WO 02/ 22164 PCT/ AUCL/ 01160 -1 COVPOSI TI ON COMPRI SI NG | MMUNOGENI C

M CROPARTI CLES The present invention relates to i nmunogeni ¢ conpositions,
vacci ne oooppsitt4 ons, nmethods of eliciting i mune responsPeT/ANOR0IE6EUD] ect
and net hods of producing the conmpositions. Background of the Invention
Mani pul ati on of the immune systens of ~Aumans and aninmals is a recognised
manner of avoiding or treating certain diseases or 10 conditions. The

hani sms by which the i t trols di i nclude_th
hauct onof - GAMPASITIaY CRURSBING AN HIGROPABSISHES) | “and the

generation of cellular or T-cell responses. The latter include T-hel per
cells (TH) and cytotoxic T-1ynphocytes' (CTL). In 15 instances of viral
infection e.g. pofThe pesdrtpmidntion relatds toddiresn@yenic demppsitioast i on by
preventing the virus frominfecting cell Ant i bodi es can . al so protect

agai nst bact ¥AFEN@ CHMANFEIANSCEEETC %‘Pi‘ﬂﬁﬂ%‘ﬁ&:f?gpﬁ{ﬁeﬁg\e&‘ of
bact eri ci glal U@%E@Qh&%tﬁg&? BY praBUEnd the (cBehRARIopk! al toxins. T-cells can

be stimulate en pepti ragmentsfroman 20 antigen are bound to
nol ecul es known as MHC | or MHC Il (rmajor histoconpatability conpl ex,

class | or class Il1) and are i spl ayed rface of professional APCs
(antigen presenting cells) sﬁﬁiﬁ?%&"fqﬁ‘aiﬁ‘g‘?ﬂt@ﬂc cell's) or nacrophages.
The T-cells cont apmranilagenof BeafinMife sydiedig dfireynaamy ahinal®fs 4or the
surface of cells for the presence of the 25 peptide fragnents fromthe

anti gen. Theregagnigad meesapt of avaidingiar derting cedab#ipeasemel geni ¢ pepti des

bound to@/HC %& .gghgcul es. By contrast, the receptors on CILs react with
anti gens di 56 9/' n class | nolecules. The stimulated T-cells anplify

t he i mune responJaeimetiisiisms®ywhttch thelinoalihe sgstegnieeisola dismaget cel |

O S oL et Wi ot BE S g b BB e P Mch, !
death of the 8§ b erettbr6Téti P 5188 responses. The latter
include T-helper cells (Ty) and cytotoxic T-lymphocytes (CTL). In
15 instances of viral infection e.g. polio or hepatitis, antibodies provide
protection by preventing the virus from infecting cells. Antibodies can
also protect against bacteria e.g. pneumococci and staphylococci, by
use of bactericidal mechanisms and by neutralising bacterial toxins.
T-cells can be stimulated when peptide fragments from an
20 antigen are bound to molecules known as MHC | or MHC Il (major
histocompatability complex, class | or class ll) and are displayed on the
surface of professional APCs (antigen presenting cells) such as DCs
(dendritic cells) or macrophages. The T-cells contain antigen receptors
which they employ to monitor the surface of celis for the presence of the
25 peptide fragments from the antigen. The antigen receptors on Ty cells
recognise antigenic peptides bound to MHC Il molecules. By contrast,
the receptors on CTLs react with antigens displayed on class |
molecules.
The stimulated T-cells amplify the immune response in that
30 when a T-cell recognises a target cell which is infected with the
pathogen, or that contain an epitope which it recognises, a chain of
events is triggered and these eventually result in death of the infected



-2 cells. In addition, sone T-cells can stinulate secretion of cytokines or
| ynmphoki nes, which in turn can exert effects that ultinately lead to
i nact i vatwon2/mxieer adi cati on of pat hogens. Al though there BRePANAN§IIFECCI NES
on the market there is a need 5 to produce nore effective and broad
rangi ng vaccines for a nunber of dised&ses or conditions. There also
remains a need for protection against infective agents or pathogens
agai nst which vaccines are currently unaV@él abl e or peffectlve In

addi tion, theels.i® additen sopre Te‘ﬁ"é@?ﬂ\ﬁé‘m B Reerefeol e IRRS O whi ch are
parti cu! arI yMﬁ@c{)@&S{emﬁéh Ji rf@f?éé?é‘ﬁqatﬁﬂ’tfm e;éfd tgel i very, and

f or patlent corrp‘q I ance. t vaccCl hes Su romthe
di sadvant age indutivatidreyr ersication afipathdgensnduce an opt i nal conbi nati on of

the various types of hunpral and cellul ar 0 as to be
i munol ogi caI ly eAﬁB@‘E‘Q Wy gherg@re PaARYRCANES, 0%%9%%@? BRI i mul at e
anti body g SORP PRI c\éﬁ?ﬁareb@ﬁébuvéfaddb&%d@aﬁgnﬁgIvbab.ﬁés SR ANADRropul d be nore

efflcaC|ous i nstances, tipl e doses of the vaccines eg booster
shots are regiseasds or gooditiens.t Fhate ahsn remainscd heed dyapresectione r el evant

I nfective agent ot | NSt ances | I nduced al ong
with 20 ot h@gaﬁﬁglr\f‘%‘g'\’erﬁﬂﬁiﬁ%ﬂﬁ OHQ“EG‘QFIQEER’F‘BC% C&%%an%el gM Vacci nes
that induce 'cﬁeﬁﬂ;ﬁ—‘uﬁgxfxan%% 6uameﬁecﬁ\ﬁe t ireaddiiBH) dgdrelislal meddsfor nvol ved in
allergic responses. Stinulation of ﬁroductl onis a "first line" defence

for pat hogemffectia, Silnﬁl%@pselvﬁcélﬁﬁﬁywhﬁ g Iﬁ’aH'QﬁﬁfB’s@ﬁ’S‘@bﬂ% Qr surface.
st S oSEbRG Rebof R PSS B Aol Shd SRpRfBSEIcKybaTUne | esponse
i nstances, alcohfplighc& vaccine results in stinulation of APCs, the degree
o e T oo P s FabisoE Yt Picbpel R algc | o O
et fo ool Ay EsE oA R, ST et P8 afunbiebh e
desirabl e t o godoztlioar sespunsesEOMS torbemnndnel@gwiadly@é‘eytw@r Get
15 instance, some vaccines only stimulate antibody responses when both
antibody and cellular responses would be more efficacious. In other
instances, multiple doses of the vaccines eg booster shots are required
in order to attain protection against the relevant infective agent.
In some other instances, IgE production is induced along with
20 other desired immunoglobulins such as IgA, 1gG and IgM. Vaccines
that induce IgE are not desirable, as the immunoglobulin is involved in
allergic responses.
Stimulation of IgA production is a “first line” defence for
pathogens that infect via entry through a mucosal site or surface. Thus,
25  vaccines that can generate a high IgA secretory immune response
without enhancing IgE production would also be valuable.
In yet other instances, although a vaccine results in stimulation of
APCs, the degree of immune stimulation is sub-optimal. For example,
dendritic cells or DCs are characterised by a series of subset of cells
30 that can be distinguished from each other by surface molecules some of
which are specific ligands that bind receptors on T cells. Accordingly, it
would be desirable to produce a vaccine which would selectively target



WO 02/ 22164 PCT/ AUOL/ 01160 -3 a subset of DCs, eg a subset capabl e of
efficient CD8 T-cell primng since these T-cells play a vital role in
protecti weobmmind ty agai nst many intracellul ar pathogensp@nducsaoaer, but
are notoriously difficult to induce. 5 Further, with regard to vaccines
extracel lular antigens traditionally-d0o not enter the MHC-1 processing
pathway in nost cells. 1In general, the production of CTL i mrunity using

nonliving vaccines is_unlikely although alternatjve routes .of processing
and pr esent aBissipsebef D@Sa@%aISU)F/ﬁ@LC eBE%%’B@@gaqsshféﬂtmmﬂgh t he upt ake
of apoptotic Td | 28 irhAlues indNeieAdf ecti ve
viral like Bég?ﬁﬁ%ae:T(‘{?ﬂg}B@ogngg@eﬁﬁ?l Ftﬁrﬁgacgurf_ace I—%%z??m IS By?)rot ein or
yeast r et r oirtrazetiplas pathogeheiandmancer Ibes armnetobeuslydidenltte be efficiently

processed for C | presentation by nmacrophages to i nduce CD8 CTL
responses i nMAYCPo and in vivo [2, 3]. VLPs are multimeric, lipid 15

containing prot el puRAG! WfiltFegbRPId iabdhdaiirielglar shiigneonpr i ses mor e

than 50% of the dry weight. wever, since Hepatitis B core protein
particles falraditionsly dp meteoigsihe MEGd pracassind Baewayipimergselient, it has

been propose h lg: nj d i T oS but b

bi oc hgm' (F:)al %58@%{,95\5({‘5.@‘%&#‘%?% W@Q@;ﬁ%‘{‘é{‘@m’ ﬁ\l;\‘,gtvﬁx%:tb ﬁgspl)ér)oposgl t hat

men ant i ggpniifelp?ﬂﬁ@@mglﬁéTﬁfi@i li;bélltas b@pmﬁeeenggi%ﬁd‘qgre!sépieiﬂioorfo:dlef ergent,
ey are able to fuse w e APC, possi amagi_n . ce

membr ane, an@assushayg he@hpmpqsﬁgdnﬁf& WPBﬁgngt?Hg%ﬁ§g°8P°%ﬁi cr ospher es

W thin Lch . | e i a possible

vacci nevw(?:gnpggpgi'@%d'ﬁQ&ﬂ%gg%%ggﬁg)rae@égggﬂhal\ggﬁwﬁ]ngﬁgﬁggﬁdabI e

pol yest ers ofpaltioids (/Laccongdgseal ofchesudace Plepatitisl BRYrGIGIN oTlyeast cr ospher es
are constructed _ such that

St o RS T o B RO S o™
antigen is 3056128896 MPRE EHFRBNtARIOH Y PUEAPhabes (@ irkiiRerODB @I el ease of
antigen for “stinulating the immune response. It is unlikely that these
nmol ecul es responses in vitro and in vivo [2, 3]. VLPs are multimeric, lipid-
15  containing protein particles the lipid content of which comprises more
than 50% of the dry weight.
However, since Hepatitis B core protein particles fail to be
immunogenic, and have a lower lipid content, it has been proposed that
VLP are immunogenic not by virtue of size, but by biochemicall
20  composition. This would be consistent with the proposal that when
antigen is presented in formulations containing lipid or detergent, they
are able to fuse with the APC, possibly by damaging the cell
membrane, and thus gain entry into the cytoplasm.
The use of microspheres within which are entrapped antigens
25  have been explored as a possible vaccine composition. The
microspheres are made from biodegradable polyesters of lactic and
glycolic acids (PLA and PLGA). The microspheres are constructed
such that their size and polymer composition control the rate at which
they degrade. As the microspheres degrade, the entrapped antigen is
30 released therefrom, and provides for a controlled release of antigen for
stimulating the immune response. It is unlikely that these molecules

would interface and react with immune cells in the same way as protein



woul d interface and react with imune cells in the same way as protein WO
02/ 22164 PCT/ AU01/ 01160 -4 particles the make-up of which are biologically
conpat i biveowt/ehiecel | ul ar nenbranes. However, the difficubP€CT/agombiibo t hi s
form of vaccine conposition include antigen stability, the size of the
spheres and the antigen-release 5 kinétics, all of which still need to be
resol ved so as to produce a vaccine with good antigenicity and | asting

i mrunogeni ci t Q.. produc : he T f ed and

adni ni st er edP é&?ﬁ%ﬁtp a{p%é)ﬁﬁ]oqcva]'%”%?b@&%@&o&%%%gw (’%g&%grrpo& tion
conpri sing ap@nibianesof heterogenous particles ranging in size is described
as being useful 1lo for delivering antltgﬁ s that are adsorbed onto the

surface of the pblowayer.dhpalifficeltias with vageiig wemPasHoNs uccessf ul
del i , t
delivery gi&&g}%@ﬁ”géﬁs&aﬂm m%‘?%’}%f%é gpﬁére%% Pe\GHitloRcteoasonO

illustrated here was no referefice to the
i nduct i onsof kfdBicd, alb@ﬂWhlchmdm\eed todme reselveg socEstoi prgdiioe a valseinkHC cl ass |

t at 15 pat hwa t ticl Id b
P et t o with At aceniy. At bang fm AR nGaeRER GRS Boar 1 ol o
di scussed al?/%&nel arilS Weshurtu KRy aaﬂnﬂrstbﬁed@@orwrﬁ@@ny [4]nvention if

the size per se of partic es adm ni stered as part of vaccines could induce
20 i nunogeni ¢ reb’pblﬁsléatent nowd;225| &8ddiarepragosition eemprisisgrd MpdviEent i on, the

Vet or R ARSI da R EROR b bt ey e

ant i body 4or espOdSRErihG ahUPL RS tsat 228 aBuomRuYord tﬁélsuﬂfmeaotir@n In a first
enbodi ment the invention provides an inmunogenic gPOSILIOﬂ conpri sing at

| east one antpohumenhpardisiesitatthehody H“O\Hﬁ\é?r@ﬁ%ﬁ' W‘?,qeé UNEEH S, t he
m croparticl e5yaLs i ahSmitifogehfdty 'GHa8Eh 3%vacthe v A8Eillustrated or

shown. Specifically, there was no reference to the induction of CD8 T
cell responses, or even processing into the MHC class | presentation

15  pathway. The polymeric material of the particles would be expected to
have similar characteristics as PLA or PLGA microparticles discussed
above. '

Thus, it was not known prior to the present invention if the size
per se of particles administered as part of vaccines could induce

20 immunogenic responses.

In work leading up to the present invention, the inventor has
surprisingly found that microparticles about the same size as viruses
associated with an antigen provide strong cellular and humoral antibody
responses in subjects.

25
Summary of the Invention

In a first embodiment the invention provides an immunogenic
composition comprising at least one antigen in association with
microparticles wherein the microparticles are in the same size range as

30 viruses.



WO 02/ 22164 PCT/ AUOL/ 01160 -5 The term "conprising” used in relation to

t he i nmunogeni ¢ conposition neans that the conposition includes the

anti gen awmalo2/mies oparticles. It may al so include ot her corpDA®Nt/ELI6The ter m
"antigen" refers to any nolecule, noiety or entity 5 capable of eliciting
an i mune response. This includes celF8rar and/or hunoral inmmune

responses. Depending on the intended function of the conposition one or
nore antigens nayFEe i ncl,ude

d. Th i gep.. tide. protein,
li pid, carbohydr af B¢ temR ceUNRrSipY gu%?nc} '|5't %@'%éBgﬁ%ﬁmﬁﬁﬁ?@bﬁﬁ'@ 8: anl "
conbi nat i on g g¥iigh hé&#Ethat i dbiApasioRaTLINTRS the aifigenahd rom a

pat hogen, tissu organ or nol ecul e dependin? on the intended purpose
of the conposiitroparticiesl ltmesy dlsodnglude pthed CARIOHERTS-or be of reconbi nant

origin produced i uitable ve Séﬁg :mgt ' or cell

cul tures. The pat ﬂBSZﬂrmf%?t'%%ﬁ%ig% "e@%y pa@h%@eﬂygﬁtﬁ ra or

extracel | gl aggnaRkidNtRingarPgirhumsa fesponper Mhid inelueles celluisabndivact eri al  or
protozoal in origin such as HV, influenza viruses, eggfgatiti S_\Viruses,

mal ari a. Spebufiogalimmune xeaRINSSS o PePREAIAG:QHERINENF B@'Wfttﬁ@ present
i nvention ar I : IWtal Hrus, (H'V) core, E1, E2
and NS2 pr ot gf’ﬁ‘??s{t@htc%%%rs % l{%%ﬁ%ﬁ%@ﬁ@g?&%@%g&*ggs such as P. vivax and
ot her 20 Pl asnodi Umestigeamay bkudpeygide, pfateio; fpidycadiohydrad@or ozoi t e

protein (CS) and human Pl asnodi ym fal ci paru -vivax, . -ova nd

mal ari ae, TRASeqapd Or ofes. type pEpIoieC fﬂ,CrgkYéﬁt‘%ﬁ'%RﬁA@fﬂ O@%ﬁ?‘ SALSA,

STARP, L$fl and L%%:arﬁg%%é%%%@in@&\ﬁ%h@@%aﬂ%gmmrsgw,icﬂan, sig=@pt ococcus
surface protein Ag, inflruenza nucl eoprotein, 25 .

haemaggl ut i nionmuleculeidepeadingson frecistanded urpese Ttk gampesiiei@md,  vP1

protein. LMCV nucl eopraotein.. Lei shiani | rotein (gp63),
Bordetel | a p&fd{iR& @s&érﬁ'repa%g'gﬁpo% ,olf fea%@ﬁ%@ﬁﬁsﬁ%&%@&)égﬁﬁ,

St r ept ococcugyhpeQlcttdls sBchRRYDAEOGS dleapl ot cdlinculres. HEhe palttagieer pyl or i
proteins, Syncyticial virus (RSV) F or G proteins, 30 Epstein Barr virus

(EBV) gp340 dor exampleanay §erarypatheaemdufraer Axiracelsy 8NHeeMar gdor f er i
outer sur, ac%optfo%seéppél%mer@bf, W S0BAGERS! S Brotozoal in origin such as

HIV, influenza viruses, hepatitis viruses, malaria. Specifically,
examples of the antigens envisaged by the present invention are as
follows: pollens, hepatitis C virus, (HIV) core, E1, E2 and NS2 proteins,
antigens from Plasmodium species such as P. vivax and other

20  Plasmodium species including P. falciparum circumsporozoite protein
(CS) and human Plasmodium-falciparum, -vivax, -ovalae and malariae,
TRAP, MSP-1, MSP-2, MSP-3, MSP-4, MSP-5, AMA-1, RESA,
SALSA, STARP, LSA1 and LSA3, HIV-gp120/160 envelope
glycoprotein, streptococcus surface protein Ag, influenza nucleoprotein,

25  haemagglutinin-neuraminidase surface infection, TcpA pilin subunit,
VP1 protein. LMCV nucleoprotein, Leishmania major surface
glycoprotein (gp63), Bordetella pertussis surface protein, rabies virus G
protein, Streptococcus M protein, Staphylococcal proteins or
Helicobacter pylori proteins, Syncyticial virus (RSV) F or G proteins,

30 Epstein Barr virus (EBV) gp340 or nucleoantigen 3A, haemagglutinin,
Borrelia burgdorferi outer surface protein (Osp) A, Mycobacterium
tuberculosis 38kD lipoprotein or 30kD protein (Ag85), 10kD or 65kD



t ubercul osis 38kD | i poprotein or 30kD protein (Ag85), 1 OkD or 65kD WD

02/ 22164 PCT/ AU01/ 01160 -6 proteins, Neisseria neningitidis class 1 outer
protei n, wantzabd a zoster virus IE62 and gpl, Rubella vi POFATANGI16D
protein, Hepatitis B virus pre SI ag, Herpes sinplex virus type |

gl ycoprotein G or gp D or CP27, I\/Urray6'val | ey encephalitis virus E

gl ycoprotein, Hepatitis Avirus VPI, polio 5 virus capsid protein VPI, VP2,

VP3 and VPG, chlanydia trachonati.s. f tein,, Hepatitis B Vi
envel ope. Ag’ BIISS: NeimseHerPIBUH R SaTs RO ARl VAR ShSGT rus pept i des
from oncogeneir@@gaﬁa ;%;ipl,LRl%eﬁ*Iéivﬂu&Ha Sieiproteh SHEpatiRI B GRS PreyBNUS

envel ope proteln, ccifma virus envelope protein, Brucella surface
protei n, Rot agj Hapegsigplampviys typed glycoprgtein Gy 9D ®r GPZoMbimaY i on of one

or nore of said antigens, an ) ' ,: Sal sapkE gens

conpri si ng f?’@‘geyo?n‘?ﬁ??‘aﬁiv%s %?@%&ﬂ?ﬂ?’mk‘%r&g%ﬁ%yﬁa& pé‘?\cg of one or
more of sgi dypudeapsia. prowsai/ed, YP2cVPRUrRl VPB} chibaydia patihdreatist hogens
exenplified above nmay al so be used as the antigen. Such fractions nay be

in purified, sufaeepedain Sepatits Bavilustanyefanemd P S flugran KOSy de
antigenicity d LG JuSirdin SFREERNL! ble to

"tail or- make'(l_a'gg/) %E%%éﬂgﬁgg%égpql onr?%}r a g%PPeEndtogﬁﬁEZécor dance with
t he inventi onistéa ssifage paiteiany/aticettar vitusserivedope ptsipeWatciniaswtusof t unor

proteins conjugated to ,the mcroparticles. 20 The LOE | so be
derived fronfAM OPGrRSQFe"?‘ﬁélcﬁl_aSlﬂ%qegwgfﬁﬂt &%WHFS@;'&V@&%'%B ypes from
Whi ch t hgq aniicaens, "yy_e, c?ﬁ'birt}é?@n%ff%n@lr&ﬁ*ﬁér’e S aRBgEisLan and col on

cancer and mel anoma. Sonme further exanples of specific antigens obtained
from t unour s aarieo agid sutnumit afisaid &niigenst Gagepriging five panmnre amine MAGE seri es

antigen), 25 carcino ryoni.c anti r lLon, 3 cancer

anti gen and aSﬁ?é? l%’éﬁgbé:]r Cgmtf'@%Wgsﬁan%%o%nﬁ%aﬁg%%'%t ed from any
tumour, e.g. nucidsstestorasitikdTilrated Pdktie patHogens exBamlifibd natidvepept i des
or proteins alone Or in conbination may al so be used. The antigen nmay al so

be a synt het iAo dgeusartas the antigam Sush fragionsghay bsilRdLrEedased on one
or more qf the antl 4EA%IRLE Bt So HMYSs they provide antigenicity and/or
immunogenicity. Thus it makes it possible to “tailor-make” an
immunogenic composition for a patient in accordance with the invention
by using patient tumor lysates or a specific set of tumor proteins
conjugated to the microparticles.

20 The antigen may also be derived from any tumour type or
malignancy. Examples of cancer types from which the antigens may be
derived are breast, lung, pancreas and colon cancer and melanoma.
Some further examples of specific antigens obtained from tumours are
melanoma specific antigen (for example, the MAGE series antigen),

25  carcino embryonic antigen (CEA) from colon, nm23 cancer antigen and
other cancer antigens or indeed antigens extracted from any tumour,
e.g. mucin such as MUC-1 to MUC-7 antigens. Recombinant peptides
or proteins alone or in combination may also be used.

The antigen may also be a synthetic epitope such as a mimic or

30 peptidomimetic based on one or more of the antigens referred to above.

The term "in association with" refers to an association between
the microparticle and the antigen. This may be by adsorption or by



The term"in association with" refers to an associ ati on between the

m croparticle and the antigen. This nay be by adsorption or by WO 02/ 22164
PCT/ AUOLMQ 852164 7 conj ugation or coval ent coupling. PrefpreBBlUy1/0hed anti gen
is covalently Ilinked to the mcroparticle. Even nore preferably, the
antigen is conjugated to the surface"éf the nmicroparticle. The term

m croparticle refers to a snall particle. This may be in 5 the formof a

bead or sphere or any other suitahle shape., ,.The term "virus, si.zed
particl _es'p (Q@#}‘Q?@O%QEBOYEH??W%@ B%'u?r)é%gr?t’%y H?f’e@'&ﬁ’g%'sccé)rvﬁﬁnﬁyenbodi ment s
of the | muNGOEn G mgrngms (B0 OfEveRamore MeRraBl, tHd affyud @ be under st ood

that the term ha een adopted for conveni ence and does not limt
t he inventi ooonjogates teithe suffate ok thewmicrppardiele. For Exanple, particles of

t he sanme size as known .viruse I | so | at ed: t he .. nventi on.
Preferably the miﬁﬁgﬁfﬂ‘ mitroPARLCTe, RISTS Sac%&gn%’gg@ﬁ'%i ﬁa's‘%%ﬁgi”{’y to the
conj ugat el OfheARSACHR BEad Bl spRae drarli sthenstitdbloshape m crospheres of the
prior art which are hollow or encapsul ate nol ecul es. For 15 conveni ence

; F
these are referredhedemmerdrus siged paiisies; £EaPs i veediarthisddaimenydap) wher e
the antigen | S : : ' f ' ¥e ticles used
to make VSSPd§§%{bgev§%}{t%ﬂlrééﬁ tp(fdé% b%e%%ﬁ?%%ﬁda% P %S-rl;@&\s Sﬁﬂg{eant lally of
uni f or m si zeirviention. W $Hould BeYUndérstdied ik theeltesie ¢ P Herseonlgbeehsol i d core”

means substantially solid (i.e. t(ga gart{]cl %ih 20 aFe ?obl?hol I o¥v). The
mi croparti cl BdARiPAFET EBRYRINBCHLANGAPSS IPY HBItdNe FHEBHPRIC Y1 ¥167G" as it does
not detragt Rﬁ&ﬁh%ﬂ%sée.n%kgggﬁ{méﬁgwtﬂamd@arreﬂwrﬁegmwmn Thus the

m croparticles nmay be nade erials such as latex, ferrous
mol ecul es, guirdsésachalas cgpotamplataddpathei iovestjon.gl ass, cal ci um phosphat e,

pol ystyrene or biadegradabl e 25 and. pioconpat.i bl I h.,as PLG

(Pol yl ysine g). PP@‘F‘%F%%Y@?G MIG{aPTY 'gtéo}b%sr?isgmgogﬁ' g&‘:’ﬁ%@%&%’“@( té'

pol ystyrene, Rl &RlugdRidcor Adaskiatdtl ahtdeHesl as distisctfrom enantitosplerase made
from pol ystyrene. "The microparticle is in the sane size range as known

viruses. Thioktheepiier anathigharerhdiogper encapsulaie praleeiapl Fol ess t han about
0.50m 15  convenience these are referred to herein as virus sized solid particles

(VSSP) where the antigen is present on the outside of the particle. The
particles used to make VSSP are available from the manufacturer and
are substantially of uniform size (i.e., within £10% of the stated size).
The term “solid core” means substantially solid (i.e. the patticles
20 are not hollow). The microparticle may be composed of any suitable
material so long as it does not detract from the function of the
immunogenic composition. Thus the microparticles may be made from
materials such as latex, ferrous molecules, gold (such as gold
nanoparticles), glass, calcium phosphate, polystyrene or biodegradable
25  and biocompatible polymers such as PLG (Polylysine g). Preferably,
the microparticles are composed of polystyrene, PLG or gold. Most
preferably, the microparticles are made from polystyrene.
The microparticle is in the same size range as known viruses.
This means that the microparticle is preferably less than about 0.50pum.
30 Preferably the microparticle is of such a size that it is adapted to elicit
an immune response. In particular it is adapted to be taken up by

antigen presenting cells within a human subject or an animal. More



30 Preferably the mcroparticle is of such a size that it is adapted to
elicit an imune response. In particular it is adapted to be taken up by
anti gen wesymisng cells within a human subject or an ani PEl/AUMIOIG60ND

02/ 22164 PCT/ AU01/ 01160 -8 preferably the mcroparticles are between about
0.03 and 0.50m preferably about 0.038and 0.15m still nore preferably

bet ween about 0.03 and 0.10m Even nore preferably the mcroparticles are

?EST‘Bnga‘n’S’ DrefiAly t1e TICTaRH A e Pabise1 RBO (Do Rrl S0e. Sfé“ﬁgt”mé‘ﬁﬁ‘“
0.03 ,
anbodi ment - gBR ke PGPS aneh o e 0l Prede R S BR Ce wi th

the inventiop,03gnd 0, 1Wien.desen doreageierablyane misropafticesiaid asoutsi ze. Thi's
means that the majority of the Particles In a 10 given popul ation are of

the stated sDA8 tofd.66gmaihgretpiefenaldly dpicropartipas arerbatyegpaboubn i s
particularly adapted to,elicit a ce nd/ or _hunpr.al i nmune response.

| |yl ar
The cel | &l aP-G34p RSP P49P 3tk mRTe PEIPI@DNHS PIGHPRHLCIGS A1® consi sti ng of
activation, ' Qb N an hcul ar | FN and
151 La produbPhibdH a8 oRal deEleDi Ly ABoEd hiand BRORE
Preferably the m & aprefeneldedmibddigent,copppsiatiomof alicropasichesciodrd sns f or

MHC cl I tati f ti i ch t gk b chithert
unknown rechHAPY A ARGRIHANGRY EaVBBIYSANENoFS 8l Gu ARC B FRSHBRI% her

processi ng béf ga%@nhrgﬁféqeﬁﬁﬁ%eﬁ{l}dthgﬁm@%ﬁ}ﬁymtw@&qg@gsn as 20 expl ai ned

I n Exanpl es erein. The moral response is preferably selected
f r om t he1gr ogjvenouiwatiorgamef of ith@ statgsizegG, | gM and  subcl asses t her eof .

Cells which assist, i unt i ng or |, fyin n_i may al so
be stinul ated by Fﬁ%“%&%@? Fﬁ%ﬂ?a%&é “t%? %%BB&W Mﬁﬁg@aﬁ& linited to
APCs such as aBGstef tolslich aMeli@hpad/of yopfpaldmprins respande mabeophages. The
mat uration, activation or proliferation of such cells are contenplated, as

are the co- scehubarespenseiaptafesbnetiecladdorp e gipup SNt i nter act
wWth T-cell Sacﬁ\gat%%,ﬁatu%oﬁoorad?glif%t%ﬁ of Ty cells, in particular IFN and

15  1L4 producing T cells, CTLs, particularly CD8 CTL and B cells.
Preferably the microparticle/antigen composition elicits mechanisms for
MHC class | presentation of antigens which are taken up by a hitherto
unknown mechanism involving caveole and/or clathrin pits for further
processing by Rab 4 independent and TAP dependent processes as

20 explained in Examples 4 and 7 herein. The humoral response is
preferably selected from the group consisting of IgA, IgD, IgG, IgM and
subclasses thereof.

Celis which assist in mounting or amplifying an immune response
may also be stimulated by the composition. These included but are not

25 limited to APCs such as DCs of both myeloid or lymphoid origin, and
macrophages. The maturation, activation or proliferation of such cells
are contemplated, as are the co-stimulatory ligands or molecules on
such cells that interact with T-cells, eg CD 40, CD 80 and CD 86.

The immunogenic composition of the invention may be used in

30 treatment, prophylaxis or prevention of the disease or condition caused
by, or associated with contact with the antigen. For example, the



The i mmunogeni ¢ conposition of the invention may be used in 30 treatnent,
prophyl axis or prevention of the disease or condition caused by, or

associ at adow/thiécontact with the antigen. For exanpl e, theCU@®UORIARALES

PCT/ AUCL/ 01160 -9 conposition may be used in the treatnment or prophylaxis
of certain cancers. In another enbodrfent the invention provides a vaccine
conposition conprising mcroparticles associated wwth at | east one 5
antigen wherein the mcroparticles are in the sane si.ze.range as Viruses.
The conposi t FIMPESItioREANHRHEES N | é@ﬁanQMQ5PV¥Hﬁ@@?%Pf8 Nadvant ageous
as it is an gééﬁﬁgive si ngl e-dose vaccine but may also be wused in nultiple
dose regi nes. us, in one enbodi nent, the invention provides a single-dose
1o vacci ne conposir amsthepembbdinmentrthe ireation preddes sogicained with at | east

one antigen, wherein the m croparticl.es are of, the. Sl range as
viruses. By ©QMREFHORGOBWIISRG | rﬂ@gwf:@r%soglam}tﬁl%ﬁ f@ﬁecel lul ar

| mmune 1 E5P0RRRdPuhbHIHIA RikrRbaRiEGRdn e BBerGo aned 8s (15 - maxi mal *
means thal the Tevels are not cggabl_e of being further |ncreased by
repeat ed vacuirasas. Jing, casnpesitien disthgrisvensionds pestiauary et @t of the

ition, foll.owi . Sy . L e
The: adm ni st PHCFEAORASS B8 15 o0 AletVE SRlb-Bhsd LecaREBRF RN ePbe VEETI e
i.p., i.Vv., Qsalliymupplé absé aédimes. or by admi nistration through 20 a

nmucosal surface or site. Preferably, the antjgen is conjugated to the
surface of the mTBH&plarqflecer’f@BQd'Wts‘ihf’én\fﬁnttq%eorﬁi"éﬁéﬁa 'f‘&@l"&sel s between
about 0. : fer : : ; rably about
0.03 to 85’108%9%8%§B‘m€?§'ﬁ'8§e‘?’2‘5%ﬁ“3@§%%uf’g@‘.%% SsstelBicdith dHlead! er, 25
even nore pr eheramtiggn alvhateid tf@8miaopatides arstdf ithe same gizefang@ds 0.03 to
0.04mor 0.04,to 0.049m The mcroparticles are nost preferably nmade of

pol ystyrene, VPBUeES-gl ass, cal ci um phosphate or gold. In a preferred

enbodi ment, each gptigRM-ho8euRs hibaMt Gt danaaom bRddiesllular
immune response is stimulated or enhanced to maximal levels (

15  “maximal” means that the levels are not capable of being further
increased by repeated vaccination), or affords protection to the recipient
of the composition, following one administration of the composition or
vaccine. The administration may be by any suitable means eg. by
injection i.m., i.p., i.v., orally, by inhalation, or by administration through

20 a mucosal surface or site.

Preferably, the antigen is conjugated to the surface of the
microparticles. The size of the microparticles is between about 0.03
and 0.5um, preferably about 0.03 to 0.15um, more preferably about
0.03 to 0.10pm even more preferably about 0.03 to 0.05um in diameter,

25  even more preferably about 0.03 to 0.049um. Still more preferably 0.03
to 0.04um or 0.04 to 0.049um. The microparticles are most preferably
made of polystyrene, PLG, glass, calcium phosphate or gold. Ina
preferred embodiment, each antigen for use in accordance with the
invention is conjugated to microparticles of a uniform size.

30 In a further embodiment, the invention provides a single-dose
vaccine composition that is capable of mounting a humoral and a
cellular immune response, the composition comprising microparticles



Invention is conjugated to mcroparticles of a uniformsize. 30 In a
further enbodinent, the invention provides a single-dose vaccine
conposi t ivom0r/teat4 i s capabl e of nmounting a hunoral and a eeTAubaO11I6MMUNE
response, the conposition conprising mcroparticles WO 02/22164

PCT/ AUOL/ 01160 -10 associated with af '?east one antigen, wherein the

m croparticles are in the sane size range as viruses. The cellular

' f bl v. t ed | St . f stinmulation,
rat urat on_ orSsyarRReVI AL ast ore el WiBPing SRR ERs e Fhe humr al
response is phebamelide AfiRcdedridedm t he group consisting of 1gA 119G [gM

and subcl asses thereof. Preferably, 1gG |gA and/or IgM responses are
stimul ated. Cel | s ThaiceHulgs sesponse isbirferanly seleaiesl remithe gseup nune response

may al so be L oAUl C .1 | | u re not 10
i ted t o AbRLSlI ettt et G ERREIN BEProRraoh 8F KBS e 2

macr ophages. ahde3 gallsir fihé homoraltrespdnsenisprefarably fsefextedfronf theuch cells are
contenpl ated. The tern}r't'gﬁg?ori si ng" has e same neani ng? gi ven above. The

. th
term m cr opaFPuR eomgigt GBatiRg ol ek subgagsesHhereafanirglerably; ne

m croparti cl yhSi~ad . I gen presenting cells in an
ani mal . Pref Zg(gbllg?\ %@Smdﬁgﬁﬁgﬁe%?gpgmbﬁt@é\ben 0.03 and 0.5m
preferably betweefels®hicmdssstliirmottiing @rahplifyinigyan inemunecespansel cl es are

bet bout_0.03 and_0. 10 ferably_the .ni ticl
bot veon about™® SRR RITHIBEE B b Aorepey fortm T assr Gl ckeefBias et ° ©
i cropar ki cl gemitdtieo AETE stctds DTHoPYSththydlofdloraPshphBid0didih, e t er ms

s
"antigen" and "associated with" have the neani nq_s @%i ven above. Any
sui t abl e ant iNgRGTOpRGIase RReMadednni acivetioner proliferatian f shclicsisise it is
I ntended to | i nst. 25 The anmount of vaccine conposition of the
I nvention de?é?(\g/gzr)@%hf%%g' patient is not critical or limting. An effective
anmount of the vacThsdernsbegraprisinghhas tHehedmeimedning blvestabroveat e an i mune

response against the
P J The term microparticle has the meaning given above. Preferably

15 the microparticle is adapted to be taken up by antigen presenting cells
in an animal. Preferably the microparticles are between 0.03 and
0.5um, preferably between 0.03 and 0.15um. More preferably the
microparticles are between about 0.03 and 0.10um, more preferably the
microparticles are between about 0.03um and about 0.05um.\ Still more

20 preferably the microparticles are about 0.03 to 0.049 or 0.04 and
0.049um.

The terms “antigen” and “associated with” have the meanings
given above. Any suitable antigen may be used depending on which
condition/disease it is intended to vaccinate against.

25 The amount of vaccine composition of the invention delivered to
a patient is not critical or limiting. An effective amount of the vaccine
composition is that which will stimulate an immune response against the
antigen component, preferably after a single dose or administration and
desirably, will result in strong cellular and humoral responses. The

30 amount of compositions delivered may vary according to the immune
status of the patient (depending on whether the patient is
immunosuppressed or immunostimulated), the judgement of attending



antigen conponent, preferably after a single dose or adm nistration and
desirably, will result in strong cellular and hunoral responses. The 30
anount ofwa@ompusiti ons delivered may vary accordi ng to theCT/AmON@ 166t at us
of the patient (depending on whether the patient is imunosuppressed or

i mmunosti mul ated), the judgenent of atf®nding WO 02/22164 PCT/ AUOL/ 01160
-11 physician or veterinarian, whether the conposition is used as a vacci ne

For ht on,  oPPWigRner velTrees Herter e BrRoRER T Baef AR YACE i st ng

tumour. By waypRiveRX8FRESt a BRica8B statBhyr é@g%u@inért@garév@q tiodP, 000 5 pg of
the conposition of the invention, nore preferably 50 g to 5,000 g, still

nor e pref er afdrynation, gr whethepdloe yaceing isyzed indhe tipadmenhpf gn existing t o 500 g

of the conposition of the .invention.. Adjuv . no n y required.
However, adj EH/HHWS V%@f@@mﬂ'%rpﬁtﬁﬁﬁ‘?gﬁ %gﬂ%?@m ba&ﬁg g) ﬁ%pé@ant s

i ncl ude aku i t ki | t known in

t he vacci %enggf& ftpt(ﬁbggﬁ%ﬁlﬁlgﬁrdgttﬁgLn@lﬁﬁ’@ﬁgébrér%gg\‘}‘a%?Fgletég}’l@fdhe i nvention
may be admi niugt etilechoby prafpestty 000 plgyto 13000 pgsamdievem more preferapipl route, by

I nhal ation or by adm nistration via a mucosal surface or site. In one
embodi ment , {1R8 hedefUtkbrg of theyeempasitior af e iRkaMtionsf Adiuyants Ja8mot Fer r ous

m croparti cl ) r.t g | f ' ORRGRWM th the
i nvention ar ?agg’%ﬂﬁgw{/éésﬂwaeggﬁ a\t‘d'([)@ag m&nr?y;t{%?g?%d;%&g@ﬂgene g’ﬂn However,
ot her types duitablecadjpwdrits inahsdevaluim, e weleas amg\tiver adjovamtsirered in this

manner. For exanpl e, tigens derived frammal ari.a,)Jibraries, DNA or
pl asni ds19|av@dJL_thBTf§ ‘é’ﬁ@\‘%ﬂo‘gﬁ '%@%Y@“é‘é@? QERV Wﬁt@t‘é’ineteaflwn%e gun in
accor dance 20 W t inbRecr8GIdNG fteh iarhé BRmeleréd BYibcn, byEpr ession

library immunisation protects mce agairnst a challenge’w'th virualent
mal ari a." Vadoiinietratl®{ 2i2)the 2633-026:4 by inlod@ation ncby paninistratien giamin its

oY o0 ahisbal s S B PR R agEhe ot ¢ PLe o
i nvention pr @dhfieisteted®ltasars of £ kAt guRg RFrdusTRHREopATBIRBSMdigbl@ subj ect
sai d net hod conpri si ng
15 microparticles if used in accordance with the invention are especially
suitable for administration by gene gun, However, other types of
microparticles with antigens may be administered in this manner. For
example, antigens derived from malaria libraries, DNA or plasmids have
been shown to be effectively administered by gene gun in accordance
20  with the procedure described in Smooker PM et al, “Expression library
immunisation protects mice against a challenge with virulent malaria.”
Vaccine, 18(22). 2533-2540, 2000, incorporated herein in its entirety
by this reference. Vaccination may be by single or multiple dose
administration or via prime-boosting.
25 In a further embodiment the invention provides a method of
eliciting an immune response in a subject said method comprising
administering to a subject an immunologically effective amount of a
composition comprising at least one antigen associated with
microparticles, wherein the microparticles are in the same size range as
30 viruses.
The subject may be any human or animal in which it is desired to

elicit an immune response. This includes domestic animals, livestock



adm nistering to a subject an i munol ogically effective anount of a
conposition conprising at | east one antigen associated with mcroparticles,
wher ei n tweomxuspparticles are in the sane size range as PGDAVIr/aNes. The
subj ect may be any human or animal in which it is desired to elicit an

| mmune response. This includes donesti B-animals, livestock WD 02/22164

PCT/ AU01/ 01160 -12 (such as cattle, sheep, horses, cows, pigs, goats,

| l amas, poultry ostriches, enus) and native e imals, wild

ani mal s and f{aichias "aﬁ#‘%&’é‘?epfﬁ‘@rﬁ PWE P %?%gﬁlﬁﬁg ’t%oéﬁ@jarre meani ng as
gi ven above.  sfncABs | SIUEPARIhEMNE ¥n@BkEEs ANitaISOMIS anieiats antiderah amount
sufficient to generate an i mrune response in the subject, preferably after
a single admaninslsation. This will vary depending on a nunber of factors

i ncl udi ng those d d_ab : bj ect i
2 human or ani mal TR RROM AL Ot A oL i T A S eTe 0N | e and

"associatgd w th” Ahﬂ#ﬁntﬁﬂftﬂo?i@gw effctivergroast referetio ahamourfthe term "i nmune
response” refers to the celTular and hunoral reaé) nses a dEFC” bed above,
and al so to sh#ficiess pogseergje aB|IMMnuyNeiesPasse iy the tPrr?(?)er@ Yarmpl i fyi ng

t he i mmune r rihed. 1 ¥ ' ne
osponse may S8 Bl edffelAten [ TaRARL Van! dopBidihgh% il oMt
dendritic cekidgorspncluting thoby dR¥cUR88d abovei/End mayl depeae arewhatheThe t er m

m croparticle has the same neani ngrﬁas. i ven abg%\{e. Preferably the
mi cropar ti cl & sujestisehhyngs o4 ?‘l‘éﬁgaﬂﬁr welsit Andise Abl y bet ween about
0.03 and Q. 15m strbliefRE CamticRine apRl“YssReAtea anttd Hageand slnfen Even nore

preferably the mcroparticle s between about 0.03m and 0.05m even nore
preferably benesdngs apgiventalg®’eand 0. 04 or between about 0.19 and 0.049m

par i cul ar |y acap(08 98N §ERNETEHSEEr BB SAURRERERROrR! ot | e

response. responses as described above, and also to the response by cells that

T

assist in mounting or amplifying the immune response as described

15 above. In particular the immune response may be provided by the
proliferation and/or expansion of dendritic cells, particularly DEC205+,
CD40+ and CD86+ cells.

The term microparticle has the same meaning as given above.

Preferably the microparticle is between 0.03 and 0.5um, more
20  preferably between about 0.03 and 0.15um, still more preferably
between 0.03 and 0.1um. Even more preferably the microparticle is
between about 0.03um and 0.05um, even more preferably between
about 0.03 and 0.04 or between about 0.19 and 0.049um. Still more
preferably the antigen/microparticle composition is particularly adapted
25  to elicit a strong cellular and/or humoral immune response.

In a preferred embodiment the invention provides a method of
eliciting an immune response in a subject said method comprising
administering to a subject an immunologically effective amount of a
composition comprising at least one antigen associated with

30  microparticles, wherein the microparticles are in the same size range as

viruses and the immune response comprises the stimulation and/or



In a preferred enbodi ment the invention provides a nethod of eliciting an
i nmune response in a subject said nethod conprising admnistering to a
subj ect amoommunbl ogi cal ly effective anbunt of a conposi PCDAUGUOMPSGG Si ng at
| east one antigen associated with 30 m_croparticles, wherein the

m croparticles are in the sanme size Féﬁbe as viruses and the inmune
response conprises the stinulation and/ or WO 02/22164 PCT/ AU01/ 01160 -13

proliferation dendritic . cells. e I ' i are about
40nm to SOnHPrO_m%?t'?ﬂ 8# g?'&‘?flﬁﬂf IS cfr r_ﬁ%_ﬁ#ﬂ?riip{%wgrogﬁﬁfci%%%egogﬁnbodi nent the
i nvention prayhdes sonmetRest seferably ot for®nmn bt sizect i ve inmune response to
an antigen via a single dose 5 said nethqd conprising adm ?I stering, once

only to a subj ectln anotherembodinentithg inventien ivevide®armetrd i conposi ti on
Lo O Loast i o . o ; PO wher oi
Che m or opar piiitLe PrpEERhATRL TRSQHE B o ahteh Ao dPanbietRe, T EL S

response 5 cogRiragHottoraprising atimbriisteridg conge ohly ftemaslibjectpén dendri ti c
cells. lo Preferably the microparticl eis are abgut 40nm. t.o S{Jnmé nost
preferably WBBUnOlgiGaly sfestiys agiougt of & COPOREICNSATRITSIRM A BASt i nvent i on

provides a %E?%ﬂti&én l@sodhied With W&’bgaﬁfcle%r,‘\Aﬁfiéfréiﬁ‘iﬁe?rﬂpﬂﬁiéﬁfdléé9 cells in
order to elicit "anInmune response sald nethod conprising adm nistering to
a subj ect anafdbini thsanhegizeabhge abfviruséy anditive mmethedespensssi t i on
conprising at |east _one. anti.gen socigted. wi t.h, m cr. icles, wherein
the ni cropar EPRPEEES e SHRUBIRN ARGOTHroler WEeOfadse'\?ﬁ'ggggé'and t he i mune
response, COppLd HHEE it ropH I dsCre @ B 0RMOtol S(Tnat inest riefatablyr i ti c
cells. E’?ef Efé%fé;oWhe m'c_rggarti cl es are about 40nmto 50nm nost
preferably 2boualbdlito 4Onmdnsken i n si ze. The invention also extends to a

Conpri i ngcont achTAGIET ETERERARh g YRR prEV B B heERA IS | Lnge as
viruses wi t hyRaaicivery'®f &n antigaetsdendritictdads int bederite etigihanimmemeand
antigens become 25 associated. Those skjlled in the alr)'t Cwérl] | be familiar
with the teckeshpnss said method comprising administering to a subje
15 immunologically effective amount of a composition comprising at least
one antigen associated with microparticles, wherein the microparticles
are in the same size range as viruses and the immune response
comprises the stimulation and/or proliferation of dendritic cells.
Preferably the microparticles are about 40nm to 50nm, most preferably
20 about 40 to 49nm in size.
The invention also extends to a method of producing an
immunogenic microparticle/antigen composition comprising contacting
microparticles which are in the same size range as viruses with one or
more antigens such that the microparticles and antigens become
o5 associated. Those skilled in the art will be familiar with the techniques

used to produce such a composition.

Detailed description of the invention
The invention will now be described with reference to the
30 following non-limiting examples and figures.
FIGURE 1: Panel A - Differential uptake of particles of different
sizes by macrophages compared to dendritic cells. 1000 fluorescent



used to produce such a conposition. Detail ed description of the invention
The invention will now be described with reference to the 30 foll ow ng
non-|im wagrexenpl es and figures. FIGURE 1: Panel A - Di p€En&nt/oiabo upt ake
of particles of different sizes by nacrophages conpared to dendritic
cells. 1000 fluorescent WO 02/22164 PQ¥FAUOL/ 01160 -14 beads of 0.02, 0.1
or 1 mcron size per cell were incubated overnight wth cultured

peritoneal exudate macrophages or bone marrow derive dendritic cells from

C57BL/ B6 i ceeatsof ;hB2p@ @t BB 5128 RESIGEYMWEIE Ineylk qu QUEIANL 4 by FACSCan.
Qne of threewgh E]dllt dga%}ﬁ&hém&gdét% RaSRpHA e§bmobaé rrkd@idenses in upt ake
t"bedd si Z€s Wer e § 10

of differen tal ned usin hi gher bead
concentrati oai@qdrmc&duedrommfﬁewm mncdaeadéhe)pemn!cﬂgﬁ yorescedtit i gen

resenting cel|l Panel e art tially f d
P yph odeliscisseorst pYFACSERT. Ob ShiBE Tinfa bl hrea © 0 O
| ntraderigl L dhdvh. t§iﬁul“a?%§f¥é?€nc¥éstuh ke1@f iffefont Yosalsidsanere! f | uor escent

beads of different sizes ) 4, 0.1, 0.2, 0. 1 and 2 micron) and
t he drai ni ngolpiapdedtlwhg I1§z)rfpld mghwwea@ﬁﬂi@@trﬁboﬂ%lﬁw@yépui%% ess the

ercentaeofcll t h d C%Q dat
ghown asgrrea S @&dgﬁ%ﬁ%@@%&ﬁ%‘%ﬁﬂ@? fé+}spg%flandar Eer-rggﬁra (gE;J1 ijfs
triplicate Sﬁﬁﬂ%@’s arEfﬂerrQﬁﬂaﬂlﬁ} feaned fh [ymphcnaue eelistinake. SLEEE had

significantly higher uptake to any other sized particles 001). In
simlar expeCHABhIRS miceyere tasdieded ndragdegnelly i ti‘ecfPO?Paﬁ’\‘%'ﬁlgﬁ&Heads

m cron bead g(t) ig/egé@@mgfg@b ers(églqw%/ Jy &Qﬁﬁelteﬂfglzésr@@?op 0|4nol1yrrph nodes

col l ectetP al € i nocul at1on anels C&'D - Virus
si zed partiches o, ef éﬁ&mﬂn&@orwrarmthé@ramingaﬂ)d)ghtw lYyyphmodede NLDC145+ (al so

ot e s v B i el sssee Tos echiamas b Sl B BR ool V3 <
ok oonage oty eShe MEARICEL W @5l ol IR,
NLDC145+ or Ffél«bn&@d:ened:élls +/h Startdave etrec(ﬁvlé) of tniplieate samplies Tthe 0.
15 and 0.1 micron particle sizes had significantly higher uptake to any
other sized particles (p>0.001). In similar experiments using
comparatively only 0.1 or 1 micron beads, 0.1 micron bead uptake was
significantly higher than 1 micron in lymph nodes collected also at days
3, 6 or 9 after inoculation; Panels C & D - Virus sized particles are taken
20  up preferentially by lymph node NLDC145+ (also known as DEC205+)
(panel C) and F4/80+ (panel D) cells. Lymph node cells that have taken
up fluorescent particles were assessed by FACScan analysis for co-
expression of the dendritic cell marker NLDC145/DEC205 or the
macrophage/monocyte marker F4/80. The data shows the percentage
25  of NLDC145+ or F4/80+ cells that have become fluorescent due to
bead uptake.
FIGURE 2: Panel A - Induction of IFN y producing CD8 and CD4
T cells by immunization with OVA conjugated to beads of different
sizes. C57BL/B6 mice were immunised intradermally twice (10 days
30 interval) with 100pg of OVA conjugated to 0.02,0.04,0.1,0.2,0.5,1 or 2
micron size beads and spleen T cell activity assessed 10 days after the

booster immunisation by IFNy ELISPOT. Responses were measured to



bead uptake. FIGURE 2: Panel A - Induction of IFN yproducing CD8 and CD4 T
cells by imunization with OVA conjugated to beads of different sizes.
C57BL/ B6 wo ox226+ e | nmuni sed intradermally twice (10 daysPGDAUNt/&nv@l ) with
100g of OVA conjugated to 0.02,0.04,0. 1 0.2,0.5,1 or 2 mcron size beads
and spleen T cell activity assessed 10 félays after the booster immunisation
by I FNy ELI SPOT. Responses were rreasured to WD 02/ 22164 PCT/ AUOL/ 01160 -15
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shown. Thg s t he nean.
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| FNysecr et i ngnide per gmwwaa isPanizad foresguinbend sizS| ENRRQT CEIIBIESB6 ni ce
were inmmunised with Aof dffereerl]t Si

d
SI | NFEKL ass&’@é%&*%? i 2}4,9“0 PHRVEEGRY P?%Bﬁs%ﬁa@“'rngﬁc'tﬁ%gﬁ: t,o t he

nunber of Sl @Fﬁtﬂhon %Eﬁ!@téske?d Erecg&dv@n WrhB s@aﬁdar@@emaﬁ@hl(sot)wayas det er m ned
in parallel imtin ution analysis. Chrom um | oaded EL4 cells

al one or prea?wsleasmamg@/@fgm meayt. %ﬁﬂﬂﬁKQW@’%’Q@é@f“@@nt"&rgets The
data shown il ust S the ro rel at 254) found
bet ween the Pﬁl’) é?)’g oghechrb{age il fedre Q%J( RISWECSRDT .) PANEL C -

Anti body pr 0¢é§ﬁdrfé@ tb@WﬁE'KDY)B?EM%%ﬂ&é%ré\ﬂﬁxhtﬁi&éd?\ﬂnﬁ%hugat ed to beads
of different sizes. Serumwas collected fromthe mce described in Panel A

and serum di .[JMAOﬁélﬁeeemteleEfScﬁnmC@p@:td BUNFEHE amse@bWFNy ELI SA.
el S S U0 et sther Qe aoBe o aERTLCr o1, o' 2
shown. specific T cells with cytotoxic activity was determined in parailel by

15  limiting dilution analysis. Chromium loaded EL4 celis alone or pre-
pulsed with 2.5 ng/ml of SIINFEKL were used as targets. The data
shown illustrates the strong correlation (R square= 0.9254) found
between the two assays. One of two similar experiments is shown.
PANEL C - Antibody production induced by immunisation with OVA

20  conjugated to beads of different sizes. Serum was collected from the
mice described in Panel A and serum dilutions tested for OVA specific
IgG reactivity by ELISA. Individual mice receiving 0.02, 0.04, 0.1, 0.2,
0.5, 1 or 2 micron size OVA-bead immunisation are plotted. One of two
similar experiments is shown.

25 FIGURE 3: Covalent conjugation of antigen to beads necessary
to induce optimal T cell responses. Panel A - Bead-conjugated OVA
alone accounts for MHC class | restricted T cell responses C57BL/B6
mice were immunized with OVA conjugated covalently to 0.04 micron
beads without prior dialysis (Control) or foliowing dialysis against PBS

30 through a 300Kd exclusion membrane (Dialysed). The induction of IFNy
producing splenic SIINFEKL specific CD8 T cells was assessed 10
days after one intradermal immunization by ELISPOT. The mean +/-
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assessed 10 days after one intradermal inmuni zatlon%éCELl SPOT. The nmean T

cel | precur sétectiqre@aass{OYdrmixed.c Ehp drdugption of HNeB g $RIERYPOT i n

duplicate we 0 Fl lon with viral
si zed beads-mﬁ%&ghé?'ﬁ cren Tcg@%&caesﬁéggéa]ﬁgga:y%l ﬂgl evel s of MHC
cl assd/ relslt intedcRstmBl immluh&anﬁarlelASPGE?Blﬁé Beean 'C@e%@lrecurmmnl ze;j )

i ntrader ma once, _two or three tines w s- VA 1 mcron eac
tinme 14 days¥r uaaayforazqenlq%@rrgrppwsssﬁﬁi%%ﬁg%@ﬁfpéﬁeh@%tﬁwl@d in each
case 10 ayss 8hdwh. the last immunization by ELISPOT. Three mce were

I muni se& per group and the data shows the nean of duplicate assays on
each nouse. One ofFIGWRE#MA smglmpﬂnumeamm with shralsizehratisTOVANS ce wer e

e o Al B o SH b A s B S ROBRES, L0ar 1o
OVA measur ed c@#s' PahbON €7 BIERE ik Watthffhuritedmyra8drmAigbhee,5:
Assessnent CD40 expression by cells that have
two or three times with beads-OVA (0.1 micron), each time 14 days
15  apart and their IFNy response to SIINFEKL examined in each case 10
days after the last immunization by ELISPOT. Three mice were
immunised per group and the data shows the mean of duplicate assays
on each mouse. One of two similar experiments is shown. Panel B -
Mice were immunized once with beads- OVA (0.1 micron) and IFNy
20 responses to SIINFEKL or OVA tested by ELISPOT 12 or 82 days
later. Antibody levels to OVA measured as in Figure 2 were maintained
at day 82.
Figure 5: Assessment of CD40 expression by cells that have
taken up beads in the draining lymph node after intra-dermal
25 immunization Popliteal LN cells from naive C57BL/6 mice (left) or mice
immunized with fluorescent 0.04um fluo-beads intradermally in the
footpad (right) were dissected 48 hours after injection and analysed for
expression of CD40 by staining with PE conjugated antibodies specific
to these markers. FL-1 = FITC positive cells (bead+) and FL-2= PE
30  positive cells (marker+). Background staining was negligible (<1%).
The left panel represents popliteal LN cells from non-immunised
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O\/Alm"runlsed animals. Figure 6: Induction of immature and mature murine DC

proliferation in Fwﬁer&énd@tmnloﬁlmmtb@w metyevispene WG ured from 5 bone
marrow cells extracted fromth fe t he hi s of C57BL/6
eewth ¢ REOKhRHeRdR Eebassecei-tud GTALSERE 47Cs Wifs Bulfire By ot he
cells werg S%b%ﬁﬁowrﬁe‘ﬂste'itﬁaéfé@ﬁ%mﬁé ﬁbla“é’rﬂﬂférﬁlﬂﬂﬁtﬁé h|r4d I%'és
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Each val ue reppBseleells/i.pbint ahe p@WdaﬂmcoﬁDgal(e’Hﬂfééd%%COVAet ween unpul sed
DCs and experl ment alm%@ ups, unpa| red t-test). 15 Fi Phenot ypi ¢
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t-test).

15 Figure 7: Phenotypic characterisation of APC taking up 0.04
compared to 1um particles in vivo C57/B6 mice were injected in the
footpad with 50ul of 0.04 or 1um fluobeads-OVA. Draining popliteal LN
were analysed 48 hours later for co-staining of bead positive cells with
cell markers of activation and antigen presenting cell lineage, the mean

20  +/- SE for 3-14 mice/marker is shown. 0.04 and tum fluobead+ cells
had significantly different expression of DEC205, F4/80, CD40, CD80
and CD86 (p<0.05).

FIGURE 8A: Mechanism of viral size particle uptake by DC.
Bone marrow derived cultured DC were incubated with phrobol myristate

25 acetate (PMA) at 0 (black),5 (white),10 uM (grey); amiloride (AML) at O
(black),1 (white), 3 mM (grey) (white), or cytochalasin D (CDD) at 0
(black), 0.25 (white) or 0.5 pg/ml (grey) for 30 min and 0.04 pm-0VA-
fluorescent particles added a further 3 hours. Selective inhibition of
caveolae, clathrin coated pit formation, or phagocytosis has been reported

30 for 10 uM PMA, 3 mM amiloride and 0.5 pg/mi CCD, respectively 14, 15.
When used together PMA was kept constant at 10 uM and AML was

added at 1 (white) or 3 mM (grey). The number of fluorescent cells was



Bone marrow derived cultured DC were incubated wth phrobol nyristate 25
acetate (PMA) at 0 (black),5 (white),10 M (grey); aniloride (AM.) at O

(bl ack), wown2tied, 3 mM (grey) (white), or cytochal asi n DPCTRDy1/@it160
(black), 0.25 (white) or 0.5 g/m (grey) for 30 mn and 0.04 m OVA-
fluorescent particles added a further ~3%hours. Sel ective inhibition of
caveol ae, clathrin coated pit formation, or phagocytosis has been reported
30 for 10 MPMVA, 3 NXelg nd 0.5 re ively 14, 15.
Wnen used t ogEeRRP ARSCRR e R R et A Gerner D R Eledifed o 1
(white) or 3 iiegrey). The nunber of fluorescent cells was WO 02/ 22164

PCT/ AUOL/ 01160 - 18 assessed by FACScan. Data is presented as the nean +/ -
SD of triplicate FGURE8B: Gordiomatign.of tiimmechanisghobiptake Dewsksi sm of
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i pli cate B BOVAIGHSS peeguApoged i kBN AN and 0 T AGUIES il to
i nduce Conp%hﬂ)t?ﬁ%b%rs%éﬁéy)ﬁﬂﬁg, 89 OThE UM BEASresEa défis Wase were

i mmuni sed 1D wt A" conj ugated to 0.05 umor 1 um beads, soluble OVA or
| ef t unt r eat edsesatdheRACBsahdngleds presebtadeas betmean +hrefifriplicate as t he
I ndi vi dugl turrmir sizes at day 10 for 8 aninmals in each group. One of two
simlar >Qperu s is shown. The difference in the frequency of tunours
between the 0.05 @ﬁ%@@:bsadbwgw andl1 eelOVAPeaes fdihe intibes gr oups was
significant: P=0.0001 vs. naive; p=0.0007 vs. soluble and p=0.0035 vs. 1
um bead- OVA. commarbRprateclion ta 0.4 sadOp A beatise CHIBAITICEN G Al | 76 wi i h

win 0. 1 m crgrustst EyRaTA TEELAEIAEI] 08 ok i tRERPEGtleover ! of

OVA or left untreated and then challenged as above. Data is presented

15  as the individual tumour sizes at day 10 for 8 animals in each group.
One of two similar experiments is shown. The difference in the
frequency of tumours between the 0.05 um-OVA bead group and each
one of the other groups was significant: P=0.0001 vs. naive; p=0.0007
vs. soluble and p=0.0035 vs. 1 um bead-OVA.

20 FIGURE 10: Viral sized particles do not co-localize with early
endosomes (LEFT). Bone marrow derived DC were incubated
overnight with 0.1 micron beads-OVA (500 beads/cell), washed gently
to remove free beads and prepared for confocal microscopy by spinning
onto glass slides. Cells were then fixed in paraformaldehyde,

25 permeabilised with triton and stained the presence of the early
endosomal marker Rab4 using a biotin conjugated monoclonal antibody
followed by streptavidin-Alexa. Similar results were observed with
unconjugated 0.04 and 0.1 micron beads and one of three experiments
is shown. Fluorescent 0.1 micron beads similarly failed to co-localise

30 with Rab4 staining using DC incubated with beads for 30 minutes or for
3 hours. (RIGHT) Mice were injected intradermally in the hind footpad
with 0.1 micron beads-OVA and the draining popliteal lymph nodes



to renove free beads and prepared for confocal mcroscopy by spinning onto
glass slides. Cells were then fixed in paraformal dehyde, 25 perneabilised
with tritvooozedest ai ned the presence of the early endosorel/Avar/ikaso Rab4
using a biotin conjugated nonocl onal antibody followed by
streptavidin-Alexa. Simlar results wel®- observed with unconjugated 0.04
and 0.1 m cron beads and one of three experlnents is shown. Fluorescent

0.1 micron beads simlarly failed t alise 30 Rab4 tai ni ng
usi ng DC i nc%%@ét?d;aéﬁ éalagerffgr ccgrﬁogzﬁ gysswo.;as PS?C%?({:% | GHT) M ce
wer e I nj ect edolihEAIRARARdYobderié®idhthé Ha‘bqtrﬁaﬂ(er\é\'nWOVA]cdﬁ;dga‘PéU beads- OVA
and the draining popliteal |ynph nodes WO 02/22164 PCT/ A 1160 -19

di ssect ed 48ohoocenjugated 6.drmicoeri oc@04dnigrgsbeads @re of thved above.
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shown. By 500@1*0%% c@ﬁtrbpﬁﬁéé mhuaﬂewa«ﬁtmpnﬁc:ronifsﬂzéd)ﬂu@mcénmdsl ve control
m ce i mmni zed with m cron sized fluorescent beads. FIGJRE 11:
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per group are shg NE ugours were induced,as, aboyve and at day 8 of
tumour  gr ow@a %7({“81“0 hﬁélﬁy ﬁlmws WeLR MRASUreL 8INg f3IRESed (Nai ve) and
6 i muniyged i§efh aninitlé e BAduPaRSHHWIHT Ves  are
shown day§3 i@&gphértuﬁn@m\q??gﬁ glgw‘é?S Fl CerlgilE 12¥) Sgr vulr\%a of mce to |ethal
mal ari a chal IRA(MELHT\emouKSSEre mwneéa&admvewﬂ/a}@ayi & of tumauri sed

wer ¢ chal | engEanv ey Cobiragsieaieno s atGRR Refle) FAR.C, o’ C7) e

red- bl ood cehbfunisad ND With-OVASY S8R (Ireinadised). |IMd|ijL@lﬂngt$1 oMeves chal | enged
per 20 group and one of six representative experinents is shown. In simlar

experi nments ¢ sBowNEiayhad 34adt dumupnieationf t er 2 weeks (8/20 nice).
15 FIGURE 12: Survival of mice to lethal malaria challenge after

VSSP immunisation. C57/B6 mice immunised intradermally once with
100 ng of VSSP-OVA, VSSP-lysate or lysate alone were challenged
with 500,000 lethal Plasmodium yoelii 17XL infected C57/B6 red-blood
cells. Survival was monitored daily. 5 animals were challenged per

20 group and one of six representative experiments is shown. In similar
experiments naive mice had 40% survival after 2 weeks (8/20 mice).
The lysate was generated by repeated freeze-thaw of P. yoelii 17XL
infected red-cells and ultra centrifugation and conjugated to VSP using
the standard protocol.

25 FIGURE 13: The antigen nm23 was conjugated to 0.05 u bead
(VSP) as described before for the antigen OVA, injected intradermally
into mice at 100pug/mouse and 10 days later IFN gamma reactivity
assessed in the spleens of immunised animals by ELISPOT. The data
id presented as the precursor frequency of cells responding to nm23

30 per million spleen cells as spot forming units (SFU/miillion) + the
standard devation of the mean (SD). The individual responses of three

mice (m1-m3) are shown.



The | ysate was generated by repeated freeze-thaw of P. yoelii 17XL
Infected red-cells and ultra centrifugation and conjugated to VSP usi ng
t he standwod2/pet ocol. 25 FIGURE 13: The antigen nn23 waspPcoapogetied to
0.05 It bead (VSP) as described bef org for the antigen OVA injected
intradermally into mce at 100g/ nobuse %nd 10 days later |IFN gamma
reactivity assessed in the spleens of immunised animals by ELISPOT. The
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i ntradernmal |y wit Q! 15éad§1t@@ﬁytﬁ@%ﬁtt¥ﬂht‘b%m thesrerapimiedd assessed 90
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for the preseusp-OVAPEhdsReEE6E 9D elay arratebbydlmsh B'%%:b@@ inln two naive
mce (A2 and A3) and three VSP-OVA mce (B2, 3 an | GURE 16: PANEL A

| nduct i on of crBRgrsasttp MgndRMmyyasd C@@é@ér@&’oﬁ?} a singl e i mmnisation.
C57/B6 m, ge were | 0, 504m beads and
%Wéqg i %ﬁe\%ﬁ?wﬁ he mean o@‘?. caff

sera col I ect ed at eren “ti me-poi en5| ty at 405nm
+/ - SE for ¢astbd domotne prbsémefofaﬁvnieépemfm IGEAardibedidsi lny EQISATln 8oi s shown.

Shown. S i | GEVE TR PR8N Anne Bmeny eV Brmics: BB Bnad no | oM or 20
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responses by a single immunisation. C57/B6 mice were immunised

15 once with OVA conjugated to 0.04um beads and sera collected at
different time-points. The mean optical density at 405nm +/- SE for
each group of four animals in OVA specific IgG ELISA is shown. Naive
sera is shown as negative control. One of two similar experiments is
shown. Similar ELISA results were obtained for total Ig and no IgM or

20 IgA was detected (not shown). OVA alone failed to induce IgG
responses over PBS immunised animals and OVA in Complete Freunds
Adjuvant (CFA) induced IgG responses a log higher than single dose
0.05pum beads-OVA (not shown). PANEL B Induction of long lasting
high levels of IFNy producing T-cells by a single immunisation with 0.04

25 um beads OVA C57/B6 mice were immunised 1D once with OVA
conjugated to 0.04um beads (black or chequered bar), soluble OVA in
PBS (white bar) or with OVA mixed in with 0.04um beads (grey bar).
Precursor frequency of SIINFEKL reactive spleen T-cells was assessed
10 days later (back, white and grey bars) or 12 months later (chequered

30 bar) by IFNy ELISPOT. Four mice were tested per group and one of
two similar experiments is shown. Average values of spot forming units

(SFU) per million cells +/- standard deviation (SE) are shown for each



responses over PBS i muni sed aninmals and OVA in Conplete Freunds Adjuvant
(CFA) induced 1gG responses a | og higher than single dose 0.05m beads-OVA
(not shown® 02/PABEL B | nduction of long lasting high | eveP€T/aiiol/éNgo
producing T-cells by a single inmmunisation with 0.04 25 m beads OVA C57/ B6
mce were immunised ID once with OVA-%onjugated to 0.04m beads (bl ack or
chequered bar), soluble OVAin PBS (white bar) or with O\/A m'xed in wth
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T-cel s was @rossIpGimilar expesimelite usingaldimgsiless antigegy “or
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group and onQ% %'m{ﬁt"g%@{ﬁéppgeu%ggél § %S” v@?‘gg%m%m ues of spot
form ng unitgpleb®licdlls g@f nAibh (e C@Qtstok(c—T-s:’eammmhsée\Im atandarc{ SE) are
shown for each WO 02/
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for 3/3 animals a at hown P /b t
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14 days |ate mal.s were boost r t n infectious
vacci ni a'¥i rifeoa@ﬂlf‘@%?ﬂg"{w&afﬁﬁ% Bﬁi?f I\ng (nggcfp sﬁnrﬂre{eii)rp the epitopes
in cpl3-32 aaﬁspzedobwmw EbhjGE4IEd 10 l\ﬂlﬂ@ﬂ Gsﬂ'e‘USloiﬁhﬁotbﬁt (¥BR).shown is the
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sane the epitopes in cp13-32 assessed by IFNg ELISPOT 10 days later. The
15  data shown is the mean number of IFNg producing cells +/- SE per
million spleen cells averaged for 2-3 animals/group.
Figure 18: Comparison of polystyrene and glass 0.05 um VSP-
OVA particles. Polystyrene 0.05um beads were conjugated to OVA as
before (PS) and compared to OVA conjugated glass beads in the same
20 -way (G1). In addition, a different chemical procedure was compared for
the glass beads. Briefly, glass beads were weighed and suspended to
2.5%solids in PBS and washed twice. PBS was removed by 5 minute
centrifugation in a microfuge. The bead pellet was resuspended in 8%
gluteraldehyde in PBS ph 7.4 and mixed gently at room temperature
25 overnight. The beads were then washed 3x with PBS resuspended in
PBS and 500ug of protein per ml was added and mixed gently for 5
hours. The beads were then pelleted and the reaction was stopped by
resuspending the pellet in 0.5 M ethanolamine and mixing for 30
minutes. The beads were then washed in PBS and used for
30  immunization (G2). Polystyrene (PS) or glass (G1 or G2) VSP-OVA
were immunised intradermally at 100 ug/mouise and SINFEKL specific
IFNg secerting T cells quantified 10 days later from spleens by



20 way (Gl). In addition, a different chem cal procedure was conpared for
the gl ass beads. Briefly, glass beads were wei ghed and suspended to
2.5%0l i 00bmABS and washed twi ce. PBS was renoved by 5 PCTVAU@1/01160
centrifugation in a mcrofuge. The bead pellet was resuspended in 8%

gl uteral dehyde in PBS ph 7.4 and nixetd?4gently at room tenperature 25
overni ght. The beads were then washed 3x with PBS resuspended in PBS and

500g of protei s _added .and. m xed nt f 5 _hours. The beads
were then peﬁ-&é@rra%etmﬁ%tars QWPi'8&"’0@@Qle&%g*édé%@%%%%%@m? RS;rt he pell et
in 0.5 Meth Mﬁm ne and mxing for 30 mnutes. The beads were then

a

washed in PB used for 30 inmunization (&). Polystyrene (PS) or gl ass
(Gl or &) VSP-OvRigwee: Moderdf eadiganjugadion=andimmuiegeniginoui se and

s LI A
i ndi vi duad Wsagéfyrer%cé%xy!hﬁ&ﬁﬁ@mbm SmRFadsqRowiSolids) @t 85 19: Mbde of bead
conj ugation and i"mrunogeni city. Ovalbumn at 2 /m in 50 mM MES buffer

a
(ph 6.0) wasminuted. vi-ethyt-B<¢3-dinpthyjarippprapybeasbediiarpideivasiadded m beads

(2% solids) for 15 mnutes.. Ad:ethyl  -3x(3-.di

am nopr opyl )E%ﬁ?‘%lber?%%%o%aéﬁaﬁ“gz%‘&@q% %ﬁ:“ﬁ%@é‘é&g@é{%@ at 4 ng/m (pH
6.5) and inCtmﬁ%@%t@@fbpgmout@npﬁéetawd@rd 0BlyRire) was. quBmehstavitte7 d (G yci ne)
was quenched with 7 /m of glycine or 20 1 of | M ethanol am ne (am ne)

pH 7.4, or 20g/miof gwg%emraaﬁ wo{d & ethanglaaiae i) Pecedalor@ dehyde) pH
8.0, or 20 |

f. 1 M ethyl di g al [
were 1 ntbaPba MenBa eABaras Aesr e GNalNeg M A0 HERTAT ' The
prepar at i ons openg HhAbNSEEIMAURY @idHol) gH FBH Bie grepaldipnalwisray de
preparation was quenched further with 20 | of I M HCL and incubated 15 for

4 hours, andintivhpiaskat ipet iengparaiuie fesapRroXimatelysl@aayree Alee  were
o sed  Wdnc el el USRI A LaAboFROR SR, TERIBRRLLO o e
CD8 T cel | epidmpatich WiEEtenches firtiseragieh 30@wf @M HCL and incubated
15  for 4 hours, and dialysed overnight in PBS at 4°C. 2-3 C57/B6 mice
were immunised with 100 ug intradermally of each one of these VSSP-
OVA particles and immunogenicity assessed in spleens by IFNg
ELISPOT to the CD8 T cell epitope SIINFEKL. Results are shown as
mean+/-SE of SFU/million spleen cells for each animal.
20
Example 1: Materials and Methods used
Mice and Immunizations C57BL/6 and BALB/c 6- to 8- week-old mice
were purchased from the Walter and Eliza Hall. Mice were immunized
with 100u! of antigen conjugated beads intradermally (ID) in the hind
25 footpads.
Reagents: All reagents including the antigen Ovalbumin (OVA, Grade
1) and 1-Ethyl-3-(3-DimethylAminopropyl)Carbodiamide (EDAC) were
purchased from Sigma unless otherwise stated. Monoclonal antibodies
for FACScan and confocal studies were either purified in house from
30  hybridoma lines on a Protein G column (Pharmacia) or purchased from
Pharmigen. FITC conjugated and carboxylated fluospheres 0.02-2u

were purchased from Molecular Probes and non-fluorescent
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pur chased fr &Raaphs @@40,@‘36%§ndr%‘33én'm¢ ablisebdrnonesignabentinedy
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CD8al pha, 5 CDMECHluBYRasdarchaastitiitey. anti - Rab4 nonocl onal anti body used in
confocal studies was the kind gift S r 5 MCallum Research

] ft of Dr., Russel (Pe
Institute). Aﬂf’%’éﬁ’f?ﬁ%@éﬂﬁeﬂﬁgl?@lnﬂgf'c eelrivere erquﬁ?é?f&m BORR epared from

bone rmarrow, ' 1l Hifil | i VA LM publ i shed
nmet hods [ 5]. n@@?&&?gﬁe&m\lﬁ g%}%%gg?lggﬁéﬁr o%@gliogégn%@%hgd bones of the
hi nd |inmbs byndthogh[F)gBoefty ¢ells werlel sarvestedtfrom tibizeandioingi kenesiafh | o nedi a,

fol l owing b  cel | is.. The cell | ated out. at .1x106 cells/n
i (r)1 ngvl\\/nl n?( Célﬁeeﬁﬂé%&g&%ﬁ‘gﬁﬂﬂg Qﬁt &]ee[ ﬂé%@é'ﬁéﬁ? %ﬁ%@%%’ggé{ﬂ%% oet afecaisf
serum (Fes) , nuiiA Liofbwingyred cHil8 I%ifﬁ THREBIR Whieplatesw/4t11x 168 r ept onyci n

sul phate and 100.tM R-ner capt oet hanol . and GWCSF at 1000 units/m and
|L-4 at 0.2 oglis/mil lmBPé/”a(éféébl,.AUﬁE) soppiementeduvids 18% Reat inagtivaleds or 5- 6

Naor ophages. (Rtd s WRaECED ol ¢4 3SRkl 406 Bk Lopmift ™ Bofiefnt C7roce”
three days aktgptohRycims@gtidteanaf100 uM p-mercaptoethanol. and GM-CSF at
1000 units/ml and IL-4 at 0.2 ng/ ml were added. The 10 ml cultures

15  were grown for 5-6 days in petri-dishes of a 100mm diameter at 37C in a
humid CO, incubator. Macrophages were recovered from the
intraperitoneal (IP) cavity of mice three days after IP injection of .
thioglycollate, and cultured for 3 days to enrich for adherent cell fractions
as described [6].

20 Bead-antigen conjugation was performed following the manufacturers
instructions. Briefly, OVA was diluted to 2.0 mg/ml in 0.05M MES
buffer pH 6.0 mixed in a volume ratio of 1:1 with beads of 2%
solids/volume. The mixture was rocked gently for 15 minutes and then 4
mg/ml EDAC was added. The pH of the mixture was adjusted to 6.5

25  with dilute NaOH and the mixture was rocked gently for two to three
hours. The reaction was stopped with glycine to a final concentration of
100 mM. After 30 minutes of mixing the preparation was dialysed
overnight in the cold in PBS. The preparation was either used
immediately or stored at 4° C with 0.01% azide for later use.

30  Cyftotoxicity assays: These were performed as described [3]. Briefly,
effector cells for cytotoxicity assays were generated by culturing spleen
cells for 7 days at 2.5 x 10%/ml in 2 ml well plates at 37°C in a humid CO,
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maxi mum | ysi $onali targessint quadsuplioata. Supernaipnistwerediarvesteg afteridh.

Toon (e : ' | cul at ed
ds 100y (( BepriERpATRIAgE gy ER G A REldly Sthoffaiedlie ool culete
rel ease- Spontrgleassy (Mekieast relcdsSimoritanedussieteaseyiBl) Spesfiedysis s with

peptide- %ysis with no peptide. 1 otoxic T cell precursor( CTLp)
assays: CTLp (4sHayvasialysisysth B?Hﬁgie‘a%iﬁ‘ﬂ%&’r'ﬁ%ﬂ%p%ﬁ’tgﬁpousl y [7] CTLp

frequenciies V&liSioxic T cell precursor( CTLp) assays: CTLp assays were

performed as described previously [7] CTLp frequencies were
determined from a minimum of 32 replicates, for at least 6 effector cell
numbers (1x103 - 1.28x105). Cells were cultured in U-bottomed
microtitre trays, with 5x105 mitomycin C treated syngeneic spleen cells,

20  in DMEM supplemented with 10% foetal calf serum, 5uM of SIINFEKL
or OVA and 10 U/ml rhiL-2. Seven days later, each microculture was
assayed for cytotoxicity by replacing 100 ml of culture medium with 100
ul target cell suspension containing 104 51Cr-labelled EL4 OR EGY as
targets. Cytotoxic activity was considered to be present if in each well

25  51Cr release was found three standard deviations above the mean
isotope release from 104 effectors cultured with stimulators only or from
stimulator cells with peptide only or rIL2 only. A linear relationship
(0.987< r2 < 1) existed between the number of responder cells,
represented on a linear scale, and the frequency of negative wells on a

30 logarithmic scale. CTLp frequencies were determined as the inverse of
responder cell dose required to generate 37% negative wells[8, 9].
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the f requenc&ﬁg})ﬁRggét1@2’%\&%%@3'g%'%agap{eggggﬁg%?%mggg%gd ‘@&E{&ef requenci es
were det epm ResdedstihlR forMeticifs @h mixed pes@er platdd (MIRISA Mitipdrd)gslet 0 gener ate
37% negative wells[8, 9]. WO 02/22164 PCT/ AUOL/ 01160 - 2 Lp frequency

assays were poptaskwitiian antenurineNyriaAb (B4), fEACCIuBuplicateqpurlisovere di d not
differ by nore than 20% fraom t he.nean .val F ssays: These
wer e perfor m?&t Hg?%ee@&ﬁi)cr%’gm%] ?”‘@rmﬁ?'?y,sggl“@é%@f@é“{% (%!3?/ m freshly

i sol ated spl %@Ppl@fﬁénfﬁed\@é debdbdepdreWAfier bhermnigHa iridudatisih icalid wefeor 18 hours
on m xed acetate plates %I\/AHA M I 1ipore) pre- coated with an anti-nmurine

IFSIy mAb ( Ra)washedoffjandiignlaies dnaubeted Vi 8 sesend higtin Gonkigatedi®Ai t i on. The
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second bi ot i RxgaGiHGRkSheMbshRatBeTALAPECdniUYatd ¥MBLGIMP{SKMmA). Phar m gen,
CA, USA), followed by an extsébavi di nrmia_lmk)gcl:i ne phosp#_gt atsoae A- %\P) conj ugat e
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St 19 8 0! CTAE et REGHRRE R oA TSA e G SBgie, Uo0) 217
form ng unit siddeclied thicrostops. | The Bateedrk presBntedshd Bpdtfbrmigtuntte was util i sed
at 2.5 g/ m. Statistical analysis in protection studies the nunber of
m ce protléct dafu) per million cells. The SIINFEKL peptide was utilised at 2.5 pg/ ml.
Statistical analysis in protection studies the number of mice protected in
each group was compared using a +2 test in the Statcalc program in the
Epilnfo Version 5.0 package. In immunogenicity studies the ELISPOT
and Chromium release responses were compared between groups
20 using the Student’s t test with the Microsof Excel Version 5.0a package.
Linear regression analysis was used to assess correlation between
immunogenicity and protection using the SPSS for Windows statistical
program package.
Bead uptake by dendritic cells and macrophages Three day old
25 macrophage cultures grown on microscope slides and five day old
dendritic cell cultures were fed with different size fluorescent
microbeads for periods of 5 minutes to 24 hours. The cultures were
then washed to remove free beads and prepared for FACScan or
confocal analysis.
30  Analysis of cells taking up beads in vivo: Draining lymph nodes and
spleens were collected from bead immuninuzed mice at various time

intervals from 12 hrs post immunization and up to 12 days. Cells were



each group was conpared using a x2 test in the Statcalc programin the

Epi | nfo Version 5.0 package. In inmunogenicity studies the ELI SPOT and
Chr omi umwe@brzdes r esponses were conpared between groups 2BCTYAUNGOL1HE
Student's t test with the M crosof Excgl Version 5. Ca package. Linear
regression anal ysis was used to assessS Rorrel ation between i nmunogeni city
and protection using the SPSS for Wndows statistical program package.

Bead upt ake by, dendri ti ¢, cel . 0 macr ophage
cultures gr o\‘kﬁ”‘%ﬁie‘gﬁép(é?éﬁﬁé i’q%@g%ﬂﬂg%ggﬁggﬁ%%w%ﬁﬁaﬂgélﬁedplr)r%p ?@cel I

cul tures wer gyffric¥edhodidhfecgindnabysie fluorescent microbeads for periods
of 5 mnutes to 24 hours. The cultures were then_washed to renove free

beads and pr &drasifacermakesstainiog anddivoedPmeiy Jrarsurtase RN s of cell's

t aki ng up be 4 I VO: i nJ . I col l ected
from bead i rslﬁ) nﬁ?}édwgfecgcgb%gg’y%wuggp Ial?éﬂa%?l\r/]l? g‘gvtgfs?r%(ﬁgﬁnn%\géﬁsrs post

I mruni zat son FAy8D divd NL_[L3482¢0. I6alases wireee W adtitdsthodasaot dickaty01160 - 26
collected and after red blood.cell |lysis and washi t hey were prepared
for FACscan ébelgdmefteatwayashingstepgithe celis Wee 'HEPEaﬁedsW'ﬁi‘ ﬁisﬁﬁo'g‘ﬁd f1 ow

t try: F i P Tat=] R el hkh
(F:)é Ioggelr?/ed EEA%%FI%@Q%@%%}% gﬁlgcr ?]E@élgﬁgbﬁgn 'ﬁIHZa} 145,b%%9fwlh% cases
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first anti bofEP ¥ P%'@é’tf}ﬁﬁ?'aiwn?ﬁge S?B%’&(?QE{'% reﬂftﬁ%&ga/ewgg@&aﬁ%body was
rai sed wag uggfls Waréwilshelivitth PBSWZM%%rhW@Wde%h%h@Ig&é&w&ﬁcond
anti body. After two washes, the 1o cells were washed with PBS/ 0. 2%

par af or mal delyftRCanan faw gsemelgr(BectonHAickinaant aod Gafitiest seftware.
Bect on- Di cki LI i .
bxcl ude_ dead T eaRRfoaEs (HEXet I AR veplt Bl pRERRAmPRES 1508 set O

unst ai ned f orcefgly Cells frapebead iremunixéd waltdisell fonamaswiéace marisirainded with a
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15  marker were used to determine compensation for overlap between the
FITC and PE emission spectra.
Confocal microscopy of phagocytosed FITC-labelled beads: An
Olympus scanning confocal microscope was used with a Krypton-Argon
laser source equipped with dual fluorescence and transmission

20 detection to determine whether fluoresceinated beads of different sizes
were phagocytosed by macrophages or dendritic cells. Serial sections
through the samples were acquired at step sizes between 0.5-1.0
microns to determine phagocytosis and analysed on Optiscan Analyzer.
Cells were excited at 488nm and 568nm for fluorescein and Alexa 594

25  respectively and detected through 530nm and 610nm band pass filters
respectively. Throughout acquisition, laser power was kept below
saturation levels and gain and offset parameters maintained within
individual experiments.
ELISA assays: Antibody responses to OVA were measured using

30 ELISA. Polyvinyl chloride microtitre plates were coated with OVA (10
ng/ miin 0.2 M NaHCO3 buffer, pH 9,6) overnight at 4°C. The plates
were washed 4x with PBS/0.05% Tween20and 4x with PBS and then
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control. The plates were washed and the bound anti body detected using

hor ser adi sh- (PN NRseLacorfied Heiag adele g 1aamiciapate regdersel i nus, AUS) and
the chronggeni c substrate 2,2"-azino-di (3- ethylbenzthiazoline) sul phonate
(Amersham UK). The absorption at 405 nm was recorded using an EL 312e

m cropl at e rdadenpleld HReafptoatial uitakd of ¥SSPaby aptigdrepadseMBay cbls mnt i gen
presenting cells in wvitro and in yivo A nunber of studies using cells from
t he macrophage/ nonocyte |ineage MEPAREHYDarticle size dependent

phagocytosis, w t QRhbBRbf studies using cells from the macrophage/monocyte
lineage have shown particle size dependent phagocytosis, with optimal
15 uptake at a 1 micron diameter [10, 11]. Uptake has been observed in
dendritic cells, however, a comprehensive range of particle sizes has
not been tested. The inventor was specifically interested to establish
whether protein coated particles of viral size (0.03-0.1um), would be
efficiently taken up by dendritic cells or macrophages. Figure 1a shows
20 that thioglycollate elicited peritoneal exudate macrophages internalised
both 1um and 0.1pm fluorescein-labelled particles (fluo-beads).
Immature bone marrow derived dendritic cells, by contrast, were found
to take in preferentially 0.1um sized fluo-beads. Confocal microscopy
was used to confirm the particles were inside of the cells (not shown).
25  This in vitro data suggested viral sized solid particles (VSSP) could also
be preferentially taken up by antigen presenting cells in vivo.
Fluorescent polysterene protein conjugated particles in a range of sizes
(0.02, 0.04, 0.1, 0.2, 0.5, 1 and 2um) were injected intradermally (ID)
into the footpad of C57BL/B6 mice and cells from the draining popliteal
30 lymph nodes collected 10 days later for FACScan analysis. Particles of
the 0.04-0.1um size were taken up preferentially by lymph node cells

(Figure 1b). Similar results were obtained analysing lymph node cells



15 uptake at a 1 mcron dianeter [10, 11]. Uptake has been observed in
dendritic cells, however, a conprehensive range of particle sizes has not
been t estved02/The4 i nventor was specifically interested to peT/abbi/gheo whet her
protein coated particles of viral size (0.03-0.1 n), would be efficiently
taken up by dendritic cells or macropté®ges. Figure 1 a shows 20 that

thi oglycoll ate elicited peritoneal exudate macrophages internalised both

Imand O0.1m fluorescein-1abell ed part.icl.es.(fluo-bgads). . | ture bone
mar r ow der i v dagsds Bt Pandeld aﬁerﬁ%rﬁﬁﬁﬂwsefﬂé”,v@é}dew HRECNIPGA P ke in

preferenti al %é(rtigte(j:sl. ny§§BE W drb léﬁ‘ﬁ&@&%ak&ﬁ’ﬂb%nt@e‘?ﬁ&é%@ﬁhg M@p used to

confirmthe particles were 1nsi the cell’'s (not 'shown).” 25 This in
vitro data seguessiad bothahacsoprabesand depdiitid celesurfacssparkessi(fdgeleso  be

preferentially taken up by antigen presenti.ng.cells.in vi | uor escent
pol yst er ene ﬂ)%oté?'ﬁe Hﬁf‘ﬂ%&?@\ﬁefgﬁ??‘?fé!lce%eq’ﬁd”g(”-‘ %a58 tgc?k gp}(&ssp{o_ 02, 0.04,
0.1, 0.2,-0. W8 & 8Chreab Rkt ¥lold notype the foot pad
of C57BL/ B6 ﬁlsgé(pgg%dgg%éﬁérﬂgnﬁrhe d?pari ni ng po“gﬁﬂlegl rg?)elyyrﬁ)h nodes

col l ected 10[1@hys | ater for FACScan analysis. Particles of the 0.04-0.1m
size were taken up preferentially by |lynph node cells (Figure 1 b).
Simlar results were obtai ned anal ysing | ynph node cells WO 02/ 22164

PCT/ AUCL/ 0116@xamdfe 8N Y&®SP Arimd high pratutsbratdqrenpiestafdyéotoxi eati on, and
wi th unconjugated particles. VSSPs were efficiently, taken up by antigen
presenting cell expredENrFesamtingnbesboruyel aseHRdEs: i ¢ cel | surface

mar ker s i gure Y | i itro also

t ook up SPs. 5 w%%s&%%%ﬁk%\é@ﬂ (géel rggméebﬁlgq@? wgcsp@gg%%dntgﬁyl y nyeloid
phenotype [ {ig¢ forfbafiatbe antigdfSB8BliNeTY medipaéntial esuravel vécamgsenci es of
cytotoxic and _| FNysecreting T cells_as |1 .a e%l bodi es. .J]O E}fi ci ent
VSSP upt ake bp7HRiamice M@re@nnynﬁedw%%%ﬁa%@ Z‘& SPAted RAIEIES of or get ed
antigen deli Eal i } wer e

s sed w D0 R B AR e st BREEES gy g Sertin

0. 04, 0. 1, 0. 2sflebnceis cillectedddtdaysdhteer Figraldg shawd apiimatirgiuctiopl een cel | s

colTect e(1zl5 100? fi l\?y lséaérg{ihg IéiD%u{'%eﬁ?n urg: |\6\ﬁ tc()) té Hﬁlo icnadslé(itrciagtrr}cted
SIINFEKL epitope achieved using 0.04pm sized particles. CD4 T cells
responding to OVA were found at similar precursor frequencies with
OVA conjugated particles ranging from 0.04-1 micron. Cytotoxic T cells
to SIINFEKL were also induced with VSSPs and correlated with the
20  precursor frequency of IFNy secreting T cells (R2=0.92)(Figure 2b).
Surprisingly, OVA-specific IgG was also found at the highest precursor
frequencies in mice immunised with 0.04um particles, followed by those
immunised with 1pm particles (Figure 2c). Similar immunogenicity
results were found with using VSSPs without fluorescein. Thus, in
25  contrast to many immunogens and adjuvants promoting preferentially a
cellular or a humoral response, VSSPs were capable of inducing high
levels of both.
The results shown in Figure 2 are based on injecting the same
total amount of antigen after conjugation without eliminating residual
30 soluble antigen. Figure 3a shows that similar T cell responses were
obtained with 0.04 micron VSSPs after the soluble antigen was

eliminated by dialysis or ultracentrifugation. Therefore, there was no



15 of IFNy secreting CD8 T cell induction to the MAC class | restricted
SI'I NFEKL epitope achi eved using 0.04m sized particles. CD4 T cells
respondi mgOOL2XWA were found at simlar precursor frequeneCEaUN/€I60 OVA
conjugated particles ranging fromO0.04-1 mcron. Cytotoxic T cells to

SI I NFEKL were al so i nduced with VSSPs &id correlated with the 20 precur sor
frequency of IFNy secreting T cells (R2=0.92)(Figure 2b). Surprisingly,

OVA-specific | gG was al sp found th i u r encies in
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VSSPs wi t hout fluorescein. Thus, in 25 contrast to nmany i mmunogens and

adj uvant s prandtinognjpgetesk @WA and YSEP miesy Figure Bbshewsdhat opl¥sponse, VSSPs

wer e capabl e _of i nduci ng hi fi.: T S -in Figure
2 are based 8?1"?'?%?@6F?ng?tﬁgk\é%ﬁ\{&#%ealhlgﬁrgét}'netls gfsgﬁf ﬁgé'nSp;e;&? eW;T

conj ugat i®n weiid)qHusetovaleat atghiresit toitie VSSPsohabhecessarg tntarfétgur e 3a
shows that simlar T cell responses were obtained w 8ron VSSPs

th 0.04 . m
after the soPMA tadhe g@gs hatesantaHonRABWRY addn %‘F%CIBF'S?“ES% icte
ul tracentrifggahion,,Ehareley ?e gﬁlﬁ]o‘gth‘é’gﬁui éﬁ%n@@%@%*%n{i’@ﬂe@m/ 01160

-29 significant contribution fTr e antigen to the observed T
cel |  responpgsteinTihissnaikes chmpaned tslapgen particles cobild byitgell iesolt inf conj ugat ed

d i fed d VSSP ni Fi 3b sh that @ | tl
con] ugat et VBISPr TB AT BROPEGY < HONeLP N ER S FREsG Se ) Yol o “Thus,
coval ent  att ﬂﬁp{zﬁﬁgﬁhggg@%Méélé’@omgnﬂsﬁemws&ew% in@YAsd nto the

class | presentati y and Induce class | restricted T cells in
vivo. It coulitlereasthgtye@idurat2)a2)0.644).1 anotomt V8SPs avgragansistentlyot ei n i n

smal | er conpared to |larger particles could by itse]f result i hi gher VSSP
i munogeni ci MRreHRRNAIENIGNaN, fan Raft! ,'ngfaﬁ%%éerﬁl)‘/ cif(;ﬁ? ﬁ?ﬁﬂl@geni city
peaked at 0. ; i g i REnisid édrtengagbhwity (Figure
2), 2) 0.04- %.ﬁqb%ggggj#%%@%s(émﬁgg%%n%i stent| 9‘8 rsrgtore I mmunogenic than 1 m
particles i ndapepdricidsyumfo 10kfdieng tot mgimadugehoverthatasedfor (3)
I ncreasi ng the inmunising concentration of .
15  VSSPs failed to enhance immunogenicity to the levels seen with a
range concentrations of antigen conjugated to VSSPs, 4) Immunising
with equivalent amounts of bound protein on beads of different sizes, or
with the same number of different sized beads, consistently showed
VSSPs to be more immunogenic than larger particles across a range of
20 concentrations (0.5-1000 ug total OVA, 0.5-50 ug conjugated OVA and

10® —10° beads per animal).

Example 4: A novel pathway for the uptake and processing of
particles

25 It has been suggested that peptides derived from digestion of
exogenous antigen through the class 1l MHC processing pathway may
be regurgitated and subsequently bind to empty class | MHC molecules
at the cell surface [1, 10] . This alternative mechanism of class |
presentation is independent of transport into the endoplasmic reticulum

30 (ER) mediated by TAP (transporter associated with antigen processing).
Hepatitis B surface protein VLPs are processed for class | presentation
in macrophages by a TAP independent mechanism [2] . The inventor



1 mparticles up to 100 fold (up to 1 ng/nouse) over that used for 15
VSSPs failed to enhance i mmunogenicity to the levels seen wwth a range
concentr av@oonz16f anti gen conjugated to VSSPs, 4) | nmmuni sPOTYAUM/e1h60

equi val ent anounts of bound protein on beads of different sizes, or wth
the same nunber of different sized bea#d; consistently showed VSSPs to be
nore i nmunogeni ¢ than |larger particles across a range of 20 concentrations

0.5-1000 ug total OVA, _0.5-50 u j ugat e d 0 8 bead
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particles  2pd+ Bfifedffles uB8GS baEKGIMNANSRS €88I0%Y ddReidd tom di gestion of
exogenous antigen thraoug he class Tl WMHC processi ng pathway nmay be

regur gi t at ed ShiNFEKibse GW&ninl TABiIKQ animealsuggebting VESHTogebsioglfes at t he
cell surface [1, 10] . - This alternativ ani sm of I resentation
is i ndependeﬁkséfI Wﬁl"saff’fgﬁ _Qwﬁﬁﬁja_%?iraéﬁ&ﬁfagﬂ?%d‘?’ﬁ_t f‘?ﬁﬁ?@@n@%ﬁ) nedi at ed
by TAP (tganspoiieisndefBlekal Brstintdtichéf dyePbas antgé@has beepatitis B
surface protein VLPs are processed for class | preséentation in macrophages
by a TAP i ndeesantset fampebiamssadgorped omee impantices hased ppieekiness’

PCT/ AUOL/ 0116 -30 j mmuni sed TAP .Eno%go%t CS?éBLtf' m ce, W, t h OVA- conj ugat ed
VSSPs. No TOkENfopMiGHesiGes ane AeCcifsRiA) FRIGRARE PLIMYENIBI Wee detected to

SIINFEKL or  QYiydidsnd fP-16P. PhbsBsiBonarst lafse Yardlestakesapmy for class |
present ati ong\§/\//as?| by gﬁn@ast, TAnglependen'tq‘j.;3 A TAP dependg% 5 mechani sm of

class | pres@hagocyinsisfinbeeanesriyeoniyeatian stapewhh leesemesed for proteins
adsorbed_ ontg_ 1 m i . 1 f %1E§ esicles and
acci dent éﬁ r&X%%Séﬂﬁﬁ’&ﬁ%?e%“eagﬁwgﬁ%‘%{”ﬁﬁgg'ﬁ %'snr\r/]eﬁﬁqrq%g? g r%é(!essi ng of
such large pafitiascop tclﬁlﬂéﬁérmmé)WhelbmngFPeowbald ey uted vienthisar | y
conjugation step with |Iysosones 10 expressi t he b4 adapt.or protein
[13]. The i nmmwy.fswe&om%%ﬂhatﬁ%@@%@%ﬂ%@é@%ﬁ@%@g her VSSPs
woul d be routgdioidAytiitot oRGdNeBithbE bGP dbiild BaditRNSbINSSP
fluo-bead containing vesicles did not co-localise elther in bone marrow
derived dendin tukureebt & vivo in lymph node cells 24 hours after intradermal
15  VSSP administration. VSSPs therefore may use a processing pathway
which differs from that used by both VLPs or larger particles in that it is
Rab4 independent and TAP dependent. The mechanism was further

investigated in Example 7.

20 Example 51 VSSP induce expansion of antigen presenting cells in vivo
and in vitro

C57BL/6 mice were left untreated (naive) or immunized with
fluorescent 0.1pm fluo-beads intradermally in the foot pad. Popliteal
lymph node (LN) were dissected 48 hours after injection and analysed

25  for expression of CD40 by staining with PE conjugated antibodies
specific for this marker.

The results (Figure 5) show that 0.04, 0.05 and 0.1um
polystyrene beads alone or conjugated to OVA were able to increase up
to 4 fold the total number of cells recovered from the draining popliteal

30 lymph node after intradermal immunisation. Moreover, they caused 1.5
fold increase in the proportion of NLDC145+ (dendritic cell marker) but
not F4/80+ (monocyte/macrophage marker) cells. They also enhanced



in culture, or in vivo in [ynph node cells 24 hours after intradermal 15
VSSP adm ni stration. VSSPs therefore may use a processing pathway which
differs fwom/het used by both VLPs or l|arger particles ipCT/hAavi/itiei s Rab4
i ndependent and TAP dependent. The nechanismwas further investigated in
Exanpl e 7. 20 Exanple 5: VSSP i nduce eXpansi on of antigen presenting cells
in vivo and in vitro C57BL/6 mce were left untreated (naive) or imrunized

with fluorescent 0.1m fl uo-beads i ntradernal lx% in. th f%ﬁt ﬁad Popl i t eal
| ynph node (Eﬂl)ﬁﬁdﬂﬂ’IQjIP@@@Ett%UOMBnWBLn@eaﬁq 8 CXPH; 1Y tradal ysed 25 for

expression o t Fﬁxﬁn'g S specific for
this mar ker. e r%%&@fs@%rﬁ g?rge@ %‘gﬁﬁogv%phwg%be%( Ibnggﬁd iIm
pol ystyrene hamresseinoDD40+ oedﬁljaﬁgatmmunnaﬁbﬂ\oheewedﬂdye':AGSlcanr(%&%e up to 4

fold the total nurrbr of e recover from.the drainin opliteal 30
| ynph node af® 88%)nttr38Re WP%PF Sel\ﬁ?ﬂ'ﬁ@\%?t% 8(’5&%sed 1.5 fold

i ncrease kn | f 433 Qﬁqﬁlﬁ bbé&s@@th'a fmérlégbéntbut not

F4/ 80+ (n%norgktfd'é'?ﬁnggrgg%h@ggg ca@E%‘(—% They al so enhanced WD 02/ 22164
PCT/ AUOL/ 011@@een &dre>1. 5 fold the proportlon of |ynph node cel | s expressing
t he activation rml ecul es CHX40 a ur.e shows an ar@l e of the

i ncrease in CD40+0eh, |0305stfm&ndl%m@¥fﬁeﬁ b%ﬁgéf’\ﬁﬁ? PYCHUESEH '933% to
63% . It al S‘b\?&%ﬁe%‘&?&twga%cggeﬁgﬁﬁ@céﬁﬁl Alﬁlfl@a\’f h Sk 'Bokdie S5 0. 04m

beads, in this case we use ads wt uorescent green core.
0. 04, 0.05m amatréw o paillfereymmeviu@admmtmebutn@icm;amgat(@fder‘t o OVA were able

to induce dendltlcc u no marrQ oliferation
in vitro.10] mAgHyRion ‘BE‘? IL%&D a@é{l‘hﬁgalpbpgng?n#@lcqﬁ F%?rF&VS&%VP{HaEE‘E and

TEN-al pha) dQ@grdcgl{,gt"fgeéﬁféctwl\@gm%p@g;é@ Je to this activating effect of
VSSP (Figure 6). These data together suggest that particles of 0.04-0.1min

size (VSSP) have These dasa tqgetherdssuggespinel paticies eirfkBéwhiamiinisize t o
(VSSP) have the unsuspected and previously unknown ability to

stimulate antigen presenting cells, including dendritic cells, and

15  specifically cells expressing potent co-stimulatory molecules like CD40
and CD86 to proliferate and expand. This could further explain why
they are so potent. Moreover, it suggests a mechanism by which VSSP
may have an adjuvant effect (see Example 14 below) even for
responses to antigen when it is not chemically conjugated to them.

20
Example 6: Extended phenotype of cells taking up VSSP rapidly after

injection
To assess further which cells take up VSSP rapidly after

intradermal footpad injection (and thus may be responsible for

25  subsequent activation of immunity), the draining popliteal draining
lymph node was dissected. The phenotype of cells that had taken up
0.04um VSSP-OVA with a fluorescent core was then analysed by
FACScan and compared to identical particles but which were 1um in
size. Figure 7 shows the proportion of 0.04um bead+ or 1um bead+

30 cells expressing each phenotypic marker. Cells taking up 0.04pm
beads were mostly NLDC145+, CD40+ and CD86+. In addition more
CD11c+, CD4+ and CD8+ cells were 0.04 than 1um bead+. This highly



stinmulate antigen presenting cells, including dendritic cells, and 15
specifically cells expressing potent co-stinulatory nolecules |ike CD40

and CD86 woopeabi ferate and expand. This could further expCHADOUING t hey
are so potent. Moreover, it suggests a nechani sm by which VSSP nmay have an
adj uvant effect (see Exanple 14 bel owj 3&ven for responses to antigen when
it is not chemcally conjugated to them 20 Exanple 6: Extended phenot ype
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had taken UIO aﬂlcﬁﬂdﬂy\&SBBWéll védpionae$. uor escent core was then anal ysed by
FACScan and corrpared to identical particles but which were 1 min size.
Figure 7 shows the proportlon of 0. 04m bead+ or 1 m bead+ 30 cells

expressi ng each phe badth fHﬁc,@ QAmledeads were nostly
NLDC145+, gCD40+ E%%E'GC?I n a d| télﬁ;giné%re %D p CD4(?+ and CD8+ cells

were 0.04 than 1 molmmiessmmebhgmsmmmmmma @WM&@J&GO -32
activated DC phenoty f.cells that v t 0. eads may further
expl ai n why @df'WFrE%E &?e%)p HESMFR0 W gﬁ Ean%g)@é%%) atﬂpart icularly
CO8 T cel | T &HBRSSDE ph @Vt@é% é}/tobﬁé@m @@Dm)oéléﬁﬁingﬂt @fmifBrifeopar ti cl es.

To address the machanl sm 0 bead- OVA u endritic cells (DO,
bone- mar r ow MLN@&HD@O&@deaiedmﬁBﬁwllwﬂqﬂ nhﬁ)hb(hilmw@atﬁa?ﬂi&f@ocyt osis

(cytochal asi hrin t | e nedi at ed
i nt er nal i'Sat :?DdﬁA phohébl YP& 8@@8@%(‘@&@%%@% I@OILI 'DC were
cultured in tfl'llbW(Fﬂé)tcﬂ* a«mm@nmmchmwde (BRN, (all friohi SIgméFdzﬂihecstatemmm um
chloride (AM (all from Si gma at the stated concentrations for 30 mn.

OVA- f | uor esceaoncentoationsfende mier OYMAdhreseent 8.0durmrgads wWergraddasy upt ake
was quantifi Ef(ojr g ¥urﬁﬁ6t‘ecr:%pﬁ15\.]rs and uptake was quantified by FACScan.

PMA and AML both decreased 0.04 pm beads-OVA uptake by
15  DC, whereas CCD failed to cause any inhibition (Fig. 8a). Inhibition by
PMA and AML was additive (Fig 8a). This suggested clathrin pits and
caveole could both be involved in VSSP uptake.

Amiloride acts by inhibiting Na+-H+ exchange necessary for
receptor mediated endocytosis [14]. The inventor tested additionally
20 ammonium chloride which inhibits the assembly of clathrin pits by
interfering with cytosol acidification [14]. Ammonium chloride inhibited
uptake of 0.04 but not of 1um size beads (Fig. 8b), confirming a role for
clathrin pits in VSSP uptake. Caveole have been suggested to mediate
a novel mechanism for uptake of viral particles in DC [15]. The inventor
25  results using PMA suggest that caveole were involved in VSSP uptake
in DC (Fig. 8a). To confirm this, the inventor used another inhibitor of
caveole, filipin. Filipin acts through cholesterol sequestration, whereas
PMA affects the phosphorylation events regulating caveole
internalisation [14, 15, 16, 17]. Similarly to PMA, filipin blocked 0.04pm
30  but not 1um bead uptake, confirming the inventor's hypothesis (Fig 8b).
Caveole and clathrin pits can convey molecules to endosomal

and lysosomal compartments [14, 16]. Alternatively, caveole may



PMA and AML bot h decreased 0.04 m beads- OVA uptake by 15 DC, whereas CCD
failed to cause any inhibition (Fig. 8a). Inhibition by PMA and AM. was
additi vewWoenz28a8) . This suggested clathrin pits and cavepC®PATOUbd6DOt h be
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necessary for receptor nediated endocy®osis [14]. The inventor tested
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i nventor 25 retiulura faspregeRidionugitfe MHGE blessddvetBle were i nvol ved in VSSP
uptake in DC (Fig, 8a). To confirmthis, the inventor used another
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0.04m 30 butwitiahe presaadnventidoe, Thomimunogenic kemposiionaf tee hypot hesi s (Fi g

8b). Caveole and clathrin pits can convey nolecules to . endosomal and

| ysosomal CO%\@ﬂﬁﬂg,ﬁpgePﬁ’fdpfi%f:ke& Q%.B%QF?{Q/%T 9{(3383\%8@%“%8 WO 02/ 22164
PCT/ AUCL/ 01168veolddriddr Mathrianiitsy aftefivhRAithy anfigensd Bee pycessed by 7] | eadi ng
to cytoplasm c processing and TAP dependent transport into the endoplasm c

reti cul um f oRabddsdepender and FARIdependert pathways 8jr. Milkeglass Esul t s,

togeth i th those.shown i n Exanple 4. jndicat . | f

b aceset b oPresrgiare pPis«hsetiien s fobdaia feaBify REESedEM  Thvent i on.
The irmrunogemcﬁjc@qrfeqsmid@peﬁ&eht’rmigien\waééwmgrﬁlp@m@ drd 08t @len up by

anti gen presentimr;g cells via caveole and/or clathrin pits, after which the

anti gens ar e hesswébeed reportedbefaradependent and TAP dependent pat hways for
MHC class | 1o presentation. This observation is novel in that the ability
of caveole to induce the TAP-dependent antigen processing pathway and CD8
cells has not been repcarhplk &iefOomparison of protective efficacy

15 50 nm (i.e. 0.05um) (VSSP) OVA conjugated particles were
compared directly with OVA alone or 1000nm (i.e. 1um) OVA
conjugated particles, for ability to protect mice against subsequent
subcutaneous challenge with 100,000 tumour cells (EL4) expressing
OVA. All mice were immunised with 100 pg of either of the above (or

20 nothing=naive) intra-dermally once and then challenged with tumour 30
days later. Figure 9a shows that VSSP-OVA prevented completely the
growth of OVA expressing tumours, whereas OVA alone or with 1000

nm beads had a non-significant effect on protection.

25 Example 9: A single VSSP immunization induces high levels of
immunity and protects against tumor challenge.
Intradermal immunisation with OVA-conjugated VSSPs induced

IFNy producing and cytotoxic SIINFEKL specific T cells (Figure 10a and
1a and b). Additional immunizations did not further increase reactivity

30 (Figure 10b and 10c). T cells could be maintained at high precursor
frequencies 82 days after immunization (Figure 10d). Antibody
responses were similarly maintained (Figure 16). The CD8 T cell
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i ncreased f oladpwnigatiorohgntigen conjugated VSSP, simifarly to those observed
15  in Figure 2c.

Further work on VSSP vaccines
Examples 10 to 13 described below formally demonstrate that
VSSP can be used with a variety of antigens and induce broad
20 immunity comprising both IFN and IL4 producing T cells. High levels of
IgG, but not the potentially allergenic IgE antibodies are also induced
after a single dose.
The effectiveness of VSSP for therapy is shown in an additional
two models. 1) 100% clearance of established tumours (see Example
25  10) and 2) protection against lethal malaria after a single administration
of the vaccine (see Example 11). This further confirms VSSP as an
unusually potent and flexible vaccination protocol to develop single
dose vaccines against a variety of diseases. Moreover, on the basis of
these findings the inventor believes that VSSP may be used for therapy

30 as well as prevention of cancer.
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oy be-useq PRGsRRTARyStests' dtnigtey bR it ke DR D IeREE Tt 051 2o og
PCT/ AUGL/ §11ffnonrdexprasdihg A, C earance of established Tunours The

inventor has observed that™a single imunisation with beads-OVA protects
conpl et el y agai nsC53(BB arjoemere amusisgd adcervitls 100ng beed@k@Pevsi ng OVA.

C57/B6 m ce e nised once with, 1 ad(0.05m - OWVA (D) _or left
untreat ed (n%flbrg%u‘rlj Ugﬁéﬂtﬁf@épaﬁ\‘?&eg‘&g\:gsfﬁgﬁ '@f??e‘ﬁ?r%ﬁﬁ(lnleggﬁgG EG/
tunmour cel |l jitAesx1 0¥ R urfibdieciBmeRE ATMIGS dis¢ Was rigadured uisiiy days 3- 13
after inmmunisation. For regression studies, mce 1o were given_ the EG/

cel I s and ei ghliparays dajsed-1diafied dnmunisatigno s regression; stadies umisgr si ze

distributi _ _ . !
i th bead? ovel BEndg 187 cofis andf S R RS 1ABE gt Fid GlogtBEF 1T ur el
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administration of tumour cell line).
The inventor now shows that already established tumours can be
15 cured by a single immunisation into a tumour bearing mouse. Tumours
were cleared from immunised mice within two weeks after a single
injection. This therapeutic ability is highly unusual for any cancer
~ vaccine, and makes this vaccination vehicle highly promising for
development of a therapeutic vaccine (Figure 11B).
20 Mucin-1 or Muc1 is a breast cancer associated antigen.
Immunisation once with VSSP-Muc1 protein also inhibited tumour
formation in mice challenged with tumour cell lines expressing the

breast cancer antigen (see Figure 11A).

25 Example 11: Protection Against Malaria
The inventor demonstrates that polysterene beads of 0.05 pm in
diameter may be used as a vehicle to induce protection against malaria
in mice. A lysate from Plasmodium yoelii infected red cells was
conjugated to beads and used to immunise mice which were then
30 challenged with a lethal dose of the parasites.
Blood was collected from C57BL/6 mice infected with P. yoelii
17XL at 50% parasitaemia. Red blood cells (RBC) recovered after



injection. This therapeutic ability is highly unusual for any cancer

vacci ne, and nmakes this vaccination vehicle highly prom sing for

devel opmawo omf21e4 t her apeuti c vaccine (Figure 11 B). 20 MieCTHAUOpDe11bicl is a
breast cancer associated antigen. |mmunisation once with VSSP-Micl protein
also inhibited tumour formation in ¥ challenged with tunmour cell lines
expressing the breast cancer antigen (see Figure 11A). 25 Exanple 11:
Protection Against Ml aria The _inventor tes that polysterene beads

d t
of 0.05 m i nCenirifygation 3RB9 o 1040iA Vé%reafrqﬁga%?tg;y% ghresdirees aPdt ect i on
st laria i . ; i WOREY q q
22?: gswaga 2%hﬁﬁaget%e@§%ge)bg§}(§é angsgég@]gtgg&fmmglg em (:Iglb\ﬁllr?ilgcﬁc\t/\grer?hen 30

chal | enged wibbcribdrabale. dBsadPlysatee bpadsdVAr lyBatodonasverel | ected from
C57BL/6 mice infected wwth P. yoelji

i yoel | 17XL _at, 50% par asi taepi a. Red bl ood
cel I's (RBO) mieetedlRd lammwisegpunaiye {6y M%W%gfﬁéﬁen%i%%t rifugation
800g for 15 o7 e gg@qn, f i 19MIigRdcRey (1 ysate).
Lysat e vva% ngr%%lﬁ‘ég%tgafr{t%eé%éﬁ] P rt?@rlgg)dégwgé c€/|”bed e{ ove. Beads-|ysate,
beads- OVA or RBGate alone were injected ID. |Imunised or naive C57BL/ 6

m ce were challen two. 5 weeks later intra-peritaoneal, ith 1,000, 000 P.
yoelii 17XL inf ecg@gheﬁ@@alﬁlspr‘f'@&m %qlgngﬁr‘(ymr@&lsﬁg)")éﬁm? enge, whereas
60% of the gRiHEKkIMNIERKEEHAN W [YshiCalblis dhvihalidssad sbrjligationyead o
conjugation) failed to control the infection and died (Figure 12). This is

the first 1lofalledoiesioninol the ipfectioniangl died diguimt<) nEhipés W BBl e to confer
Bt tracti 00 f BRTIRLPNGR SN YRS A5 Zablng DeMA B W RRRRIRFEITROR | ol
wor | d, si nceajghirfst BRIddEstage askitama. s Arsingloiosedadtisierparticulary of the vacci ne,
ensuring w d%tt‘r)aocgilelleaftoir Pn%lgr?avaergc? g%er%l?se%éé%'rgseln% :ex’%ﬂsllv%llyalrn thgrruni ty
Third world, since it simplifies administration and distribution of the
vaccine, ensuring wide population coverage.
15
Example 12: Cellular Immunity
1) Polysterene beads of 0.05 um in diameter conjugated to
antigens other than OVA, such as the cancer antigen nm23 also induce
strong cellular immunity as evidenced by the induction of high levels of
20 IFN gamma secreting T cells (Figure 13).
2) As well as inducing cellular immunity, beads-OVA or
beads-nm23 induced high levels of IL4 (Figure 14). This lymphokine
promotes the production of antibodies, which may explain why we
observe good antibody induction as well as cellular immunity (which

25  requires IFN gamma) was observed.

Example 13: Antibody Immunity
1) Polysterene bead of 0.05 um in diameter conjugated to
OVA induced, after a single intradermal (ID) injection induced high titres
30 of IgG antibody (Figure 15A).
2) Despite high IgG levels, there are no detectable IgE

levels. Therefore, this vaccine is demonstrated formally to have no risk



1) Polysterene beads of 0.05 min dianeter conjugated to antigens other
than OVA, such as the cancer antigen nn23 al so induce strong cellular

i mmuni ty ve@ opwiteenced by the induction of high | evels of PEDAUBRNIgeaNTR
secreting T cells (Figure 13). 2) As well as inducing cellular imunity,
beads- OVA or beads-nn23 induced high-3%vels of I1L4 (Figure 14). This

| ynphoki ne pronotes the production of antibodies, which nay explain why we
observe good anti body induction as

|| | 1 yl i i t ich 25
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Pol yst er ene g&} b1 di aneter conjugated to OVA induced, after a
single intrade %?g??%géfegﬁ%ﬁ on induced high titres 30 of 1gG anti body

(Figure 15A). 2) Despite high 1gGlevels, there are no detectable IgE

| evels. Therefore, this vaccine is demonstrated formlly.to no risk WO
02/ 22164 PCT/ A%@Imlﬁl Agf@'f" thﬂdﬁ%%r%% qsaﬁ‘ﬁ‘i}'x?‘ﬂé{ﬁ’é@? REFQ@ nce they
are involyed in allergy) I9E resRPRFeantidddis € 15B). Exanple 14:

Adm nistration via different routes and induction of 1gG 5 and |IgA

anti bodi es Wth aWitheayview tadigantifyinchgsafdloputes of adseinistradigrioiitRe r at i on of
th ine in.hur | - | i . VSSP
conj ugat od ¢ SEAS R DBME R e B dhBb P EI LR fepE et BB0NT ssP OV

peritoneal | ycofjuBafddf @ OVAIHEO Hghhbaseasas bimilsterdd i@micsinglaly. 3-4 nice
10 per group were tested 30 days after a single immunisation. Simlarly to

t he i ntra- depettoneally, subueussneourly.datra-nespllys anginire-getalbt e3r411PIg t o
SII NFEKL,or to OVA b ' ‘ ells).
Sur pri si E‘.§| y,p o ﬂroé{?n‘io?'a%ls_’{eéfégr %@éa%?ﬁ%é?gg%geg'rnb/@w](%ﬁggﬁ'si%gllé]ﬁgl{lxﬁo(r:ader mal
i nj ecti on whigdintradgerethl halbloutey ipldsiced Tl @lstwhich sttleted FN@td5 | gA,
VSSP- OVA by these other routes induced ser LG7 I 3@)‘5 ez?on&is, and the
i ntra-rect al SANFER: PRINQYA by BLISPEil Bssay i 15?_9 9 ?e_g ﬁP@ePgG (titre
<1/100) (Tablgdy) -sifprbingl, orthist % ERFinftlal obSdri/ana%s isingeal . intra-

intradermal injection which induced high levels of IgG but little or no

15 1gA, VSSP-OVA by these other routes induced serum IgA responses,

and the intra-rectal and intra-nasal route did not induce detectable 1gG

(titre <1/100) (Table 1). VSSP by the intra-rectal, intra-peritoneal, intra-

nasal and subcutaneous routes could therefore also be used to induce

protective immunity to diseases where IgA plays a protective role, such

20 as mucosal infections (eg. in lung, cervix or gut).

Table 1
Route Serum IgG titre Serum IgA titre
Intra-rectal <1/100, <1/100, 171280, 1/640,
<1/100 1/1280
Intra-peritoneal 1/1640, 1/100, >1/5120, >1/5120,
1/400 >1,5120
Intra-nasal <1/100, <1/100, - | 1/160, 1/320,
<1/100, <1/100 1/320, 1/640
subcutaneous 1/800, >1/5120, >1/5120,
1/200, 1/6560 >1/5120




nasal and subcut aneous routes could therefore also be used to induce
protective imunity to di seases where | gA plays a protective role, such 20
as nucosavoomtyetions (eg. in lung, cervix or gut). Tabl erCT/ROOt/@18er um | gG
titre SerumlgAtitre Intra-rectal <1/100, <1/100, 1/1280, 1/640, <1/100
1/ 1280 Intra-peritoneal 1/1640, 1/100;38%4/5120, >1/5120, 1/400 >1,5120

I ntra-nasal <1/100, <1/100, 1/160, 1/320, <1/100, <1/100 1/320, 1/640
subcut aneous 1/800, >1/5120, >1/5120, 1/200, 1/6560 >1/5120 WD 02/ 22164
PCT/ AUOL/ 01160 -38 Unusually high 1gG responses after two doses:

| muni sation twice w t%%?,%ﬁ- %@Sﬁ%ﬂfoﬁg%%ﬁﬁtW%Seﬁpa”) led to the

generation of surprising mlg and 1gG 5 antibody titres of

>1/ 500, 000 as assé&marmidafiokltwidé with MISE-O\GS (1aGpgivesuseobt daysd f or
specific 1gG antjbodi es after ftwo j munisations with the breast cancer
anti gen anSaBﬁHs F%’eto £ gengration, é?rmmgﬁ&h'%%‘?fu”b&?’ﬂéé@%d to VSSP. 10
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ELI SA ( Panel waye chtain@bforipesific lgSsantitodies: aftes|twNFRKhutigatididgwith. | SPOT
(Panel B) present. one year .after single intradermal, I sation (100 15
o/ mouse) . Pale Dash SaRoet Anilanyings Bndhe matisaRideh MeRdeobieant |

conj ugat ed t @ohjigatsd] fodvgspticl e for optimal irmunogenicity. Exanple 16:

Het er ol ogous pri nme-boost Vaccinia-MJCL was used to boost responses of

animals prinmed 20 with nothing, peptide cpl3- 32 (cpl3) from MIJCL in

('\:/lojrcr:gl_ gts_?_1b:reund' s Adj uvantxgmﬁg 45%%8—%&9@ %g%%wl (reconbi nant

Responses to VSSP-OVA were surprisingly long-lasting. Figure
16 shows that strong 1IgG OVA specific antibody by ELISA (Panel A)
and CD8 T cell responses to SIINFEKL by IFNg ELISPOT (Panel B)
present one year after a single intradermal immunisation (100
15 pg/mouse). Panel B shows in addition that antigen has to be covalently

conjugated to the solid particle for optimal immunogenicity.

Example 16: Heterologous prime-boost
Vaccinia-MUC1 was used to boost responses of animals primed

20  with nothing, peptide cp13- 32 (cp13) from MUC1 in complete Freund’s
Adjuvant (CFA), Mannan conjugated MUC1 (recombinant MUC1-GST
fusion protein)(M-FP) or 0.1 um VSSP-MUC1 (recombinant MUC1-GST
fusion protein)(VSSP). Figure 17 shows responses to the peptide 13-
32 region of MUC1 were enhanced in the VSSP-MUC1 primed,

25 Vaccina-MUC1 boosted group compared to animals that received
Vaccinia MUC1 alone (Nothing/V compared to VSSP/V). Therefore
VSSP-antigen would be suitable for use in heterologous Prime-boost

protocols.

30 Example 17: Material composition of the solid core for VSSP
The inventor’s hypothesis that the 0.04-0.05 pm size of solid core

is the principal determinant of VSSP immunogenicity predicts that



fusion protein)(MFP) or 0.1 m VSSP-MJCL (reconbi nant MJCl- GST fusion
protein)(VSSP). Figure 17 shows responses to the peptide 13- 32 region of
MUC1 wer aventizxieed in the VSSP-MUCL prined, 25 Vacci na- MELT/A00B06 gr oup
conpared to animals that received Vaccinia MJCL al one (Nothing/V conpared
to VSSPN). Therefore VSSP-antigen wouP®-be suitable for use in

het er ol ogous Pri nme-boost protocols. 30 Exanple 17: Material conposition of

the solid core for VSSP The jinventor's hypothesis that the P.04-0.05 m size

of solid cor @amc‘ieqﬂ@ qufﬁe?tﬁélPFﬂé‘PémﬂW%(ﬂYSt%'fe”@warh?ua'ga nicity predicts

that WO 02/2%%(9!3%{1 WA 18 Gize BhgRartHus! SBe BBAfpapég material ot her than
wou e

i
pol ystyrene i ghl'y I mrunogénic w thin this size range. Thus, she
conmpar ed i mimnaegeoicity in miee eens isinglainnuyisatiomniradermiady witht r ader mal |y

Son] ugat ed t 5 RN GETYIER s PAvRTieBa P S) obehules (BIS0 P2l ng  usi ng
gl utaral dghy%nﬁﬁé}%dr ﬁy@glr/\‘;%egiﬁg %ﬁ@&émb%brﬁ@ﬁg)ra,@@mef(ﬁqi)fﬁh%rndirwl ystyrene

or glass were s y~immunogenic in u0|ng a ‘high precursor
frequency of uskgglptasdidenyde 1G2p1 Figure 18IshaweKhattySEPI rBpde of glleeref ore, the

solid core of VSSP for protein conjugation .1 . ' . gl ass as
wel | as pol nys 8?685@5"’?3[3 \Al'greaﬂﬁ"@ﬁ)bh{gglg" ’ﬁaﬁg@‘?ﬁgﬂﬁﬁﬁggﬁ' for the
solid core wgrbcibsofrdgudnoydfilPNgl profigcing Racalisao SUNFERX®ypl e 18: _
Conj ugation of antigen to VSSP 15 The results show that m xing antigen with

0. 05 m part i GldSPOFakERereforaothe saligLansgohvSShhiah Papleinyeenidgain but t hat

covalent _.li | Qﬁ§§ fQr, | ' pgmﬁn o[ WV chem cal

pr ocedur éousreygﬂtg% "l():@r\{ﬁ:ega e&%ﬁ? iagev\rllaf%é @gﬁﬂycou ’%‘g@ﬂ{efr\se r}(;“rcgjmﬁeor etically
be a det er m nhatothér mamberiady forithe tsplid Specwilli adsd by fuhetiich@l,doeexdrhplehar ge of
the particl erFﬁf(gl d pronote interaction with specific serumor other

endogenous p ins. These in turn could theoretically pronote uptake by
dendritic cells, and cause high i munogenicity. To

Example 18: Conjugation of antigen to VSSP

15 The results show that mixing antigen with 0.05 um particles
makes it more immunogenic than antigen alone, but that covalent
linkage is necessary for optimal immunogenicity. The chemical
procedure used to conjugate antigen to VSSP could therefore
theoretically be a determinant of immunogenicity. Specifically the

20 overall charge of the particle could promote interaction with specific
serum or other endogenous proteins. These in turn could theoretically
promote uptake by dendritic cells, and cause high immunogenicity. To
test for this, mice were immunised with 50nm (i.e. 0.05um) particles
having different charges on the surface. OVA-VSSP has an overall

25 negative charge due to use of carboxylate modified nanoparticles and
quenching the activated carboxylic acid groups after conjugation of
OVA with glycine (Glycine Figure 19). By quenching the reaction with
ethanolamine charges can be neutralised except for the net charge of
OVA after conjugation (Alcohol, Figure 19). By quenching with

30 ethylenediamine a positive charge is introduced (Amine, Figure 19). By
quenching with aminoacetaldehyde dimethyl acetal (Aldehyde, Figure
19) potentially useful aldehyde groups can be introduced. All three



test for this, mce were immunised with 50nm (i.e. 0.05m particles having
different charges on the surface. OVA-VSSP has an overall 25 negative
charge dweotwp2a16£ of carboxyl ate nodi fied nanoparticl es ardI/Agogeiabi ng t he
activated carboxylic acid groups after conjugation of OVA with glycine
(Aycine Figure 19). By quenching the-f&action with ethanol ani ne charges
can be neutralised except for the net charge of OVA after conjugation

(Al cohol, Figure 19). By quenching with 39 ethyl enediam ne a posjtive
Charge i s | nivesHicalanG Akie conngatan bisfocahySsulask By msnoBSHic

am noacetal d [ @%ﬁa i tially useful
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compar abl et SRy InfdinogRaIcHy deirdram MoRrIRr KRt sarin GEREM Ther ef or e
it is highly prételniskesd thel iIRFFBAQ&RIN 61 dPposRS Bhhfyds'tethe Partrdke eédults imdsor pti on
of serumb5 proteins as the introduction of opposite charges to the particle

results in Simiardammunraaesiatyi dYleseoveb sesieealtersative madifiaadions &
HEieati b ( e b
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the results abibuyer dédreaseimimimunogewitity.he i nvention provides a way to
further inprove or optim se vaccines or vaccination strategy that could
apply to a variety of infections, cancer or other diseases. 15 The opti mal
size of tpe VSSP coincides wth thyig@isgrsy known viruses (30-150nm).
Hence, it is tenpting to speculate that use of the VSSPs is biologically
signi ficant. Fronin liewabiothe rebylés aknves iy composition @fithe invehtigves t hat t he

i mmune system maq be\h&}eyatrgfdgbo react fu”E( .tozﬁ)articles of t.he size range
of the VSSPsPradfot 8 e OpHESBRIMIIEVE U BRTINGHT, V4TI I CRIORA or
under st ood t Rghtddyehat EaMH HppRntodd variety ORTHEEJHES BARSE t@thér depend to a
great extent on the size of an imune stimulant that falls within the size

range of vir @éseesesspecial ly

15 The optimal size of the VSSP coincides with that of most known
viruses (30-150nm). Hence, it is tempting to speculate that use of the
VSSPs is biologically significant. From the above observations, the
inventor believes that the immune system may be geared to react fully
to particles of the size range of the VSSPs. Before the present

20 invention, it was not known or understood that the stimulation of an

, immune response could depend to a great extent on the size of an

immune stimulant that falls within the size range of viruses, especially
when epitopes from other pathogens eg bacteria, fungi are considerably
farge. Indeed, antigens targeted through this pathway elicited

25  surprisingly broad (comprising both humoral and cellular arms of the
immune response) and strong responses (inducing rapidly long lasting
high effector T cell precursor frequencies) suggesting the immune
system may be geared to react fully to particles of viral size. Previous
studies utilising VLPs (i.e. pure antigen not linked to a particle)

30 comprised of HepB surface proteins, or the yeast retrotransposon
protein (Ty) have also shown broad and long lasting immunity induced
by a single immunizing dose, although responses were still 10-100 fold



when epitopes from ot her pathogens eg bacteria, fungi are considerably

| arge. I ndeed, antigens targeted through this pathway elicited 25
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i mmune response) and strong responses (inducing rapidly long lasting high
effector T cell precursor frequencies)4kuggesting the i mune system may be
geared to react fully to particles of viral size. Previous studies
utilising VLPs e. pure antigen not ked to a particle) 30 conprised of

i i
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shown broad ' ' VA c S8 I zi ng dose,
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characteri st gt her than size alo ch as their |ipid.or nnan
content, or k@ﬁrtad%d%qedaﬁasM%%t%?tﬁaei"a?eiﬁﬁée%ﬁ%ﬁ E’I]e '\1069"@?1@9 &%”B?. ty of
VLPs to '@du%uﬁﬁ%ﬁ%éofy‘?%é ifveRtbr EoRSibkrd RaPMESESmbikhtioNek efficiimtng to be S5
bound by theory, the inventor considers that the conbination of efficient

targeting totargetio@io pntigemprasgnteg cellssueh as deaddtic eglls ivalivasby n vi vo by

VSspe. may. naoicrOnareY BRIy et 1IRS5e R BBhESINELR of Ve as
novel vacci ngSsrs nigyhase gahertéy paRieurdlyl pawerful dmafunagehsgl e i muni si ng

dose to protect a&asi nst subsequent challenge wth tunpr cells in the OVA
nodel . The i nvent eV P8 @sorrvel vaerings waa dempnstiatadydy thrabilini city and

tecti t ; I G ' : | -1). Th
i ader na1 - Poacy e iARTRIRG BBSE T b R A By Brenod i o5 may
be easily 15withthmoeedd in thehOVATROdSISIPe imegntonimsafiseobserpedti cul arly

tt ti d sinpl trat for.h ' d | t, |
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participate b&pr&%@éﬁﬁb?é&t%ﬁ&@@?ﬁﬁh-1%Nﬂmﬁlg. NHeAhirader®dd ¢6liteastd Vi ral
di seases, notably, AIDS and hegatltls [10, 12, 21, 25-28]. The targeting

of 20 reconbiadmnistiationatilises ol taeis aninpal stedieamanbegepiay al so offers the
possi bi | i1;5y ?r];]plieﬂgeun%g% Euﬁ‘n%lnls. r\fSQﬁQQ%%f/ ths 'g'ﬂ%}" E%aﬁiﬁﬁéﬁypgﬁl%cti\?@d thus
and simple strategy for human vaccine development, in particular to
diseases where both humoral and cellular immunity participate in
generating protection, such as malaria, cancer and viral diseases,
notably, AIDS and hepatitis [10, 12, 21, 25-28]. The targeting of
20 recombinant antigen to class | presentation pathway also offers the
possibility of inducing T cell responses to multiple epitopes, and thus
would extend the use of such vaccines in a MHC diverse target human
population.
At present, priming of DCs for effective stimulation of CTLs is by
25  ex vivo pulsing of DCs but this is expensive and logistically difficult.
The present invention provides an alternative to efficiently deliver
antigens to DCs in vivo, leading to the subsequent induction of high
numbers of antigen specific CD8 T-cells and immune protection. The
ability of the VSSPs within the narrow size range of 0.04-0.05um to
30 induce singularly high CD8 T-cell levels could be the consequence of
efficient uptake by APCs or by a potent subset, targeting to the MHC 1
processing pathway and/or direct stimulation of APC function. Uptake



woul d extend the use of such vaccines in a MAC diverse target human
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admi ni strati ByeRfi@na nunber of routes, and their suitability for prime-

boost vaggi nati ong&éla%ﬁg%g%@égéﬂﬁé.\,ﬁg?;dir?gghé/\jr{vgnﬁ&yﬁ{gmet@g ahityof the

VSSPs to determn sl ol ogi ca chani sns that make themelicit
t he uni que i forindecerimspoTes Eespbhsésiadluding Igh podustion fllostingd t hat vari ous

O s RatbA5ie &AL Dot S BB LABu Bhelmy B, e >
under | yi ng t RgosiRitARidn g{gtgg}/_22164 PCT/ AUOL/ 01160
Further studies will involve the use of the VSSPs to determine
15  the physiological mechanisms that make them elicit the unique immune
response obtained.
It is to be understood that various other embodiments of the
invention that is described herein may be made by those skilled in the

art without departing from the central concept underlying the invention.
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CLAI M5: - 1. An inmunogeni c conposition conprising at | east one antigen in
association with mcroparticles, wherein the mcroparticles are in the
sanme sizeavoamg®eds viruses. 5 2. A vaccine conposition corprAsorigiiet | east
one antigen in association with mcroparticles, wherein the mcroparticles
are in the sane size range as viruses463. The conposition of Claim1l or
Claim2 wherein the mcroparticles are of substantially uniformsize. 10
4. The conposition of any one of Cains 1 to 3 wherein said mcroparticles
conprise a solid core. 5. The corrpoQ'—ﬁ'Mr&"of any one of Clains 1 to 4

wherein said m cyopar W“Cih@ﬁgﬁéﬁe@@?gﬁ‘ggaﬁéntcg”ﬂ’r Iﬁga 5"1%95% er. 6. The

conposition of any one’ of erein-'sa m croparticles are
made from | atatkigen freassnciationl withu hesropgdiaks, gitessin the ahiciaparfities phat e,
sei ne, G or other, bi odegradable and bi oconpati bl e

pol ystyrene, poly, ly
pol ymers. 7. a%ﬁﬁ@@nﬁ%@‘??lz@r{aﬁgeﬁyv'wgsof Claims 1 to 6 wherein said

antigen ig§ adsorbed oninOyadiY SERPBSItIBA coRiprisMyPatasadtbreoamtigeh o said 20
m croparticles.' 8. The conposition of any one of Clainms | to 7 wherein

sai d anti gemsbeciatigepithdeicrgpastieles, wherebntsiermisroprpcleg@redn greot ei n, i pi d,
car bohydrat e, _nucl.ei i er type of nolecule or a conbination of
any of these.saE% %Sé%@ec%%g%g$%$on of any one of Clains 1 to 8 wherein the
antigen is derivegd. fromha qoatexittsh of CRsnel, oc@laim® @hered thel ecul e and is
selected fromthe foll ow ng group: pollen, hepatitis Cvirus, (H V) core,

. C g .
El, E2 and N&Ycropegidesare afsybsiantialy O $H8di um speci es such as P. vi vax
d oth 30 Pl di i i | ICf Li 1 it
and ot her agfhodi q'rpﬁ}emh?q‘gf S50 BSe Br CldinsC RAS WReFbIh G4 Por 0zoi te

protein (1828) and human Ci‘parum -vivax, -ovalae and nal ari ae,

TRAP, NSP- 1, niBRpartidi&PeSmphisPadkolitiBere, AMA-1, RESA, WO 02/ 22164

PCT/ AUOL/ 01160 5. The composition of any one of Claims 1 to 4 wherein said
microparticles are about 0.03 to 0.05um in diameter.

6. The composition of any one of Claims 1 {o 5 wherein said

15 microparticles are made from latex, ferrous molecules, gold, glass,
calcium phosphate, polystyrene, poly lyseine G or other biodegradable
and biocompatible polymers.

7. The composition of any one of Claims 1 to 6 wherein said
antigen is adsorbed onto, conjugated to, or covalently coupled to said

20 microparticles.

8. The composition of any one of Claims 1 to 7 wherein said
antigen is a peptide, protein, recombinant peptide or protein, lipid,
carbohydrate, nucleic acid or other type of molecule or a combination of
any of these.

25 Q. The composition of any one of Claims 1 to 8 wherein the
antigen is derived from a pathogen, tissue, cell organ or molecule and is
selected from the following group:-

pollen, hepatitis C virus, (HIV) core, E1, E2 and NS2
proteins, antigens from Plasmodium species such as P. vivax and other

30 Plasmodium species including P. faliciparum circumsporozoite protein
(CS) and human plasmodium falciparum, -vivax, -ovalae and malariae,
TRAP, MSP-1, MSP-2, MSP-3, MSP-4, MSP-5, AMA-1, RESA,



-47 SALSA, STARP, LSAl and LSA3, HI V-gpl2Q 160 envel ope gl ycoprotein,
streptococcus surface protein Ag, influenza nucl eoprotein,

haemaggl wo n/miseur am ni dase surface infection, TcpA piliprCHaADONLIE0 VP
protein, LMCV nucl eoprotein, Leishmania major surface 5 glycoprotein
(gp63), Bordetella pertussis surface pf#dtein, rabies virus G protein,
Streptococcus M protein, Staphylococcal proteins or Helicobacter pylori
proteins, Syncyticial virus ( G proteins stein Barr virus

(EBV) gp340 SALRfSISbARE: b@rﬁ\@%\g hgégzraﬂbl-gpﬂ%ﬁ)/ﬂ?()’e@efg & a bur gdorferi
: f . : _ .
t popr ot ei - SVRBIeR, SPEPlocProdd SRS FIAL iR B R SrgBIR .

meni ngi ti di s hakasgglutmin-ecupminelase sdaiace énfeatiargskaA piinsubuhiE62 and gpl ,
Rubel l a virus, capsid protein, Hepatitis B virus pre S1. ag, Herpes sinplex
virus type | i’dﬂlg@ﬁ?'ﬂt L&&éﬁ&l?leagr%f'ﬂr @%m?nfﬁjmﬂﬁ Sl\/r%_c?ey encephal i tis
virus E gbycw&b%te'n @595,'Bérﬂel‘élhé'de!ﬂﬁxséﬂ@%urf%%'ﬁ?ofb’ﬁw,}’rbblé% Vi@Bss d protein
VP1, VP2 and “VP3, chi a la trachomatis surface 'protein, Hepatitis B virus
envel ope Ag pretelie Strapiecoachisidpreten, StpNyloansesi proteiapior| omavi rus pepti des

envel ope. pr orRoBReE Pkl PRI SRVHEERTRIREVI F EF RS f ace
protein, Rot &stalf BarPvidus EBY) gyBtGor AlcidtantigendBA/Mdbmaggotinnat i on of

one or nore of said antigens, an amno acid subunit of sald antigen

conpri si ng fiBasredn busgdorieni pptes suFace proteEn§isr) &y MyrahastariWhs of one or
nor e of I d | L& ; hi n | 1to8
wherein tslﬁe t@%g'@%&i 3359‘@%}',5@%3@'?@%%3“2%2@" %aazogﬁgfgg‘s(?scancer, | ung
cancer, 25 paoteirsadeisseciermenivigiidiscase cutemmbteioMaridela Zdséerconposi ti on

N N o e
conprisi ng a@g}', PiePh&d bithIER vRuS YA Iy aibrof@il i Gobagp Pabd @p2Bovafragct i ve
anount of a conposition conprising at” | east one antigen associated with
m croparti cl eglleywaecephalitineyinsd glyaeprotsiesHepatitisrA vites VEihwoieze range as
viruses. 15  virus capsid protein VP1, VP2 and VP3, chlamydia trachomatis surface
protein, Hepatitis B virus envelope Ag pre S2, Human rhinovirus (HRV)
capsid, papillomavirus peptides from oncogene E6 and E7, Listeria
surface protein, Varicella virus envelope protein, Vaccinia virus
envelope protein, Brucella surface protein, Rotavirus, VP-3, VP-4, VP-5,
20 VP-7 and VP-8, a combination of one or more of said antigens, an
amino acid subunit of said antigen comprising five or more amino acids
in length or combinations of one or more of said subunits.
10.  The composition of any one of Claims 1 to 8 wherein the
antigen is derived from a cancer such as a breast cancer, lung cancer,
25 pancreas cancer, colon cancer or melanoma.
11.  The composition of Claim 10, wherein the antigen is a
recombinant peptide or protein.
12. A method of eliciting an immune response in a subject
said method comprising administering to a subject an immunologically
30 effective amount of a composition comprising at least one antigen
associated with microparticles, wherein the microparticles are in the

same size range as viruses.



WO 02/ 22164 PCT/ AU01/ 01160 -48 13. The nethod of Claim 11 wherein the

i mune response is selected fromthe group consisting of a CD8 cellul ar
response vamdx/ax164 ant i body response wherein the anti body iBCT/gGp1/01géd or | gA.
14. The method of Caim 11l wherein said i mune response is 5 the
proliferation and/or expansion of dendf¥tic cells. 15. A method of
eliciting a protective inmune response to an antigen via a single dose

sai d net hod conprising_adm nisterjng, C only to a subject, an
i mmunol ogi cal | 'y ef1f3e_ct iT\F@_ @ﬁﬁmofjpé\g&n 38@6‘%’?&“ %‘F‘r’ AR <SSPRYSALS | east one
antigen assoghpideh %ﬁhﬁ@@@gg%ﬁbi@h of MTDE cBlluIdPrdspen8: Gh@Rpr ticles are

in the sanme size range as ses and the I nmune response conprises the
stimul ati on amtibody pesgdniservatérem the antibady ig igés,dgM er lgf6. A net hod of in

vivo delivery of antigen t.o0 riti ells in.order to elicit an

I mrune response sglg'd rretr%o e&lﬂ‘rﬂ‘%{@?%qé’v‘:@%ﬁ%‘?@aémm{ﬁ]etrgsﬁgrﬁﬁ)is’ect an

i mmunol ogicalghy ppiif&@tibM inanaeipanbion of deRBAEE EeR) conprising at | east one
anti gen associ aped wth mcroparticles, wherein the mcroparticles are in
the sane size rand®. as A Mnathedsf elicitingra profeetisingnuce sesporsede adl ai m 16
wherein the i : Lsas (S or MHC
class | pres E:n:(\)/haZQgﬁ@(%gggﬁ'??@ﬁémlﬁc%oﬁgﬁlg%%gpgﬁ%ta%ﬁﬁ giﬁ)c‘{)y caveol e
and/ or cl at hronly i & subjeet, druinirhenolpgicalbssifeagiveyarRabrt éfredeprapdsition and TAP

dependent processes. 18. A nethod of producing an i nogenj ¢ 25
mi croparti cl SPHMIISY¥hatISABHINE ABHIRD C@tﬁé"‘ﬂ EEPPRYCS WO A i cl es

whi ch ar ggi N i D&iSAIB &S afPdRe 3amd Si48 Bandd b8 viROSeLEndBRE antigens  such
that the mcroparticles ang ant 1 gens becone Tassocl at ed.
immune response comprises the stimulation and/or proliferation of
dendritic cells.
16. A method of in vivo delivery of an antigen to dendritic cells
in order to elicit an immune response said method comprising
15  administering to a subject an immunologically effective amount of a
composition comprising at least one antigen associated with
microparticles, wherein the microparticles are in the same size range as
viruses.
17.  The method of Claim 15 or Claim 16 wherein the immune
20 response comprises eliciting mechanisms for MHC class I presentation
of the antigen which antigen is taken up by caveole and/or clathrin pits
for further processing by Rab4 independent and TAP dependent
processes.
18. A method of producing an immunogenic
25  microparticle/antigen composition comprising contacting microparticles
which are in the same size range as viruses with one or more antigens

such that the microparticles and antigens become associated.



