggf
this use will depend on, e.g., the particular composition administered, the
manner of administration, the stage and severity of the disease being
treated, the weight and general state of health 6 of the subject, and the
judgment of the prescribing physician. The dosage for an initial -~
e"ﬂ#&i&ﬂé&ﬁﬁ‘ﬁﬁrﬁ{ﬂﬁ%ﬂ /RPHER ﬁ%@ﬁ%ﬁﬁg@ﬁ) “@‘é‘?’fé?éﬁlﬂ}%é’&?&s I5es
e. 2 HAISAPR TAPER. Magr A dhE HRVES XU 65 RDesH; Ko2ab0.0800Na. AG@D

R nglg:r%qzt?gﬂl%her value is about 10,000; 20,000; 30,000; or 50,000 g.

eIf)os.age values for a human typically range from about 500 ng to about
50,088 byipken v0/idloprareatd tabjicndd sostions dbSrgdssuidsdisteddrrlabout

were B iRARAB RGP HBbENIRE e

' O
regimen over days to months may be admlnistereggagependin upon the
Denopiory & rqsH 98 Gmadadrbnioh R REginotrerot iandess NAaiteRail at
RiBaRxihnindh siepkonener (aDOragoryosEs dsidinate thatahesoardgioEhas
been_prevented. arrested, slo eﬁgr iminated and-for a period
o R A B RSB AIE d dose schedues
are adjusted in accordance with methodologies known in the art. A

humapdinif dose form of a chimeric antigen is tygisaiy,iReludedimstr
pharmaceutical compgsition that comprises a human unit dose of an

accepiabRediiasp Hi NSEBERTER an aqueddd®arPtr, and is
admphistBadiNaazyeldias/QuEsity- T8I is 20 knovinilpgdiiase of skill in the

art t%é)aestﬁggﬁﬁl J_og% ﬁf@%il%g%t}g}} such polypeqﬁiﬁi&%% humans (see,

e.g., Remington: ience and Practice of Pharmacy, 20 Edition, A.

GenRErgBediibe; aphiHedNAAaBS & Wilkins, BEIGA%SE4 Md., 2000). As
appreeisiestbratheosered skill-rgbe art, various fagtasgeog influence the
ideal dosg i icul . h ors include, for example, half life
of thggc?ﬁtiﬁ?gir% %ﬁﬁ&ﬁ%@@%ﬁﬁg ég‘aﬁ)mity of mjé"é’lﬁﬁiric antigen, the
immunogenicity of the composition, the desired steady-state

conoppItaHfISyel, SRS A ALTINEU AU IHEREY. Ol RAIBE AL ARG

the influence of other agents used in combination with the treatment
by heiNoRest Medisobpmmqration since prior to the filing date of this application. The -

deposits will be maintained without restriction in the IDAC depository for a period of 30 |

years, or 5 years afier the most recent request, or for the effective life of the patent,
whichever is longer, and will be replaced if the depesit becomes non-viable during that

period.

E. Pharmacentical Compositions of the Invention

One aspect of the invention relates to pharmaceutical compositions comprising a
pharmaceutically acceptable excipient and a chimeric antigen comprising an immuné
response doniain and a target binding domain, wherein the target binding domain
comprises an antibody fragment. In therapeutic applications, the pharmaceutical
compositions can be administered to a subject in an amount sufficient to elicit an
effective B cell, cytotoxic T lymphocyte (CTL) and/or heiper T lymphocyte (Th)

43
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as well as the health status of a particular subject. Generally, sufficient
chimeric antigen to elicit an immune response to the 30 chimeric antigen
is administered to a subject. The TBD targets the chimeric antigen to
tors on APCs, such as DCs. The chimeric antig
ﬁﬁér%rga?lze %processed 44 WO 2007/041861 PCT/CAZOOGIO%ELT(I)%'%%%/GO]685
through antigen presentation pathways to elicit both humoral as well as
cellular immune responses. In certain embodiments, the compositions of
the present invention are employed in serious disease states, that is,
life-thregteniny tentially Jife; threatenln |tuat| 5 In.such cases,
oA e B U PO RSP E ER Tee R e T o
slqwefmrpednsenmqmphcaﬁﬁne dfiueftiom, mmassmma donthis bee feitl
able AR ARSIANIRABIBISIEE RHBRLPBH Al AiHAGRR O

hese ¢himeric an t| ensre atlve to these st dosage amounts. T

thf‘c%i?&“eﬁﬁ‘éﬁbﬁ‘&f diteasnhgieg Brake Fh%ﬁtﬁ% Elﬁdtﬁéﬂﬁ'ﬁéﬁm‘aéébﬁ@&r 10
of taERbRYO BEIARE vaghwitsthd }&esﬁrmgqg@gm about 0.1%, usually at or

atle { bout 2% to uch a .20% to 50% or ¥we nd will
be selec e&%rf?%ﬁﬁl%y %Ida R0 um“gxsm\l/lfécosn % ﬁ , 1IN aglgg §nce

gemtﬁlbf@mmalwhﬁo%ﬁmémm&mhwemcﬁ mtphérﬁihé@@tmm
1,6RARIRIRPRiERG PAHSUIVEESE 1B BB SN LIS H0d e %Sh as

parenterally, intrathecally, intravascularly, intravenously, mtramuscu arly,

vatpahBdarhhaiop stz e Oeubard 460 nsky, dbera A8 SN LapsicEl iilesmally,
subficiBooMAg B@J:L)%ep BiDORREY 85I ARG WABER e, 56 {6 AP bufliic

composition'is delivered by parenteral routes, such as subcutaneous or

antfjg¢R AETVEN SRiR RARSHRE ERE PR OB RES YR (omREts B s sdministardbe
deﬁéﬁmﬂgﬁﬁdmm @uaﬁadd’m&@&rwbﬁm toRiisor A anligansivithaneRpamaeate

Y Liltab for tpe mtepged route of.a m n| tra ion. | ma ing the
un 1C. S OMs. OT 1a r?tt%l‘% £3is 1M e condition hasbeen
armaceu HEaIEor p05| I0NS O nven on °f e chimeric antigens

Prmm&nl/ arrgisted] swmedmeetmpnetﬂd dildifedapyaod ébariaibert Bheedusizgsadrauitiin
of AFRHIGLINAL GANBE: BHbRIRMR IBRASAPRUGSRERE WRARRIRIOIIEEs

container. When the pharmaceutically acceptable excipient serves as a
fieR R ¥hn be a solid, semi-solid, or liquid material, 25 which acts as a
vehialéusatiefitafosedditnofe cHiediesapautic wpeally Thilsddien a

pharmaceutical composition that comprises a human unit dose of an acceptable carrier, in
one embodiment an aqueous carrier, and is administered in a volume/quantity that is

known by those of skill in the art to be useful for administration of such polypeptides to

humans (see, e.g,, Remington: The Science and Practice of Pharmacy, 20“l Edition, A.
Genharo, Editor, Lippincott Williams & Wilkiﬁs, Baltimore, Md., 2000). As appreciated
by those of skill in the art, various factors can influence the ideal dose in a particular
case. Such féctors i.nclude, for example, half life of the chimeric antigen, the binding
affinity of the chimeric antigen, the immunogenicity of the composition, the desired

steady-state concentration level, route of administration, frequency of treatment, and the

influence of other agents used in combination with the treatment method of the invention,

as well as the health status of a particular subject.

Generally, sufficient chimeric antigen to elicit an immune response to the

chimeric antigen is administered to a subject. The TBD targets the chimeric antigen to

specific receptors on APCs, such as DCs. The chimeric antigen is internalized, processed
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compositions can be in the form of tablets, pills; powders, lozenges,
sachets, cachets, elixirs, suspensions, emulsions, solutions, syrups,
aerosols (as a solid or in a liquid medium), ointments containing, for
example, up to 10% by weight of the chimeric antigen, soft and hard
gt ,
packaged powders. 45 WO 2007/041861 PCT/CA2006/001685 Some
examples of suitable excipients include, but are not limited to, dextrose,
sucrose, glycerol, sorbitol, mannitol, starches, gum acacia, calcium
phosphate, alginates, tragacanth, gelatin, calcium silicate, )
thipfehoiy et mrEREoR RSB VSIS Polfdbrerrat anielbas selpter ipmure
respoies.and methyl cellulose. The formulations can additionally 5 include:
'“b“mé‘&%g{m'}% ﬁ%ﬁ&rsf‘.ﬁateac'g s %%?'%fﬁaét?—@sr At andimineral olived
wetting agents; emulsifying and suspendin ge?ﬁs, preserving aBths
insepuadipethgietem thapis hjtHhomesyinimasienialbilidetbrasigoampntntane
mAVRENgAgentsule GeRRasTinaR . hrugMiom AR s wated so
as tg(growde_qwck, sustained or delayed release of the chimeric antigen

PrefEPAERAIRSHHRAS AT TR ERftsRY BPERTBID JGTROE RS TR Lo
tréiitth g ghBtana dadiRmbaingititantiph ax @bpa gL a0 3R« dpigasrelative to
m101§'9e9§0 For preparing solid compositions such as tablets, the chimeric
ese stated. oéa&e ougé. ) o .
antigen is mixed with a pharmaceutical excipient to form a solid
prefofhesenisntedmpdsitores aesenngfahtonmenadbs phixmaeceic!
foﬁhl[]g&%ﬁsl%@ﬂ 9eRy QAdbs, PLeSRsk iﬁ:@ﬂﬁﬁ RbWNE {?/t;,_e&%siwatc?ftmﬁ&t about
Jpreformulation compositions as homogenequs, it is:meant that the )
AR o8 10 NGB P EARO SO BE R ERPRHE b id
vihatd) eisasipaesitionimaydodancadilh thalpditiolda amideedudthinéftetiue unit
Hasage forms such as tablets, pills and capsules. The tablets or pills of
the present invention may be coated or otherwise compounded to provide
a dodAgSHanresrtical coMReSHIona Frade SRS R ENsR ke ndk hapTh,
sueatghleheral GRBesIp)iseavhionenosesfH R hewtalstasage
component, .2Q the Jatter being in the form of,an envelope over th
P A OB e LR 5 S R P ich
vapargldy P@Imigﬁbismﬁ@mhﬂfhé’m&mbhhmnﬂmﬁmhedﬁh@wd by
prORPANGRELORASS igiRckinte b6 AuedentiNahigidRsiglayed in release.

A variety of materials can be used for, such enteric layers or coatings,

such TASREARRS RHERTREBCRRTERD P HBIGRAEH O Bl e e EChiperic

- arpighnedit acigpropiirsuehicie suitable for the intended route of administration. In

makirig the pharmaceutical compositions of this invention, the chimeric antigen is usually
mixed with an excipient, diluted by an excipient or enclosed within é carrier that can be
in the form of a capsule, sachet, paper or other container. When the pharmaceutically
acceptable excipient serves as a diluent, it can be a solid, semi-solid, or liquid material,
which acts as a vehicle, carrier or medium for the therapeutic agent. Thus, the
compositions can be in the form of tablets,_pills, powders, lozenges, sachets, cachets,
elixirs, suspensions, emulsions, solutions, syrups, aerosols (as a solid or in a liquid
medium), ointinents containing, for example, up to 10% by weight of the chimeric
antigen, soft and hard gelatin capsules, suppositories, sterile injectable solutions, and

sterile packaged powders.

45

HiIstiles, suppositories, sterile injectable solutions, arfd” 46 S{EAK1685



10

15

20

25

30

25 materials as shellac, cetyl alcohol, and cellulose acetate. The liquid.
forms in which the novel compositions of the present invention maybe
incorporated for administration orally or by injection include aqueous

sqgjtionsdésuﬁitably flavored syrups, agueous or oil suspensions, and
ARVSRE EittIsions with edible oils such as com oil, cottonsegfrrdﬁ,"‘2066/001685

sesame oil, coconut oil, or peanut oil, as well as elixirs and 3o similar
pharmaceutical vehicles. 46 WO 2007/041861 PCT/CA2006/001685 1In _

- preparing a composition for parenteral administration strict attention must
be paid to tonicj{ty adjustment to reduce irritation. Areconstitutable

comPOBEGHRIEPA R Thitabl SR RIS B I R Are Aot Lisned dovdreeiaie
sucEsTpgiyitiool,isotsidrreadiedausehitdsounoieasinbigciwhadsisHae, ainay
' t I ion_ready fqr.immediate 5 administration. The:

B e ARy

celipetrsteslenaite e end madedcatelasetivn fomulstions remaylditionally

intR@eNEBiAkle apey:Salih i tarNacLRYsARY HasRIaNGINGaIRiE; wettin

fretqze-d%{éz methods. Descriptions of these methods may be found,
gL TR 00 RSP S SaPERHTbES ST BT i gBitions
prépybadente teninjaction ererjenaraily; dild Baani dhecaarmenemibsitiyesent

' ' ToloN! ehj T ehicle normally has no .
B e e S e e
chifsTio SRSHY AR e s Sl Y S Lalsawliprioe prissrs dnavorimally
thodtt Geye B Qeéraiialy, spsanmalrichnswhendRechimericsptigenis

presgnted as.an aﬁ}#eous solution. Rowever, %dgicati.on of the vehicle

i

with VARG BTE GRS B RS BRI (Retarm R ressT B can
mﬂsaaﬂﬁeunah@tmé aka&mb tptiom Psefiet pisfiprtivdatioh iclenpisiiiententaiitica
holbgBiRsQ MBASHORa hinRianiGRAING: 41 BIERAYINdIRe CAMBORIONR fhat

are sujtable for injection, one can use adqueous vehicles, Water-mlsc%p e
thesemraiosmaRt MAoRprabees Aot Hdr ipathnt s fiigais antigen
is iigladetlavethetnigtabiaRamppsititnsotHisdrveRtaadRHNPER Ye: iy

rd th ality of the composition. Thys ded, 20 substance

s e o D RS oo it R s o -

stabiliey Brgrewpiis e hreparamidnvagimsnaidgroneh alothrrdstganisms.

compbisndfeGHRRSTORINANIRCIHERIAG ARUIRRIAL sPhhilizel SuRstanges
to 61%'['%8 argpomda ts, and substances that act (?.S a preservatlve to
XA S 51 SR G FCPORT S FIARRE, f5885and an ober dosage comporen,

the latter being in the form of an envelope over the former. The two components can be
separated by an enteric layer, which serves to resist disintegration in the stomach and
permit the inner component to pass intact into the duodenum or to be delayed in release.
A variety of materials can be used for such enteric layers or coatings, such materials
including a number of polymeric acids and mixtures of pblymeric acidé with such
materials as shellac, cetyl alcohol, and cellulose acetate.

The liquid forms in which the novel compositions of the present invention may be-
incorporated for administration orally or by injection include équeous solutions, éuitably
flavored syrups, aqueous or oil suspensions, and flavored emulsions with edible oils such
as corn oil, cottonseed oil, sesame oil, coconut oil, or peanut oil, as well as elixirs and

similar pharmaceutical vehicles.
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substances will be present in an amount that is appropriate for their
function, but will not 25 adversely affect the action of the composition.
Examples of appropriate antimicrobial agents include thimerosal,
benzethonium chloride, benzalkonium chloride, phenol, methyl

PRy aMY&Rzoate, and propyl p-hyrodxybenzoate. Appropri&fel/CA2006/001685

.antioxidants may be found in Remington, supra, at p. 1015-1017. In
certain embodiments, liposomes, nanocapsules, microparticles, lipid

~ particles, 30 vesicles, and the like, are used for the administration of the

chimeric antigens of the present invention. In particular, the compositions
of thdniresseringaesmissiienfeAmiad 2DORIGnLBE Strict attention must be
pdiExd MG ROLINLRAP S it atatdon ARG ARSI CRARRHIAIed Juadpid

rticle, a liposome, a vesicle, a nanosphere, or a nanoparticle or the like.
sl Bty ASRYJOR SHSSP HE Rl erimrvidion shreclisd Brsants, bither
mooyatibhtiwlennanedayalénthylitbriteshsdareacbhiion Radia: uehielese 5
4 RRRT R IRIPIeA IR RROIER M AL ALO.SEINE D et the
chimeric antigen to a partiCtYIa t sue% such asrllymp Sﬁcfissuea; 0
rubheelaursdevarmotha pdid ihap) atanieptimrlitmsizirstangb ryconstégtaitory
delasesHREdbannsease isha iR ot g e PIMRRaBIg& htions of
agom (gsnéon. !_lgp(fom S Incju ee_muls!ons,-foams, micelles, insoluble
SRS R R O PSRRI Rh 8RS OB P LS 3:
and tGentjiasitinihfes pgpeaipaildtiaosonhe: ghimeliy dintigand thbeodglivered is
prERARPIRIGLAS RASLALA INRSOMEIRIANS, O SOACO Ml B
molecule that binds to a receptor prevalent among yn¥p om?ceﬂ-zsi, suc
ackiyify GRS & SRaloxifibBtRE s ths sBimsHsartiBpSo Abgibrdy, tispugitin atfrem

afhiefRaRLIE AsHABSIticR IIPAILPRAI JRusHiRPspIBSAItEShpilied or
W e(;:'cg)re:at 911 erltch andgsuseq CQII’%?I’IC antl%gn of tge_ |nv§ntlon can by dlr_ectefd
5the TBBTEGHIVRSPRRE ST Biiaatheys Ses b Sy adnodifigstion o

- thehighishovdiitigatas misii) s diqueds forsubsiintiao coittl arce-rithishibl éntipridoomn

affU8 IR AT AUl B OLUNC DB VD BT PBGUS,

. neutral and negatively charged phospholipids and a sterol, such as

IsgreLarirer FersaEtt otamprIsiioRe e an sutable dop jissHem PSR of,
use gudipasehidaize;tacididaibibityehinibstatityrafibsutipasioimes for the

desired ini tion; e.q., in the bjoad stream.. A jety of
es'rﬁadqa%%l%@ﬁ%g%%g%@ As)c@a&(ﬁgoagg ﬁ@egl%ge %@%ﬁg?ggn%get%;{ °‘

_ methods are ava for preparing
IngFea B igIPIgsesKpE!aRED: BlephY (Bteemyosititsy Thus, an added
substance may affect solubility, provide for subject comfort, enhance the chemical
stability, or protect the preparation against the growth of microorganisms. Thus, the
composition may include an appropriate solubilizer, substances to act as antioxidants, and
substances that act as a preservative to prevent the growth of microorganisms. These
substances will be present in an amount that is appropriate for their function, but will not
adversely affect the action of the composition. Examples of appropriate antimicrobial
agents include thimerosal, benzethonium chioride, benzalkonium chloride, phenol,
methyl pwhydroxybehzoate, and propyl p-hyrodxybenzoate. Appropriate antioxidants may
be found in Remington, supra, at p. 1b15—1017.

In certain embodiments, liposomes, nanocapsuiés, microparticles, lipid particles,
vesicles, and the like, are used for the administration of the chimeric antigens of the

present invention. In particular, the compositions of the present invention may be
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508; and U.S. Pat. Nos. 4,235,871,4,501,728, 4,837,028, and 5,019,369].
Aliposome suspension containing a chimeric antigen may be
administered intravenously, locally, topically, etc. in a dose which varies
accordin% to, inter alia, the manner of 25 administration, the chimeric _
M@%’ﬂ%éﬁ% delivered, and the stage of the disease being ety too/00168s
Compositions for inhalation or insufflation include solutions and
suspensions in pharmaceutically acceptable, aqueous or organic
solvents, or mixtures thereof, and powders. The liquid or solid
compositions may contain suitable pharmaceutically 30 acceptable
formplatse s dedi vrax citberpransmiatsdid e dinip eattilsBorEadhifsisked by
nadb@heral b nasspierniat oy e itendoeal ofonysidiigseifert present
. C(%mlE)osit{')or%s in (fLS.&IO 20137/841861 F::C%E %,&2 O%{Q(S)l a%gofsm carrier
mvﬁﬁé?m%m&eﬁtl(%wy ’aeécgf)?% ee%o]fv%'ﬁlt%nm%y e nebulized by use of inert
velgeises. Nebulized solutions may be inhaled directly from the nebulizing

devieg A ihe.ns RiFREARWERPIRRE AlRGRELI9A frrrmasiutent, or

intermittent positive pressure breathing machine. Solution, suspensjon, or
chigshie AT ISFSRIGHTAP e St At e b HsTRr el rEaR) SPesinelk ity
AV de\vagsrthadidalxetiths dorot sdinfuisrpmelppiegriate) mamnese the
ther, formulation employed in.the.methods .of the pre i jon
S e G B M e
migetchasehijepronshes, ibrodidesantirhesrhrlipididieprions banplasiayrosf
andNBRID Bl ARLPENANIAS HeaaRkARYsRaN I Cantlier AMApSteling

construction and use of transdennall}!}gatches for the i.0 delivery of
Paioh A BRI A WG OWRCRAB WA Tilegple SRLORASEARTHRYD S.
prRaleniNmonOR® AR Relle suinicarpomtdshilyanetexachaSihtp ftehEst fnay
e constrycted for continuous, pulsatile, or on eli af .
o SR a a T HNS er

fillecher dnseratadvtith edsripe atisnasicemEasB@icheiermbion saididiragahlo the

- sitCRIMSRhaRLans and-phRMpasaicaLe deiRianhe diinihrRsaiRelide, but are

LIRS e ST e 0 AR R SR Sac ool

$ Include in the pharmaceu ical
foxoinpidsitiondioh thméralbniticndetieast enkregrtipdyehtngdd phqspmebpids and
a ETIRBPEY 1RSI0k o [YIRRRAEHISS Jr IR RAGLARN GO LAS RORRIS

capable of priming CTL in vivo. For . )
of, e.g., liposome size, acid lability and stability of the liposomes for the desired route of
administration, ¢.g., in the blood stream. A variety of methods are available for preparing
liposomes [as described in, e.g., Szoka et al. (1980) Ann. Rev. Biophys. Bioeng. 9:467-
508; and U.S. Pat. Nos. 4,235,871, 4,501,728, 4,837,028, and 5,019,369]. A liposome
suspension containing a chimeric antigen may be administered intravenously, locally,
topically, efc. ina dése which varies according to, inter alia, the manner of
administration, the chimeric antigen being delivered, and the stage of the disease being
treated. 7
Compositions for inhalation or insuﬁlation include solutions and suspensions in

phannaceutica!ly acceptable, aqueous or organic solvents, or mixtures thereof, and
powders. The liguid or solid compositions may contain suitable pharmaceutically
acceptable excipients as described herein. The compositions can be administered by the

oral or nasal respiratory route for local or systemic effect. Compositions in
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- Nemiiien

20 example, pahnitic acid residues can be attached to the e-and a-amino
groups of a lysine residue and then linked, e.g., via one or more linking
residues such as Gly, Gly-Gly-, Ser, Ser-Ser, or the like, to an

|mmuno?enlc peptide. The lipidated peptide can then be administered -
SHASPYPEERN in a micelle or particle, incorporated into a lipodorie: g6/ 001685

emulsified in an adjuvant, e.g., incomplete Freund's adjuvant. In a
preferred embodiment, 25 a particularly effective immunogenic
composition comprises palmltlc acid attached to a- and a-amino groups of
Lys, which is attached via linkage, e.qg., Ser-Ser, to'the amino terminus of

phemmapavHorboRseretaRls kel cnis mav bR acalinse BrERfin s
so[ARREARE Db EneOldl nARIBIERS, tﬁélﬁébuﬁﬁmg device or the nebulizing device

iy 2@%@%&%&%&5@”' TR B R gpﬁ?%pr.a%‘ltﬁé%?.?ee
Soﬂ%m,exgpeﬁ&me&epakd(ﬂ@&@dﬁambmnﬁmm@m@myewsaﬁ?Me
naEQM ’}%}H SR LELRUDIE B FB R AIMUOs RO AR B her.

CA2006/001685 for example, and the lipopeptide administered to an
|nd iviaetheoreadaticr RopinyRe ity metheds el REs RS REASTR OGN,

ua\%b&%ﬂnaeeae}eapeaﬁwasz @ﬁmesp}mtmﬂﬁm slondsl Mo} beqiidrdhe use

qadjuvants adj vanttfﬂ n be 0 a %no%?ma}acguvatntg may be used to
PYE SRS § ﬁ?l% 0gical resbé‘nse HepRSHHE IR Rodf Soecies,

ineeutidn Giushimtgpbed momt%qmﬂmnw@wmméwmm@s@r the
ddVRS'3 SRlsSua R Qg&wmmm%%lgﬁhémag@e AGtMEAPRSIARCRS:

suoh as Iésolecnhln detergents, é}uronlc polyols, polyanlons peptides, oll

I@qus@ﬁﬁéma SR SHIhRRISHRLNAY, bR ARSIt Bhtory
cop@inus; palislas ofue derandadi paiestitilymeetildl spamsadjuvants such

as B bac le.i 0 Calmette-Gueri ne

Additi ona 1&/Var’ffs a%gaé‘é%nt\/\%ﬁ?uﬁnown‘?%% e aialrgt%églﬁih%lpagg é&%esul%%
OrGMm@h@'a@mgem@ané? %{f@éﬂ@ﬁlﬁétﬁg%mhm@é?%@tﬁ'@&@fof
TRRADARAIRY BRUGER.L BRIES AlIRRBY- AT, SRidREHiof GRS

administering, to the APCs, a chimeric antigen that comprises an immune
ri@dEBnse domain and a target binding domain, wherein the target binding

dommrs&@mmm@mmwmagmaaumgm& xetetyipiaraotinndy
cofll;:aﬁgm ?orgg OHha Bll;fee];%:{&e}%ﬁeasq%%lenggrrﬁtpgge% whl gﬁ?ngseﬁq%%h(%r?és orT
lymphocytes. Lipids have been identified as agents capable of priming CTL in vivo. For
example, palmitic acid residues can be attached to the €-and o-amino groups of a lysine
residue and tﬁen linked, e.g., via one or more linking residues such as Gly, Gly-Gly-, Ser,
Ser-Ser, or the like, to an immunogenic peptide. The lipidated peptide can then be
administered either directly in a micelle or particle, incorporated into a liposome, or
emulsified in an :ic_ljuvant, e.g., incomplete Freund's adjuvant. In a preferred embodiment,
a particularly effective immunogenic composition comprises pafmitic acid attached to e-
and a-amino groups of Lys, which is attached via linkage, e.g., Ser-Ser, to the amino
terminus of the immunogenic peptide.

As another example of lipid priming of CTL responses, E. coli lipoproteins, such
as tripalmitoyl-S-glycerylcysteinlyseryl-serine (P;CSS) can be used to prime virus
specific CTL when covalently attached to an appropriate peptide [see, e.g., Deres et al.
(1989) Nature 342:561]. Chimeric antigens of the inveﬁtion can be coupled to P;CSS,
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An aspect of the invention relates to methods of activating APCs
comprising 20 contacting the APC with a chimeric antigen that comprises
an immune response domain and a target binding domain, wherein the
et binding domain comprises an antibody fragment (e.g '

ﬁw@%%’%q%aggment). In a preferred embodiment, the APC is g%ﬁ%lt S
the chimeric antigen in vivo. In another preferred embodiment, the
contacting takes place in a human. 25 Yet another aspect of the invention
provides methods of eliciting an immune response, said method

comprising inistering tq an . animal a chimeric antigenthat comprises
oL AR 6 PRRERH P AR A0 GL RO ST A e e
imrgeke@nnﬁag)dmm'gtmnmmses an antibody fragment (e.g., a xenotypic

antibgely [RIMENDsihAE JRRWRRERSRORESFARAE i wmaeaha QN eF

cellular immune response. In a preferred 30 embodiment, the cellular
adjiiaihaHRRY T3R bE usach| VaTiows adiimgls reThe Rseh iheereass Yo
201041t 863 T QRO 83hohnpities, asp aelafitdinueriiianed to
royides methods of treating immune-treatable conditions comprisi
PR QI B CAE HAH S & e Ao, Qe
actiormyulisiescaysivins e oksitionsdettorertin prrdractoelyelopwiag asrpaptides,
o ARIRIPNRAHAE RO AR, COMRPRSS £ KERAYRIm APy
fragment. Preferably, the immune 5 treatable condition is a chronic

pohppilRES s VRAFIRFECHBH BN HESAH PERFB PP R P G ecile

cilaunales)anseSpmninaompisesn pldiemndelfctentdromuivesgtbup
consis%egarot{ a HCV Core (1-191) protein, a HCV Core (I-177) protein, a

k’ﬂW% protein, a HCV E2 protein, a HCV E1-E2 protein, a HCV NS2
protein, a HCV NS3 protein, a HCV NS4A protein, a HCV NS4B protein,
a HCV NS5A protein, a HCV 10 NSSB protein, a HCV p7 protein, and
comiginationethekesfKing thiskrsioepitipktise invention provides methods of
vaccinating an animal against a viral infection comprising administering to
the afiiFEeSRifh et a AGRCHER Am BS Sa?? ﬁ"?ﬁ?ﬂfﬁé PRLEBhse

prdeaaitvabg APt gatdindiod conpaingddereist¢hingidoghbt ARGEirgdoaT®in

i IPERCS AR A BORHAACR, KR MSINAG 21106 EINEREABEAR, Whercin
prophylactically

ACt or therapeutically vaccinate the animal against the viral
thip feregbbindeedpmade romRTERtiah RN e FsMSES MeIcEE SRS TP
frEQMpOSitionsrofeiia diBseRidny eRtioPCohiddnardastivate APCs, such as

DCS.AI'nha% erc?%?ﬁltel 91}4:%3883 rgfgt%s to methods of activating APCs comprising

contacting the APC with a chimeric antigen that comprises an immmune response domain
and. a target binding domain, wherein the target binding domain coinprisas an antibody
fragment (e.g., a xenotypic antibody fragment). In a preferred embodiment, the APC is
contacted with the chimeric antigen in vivo. In another preferred embodiment, the
contacting takes place in a human.

Yet another aspect of the invention provides methods of eliciting an immune
response, said method comprising administering to an animal a chimeric antigen that
comprises an immune response domain and a target binding domain, wherein the target
binding domain comprises an antibody fragment (e.g., a xenotypic antibody fragment).
The immune response can be a humoral and/or cellular immune response. In a preferred

embodiment, the cellular immune response is a Thl, a Th2, and/or a CTL response.
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comprises methods of using the compositions of the present invention to
activate T cells. The present invention also comprises a method of
delivering an antigen to an immune 20 system cell, such as an APC. The
present invention also comprises compositions and methods for
BRI 8 mmoral and/or cellular immune response in an AmafoPoe/00168
human, said method comprising administering one or more chimeric _
antigens of the present invention. Following cloning and expression, the.
chimeric antigen is evaluated for its 25 efficacy in generating an immune
.response. Evaluation involves presenting the chimeric antigen to DCs ex
vivoigetheyRrpectiob (hraavardaridet G bl Bl tamig s it Al ition
cmﬁﬁﬁbﬁs%Giﬂﬂﬁ%ﬁ@ﬁﬂiﬁﬁﬁlﬁeﬁigetﬂaiv@ﬂﬁsiﬂﬁaﬂ&mwﬁdsﬁthelﬁ:lnhﬁedﬁxi@mjgmn‘
are presented to T-lymphocytes and evaluated fqr the pr i
cor SO A RSO e Iapra g ot ol Brect
bingingadiomimenyrites: amdseisediBel i faepertp ey B B1bb the gmunc-
wesliEreRtiated fo RGsnR G RIAd dVieNAlZa R GeR AR RSETH@YIgEN

to naive autologous T-lymphocytes. The T cells, whic%{ cognize the 51
DrofAEP BT KIS PRSP KBTI OHERSS HROUEEELFIA P b E8Ried by

cofeitnBeeAINARA: (10 effgetatiael /I drelier TT)grliwinr ROWOXIL

T-lym s. Activati the T cells iti j
ol o7 B e P T REPpla R eI
proteoce iy MSEA Bektim a&QY EHBmroin MRS SPor@sinz8s). An
N§5‘ﬁr}?r§§;%1[rb¥§é@$ﬁﬁ?rﬁfélﬁf‘aﬂﬁ Loasalilsdhahareduce interferon-y by at least

50% over background predicts efficacy in vivo. |n preferred embodiments,
the petBrfagsTHe HsBvRILPI Y KEy I ERYlS S@E%ﬁ%‘,g% ’%?3/

ag 800G DR ionthergaismp hiflrenintoling sitthetioim she divmeeienéigtigéntis
directly introduced par rally_in.t, : r il il d

co Y AR R RALE MR i et A Sl e

bingdingydomameppuriisss sniaaitodo frsseiplin i ecteod bRl AR PR FADY

préphoilek Aspachelihadpie viRsiRiQdes BRI RESIHaRS FoulieRtoeyiral
infectjions 15 com r_isir;g; a chimeric antg gn §md ar%hantivir%l ﬁggn%fmee
inveAfIBATEISY BroMHELROSHBRLSE: ??gaﬁnsgovilrlglln e TS|

chions 3ompr|smg
praeministeiing aboi et icdritio AR Gn dush 2aBisrdha prasentivieption also

coﬁ:%?iggsr eoilyR loPastE 'ﬁ{@%posiﬁons of the present invention to activate T cells.
The present invention also comprises a method of delivering an antigen to an immune
system cell, such as an APC. The present invention also comprises compositions and
methods for activating a humoral and/or cellular immune response in an animal or
human, said method comprising administering one or more chimeric antigens of the
present invention.

| Following cloning and expression, the chimeric antigen is evaluated for ifs
efficacy in generating an immune response. E‘}aluation involves presenting the chimeric
antigen to DCs ex vivo or in vivo. The DCs are evaluated for the binding and
internalization of the chimeric antigens. The naive DCs loaded with the chimeric antigen
are presented to T-lymphocytes and evaluated for the production of interferon-y as a
marker of a T cell response. Specifically, in the ex vivo situation, monocytes are isolated
from peripheral blood and differentiated to DCs. DCs bind, internalize, process and

present antigen to naive autologous T-lymphocytes. The T cells, which recognize the
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The use of a chimeric antigen in combination with an antiviral agent, such
as a nucleoside analogue, may prove to be highly efficacious in inducing
sustained responses 20 in the treatment of subjects suffering from
chranic hepatitis C. The mechanisms of action of the two ag i
g&%ﬁ?ﬂgﬁ%%lmay produce synergistic effects in treatment of %?é%g%t%g 62601685
subjects. For example, a combination of an HCV antiviral such as ribavirin
along with the HCV chimeric antigens described herein will produce
antigen-specific cellular as well as humoral immune response and thus

I HCV infection in chronicall 5inf d jects. H. h
P PR PRSI HUSLE SR SEpBiRs fa cels e helna el
or epetheidd fymppivtytin ghetichiivrent bmTigelts bothpisiditieicsividing a
evdUSHABPRUSIL ffs&m?e,( el Rreferahly ¥ S YkaOlic 3001078

prereraply, a nhon-mammalian microorganism or cell (0]

1 mi;e;ng r cell), that
Bedpmpirde@ 30 15 Sl drpoenbd 1 B8 X 13 6:398la Poosroasesoupayruttee abE

 celRIERYRGR SRIELGANHIRN ARG e bHiRgrsaild Friarae EaRaismasLLll

line (or cellg under conditions whereby the chlmericoantigen is expressed.
In PR OB DR RO TSETARE thioCRIN eV A Sl
g0 e salbpar. an frsest oflhdine(ar geli}idv]ake qriafatalhtighd cdilidite (or
._.cell) is an insect cell,li r.cell) 5 selected from th sisting of
e e e R i ARG e

procetking il pheveieipapsniin i irsemetsith Bhadigesombmesrs e

' acdd ogy for producing the fusion proteins of selected antigen(s) and

the that are necessary in the practice of the invention. Fusion protein
constructs are generated at the DNA level to incorporating specific
restriction enzyme sites, which are exploited in incorporating the desired

DNQ{rag%%ﬂp&a%gx%%% ion vectors, and used to express the desired
fusion‘mﬁre‘m?‘lﬁ'a%?re‘r’éggous expression system. As used herein, the
termAnaibep psrshotdis ipleshita srovadeornpabaolos 4issfing tHal pigations
coMptishencrriatRadasiadpioteiMm Ihe PRenicresiaisyseddasthe
present invention jnclude, but are. not limited to, pFastBac 15 HTa a&ld the
o0 B S SRS VORI SR &P BN STIE ERVEF 00 fes)
antijare reptedl mtiRRiQBacdtiyer sati¢imialiiogen). It is possible to mobilize the

ORFrof 1he Fie e RIQIEIRS ANELRIGHMES e s eramRinaatRasmids for
expression of the proteins’in : o ) )
nucleoside analogue, may prove to be highly efficacious in inducing sustained responses

in the treatment of subjects suffering from chronic hepatitis C. The mechanisms of action
of the two agents used in combination may produce synergistic effects in treatment of
hepatitis C subjects, For example, a combination of an HCV antiviral such as ribavirin
along with the HCV chimeric antigens described herein will produce antigen-specific
celiular as well as humoral immune response and thus clear HCV infection in chronically

infected subjects.

H. Methods of Preparing Chimeric Antigens
One aspect of the invention provides methods for producing a chimeric antigen
comprising (a) providing a microorganism or cell line (or cell), preferably a eukaryotic,

more preferably, a non-mammalian microorganism or cell line (or cell), that comprises a
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other systems, (bacterial or mammalian), in addition to the Bac-to-Bac(r)
baculovirus expression system (Invitrogen), employed in the present
invention. The teen 20 "expression" is used to mean the transcription of
the DNA sequence into mRNA, the translation of the mRNA transcript into
O AT ¥fdtein. This is achieved by the transposition of thePGdffe*g10¢/001685
interest into bacmids, transfected into Sf9 insect cells and producing
recombinant baculovirus. These are used to infect Sf9 or High FiveTM
insect cells, which produce the protein of interest. The 25 recombinant
proteins produced may have an N-terminal 6xHis tag, which is exploited in
polyaciatife AneRmEeh SRS BT SR (RRHR KG: gg‘:(@gggaﬁ{ﬁ%g ,
linéY6F RRAMAdeF BenprRinshaeyalea fiaee aambbteiminprlesiddV Breftehbe be
.other cleavage, sjte cloned.in. The Ni-purifie IN.1ssubj t
R S el e i S Baa o e LD WA ER o
lina (pi<Einirad Brafisbiy IRotdWing (e Pbdsansiasaryedlibne 85 /b mixture
se;gagd%mfé%ap 18R MEN IS RYBIOSE: sk RINSDEaEInGAN

_be washed out, while the 6xHis tagged fragments will be bound to the
Fiyieethirgngnfdihod 53 WO 2007/041861 PCT/CA2006/001685 of

purifitetipadst shaataichpes esdblishan ceanebkiieDlitirehaniogptitd be able

to understand the meth 0 itk maqic iQn. ing and
pmeg)l(lﬁ'rn %%ﬁ%?ﬁ?ggﬁiﬁaﬁg%\gg?\%ﬁgﬁ enco%ﬁ%ﬁﬁr%%a%&g E(EF%gand )
prattisFef thegmventioor sinmmnisinmetrsirasarsdy ! denaite i

m&%@}@&%@ﬂé@ﬁ@ reRrR@PEAGHICNRY WRRUGh W IBRET Rrsk B oTdtaditst
approacl

) involves cloning the two proteins as a fusion roéeinbgv ile the
e A GORREEh T SR O A S P B e S & 22
priigiinios beplayidinecipeition oftha.moleed bsreputifylgriiesriosbgaritely

and .generatin ' ' i I e I i the
P e oy o) the
plasgephitRiton Wrddrsthe asesan igention e udy g%&?}rw%ﬁb lggfé‘IB??NA
HTQRHAsHN SRS s BN Gk HaHG BIOtMIRINA(Wat: 130 latidi alndthoarddacs)

clone th 'neﬂﬁ fragment. Specifically, the total RNA
SRR R ek B TR T Ty e R T e
desgrad prot imvitrd gedi@ibabeBREobodatplesmilbfonenpisesioroEshe pr@eins in

ot 4980k 63 BRAP hasicaalMon sidhene apaguandieethulovirs

Isothiocyante, as described in U.S, Patent No. 5,346,9 %)e t'le'gg MRNA

CXRIEEID ﬁﬁgaufr@mm'pgm), employed in the present mvennqn.
“expression” is used to mean the transcription of the DNA sequence into mRNA, the
translation of the mRNA transcript into the fusion protein.

This is achieved by the transposition of the gene of interest into bacmids,
transfected into Sf9 insect cells and producing recombinant baculovirus. These are used
to infect SE9 or High Five™ insect cells, which produce the protein of interest. The
recombinént profeins produced may have an N-tetminal 6xHis tag, which is exploited in
the purification of the proteins by using Ni-NTA Agarose (Qiagen, Hilden, Germany).
The proteins may also have an N-terminal rTEV protease or other cleavage site cloned in.
The Ni-purified protein is subjected to digestion with, for example, rTEV protease u
(Invitrogen), which also has an N-terminal 6xHis tag. Following the protease digestion,
the mixture can be loaded on to a Ni-NTA agarose column and the pure protein can be

washed out, while the 6xHis tagged fragments will be bound to the column. This method
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total RNA by affinity chromatography on an oligo-dT column
(Invitrogen/Gibco BRL, product catalog number 15939-010). A
complementary DNA (cDNA) was produced using reverse transcriptase in
aRmsiass chain reaction. The oligonucleotide primers wgge dasignagh css
to add unique restriction enzyme recognition sites to facilitate cloning. 20
This cDNA was cloned using the Bac-to-Bac(r) baculovirus expression
system (Invitrogen/Gibco BRL, product catalog number 15939-010). The
baculovirus system, preferentially, is used because not only are large
amounts of heterologous proteins produced, but also because
of PSRRI EA FrRTaRTEHTRS @scKiled sh S HbRAREDT afla to
un@mwmmﬂaw&mwh@mmﬁected insect 25 cell. In this
expression s terP Sthe nghA be %'Qnr(‘;ed into vectocq‘e tgal\lft;:-r .
pFas Er ﬁ rS‘é’&? Bco pro ok cal} og num eraﬁ%’!ihgéf‘ow).
andnlmﬁcﬁagmgns@fdbf) ngyme monhelcg@h@mhmﬁy tsf secortiasitsierbastigeon
carpe e RRGIHIGHF withethenbarieripidianSReARE J8knd IR ane of

interest is clone |nto astBac(r), which has mini- Tn7 elements flanking

| PO S lgﬁé’got?*ﬁevmﬁ%m?cﬁg%ﬁ%??ﬁwmﬂaﬁegmmma%mﬁ%c

“bﬁtﬂ&iheﬁwua%(b'fdﬂdhﬂ‘ﬁﬁ@gﬁiﬂﬁ uhmmazﬁlfmmmled@&teﬂﬁgfmmem
a bacul VII’US shuttle plasmid (bacmid) containing

2
Ytac%’w éélﬁ’ia iI}"wuthu "854 WO 20071041861
PCM@@@W@@QO@@@Z@@&W@@@%W&@FW@@ 2 gnagémel

anSOHARY HROIPRINIHSRIOHNER Mﬂ&ﬁ%'ﬁ&@%@ﬁ%@@%ﬂyﬂ%&%}ed
for. The advantage of usm%br%iosmon in E._cali is that smgée colonles

RNA o thegmiyPe SomBraaint qfFh BN srirsalaist adasd @sinmg Ge
munidie BOfiecknt [$pedfostlb) danb bhRMN A frarea ighsfesiz delhtinsegpredts to

[0)Y: tpyptel
R R R R A T

nupben 1 fE0indide A03A8- A6 Br@@@%ﬂhﬂé@ selutionraf Rhepekurbagnline
isoRABpPANY, wa@&%&awwlameae&m@@mpl@)@t THYWRIVALROGEMEEBA. e

t loned into, f Fast H id
o A AT IG LM B T BRI EF D R B

pra8ad- maBg_@wbbalﬁﬂMdl@)emgssl@m@memDUgém)asl prifvordxt
usRERVIRG RERSIRACH 2 AeneLRlesaid canisin 'i‘ﬁ’e%‘l?g&ﬁi%?e&fd@iﬁ{ﬁ&s IS

used in a site-specific transgosmon in order to transfer the cloned gene
wegtdes Bkl sU HE G RRS Bets G TRERS FND %‘%&ﬁ‘fﬁ%ﬁé&"ﬁ%”é coli
ThistDN R RAQBaed Ming the Bac-to-Bac® baculovirus expression system

(Invitrogen/Gibco BRL, product catalog number 1593 9-010).

The baculovirus system, preferentially, is used because not only are large amounts
of heterologous proteins produced, but also because post-translational modifications,
such as phosphorylation and glycosylation, of proteins occur within the infected insect
cell. In this expression system, the DNA can be cloned into vectors cailcd pFastBac™
(Invitrogen/Gibco BRL, product catalog number 15939-010). In the Bac-to-Bac®
system, the generation of recombinants is based on site-specific transposition with the
bacterial transfoson Tn7. The gene of interest is cloned into pFastBac®, which has mini-
Tn7 elements flanking the cloning sites. The plasmid is transformed into Escherichia coli
strain DH10Bac™ (Invitrogen/Gibco BRL, product catalog number 10361-012), which

has a baculovirus shuttle plasmid (bacmid) containing the attachment site of Tn7 within a
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The recombinant pFastBac HTa plasmids with the gene of interest are
transformed into 15 DH1 OBacTM cells for the transposition to generate
recombinant bacmids. Recombinant bacmids are isolated by standard
rotocols (Sambrook, supra); the DNA sample was used for transfections.
I %F&%?%gf)%duce baculoviruses, the bacmid is transfected fied %8’001685
insect cells. Following transfection, the cells are incubated under
appropriate conditions and the 20 medium containing baculovirus is
collected and stored. Once production of baculovirus and the expression
of protein have been. confirmed, the virus stock is amplified to produce a

Lagd, gean  SIBIPRIOOR SRR bfsa Rroe AL PRI FE YRIBIBI AR, 1t is
wistatulentbpaad tivee ivi hecketdd tamPhiéatvedtaed using ratdpasidwin fHhes,
. and.in all protocals descri inthi racti
o e L B e A A i
aregerh sranEedp Ak Iscra B isenida preffeandestng i pragrteclssageaeetding
balfIRBREQIASAIS RS GERRthimt bR Maaufacturer of the kit (Invitrogen). The
most_ appropriate cqncentration of the virus tq infect insect cell ngfthe
optirh e TR P IR RGeSO NS SR AL P2 Elecramy)
Ihwzitmgas?mb lishpoc8BuRNAed anodidgspibediinstiod ¢ntepest preogelsretdabloy
fmlf%%,gg,mp&wm% AR RS BRI [SINGHD R e BaYRe e

rom plasmids that contain a copy of the 55 WO 2007//0418
pFptBpdibotsmelegsd andites wredustpe Alacspatinsnber deinstidedDRR as

theiﬁ&b’iinpm{@tg%%m&sr@bHnﬁé'ggi@ﬁqg%ﬁadﬁ(gmtrj]@g@y I\éi-NTA, I_(;)_ctin_, protein
or protein G affinity chrqr r oy other standard purification
AR R S R Rl e e
is thed iR B SincPEBDCi rovipestio or polatindrassépebiid oloid dimkens? such as
balIRHR- AVIAINER S (SIEGRIRVEIR S0 CIRBEG NG AQIBCHES DRI,

them separately and generating the chimeric antigen. The viral antigens

ThersperbupatefavRacHitr JEihthe &5 B heTest sre LamsiPBRI Btins
Dipythe rbactieianhagendphptiomotgsndrie recambiaabh@tagmid is then

transformed into an E, coli. strain, e.q. DE3 don PIUSTM &

ool bt ey Bl daite ROl P 20l e
DXfositiow e isedroy Aapsiseienase regulated by the lac repressor. The T7

RNAPahires aasisdighli sheelienionabARrRmaters @achis SMIGRMASS.

Following transfection, the cells are incubated under appropriate conditions and the
medium containing baculovirus is collected and stored.

Once production of bacul ovirus and the expression of protein have been
confirmed, the virus stock is amplified to produce a concentrated stock of the baculovirus
that carry the gene of interest. It is standard practice in the art to amplify the baculovirus
at least two times, and in all protocols described herein this standard practice was adhered
to. After fhe seéond round of ampliﬁcation, the concentration of the generated
baculovirus can be quantified using a plaque assay according to the protocols described
by the manufacturer of the kit (Invitrogen). The most appropriate cogcentration of the
virus to infect insect cells and the optimum time point for the production of the desired
protein is generally also established.

' DNA encoding proteins of interest are generated by PCR with oligonucleotide

primers bearing unique restriction enzyme sites from plasmids that contain a copy of the
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processive (-8 fold faster) than the E. coli host's RNA polymerase. When

production of T7 RNA polymerase is induced by

isopropylthio-(3-D-galactoside (IPTG), the specificity and processivity of
erase results in a high level of transcription of

ﬂ%%%?ggﬁoﬂf the T7 promoter. In order to couple two protegi(r???g‘gjeﬁ%g/eo{r],1 683

the tight binding between biotin and avidin (e.g., streptavidin) is exploited.

In E. coli, the BirA enzyme catalyzes the covalent linkage of biotin to a

defined lysine residue in a specific recognition sequence. The murine Fc .

endiRUBP LIS EX SR ABRRARINILYS SYalmpRtifiesgUbathghove, as

a fusion protein with avidin, These two proteins can be mixed to 20 form a
ProfiifdT Bt Y SBrdiex e biBTtctrd SEAURIFPSH ALY the palegier ¥ othe
othefesaakinyenticteiNeds knksste thewistdaciaatas:. conventional

techniques of molecuylar hiolo icrobiql recombinant DNA, and

R e S
Spﬂi@ﬂé‘hiedilﬁ&ﬁgs’iﬁuth@ﬂimvm (e.g), s&pabidokinstihercd i Ausubel,
moT-HRiEs, prriFyElies Qb ManyaeiUER-ARE NS AR AspeCHRE e

invention provides an article of manufacture that comprises, a container
anfRsIR G BlTEThS SRS BRI thatrmERthnEErsPmRPiPSiiabRY BF
badRJEEHRIROT TReansiHu T febiraeko plasngd Rhiraticndnal inte dn @beding

instructi quidin i S| how to administer the
s e R B Gl e
2334 B wirishihas pesshityior o ARDSA el erise repslved b7 Jaynpesssor.
ThE $7 (O ARHARAESOn BRI RASIIRTHAT PR ORI RRHihRBY sujtable

container that will not significantly interact with the composition and can
Prosesplifefet IR HA PP S TR BRTA G A PR iYY B msedpsion of
TRRNeIahuse: Assasieded wifidiptompdangiisanshi rTa)eingecificity

instructions ??3/5153\5 nt vi/ith the me toJoI 0 tr%qtm g; =X ges r(i)li)le0 enes
] RIIRbetore, Thée cohtaner that 5 nolds t 1egcoeﬁ""l?)osi%onrb ctillus myantion
undenrirdral ob fimifibpivmisy bt edduteomplsditio praicivatbedbesiifecighi. The

bikRREBGEEAR ARG AHRRIRE Y ACGRSRMR) Y LRaBiRacHIE: INE (RIBHR Of
“manufacture can include an appropriate needle and a syringe for m@azélon

enggneeataly s taneoudens Fkaes et BRGSO EPE K S SPS
recoipiihisfiGatigen. ThdtenraiJed i dimecoinpasttion] dathdbaentiryiros system, as

deS LR QH&FE%SCQ HI88% %%%ﬁ%ﬁ' QJ/'ﬂgnaThese two proteins can be mixed to
form a dimeric protein complex by biotin-streptavidin binding.

The practice of the present invention employs, unless otherwise indicated,

- conventional techniques of molecular biology, microbiology, recombinant DNA, and

immunology, which are within the skill of the art. Such techniques are explained fully in

the literature, See e.g., Sambrook, supra; and rAusubel, supra.

L. Articles of Manufacture and Kits

Another aspect of this invention provides an article of manufacture that comprises
a container holding a composition, comprising a chimeric antigen, that is suitable for
injection or reconstitution for injection in combination with printed labeling instructions
providing a discussion of how to administer the composition parenterally, e.g.

subcutaneously, intramuscularly, intradermally, nasally or intravascularly. The
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to soluble version of the chimeric antigen, to be combined or diluted with
an agueous or nonagueous vehicle to dissolve or suspend the
composition. Alternatively, the container may have a suspension in a
liquid or maybe an insoluble version of the salt for combination with a
AW ich the insoluble version will be suspended. Appropfiae6/00168s
containers are discussed in Remington, supra, pages 788-789, 805,
- 850-851 and 1005 is 1014 The kit of the invention will typically comprise
- the container described above and one or more other containers
comprising materials desirable from a commercial and user_standpoint,
coinphstlipg cauie ponthineshin aunsvable sontadnas i el noh sipabranly InsEs
withtBe %%Eagﬂm%ﬁarcme AriekehaaiReprrseRt-amiR CORt HARAIS it
Indicate that the 20 compagsition.is used for a specifi¢c ther or )
e i PRI SRS A i SRS e S P P
coubigient withvivomistod uf reastitty se dissibiidaraipbvfreDitectiptmnanthar
har informati . ' ' ich i | ith
T "
sujtphledprlinisatiemnioe sreimveRebe spivhier rcomayia s Mredlodthe

arRI QA B MR HAGHEAMERA hipfof e 206 QR @8riddaol Bk aRaddn

the Chimigen3 molecules described in these examples (and, for .
T P TR S A R ATV R Hhe
Alttyimitteinah2 Cdiiposititchcpnde ucky er noucknirdtB sagyspisitifiicontdibingd

sofBICh e ligaRsag Ham Q@%{r{fﬂe [RRRERLAY: IRE D RS URiVEFRRIy Of
Alberta, Edmonton, Alberta, Canada. The plasmid 5 pCV-H77C containing

nOPASYSRIA hicheitn g el VOIS UGB Y FrapaBtiom <t tFBAt TR, thycenfainer
miFIRRRte BispbisR ARy Gepily @fridbestan hssubiasiBRe-bi tiee cloning vector,
insect.cell line Sf9, Cellfectin(r) rea hosphate buffered saline (PBY),
coBERI BN e B IS BT G B ReCP e BT R
coBipnbre ks fisrarsed rmRsunpgtme sogabaiss FRSpAY 3P 1850-851 and 1005-
1dhiogalactopyranoside (IPTG) and fetal bovine serum (FBS) were

purchased from Invitrogen, iCar_Isbad, CA,USA). . .
e kit of the invention will typically compnise the tontainer described above and

one or more other containers comprising materials desirable from a commercial and user
standpoint, including buffers, diluents, filters, needles, syringes, and package inserts with
instructions for use. A label can be present on the container to indicate that the
composition is used for a specific therapy or non-therapeutic application, and can also
indicate directions for either in vivo or ex vivo use, such as those described above.
Directions and or other information can also be included on an insert which is included
with the kit.

V. EXAMPLES

The following non-limiting examples provide further illustration of the invention.

Example 1. Materials and Methods

Materials
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Insect cell growth and expression medium ESF 921 was purchased from
Expression Systems (Woodland, CA, USA). Restriction enzymes EcoR |,
Spe 1, Hind 1ll, Rsr If, Ava Il and Not | were purchased from New England
iol I ich, MA, 15 USA). Viral stocks were titered usi .
%(%?ggsggjﬁ\ggystems Baculovirus Titering Assay. IgG2A-PE ?331781&2096/001683
Biosciences, San Diego, CA, USA) was diluted 1:10 and used as an
isotype control. Baculovirus titer was determined using FACS acquisition
and analysis. A Becton Dickinson Biosciences FACSCalibur3 (four-color,
dual-laser) 20 acquired cells and CELLQuest Pro3 softwarie@%EiD "
BiosERErIdAord e (humisrn ol ARICA Rt S5 R Rl es (and, for
copprgasteheginvasopralidedhyl e rasirniSyatesdSiarnn HeatdoandC12,
determine the viral {i rX{)qsed. n a standargd cury ..Pur'fig '%{‘ﬁ, 1l
R S N e B AR R T B e
labpoyerydhutgh e Wndv estre Hlxoh, Bibsenion b aib iy, O pisspit 25
pCWE ARGl IR AR IR IR SRALIN dadesiisdiata the

polyacrylamide gel electrophoresis (SDS PAGE) gels was purchased

TWS%‘%@&H%%@B%?@A‘#@%ﬂ}?"PageBlue?; stain, 5x loading buffer,
PagaReiFestpae-Hiziakaippotedoiaiidert exibliR9edeltingiclestpusre
urcha fr -er a i ‘ CL
e SIS LR e S A et i
SuperscirifosrFikse Steand Blotthesis 58 #OLR08TI0AE8 8 12RO B ARAEEI0 1685
thib BRI RIS RA YA RNAN WALDIPAYSG 4G T aBlaRAtmouSe

IgG (Fc Specific) horseradish peroxidase conjugated antibody, anti-mouse
I“Y ?dgéﬁ’rﬁaq’l%’e%%h peroxidase conjugated secondary antibody,

goatiaatitsahpichaisamdishsfisnosidase KNl atedmedesebfipantioody
and antipiotics amycin icilli entamici # r- d
B A A R R RS B SR

- IaRer Joaramtianiopbiyaionechrsd suiasNan Eralsnd SiplrbnBsich, MA,

ngg_noclonal antibody were obtained from Abeam (Cambridge, MA, USA).

The 6xHis horseradish peraxidase_conjugated monoclonal angjbody was
R BT ET St TR RSP SR SIS g e
Assagséttes -ARdBN BGoBeA3saSsaPlitwEre PichasediirethlPiered used as

an isotype control. Baculovirus titer was determined using FACS acquisition and

. analysis. A Becton Dickinson Biosciences FACSCalibur3 (four-color, dual-laser)

acquired cells and CELLQuest Pro3 software (BD Biosciences) was used to analyze the
data. A Microsoft Excel spreadsheet was provided by Expression Systems to input data
and determine the viral titer based on a standard curve. Purifications were ﬁerfonned
with Ni-NTA Sui)erﬂow?; (Qiagen, Hilden, Germany) and Toyopearl Sﬁper Q3 650C
(Tosoh Biosciences, Grove City, OH, USA).

The 30% acrylamide solution for making sodium dodecy! sulfate polyacrylamide
gel electrophoresis (SDS PAGE) gels was purchased from Bio-Rad (Hercules, CA,
USA). PageBlue3 stain, 5x loading buffer, PageRuler3 pre-stained protein ladder and
20x reducing agent were purchased from Fermentas (Burlington, ON, Canada).

Hybond3 ECL nitrocellulose and the ECL Western Detection kit (GE Healthcare)

was used for Western Blotting.
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(Rockford, IL, USA). Pro-Q(r) Emerald 300 Glycoprotein Gel and Blot
Stain Kit was purchased from Molecular Probes (Carlsbad, CA, USA).
Leukapheresis samples from healthy donors were purchased from
SeraCare Life 15 Sciences (Oceanside, CA, USA). Dynal Dynabeads3 for
TVRAMEGHEE isolation were purchased from Invitrogen (CafiSB4c38%/001685

USA). AIM V(r) medium containing L- glutamine, streptomycin sulfate (50

- g/mL), and gentamycin sulfate (10 g/mL) was obtained from Invitrogen. -

Matched donor sera were obtained from the serum fraction after

* contiyaalon ARGl BIOR R HRIAUEEABP LD 0N

V(r). 20 medium was heat inactivated, aliquoted, and stored at

SoSiisa dopErplitopratidast srmiugrisdmEpB ol amosi ik spacfic)

 hdnitidige peGiidisgeigidgnenagianphaniibedie s dmahe)withibsfalirwing

spegcificities were, obtained frqm,BD Biosciences (San Diego, CA):
P R RS R SRS A e 4929,
LT Py RO R bys SEDeISRE cTRSERYEATC, CD83-PE,
CDA@ie! RibhiC IR, %Q%ﬂﬁ'ﬁﬁfﬁ; &E’g&fﬂﬁﬁ%‘%@@l& CHaBodis
@gDs-allopb)égoc anin (APC), CD8-PE-Cy5, CD4-APC, CD69-FITC,
YA BENR Y Amqaesiprslantihody ierebtainge frysAbeqe. (Cppbridge,
Mgy BIB AIC ThéErsfHTGasatidiseotifadehiatog o tindaiRa 2 aiitbukiisvw@as

P%%%g@%ﬁqa%(g@qﬁ?ggwim%? Uqa, Bntario, Canada). Goat anti-rabbit

lotin antibody ackson’ImmunoResearch 30 Laboratories
(WestdeayvbyzerAyasitin anddijigre BiSsaseanl ISIwBE pOyhasce Sab Ritved

(R, 3001541861 PCT/CA2006/001685 from BD Biosciences. Mixed

isomer 5-% d-6)-carboxyfluorescein diacetate, succirvmidyl:esti r '

(5(6) ¢F-BR Eayerald2 B S PO Blns Vs dth vas pardhesey §om

Mobitaike Prifige (Calbadr@asused.with the use of specific PE- conjugated
tetramers (Beckman Coulter,.Mississauga, Ontariq, Canada), or ]
T S SR R T

SqitgseNSeansEetidd, VESD PRTAMDVBEAID NG 83THicfatv2 anththe WG/

it SRaERUARCINGUOMINSER IRNOMINI AR Teliamss eed

included the EBV peptide GLCTLVAML "(SEQ ID NO:5) /IRA-AZ, the HCV
elpjening SEERLRDGR SEeC st dornbespiamacin st 4 heg/athieesntrol
ottiatnadesrfnhuilitedieic)Matched donor sera were obtained from the serum fraction

after centrifugation of Ficoll-Hypaque blood preparations. Serum, at 50% in AIM V®
medium was heat inactivated, aliquoted, and stored at -20°C. Dulbecco’s pﬁosphate
buffered saline (PBS) was obtained from Invitrogen.

Conjugated monoclonal antibodies (mAbs) with the following specificitics were
obtained from BD Biosciences (San Diego, CA): CD64-fluorescein isothiocyanaté
(FITC), CD32-R-phycoerythrin (PE), CD16-PE, CD206-PE-CyS, CD80-PE, CD86-
FITC, CD83-PE, CD40-FITC, CD11c-PE, CI214-FITC, CD19-FITC, CD3-FITC, CD3-
PE, CD3-allophycocyanin (APC), CD8-PE-Cy5, CD4-APC, CD69-FITC, CD69-APC,
HLA-ABC-FITC, HLA-DR-PE, IFN-y-PE, TNF-a¢-PE, grB-FITC, pfa-FITC and mouse
1gG1-biotin. Biotinylated anti-6xHis was obtained from Qiagen (Mississauga, Ontario,
Canada). Goat anti-rabbit IgG-biotin antibody was from Jackson ImmunoResearch
Laboratories (West Grove, PA). Murine isotype mAbs and SA-PE-Cy5 were obtained
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10 The following'cytokines were purchased from R&D Systems
(Minneapolis; MN): interleukin-IS (IL-ID), interleukin-4 (IL-4), interleukn-6
(IL-6), granulocyte macrophage -colony stimulating“factor (GM-CSF),
V"@&{gﬂ eqtesis factor-I (TNF-a), interferon-K (IFN-y), and inggffRr@sde/001685
N-a). Cytokines were reconstituted according to the manufacturers'
directions, aliquoted,, and stored-at -70C. Poly IC was obtained .15 from
Sigma. The Wave Bioreactor System23/10EH and Cellbag 101JO were
purchased from Wave Biotech (Somerset, NJ., USA) Methods 20
Expression Plasmid Constnre&on pFastBacHTa-TBD the parent plasmid.
construct The mouse IgGl DNA sequences encoding amino acids of
CHI-Hinge-CH2-CH3 region were generated from mRNA isolated from
the hybridoma 2C12 that produces a mAb against HBV surface antigen
gf) Total mRNA Was isolated uspgrﬁ izol 25 r(ﬁagt{1 t and the cDNA of
ThBDrBips<iaees Misrg %ﬁ?ﬁ%“guperscrlp irst- Strand
sucsmh%csteif W@ﬁﬁé@@bﬁﬁamﬁhﬁwmes encoding the
Imkgﬁﬁﬁﬁﬂdﬁﬁ&?@d@&‘g@rﬁwﬁ&ﬁ%ﬁﬁm thy adetdstaiﬁcrmrmnush a unlq(ljJe
Not | gite att end a restoe erpaiigalshe 3" en
regu ng c?BST\CI co(niqﬂhs (5" Nat ?f?%grb D fy &t of CHI
m‘?’ SpringfeldN) b etpperp s o \’-1’% II)%Q’?#\% %Sﬁg digestion with
VIS RRCEPEARES mmywmmemé@hgm FRIFVSESYBac-HTa
(SESREASOIAPHECIY Piashick skt sREREBaSEiie CECRYYadBites. The 5

s@%ﬁﬁ’ﬁ ﬁ%ﬁ‘}ég& B0 (S SRR RV R AN BIE-
KRR P

A et P RAEHB G GCGGGATCCGTGGACAAGAAAAT
TG TG RliovB B BE @Dty tR &R Syvieme AGersapplitiddiike) 5'
e £ e ot 2 EI P hos et cervely Th
wnic con N S ely e
mﬁ%ﬁ%ﬁ?@ﬁ%‘é‘”&@?ﬁﬁdﬂﬁlm AEE N tfeﬁc bﬂ?ﬁﬁfﬁent pu rified
infosfeanpekoSEN P ralrintsifseted (Wi ﬁé@@sa@mmaeee@am aw

o Riaamicktisraediithihsiqanme diﬁEdifdedQﬂ-W@Mltprﬁ@dlame&he
exgressmn plasmid pFastBacHTa-TBD. This product was used for the

expression of the
P The Wave Bioreactor System23/10EH and Celibag 101/0 were purchased from

Wave Biotech (Somerset, NJ., USA)

Methods _ o
Expression Plasmid Construction
pFast’B acHTa-TBD, the parent plasmid construct

The mouse IgG1 DNA sequences encoding amino acids cf CHI-nge-CHZ-CHS
region were generated from mRNA isolated from the hybndoma 2C12 that protiuces a
mAb against HBV surface antigen (sAg). Total mRNA was isolated :}sing TRizol
reagent and the cDNA of the TBID was generated by RT-PCR using Superscript First-
Strand Synthesis. The PCR primers contained linker sequences encoding the linker
peptide -SRPQGGGS- (SEQ ID NO:1) at the 5° terminus, a unigue Not I site at the 5°
end and\ a unique Hind 11l réstriction site at the 3* end. The resuliing cDNA contains (5°
Not I)-linker sequence-part of Cul (VDKKI; SEQ ID NO:2)-Cx2-Cy3 (3' Hind II).
Following digestion with the respective enzymes, the fragient was ligated with

* pPastBac-HTa expression vector plasmid using the same restricfion enzyme sites. The 5’
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fusion protein 6xHis tag-rTEV protease cleavage site-TBD. The DNA
sequence and the io accuracy of the open reading frame (ORF) were
verified by standard sequencing methods. The nucleotide sequence (SEQ
ID NO:9) of the ORF in pFastBacHTa-TBD and the amino acid sequence
VEEHYH110) encoded by the ORF are shown in Fig. 2. CP&%EY&%%SWOM&
of pFastBacHTa-gp64 15 For secretion, the signal sequence from the
Autographa californica nuclear polyhedrosis virus (AcNPV) gp64 protein .
was cloned into pFastBac-HTa. Two oligonucleotides were synthesized
.and annealed together. The oligonucleotide sequences are 5'-

prigger Ayed ST R erp il A s E AT ETTTTATATGTGCTTTTGGCGGC -

TBELBBEGROGCCGCAAGGCGECGGCATCCGTGGACAAGAAAATTGTGCC -
G R R (SRR SATR LR RRTASS§TCCOATEC S (SEQ D
AGGRATC ATECTEXMEBCCAGERTEEGECEBEG

co&%&qot I and Hind I sites, res e;ctivel_\rf. The amplified DNA was digested
AAAGCACATATAAAACAATAG EG CTTACCATGGACCATGC-3"(SEQ ID

wity oy bandrHind R oths drasmertPedtied by 2zrass-risand Jgefes with pragBac-
HAfepdigRstieno? pwit g standtR sl baherfagmentwands enpddnie the

Rsr |l digeste tBac- ich places the 4 signal seque
N R e e G e ]
fusidn WoeR0DHIE86 TNV TIC AR 0036/084 685 TBBNStha didA sfipFustBuchiT a

G2y NERALAIRIBERIMYAGSITS HICRRFRIEYY SXRISIRIONHERIPT
% plas%"lid DN encooﬁ% theél—q(?:%/ﬁNSSA fragr?gr%t?twas ger?g?gted%om the

( g S
methadinifisavelatidesedippa S QY MER ekt aBhE e R g Rised
anfohéhenRER Mg (8eOSEIEQ B NO:10) encoded by the ORF are shown in Fig. 2.

CCGGAATTCTCCGGTTCCTGGCTAAGG-3' (SEQ ID NO:13) containing

the restriction enzyme EcoR | site. The PCR primer for 3' terminus was
stuctonsed i astisaed T RAAPSHC CGCACACGACATCTTCCGT-3' (SEQ ID

NO: ) RN BING NS sLeStHCigte e SREH. G MR IR RNA

s digested with the respective enzymes. and ligated FastBacHTa
oS5 e (A RS ERDESIEH BRI R AT sy PNS5A

oliginmlgaiveiviacyinbeiiiep had tBaciti dohtESA - TR goneciroti@otedeences
aregguence (SEQ ID NO:39) and the amino acid sequence (SEQ ID

NO:40)rehcoded by the ORF in
GCATGGTCCATGGTAAGCGCTATTGTTTTATATGTGCTTTTGGCGGCGGCGGC

GCATTCTGCCTTTGCGGATCTGCAGGTACGGTCCGATGC-3" (SEQ ID NO:11)

and 5°- :
GCATCGGACCGTACCTG_CAGATCCGCAAAGGCAGAATGCGCCGCCGCCGCCA
AAAGCACATATAAAACAATAGCGCTTACCATGGACCATGC-3" (SEQ ID
NO:12). The oligonucleotides contain a 5° Ava Il site and 3’ Rsr II site. After digestion
with Ava I and Rsr I, the fragment was c!oned into the Rsr Il digested pFastBac-HTa,
which places the gp64 signal sequence immediately upstream of the 6xHis tag , to
generate pFastBacHTa-gp64. '
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pFastBacHTa-NS5A-TBD are presented in Fig. 3. For NS5A alone, the
NS5A fragment was ligated into EcoR 1/Spe | digested pFastBac-HTa to
generate pFastBacHTa-NS5A. 15 Construction of pFastBacHTa-gp64
%@ % enTM vaccine expression plasmid for secretio d‘i’!@iﬂ&fém)lﬁss
done 51> himigenTM Vaccine into pFastBacHTa-gp64, t e plasmid
pFastBacHTa HCV NS5A ChimigenTM Vaccine (described above) was
digested with Rsr Il and Hind Ill. and the NS5A ChimigenTM Vaccine
fragment was purified by 20 agarose gel electrophoresis. The NS5A

- cohRigR Y RssIng RPN IgRIEIMQ Rehe hans HindlLdigestad

pFastBacHTa-gp64 plasmid to yield the pFastBacHTa-gp

 Yeetonplasmidr\ Vaccine (pFastBacHTa-gp64-NS5A-TBD) expression

plaspith &D&&gm&vmﬂmﬂﬂ@%&% gEhemtpmme SREHANEEV -

I 041 F inp acHT TBD
Hit el e RS A P TR S I e RO R Bl
cae%amcweﬁmmmm@mmmgmmm@ne

EHRIGP SRR (e, SPR PHQpHLRAASF 10 ARG o ganfcialips Of
™ NSS%Ch&nIEE enTM Vgczﬁgg molecule, 303::Ict)n|n nto th%ﬁgasm%
OSBRSS 35

EACATE Horn) REQ PR H At stgns e
restQBI04LS L ammngﬁ@amﬁaaﬁm{as dijgdabwhi mmmpﬁ eezfaiche
|t|na ulovirus Auto ra hica_.calif i a
RO e T e oy
N%@mngmreﬁm@mq{ermamﬁacﬁé‘@t&%?h@@ahe'thmw&mdﬁag}m@ﬂmed

IfY NSNS PRI SR eé%séﬁcl ID NO:40) encoded by the ORF in
G TTCTAACGCGTCGTACTACCAT CATCAC 5 (SEQ)&Iés NO: 15)

p %E%@éﬁé@e%%ﬁﬁm@é@&%&@&é*é@e&é (SEE™B!

 waltl afed) jntd BeoBeifpalalipristdrsPasBacriiquite dciteam piastB polYh et i,
upstream region, containing the upstream polyhedron promoter and the
signal peptlde sequence (Primers 3 CTGGTAGTTCTTCGGAGTGTG

w@mﬂy, two 10 outS|de primers (Primers 3 and 2, sequences above) were
Sii‘i#&é ARG TADUPRCR RgoAR FRR R e
plasgrdpFReebidd TedifeVAnSea Cointiged eNacoinpidasribaraiiove) was digested
with Rsr IT and Hind IIL. and the NS5A Chimigen™ Vaccine fragment was purified by
agarose gel electrophoresis. The NSSA Chimigen™ Vaccine fragment was ligated to Rsr
IT and Hind III digested pFastBacHTa-gp64 plasmid to yield the pFastBacHTa-gp64
HCV NS35A Chimigen™ Vaccine (pFastBacHTa-gp64-NS5A-TBD) expression plasmid
(IDAC accession no. 111006-04). The nucleotide sequence (SEQ ID NO:41}) of the ORF

- in pFastBacHTa-gp64-NS5A-TBD and the amino acid sequence (SEQ ID NO:52)‘

encoded by the ORF are shown in Fig. 4.

Construction of pPSC12-NSSA-TBD Chimigenm vaccine expression plasmid for

secretion

In order to facilitate the secretion of NS5A ChimigfmTM Vaccine molecule,
cloning into the plasmid pPSC12 (Protein Sciences Corporation) was performed. This
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primer 2 that adds a unique 3' Kpn | site for cloning into the vector. The
upstream polyhedron region of pPSC 12 was amplified with primer 3 and
primer 4 which allowed it 15 to anneal to the 5' end of primer 1 during the
overlap extension PCR. This upstream region also contains a uni
RGLNOTPLRE which is used for cloning into the vector. The uf)g??/g fosootess
polyhedron promoter, the signal peptide sequence, and the desired gene
were seamlessly fused by overlap extension PCR using primers 2 and 3.
The full length fused product was digested with NgoM IV and Kpn | and

e R R e R AR Rt SR e

cakfor@) oicters @Hﬁeﬁarqgrs SOIAMSBAOT B@aﬂ@&hmmmnmam@seﬂ te nce

cldnea Qe N Ao MR AHEHRYR G LR TS SON iR EdOmis CRPRHEGHAT,
pFastBacHTa HCV NS3 ChimieenTM Vaccine Plasmid DNA encodl E?

R AR s EREESy PERFIMAGSHIREHTT pETAGSAE GAGEM P
(SBOADaNINGS)aaids COSTEGIGRANT RCAG IS 2935 AGHE THLNG AGKD (FED

D 8]65? oIIow rimers. Theflnal term| 6am acids of NS3
S R SRS LR LB AT 2 AT B SR B

regipry coRiatRe1be m$q¢@wlyi@m@mtatmwgmgspmé®%mn us

| (PRABES USREWAS P FEGTTE S GieIB Mﬁﬁ @£ GTA-3' (SEQ ID

NO: 19) containing an Eco RI 30 restrlctlon site and the 3' terminus primer
O IATACCAB AT R AT AT S %Eﬂ@/i&)@o%%%@?
ou@@@ﬁﬁmame&ma T AdcdhteSahSlwibdeNt2 ) thoatsining dlap |

SRR BB e et

uSﬁgﬁdehvé Ngmsﬁeml%@@hfe\s@@fqmémmm chprnpsz 4 and
prizBHP et ¥ acqines Plgamidey retabmidptatn alcleavpraaohihehis3

h d II bl d Il
PR e oL ek EBL B By GO B FOR BTl vg,%?lyaﬁe :
to 2k 15HB23 ] dwl of ponst thduang thaevedip @etatsmv’ﬁﬂamtmsmn
reéx@x?ﬁl&’;@&ééﬁ% a%ﬁﬁ;@xé‘?@g&ﬁeﬂ‘@@@m}&ﬂmé&f1’3}%@%@%@&{9&@&%e to

alanine and thereby avoid such cleavage of the NS3 part of the NS3

The HRsWERR 39PYBELIAR PIRE NS ISR ARG SeAReRS I 0B s SREEF$8iPethe
we@aﬁeﬂf@&%ﬁ@ﬁ W&N&ﬁ-ﬂiﬁdﬁsﬂﬂﬁ%ﬁdmﬂpﬁrﬁéﬁ& ka@periemaslength

s MG DS RIMR N TT G T 2GRS S AR GERI A
ligated into an identically digested pPSCI2 to generate p?SC12—NSSA -TBD. The
nucleotide sequence (SEQ ID N(O:42) of the ORF in pPSC12-NS5A-TBD and the amino
acid sequence (SEQ ID NO:53) encoded by the ORF are shown in Fig 5.

Construction of pFastBacHTa HCV NS3 Chimigen™ Vaccine Plasmid

DNA encoding NS3 was generated by PCR from the plasmiﬂd pCV-H77C
template from amino acids 1027 to 1652 (nt 3420 to 5294) of the HCV polyprotein using
the following primers. The final C-terminal 6 amino acids of NSB were not included in
the construct because those sequences are the target sequence for the serine protease
activity of NS3. The 5’ terminus primer used was 5°~
CCGGAATTCGCGCCCATCACGGCGTA-3" (SEQ ID NO:19) containing an Eco RI
restl;iction site and the 3’ terminus primer was 5’-CCGGACTAGTCC
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NO: 19) containing the Eco RI restriction site and the mutation primer
(containing the arginine to alanine mutation)
5-CTGCCAGTCCTGCCCGCGCGTTGAGTCCTGGAG- 3' (SEQ ID

X The 3' NS3 fragment was generated with the 5’ prlmer 5'15
g"%éi“é%}f&‘TGGCAG%GGGAAGCCAGGCAT 3' (SEQ ID NEB54hge01685
the 3' primer 5-CCGGACTAGTCCGGCCGACATGCATGTCATGAT-3'
(SEQ ID NO:20) containing the Spe | restriction site. OE PCR was done
with the 5" and 3' NS3 fragments, plus the two outside primers. A double

G (g&ﬁ%g%gﬂéﬂﬁ%cgé é[aggﬁpe; I @gélﬁeg ana ga}1 product that could beog%%'éed

A §88mdipSFBo @ﬂh&&a@de&élﬁmﬂmﬁm&@ﬁ&ﬁﬁﬁﬁhﬁa walehgisted sdfjulnce -
a@ﬁﬂ Iﬁgﬁ% ut-TBD and the amino
acid sg%l%%}? (){S(I%Eb(??[% O: 55) enco @%‘% #%@F are presented in Fig.

83 Da For NS3mut

YV

Spemmm%@%gﬂm ﬁQg?pi‘ﬁTﬁhgﬁd@r%@@ [ﬁ?seﬂ céfsillsH%'t\aiuI{lnéi%l t _
NS3mu struction o ac mu
S R0 TR DO o TR ooz

25NS3r3a8 T D:pia@rthd w@smhgrestbd a8 sOHee mal etindadl (@B IO vas
usé&d X ?éhdrﬁ'ﬂ%t%%?‘%}fé &%PJ&@&Q’E}EHM%& ﬁm%daﬁﬁtﬁ’lﬁéﬁj Lang ofdind

11 dlgest FastBacHTa-gp64 to generate
01%%@4&@%@@6&%@%@@8@@93(@@ ateesSBNeA firreeatoRyre

B e paca it d S Vo e fieb ﬁ?ﬁ ment was
N asibac a-
SIS w eV el e TR
N(pidsentdningig: BrolRlaogtachicted tormié titl arevusighirbhdh@ oproting ie101.5

armté\a@m% alihem %Qggwﬁgﬁgm&%@m@

to make pFastBacHTa- aneous
3 ARG Ak Hgiﬁﬁglf%ﬁf?&?waﬁ’%swn@fﬁém&bﬁmmﬁTa -gp64

GG@@G@(@@@W@G@MG@@@@W’T G NIt RO Thgner

"gégggégﬁﬂ@gp%ﬁ@g‘% 4[he amu& Ai?d %%%iﬁﬁg( C(IQOIn[()a o

coNainBg)emneriengsbyctive @Rmé’@l’ewmmlmﬁ:gbﬁ 1@dCOMNSRUction of
fraPRaRBAeEHE HE VuMuli-RRISE CRIBIgRR MRV AR XL 850N
resulted in a product that could be ligated with the plasmid pFastBacHTa-TBD to
generate pFastBacHTa NS3mut-TBD (IDAC accessxon no. 111006-05). The nucleotlde
sequence (SEQ ID NO:44) of the ORF in pF astBacHTa NS3mut-TBD and the amino
acid sequence (SEQ ID NO:55) encoded by the ORF are presented in Fig. 7. The
predicted molecular weight of the protein is 98.3 KDa. For NS3mut alone, the NS3mut
fragment was isolated by digestion with EcoR I and Spe I and cloned into pFastBac-HTa
to generate pFastBacHTa-NS3mut

Construction of pFastBacHTa-gp64 HCV NS3mut Chimigen™ Vaccine Vector Plasmid

The pFastBacHTa HCV NS3mut-TBD plasmid was digested with Rsr IT and
Hind I restriction enzymes and the NS3mut-TBD fragment was cloned into Rsr Il and'
Hind ITI digested pFastBacHTa-gp64 to generate pFastBacHTa-gp64-NS3mut-TBD

(IDAC accession no. 111006-02). The nucleotide sequence {SEQ ID NO:45) of the ORF
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vector plasmid To make the HCV multi-antigen vector plasmid the
NS4B-NS5A sequences were 15 first cloned. The DNA sequence
encoding NS4B to NS5A was generated by PCR from the plasmid
pCV-H77C using the primers 5' :
WO WEAEPNGTGTCTCAGCACTTACCGTACATC-3' (SEQ IBNGAF4f 18165
the 5' terminus and '
5-CGGCGCGGCCGCCCGCAGCACACGACATCTTCCG-3"(SEQID
NO:24) for the 3' terminus. PCR with these primers resulted in a product

| M%) mi hly . ¢ y
T e e S
enqogediiheeaRAtararsyentedin Nets dijesredigralslamucphbafihe
prc%éfcﬂj@(?ttﬁ .95@55!3@%%@69&':% ﬁ_i(;’z‘zé@dl}b@%ﬁumqu %?wdamﬁimas

ed 1o NStru e 1ds Slba .a- an .
s Bk DR T o OREA 18 (5SS, I S e i
andheyiBpensiimihes dallgpsidihbpbeiBariditspos isgtatedeanadigeicddito
ofﬂﬂﬁs%%ﬁﬁeﬁfgﬁiﬁiﬁﬂﬁlﬁ-ﬁﬁsﬁp %Mé@éﬁh%ééﬁ%&&eé%tﬁ) NO:43) of the

pFastBacHTa-gp64 NS4B-NS5A-TBD. Mutagenesis of NS3 Active Site
OREdn e resesldope RET B adlil A mtd-SinEiRendibs piiias wridtareerise

(SEtamNeGs ahipgatel tiahp Orgase metivityd hwe:NS3 fragments were
created using four different primers, two 30 nested and two
complimentary to the 5' and 3' ends, by OE PCR with pFastBacHTa- 65
WO 2007/041861 PCT/CA2006/001685 gp64 NS3mut-TBD as template.
The 5' NS3 fragment was generated using the 5' terminus primer (sense)

which
CHPIression

C AG G CCLCGCGGAGCCTTT -3 (SEQO ID

No S akes ey gl ariteet vl prb b AONKIARS A Semmetoes were
firgcdased BePESSTREGTRErETISEGe HEBABATEBtqERF B Nan26)
P e AFGTCAR (SEQ.ID. NO:27).which

- -3 27), . whic
AT AT A A A S o N 4o T
termintsoand &) HESHENGEEAGYIDERTRAGKIAAGATNT BOE6aHn AR

NORIYR AUtSidg RHmeser e fauling RIAUGHNA Mtations:al Arg.t488
to Ala and Ser 1165 to Ala is called :
restriction enzyme sites of a Spe [ site at the 5° end and a Not I site at the 3° end. The

PCR product was digested with Spc I and Not I and ligated into a Spe I and Not I
digested pFastBacHTa-gp64 to generate pFastBacHTa-gpM NS4B-NSS5A. Next, the
TBD portion was added to construct. The plasmids pFastBacHTa-TBD and
pFastBacHTa-gp64 NS4B-NSS5A were digested with Spe I and Hind II. The Spe I/Hind
HI digested TBD fragment was isolated and ligated to the digested pFastBacHTa-gp64
NS4B-NSSA to generate pFastBacHTa-gp64 NS4B.NS5A-TBD.

Mutagenesis of N83 Active Site Serine Regidue

In NS3 the active site serine (ser]1 165) was mutated to alanine to abrogate the
protedse activity. Two NS3 fragments were created using four different primers, two

nested and two complimentary to the 5 and 3’ ends, by OE PCR with pFastBacHTa-

65



10

15

20

25

NS3mutS. This fragment was cloned into pFastBacHTa-gp64 to generate
pFastBacHTa- gp64 NS3mutS-TBD (IDAC accession no. 111006-00 1).
Construction of pFastBacHTa-gp64 HCV NS3-NS4B-NS5A Multi-antigen
Fusi rotein Vector Plasmid To make a construct that can be used
fgb:ge%%?égé%h the fusion protein HCV NSSmutS-NS4B-N85,Ptﬁ
NS3mutS OE-PCR product was digested with the restriction enzymes
Eco Rl and Spe I. The digested NS3mutS was ligated into the Eco Rl and .
Spe | digested plasmid pFastBacHTa-gp64 NS4B-NS5A-TBD to make

AN IR

111006-06), whic e pFast gp64
terPHH BRI QUEREEISED (IS RECEEAFIGNE BRECTA -3’ (SEQ ID

NOFasRacklaaRehNSHNRARDISR TP sndHeRping@sidssguence
oded by the ORF are shown in Fig. 9. Construction

SEQ ID. NO:57) enc .
(c%ﬁgg%ﬂggéﬁfoagﬁlp%ﬂ%@\)/(ﬁ@ﬁ%%Multi-antigen Fusion Protein 25
CAACIPHAMICTREIUTS G GITT TNEBM 6Ad TBD(SEG eNerandihy PCR

NG SRl REANRR G ToEAR HGY NSNS B-NSSA-TED.

ChimigenTM Vaccine fusion protein expfession vector plasmid. The 5'
5’(5]1} ﬁ%‘%ﬁé@é‘ﬁ%ﬁ@&%&@ﬂcm’ (SEQ ID NO:26) and the 3’ terminus
P o GGAWO 007/%%861 F:G?I' CA2Q06 O%@G’Td}%ﬁ@(@d\@i%)

qotainin A : the recogniyan
NGRS PSR RO Exeones Dtk FHl R s s
alayags(ggiseadby OE-PCR from the 5’ and 3° fragments and the two outside primers.

The sl QI&%&%TQ&E%&E%FT&@T%IL?EE%%&'% A?ﬁbS?cLﬁed

NO:29). The PCR product (NS5A-] ?ﬁ%% was gel purifled and subsequently
Nfgaited vivitresirat ¢ rmed ioeE %ﬁ@ﬁ@&é@.mmmﬂ‘w
gppF RS Ras-MEDIPOA NG S NSAR 1N 898-0B L was digested with the

restriction enzymes Spe | and Hind 1ll, liberating a fragment consisting of

CHNe SERHERRSANLRAIng HENNSIBNSPA A8 ARG T BRI Lh e asy ting

pFastBacHTa-gp64 HCV NS3 vector backbone was gel purified and
Proeindeqionple A-TBD fragment to generate the expression plasmid

pFastBacHTa- gp64 HCV NS3-NS5A ChimigenTM Vaccine

(pFaktBHke T eeppBwt \eieads aswhio) eap(mi® tiedessiopretoin HCV
ngmgﬁf@@rﬁ-ﬂ@ﬁ ?BN@@HQ@%?%W&&&%@JQ mg&%ﬁm%%%ﬁgn

astBacHT a- - - - and the amino, acid seguence

en g%l_%{l ar%o gpe_w%el\éisgested %%3muts v{asaligated?nto the gco RI an(d Sp(gl
digested plasmid pFastBacHTa-gp64 NS4B-NS5A-TBD to make pFastBacHTa-gp64
NS3-NS4B-NSSA-TBD (IDAC accession no. 111006-06), which is the pFastBacHTa-
gp64 HCV Multi-antigen plasmid. The nucleotide sequence (SEQ ID NO:46) of the ORF
in pFastBacHTa-gp64 NS3-NS4B-NS5A-TBD and the amino acid sequence (SEQ ID

NO:57) encoded by the ORF are shown in Fig. 9.

Construction of pFastBacHTa-gp64 HCV NS3-NS5A Multi-antigen Fusion Protein-
Vector Plasmid ' '

The DNA for HCV NS3A and TBD was generated by PCR from the template
pFastBacHTa-gp64 HCV NS3-NS4B-NS5A-TBD. Chimigen™ Vaccine fusion protein
expression vector blasmid. The 5’ primer for the PCR was (sense) 5° —
GAGGGACTAGTGTCCGGTTCCTGGCTAAGGGAC-3’ (SEQ ID NO:28) containing
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encoded by the ORF are shown in Fig. 10. Construction of pFastBacHTa
HCV core (1-177)-TBD fusion protein plasmid and 15 pFastBacHTa HCV
core(1-177) The HCV core DNA sequences encoding amino acids 1-177
(nt 342-872) of the HCV polyprotein were amplified by PCR from
BEORIG7HESGith 5 primer CGGAATTCATGAGCACGAATCCTAAAR06/001685
(SEQ ID NO:30) and 3' primer GGACTAGTCCGAAGATAGAGAAAGAGC
(SEQ ID NO:31). The primers used 20 added unique 5' EcoR | and 3' Spe
| sites. The PCR product was digested with EcoR | and Spe | and ligated
into pFastBacHTa-TBD and pFastBag¢-HTa o erate the ‘{B igenTM
O R CB A AR T PR R e e L B BT o
wis Ghtisene)15 LT GXIRetivaly ATIGAT KIS ST SeqUENCEQS EQITNERAB)
NGhye ﬂ@ﬁ&gﬁ@%&@gkﬁ%ﬁtﬁ%%& ﬁ@ﬁm@&tm&ﬂﬂy&%@md

sequence (SE D:59) 25 enhcoded e ORF are shown in Fig. 11.
withp UL oo caromes-inhs PrasibatayBegibeantd Yosci2,
NSARIAes ALTBIORRCE HhR-RROMBI e sRatatee:fa1en SFOT alorifid Ito

. pFastBacHTa-gp64 tE%H V core (1-177)-IBC EE?QI%% t isolated
' hbﬁ'&%ﬁn%lg—'as £ 5‘*? org(cf- B gl)?gg{sr I andB I—ﬁ’\r%ﬁ?limd%ﬁé%tion

TBRd BlonedliteizaecifostoiiiaN B2 MRtoypekbens vy raréficd and

1igBleATBRENT SR OPRA ¥ HP16 dad 4Ot Bl RadARPMBR T
CTICA2006/001685 For cloning into.pPSC12, a similar scheme was

S UG hrises DA Vet REapPRE ri Y B0t R Hhique
(13ABgkbesilen (BATINGHTCTEIEABGCGAGEASTAGT HOGAGAE: T

) 0:32). T in truct is pPSCI2-HCV core {1-177)- 5
in e ol AR A RS Fed RS ORDR)
enpiigdiRaidid PRIErTHe DN gi¥ence encoding amino acids 192 to 369

(914-1452) -of the HCV polyprotein were amplified from pCV-H77C with 5'
Cprimer, to CCGGAATTCTACCAAGTGCGCAATTCCT (SEQ ID NO;33)
astBacH 0D e plagmad, and

onstimeiion of 1

T
A U (D

pHB 34 Th M Ed darelhitiTe . -

The HCV core DNA sequences encoding amino acids 1-177 (nt 342-872) of the
HCV polyprotein were amplified by PCR from pCV-H77C with 5’ primer
CGGAATTCATGAGCACGAATCCTAAAC (SEQ ID NO:30) and 3’ primer
GGACTAGTCCGAAGATAGAGAAAGAGC (SEQ ID NO:31). The primers used
added unique 5" EcoR I and 3° Spe I sites. The PCR product was digested with EcoR I
and Spe 1 and ligated into pFastBacHTa-TBD and pFastBac-HTa to generate the
Clrximigr;mTM vaccine construct pFastBacHTa HCV core (1-177)-TBD and pFastBacHTa
HCV core(1-177), respectively. The nucleotide sequence (SEQ ID NO:48} of the ORF
in i)FastBacHTa HCV core (1-177)-TBD and the amino acid sequence (SEQ ID NO:59)
encoded by the ORF are shown in Fig. 11. '

The HCV core (1-177) was cloned into pFastBacHTa-gpé4 and pPSC12, in order
to produce the protein in a secreted form. For cloning into pFastBacHTa-gp64, thé HCV
core (1-177)-TBD fragment was isolated from pFastBacHTa HCV Core(1-177)-TBD by
RsrIl and Hind HI di gestion and cloned identically digested pFastBacHTa-gp64 to
generate pFastBacHTa-gp64 HCV core (1-177-TBD.

- LWL
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5' EcoR | site and a unique 3' Spe | site. The entire El open reading frame
ends at amino acid 383 but the area between amino acids 370 and 383 is
the signal sequence for E2 and was therefore not amplified. The PCR

product was digested with EcoR | and Spe | and 15 ligated into identicallg/m85

R &Y 5L tBacHTa-TBD to generate the HCV EI ChimigeRCbA&P6
pFastBacHTa-E | -TBD. To express E 1 alone, the digested PCR product
was cloned into EcoR | and Spe | digested pFastBac-HTa to generate

pFastBacHTa-El. The nucleotide sequence (SEQ ID NO:49) of the ORF

inp acHTa-Elx d th inQ acid sequence SEQ | :60)

LSy RS Gy e SIS JR SR R R R

TBE: sxeed drermzr Eepeadsichupidte i BeEdhsitband pFastBacHTa-E2 The -

(AG2 £ROUGTEESTHeA GO BUA GRETGGHA (A 48RP ROLte Hie V
polyprotein) were am %by PCR fé)m CV-H77C with 5' primer

resERg CRE A‘G%E?ﬁlﬁl% SPEACCAEEEGAAATG (SEQ ID NO:35)
and 3' primer 25 GCGCGCGGCCGCCCGTACTCCCACTTAATGGC

CoRnRil tzl?:%h%gi?cav EISHA RusRRSINE G aﬁiﬁ&ﬁa’iite-

Elincluded in construct. The PCR product was digested with Spe | and Not |
and TigatedAeandstenicalngigastod al astBackia1 188519 genemts the

CV E2 Chimi T { HTa E2-TBD. The di ted E2
o ST S B AR S S PPN B M BERTate prastBactia s for
CEPreSTITHIEANGIENCEBAATTRE TO SO 00T.A3) 1861 primer .
GOUCHEAREPEEOFEBREIRTFE REENBRCR RS N ??‘E@Q @%@N%%ij

_In pFastBacHTa E2-TBD and the amino acid sequence :
5" Erld s Bpdravere Jiraved sili Themming X! @?ﬁ%ﬁﬁﬁﬂ% Z5pe ends at amino
acidBastRAaaid hartbdodediBdh fnts R PIOtRindIss MithasighRiFastBac T oEBand

El;E2 A fusion of the, El,a 2 proteins was generated subgloning,the
was ieefave Rl R LR e W I FERY ST A
ligpied stRadentealivl digasiedigRastBatidEa BB Wt e Euat Rha IE B 5d Chiveigee

cofkRUERE PIRR HIENEEL #iD FEo RpRAETRRAL Be shptnlT LesEe to
generate pFastBacHTa-EI-E2. To make the EI-E2 ChimigenTM tQ

cl0gH, 0,6 LA SERHISE S Gl ER B AR ERE P G e

nuclaneed sajoende (RRQIED Hgetde dfpeaS o H FasTREHTegHREBDend the
mﬁf@ﬁ%@%ﬂl&%ﬁ%lﬁ%:a—&%nm&d by the ORF are shown in Fig. 12.

Construetion of pFastBacHTa E2-TBD fusion protein plasmid and pFastBacHTa-E2
The E2 sequences from amino acid 384 to 718 (nt 1494-2495 of the HCV
polyprotein) were amplified by PCR from pCV-H77C with 5° primer
GCGCACTAGTCACCCACGTCACCGGGGGAAATG (SEQ ID NO:35) and 3’ primer
GCGCGCGGCCGCCCGTACTCCCACTTAATGGC (SEQ ID NO:36) that add a
unigque 5° Spe I site and a unique 3’ Not I site. The amino acids 719 to 746 are the signal

sequence for p7 so was not included in construct. The PCR product was digested with
Spe I and Not 1 and ligated to an identically digested pFastBacHTa-TBD to generate the
HCV E2 Chimigen™ construct pFastBacHTa E2-TBD. The digested E2 was also cloned
into pFastBac-HTa to generate pFastBacHTa-E2 for expression of B2 protein alone. The
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nucleotide sequence (SEQ ID NO:51) of the ORF in
pFastBacHTa-EI-E2-TBD and the amino acid sequence (SEQ ID NO:62)
encoded by the ORF are shown in Fig. 14. 15 Production of recombinant
baculoviruses in the Bac-to-Bac(r) expression system Transformation of
EVRSNTAREY plasmids were used to transform E. coli DHSa &ridCiid06/001685
plasmids were isolated by standard protocols. Sequence and open

reading frames were verified by sequencing and used for the production

of recombinant baculoviruses. 20 Transposition The generation of

binants is To Bac(r claning system (Invitrogen)
OB S AR OSRICHF SRt R OIBHAT b BA G e
ansraceidnpifshed (SHE) N6t eBRIGBythd DR Didt Bas melh ddntain the

bacmid 25 pMON14272, which confers kanamycin resistance, and a
cheIper plasmld (pMON71EZ4 that encodes the transposase and confers

@gmld that has mini-Tn7 eIements flanklng the clonlng S|tes The

plasmi |s tra ed the E. coli strain whi
baculovifie: s%% i aéinrglit% oéeénrﬁl‘afsc%eﬁ%?he ¥h§8 ?Mﬁtgg%‘f@%’f
TP ASHA mIﬁTa—Eang MW&E&S’IM pithsRpidThE LpoZnidene dgethait

wiRh ¥ RGAMPRBTERRIHGE S CUBRISRANH IO S e GRT N RslgFted
69 WO 2007/041861 PCT/CA2006/001685 The advanta%e of usm%
|nant

PEpsRasHIRER fa eenetesiraBailfie Bbibhide vakedi &4
cobbeutgGFmRT baNHd vas disalaten 1 Fiog rland st Phagrgishéaqladion

ols an fectlon In ins t
B R A T SR R AR PR o
mwacgmﬁmi@é hefitha ORAenvguRadiBie Eb&a- TBDthed the
aifR-shaslin dRpenasionel {orAlonefIeNe NP 2LacWRYIHR shuttle
vector (bacmid). The recombinant pFastBacHTa-gp64 plasmid with the
gene of interest was transformed into DHIOBac cells for the transposition
Piadoeieratesteahinhinantibacmidsin Abd Bic aliqiRObpoEaieniEiHIOBac
nggﬁ‘ #ﬁﬁéE%WEd on ice, the pFastBacHTa-gp64 in based plasmids were
added andtranstformation was performed by electroporation. The

" Ligated plasmids were used to transform E. cofi DHS« and the plasmids were

isolated by standard protocols. Sequence and open reading frames were verified by

sequencing and used for the production of recombinant baculoviruses.

Transposition
The generation of recombinants is based on the Bac-To-Bac® cloning system

(Invitrogen) that uses site-specific transposition with the bacterial transposon Tn7. This
is accomplished in E. cofi strain DH10Bac. The DH10Bac cells contain the bacmid
pMON14272, which confers kanamycin resistance, and a helper plasmid (pMON7124)
that encodes the transposase and confers resistance to tetracycline.

The gene of interest is cloned into the pFastBac plasmid that has mini-Tn7

- elements flanking the cloning sites. The plasmid is transformed into the E. coli strain

DH10Bac, which has a baculovirus shuttle plasmid (bacmid) containing the attachment
site of Tn7 within a LacZo. gene. Transposition disrupts the LacZa gene so that only

recombinants produce white colonies and thus are easily selected.
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transformation mixture was added to ImL of SOC media and incubated for

4 hours at 37C. The transformed cells were serially diluted with LB to

10"1 and 10.2 and 100 p.L of each dilution was plated on LB agar plates
w%&wg&ﬁd with kanamycin (50 pg/mL), gentamicin (7 pgp@ka2006/001685
tetracycline (10 gimL), X-gal (200 g/mL), and IPTG (40 15 .tg/mL) and
incubated for at least 36 hours at 37C. Gentamicin resistance was

conferred by the pFastBacHTa-gp64 plasmid and X- gal and IPTG were
used to differentiate between white colonies (recombinant bacmids) from

used to iferentiate befwe es (recombinant b
in3?5*?5%33@2%%@%?n‘{ﬁ%?%%%%%%J#%%ﬁiﬁﬁﬁﬁﬁﬁ%%ﬁﬁiw

thegegombineitt: (Fhy/rreombinam bawnide prgiielged wHnme iR
proR} @R igNtaad FEE o tRustTakiog ifisiediiRiloeppsastysackiovaaseptaaa small
amount O{r.the overqéi%:]t culture and the sample was streaked onto a fresh

X GRS ented with kanamycin (50 sg/mL), gentamicin (7
sg/miotgienyidined p0agiaLl t-geld MBowisnL), wRditP TS s0YgnLsCAnd
for BRRLEA S0 ALIRASLAENAYES ékbée%i%é&%f&fﬁi&wm?s PRRAO R 25

Recombinant bacmids were isolat y standard protocols [Sambrook et
(bagmighobhe e pmbiaant aF IBARL reptaRirsrar ik fsA e AR EFAR ¥ Bfarbor
tralfeaakdthe, DNRBaeple Rahdisanpmiiin dlzaieaff EddQtinhiTrussids! pH

mM EDTA) and u far transfections. 70 W.O 200
A R e T R o R b L R A T 064
badsd idewidssviercordtind teng todatemetomisinperfdacd by islestaperiioalelkmt

waRBSHI AR IRRSIec R Ie B, Nsastcrllaa HE FRllB.SecrOBiowera
- g‘,eeded into each well of a 6 well 5 cell culture dish,(35 mm w :E%Gm 2 g]L
3735 Er oSO A S TSR B YA ol v FPEidEHShs

cadHeNRIGaKNEE Pldicd SN DICaitiesking yugsgeaitedthith gaproieoo(SGurewded by
the supplier of t f9 cells. i i I r

T CA BT TS s A Nt (SO0 BELS, GO0

ngholiderddnaienteidredt G frbeves@b? 4.0 The efficiency of the
trangigstipnwasnenfied Ly-cheakngyfol produsiaTeblsagloyibilaNA.

The isolated baculovifus DNA was subjected tp PCR to screen for th
col LB BT B LT B B eI GH T T MR OTa e )
frdiacbbeltolvass (non-recombinant). The white colonies were picked and inoculated

Bt tation

into 2 mL of LB éupplementedwith kanamycin (50 ug/mL), gentamicin (7 I],Lg/mL), and
tetracycline (10 pg/mL) and incubated ovemight at 37°C with shaking. A sterile loop
was used to sample a small amount of the overnight culture and the sample was streaked
onto a fresh LB agar plate supplemented with kanamycin (50 ug/mL), gentamicin (7
pg/mL), tetracychine (10 ng/mL), X-gal (100 pg/mL), and IPTG (40 pg/mL) and
incubated for at least 36 hours at 37°C to confirm a white phenotype.

Recombinant bacmids were isolated by standard rproltocols {Sambrook et al.
(2001) In Molecular Cloning; A Laboratory Manual. Cold Spring Harbor Press}, the
DNA sample was dissolved in 40 pL of TE (10 mM Tris-HC] pH 8, 1 mM EDTA) and

used for transfections.
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verified by SDS-PAGE and Western blots using the 6xHis tag-HRP
conjugated monoclonal antibody or anti-mouse IgG (Fe specific)
horseradish peroxidase conjugated 15 antibody as the probe. _

- Amplification of the recombinant baculovirus stock Once generation of the
PEEAMAUEENd the expression of the desired protein were cE&firERI¢HB1685
virus concentration was amplified to produce a concentrated stock of the
20 baculovirus that carried the gene of interest. In all the protocols
described herein, the standard practice of amplifying the baculovirus at
least twice was followed. After the second round of amplification, the

' concentratlon of the generated baculowrus was quantified using the
e N siaro8iyrsems). The most appropriate

C°”CﬁW@Ji@@ﬁB&G@e‘%&n‘iﬂﬂ&(@G&cﬁf@vﬁ%ﬂ&at!HQ 6, AR HRUAT, Ye for the

25 production of the desired protein were also established. The protocols

trW%@é%ﬁé@?W“f&%tﬁ%ﬁ%l%éﬁ%% WEh sesdsddparrardhreinha el
cesamﬁmmmdﬁnasnmeﬁtdmgsmsmﬂaﬂ%ﬁmedﬂﬁes fRacwavitus
t|te AII viral stocks re tltere e Ex 0 Systems
%acu?gv%?%?erfﬁgorgsgeav oc & (e%r{%%cﬁ(‘]il fed" r%cl){rh 10-' to
Pro@eglspregad hﬁqhm:tmpbmf tkte F10 wely. 2Bclmttmequectmn the cells were

mafsazé@&%@ét@tgpi@ﬁé@mu%mﬁtﬁsmaﬂgsﬁtsm&le&@d%w
Low Attachment3 96 well plate. Then, 100 L of Sf9 cells at a concentration
sto5pS &t f(fe BANEAMK-was added to each well and the plate incubated for 18

hr atiéCfiiviancodditat Mtimmwmawaﬁmmm fpedthwriiag of

‘ d dilut dth
R R R .,

ingristherps A intesd F&mcwmemﬁtb@dst@ma mytmveﬁtembiﬁmesmate
vﬂmmmwsﬂmqe%ﬂ&e&amgﬁ%@ﬁgme@mmmmfc isabupe
contr as aglded to the W%SS T%plalg‘g the E cuba,%%i for 20 mlg
meoRoTH AR BRI R PO SO CORPPBS
ansbo&wweﬂzambb}entrlfuglng to the plate down as described above. Next,
200 pL of cold PBS was added to each well followed by another spin and

finall 200 L of PBS/O | % BSA was added to each well to re-suspend the
Aplidication of thegeqembiand S0k sis. The isotype control was

Once generation of the baculovirus and the expression of the desired protein were

. confirmed, the virus concentration was amplified to produce a concentrated stock of the

baculovirus that carried the gene of interest. In all the protocols described herein, the
standard practice of amplifying the baculovirus at least twice was followed. After the
second round of amplification, the concentration of the generated baculovirus was
quantified using the baculovirus titering assay (Expression Systems). The most
appropriate concentration of the virus to infect Sf9 cells and the optimum time for the
production of the desired protein were also established. The protocols for the expression
for both monolayer as well as suspension culture of Sf9 cells were developed according

to standard procedures.

Baculovirus titering assay _
All vira] stocks are titered wsing the Expression Systems baculovirus titering
assay. Viral stocks were diluted serially from 167 to 10, A 100 uL aliquot of each of
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used to set gates on the fluorescence flow cytometer. The viral titer was
determined by inserting percentage of the cells population that were
positive for expression into the 15 provided Excel spreadsheet and
producing a standard curve based on the control virus. Optimization of ;
B’F&é?ﬁé@&‘é&sion ChimigeniM Protein expression was opriimiz&é% 3\;’;%%63)016%
range of MOls and times. Four 50 mL cultures of Sf9 cells in ESF 921
were seeded at 2 x 106 cells/mL and infected 20 with MOIs of 0.5, 1, 5
and 10 and ImL of culture was harvested after various time points post

infectign. Sampled cyltures were. centrifuged at 12000 for | min
U PR ELE SR P N R BT R . e,
106nhadiafe beliy epacetéotraGR SR ABE aiiaiydisvat hédedisaadrevell and the

pUESHRRERAERI AN S, 8t sk BLBRo,HRRONEIHA® added

loading buffer and 10 pL 20x reducing agent. Also, 25 150 L of
supeFabesrraiaehaties ffrD womvesedimhodiara At §i2%ed the
is6BH CoEr R R0L, JEYWIRTRLE Drilerhignbenia sht-nadehontaifuied %

S-PAGE gel for Western, blat analysi rofein uctiqgn, was
L s o e B TP R A PSR HE A e a304-P o
conf@Bedontihedy 835C himifén Tsvhpotentretws kidad oMoV Thndlforihe

B lsARIReE: SHIIgRNTM pigiciat 36 hr at a MOI of 1.5. 30 72 WO
2007/041861 PCT/CA2006/001685 Purification of intracellular

Chimlgersirazerbadindion d OuhseddPBinmanrehmiemiifieing

thP poieiaRrthp RpaTRIbfcallhtsabiHieolisas pBSiPcalldedlivkaditivell
ensity of --2 x 106 cell/ml.in ESF 92 ium Jwere infected wit

LR R B ey i SRR
reefuipientibe aiemdeocdt WebHi wassjf_ﬁmmﬁqgﬁxeéscﬁmssmm
uga%'t,%fi% e§%%f&é§19&49&%&ffﬁﬂl'W%@ﬁ%@ﬂ#&%@@%&%(&%ﬁ&ﬂ@f
. the NS5A ChimigenTM_ Protein. Intected cells were collected by _
inserfRGEAvIASENG BeEl BRPRSNEN R TigE PeRBYEH P SRRESHIMAE Hifected
proeitied Bxcel wetadshsttspe peethsagia hrdogardanierd besado hérc@Brhtitysis
buffer containing a high concentration of Tween 20 (6M lo GuHCI, 50 mM
NaH2PO4, 0.5 M NacCl, 1 % Tween 20, 10mM S-mercaptoethanol, PH
ginizatenolpmteamerpnession Tween 20 was necessary for efficient binding
of the-hS%enE inige BV RiateiRstep s bt aresle of NeURSIMaNBREed
PP R N as SN AR OB 921 were seeded at 2 x 10° cells/mL and infected

with MOls of 0.5, 1, 5 and 10 and TmL of culture was harvested after various time points

post infection. Sampled cultures were centrifuged at 12000 x g for 1 min and the
supernatant and cells separated. Cells and supemnatant were immediately prepared for
SDS-PAGE analysis. The cells were resuspended in 500 pL of PBS, and 150 pL of the
suspension was added to 40 pL 5x loading buffer and 10 pL 20x reducing agent. Also,
150 pL of supernatant was mixed with 40 pL 5x loading buffer and 10 pL 20x reducing

-agent. Samples were boiled for 5 min and loaded onto a 12% SDS-PAGE gel for Western

blot analysis. Protein production was assessed to be best for NS5A Chimigen™ protein
at 36 hr and at a MOI of 0.5, for the NS3 C‘himigfe:nTM protein at 48 hr at a MOT of 2, and
for the multi-antigen Chimigen™™ protein at 36 hr at a MOT of 1.5.
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ice 3 x | min with 2 min intervals in between each sonication pulse. The
sonicated lysate was then stirred for 2 hr at room temperature. The stirred
lysate was cleared by 15 centrifugation (-27,000 x g for 15 min. at 10C)
and the supernatant used for affinity chromatography on Ni-NTA
SHPeMER 1B pression of NS3 ChimigenTM Protein and prepdfatiéh 8P eam1oss
| rysate.- Recombinant baculovirus encoding for HCV NS3 ChimigenTM
Protein of standardized multiplicity of infection (MOI) was used to infect
Sf9 insect cells for protein 20 expression. Sf9 cells were seeded at a
depsity of X 105 C IIs/mL 1n 500 mL of ESF 921 mediaina2lL
Pusiscation of elipl i %5 fcubated at 27.5 C with shaking

- Mmmsﬂahefmm@mm@a%maﬁmw&mﬁsmcabm HCV
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NS3FCDIRGSIY SRl Gl WRIRSPLorl ot MO 20 3 et

Western Blot analysis on. cel ysate as carried out for monltorlng

werg iniested vk e siamebe MieteEP- Thieels wetrhaurs ardedreefipythe
steofhiagate w&mwmﬁt&%g 9o9%|Q.JBgG MRS HRes ARNETM J

_ 25) f fresh cell p IIt ification of

B A A CaNel e Brars 7o CHEERRd with

Pt moiditiorlsdlmeiesoii iR bjeinics0ioalamivad 6 (260imecell
Cultupe.faf Sa0HBR) 1 ERIA M Cel M FRITIORS1IY, Qé&#&fﬁgeckman

GS-6R centrifuge. Cell pellets were snap 30 frozen in liqui gen and

vosteHog aR igoeZV9myets bt contaipinpriieb songRiabessET wermbZe M|
cegliptEanvaanPd.X 5980l aed TwiuemesiawasdessRaRsshan

200 mL of Id | buffer (6M GuHCI,
NG LR e R
ChimiptrdMIterrgnl toth2 30l lesm b bk essaspetsizdisaget fon mascrenicaiabdor
icd TUR o/ Y ROL A VI 2 H&k@eénc&‘eﬂ'}%ﬁ%‘?féﬂ '§§f§é”5rh?§8n§@é¥é3 Gsate

was moved to room temperature and CTAB was added to a final

waphe stigbiont hoat (e msiiirg dd e Aierd by stfvagjelsted & pH 8.00
ceBEhIRRISALE Ve iRaubatasiion2 fie) MhemiysaiRwascerlifupsd:iny 30
min at 15 OOOr 7 OOO 3 at |0C using JA 25.50 rotor in a Beckman

TRUARGEGB ycoe?ntrlfuge amd the Supernatant was subjected to NI-NTA

afflnlty chromatography 10 Large- scale expression of the Multi-Antigen
Exs on,of NS 3 Chimigen gteip spdgreparation of cell lysate

fan # e

Recombinant baculovirus encoding for HCV NS3 Chimigen™ Protein of
standardized multiplicity of infection (MOI) was used to infect Sf9 insect cells for protein
expression. Si9 cells were seeded at a densitjz of 6 x 10° cells/mL in 500 mL of ESF 921
mediaina2 L Erlenmeyer flask. The cell culture was incubated at 27,5° C with shaking
at 120 rpm until the cell density reached 2-3 x 10° cells/mL. For the HCV NS3
Chimigen™ Protein, cells were infected at a MOI of 2 for 48 hr. A Western Blot analysis
on cell lysate was carried out for monitoring the expression of the protein of interest. The
cells were harvested by centrifugation at 3,000 rpm (1593 x g, JA10, Beckman Coulter
Avanti ™ J 25) for 10 min at 4° C and fresh cell pellet was used for the purification of the

Tecombinant protein. Alternatively, cell pellets were re-suspended with the conditioned

media, distributed into 50 mL Conical tubes (250 mL cell culture for each tube), spun at
2,200 rpm for 8 min at 4° C in the Beckman GS-6R centrifuge. Cell pellets were snap

frozen in liquid nitrogen and stored at -80° C.
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|_ Four litres of ESF921 medium was transferred into a Cellbag and was
warmed to 27.5 C on a Wave Bioreactor System 2/10 EH. One litre of Sf9
cell culture at 6 x 106 15 cells/ml, was added to the Cellbag. The bag was
n d at 27.5 C with injection of air at 0.3L per minute and was
%@263%?%3 rpm. When the density of the cells reached toxfﬁ%%é'g%eomss
cells/ml, recombinant baculovirus was inoculated at MOI of 1.5. At 36
hour after infection, the bag was chilled on ice and cells were harvested
by centrifugatlon at 4500 x‘g for 10 minutes at 4C. The cell pellet was
susp r}{j? ed i in.j %ib oId P Haf‘ﬂbtr %Lerr |nto 50 mL conlch
tube Feflt‘fonP eéin cu ure pe fl Fpe Was R ecREre
Oibiy%rer&ﬁ?ﬁ‘ngaqﬁﬁeee@@b@l&@ﬁ@r Oy rividtds1abad! Nepd pénddwas-H6ken
fﬂ?r digtehidaiiguig PH{ 5@&4\‘%% stprag: B0 ESFARERIH se.

ozen Sf9 cell peIIet rom ure was suspended in 20m1 1X

Sﬁeég 3% 4ok ARLFPDIEH AN BT B tE i T8N sendineeitiibatet
coofirg enfamasints. Wmﬁdmfd@edmaﬂemmdmeﬁem ahd 2 .0Bnithx
stirred. at.roo e r 30 o red 1o
(%'69 Wlﬁ?{é%: e (t:rgﬁ rlflE]et?T‘(’)PﬁOmer E;\g?fl ugérn t%ri?fgot
angyHe ﬂeﬂmfe\veﬁ @ﬁm PRk hvadhauspintes qwmfmleqi fw@eun % Tween
12000\ BICke - VE RTA. 1 840 FhpiRH MasHaiskeia 129t uge

reduced to 8.0, as 39 described above, The supernatants were pooled

“%MW@%%&WW&W@@W%WQWMSM

PCT/CA2006/001685 Tween 20, O 1mM EDTA 10mM

1&9 cell peIIet from 500 ml culture was suspended in'50 mL ice-cold Lysis

bUff@ﬁWW%M%& fney Q@Eﬁbﬁgs?ega/ %ﬁih@ggb&ﬁ'

The ce ysate was sonic e times on y..Sonicator

i go?ﬁ(? W&”fﬁ‘%ﬁﬁ?&ﬂs‘ﬁﬂhﬁ %é@‘r‘? EBW&%&&%&W %

celfiial ceaceidtdhtioth<l Te)liznpd Thelys ates thars istinhechdat ZWﬁ)iﬂsvah uopmuon

of SR Y& RSAURIARICHIAIES 40 1S YPRLE WEHEH “i‘t%‘&"t%g s
centrifugation at 39,191 x g for 30 minutes at 4C and subjected to Ni-NTA

regcmeﬁtgpgmépn éfél@{tgbp@cc{%nnant baculovirus was inoculated at MOl of 1.5. At

36 hour after infection, the bag was chilled on ice and cells were harvested by

centrifugation at 4500 x°g for 10 minutes at 4°C. The cell pellet was suspended in ice-

cold PBS and then transferred into a 50 mL conical tube (pellet from 300 ml. culture per

- tube). The cell pellet was recovered by centrifugation at 2800 x g for 15 minutes at 4°C.

The pellet was frozen imzhediately in liquid nitrogen and was stored in -80°C freezer until
use. _ .

The frozen S9 cell pellet from 250 ml culture was suspended in 20m] 1X PBS,
1% Tween 20, 50mM DTT, 5 mM EDTA, pH 8.0 and incubated on ice for 30min. The
PH of the lysate was adjusted to pH 12.0 with NaOH and stirred at room temperature for
30min. The pH was lowered to 8.0 with HCI and centrifuged for 30min at 39191 x g.
The supernatant was removed and the pcliét was suspended in 20ml 1X PBS, 1% Tween
20, 10mM DTT, 1 mM EDTA, pH 8.0. The pH was raised to 12.0 and reduced to 8.0, as

- described above. The supernatants were pooled and dialyzed against 20mM Tris, 0.05%
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Expression of HCV Core Chimigenm Protein an d preparation of cell
lysate HCV core Chimigearm was expressed in two systems.
Recombinant viruses were generated with co-transfection ofpPSCI2-HCV
core (1-177)-TBD and a linearized baculovirus genome in Sf9 cell
WQ&?&Q’ &d and amplified. After optimization, Sf9 15 Culuhgi?év%zreénsmmss
‘infected at MOI of 5 and harvested after 50hrs of incubation at 27.5C.
Recombinant viruses were also generated using the Bac-to-BacO system
by transfection of E. coli DHIOBac cells with pFastBacHTa-gp64 HCV
core (1%77)-%@]? Recombinant bacmid redsolaed and uspdta o
R M BB TR TR S D B T e Tt o,
hydisiaieid atamnctidotiobmfogtPhys at 27.5 C before 20 harvesting by

cengrif iQn. i ial
H %ggﬁ:g}xo %ﬁﬂgﬁ%ﬁaﬁ{ﬁ%&&%@%ﬂ I\ iBeRS AR IR re

describ ) er Chimigenrm Proteins and subjected to Ni-NTA
wassfisepded o Humlgienryld Risbatiamly SHidacEr ]
Ca}uglﬁet@,\y@% mdﬁ&,gﬁm(?. fIfhé\EEll‘li\ 1§su?]ewismgumrﬁ@c?imsmmmd ;

volume per2.5L.c ult t) that een equili ed wit e
SR GRS ol e ST s Szt A Eng e
(fired nbairitcation U268 Holserc2rs(8iviad fid € hoses gl KeMRIRPTHWS. 5 M

msg\{g% 2%%{(&5&%%@&&9 DM Smeraepieethanehidh & o) oniily for 30

and then with the same wash buffer containing 15 mM

mifirsas 41E g Tobigeed i RANTA R SHERPREIPY mI bed volumes of

007/041861

PCTTCAZ00 e he Tractions, am%ns. containing
elutétoptoteirChisripgddlwas anpreissy bidu sgtamst Biengaiaumifeingse Here
B e i uftrs et o wil
baclROATIEFEREA 1 HHLAFA RS FGIATO P AR SR e O PR o S
cuBl@lianizesBrayita AV b gnbiRrt kG ptac 0B CUISAPEEONGN IR BN the
R Cgéﬁ% a&s peavanger ey &%9&%’&}%%&%@% adpddZamM inal), ieHordudfer.

xchange Chromatography zed NS5A Chimigen3

~ of BrotdiRBdfBanhelssuitipBeaBroHEa sPAHRY o Gty dHPomatography

RVGRHNENE BASRRE QYRS ERREED) (S HRBTEAT o sUIl SR wike (@ombinant
bacu!ovimses.‘ S£9 cultures were infected at an MOJ of 5 for 4%hrs at 27.5°C before
harvesting by centrifugation. Lysates were prepared in essentially the same manner
described above for other Chimigen™ Proteins and subjected to Ni-NTA affinity
chromatography. |

Ni-NTA affinity chromatography

The cell lysate was loaded onto a Ni-NTA superflow éolumn (10 m] resin bed
volume per 2.5 L cell culture pellet) that had been equilibrated with 10 bed volumes of
1ysis buffer. The column was washed with a wash buffer containing reduced % Tween 20
(6M GuHCI, 50 mM NaH,PO,, 0.5 M NaCl, 0.1% Tween 20, 10mM $-mercaptoethanol,
pH 8.0) until Az50<0.01 and then with the same wash buffer containing 15 mM imidazole.
Target protein was then eluted with 10 ml bed volumes of efution buffer (6M GuHC|, 50
mM NaH,PO;, 250 mM imidazole, 0.1 % Tween 20, 10mM $-mercaptoethanol, pH 8.0)

75



10

15

20

25

30

ml bed volume/2.5 L cell culture pellet) that had been equilibrated in
dialysis buffer. The ion exchange column was washed with ion exchange
wash buffer (8M Urea, 20mM Tris, 0.05% Tween 20, 25mM
S{@/enedlamlne IOmMmM 9-mercaptoethanol, pH 8.5) until A280 < 0.01.

&ML then eluted from the column with 10 bed volumgst B 08001685

buffer 15 containing increasing concentrations of salt (75 mM, 150mM and
- 500mM NacCl). One bed volume fractions were collected. The NS5A

ChimigenT™ Protein eluted off. predominantly in the 150mM NaCl

fractions. A contaminati %proteln of slightly lower MW eluted off at 75

in, R OB ot S SRt ETY A e BleRcirR BripRetr At e diately
dialgsirest danmkddisis hﬂﬁaﬂ(ﬂﬂnq&m Nﬁlzﬂﬂm%hﬂaﬂmﬁﬁ)ﬂb% mM

el W R T, R R e

mibdeei fréelvsized pmmwm@w@mmm td tit¢ Profifie dUnN@5¥s dmomzed
wit] NRIOENEN RERteigy élé SEret st Ao Periydhenruylicalonafihe NS3

Chimigen3 Protein, C harose3 Fast Flow matrix was equilibrated

etW?ﬁ@W%&’?ﬂ@ﬁ?ﬂl%&)hg R4, 5MM 25 Ethylenediamine,
0.05% (v/v) Tween 20, | OmM DTT pH 6.50. Protein was eluted using a
Io|x'1 2l rad ntélo to 0. %M) of sodium chloride in the same buffer at a flow
s containing the protein (25-50mM NaCl) were

pooldike Tiwdymaed mm@hm@m RretedrRpotein reontapiérmeaehby Migdilived

TA coI MmD yas further urlfled iTr
usﬁ % p 0 ers?sl%ed{{ e%a)/s rﬁl @%‘# tX§ |n e utlolhﬁﬂgger
mfm \NIW/X affintly @ﬁ%ﬁm%}amyaﬁém@n@éﬁrmém@a&ﬁ%m@nﬁe

o/ lenkm MW 39:0001aandieR thgbuHer was: AR 200HNAR01
PCT/CA2006/001685 exchanged to Buffer A (8M Urea, 50mM Sodium.

025 Arbre 20 h I FHsRIBiRMIRS; 1M vasicopiopibrat) PBr 8 iHmhka 2w

< lmadegquiin wdrt TiapeRd Xos ohd v hua with reieddvishubRs vl whduiieeA,
at flow-rate of. 60mL/hour The unatil
R Re e L A9 S AVGERE ol Mol O

b@unbunefrfmm@sm@%caléﬁ@dmwmﬁ%@m@@wmﬁlwnﬁqm Sodium

predUREIgaN PR P Y@J@f‘?ﬁ%mbﬁ@VAr%Wa@ﬁﬁ%ﬁ Hrhigeal; Mu%’; @tedp
was eluted. in the flow- throug fractl ns and in fractlons eIu ed etween

M) SIS 5 NS, IR pRged and dialyz

immediately against final dialysis buffer { lSOmM NaCl, 10mM NaH,PQ,, 0.05% Tween

20, pH8.5) at 4°C. 2L'per dialysis, with five changes dialysis buffer. Dialyzed proteins
were filtered ﬁﬁough a 0.2 pm filter that had been pre~-wet to prevent proteins sticking to

it. Purified NS5A Chimigen™ Protein was stored at 4°C.

For further purification of the NS3 Chimigen3 Protein, CM-Sepharose3 Fast Flow
matrix was equilibrated with 8M Urea (de-ionized), 25mM NaH,PO,, 5SmM
Ethylenediamine, 0.05% (v/v) Tween 20, 10mM DTT, pH 6.50. Protein was eluted
using a linear gradient (0 to 0.6 M) of sodium chloride in the same buffer at a flow rate of
1 mL/min. Fractions containing the protein (25-50mM NaCl) were pooled.

The multi-antigen Chimigen3 Protein containing sample captured by Ni-NTA

column was further purified by HiTrap3 Q XL ! ml column using AKTAexplorer3 100

FPLC system. The protein in elution buffer from Ni-NTA affinity chromatography was

concentrated by an Amicon Ultra-15 (MWCO 30,000 Da) and then the buffer was
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10 Superdex3 200 preparative grade was packed in a Tricon3 column
10/300 (1 x 30 cm, Pharmacia Biotech) under the pressure of 3 MPa
using AKTAexplorer 100 FPLC system (GE healthcare). The column was
washed with 100ml of 6 M Guanidine, 50 mM Sodium Carbonate, pH 10.
&8 MG lysate containing the Chimigen3 multi-antigen ]f)%fgf}%%g 01683
loaded onto the Superdex 200 column. Protein was eluted by flow rate at
30 15 mLJhour and 0.5 mL fractions were collected. Protein elution was
monitored by the absorbance at 280 nm. Hydrophobic interaction

hy,P. [-650C T ' 0. .
SRSl Al a7
TveeqwiRBy até d0)itrednmaHoaleimaiiog blifiep Q.1 X1 ®iwpe, Mgdnied with
sclrisiare A B AT EhintidR.at Al GRREE RUAtamA! Rild M@e added

into the 0.5 mL lysate containing the Chimigen3 Multi-antigen p[oteg] and
unleA e AR EIAR RIS NP Aok IR Were ey GRera s epten, trom
10t miffateos to/e0eucmucked, ButervritihataiSatidt Oiorifeni(29, ddimng,

JA2 rotor, Beckman Coluter, 25 Avanti' J-25 centy 020

Vorr%ﬁ b ‘eg Ie“%%‘p%nrtﬁga z;%%‘ was loa é%%ﬁ%%h%uéo L}Jn mgrllgtg{k%ﬁ)ﬁv%graée of 30

frapfighoanrdsy Geatiimsttbuedtiversendfmwas’hBnizmBhed with 10 mL HIC

binding buffer and protein, bound on the column, was eluted with 5 mL

HIC elution buffer (8 M_Urea, 50 mM Ethylendiamine, 0.5 % Tween 20,

Sige Fxglusion Chamalogionsi 1861 PCT/CA2006/001685 Biochemical

‘evalugiigndek protisaiahinvigeadewky piekiod hherconeaihatin ne/s0)bieins
were estimate ing the, Micro BC ratein. a -reagent kit

A TR LS TEES e D A 0 PFLC

system (G urdthcarEo IBDRIPMGEaraihsibwitlid@eres! of pififranphsteismM

SYURIS eaRtied By adding,oxrsiRit{oasinenisiins enthax RRMENGigen

agent and boiled for 5 mins. Denatured proteins were sefarated on 12%
Promis yatjerisaniribe Srparer e galuihe & Semuer At Y JeB rsat 30
mufier the conslilipnaiprowerddisiha. nrentiaciuien wo miitsiedbplbt

ban%lt’);%is, E[)#géeins were separated by 12% SDS-PAGE and to
ASRLHEBIBred Bfito Hybond3 ECL3 nitrocellulose membranes using a

buffer containing 48 mM Tris base, 39 mM glycine, 20% methanol and

HQCQ%%’C%QéaCEBQ (Eﬁ%mmv

Phenyl-650C Toyopearl® ( 0.5mL, TOSOH Corp.) was packed into a Poly-prep
column (Bio-Rad). The column was equilibrated with 20 mL HIC binding buff_er (0.1 M
Tris, 2 M Sedium Chloride, pH 8). Sodium Chloride.at final concentration of 2 M was

added into the 0.5 mL lysate containing the Chimigen3 Multi-antigen protein and the
extract was diluted with 3.5 mL. HIC binding buffer. Insoluble particulates were removed
by centrifugation at 18,000 rpm (39,191 x g, by JA25.50 rotor, Beckman Coluter
Avanti™ J-25 centrifuge) for 20 minutes. The supernatant was Joaded onto the cojumn
at flow rate of 30 mL/hour by gravity flow. The column was then washed with 10 mL
HIC binding buffer and protein, bound on the column, was eluted with 5 mL HIC elution
buffer (8 .M Urea, 50 mM Ethylendiamine, 0.5 % Tween 20, pH 10.5).
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were incubated first in blocking buffer (1% skim milk, 0.1% Tween 20 in
PBS) for 1 br at room temperature. Antibodies for detection were diluted
in blocking buffer to the desired concentration. The membranes were

[ ith the diluted antibodies for | 15 hr at room temper. [ _
(%p#s%@ﬁ&m%ﬁg. After incubation with each antibody, the me?ﬁ rgl%xé\%ﬁs? 1685

. washed three times with blocking buffer for 10 min per wash at room

temperature. Detection of proteins was performed by chemiluminescence .
with the ECL3 Western blotting detection kit and exposure to Kodak

BM%J&%&J%&@;E% %e %uaii;@tg?' e detection of glycosylation of
- proteins, the Pro-Q(r) otein Gel and Blot Stain Kit

deveﬁ}ﬁéanﬁ?me@sﬁﬁpﬁdbeymeetm Fhig thithdmoiRCistent dtsin
2s88REHR R GAPRRYI e RRRIA SIS IRRAEAIRT YR SrEAdE o mEe!s

or on blots. The stain’is compatible with most total protein stains and if
ma‘é‘gﬁgﬂf“analysis by mass spectrometry. A bright green-fluorescent signal

is pradused-RAGE thelsiai slipati syl Rarincales widizetsracbohydoate

roups,.detecting.as little as 0.5nqg of 25 glycaprotein per band. The, stain

S P R ] SRR Sl BRI B eni
Prateine faaLsenaitfmn 4 250 SO npkyatorueidsigslityrd ves gl eke g thmntidenidh

raEEAMGaneIN mole o olAAldEhe standards consist o

ternatig? glycosylated and non-glycosylated proteins servin%éas positive
and RepMRERMaGRaEEpRtER Y e temRl ity SIYSSPREAWH me

 clRRBIDRABRICHINRAB! A3 fixest aNonminbaidLaad DRaraselsaaids

overnight. The gel was washed twice for 20 minutes in 3% glacial acetic
SR I

VO e BkidRtonsihar BEGOrg Cotitbor IsneaRaEs

w#d o280 Tiedib88dc B TH A2 016/00mh 6k, il RO0Mmdan BEsn THBS pfel Was

' : [ ith. 3% ial | 1d-foll db
i B e of

despredipanerBEaficth cTaamembragt e e ted wilh tediwad matberssdor 1
higieeiahacatieraaeivini et isegu ke RRiaitnagingachN@itibody, the

excitation/emissign, max of the stain js 5,280/530 nm with the most optimal
e R R S R R
te@pﬂ@@emcﬁmgém)mn@ﬁmmﬁomqamd}mflenﬁwmgesmfﬂv\meéicm
wWiBHRRleg ﬁL{éQ&!;ﬁ%?%&gI&g ¢ '@d@ﬁ?ﬁ%@%&ﬁ?&%ﬁ&ﬂg PBMCs

(peripheral blood mononuclear cells) 10 PBMCs were o y

Ficol _p{%&l&@i@]&i&f@ iéﬁ%@ﬂtﬁf@@@ﬁ&‘fﬁpé of proteins, the Pro-Q® Emerald
300 Glycoprotein Gel and Blot Stain Kit developed by Molecular Probes were used. This
kit can be used for detection of carbohjfdrates on proteins separated by SDS-PAGE in
gels or on blots. The stain is compatible with most total protein stains and if desired,
analysis by mass spectrometry. A bright green-fluorescent signal is produced when the
stain reacts with periodate-oxidized carbohydrate groups, detéctiﬁg as little as 0.5ng of
glycoprotein per band. The stain is a modification of periodic acid and Schiff methods
and the manufacturer claims a 50-fold greater sensitivity level. Included in the kit are
CandyCane™ molecular weight standards. The standards consist of alternating
glyhcosylated and non-glycosylated proteins serving as positive and negative controls
respecitvely. Following the SDS-PAGE of the protein sample, the gel was fixed in 50%
MeOH and 5% acetic acid overnight. The gel was washed twice for 20 minutes in 3%
glacial acetic acid, followed by glycan oxidation in the oxidizing solution periodic acid
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leukapheresis preparation from non-HCV-infected individuals having the
HLA-A2 haplotype (Biological Specialty Corporation). PBMCs were stored
in liquid nitrogen at 3 x 107 cells/cryovial in freezing media (50% Human
AB serum, 40% AIM-V(r), and 10% DMSO). 15 Isolation and
feeNYRE8H of monocytes to immature DC (dendritic cells) FBAE¥HEpa0ES
cultured on 100 mm tissue culture plates (BD Biosciences) for 1 hr at 37C
in AIM V(r) media with 2.5% matched serum. Following culture,
non-adherent cells were removed and the plate washed Wlth AIM V()

media. The adherent cell 20 the Itured WI fA
for APy mimdes Lageetras ssﬁﬁ%mae&% 3(1 ﬁﬁ;ﬁ%f

' acﬁaenm“auwmmmdg@\ﬁ%um@aem&memmnmmmwﬁ inarhatime

S were ob from culturing manocyt smt e of IL-4 25
of LB R s i R A I AENES, Rale S M8l sl
acxﬁasﬁeoﬁahaemwetkwmmdm Ebataiviindon Boisvvatshas dfsbegtaln 1s

288 GH VR WaS BRI PHRRERCIS-BAGRRN AR brifteretianling and
(Invitrogen) containing 0.1 % (w/v) BSA (PBSB). The cells were used to

SR S IR PR S S R R T a ER rRTrOrr P OB AR T #TE:
phenotype of the |mmature DCs was assessed by labeling for various cell
surfa e3 arkers inclu li PlG CD206, HLA-ABC,
, 14 Tic, CD3o, ;, CDZ40, CD83, CDI9, CD3, and
P b Blegiedel For the binding assay,

a Stﬁﬂﬁiwa%@am&ﬂb@tﬂ&m basiprabations.

Cells were incubated for 60 min.in

ARSI PSR e P AP B ‘W&% Hiae
hapait;ﬁuemm@ﬁcaweﬂmbgmm@m WBMGthee(sfoZ&lh)lﬁmtamdigadm@

i f G
rantl ?gp é_y%#% B E’dlgété@ GP%%H min, fo owX @nggg%@?gﬁ

DBS@in. Cells were resuspended in PBSB containing 2%
paraformaldehyde (PF). In experiments using NS5A ChimigenTM Protein,

the hin |n w scLatec ed W|t a rabbit antl NSEA g!on anti de,
goat le rent t} qué/ &tcce

resuﬁﬂéﬁﬁeﬂqw am«mntam Q%le culture plates (BD Biosciences) for 1 hr
at 37°C in AIM V® media with 2.5% matched serum. Following culture, non-adherent

cells were removed and the plate washed with AIM V® media. The adherent cells were
then cultured with 2 mL of AIM V®/2.5% matched serum containing IL-4 and GM-CSF
(1000 TU/mlL of each).

Binding of HCV Chimigen™ Proteins to immature DCs
Immature DCs were obtained from culturing monocytes in the presence of IL-4

and GM-CSF for 24-72 hr. Following culture the cells were harvested, washed once with
AIM V® media containing 2.5% matched serum, followed by two washes with
Dulbecco’s phosphate buffered saline (Invitrogen) containing 0.1% (w/v) BSA (PBSB).
The cells were used to evaluate the binding and intemaliz;ation of Chimigen™ Protein.
The phenotype of the immature DCs was assessed by labeling for various cell surface
markers including CD64, CD32, CD16, CD206, HLA-ABC, HLA-DR, CD14, CD1lc,
CD86, CD80, CD40, CD83, CD19, CD3, and CD4.
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1o paraformaldehyde (PF) and cell binding assessed by fluorescence flow
cytometry (FFC). Characterization of DC receptors for ChimigenTM
Vaccines using inhibitors of binding Immature DCs were incubated for 60
' in PBSB with anti-CD32 mAb 15 (IgG2b isotype), anti-
E?gwé?%’%y‘& , or isotype control mouse 1gG2b or IgGI mAbs,]?g{jl&g&g%01685
Subsequently, the cells were incubated with ChimigenTM Vaccines in
PBSB for 60 min at 4C. Following washes, the binding to the cells was
detected by FFC analysis using either biotinylated anti-mouse IgG1 mAb
or biotinylated_ anti-6xHis mADb followed by, SA:RE-Cy5. 20 Eluorescence
Tow S B EAED AL RS Con PR ot T EAC LT
inditiedbnst FCEl B QuestcBratacio o in MBS atbisasoitwensgEBtions of
RigscisnseRlafdaleNRRaSAN Na e hnoRvielianan istermined
¢ y Fneé F&? alrr%SSCcsca er p??%file gnd ‘>_20%%% events, were acquired.
botfpra phdreiraglmeshacinbpSerivi binfing aecdsisriatdy fenpeiigneldbe
ceffelSHasb SRS m¥eRSupOB HELllE GaNY ahubti) - PESpsItREmElS of

ontrol) : he relative fluorescence intepsity (MEI 0
B L b o
patifitigehidhpte(fi)a lorpssaystt ApREN A ChindamBLrtsin dbehinting
wiT NS SRAAISELR Tkt CRYS A8 R RIRIRBEAIE GoaYandd VB 3G Motin,

assays quantify functional T cell immune respaonses and the ability of 80

SANRE-S0B pambimssieP Crlis AorsusToepreds! Bt senitiB@iature DCs to
patafbyer pepjie @iy andfcan igetingpesifiedbedlisrdseents doaduyerrtly GEC).
differentiating PBMC-derived monocytes to immature DCs, loading the

immature DCs with antigen (ChimigenTm Protein or TT), differentiatin
the ifimattenzdlOsafiIG aneept VT Ahdmizen ¥ Viacdingstiaang, hibi
bi&ﬁ.ﬂ'gen-loaded DCs together with s autologous native T cells. For
activation and proliferation assays, T cells were zed after. 7. days of
cult FEmEBF RGBT oR R A i %é&fﬁ@ ﬁ”lﬁjh s“wé?ég ®
(Igtizeulatestlysahdaliton dbtinestyit), antigepdcanted mgmafaﬁhe
RGN, O E N N3 HRNAIS B (B1EN AAAP HaEL Rl Des for
assessed. Specificity of T cells to antigens was assessed with sépecmc_
SOMHICEHISSs Fellpaing Fﬁaéﬁ‘eﬁéhfdﬁféﬁgg to the cells was detected by FFC analysis

using either biotinylated anti-mouse IgG1 mAb or biotinylated anti-6xHis mAb followed

by SA-PE-Cy5.

Fluorescence flow cytometry (FFC) analysis

Cells were acquired with a FACSCalibur fitted with CeliQuest Pro acquisition
and analysis software (BD Biosciences). A gate was set on the viable cell population as
determined by the FSC and SSC scatter profile and 220,000 events were acquired. The
p.ercentage of specific positive cells was calculated as: (% positive cells test sample — %
positive cells control) / (100 — % positive cells of control) x 100. The relative mean
fluorescence in;tensity (MFI) was determined as: MFI of the test'sample ~ MFI of the

control sample.

' Antigen presentation assays (APAs)

APAs are used to measure the immune response of T cells to antigen presented by

APCs. The assays quantify functional T cell immune responses and the ability of
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10 Generation of antigen-loaded mature DCs Immature DCs were
generated as described above and incubated for 8 hr with antigen or
buffer (control). The cells were then cultured for 16 hr with the maturing
agents poly IC (20 glmL), recombinant human (rh) IL-10 (10 ng/mL),

rWDNIPLEKEE®S IngimL), rhiL-6 (10 ngimL), rhIFN-aA (1000 UImE¥; TH42006/001685

rhIFN-y (1000 U/mL). The 15 extent of maturation of the DCs was
assessed by phenotype analysis. The cells were labeled for various cell -
surface markers including CD64, CD32, CD16, CD205, CD206, CD209,
HLA-ABC, HLA-DR, CD14, CDI Ic, CD86, CD80, CD83, CD40, CD19,
alipa- @D meiureDds Phednvapmidestivy of avigtadm®aiofardivaBived and

pldisred itk &?f&?edﬁ&’éﬂdg%ﬁd“%%h RRMG (RarRbsralR'9Rd. 1oading

mononuclear cells-derived T cells 20 T cells were isolated from PBMCS

thsyrragietr DGe i srPge G pierml Bvetenr TE A Essativineduchomagre
D@@vﬂmgeﬂ:)mﬂkommgléhemamg‘ammm pmgeﬂ&wﬁemamﬁgeﬁw&sﬂere
a&%%é;oﬂs%%mef BRARNd et eahng gm?? o% é’sfsthe ﬁso'ﬁted cells iﬂNy%e%

Sse phenotype variety arkers. T

a%@ﬁsiamfsgulwmﬁpgéda@@aéﬁthﬁhfgmmﬂdén%%ﬁén E@pﬂﬁa’rmﬁ The

kRIS EE.GHRABRIARRIRA AR M &f&&é%ﬁ@@k@@@ £ astiﬁgdqmgilwfto
cell culture with DCs CF abe ng of T cells Freshly [so ategwﬂﬁlls

T8 TG ey SeiAE PEs S
agig:eh@ﬁm&i@b;qseépa@eba@fgjmtmmgtsmkembupmmiﬁFSE.
Following an incubation for 10 min at 37C the cells were washed

extensivelnith B8LWS R AL bECT/CA2006/001685 serum

containing media (AIM V(r)/l 0% matched serum) to remove

. uninderpetae B CrEE CrRSEbsalnerbrdabens wadewied ety mit.
aftiglh @ Qiﬂ?&mﬁt}%ﬁj Mbe daiivedducalls.tuesl fonvey Brinauntechidthe

O B T R TS %%5%@5?}@’&@‘?%%@1&%%?@%4
nmprmnieﬁa(uomwm,ekwﬁm PTGl et HENe<IO0er1).dEls
eﬁ@ﬁ% Zﬂ%%ﬁ%%%ﬁ%@ﬂ@yggséé%y 5§U: functior@pd sresificity

APA experiments, T cells were culture 1%%8 and then restimulated

lapirdfRtianens ek dunka metsess inrinding ﬁi]?é& n SRR GHH0? G060
Chhedl 4rdayasdiumed DeetDwe renines) Spisirtosya@D)3, CD40, CD19, CD3,

CDR, and CD4. The matured antigen-loaded DCs were washed and cultured with T cells.

~ Isolation of human PBMC (peripheral blood mononuclear cells)-derived T cells

T célls were isolated from PBMCs by negative selection using a Dynal Biotech T
cell negative selection kit (Invitrogen) following the manufacturer’s procedure, Matched
sera were used in place of BSA and FBS. The phenotype of the isolated cells was |
assessed by phenotype Iabeling for a variety of cell markers. T cells (CD3+ cells)
comprised greater than 98% of the isolated population. The T cells were either labeled
with CFSE (see below) or added directly to cell culture with DCs.

CFSE labelling of T cells
Freshly isolated T cells (1-5 x 107 celis) were suspended in 500 pl of PBSB and

- mixed with 500 il of a freshly prepared 10 pg/mi working stock solution of CFSE.

Following an incubation for 10 min at 37°C the cells were washed extensively with
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to groups (intracellular cytokine (ICC) plate and tetramer plate) and
stimulated a third time with antigen-loaded DCs. Brefeldin A (BD
Biosciences) at | gg/mL was added to the wells of the ICC IFN-y plate
and the cells cultured for 6 h. The expression of IFN-y, TNF-a - N
B‘fﬂ H4L% % ssed as outlined below. Tetramer analysis was %%ﬁé?%@ 01683
five-six days following stimulation as outlined below. 15 T cell activation
and proliferation analysis For the activation/proliferation APA, T cells were

harvested after 4 or 7 days of culture with anti gen-loaded DCs. The T

cells were.assessed, for ression,of CDG9 (early activation marker)
S R A A R L e OB e
Chith aFSiaglpg cditrdipgap podiyged byl Brfi-CD69-APC. Using buffer 20
control samples the population of T cells that had not undergone any
doubligg:veas haaniifretlTdisipaphiaiien labeled with a high degree of
fluorescence detected in the FLI channel and was designated as CESEN'.
Cell psfitattRdmRekdFihaaigentonulsd BRITOR R atres of P MEY of
cdier RS E RO DD siorel Similavl i aropstatisnscthsd-had EvrdbeJorll two
lvisions had roximately 25% (4 times,less) MFI| of the CFSEh_
S P S e LT e g 7

popula udrescence lower

ddygofesburceambeiovdskmabed aell frsion suhspesticdtly P8P tapBHBRkdT

cdiRWcRaGaruns 7ldphannatiivresoeneaRdntpiidRe-designatec and
CFSE- (CFSE negative). However for purposes o experiments

the
oA der AR A tomL Tiae: A dtdp FERSER G ST ARTLBHL IS BRsE:
gr@iple@sieatulae habkiso (1l G MORDRTHET Phetel 4:d AHARDEE/ 6 CHLABIMT
] activation quantii Ig 2SS £
PR S B AT g R
webiRfisiois 61Ty Peicand thessils riredireDs TheetmessinofdiRive
TREMPEEOhHITh GallSifess &P RApME BRONAT BsRIaSHRE HOW B 9eGormed
studie %yagor}pe Fro ortion. of cells wit 'allaV(,ger diameter (FSCM) and 5
ﬁ‘v’\?ﬁ‘ﬂxgqs S QiR DA Tompared with the small (GO),
resting cells in the population Detection of Intracellular 1FN-y. TNF-a. erB
and SR ARG PO IETUOT I YHE
sering PILeRse. A0 ARG B AB B LARG Sl BPARE EHOP days of

232:858-861] as *611 as th%fore-forming i
culture with antigen-loaded DCs. The T cells were assessed for the expression of CD69

(early activation marker) and CFSE intensity (degree of proliferation). Harvested cells
were labeled with antj-CD3-PE, anti-CD8-PE-CyS5, and anti-CD69-APC. Using buffer
cohtrol samples the population of T cells that had not undergone any doubling was
identified. This population labeled with a high degree of fluorescence detected in the FL1
channel and was designated as CFSE™. Cell populations that had undergone one division
had half of the MFI of the CFSE™ population. Similarly, populétions that had undergone
two divisions had approximately 25% (4 times less} MFI of the CFSE™ population. Cells
with a CFSE fluorescence lower than the CFSE™ fluorescence were designated as
CFSE‘é. Some of cell populations had near background FL1 channel fluorescence and
could be designated CFSE- (CFSE negétive). However for purposes of the experiments
outlined here T cells were considered CFSE™ (no cell divisions) or CFSE® (at Jeast one

cell division).
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protein perforin (pfn) [Hameed et al. (1992) Am. J. Pathol. 140:1025-1030]
were quantified using a standard ICC (intracellular cytokines) protocol

(BD Biosciences). In brief this consisted of labeling the cells with specific
fluorochrome conjugated mAbs for detection of CD3 (anti-CD3-APC) and

COB2anti4BRI8-PE-Cy5), followed by fixing and is permeabliz&Ga¥C Ae5/001685

cell samples were then divided into two samples, one of which was
incubated with anti-IFN-y-PE antibody and anti-grB-FITC antibody and the
other with anti-TNF-a-PE and anti-perforin-FITC. On average between
20,000-100,000 cells per sample were acquired using a BD FACSCalibur.
20 Tetramer and pentamer analysis T cells were labeled with
anti-CD8-PE-CyS, anti-CD4-APC, and anti-CD69-FITC antibodies and
one of the following PE-conjugated iTagrM tetramers (Beckman Coulter)
or pentamers (Prolmmune): HCV NSSA (VLSDFKTWL; SEQ ID NO:3)

e%ﬁ(%d&é}l%é&ﬂkép%ﬁoﬁ%dé CVNS3

fide CWTV:; 2 *020 S3 peptide
oo e e e

Sy nteresty AU 'ﬁﬁéﬂﬁz)% prlatTA ey eObaoelis dna CWéﬂi"ﬁﬁﬁ@lF@ﬁ using
etpeef A ARKb LB MBS B0 bl é@a@g@ﬂm&m&m"‘é\nﬁlyss of

i BUAENIL R ol dindinesy injaraalzalion anth eEesRssRYdY anfocal

microscopy Binding, internalization and processing of the ChimigenTM
m“by immature DCs was studied using confocal microscopy.
Immature DCs used in these studies were 5 obtained by differentiating

- adhe mpdc Mg_dmmnomm fem ahdipis in the presence of GM-CSF

and liggd ;b&ugwm SRR NG RHAN R R aishesseldm. On day

7 '”"”aéi P S T

ns@*mé@ﬁoee |@&)&quﬁet 8l Péﬁ}rh*el dathely iﬁ&d@%%é%ii&ﬂ@rand
quantkoleny a sanladind rhindinguofyGhimigesdiv RD BidenRe). skrfaces,
trRYSHREREr BALe LM il éxwfm%rp %9&@?&}4@95@ Layitkypbffer only

a.ne I BS Flf dcgsfte ells were washed
(?afﬁ 9@%@3531%%%&%8 C%:B |o irylatée % f{’r%ouééfe 33/
W@wsmmmmmm@m@mmwam r’éuc was
incubated with anti-IFN-y-PE antibody and anti-grB-FITC antibody and the other-with
anti-TNF-0-PE and anti-perforin-FITC. On average between 20,000-100,000 cells per

sample were acquired using a BI) FACSCalibur.

Tetramer.and pentamer analysis

T cells were labeled with anti-CD8-PE-CyS5, anti-CD4-APC, and anti-CD69-FITC
antibodies and one of the following PE»conjugatéd iTag™ tetramers {Beckman Coulter)
or pentamers (Profmmuane): HCV NSSA (VLSDFKTWL; SEQ ID NO:3) HLA-A¥0201,
EBV (GLCTLVAML;SEQ ID NO:5) HLA-A*0201, HCV NS3 peptide (CINGVCWTYV;
SEQ ID NO:4) HLA-A*0201, HCV. NS3 peptide (KLVALGINAV; SEQ ID NO:6)HLA-
A¥*0201, and a negative conirol tetramer (multl-allehc) Approximately 100,000 cells
were acqmred using the FACSCalibur,
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performed between each step. After labelling and washing, cells were
fixed for 10 min. 15 at 4C with 4% paraformaldehyde (made in PBSB).
Slides were then mounted with SlowFade(r) Gold antifade reagent With
4',6-diamidino-2-phenylindole,dihydrochloride (DAPI; Invitro
été%?%t.%%‘t%re sealed onto the slides with nail polish. Interr%eﬁ gﬁ&t}og?omss
ChimigenTM protein (5 Tg/mL) by DCs was studied either by- directly
incubating the cells in media containing ChimigenTM Protein at 37C (7%
C02) 20 or by first Iabellng the surface receptors at 4C in PBSB, washing
awayth unb nd ! e of the reé:eptor
D ; L5 Fat37C

Mﬁﬁg_mm V(r)/2. 5% matched serum medla CeIIs incubated at 37C

were yashe ddELEATR A0CBERdPG B RAHDEAIIZRCIY, fulhifke

with BD B|050|ences Cytofix/CytopermTM solution. Cells were then

Diys 156 fudies 25002 Sender eLIROTSRPPY diaie RS s dcye thpsemshydies were

oﬁm&ae@@@s&ﬁmﬂa&h&bﬁmm&%w&d&w@m hdavsiin Slegpéaicin
or 546 I|n .with other dies w, erform

o S B b S S L R P S ER R Se Sn 23y

2amm Bee mmr&mmﬁtm@mmmemwm #nwdditional

SEDHUINRLHRIENIN ?é&ﬁ%ﬁ@éﬁy&@é@nﬂ%ﬁ@ﬁ o }H Fate
Cs were pulsed with ChimigenTM Protein (5 Tg/mL) for 30 m|n on ice.

c@atefwsfs%%@a%m@eseand chased in AIM 84 WO 2007/041861
PCTWQ@G{&G&@&E Oﬁ(ﬁ)ﬂg%rﬁ%memhe@semmc@eﬂm withdntubated

imi T™ P '[ baj (7% C02) for 1
e e S s S 9 SRS oy i PBSB
4°|£ﬁifafé rmalsidryide, aals leosd edmhﬁhVMH PB8ibas ithamtdbelti toittabietioylhted
&B%t%%%m&m%%&&&s%%a ARECIES RIM P IDaRes were

present in endosomes, plasma 5 membrane-labeled cells were then fixed

p%tﬁaTﬂet Hfé‘gfﬁnféahfemmcﬁﬁﬁ 1 rastinerrells wsrroRee Rb HEmT M
atsEIOtiath Mgmtaﬁh&ttgaﬂyab (BBdE’BﬂRB%S STibds »@mmt@ﬁsﬁﬁﬂtat@tﬁth was

. S%wtﬁgéegw ‘il% anQ&‘a@oxé%%% t'%’ét %&%VW efﬁ”g‘?ld above. FOr

MacropinoCcytosIs it extran anldnl sme

(Wbl@vmﬁgenywmmeﬁaéeﬂemephemeFet gom@m in AIM

V(e maiebes: SaiipMadiRif e with r mithout the:Chimigen ™
dtggg}?x?tc(usb;t?rgn tll;g cells in media containing Chimigen™ Protein at 37°C (7% CO,)-
or by first labeling the surface receptors at 4°C in PBSB, washing away the unbound
protein, and then studying the ttptake of the receptor bound protein over time (0 min., 15
min., 60 min. and 240 min.) at 37°C (7% CO,) in AIM V®/2.5% matched serum media.
Cells incubated at 37°C were washed with PBSB and then fixed and permeabilized for 10
min. with BD Biosciences Cytofix/Cytoperm™ solution. Cells were then washed and
labeled (1hr) with biotin anti mouse IgG1 in BD Biosciences Perm/Wash™ solution
followed by labeling with streptavidin Alexa Fluor® 546. Co-labeling with other
antibodies was performed as necessary. After the final washing of the cells, the slides
were mounted as described above. ‘ _

To confirm that the Chimigen™ Protein was endocytosed, pulse-chase

experiments were performed. Immature DCs were pulsed with Chimigen™ Protein

{5 Tg/mL) for 30 min. on ice. Cells were washed with PBSB and chased in AIM
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To study receptor mediated endocytosis Alexa Fluor(r) 488 transferrin
conjugate (Invitrogen) was used at 20 Tg/mL in PBSB containing
ChimigenTM Protein (5 Tg/mL). Lactacystin (Sigma) was used both as a
cysteine protease inhibitor and as a proteasome 15 inhibitor (final conc. 5
IR0 B3 lation of Immune Responses in in vivo Animal MEG&e* AEEHesS
studies use two inbred laboratory (mouse and rat) and one out-bred large
animal (piglet) species. In particular, BALB/c.mice (6-8 weeks old from _
Charles River 20 Laboratories), Wistar rats (4-6 weeks old from Charles™

VA el O O CRLkERER ) e LR g Sy 7

Captermineis imnunthasspelisesmngratedtvBRshiciisydofi®ithigenT™M -

pHE‘ﬁO}I%Lﬁaeﬁ(%%e&Xasgﬂme\é@aimﬁew @E%@i%ﬁlﬁ&ﬁeﬁﬁmﬁefed
el y (s.cC. (

er subcutaneous or Intradermally (i’d.). The following protocol

- menidaiosds detgmainsst fddimiesnR RAARndF TR i ASQSRRAS RS 0N

m cdaVifbddays2Rraiiaved 3ne yerdiwiliveaass 1@iisy. sie Bpi.d. For

.mice s.c. and |.d injections, a.dose of 0.1 Tg,.lug o Tg/m is, used.
SR e o e A LY i e
Chiligipath BhBrétinpigladstertedOyR T gt PriigserI @0 My htin kier88/idi0 as described
ab§997/041861 PCT/CA2006/001685 Blood samples are collected

pre-immunization (day-1) and 7 days after each injection (day 7, 21, 35

19) FERANIEASOTIRE R T GRS B U L0% amigicalysine xable
InteRBYIaGwa iatiesdyiuld ideshrieras Aginlals At vappificechawhedeeks

after final immunization. The safefy profil 5 HC imigenTM
Se@f’bf@ﬁﬁ‘é“ﬁ’ré‘%\%ﬁﬂ@?é’(’i WH&/@E%&%@@ 1SNl f%ég %Qflnrpr‘rfals at least
thregrimedyperepeehafigcdramonizationlcThRhind 4ie sbutyraeigtivzate

d t Qb tion..F i [
B L

nitor changes In serum

Leckeenstitr(Sgrivad aiimged Sotiraste aitinstrasishsrdBibIRSY ap d RiRipiFEme
inﬁ@l@?{f&%%ﬁ@??f@/ﬁl levels. In addition, at the end of the 10

experiments, tissues coliected from spleen, liver, kidney, heart, lung,
muscle, and brain at the time of necropsy are fixed in 10% buffered

EIA0ReHN AN ambedgaciss parativfanimal Models

These studies use two inbred laboratory (mouse and rat) and one out-bred large

animal (piglet) species. In particular, BALB/c mice (6-8 weeks old from Charles River
Laboratories), Wistar rats (4-6 weeks old from Charles River Laboratories), and cross-
bred piglets (4-6 weeks old from Prairie Swine Center, University of Saskatchewan) are
used. The sm&y determines immune responses and protective efficacy of Chimigen™

Protein.

Safety evaluation

HCV Chimigen™ Proteins are administered either subcutaneously (s.c.) or
infradermally (i.d.}. The folloﬁring protocol] and doses is used for injections. Animals are
immunized four times, on day 0, day14, day 28, and day 42, every two weeks either s.c.
ori.d. Formice s.c. and 1.d injections, a dose of 0.1 Tg, Tug or 10 Tg/mouse is used.
The doses for the immunization of rats will be 0.15 Tg, 1.5 Tgor 15 Tg/rat and for

piglets are 0.2 Tg, 2 Tg or 20 Tg/piglet.
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future analysis of potential pathological changes. Age-matched animals
are used as controls. 15 Immune responses to ChimigenTM Proteins
ChimigenTM Proteins are predicted to induce strong cellular and Immoral
immune responses. Animal trials are performed to determine host
i?ﬁ%ﬁﬂﬂ’é/%’@&)nses to HCV ChimigenTM Caccines in pigletsTEBfgh2006/001685
NSSA, NS3, and Multi-antigen ChimigenTM proteins are used for these
studies. In the first round, immune responses to HCV 20 ChimigenTM
Proteins are evaluated. The proteins are given s.c. and i.d., as described
above, Splenocytes of mice or rats, and peripheral blood mononuclear
cells Miﬁﬂ)ﬁﬁw Srts L demyny dion s e d l dnmoisn gaghality
ingdciiom{dia TeBh G 54%) for AN s binhig enhvhPs0tpiaFiON NS & vkl d

198ves g@%igfgﬁ'ﬁ%rkﬁmd%%gribed below. 25 These trials allow us to

detefmine w ImigenTM Vaccines and the routes of

admifisEiorssrHed svaweskes perding immenizatioon Jbe Tifety profile of

HEewoekifiigatedrdalinanke L IREIDY SRIgeRI M RiotapsC oA Slicitdu
thgge%t%nt Thi -bl?éi%lmmune. response in addition to strong Immoral

rESpoNed st FFOMMAESR HEy pebdrsdohnye ehbind Advrate a it
olpxdrmatignyiflorBiAradoiiesdol| dived bynplateinl hoakiingeaRn indyers 3@

Thl j . t al. (2004) J. Gen.
i R e S T e
3 apgislAnits aminmienedesen@eisT) Jayrlpoyeddiinmsttbe Thdgfibsence of
clpEMhantigasmspesifisiantibadigs:is 1&@%?&{&932,%%,5&%6&%&?%@%&1%

a%.WeeII S I%GI andnggBdZa &gi%‘%&y levels. The 5 IgG levels demonstrate
tht%enau%rﬁ?y S THES LR Ve putad forminad sphridad s rasaiipyfer
fuind dghas dEpebmitigtsiiblegipshlibafTl dpdnR2iakiheimikurcsedponses.
cohfigRe experiments are performed using established protocols. ii)

Lymphocyte proliferation assays. Splenocytes of mice or rats, peripheral

blood mononuclear cells (PBMCs) from piglets are stimulated with HCV

antigemsiinewigsporkQsRe alibratiiwepaRenses are measured by (methyl-3H]

thym@i{‘rﬁié@% Q’%?e&inosnmjg })?“emgtetli') tlgﬁlgéc%iggggg c%ﬁﬂfa'r and humoral immune
responses. Animal {rials are performed to determine host immune responses to HCV
Chimigen™ Caccines in piglets. Core, NS5A, NS3, and Multi-antigen Chimigen™

proteins are used for these studies. In the first round, immune responses to HCV
Chimigen™ Proteins are evaluated. The proteins are given s.c. and 1.d., as described
above,

Splenocytes of mice or rats, and peripheral biood mononuclear cells (PBMCs)
from piglets are used to determine the quantity and quality of immune responses to HCV
Chimigen™ proteins following s.c. and 1.d routes of administration, as described below.
These trials allow us to determine which of the Chimigen™ Vaccines and the routes of
administration will induce the strongest immune response. The target-directed delivery
of the HCV Chimigen™ proteins could elicit a potent Th1-biased immune response in |
addition to strong humoral response. Studies from VIDO on HCV vaccines have
demonstrated that priming with DNA vaccines followed by protein boosting can induce
strong and Th1/Th2-balanced immune responses [Yu et al. (2004) J. Gen. Virol.
85:'533-1543].
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iif) Cytokine ELISPOT assays. To further confirm the quality of the
immune responses, the number of interferon-y and interleukin-4 secreting
cells in splenocytes (mouse and rat) or PBMCs (piglet) are determined in
ELISPOT assays after stimulation 15 with HCV antigens as per our
wsiabliztvassprotocol. Protective anti-viral immunity induced IBCHHEY2006/001685
ChimigenTM Proteins HCV has a very narrow host range. It replicates
only in humans and chimpanzees. Challenge of vaccinated animals with
live HCV is not practical, as 20 chimpanzees are expensive and limited in
supply. However, challenging with recombinant vaccinia virus encoding
an HCV antigen after vaccination is an alternative model for evaluation of

protestiue @;lgylmgg@gggﬁ@ &V prophylactic vaccines in animal models.

Chlmlgen Proteins, individually or as combinations, are used to

|merﬁ§’é o EHRRATE THE ETCRIKS Bl I5ro attasa-RastiR Ay Rtie
defattoned § 3 LA vadesh atidrigGamn vl s oG halddigGe o anttade litosiealyiecby
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relevant Chimigen3 Protelns two weeks after e completlon
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exgaﬁasnwﬂrbgel%mmﬁﬁ@@sﬁmﬁma prettRdRRFUs) for mice, 2X107 PFUs

for ras an 1X109 Us fo ive ater, animals will b
sacriHcaq BiISRER em?us fér pvﬁﬂ“ﬁg%é PHSHES BRAR gﬁf&%ﬂ‘;s

mespeietaslis BB foiotah 874y @r20nbRIBEhRTN @AReRG/0GL 685
wﬁé}y&@@; PRt s-nslSHiEaRl ¢ AR dR S ialE bR Lans G fed

prop Iactlc vaccines Therapeutic vaccines are based on non-structural
%%‘Pﬂ@ﬂ-?cv virus (e.g. NS5A, NS3), whereas the prophylactic

vacomesywe;b@ﬁdmmm rdloRtBinsotif e iR ma&haane

non-str ctural rot S. A combi atl or more himigenTM
e L LR T B B QLD e S ) SO oy
(mn@wﬂmt)an?ﬁéﬂﬁui@@k&a&ﬂﬁemmﬁmlﬁgm%wmmf&mm
m'tmg@m%%%w%%ggrﬁpggglﬁy%}ﬁcme route of administration of the

ChimigenTM Vaccines for therapeutic and prophylactic uses are currently
- being studied. to The immune responses are evaluated by measuring

antilrectedavelsiilvinghneyei iraliferali DR IROT CHigkiRaTPRAUSHON.

Prot%(ék\/% antl Vlrailla{rrpom LH(])I;[ rlar;l%g.c?t(%e%égt%s only in humans and

chimpanzees. Challenge of vaccinated animals with live HCV is not practical, as
chimpanzees are expensive and limited in supply. However, challenging with
recombinant vaccinia virus encoding an HCV antigen after vaccination is an alternative
model for evaluation of protective ability induced by HCV prophylactic vaccines in
animal models. Chimigen™ Proteins, individually or as combinations, are used to
immunize the animals. To evaluate the protective immunity induced following the
vaccinations, animals are challenged intraperitoneally by recombinant vaccinia viruses
encoding the same HCV antigen as relevant Chimigen3 Proteins two weeks afier the
completion of the scheduled vaccination using a pre-determined strategy. The challenge
doses will be 1X107 plaque-forming units (PFUs) for mice, 2X107 PFUs for rats, and
1X10° PFUs for piglets. Five days later, animals will be sacrificed and vaccinia virus

titers will be determined by plaque assays as per stablished protocol.
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- prophylactic HCV ChimigenTM Vaccine candidates is also be evaluated in
challenge experiments, as described above. 15 Example 2. Results with
NSSA Chimigen3 Protein NSSA ChimigenTM Protein has been purified
and characterized Purified NS5A ChimigenTM protein migrated b
SOSBIMSIKEAE as a band of 105 kDA, although the predicted 6¥é&9ﬁ§/|09]635
weight of the protein is - 81 KDa. The discrepancy between the observed
and predicted molecular weights may result in part due 20 to the high
proline content (-11 %), glycoyslation and other possible post-tranlational
modlflcatlon of the proteln The purlfled proteln was detected with -

ID (Mass

'nm%ge&gmg@gyaegnalyas on the purified proteln (band cut from gel) gave

significant hits for NSSA, mouse IgGl heavy  chain atnﬂdq—tf olyproteln
indicHF i s Ao RS S e RHGR R RIASTBEAR NS ST N 1§85
Nssmmsenwmmpmmpmmm BaeSHSnerantbsitine fgrEl,

E 'Xsc\%g “Ogt *?t%%@?’t?‘ tﬁ‘v| SRR GHYGPRIS (?Eedﬁtﬁ%%ﬁﬂ?g%%

tain Kit an lumination. This procedure showec

Vagm@esylwénndfqﬁélpmﬂw RS scl pvsge ATRrtaineirssas mdamthe

anfeliHe&NT MaRketaimbibesialnnaiy & Besaf8 WO 2007/041861

PCT/CA2006/001685 NSSA Chi enTM Prat as examined for its
abili PR AR S AS tm%g&‘étlg"%%f% é@h‘%’ \EL R mtlt ‘presence

Clﬁmmgaﬂgév‘mmmmmpwmﬂ@mmmwm aChimmgraty Eeln2 edindfor |

ft i TS AU YaGERGMOR ARIGRP MR IO REdhanimouse

SA-PE-Cy5. The percentage of cells binding the vaccine (%
prdlﬁzsgtt@y@%wbml nﬁ%@@%mﬂaﬁﬁaﬁhmwtmﬁm e

pr«‘iiﬁiﬂ%ﬂ@%mgmm%méﬁwm)ewmsuwmmgeaxw&ﬁgr@tein

at 4-50 ger at Cs were positive for binding, and there was a
*RELET pen Refed8E in the amount of bound protein (Figs. 15 and

16). Binding of the protein was not much greater at 20 gg/mL compared

with 50 gg/mL gﬁ?g@g H%@ﬁlt@%ﬂt%@%@hﬂ[ﬁéwﬁo% (xS was saturable.
to The hlgh M inding obsérved suggests that ChimigenTM
( ! € ef ec |vely antd at h(llgh levels to.immature DCs. That

ed
EProcess is

receptet-m@@t@ @hmghmdﬂ?&m@m%mmmg as a band of ~
105 kDA, although the predicted molecular weight of the protein is ~ 81 KDa. The

discrepancy between the observed and predicted molecular weighté may result in part due

to the high proline content (~11%), glycoyslation and other possible post-tranlational
modification of the protein. The purified protein was detected with antibodies against
mouse IgG1 Fc, 6xHis tag and NS5A. MS/MS ID (Mass Spectrometry) analysis on the
purified protein (band cut from gel) gave significant hits for NS5A, mouse IgG1 heavy
chain and HCV polyprotein indicating it was indeed the NS5A Chimigen™ Protein.
Purified NS5A Chimigen™ Protein was separated on a 8% SDS gel and stained for
glycosylation using the Pro-Q® Emerald 300 Giycoprotein Gel and Blot Stain Kit and
detected by UV illumination. This procedure showed glycosylation of the purified
NS5A Chimigen™ Protein.

NS5A Chimigen™ Protein binds to immature DCs
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bound protein detected after 5 min of incubation at 4C with a MFI of
binding approximately half of that observed after 1 hr incubation (data not
shown) 15 NS5A ChimigenTM Protein binds to specific receptors on
immature DC By virtue of the the Fe fragment it contains, the NS5A

CYinaigerAse Protein is predicted to bind via its TBD region t@OD32006/001685

(FcyRIl) on immature DCs. In addition, due to its mannose glycosylation,
NSSA ChimigenTM Protein is predicted to bind to C 20 type lectin
receptors such as CD206 (MMR). To determine the specificity of binding
of the vaccine candidate, immature DCs were incubated with NS5A
ChimigeATMPetallf frothia wee sermpinet ofotkibd ity it HBI30 iamewe DCs.

T%Q%%ﬂ%ﬁ%d‘IH@B@%e%%ﬂﬁ%@e&%@%ﬁﬁﬂ'&@n@%ﬁ%ﬁﬁwﬂhs@@
lg{g/ml of iso éare control mADb, anti-CD32 mAb, anti-CD206 mAb, or both

AigeRs s SrgienfatilEpB g o hrhoupdesB LR detrrichutb RionyiRies A
anGhimigelyTN RAdtein KA -PICsS Ahe BavatpSHAT i enTvRIGHRI

etect n | wed SA P 5.
P I PG SR A MR P S minetB
cytoRepardtz-with %ﬁeN@ém@ﬁmw&&qm@ﬁﬁé@rs@h%m%m@s sFitrol,
pd2aiheantinBag, eswﬁaﬂugm&@émaﬂeﬁs&bﬁe&&wtﬁ@ewate%ﬁ@%
and % spect 30 The addition of both mAbs -further inhibited
PrRi&s @ﬁr fHR\j F%B’[‘@ﬂ%ﬂ ORI S B PR R B EA R A BT B Fhese
oﬂaiamdmﬁhtmmgﬂtmfﬂﬁmﬂmé}m&ahm@m@ﬁnmaaﬁe\m&2@@3&@#&1861

T e O R R b ey
effctivelriod athigh rﬁvéree ERaRPS DR tHBIRtShethindingnt g s sRNBRer

sURPE¥E ARl OIS ﬂ%@@ﬁ@&é&ﬁ@ﬂ@d’ﬁ%@T%Pﬁ%ﬁg% @Q&%ﬂ&&ﬁﬂ watyface.
s The mtergalrza on of the NSSA Chrml enIM Pro ature DCs

by im
DORRAPEIGR STEA'SY 18 O mim NS BEE c‘h ACL R iR
approtentaly3ag 66 thithbshod efien ipimistubttdebéliagopsitern) often in the
vicinity of the nucleus, suggesting the ChimigenTM Protein was
mternalrzed and there was very Ilttle if any, surface Iabelrng DCs are
N Lhimdg g p3p SYSVREN, AHElede phagocytosis,
tO mmr Oﬁtﬂeﬁﬂﬁﬂﬁs (Héll’ﬂfgﬁrﬁiﬁiﬂ lﬁtﬂdlﬁ'\dmymm&genm Protein is

pre 1ct§d%th3r§rr1]éc\%¥%9 l?ﬁ]? pe%?& EB‘BZ {FcyR1l) on immature DCs. In addition,
due to its mannose glycosylation, NS5A Chimigen™ Protein is predicted to bind to C-

type lectin receptors such as CD206 (MMR). To determine the specificity of binding of
the vaccine candidate, immature DCs were incubated with NS5A Chimigen™ Protein in
the presence of blocking anti-CD32 and/or anti-CD206 mAbs.

Immature DCs were incubated with buffer control, or 5 pg/mi of isotype control
mAb, anti-CD32 mAb, anti-CD206 mAb, or both anti-CPD32 and .anti-CDZOG for 1 hr at
4°C before incubation with NS5A Chimigen™ Protein for 1 hr at 4°C. Bound NS5A
Chimigen™ Protein was detected with biotinylated anti-6xHis mAb followed by SA-PE-
Cy5. Isotype control mAbs (murine 1gG1 and IgG2b) did not inhibit binding compared
with buffer control. However in comparison with buffer control, both enti~CD32 and anti-
CD206 inhibited binding by approximately 60% and 40%, respectively.

The addition of both mAbs further inhibited NS5A Chimigen™ Protein binding
resulting in an 80% inhibition. These data indicate a role for both CD32 and CD206 in
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Macropinocytosis is reported to be a constitutive process in immature DCs
(Trombetta and Mellman 2005). The ability of immature DCs to internalize
NS5A ChimigenTM Protein by macropinocytosis at 37C was evaluated
using the macropinocytosis marker FITC dextran [Hewlett et al. 1994{% N
@’8I%‘i3fﬂ§é§ﬁ124:689-7031. After incubating 15 immature DCE$&fi8 001683
and 60 min with the ChimigenTM Protein and FITC dextran, vesicle-like
structures were observed which contained both protein and FITC dextran, |
indicating that at 37C the ChimigenTM Protein may be taken up by
macropinocytosis. It should also be noted that FITC Dextran may bind to

thehigsiophENE M AMmiasBLBRUSHS: RYISOMOTH MITSEOBYrHS GfliRncubated
wiBN9sRDEmARAteIpibE ot ChirsigendNhRictdinang & Tki20iBextran

may have arisen by receptor-mediat docytosis, The role of receptor
SRR e T R R S T

suffaise-chase experiments. Immature DCs were pulsed with fluorescent

labe Imigem {8l 4G e, NGHhaeaWIth {B1:15 min
at 371%% Tge cells-gv%/giﬁ%gg%g%n%\{a{%ﬁize% fﬁg Fz?beled with antibodies to

evelugted th¥ ChifmpeRTaPSs proterdaehéihisae T AR Ah Te CdSidr Mrhe
shireRBianiRIBeaRRIS [Rkem YTbY in eecdttiimelihtatdadooyiosisngnit:

then recycled back to the plasma membrane f arl 0 \t
S e e N A
the tREsferrrpablcetonigesuptdseyie preetalniastiyhiohineiude Ragocripsts,

' m:?é@'&%%&@%&&s,sZMH-%Q&Q%%@QQ§%H%&I%%Wa@%mosis.

. contained both the 30 Chimigen ProteinTM and transferriné(;c ptors. The

PR Rart
andNRERAPEIITE MhAB)lis prabakipnrODWY @ 28744 BEEA Chimigen™

PCT/CA2006/001685 r sible for many. trapnsferrin containing -
Prg%go%%§§03&08 -(i%%gﬁze With %F\%?u%ﬁr‘ﬁ%b}gﬁ M I%ro[%%l. %?e uptagtkeé of

FIfFe desB [Blintiti ehaM 18Pdiein Gl Botoand 24 1ol 2 fier akmbating
in{ﬁl?af@é;f@ﬂ!fb 1 %%lﬁ%ﬁ& 39 ;«iﬁﬁm %{%ti@lﬂﬂﬂgégﬁiﬂ%mﬁ s]garzsfmm@ﬁgptor
R HRLEB S AT KO 18 DUl 28 ) PL LIk e
inflietagskes AT WiSCahalhimahotve rowitovatibatideotnty tarompolecyiiss, It
SHOFEERY E%Cﬂsifeﬂf%%ﬂﬁ%' BRAGIMIESAT M Brofsids. IRkERuRLYors
receptor-mediated endocytosis. _ ;
(CD206) and thus some of the endosomes containing both Chimigen™ Protein and FITC
Dextran may have arisen by receptor-mediated endocytosis.

The role of receptor mediafed endocytosis in the uptake of Chimigen™ Protein
was tudied by pulse-chase experiménts. Immature DCs were pulsed with fluorescent
labeled Chimigen™ Protein at 4°C, washed, and incubated with for 15 min at 37°C. The
cells were fixed, permeabilized and labeled with antibodies to detect the Chimigen™
Protein as well as the transferrin receptor. The transferrin receptor is taken up by
receptor mediated endocytosis and then recycled back to the plasma membrane from
early endosomes. At 4°C, the NS5A Chimigen™ Protein bound to the surface of the
cells while the transferrin receptor was present jaredominantly within the cells. On
switching to 37°C, endosomes were observed to form, some of which contained both the
Chimigen Protein™ and transferrin receptors. The large number of pre-existing

intracellular transferrin receptors at the start of the experiment (4°C}) is probably
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In an attempt to increase the overlap between ChimigenTM Protein and
transferrin io receptor signals, cells were incubated with Alexa Fluor 488
conjugated to human transferrin so as to indirectly detect only recently
endocytosed transferrin receptors rather than all transferrin receptors in
tHOCENT Mifsature DCs were surface labeled at 4C with a miR&FECSR006/001685
ChimigenTM Protein and Alex Fluor 488 conjugated to transferrin. Few
Alexa Fluor 488 transferrin positive endosomes were observed, but when
present they is contained the NS5A ChimigenTM Protein indicating that
the ChimigenTM Protein is indeed taken up by receptor mediated
enelpopi o hes,etramﬂ&siﬁ bawathiag e thinigand-Rraleiaiigith the
pr&gg’% rnalized by receptor-mediated endocytosis. The
processing o % NS 5A ChimigenTM Protein by immature DCs was

studied. TBigptaip efvbe ifeA harigmal PivtsindiaDfcs aediteprdatelization with
lnﬁ%ﬁ&'ﬁﬂﬁg @taéamgalag Gl ZREQlPRRHADIORR QLRSS REeSBPIRAlNR.YIa

s | receptors is required, Twao,_ different processing routes have
bé&% B R ol GRH Ry L AT S SR S B R F By Of PR i
I rﬂmmrsmb BEI8Ehdi=z&l9d rettyeofinsbiiatodume qereee SEhirand] guiti gervs:daken
UR, LM RRGIBFHIORIS MQ&f&?tg B shiRvel xgﬁlar&%%isaﬁu?f gﬂﬂqgmﬁem is
ocy late

taken up be other routes of en 0sIS such as receptor me
oG R BIsTeRsrivE BEdigd FEAREYREEeins are 25 taken up into early

endosomes andrfiedageledde lﬁ@l@ﬂﬁ&%&@%@é@m@ﬁeaﬁm@ﬂfemn

down by cath pSI s and Ihe lo qQnto SS lrec tors Thus,
eXpenime ek \;leecree e?fon;ﬁ‘f g eg ‘f%rﬁ%‘fﬁé%ﬂ% @N‘@

Pmﬁm@umb@dwiméd tﬁﬁtmt@nbrmmm emdacndcamsrfmmttfrﬁramer

Crlpcaliags it &A@ﬁ%lefc%‘ﬁeﬁ}%?aé&é%} WHLGIVERS 1 Gl Q@%‘(’E‘%’m
been pulsed with NSSA ChimigenTM Protein at 4C and then 30 chased at

3ErE Yd-hipdser Yo autrde Arrb M an ElesmifgR eoniartsoRiresiarina Kem|

(aAlmarkeood Sateaﬁm@ﬁqmgsﬂymmasé Rk saRedZhubtvithdieshcalls,

NN e R e O

| cﬁ?ﬁﬁ@b@‘ﬁfb@%ﬁ%ﬁ@é@é@ﬁ@b@@iﬁé@%o@bm@swmm@m the

cedahnling ﬁ%lmgﬁho&lﬁﬁlﬁ%&mmmweﬁwmma E%H@%g@e

present in similar structures MHC Class | molecules, thereby

indicating SRAPSrRs eERRHFNT I SromamE Mﬁ&ﬁé@s@@?ﬁ?@‘ﬁ?&%ﬁ‘fé‘ﬁéﬂlw

M Clasadcinele duimeB piensiunesrarechelioy Ritoike, invplvesh b theg-+

b'é%ﬂbgt%valﬂtpgfegr&ycgsg rﬁ?eg%tgﬁ%%%ia MHC Class I receptors is required. Two different

processing routes have been proposed for antigen cross presentation [Lizée et al, (2005)
Trends Immunol. 26(3):141-149]. The first involves processing of antigens taken up by
phagocytosis, while the second involves processing of antigens taken up be other routes
of endocytosis such as receptor mediated endocytosis. In the second route proteins are |
taken up into early endosomes and the targeted to late endosomes where they are broken
down by cathepsins and then loaded onto MHC Class I receptors. Thus, experiménts
were performed to determine if the NS5A Chimigen™ Protein could be detected in late
endosomes and also to determine if it co-localizes with MHC Class I receptors in such
structures. Cells that had been pulsed with NS5A Chimigen™ Protein at 4°C and then
chased at 37°C were co-labeled to detect both the Chimigen™ Protein and LAMP1 (a

marker of late endosomes/lysosomes). At 4hr and 24 hr, in a few cells, overlap was
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C ,and pro

presentation via the phagolysosome pathway. Cells were treated with the
cell-permeable proteasome inhibitor Lactacystin at a concentration of 5
gg/mL. Lactacystin recently has been shown to be less specific than
reviously thought at inhibiting the lysosomal 10 protease Cathepsin.A }
2f8W&KPEt al. (2001) Tumour Biol. 22(4):211-215]. If procgggfgézgpémt}ms:,
NSSA ChimigenTM Protein involved proteasomes as in the ' :
phagolysosome pathway, then one would expect a partial accumulation
of incompletely degraded peptides in the cytosol and such an
accumulation would not be expected for processing in the late endosome
[phrew &t bW omoby NS aphpeisepedns sl dMuitigisgting thit the NS5A
i iyl sy beiaipr Mo
endosomes . contgjning the imigenTM Protejn. In addition
éﬂ%@%ﬁm&i"&tﬁ%ﬁ%‘% RS 6PeT8P’Eﬁsé"5 ﬂBféfH“ﬂTa?H‘lﬁ‘Béeé WE&%F&
deliss Amaherdas thircty ioplommgct NS BACKnigugf Priveprterocesuttifont be
}%@%&%M%&ﬁl@@ﬁm%@m%y against mouse 1gG 1. These data -

gain point to the receptor-mediated endocytosis rather than the 20
phagolyspisairassamRelie b iy @ vabien ntBaPiraickeny o agenfor cross
Eﬁ@é&é’ﬂ&aﬁ&im@rgagzﬁm@“ CD'S Repdﬁﬂsa&/gkcm. @%aim}?&emt&@&ﬁm ; Wf iefble

S results in bot +an + T cell activation and proliferation
AT VAT B P B T S8 R e ST B TALY P
dsseshechhy ety pdiRshahpscarsaly danugdie 1 sadtioirp dasiysesearabus

t f i0 . i re stimulation of T
e e S et e
inTRTatEIE DOSHARIBRRC Y Eivet invrived restensames adaitherpbizelaasprie
MG ddtbmair exples.aradhaRdaauRaRbINHE MG R3raded
candidate, carrier buffer (negative control), or tetanus toxoid 8(TT (positive,
# IR |

SSRHST FHE BEROLIBAREH L 2ELURIR < tSURBEFSE RTReRTS RS in
Washtd;ransbine (b ate dt wit k2 @2 \MOr2D FHie4d 86it REEICABRTNE/M01EE5

auielagay \éﬁaﬁﬁﬂ@aﬁgﬂﬁ@&m&m%mwﬁmm

presence of cytotoxic  gfanule components, and the generation o

\RRtEpingfteFeats Chimigerelid mteinsimidfiton. die sorntine msardde
a:imuin_gﬁm B&e}emaasi@mm(ébémig:em?dmca[@tem iﬁ@%ﬂéﬁ_ifEﬁ@ﬂJﬁsmic NS5A
[yaiapnas assessed iy measuing e saru T gell actxalion § marker
Iferation was measure Yy tracking tne UOT%S ence OP
@SiE These data again point to the receptor-mediated endocytosis rather than the

phagolysosome pathway being the mechanism whereby Chimigen3 Proteins are

internalized in DC.

NS3A Chimigen™ Protein presentation by DCs results in both CD8+ and CD4+ T cell

activation and proliferation

The functional immune response to NS5A Chimigen™ Protein was assessed by
ex vivo APAs. This assay can be used to measure various parameters of a functional T
cell immune response after stimulation of T cells with antigen-loaded DCs. The assay
consists of first gcncraﬁhg immature DCs from PBMC-derived monocytes by the
addition of I1.-4 and GM-CSF. The immature DCs are then incubated with vaccine
candidate, caﬁ’_ier buffer (negative control), or tetanus toxoid (TT) (positive control). The

DCs are then treated with cytokines to undergo maturation, washed, and incubated with
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labeled T cells. Both CD69 expression and CFSE fluorescence were
evaluated after 4 and 7 days of culture with antigen-loaded DCs. A

- preliminary analysis had indicated that the concentration of DCs and T

cells in the culture were important parameters in the determination of T

JEN MfHiMi&stesponse. 10 Thus an APA was designed such®fdt(she006/001685

different T cell:DC ratios were assessed. Two sets of DC concentrations

were used, a high concentration of 5 x 104 DCs/well and a low

concentration of | x 104 DCs/well. After 48 hr of culture, the immature DCs

were incubated with buffer (negative control), two different preparations of

I\aﬁﬁm@himi@@rﬁrMHP rBeeineEurdDE ay Bt prodRttigso ditivecemmserof cxgptoxic
uﬂé*e%rl?ﬂ%ﬁew@ el VR0 SRR G 8. ngea% el ey dha gddition

po 1, IL-6, TNF a, IFN-a, and IF After culture overnight (16
m&w&eﬁ&m&ﬂ@%ﬁamf @P&ﬂ*ﬁ%@@%&éﬁ%ﬂ%ﬁ%&%ﬁ?@dﬁ FotHa
egwﬁsrpeenﬁ Vapeis:toa tiie IMesrahyarsaiaily kg Iaaﬂlyd‘ loall activation

d_high | L A-
R N T L e
th@ﬁrghTmH@eﬁn@t@ﬂ@@m@xﬁmﬁé@ﬁ@rﬂwmmﬁémém@@meﬁw
MAHH QOGS usidegelisswere isolated by a negative

selection procedure and labeled  with CFSE for the deter |n?:t|on of ce

éﬁdcgﬁg sin

\Atheenaﬂﬁied:émﬁ@nﬁmﬂtpatmmmnml Hefr2inatibddf $ ocll ddmareosiide.

the high DC { Il |
2 Weﬁnra 10 c‘f%ar% |?1gl E%Qn@%b?eﬁggy %ﬁﬁ%ﬁ%ﬁ%& 4%3&%}%8%8@39& P

(Bety OB RE 2orcrolrations PrAc(Grl1g hisbrogreqaiiative ot dAtiatieiv el @lev
1QshddGeuaIN ofhex-ﬁ calide-RE. g somiinalians pRMeHMEBCLGte

RERERR e s e R

Aratgio (ﬁl’bﬂ}) at ﬂay/&b,f’m fpowtipébmtd g mPBSastadiicowereibelt adiise8for

loggled PRt g Ugaied BG %pﬂ?iﬁ WR, 38870988 and TFN-v. After
PCT/CA2006/OO 685 Followm ays of culture, half of thé cell culture
(Tl wEE et E&8d %‘F%%rrygr PR CREAGH R B Mo paaRed for

renaaiprgshalbot iHeus elhal ore mfk:ts OBt shgA led\!éKl):bB:ﬁ%tm@&ﬁth
S§£ar¥VsS‘§ dé‘%%bagegoftﬁ?ﬂ_'ﬁ Aﬁ&‘qwﬁd s § ﬁgﬂ Rl IqYS 1 El. EDs6
ression cells lowin ays of culture Is shown n
F@ggo and CD83 (Fig. 17). In general, the high concentration DCs expressed slightly
higher leveis of DC maturation markers.

Autologous T cells were isolated by a negative selection procedure and labeled
with CFSE for the determination of cell division. To 100 pl/well of DCs in a 96-well
plate, 100 pl/well of T cells were added for concentrations per well of: 20 x 10%, 5 x 10°,
or 2 x 10%. For the high DC concentration wells (5 % 10* DC/well) the T cell to DC per
well ratio combinations were: 20 x 10%:5 x 10* {4:13, 5% 10%:5 x 10* (1:1),and 2 % 10%5
x 10* (0.4:1). For the low DC concentration wells (1 x 10 DChwell), the T cell to DC
ratio combinations per well were: 20 x 10%1 x 10% (20:1), 5 % 10%:1 x 10* (5:1), and 2 x
10%:1 x 10% (2:1). T cells were added to the DC in the absence of any exogenous
cytokines. As a control, at day 3 of culture PHA at 1 ug/ml. was added to the T cells
loaded onto the PBS treated DC group.
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5 18A-C. Fig. 18A shows the percentage of CD3+ cells expressing CD69
for the different T cell:DC ratios. The majority of PHA treated cells
expressed CD69 regardless of the T cell:DC ratio. CD69 was also

detected in T cells cultured with the high DC concentration but was bag{gl 685
QLI cells cultured with the low DC concentration. CE%BS%

with buffer control, antigen stimulated T cells expressed a higher level of
CD69. NS5A to-ChimigenTM Protein-loaded DCs induced a higher
percentage of CD69 expressing CD8+ T cells than CD4+ T cells at day 4
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cells following 7 days of culturé is shown 25 A-C Fig. 20A
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18 B SO AP HLBT A B th fkd at day 4 consistent with what is
expe"ﬁheqbérm@mmmmmm@o@mdu@mm GOE FETERER Afgra

foﬁxe&a(?@é?cﬂ‘r&éﬁé%ﬁmi}!‘ﬁ ﬁ@ﬁ; £or 340 'E{%Lgé‘d@;!ﬁrﬁﬁi”m%l?eﬁ%?

cells, CD69 was detected at levels over 5% in T cells cultured with the

bagisHvidsi{Eihtt Shton BREVARI SRR Tealvieatd vitehdametddChith 04
m&g&a&z&%&a&&mma&&%@m&&me &Qt/\t}ﬁ%@vm? etfiasian: beus,

hl%hij en spec"ﬁc ]f'%[atl %ﬁ 0%\[/)‘\?/\5"% qggtf?sel:‘fg‘gllfn fqé.o Iéfl%aat. &
in the CmmlgenTM Protexn-treatcd groups at day 4. Thu_s naive T cells were activated by
NS5A Chimigen™ Protein-loaded DCs on day 4 of culture as evidenced by expression of
CD69 but these T cells have not yet divided or had divided undectably by the assay used.
Following 7 days of culture, cells were harvested for analysis of activation and
proliferation. The expression of CD69 on the T cells following 7 days of culture is shown
in Figs, 20A-C  Fig. 20A shows the percentage of CD3+ cells expressing CD69 foi' the
different T cell:DC ratios. There was a marked increase in CD69 expression of the T

cells treated with PHA., However, the percentage of cells expressing CD69 has .

 decreased from that observed at day 4 consistent with what is expected from a PHA

response; rapid induction of CD6Y followed by a decrease in expression with time. For
Chimigen3 Protein- stimulated T cells, CD69 was detected at levels over 5% in T cells
cultured with the high DC concentration but was barely detected in T cells cultured with
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number of Chimigen3 Protein- stimulated T cells expressed CDG69 for the
5x104Tcelland 2 x 104 T cell : 5 x 104 DC ratios. The expression of
CD69 was reduced for the 5 recall TT response at day 7. In contrast to d4
T cells, NS5A ChimigenTM Protein-loaded DCs induced a higher

PEPCERTAYB Y CD69 expressing CD4+ T cells than CD8+ T cBfid/&r2188/091685

(Figs. 20B and C). For the higher DC concentration (5 x 104/well) the
- percentage of CD69 expression of CDB+ and CD4+ T cellswas
~equivalent or greater for the ChimigenTM Protein compared with buffer or
the recall antigen TT. Thus the NS5A to ChimigenTM activates naive
th€DB DT welistiniiaty, FolgweddwEDoncintetisnlhe: pet Eutimgb wheeads
subRalnAYs éfﬁ%@ﬁ PRl ST RACHN S O BRI AREF SRNEDN La¥agT

culture are shown In Figs. 21A-C. The results show that essentlaILy every

numbepirChimimi eism-Hiimdlvietd g orraped ERad frdbewith 107 T cell
anghinigen3 frotein o1 pLlrigsultedBmakesl of colbpunlifpiatien pftar 7

days of culture but this was most 15 evident at the high D¢ concentration.
reesfl ] krespRgHe %héﬁﬁ%}@ﬁtwﬁﬂﬁaﬁ%ﬁ%ﬁa Eﬁ‘%ﬂ)gs?ﬁ"@&}rh’aé"‘p
D@salifacati anighen pastiitgfai (i oadisdp RN Bciohwe @D thE chdbe/at
C ntrai Cslo, ' ' ici ' X + T
o A by G oD D LA NAR A8 e iyt
ofCHftigerrssEpatel-ISaded G ihatlkover auivphanifer giratsnérrdbels
ChaihRA I lb&@z@nud@afé@_ dv%b ﬁ%r&nﬁ&f}eféa@eﬁ@ggT ze”mee&I ;ﬁé@@é&i@ti?ﬁ
IS the relative I’OpO_[’tIO (0] S ce In.the 1 U tion. Blast
SRS g Be i e S5 Aabetm b & OB RSl o
scattBhy pad<BaE: (ficelightiSeattendtngmehe leesting HimproEyESE T afe:
seggyemcaét@uﬂa}%@ge@?gﬁiﬁfﬁ ﬁﬁ HACCHRMEL s TRGABLCERIAARY TP

asts'in the cu In Fig. 22. These results correlate very well

T wathimgatep srite RER dastdw ded| Figndickyoltfop devrss i ils Ghivigsa Pricern.
TT hetpiars fhekassessmenteffsmalhdp Paisdonapyiationcam hpssed as

an alterpative to the CFSE assay, Overall, se findings indjcate that the
R A S FR ST RS D AP RAEARE A e cor
mesleEioclDe+eb ek asiifechiiyn Rscetbadtividivigaridagmd{@ra iz )30 NSEA, the

1oy WPIORNL PRI BISSERIANAN Ay RESIARHES 1B s gansiatpn.pf
CDB+ and CD4+ T cells producing IFN-y and TNF-a 95 WO 2007/041861

pkfartize(is/bds 3Btabhe et treigrb e mIgA P rotein-
10e MR RIMCYAGUBE WABRSEEPREWRS Bomparable to TT-loaded DCs
Another measure of T cell proliferation is the relative proportion of blast T cells
inthe T cell population. Blast T cells are defined as those cells possessing a higher FSC
(forward light scatter) and SSC (sidelight scatter) then the resting lymphocytes in the
lymphocyte gate as assessed by flow cytometry. The percentage of T cell blasts in the

cultures is shown in Fig. 22. These results correlate very well with the percentage of

_cells undergbing division as shown in Fig. 21 A. Therefore, the assessment of T cell

blasts in a population can be used as an altemative to the CFSE assay. Ovérail, these
findings indicate that the NS5A Chimigen™ Protein was quite efficient at inducing a

primary T cell response as measured by T cel activation and profiferation.

NSS5A Chimigen™ Protein presentation by DCs results in the generation of CD8+ and
CD4+ T cells producing IFN-y and TNF-a
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three stimulation at vivo APA. Immature DCs at either 4 x 104 DCs/well

(high concentration) or at ‘2 x 104 DCs/well (low concentration) were

loaded with control carrier buffer, PBS, TT (positive control), or NS5A
ChimigenTM Protein. DCs were then 5 matured and their phenotype

VRAAEY e DCs maturation was established using the higm&goeémomss
expressions of MHC class I, MHC class I, CD86, CD80, and CD83 (Fig.

- 23). Autologous T cells were incubated with the matured antigen-loaded
DCs at aratio of 20 x 104 T cells/well : 4 x 104 DCs/well or 4 x 104 T
cells/well : 2 x 104 DCs/well. The T cells were stimulated three times and
T cellhardensioralitemred BRPTR VRS imigsdd serpamianappssed by a

thelRteslianwihtbeinb agelluiaienpésoelthe:ifit aytakheedkhigass TNF-a.

In addition the leve| of t T cells was alsp assessed. Fig.. 24 shows the
COPEPREATSBE b iAast & Pbéaffwgmgwgncgﬁm% BE® &‘E?rﬁ’c?@ﬁ‘f‘r‘%?é’ﬁg? he
- caPribr buith, PBYAXD (resithied ontaolh wel Biac Kipougeal T BffeeinT DEY were then

mB QUL INRIT SR RONSE SRIIRALE I ME MG R AR waS R HENIEh R 1
ratio there was 15 d more marked difference between buffer and

high {ryshemmersasT & rotirsr deVE I ¢edaso Hs E PBAPR are b B iR as)-
AGiaghiet alithw e knaabhZdlwite el Rigthiat ot dhe shatal IDCShoNARSOH TR

f th ) I
BRI MRS BT R TR T
cabigliviENstrOates furstnsondd echivfarkbdndifidneindd befolsernhésttinnd
stimuliGR SPSet Al aR oMl e NIBRERE FORCE Rl AHBRABSINYAR B NF-a.

evidence of a Chimigen 3-induced IFN-y response over that of control

Inpdditionthaeve chbistnecdivarerise sresttration, very few T cells
culturegl Mitheonike pbrdeieadendCapiatiteait-yiovhpEas a high
ercentage .of T.cells gultyred.with Chimigen3 Protein-loaded
oS T TR T ER e T R AL ey
profiftate despensp Csoprzedianhbe i HoiidedspithsBlisyith the dnh pdie thevétyas
a Ao R bl AR A GRINUGRRTN BIPIBKEA BRnReiceAIAYR BlcTaG IS

expressing IFN-y in the CD8+ and CD4+ population was also measured
"e¥R1gS%26 and 27). The low DC concentration groups showed a
high.petdENtagepafis€ R8smicanlial exfiressingl BNy el BCastittsoT he data is

sRRUAHO MR CNURIARN I R B B, F B SLGRIAGG, 0L A L Sl
expressing IFN-y was higher for T Cells stimulated with  Chimigen3

Wxﬂaébéiﬁarefg*a@éen@%e rsgRiE 2PloAderpsarrigthe d) caidiMmy, 96

response showed a marked difference between the 5:1 and 2:1 T cell:DC ratios. With

the higher DC concentration there was no evidence of a Chimigen 3-induced IFN-y

response over that of control buffer. However with the lower DC concentration, very

few T cells cultured with control buffer-loaded DCs produced IFN-y whereas a high

percentage of T cells cultured with Chimigen3 Protein-loaded DCs produced IFN-y.

There were more IEN-y producing cells in the T cells stimulated with DCs that had been

loaded with 5 pg/mL compared with 2.5 ug/ml of NS5A Chimigen™ Protein. The

percentage of T cells expressing IFN-y in the CD8+ and CD4+ population was also
measured (Figs. 26 and 27). The low DC concentration groups showed a high percentage
of CD8+ T cells expressing IFN-y as a result of stimulation with Chimigen3- DCs. The
percentage of CD8+ T cells expressing IFN-y was higher for T cells stimulated with
Chimigen3 Protein-loaded DCs compared with TT-loaded DCs (Fig. 26). Similarly,
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WO 2007/041861 PCT/CA2006/001685 there was also a high percentage
of CD4+ T cells that expressed IFN-y upon stimulation with NSSA
ChimigenTM Protein compared with control buffer (Fig. 27). The
percentage of CD4+ T cells expressing IFN-K was comparable for T cells
SPMeEIs6kh Chimigen3- Protein-loaded DCs compared With/FPABdairss
DCs (Fig. 27). These results 5 indicate that NS5A ChimigenT" Protein
induces a marked IFN-y response in both CD8+ and CD4+ T cell
populations and suggests that the molecule is processed by the DCs in
both the MHC class | and class Il pathways. Fig. 28 shows the percentage
SRRt
wit 1SR dhadpdnmer eib CGmpbhebeite sodisobbe fBin(liar. 7 thEHEperyeritGge -

result hough there was an increasg in t rcent f cells
of 83%%@ F%fsr’r‘\’fﬁ%%ssé%gﬁrﬁléu%? ShEn s?ir%r:fa%gﬁ TRt L e
ChinighebiC ronbehtsdtibN(S thrgtic] withrEfnesiah kU grédieTdiffe resnits
. ith the concentrati 1 ratiQ) j .
m‘yp%{?%t E%aégg gﬁ%@%@% st%ﬁ%’t%g 3%%%% é%gglé?ﬁ with 5 g/mL ofgl]fh Tdﬁus
anCEPMiyErs! Fnenviptioesapd rageartbeBsgnelecsicirarersssed oy RigRes in
bolE ARONSE WaRS: 13:areatenfosthaPNS5A ChimigenTM Protein compared
with TT. Stimulation with TT- lgaded DCs. resulted in a. higher percentage
of CB:2% TS DR FESENTEIR USSR MU CO B o e g 38
6l etivenletioh SEAaGhienitpedddioRnotei-lo Abesd RPOYs aTh ez tehveiFN-y

reéj(\égre%@gg@&ggmg LEHRnR DAL GRAEM 55041 Jr&tlling AWeloRs,

. NS5A ChimigenTM antigen presentation by DCs results in
resplié fentigemsirsratiorpol 11*1%?&@llém%éhﬁr%gﬁ%%?&ﬁsﬂﬁ@%@éﬁw%eus
thGd W RS & & shmulaigachbe viline (W Delloiocpraduseihetyjotatigher

i@ _ .
% et e R S i e G A
cmﬂiigmsmwmma;mm@m@ﬁmmmérbe NSEA 25 OhhwaEnTM
roholGin Andy &%Mg%ﬁ%&s&ec&wa}%qm.agmgm Yigets. The

expression of grB can be detected in different ways, including enzymatic
loadodeySamentigd spebighcnpementies pEvefiel slleBemspsnen NracoRReeRS
wigl @lqﬁ@fg);?c;;e}@gagmﬁkkiég%r,@g@i%ﬂmgﬁgwm ri;mmﬁ.-laamﬁm;iﬁamaan
.et.al . ,.180: I Xpression.were.
SR T T A Gt o) BoRL g Bie 20)
respectively. Fig. 30 shows the percentage of CD8+ T cells that express
NEER epghipinSeloving tates simmationswiky AntigeareadadrupprerREs.

NS5A Chimigen M _ . .
expressing prB and pf + and CD4+ T cells 6 hr post 3™ stimulation

The ability of T cells to produce the cytotoxic granular proteins grB and pfn was
also assessed by ex vive antigen presentation assays. Immature DCs were loaded with
control buffer, with TT (positive control), or varying concentrations of NS5A
Chimigen™ Protein and upon maturation were incubated with autologous T cells. The
expression of grB can be detected in different ways, including enzymatic assays and by
specific antibodies [Ewen et al. (2003) J. Immunol. Meth. 276:89-101; Spéeny—Dekking
et al {1998) J, bmmunol. 160:3610; Hamann et al. (1997) J. Exp. Med. 186:1407). GrB
and pfn expression were detected by intracellular staining using an anti-grB and anti-pfn
mAbs, respectively. Fig. 30 shows the percentage of CD8+ T cells that express grB and
pfn following three stimulations with antigen-loaded mature DCs. NS5A Chimigen™
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97 WO 2007/041861 PCT/CA2006/001685 Protein-loaded DCs induced
an increase in grB and pfn expression in CD8+ T cells compared to the no
antigen control. These results indicate that NS5A ChimigenTM Protein
induces the expression of grB and pin in CD8+ T cells and this suggests )
At %ﬂ?gfeélr%%in is processed by the DCs in the class | pathmz"é%’%%?ﬂ@oom&
effective presentation to T 5 cells which results in their differentiation from
naive CD8+ T cells to cytotoxic T lymphocytes (CTLs). NSSA
ChimigenT"t antigen presentation by mature DCs results in the generation
and maintained activation of CD8+ and CD4+ T cells 10 T cells were

PE AR e SRR B ST 0 BRSSP ADR R B hays

cahpakdte telmwintetheshird Sfimsd aonitthslicae inviEthahiesiedand

PSS HARLGE tl@‘e%ﬁ& 0% HW&&E@@&%@%&E'E% H}%%Eéér% Qhhis

o] 9.1n

proliferation and for the expressioh of the activation marker

PEARS RraceassA darteetb esthta sl atsdowriber e fibbescfectivenereriatiendal T
RWIGUItERIETR Mendiskehoaies FetismiircDgiie ik dyoyriiecte gate
&%?gs??m%on FSC and SSC flow cytometric analysis was
ermined: re was a marked difference in the recovery of T cells from
TT and ChimigenTM Protein stimulated cells compared with buffer control
NG Shhidehratimiated cell5:0avs alioheicl cehisqaverndian ing.q
Chimigen3 Protein stimulated 20 cells. However the response is a
Arignce asRyaton oAl eae SRMidgBEhulation of T cells specifically
responsiye wer Siwmaladdosi sadbeIghbthaniiateiihe, stasivg

| opulation aive T. cells specific for A. Notably, on assessment of.
o e e L TSR B e

ell pop € percentage of blast ce

bynBEGBARpHighiec nftblesNsByeCHimigan 2 fprotdtmtoftend Saedhepared to
etPREbFUIHER TRRIE HUPKE: (855 HiGNalaT b8 AR Q EaiRUNO 68l G

the buffer control cultures. The percentage of activated CD8+ and CD4+

oymbeis o d SELRESEYeH Epm S ERETbsBrmeERbari PRy e thitie was a

hinighopercenta@e pit)dibcéddd F50dnd DS flosaligomentiesalgsic RGO in T

d&g“%in?gmulated with Chimigen3 Protein-loaded DCs compared with buffer
control. These results show that the stimulation with the Chimigen3

Protelhiisstatstimraddif reaen nehsarvasencdior e fiferalibandat is
CRMGER @ ren xRy lall owingoinsaiedrdisi BaaiatieRirol (Fig. 31). TT
stirﬁulated cells gave a higher T cell recovery than the Chimigen3 Protein stimﬁlated
cells. However the TT response is a recall response and thus the starting population of T
cells specifically responsive to TT would be expected to be higher than that of the
starting population of naive T cells specific for NSSA. Notably, on assessment of the

_ blast cell population, the percentage of blast cells / proliferating cells was actually higher

in the NS5A Chimigen3 Protein cultures compared to the TT cuitures. There were very
few blast cells / proliferating cells in the buffer control cultures. The percentage of
activated CD8+ and CD4+ T cells as assessed by CD69 expression is shown in Fig. Si.
There was a high percentage of both CD4+ and CD8+ T cells expressing CD69 in T cells
sttmulated with Chimigen3 Profein—lqaded DCs compared with buffer control. These
results show that the stimulation with the Chimigen3 Protein results in marked T céll

activation and proliferation that is evident even six days following the third stimuiation
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98 WO 2007/041861 PCT/CA2006/001685 (day 20 of T cell culture). The
Chimigen3 Protein is therefore very effective in the activation and
expansion of both CD8+ and CD4+ T cells. NS5A ChimigenTM Protein
presentation by mature DCs induces the generation of NS5A- 5 specific

CIBHY ¢l T o evaluate the antigen-specificity of the immun@GESESAgE001685

to NS5A ChimigenTM Protein, the percentage of T cells specific to an
immunodominant NS5A epitope in the context of HLA-A2 was
guantitated. This was determined by labeling T cells with an NS5A

peptide/HLA-A2 pentamer conjugated to PE. Naive T cells were

(dsyiRlvatbaetheabiue. fibeChimis ©E Endeindeithvrtfdiffermeiicoticemtbtions of

2SR GRIBIGEITM Siieie BBd £ @EWAradImthe respective control DCs
loaded without antigen (buffer) in an APA. T cells were harvested six
days after the third stimulation and NS5A-specific T cells or EBV-specific

NI5eetiBifcioaire pastacid Ry-ikiidynentabkai0g iand &He. cbhe e rceiagas

ofiﬂe%ﬁ' ‘g,lt%tSrﬁsmer labeling (negative control) and EBV 15 tetramer

%m’%lpUSIUVE control) CD8+ and CD4+ T cells are shown in Fig. 33.
One Taetabiatiadhthraiigrastpetifieity b Shevamome Bpratein BiS b Elvrgigen™

PiRasitie Jelameb)orthaCR3ind sal RaRiRNR:ASRSsh eplisRszessed

were from the buffer control treated wells, it would be expected that the

coRtrR F O EAY YAt T e IS et AetrBingddy lnarlinedhFrds Mihan
NpRAoRpERa B CRBpentaatisclalpeiingl witPEaNMSS A il tesrestinth olio iy
. the ARA.S shown in Fig.34. | oading DCs v ChimigenTM

i€ GBS IR Wikl CRCARNGR M bR Ch SR and,
cozptaspEie/he mRmeIting cqsetDEs oaia) withevhaatiess GRSENSOMAZDG T

cefl® M‘H&NE&&J@Q ﬁkﬁ%ﬁé@%@@ﬁﬁ@&‘iﬁﬁ%aﬂ@ﬂ% 9&1%&1&@@19, or
concentration wells an lE}T_{%ee gg!s of the Jow.DC concentration wells.

ERVBsHEN <SS &y 5 Rk Al s -generation 25 of
T celhspectitagdhidnbia6¥e mmaodchigdntgapito penant) inkHREly that T

tc&%%r%@el%? %%%Et%@o%ﬂ%ﬁé@%ﬂ;ﬁsgﬁ PeL Noal SDUORGS FHEMR! S0t

Results wit Chimiget 99 WO 2007/041861 _
W fbrthodreod 685 PRESY CRIER ¥ TS JRRRIMHE DueTs firamss) dhthe
Co8arpeigrapdiation. As the T cells assessed were from the buffer control treated -

wells, it would be expected that the number of EBV tetramer-labeled T cells would be

relatively low. The pcrcéﬁtag_e of CD8+ T cells labeling with an NS5A pentamer
following the APA is shown in Fig. 34. Loading DCs with NS5A Chimigen™ Protein
resulted in the generation of T cells with Spéciﬁcity to the NSSA epitope VLSDFKTWL
(SEQ ID NO:3). The marked expansion of CD8+ T cells with this specificity was
apparent in two wells of the high DC concentration wells and three wells of the low DC
concentration wells, Thus the NS5A Chimigen3 Protein is able to induce the gencration
of T cells specific to this NSSA immunodominant epitope and it is likely that T cells are
present with specificities to other NS5A epitopes.

Example 3. Results with NS3 Chimigen3 Protein
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NS3 ChimigenTM Protein expressed in Sf9 cells was purified by Ni-NTA
affinity chromatography followed by cation exchange chromatography.
Purified samples were analyzed using 10% SDS-PAGE gels. After
electrophoresis, gels were transferred to 5 nitrocellulose for Western
BY&&%EOI%?’SDS PAGE gel was stained with PageBlue and®{F&staf|é/001683
blots were developed with antibodies specific for different components of

the NS3 ChimigenTM Protein. The purified protein appeared as a doublet

at approximately 110KDa and 120KDa. Both species were detected by

o

Ns%rﬁla q’&ecgrg%lrgg&?ey term%ug ganil 6xH|s% !BD (anti-Fe) and NS3
- (polyciohatant-NS purified protein was

intatdiSAChintijative Fassasapesi«iyiysaslenanatipeaiigdNSBa affinity

te formed using the b d 300
T G e b e
anfémémsmg Ve8P SBEFotrkcAfuntibictyeharsigetlnasrstaintduding the
nitfbeMufal e rREA Matiapd fﬁ@@ﬂg%miegei'waymge mﬁbﬂéﬁéﬁ&%ﬁce

u“flﬁﬂ? rotein is a doublet, the difference in molecular weight’is

‘% Sr BEevalsRsd T witkedist moeicdprfitesplacmrronts of the
Nsamm;ggerﬂrmm:mm@dﬁﬁwmm@a&a RS 3Akubienigepiivkiniatain
S RATIRBLOEIARIAIS BG IO TR BES, 20T e felSHele

incu ate e presence an absence of various concantrations
(aneﬁvfﬁxjém Erstdie) for NSB dpdizslanab atd¥eh probidh indisatdtgetatiowith
pmbﬂea@y&éggwmtmpuse IgGl mAb and SA-PE-Cy5. The percentage of

cells bindi gbthe Chimige K:;'b[[)roteln (%%Eosmve cellsééxnd th(; relative

amdt it SHA XSRS MGt et R R B0y R FRimgan Y Brgtein
Waal’mfugmdwlﬁ’g@m|mam@%r@fm3®oﬁv&mmame%cpmnsaﬁomlndmg,

A@Q%@%&PE&% g,%@eq n INcEsasgdn 351 r’%a‘l’w“ f; oy eJroteln

and 36). Binding of the protein was n
Sfa'@‘@ m&&?ﬁm@wmiﬁawﬁn@emdm@mm@wmwe
Sink¥ panifad §adt¢iﬁlma ddubedigh Mﬁk@fc@uﬂdﬁ%@h&e@é% indicated haIS3:

TM. Pro n effectlvely and at high levels to immature
d
! q t%%h% S cve A%VCOS sa Rirable, 30 indicating that it is

receptor medlated. The binding was also very rapid with bound 100 WO
NS208:449 bREHGARIHARIERTH@rotein detected after 5 min of

incubation at 4C with a MFI of binding approximately
NS3 Chimigen™ Protein was examined for its ability to bind to immature DCs.

The cells were incubated in the presence and absence of various concentrations of NS3

Chimigen™ Protein for 1 hr at 4°C. The bound protein was detected with biotinylated

anti~mouse IgGl mAb and SA-PE-CyS. The percentage of cells binding the Chifnigen?ﬁ

protein (% positive cells) and the relative amount of bound protein (MFI) was

- determined by FFC. With NS3 Chimigen™Protein at 4-55 pg/mL, most DCs were

positive for binding, and there was a dose-dependent increase in the amount of bound

- protein (Figs. 35 and 36). Binding of the protein was not much greater at 22 pg/mL

compared with 55 pg/mL indicating that the binding to immature DCs was saturable .
The high MFI of binding observed indicated that NS3 Chimigen™ Protein binds very
effectively and at high levels to immature DCs. The binding at 4°C was saturable,

indicating that it is receptor-mediated. ‘The binding was also very rapid with bound
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half of that observed after a 60 min incubation (data not shown). NS3
ChimigenTM Protein binds to specific receptors on immature DCs 5 By
virtue of the presence of Fc fragment, NS3 ChimigenTM Protein is
predicted to bind via its TBD region to CD32 (FcyRII) on immature DCs.

W aitieH6le to its mannose glycosylation, NS3 ChimigentA/ a4 685

predicted to bind to C-type lectin receptors such as CD206 (MMR). To
determine the specificity of binding of the protein, immature DCs were
incubated with NS3 ChimigenTM Protein in the presence of blocking to
anti-CD32 and/or anti-CD206 mAbs: Immature DCs were incubated with
prévfiateennidalfiar Bnginok infibatyp etdshitrathm MF] aftinGDg 2ppropmately
SR PORMARE PO ANIEGRAR AR R GRRAP for L hr at 4C before

incubation with NS3 ChimigenTM Protein for | hr at 4C. Bound NS3

ChimigenTM Protein was detected with biotinylated anti-6xHis mAb

~éallowad %yb@ﬁﬁgnﬁn%-sﬁtﬁﬁeﬁiaﬂﬂi@bmﬁbﬁgmﬂl j;fm@ IgGI and 1gG2b)
id not inhibit hinding compared. wit control. ver.in. .
comﬁé’r?égﬁe\ﬁf?FPBﬁf%?’}?Srgggﬁ gt ?m%@%%%narﬁg@%ﬁgﬁ%ﬁeg
bibindinigs BB BppemiaCE 20 RINDL6 desnrasp By Ehadgilipradye Wik
additio NeARs, MhGEinhib] GhimigertMdngtein
m%?ﬁ%%gl}%r%%g%lﬁm ’(ijﬁ%n%% ]inhibiti}i)li]r?[%é?g %Pga;%'l{ér!fj% the data%dicates a
rereRioTS P SV o SOISTRII K PRI 0 FERAEC R BEHFR
inDseteinTinaiee: tadrmanattienNCs ChiaipinthRyaéih B 3He piexgendiMlocking
Protein was visuali nfocal microscopy. Immature DCs were
qﬂb%ﬁ%%@&%f%é%&nﬁégﬁTM Protein at 40C. Strong labeling on the
cell sifanterc Boparerd nitbdtedfeitb hyfepenntielintiuesalinhisgige control

- KYIigTM Rrateinshasis 1ABCs YHRGRRTDS2GAlSB0SEIYY f6t 1 br at

receptors. 25 To investigate internalization, immh%ure pcliiwe(rigqiﬁubated
4ifreiore tesHhaiarri Profohmies C et HE Behid shSWENide if any
Chfigecabelifig waldsmactheiraiie dattines) bulinsttat Biowdy 8A-PE-

ngtate labelin ern often in.the Miciijty of:t indicati
i s i AR Db e B BRI Caled
whCTY A 2ous/b O eV BIa@mARma T Midteropresortaah ) B e

B0 Rk EDBRR G Fprbxtnsrblyariyatia B BadqpatifethtiigT BE).
Tl addchon of both lociahe mass hfie? ToHeY S3 Chimighetn HARAHIRARE
resulting in a 90% inhibition (Fig. 36). Thus, the data indicates a role for both CD32 and
CD?206 in the binding of the NS3 Chimigen™ Protein binding to immature DCs.

The binding of NS3 Chimigen™ Protein was visualized by confocal microscopy.
Immature DCs were incubated with NS3 Chimigen™ Protein at 40C. Strong labeling on
the cell surface compared with buffer only controls indicated that the Chimigen™ Protein
bound to the surface of the cells, possibly to receptors.

To investigate internalization, immature DCs were incubated with the

| Chimigen™ Protein at 37°C for 1 hr. The celis showed little if any surface labeling

(p!ésma membrane outlines) but instead showed a punctate labeling pattern often in the

vicinity of the nucleus, indicating that the Chimigen™ Protein was internalized.
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5 ex vivo antigen presentation assays (APAS). This assay can be used to
measure various parameters of a functional T cell immune response after
stimulation of T cells with antigen-loaded DCs. The assay consists of first
‘gﬁr%%% r % é‘g]mature DCs from PBMC- derived monocytes by the &‘36%‘35'685

4'and GM-CSF. The immature DCs are then incubated with vaccine
candidate, carrier buffer (negative control), or TT (positive 10 control).
Subsequently DCs are treated with cytokines to undergo maturation,
washed, and incubated with autologous naive T cells. For measuring
cytokine production, the presence of cytotoxic granule components, and
the generation of NS3-specific T cells, the T ceIIs are stlmulated an

NSaditidpaltrydishesredtavuting e ki : tH
¢ Clllfla% elllg However a single stlmulatlon would be expected to |n|t|ate
ag%%eo"xpzr‘l‘g'rcrﬁz“rtrm‘a naive T cell population. Activation was assessed by
meddg g tinsaldaeryme cesparapiatoys mSHE e Frasin pritesaiethtias
ex NBASHEEE RYBAMIAGI0Es Inprascencaabi-takdabaleddecals vBalhs
CD69 expression and % SE fluorescenc%r\l{vere eélaluallae.lp after 4 and 7
pargiasiers PER AR LA géﬁ%%%eapﬁé%a LB AR &7 hyie
antipelidatdeti thas 1HEheasmagnination S TDCsamatilgpininth &C20onl KiBdWere
deriPROHARLRAS ANELLRIRS el RIalPEs ThelBRHERESSRORET

was designed such that six different T cell: DC

incEbried ithNerring eredidate seiper il datstivD eoRBb TGRS WEre
coRSf, ﬁaﬁ%&ﬁ&@eymam&%MelhﬁMga NRWGORGERIFRIDN of
(?’Lx 04 DCs WeII After 48 he,o%? re, the i |mma|#1 DCs e

and {acipat 5?‘(?1865% %ﬁ)mﬁg?% |genEI;M:£ {elhﬂagC) at

preSegéandf &"ﬁoﬂ:ﬁ:i(qogmmﬂe coniobntaraRBBe FheBids WioNs teeciid{lirelisiéha

T c'éﬁé‘&}g Maned By hsqa0e mmieegi%%% ot kB Mrpoﬁemnagaﬁd

FN-y. After culture overnight (16 hr) DCs from the BS control*g:;
P"Q)\‘i’é‘?é%@ﬁ dgdlia Emﬁvﬁe?eﬁﬁﬁiﬁfe%&mgsw@fbwﬁfﬁ%afﬁ

expRAISE MorB@thitigh @nq)@wmcexﬁﬁamm@eaemmsgd}b@m@ms of
HC class cla ass I

GHQBASC@B%UX 0 om%rugr#ce sWe e IS0 até)g by a‘%ﬂéé%%gggggfec g %

flupreeetard @ﬁaﬂéﬂ@e@ ToeitHsC Bsii: $16demnreFian apddF el BRoISRSERCFo

wetdQ Ml akBGSHR & H@%&@wﬂt%&&&@%%@@ﬁl
PCTICA2006/001685. 10f mpllwell of T cells were add?§é q,ce tratlﬁlns

per WP R pds B Rocals gt 1B s Faationh cef g.tl%

_ culivedls/é¢l inibodDGHwelykheid thefi¢eEpenwell cell immune response. Thus

the APA was designed such that six different T cell: DC concentrations were assessed.
Two sets of DC concentrations were used, a high concentration of § x 10* DCs/well and a
low concentration of 1 x 10% DCs/well. After 48 hr of culture, the immature DCs were
incubated with buffer (negative control), NS3 Chimigen™ Protein (3C) at 5 pg/n;l, TT
(positive control), or PBS. The DCs were then cultured for & hr and matured by the
addition of poly IC, IL-1, IL-6, TNF-¢, IFN-o, and IFN-y. After culture overnight (16 hr)
DCs from the PBS control group were washed and examined for the expression of
various mature DC markers. Both high and low concentration DCs expressed high levels
of HLA-ABC (MHC class I), HLA-DR (MHC class II}, CD86, CD80, and CD83.
Autologous T cells were isolated by a negative selection procedure and labejed
with CFSE fer determination of cell division. To 100 pl/well of DCs in a 96-well plate,
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ratio combinations were: 20 x 104:5 x 104 (4:1), 5 x 104:5 x 104 (1:1), and
2 x104:5x 104 (0.4:1). For the low DC concentration wells (5 x 104
DCl/well), the T cell to DC ratio 5 combinations per well were: 20 x 104:1 x
104 (20:1), 5x 104:1 x 104 (5:1), and 2 x 104:1 X 104 (2:1). T cells were
A2 IELHEIDCs in the absence of any exogenous cytokined. A& 42006/001685
control, at day 3 of culture PHA at 1 pg/rnL was added to the T cells
loaded onto the PBS treated DC group. Following 4 days of culture, half
of the cell culture (100 ) was harvested for to analysis of activation and
1(@{0 ife{ﬁti?n. Tﬁﬁthe remaining half of the cell culture, 100 | of fresh AIM
(PSR hEERSFEAUHS fnemtmtionneec il efirhed for h Wodidral
108. deytheTigh BXProssiotbCHAS (the’ DCaNIRHET Bl bUHCTer well
I X 4 datigdl: 4. and. 7, of cyltureyi 4
L S SR oo sl Chpheid e 10

OrgdarfrdhedrmB e cspemetieniveb by WabGeeibialiad Tl PCFato
combiHER6hYIR e hiak: DE-CortceRtalion: Puswagbpielyusieriad ik gells

y gbut (?d ¥vitq the |O\I{\{4:) %c%ncentration data not shown). Compared with
Uftét donffol® StEICEiRttiftd P HarbisRsr ot an SxArsRRsIEvekises: As
a @069, N&F ThimitertPHAretéipghddeds =] lndheddelihightdparcertage

¥ (BRI BYYRSRINg CD8+ T cells than CD4+ T cells at day 4. The

percentage of cells that have undergone at least one division (CFSEI)

after 2 ¥iedaday vecenitms. bakirithe relbmyltos. (10w swrdanveeddohat
anmgsﬁ @ﬂtﬁimammgm_imﬁ | 4%@{&@559@% hag Hf&tﬁ@ Qénigtlﬁa&Dﬁm, i and
+ reated.wit -l0ade naergo etect epro,l_eratlon
of g A AL T Uk ) 0 ARG 8 G, s atonal 3
daysriGerixatieriouef£P6P sinaba ). cEeratveds< ittt Detbetiei:6 T ¢bCs/well
proliferain . . o o
i A b S
cell etmErerd SRt RErdle B Tdhp fesdloRGrain 6960 miprdderteinsTsls not
cujtatedivitib cheFodlo D gordday stioh Gultvis barlls ueia-ianve siad fanaasdygis
ivation and..proliferation. The expression of CR69 on the T.cells
R e 2o ot Y P R sl 30
stigtiatpdibeets cassen 8 dighes WuekefddDaP 30N Elumigsn B9 Bistcindetided

Desilamrdaithcite RighDE-CAMISTalpR AL OMRS Pasly adgtepted e at

cells_cultured with the 10 DC cancentration (data not shown). Thus the
A 3 EPSBEPHSS DA P EHS BBAI B one division (CFSED) after

four days of culture is shown in Fig. 38. The results indicate that the T cells treated with
PHA 24 hr earlier had begun to divide. CD8+ and CD4+ T cells freated with TT-loaded
DCs undergo detectable proliferation after 4 days of culture but this was only evident at
the high DC concentration {data not Jshown). There was little detection of T cell
proliferation in the vaccine candidate treated groups at day 4. Thus naive T cells are
activated by NS3 Chimigen™ Protein-loaded DCs on day 4 of culture as-evidenced by
expression of CD69 but these T cells have not yet divided.

Following 7 days of culture, cells were harvested for analysis of activation and
proliferation. The expression of CD69 on the T cells following 7 days of culture is
shown in Fig. 37. For Chimigen3 Protein étimulated T cells, CD69 was detected at
levels over 5% in T cells cultured with the high DC concentration, but was barely

detected in T cells cultured with the low DC concentration (data not shown). Thus the
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low DC concentration (1 x 104 DC/well) was not sufficient for
antigen-specific T cell activation. The expression of CD69 was reduced
for the recall TT response at day 7. In contrast to d4 T cells, NS3
ChimigenTM Protein-loaded DCs induced a higher percentage of CD69
&%%8 f}ﬁbsﬁlDM T cells than CD8+ T cells at day 7. The pe%:%y&ggogpoléss
CD69 5 expression of CD8+ and CD4+ T cells at day 7 was greater for-
the Chimigen3 Protein compared with the recall antigen TT. Thus the
Chimigen3 Protein initially activates naive CD8+ T cells, followed by
+ lls. T f cells that.have. undergone aj.least.one.
oo el B RS R S A e Bl ™

actigalést Wiehearhpssige aBGR6teiasoredupad Sultheirivath Ak eupGde #t dayl 1C Dy +
conir&@io1d) Rreliie RO TRRIGE /A ey R.af £ 1llER ARd ﬁkﬁéc\éﬂ';‘g O g&@éﬁ&%@t
(6)

the high DC concentration (results not shown). NS3 ChimigenTM Protein

of Lrehiemire - BEs raeliiion il dnesin S obe psrenteesof €IS
exedoc BT IFN-nanh INE @1 kailds UReligeak PR HHSNRASPIGNS3
Chimj eBITEg/IEPr%}Ein was a,gse sed b\%a three stimulation ex vivo APA.
°°‘ﬁ%3rﬁ%\t%‘?e e ern L ARG RIERYR Peorentiay s bres2 x
naiv @ LIRS wellk(follosed beriiation el Tleaeadnmgs sanritothertisies buffer,
itive. ChimigenTM.Protein. DCs were th
o B S R R R e e
DG iasies! adthH{eyrpigesi fhoseia @highreevitdd infiviHie] €TRSS ki E0A¢ 1 dsslil,
profRAGoL ISPy and GRERAHIPIRACKS Teelsmaisiaeypaiasvith the

matured antigen-loaded DCs at a ratio of 20 x 104 T cells/well : 4 x 104

consgniRiian GrAs aeshewals/well : 2 x 104 DCs/well. The T cells were

stimulated three times and T cell function evaluated 6 hr following the third

PopyiRtiRR-aBRPRnHsRM-aPsheALaesaldhmedantib s el orolifgmation,
Blast T cells are defined as those_ cells possessing a higher FSC and

e S A R SV At PR RO BBt s i thRCyHGishe gate as
corgsstasan dyafdw B/ tDfewyll The peticentaiye of F«leldethstiin dher30

carfuithiEas-aptes Hrdays QL e Hasﬁ,i%ﬁbgqu%ﬁ?@&rﬁ%r 35 %ieq‘ffﬂéggé‘&;@ﬁ

- Protein was efficient at inducing T cell proliteration (blast uction),

mang] ﬁ;}étéelr-plgéﬂt@t@ eygjyated. The DCs were assessed as mature as they
expressed high levels of MHC class I, MHC class II, CD86, CD80, and CD8&3.

Autologous T cells were incubated with the matured antigen-loaded DCs at a ratio of 20

% 10° T cells/well : 4 x 10* DCs/well or 4 x 10* T cells/well : 2 x 10* DCs/well. The T
cells were stimulated three times and T cell function evaluated 6 hr following the third
stimulation by detection of the intracellular levels of the Thl cytokines IFN-y and TNF-q.
In addition the extent of blast T cells was also assessed. |

The measurement of the percentage of blast T cells in a T cell population can be

" used asa gauge of the extent of T cell proliferation. Blast T cells are defined as those ,

cells possessing a higher FSC and SSC light scatter then the resting lymphocytes in the

lymphocyte gate as assessed by flow cytometry. The percentage of T cell blast in the

cultures after 14 days of culture is shown in Fig. 39. NS3 Chimigen™ Protein was

efficient at inducing T cell proliferation (blast cell production), with the 2:1 T cell:DC
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WO 2007/041861 PCT/CA2006/001685 ratio resulting in a lower
background (buffer) T cell proliferative response compared with the 5:1
ratio. As a result, at the 2:1 T cell:DC ratio there was a marked difference

inT ceII roliferation upon stimulation with NS3 ChlmlgenTl\ﬁl, E&'ﬂea/amsss
W&ﬁ?)%l cﬁo buffer. The IFN-y response was measured at bo£t> wa

and 2:1 T cell:DC ratios. The s data is shown as the responses of each
-~ well of the group and as an average of the three wells with the standard
deviation of the mean (Fig. 40). A comparison of the T cell IFN-y
.response.sh Wed arke g} etweenthe 5:1and 2:1 T ¢ C
TR s T PO L e e T o
the Yacoine dsicede- audu@eﬁTIFerll ?@e@pgﬁy@mqm@ﬂc@ﬁﬁmwﬁﬂ&

I NHALR.® rpaeisSuliaeed with
cell c?r\mlit{r?o %Elcj}#grg (Igggéiglg{ %ﬁc%g%%dﬂﬁd IFN-y Whﬁ%ﬁ%@i& h|p ercentaﬁ? of
ookt

T caits ENOresarrms vas SResusA dlded s dermsis
datal REHRWAS AR reqjéﬁﬂ@mmdmmmmumpmkswmh mgecm&esﬁmalated

well{SA R JERERRSDEE RO A Bl SOHARIEH WS Lo e’

£ 8
|m|gen Botein e perce expressing IFN-

¥ retipor@DBevendch @Bk edgiferiato b%%&lq@érmﬁé?dl anerisiAR st Vi
thcﬁ%ﬁé?%@%‘iﬁ:%ﬁtﬁﬁ&ﬁﬁéfe%@lﬁtﬁ@f@éﬂ@&'f%c&ﬂ@%&%@%@ﬁ&@dfor T

ells stimulated with 2.5 g/mL of vaccine candidate-lo d DC
TF NG ATRAETS Ve et ?6&8&@5@@”%&&%‘@’ 5 °ﬁ?§ﬁn“a“°n’
verp %@enb%geduﬂt&aﬂwﬁﬁ mt@ltbaﬁem@wmwu@nﬁmwmmm

perpianae i} SS A Crarsim Compareth il SO BREballg haicpntage

cells expressmg -y was compara or T cells

Thetimatate tdreticmiodii-cardering relaei sl sipsradartvith Ratied

thaPn%& beEH?éa%é@%M tsiaqlicate EBE%MI Bigeat M Rotemrnguoes a
marked IFN-y response in both CD8+ and CD4+ T cell populations and
Pr%ﬂgggwﬁaﬁéwﬁkﬁléq@ﬁ%e&@érw e BE 6%%] trﬁ’é’%f‘fl

wa L@ﬁ&ﬁ@é&ﬁéﬁsgﬂbﬁmm@al Fiphedrbnts SfCPErcE ntiiy expkFsoa| SFat
wnave pro Pid IR 't Ll As 2%8¥f‘rfs$ﬁlk%%t&9§d¥&§{%~maded DCs
L et geﬁ ¥3aded

e mature se results are similar to the |

comparstswihé THRded @S0 hd@wa@ HistsLv et A BiRhdrTrakes *Pcfd%ﬂss
colfs RIMIGERTM 4 RERIS B ARARE MR TS ihiatiarpibteid comeal

Ch|m| enTM Protein oaded in a high ercentage of
Gy E@ﬁfgrexﬁaggmaﬁmﬁ BT R0 SRR AR oo

for T cells stimulated with vaccine candidate-loaded DCs compared with TT-loaded. DCs.

These results indicate that NS3 Chimigen™ Protein induces a marked IFN-y response in
both CD&+ and CD4+ T cell populations and suggests that the molecule is processed by
the DCs in both the MHC class I and class If pathways.

Fig. 42 shows the percentage of T cells that have produced TNF-a as a result ofa
6 hr stimulation with antigen-loaded mature DCs. These results are similar to the IFN-y
results. The TNF-a response was about equivalent or greater for the NS3 Chimi génm
Protein cﬁmpared with TT. Stimulation with TT or NS3 Chimigen™ Protein-Joaded
DCsresultedina higher_ percentage of CD4+ T cells expressing TNF-o compared with
CDB+ T cells. '
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105 WO 2007/041861 PCT/CA2006/001685 NS3 ChimigenTM Protein
presentation by DCs results in the generation of CD8+ T cells expressing
grB and pfn The ability of T cells to produce the cytotoxic granular proteins
as also assessed by ex vivo APAs. Immature

Y% {E g\(ljntrol buffer, with TT 5 (positive control), or vag&%J&IUOMSS
concentratlons of NS3 ChimigenTM Protein and upon maturation were
incubated with autologous T cells. GrB and pM expression were detected
by intracellular staining using anti-grB and anti-pfn mAbs, respectively.

Fig. 43 shows the percentage of CD8+ T ceIIs that expressed orB and pM

wtem Ioaded DCs 10 mduced an-increase in grB and pfn
SXPRRAIRHD dr DB S RS R SO R A Do

hese results |nd|cate a mlgen (Pcme mﬁruce

alseassessaidn of 4B ARG LIMMaBdICY weltsloriid Withirngthetihsdiers witd TT
(po¥ARGIBEnEaNdiH ey isRINRese At YNGR Eailni e MRGlasa hpathway

for the effective pr entation to T cells to result in their differentiation from

AR SR RIS LY EBHBIaE TSy o AL Pl PIRLSS YR 3V ere
deté&mtmgemﬁ\zbmrmmmmﬁ pBraad urei DR sweisy isspacthelge Faration
sho%qh%%@@iﬁt% o%%%ﬂét'%g @% SR ol L5 tg,)g”s &re

stim d with antigen-lo reet esintan APA. Arter 6 20 d of

stirgutipasatigwariégenc apded gﬁﬁqmatﬁm thes ThisisnEtd reimndsadaddpds

lnd%\éﬁ%kgﬁ&?&&)ﬁilfmtzﬁmtﬁﬁ?gﬁgﬁgéﬂ%@9@"1@9@? t@r{)ht%té@e{l Sufiera 2
measure {0) ration anq 1Qr ession 0 e activation er
co Hé&afﬁda‘éﬁﬁm ea%fss e§ N NG B e

expresove rdgiBomdqftuneCEi3e- ﬁwmlseﬂ"b.fsg'atdadg:mwxzﬁadhrﬂg: macthee candidate

is ﬂ%%&e\tlﬁ%g Rl gatRased ?Baﬁt%vg él?%%, 86'%%:[!]: R (E?Eg4+ 3 g}e(lvrp

determinéd. 25 The percentage of activa
Ce"éé@é@%@ﬁ%ﬁ}'@ﬁb@“@%‘t@% tﬁmgxeﬁaﬁﬁ%ﬁ Eigplisdo rﬁetew&émhocﬁes
(CTmeyeased percentage of both CD4+ and CD8+ T cells expressing CD69
in T cells stimulated with Chimigen3 Protein-loaded DCs compared with
buffer control There was a marked difference in the recovery of T cells
i ; (1t pesERE o meatine Mite bl sicheponemtanitnd uffer

m Hm QEtlga§Q14§hﬁ§'+s_y,raté@edr\@glﬂ§ gave a higher T cell recovery than

vaccine candidate stimulate
T cells were stimulated with antigen-loaded DCs three times in an APA. After 6

d of culture following the third stimulation the T cells were harvested and investigated by
flow cytometry for the percentage of blast cells as a measure of proliferation and for the
expression of the activation marker CD69. In addition, as a means to estimate absolute
numbers of T cells recovered from culture, the number of gated cells falling in the
lymphocyte gate (R1 gate) based on FSC and SSC FFC analysis was determined.

The percentage of activated CD8+ and CD4+ T cells as assessed by CD69
expression is shown in Fig. 44. There was an increased percentage of both CD4+ and
CDB+ T cells expressing CD69 in T cells stimulated with Chimigen3 Protein-loaded DCs _
cﬁompared with buffer control. There was a marked difference in the recovery of T cells
from TT and Chimigen™ Protein stimulated wells compared with buffer control (Fig.
45). TT stimulated wells gave a higher T cell recovery than vaccine candidate stimulated

wells. However the TT response is a recall response and thus the starting population of
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wells. However the TT response is a recall response and thus the starting
population of 106 WO 2007/041861 PCTICA2006/001685 T cells
reactive specific for TT would be expected to be higher than that of the
starting population of naive T cells specific for NS3. On examjnatjon. o

e *ﬁ&?ﬁﬁ&sts present in the cultures, notably the perce—ntargglg&%%(gpﬂoms
cells / proliferating cells was- higher in the NS3 ChimigenTM
Protein-containing cultures compared to the TT cultures. There were 5
very little blast cells / proliferating cells in the buffer control cultures. Thus,

“stimulati ith the Chimi Protei ted.i ked T cell .

Ao PO P e A B RIS s R TR
sthlupha faiay POl pealictituve}. T@edﬂ@ﬁin@l’rmmﬁ@wmﬂﬂmﬂ pirssent
e Ve%gg%@g%ﬁéﬁﬁg%%%&meﬁgsﬂ;%ﬂmﬁg QR AR

+1 cells. migenTM Protein presentation by mature DCs

WdUCeim i YERetslorPRARSS- caiarshccmprsd i ths vl atd ravere
wheaticibief the iInprolRerRERANSE BN BECRingerTIMERr aleif stihlation

percentage of T cells specific to two immunodominant NS3 epitopes in the
AR SIS AR AL S AR EEA T LR RSB T
sellennitriNG I peTitlefiia’the thjré atamtn Gdjv gatetiTioch Euliierl T heCd#3
ere stimulated three times_ wit ith. different concentrgligns
0 ﬁ%@#rﬁ%é%ﬁ\?%ﬁ?féﬁ %’yr)lq %%%42}%%%‘3%&?}“% rgs%l[gcti\%&ntrol DCs
(@®teenditRstitaemtlien (buffer) in an APA. T cells were harvested six
days after the third stimulation and NS3-specific T cells or EBV-specific T

20 ce I (gorer d b ttr S, I b Ie% %ge% zed. by, flow

RNt aier tebieling (positive tetramer) in the CD8+ T cell population

and g el WG OSIE (PL ORIl SUARIRL BRSSO ot

Q
shown). ,&st e T cells assessed were from the buffer control treated

thensrienaen@beellp seteifitia RIS BIEE ) i3 FRIBFI bl eosptext of
pells would dahadelntivelyancthe R be Meg e TCRRwhels labeling
with 3 pentamer following,t PA is shown in Fig..4 ing..
A BT R EILIR P ol D2 s
with Bfebitidid wiiNGBeaphopwsntraionafRéth Ehimitsiof Brosibgndroempared
Witﬁe@&aﬁ%iﬁ&%@@&%@@é@@éﬁb&@ whieaiowels RfhAPA. T cells were

harvested six days after the third stimulation and NS3-specific T cells or EBV-specific T

cells (control) were detected by tetramer labeling and analyzed by flow cytometry.

One well of three of the buffer control group tested positive for EBV tetramer labeling
(positive tetramer) in the CD8+ T cell population and no wells were positive for negative
tetramer labeling {data not shown). As the T cells assessed were from the buffer control
treated wells it would be expected that the number of EBV tetramer labeled T cells would
be relatively low. The percentage of CD8+ T cells labeling with an NS3 pentamer
following the APA is shown in Fig. 46. Loading DCs with NS3 Chimigen™ Protein
resulted in the generation of T cells with specificity to NS3 epitopes. The marked
expansion of CD8+ T cells with this specificity was apparent in four of six wells of the
low DC concentration group. Thus the NS3 Chimigen™ Protein was able to induce the
generation of T cells specific to NS3 immunodominant epitopes and it is probable that T

cells with specificities to other NS3 epitopes were also present.
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low DC concentration group. Thus the NS3 ChimigenTM Protein was able

to induce the 30 generation of T cells specific to NS3 immunodominant

epitopes and it is probable that T cells with specificities to other NS3

g%tg&e(% ng%r&e also present. 107 WO 20071041861 PCT/CA%%@&&%Q&E_@S
xample esults with NS3-NS4B-NS5A multiantigen Chimigen3

Protein Expression of HCV HCV NS3-NS4B-NS5A ChimigenTM Protein 5

Time course of the expression of HCV Multi-antigen ChimigenTM Protein

in Sf9 cells was analyzed by Western blot after SDS-PAGE. By

considering both factors of expression and degradation of HCV
Multi-antigen ChimigenTM Protein, the best condition for protein
expregsiempes. detamsivat BSIMEUBINSS AandBaps GfieliotHPRHEni0
Purification of HCV NS3-NS4B-NS5A-ChimigenTM Protein from clear
Iysate of Sf9 ceII ep IIet Ni- NTA afflnlty chromatography As a first step of

F SN i SN mimegeA M Pradéein was 15 captured

on a%@%&@%mw&ﬁ@t&mﬂoﬁ@@ BB AN oty o S5

Superflow3 column, was analyzed SDS PAGE and by Western blot.

il s shshreatdns Hisea aloaa%r&?ﬁﬁéﬁﬁo?ﬂf@emﬂr&wﬁmmaﬁ

. Iaﬁpvevehsﬂueregfamﬂw ofﬂtewmtrmﬁeﬂnﬂlg?@ﬁcmﬁwmmabawﬁd&aditional

on- | munoreactive prateins n exchange’
i R R AR A
\mét?ehfmrther separated by HiTrap Q XL I mL column chromatography.

Protein was eluted in the flow-through fractions and the fractions eluted at -

' saIt concentratlon between 0.4 and O 5 M NaCI HCV NSB NS4B NSSA "

g@mamlnant than the protein in the flow-through fractlons At Ieast 6 non--
Worga%rve}proge{r)n bahnds were seen by silver staining. Superdex 200
grornarograﬁnsrﬁme%spﬁ the lysate were fractionated by a Superdex
200 cofurafirsthsp-rEpurdoaios-NOY BRI SEABNSEA tyaizoMhikgteimwns
RERGUY WASBINE A ISuier{ifet B&Rln. The protein, bound on Ni-NTA Superflow3
column, was analyzed by SDS-PAGE and by Western blot. The Western blot showed a
dominant band of the Chimigen™ Protein, however silver staining of the nitrocellulose

membrane showed additional bands of non-immunoreactive proteins.

HiTRap Q-XL ion exchange chromatography

The proteins, captured by Ni-NTA Superflow column, were further separated by
HiTrap Q XL 1 mL column chromatography. Protein was eluted in the flow-throngh
fractions and the fractions eluted at salt concentration between 0.4 and 0.5 M NaCl.
HCV NS3-NS4B-NS5A multi-antigen Chimigen™ Protein, bound on the column, had
less contaminant than the protein in the flow-through fractions. At least 6 non-

immunoreactive protein bands were seen by silver staining.

Superdex 200 chromatopraphy

Proteins in the lysate were fractionated by a Superdex 200 column. The HCV
NS3-NS4B-NS5A-multi-antigen Chimigen™ Protein was eluted in the first peak.

Western blot and silver staining of the fraction were performed. The protein is shown as
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HCV Core Chimigen3 Proteln was purified by Ni chelation

Western blot and silver staining of the fraction were performed. The
protein is shown as 108 WO 2007/041861 PCT/CA2006/001685 a
dominant band on silver-staining; however numerous bands of
contaminants were also visible. The results of western blot suggest the
XY REGEIR6AT the protein during purification 5 Hydrophobic REEfaeHER/001685
chromatography on Phenyl-650C Toyopearl Cell lysate containing the
HCV NS3-NS4B-NS5A multi-antigen ChimigenTM Protein was loaded on
Phenyl-650C Toyopearl(r) and eluted in both unabsorbed and absorbed

_fractions. Western blot and silver staining of the fractions were performed.

a@ommm§imwmnm@mmmmmmw
ﬂamm%mm&eﬁ%ﬁ%m@gés it %%ﬁéaﬂ@mm&’ biheRiiesg!iulose

membrane. 15 Example 5. Res CV Core Chimigen3 Protein
WelE#sRe ChimenTM Protein has been notified and characterized The

conditions

' | ' epharose). Purified
protenﬂﬁ)&bmmmm !!21’}3@615337&@@@%3&%?%}@%%%?%

PSIQR Wiolskads SPPtRR).dhRCsRSRpERRNdoliear fboRRkREsIssaLS!dikely
a delli%g%?tlon product After separation on a 12% SDS-PAGE gel, the

giems Werls Rlataptote Fé%ﬁ%@éﬁ%?&?é‘iﬂ%ﬁﬁé@w&é% |

ibxbﬂitﬁfagtﬁﬁsv\la@pmtmmﬁﬁlgmtﬁlﬂmﬁg&m|Brb18n?mmp¢gamdaﬁiiﬂmd}éand on

%5&1?18 H%d:lﬁi sta %%”ESIRQA@ Jnaﬁ“ '%CV core antibody
with anti Fa specif |c- conjugate antib ody as the secondary
antibody. Bound antlbodles were detected by chemiluminescence.
Binding of the antibodies to the blot indicated that the purified HCV
core-TBD ha an intact N-terminus, core and TBD portions. In addition, the
lower 30 molecular weight band was detected by all 3 antibodies, which
indicated that it was a 109 WO 20071041861 PCT/CA2006/001685
protein derived from the full length HCV core ChimigenTM molecule and

was likely the result of degradation.
Example 5. Results with HCV Core Chimigen3 Protein

" HCV Core Chimigen™ Protein has been purified and characterized

The HCV Core Chimigen3 Protein was purified by Ni chelation chromatography
(Ni-NTA superflow) under denaturing conditions followed by cation exchange
chromatography (CM sepharose). Purified protein was analyzed on 12% SDS-PAGE
gels. The major band was the fusion protein (~ 55 KDa), the second band noticed at
28kDa is most likely a degradation product. After separation on a 12% SDS-PAGE gel,
the purified proteins were electroblotted to nitrocellulose membranes, Western blotting
was performed with anti-6xHis-HRP conjugated antibody, anti-F¢ specific-HRP
conjugated antibody and anti-HCV core antibody with anti-Fab specific-HRP conjugated
antibody as the secondary antibody. Bound antibodies were detected by
chemiluminescence. Binding of the antibodies to the blot indicated that the purified HCV
core-TBD ha an intact N-terminus, core and TBD portions. In addition, the lower

molecular weight band was detected by all 3 antibodies, which indicated that it was a
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HCV Core ChimigenTM Protein binds to immature DCs 5 HCV Core
ChimigenTM vaccine was examined for its ability to bind to immature
DCs. The cells were incubated in the presence and absence of various
tions of HCV Core ChimigenTM Protein for 1 hr a
§p§§ﬂﬁg}@a{£§%etected either by FFC or by confocal mlcroscépg/%égg)lgﬂ%}ms
analysis, bound HCV Core ChimigenTM Protein was detected with a
biotinylated anti-mouse 1gGI mAb and SA-PE-Cy5. 10 The percentage of
cells binding HCV Core ChimigenTM Protein (% positive cells) and the
relative un nd Pragtein (MFI) was dgjermined by FFC. With
PR AR TR T BRI LA S8 GUTe,. BT ARkt 180t bt
regiécfeigradetierpositive for binding, and there was a dose-dependent
increase in the amount of bound HCV Core ChimigenTM Protein (Fig.
47) The high Mﬁ] of binding observed suggested that HCV 15 Core
H s dinmvesotdiotsindinga to ismmeintaBlsnd at high levels to immature

Dcmﬂwtne&mdmlgédﬁw&a@@m@%ﬂf@&%mtyvaaaﬁ;w@deﬁhﬂm&
was detected with a FITC

6onf(gcal mlcrosco Il. The bindi
ConugaTes BRI iR H&Cﬂﬁ%@%@%&ﬁﬁﬂ%ﬁg RSB RonS of
HEU¥ddbto (amgeenfé Frociedsr Theatdt o indige was ddleetabsibsponBi@or

vylkinpge Show d#&ﬁéﬁm@%@ﬁﬁ%@@&m%@?{ %%m was

|mmature DCs after a 1 hr pulse at 4C. HCV Core rotein

defsried wolsp Bisteyt é‘é@ﬁ?@f@éﬁgﬁﬁrﬁét%bﬁ&%ﬁf@éof the presence of
Fc frawpara&ltdge\éﬁen@ mm%vm&émuﬁi@emmm peiablecis)

a§’ A ]%U%ED rgoqnl%]n:]%oggg?) i syi Imm%gky gﬁﬁw g’éﬂgﬂiﬁ?’

Cmﬁ@mlmarpted |®téd®mm,t@@¢§fwﬂémw0%oeiﬂmseﬁumm$@mﬂ%

ol MMR), T desermine dhe. &9@&&9&%&%@99&%%&%@959&ﬁ&\ﬂe&w

Proteln immature DCs were incubated with HCV Core ChimigenTM :
Clhispigem | R ipiEhFEgefth @BE&R#@H&‘B§%’@%EH?&W@@B@S*GQ B IEV The
Cdoenclingiyeas dlsacdixbiminectjrethepepsente: afcqsprtingigaagspayrine

301 far rec tors. and man ated BS BSA)
for QD e R D TR A B DR 2008101 co
mifFRsaRye pek Wh?éinfbummdlmﬂﬁcﬁa@(bﬁfﬁéﬁ eoningiedeorinatig®ire

: Igairaqam.‘sa {ROR @eAMiy: 543 2MARE30%eireile MANISYIRIRERRA (A%

or
ang %w corresponding light image showed that the protein bmds to the membrane of

immature DCs after a 1 hr pulse at 4°C.

HCV Core Chimigen™ Protein binds to specific récgptors on immature DCs
By virtue of the presence of Fe fragment, HCV Core Chimigen™ Protein is

predicted to be able to bind via its TBD region to CD32 (FeyRID on immature DCs. In
addition, due to its mannose glycosylation, HCV Core Chimigen™ Protein is also
predicted to bind to C-type lectin receptors such as CD206 (MMR). To determine the
specificity of binding of HCV Core Chimigen™ Protein, immature DCS were incubated
with HCV Core Chirhigenm Protein in the presence of blocking mAbs specific to CD32
or CD206. The binding was also examined in the presence of competing ligands, murine
IgG Fce fragments for Fey receptors, and mannosylated BSA (mBSA) for C-type lectin

receptors.
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anti-CD206 (200 gg/mL) for 1 hr at 4C before incubation with HCV Core
ChimigenTM Protein (30 pg/mL) for | hr at 4C. The bound Protein was
detected either with 5 biotinylated anti-mouse IgG | mAb or biotinylated
anti-HCV core mAb followed by SA- PE-Cy5. The relative amount of

N AW ¥ Core ChimigenTM Protein (MFI) was determined &Y/ §E2006/001685
The results from the binding and inhibition studies showed that HCV Core
ChimigenTM Protein bound to Fcy receptors such as CD32 and C-type
lectin receptors such as CD206 (Fig. 48). 10 HCV Core ChimigenTM
Protein presentation by DCs results in increased intracellular IFN-y levels
in Crgmating BCywere é@@ﬁh&%ﬁﬁﬁﬁ@hmm@nedespmw BECV Core

frizRiERig esubVRrRiel PDNaS AT L89G RY % YO RHBER gﬂﬁ?ﬂghor

says. Immature DCs were loaded with PBS (buffer 15 contro
oo AL R0 5 1 DY o TP BruEHH oy GO e
Pxﬁliamﬂgem@?m fotdiir hipee rTatUsadialPestehevidCoettbey weaee witubated

|l functio ted b tion of the
o B R Y R R L oL
Phferotirordptine ﬁmwsbwgé He mmddimier, Pmtgv'gn AdR)arns B

dethanihe pereentageafic @&ﬁ ARG ardd GRlSiE R RREHGhoRAIRP
§1 t{Ejess FN-y 1?Mh foIIo the third stimulation with antigen-loaded

E%“g%ta ‘?8& a’i% I8 RR o P eo b Frbraietive
recaptigre suphesdrit@ioiig@¥). Core ChimigenTM Protein-loaded DCs
induced a marked increase in IFN-y expression in CD8+ T cells
comared to the no antlgen control There was anlncrease in. the

IFNQ%@M&@DW@EM@&B&Q&GM Ioaded DCs These results |nd|cate
that HC\V. Care h|m| enTM Protei es_an [FN-y response in both
o ST PR BSErATS R G LD e e ST

byproeessetidon s © @i A5ty ek e dHiisswcamioadledswith P Gmysr
colalfroY), Q@ﬁ?t&ﬁiﬁa'ﬂﬁﬂﬂi ERYR BRI DIAHANC IAHES RS GRS, [0e

generation of 30 HCV Core-sp emﬂc%D cells 111 WO 2007/041861
C*P@ﬁ?é’&'z‘%f@%o L@QB W&?&%afé%@%gﬁﬁ&ﬁfw%mﬁé?%%
T tel HCV celirntiiepetcenidgeoby cﬁ@&k&:&peﬁtﬂe kradtIniER IR QITNdRaTE |

C)J{JJQ}{E% ",e pltﬂ%edﬂgh & 88%?)&16110 ype o? tZe cells was also determined by FFC.

Figs. 49A and B show the percentage of CD8+ and CD4+ T cells, respectively, that

express IFN é'y 12 hr following the third stimulation with antigen-loaded mature DCs.
Tetanus toxoid was used as the positive control for effective antigen presentation, HCV
Core Chimigen™ Protein-loaded DCs induced a marked increase in IFN-y expression in
CD8+ T cells compared to the no antigen control. There was an increase in the expression
of IFN-y in the CD4+ T cell population upon stimulation with HCV Core Chimigen™
Protein-loaded DCs. These results indicate that HCV Core Chimigen™ Protein induces
an IFN-y response in both CD8+ and CD4+ T cell populations and suggests that the
molecule is processed by the DCs in both the MHC class 1 and class II pathways.

HCV Core Chimigen™ Profein presentation by mature DCs induces the generation of
HCV Core-specific CD8+ T cells '
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was quantitated. This was acheived by labeling T cells with an HCV core
peptide/HLA- B7 tetramer conjugated to PE. In addition, T cells were

labeled with CD4 and CD8 5 specific mAbs. HCV core naive T cells were
ﬁ;@éggﬁg%} ee times with DCs loaded with different concengiatiens,ofoo16ss

ore ChimigenTM Protein and compared to the respective control

DCs loaded with no antigen, with tetanus toxoid, or with TBD. T cells

were harvested 5 days after the third stimulation and HCV core-specific T
cells detected 1o by two-dimensional FFC. The two dimensional FFC dot

plotyg KiguR Shawsithat, br aglisnincnbaigdwith PCY landanwikidd@dé

- Core ChimjgentM, Protein shi Il in in th t
L s e e

wabQIZRGATAL, Thislualing v Wiashimefitsslls WitombiGitchiepefidpHLA-
B7 EIRISOS iad "B A RERICAO0R PalaRb ARPUSATeRS -Ap ¢patents

mentione above specification are herein incorporated by
spefafisrai®s. Various modifications and variations of the described method

andsystesefathe Tnanier: Wilnhrep fate tiries thap®ekiledda wihthe art
__without departing fr scope and spirt of. the inventio [though the
O L b T o G R e A SOEar ey e
respevtbadionentE) s kiadcddvbh nmatﬁig@oodim@tfm@ mgi?itionva’ﬁl&' Bithel cells
werl QRO P ynduly ioWed {9suehosReFile e RPodIneRts: (Biesected

various modifiCations of the described modes for car F_y out the

ryin
by feetimssicariFEre JHisHe dansisimdGiein et Brfigftaveteao’be
celWithigbafdhas e eiddiesal e aelaiTismiged WHHAENSHo WA MERIIS: 1.
A purified chimeric antige fOJI’,e” iting a prophylactic immune response
n%a(ﬁ%n&r )eimpeec ion, said chimeric antigen comprising: a
polypeptide immune response domain, wherein the immune response

domaip SORLSSS ONE PN AMNBHRAHSRICPBbHRES701 Ghahiipare

proteins selected from the group consisting of a HCV Core (1-191)
AttarhrasaiSaitjeogresrted Ao IR RC A AT Yotein, a HCV E1
protein, a HCV E2 protein, a HCV EI -E2 protein, a HCV NS3 protein, a

HCW;% icg[l%tx%i,npa?e%q a%ﬁ:%e}{]&@% BJ%?i%entioned in the above -
specification are herein incorporated by reference. Various modifications and vanations
of the described method and system of the invention will be apparent to those skilled in
the art without departing from the scope and spirit of the invention. Although the
invention has been described in connection with specific preferred embodiments, it
should be understood that the invention as claimed should not be undﬁiy limited to such
specific embodiments. Indeed, various modifications of the described modes for carrying
out the invention which are obvioﬁs to those skilled in the art are intended to be within

the scope of the following claims.

112



a polypeptide target binding domain, wherein the target binding domain
comprises a hinge region, at least a portion of a CHI region of a xenotypic
Fc antibody fragment comprising at least a part of a CH2 and 5 CH3
domain; wherein the immune response domain and the target binding
domain are linked by peptide linkage; and wherein the chimeric antigen
comprises non-mammalian glycoslyation. 2. The chimeric antigen of claim
1, wherein the chimeric antigen elicits a humoral immune response and a

wighulasimmungresponse. 3. The chimeric antigen of any of claims | - 2,
wherein the chimeric antigen elicits a Thl immune response, a Th2

immupe response or.both a Thl and.a Th2 immune..response, 113.4. The, o
L him R A Bk ey e e IR RE SRR o d { o
heatitis VoIV infecresperidehBnIfeaskigpie Aenapiiiess of any of claims 1 -

4, wherein the immune response domain comprises more than one

protein. 6. The pfligpetic Antiass ef i slaimswhebinvhereinthe dargeke
binding domain is  capable of binding to an antigen pre entinq cell (APC).
7. ThEBHRSABBHEGAN OP Y G EIZIHROFES RHBRAM I 755 iMiEH"™
antigesldstsaanna secaiiagsyateding. A method et delieripgoarinantifen tore

an antigen presentin I, the method. rising.administering to the .,
ntigbls LB el RIS b o e T P ticY
any spCEmethenh prasfived Bspeomiethod (3F Weabhpestcof, e AdThahNOL A
animal bt%91¥ by therapy or practiced as a diagnostic method practiced on

the hiian or animal body is excluded. 9. The method of claim 8, wherein
the antigen presenting cell is a dendritic cell. 10. A method of activating

an antigen presbimgatidsan ERiIRSrS AW NAIRG LB RERPIRE Mtigen
presefyingcell v a shimerie aotganQtanyeiishimsd ; [ egdiesein any

such method practiced as a method for ,treatm?nt of the hlllmgn or %nimal
xenotypic Fc antibody fragment comprising at least a part of a Cy2 an

Cy3 domain;

wherein the immune response domain and the target binding domain are

linked by peptide linkage; and
wherein the chimeric antigen comprises non-mammalian glycoslyation.

2. The chimeric antigen of claim 1, wherein the chimeric antigen elicits a humoral

immune response and a cellular immune response.

3. The chimeric antigen of any of claims 1 - 2, wherein the chimeric antigen elicits a
Th1 immune response, a Th2 immune response or both a Thl and a Th2 immune

response.
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body by therapy or practiced as a diagnostic method practiced on the

human or animal body is excluded. 11. The method of claim 10, wherein

the contacting takes place ex vivo. 114 12, A method of producing a

chimeric antigen of any claims 1-7, the method comprising: (a) providing

a microorganism or a cell, the microorganism or cell comprising a

polynucleotide that encodes the chimeric antigen; and (b) culturing said

microorganism or cell under conditions whereby the chimeric antigen is
4expredbedhindr thatgethdtof efailmme | wherdipreie theidroorganispee deln
vi:‘ﬁ ah%%ré/%t%omgroorganism or cell. 14. The method of claims 12 or 13,

whereln the cell Is a yeast cell, a plant cell or an insect cell. 15. The

method of any of claims 12 - 14, wherein the ¢ ir_neri_(]: antigen is post-
StransIAtIBAAIY FHOAMETTS LU SHSE M inhnrio§ 8GRy S8y IHBH 1 F5PPE A
dericraganism afoeelhaamprisiogia. polynucleotide that encodes a

chimeric antigen of any of claims 1 - 7. 17. A chimeric antigen of any of

laims,] - 7 for use ' I'{U IG: VRCG :

DS T N e A A SR
caprhpuositidrd tenipAsirgi scohirersnt entRle 8any of claims 1 - 7 and a

pharmaceutically acceptable excipient. 116
7. The chimeric antigen of any of claims 1 - 6, wherein the «
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chimeric antigen is mannose glycosylated.

8. A method of delivering an antigen to an antigen presenting cell, the method
comprising administering to the antigen presenting cell a chimeric antigen of any of
claims 1 - 7, wherein any such method practiced as a method for treatment of the human
or animal body by therapy or practiced as a diagnostic method practiced on the human or

animal body is excluded.
9. The method of claim 8, wherein the antigen presenting cell is a dendritic cell.

10. A method of activating an antigen presenting cell, the method comprising
contacting the antigen presenting cell with a chimeric antigen of any of claims 1 - 7,
wherein any such method practiced as a method for treatment of the human or animal
body by therapy or practiced as a diagnostic method practiced on the human or animal

body is excluded.

11.  The method of claim 10, wherein the contacting takes place ex vivo.
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12. A method of producing a chimeric antigen of any claims 1-7, the method
comprising:
(a) providing a microorganism or a cell, the microorganism or cell comprising a
polynucleotide that encodes the chimeric antigen; and
(b) culturing said microorganism or cell under conditions whereby the chimeric
antigen is expressed.
13.  The method of claim 12, wherein the microorganism or cell is a eukaryotic

microorganism or cell.

14. The method of claims 12 or 13, wherein the cell is a yeast cell, a plant cell or an

insect cell.

15.  The method of any of claims 12 - 14, wherein the chimeric antigen is post-

translationally modified to comprise a mannose glycosylation.
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16, A microorganism or cell comprising a polynucleotide that encodes a chimeric

antigen of any of claims | - 7.

17. A chimeric antigen of any of claims 1 - 7 for use as a medicament for use as a

prophylactic vaccine for the prevention of a hepatitis C (HCV) infection.

[8. A pharmaceutical composition comprising a chimeric antigen of any of ¢claims 1 -

7 and a pharmaceutically acceptable excipient.
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