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The present invention relates to im I || ositions, vaccine

conposi t iwoazrewtthods of eliciting i m’run%go%oez\,sponses in a enluesiiénd

met hods of producing the conpositions. ni'pul ati on of the i Mmune systens
of humans and aninmals is a recogni sed 1ithhner of avoiding or treating
certain diseases or 1o conditions. The nmechani sns by which the i nmune
system control s disease include the induction of neutralising antibodies (a
huroral 1 mrunEOMRGREIPN CAMPRISING BMUNACENICGMIGROPARTIELES |
responses. The latter include T-helper cells (TH) and cytotoxic

T-1 ynmphocytes(CTL). In 15 instances of viral infection e.g. polio or

.hepatitis, antiboditRspreisent Aeemion etitesno vnumegentd dampdsitiong,us from

@

infecting cells. Antibodies can also Pr ot ect agai nst bacteria e.qg.
pneunococci MAECIHEPeYtens, mefhods et e¥Citng ireMUPRJasPeR&S%INiI& s and by

neutrali si5ng sﬁ]ﬂ&ﬁ??%’inalm %idg%fP;er&@?&@tﬁ&n'ﬁﬁ%%wyl at ed when peptide

fragnents™fro 0 antigen a es known as_IVHC | or IVHC
Il (maj or histoconpatability complex, class | or class I1) jmwlwﬂmwmmmmw
di spl ayed on the surface of professional, APCs ntigen pres

such as DCs (dendritic cell S)é%quqamcgghg@elgye% T-cel | s cont ai*reat i gen
receptors which tmﬁanign@yew otfﬂqéfmﬁ}hhm?rsgafén%f RGMaRs aP8ldriimbR istdhe

presence of the 25 peptide fragnments mthe antigen. The antigen
recept ors on ratogriséd marney of avoiding qrdreatingegariain dideasead aro MHC | |
nol ecul es. By cqntrast, the receptors on CTLs react with antigens displayed
on class P mﬂogaﬁ'loé‘g‘: The stinmulated T-cells anplify the i mmune response in

that 3o when a T- q¥ld meeRAMIBMSAY RhichtBE ImARIde sy¥teh dontlold gisbgse Wi th the
pat hogen) or that contain an epitope which it réecogni ses, a chain of events

| s triggered ingldde e induction ohneytralising eniibodiea(mhumoradmmireted WO
O 228 o TR A gl ot Bl Ph=y SASFentrec o BB oL T e
ultimately | éssud® T-helper cells (Th) 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 Il) 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 celis
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



I nactivation or eradication of pathogens. Although there are many vacci nes
on the market there is a need 5 to produce nore effective and broad rangi ng
vacci nes woro2a2re4nber of di seases or conditions. There al spcrRgwifGe® need
for protection against infective agents or pathogens agai nst which vacci nes
are currently unavailable or ineffective: In addition, there is a need for
ef fective, single-dose vaccines) which are particularly desirable for o
econoni ¢ reasons, for ease of delivery, and for patient or subject

conpl i ance. M=dls. ymaddities, sofecT-celinaan stimulaie searatiogooftdytnkingsgr ar e not

able to induge_ a timal . conbj nation of the various types qf hunoral and
cel lul ar resﬁ)ﬁ'ﬁ?ggﬁgﬁsa‘ﬁ’hp Eb{‘ﬁr%ﬂﬂ(ﬁXSGieé%FF%/&l\@FPgﬁq‘%& I%?art°~ 5 instance)
sone vacci nespagivativhigndradieafion 'prgbhoggﬁg_onses when bot h anti body and
cellular responses woul d be nore efficacious. In other instances, multiple

doses of the vacciAt®ugh thewsaes menyvaceines oadbermaarkehthareds atneest t ai n

"oE produst af Aretyorons <éRNe o RFas BB s Pet A BhaBRLBET nesuen
as 1gA, 109G afisedswd or\eorwiititgfs. tTidrel st rsmainE sangedfr pretctiehl e, as the
I mmunogl obulin is involved in allergic respaonses. Stinulation of I|gA

producti on i ggingtiinfectiye agentsaraatbogens againgiguhishivageinesfaset via entry

L ough & UGB i BlaBHdrieeclils 1n SAHRACHRES i Biedity oonerate 2

hi gh 1 gA secre i nmune T ésponse ahcin producti on woul d
al so be val uadffextivé nsingle-ddseevadoirsdsamvich amd paticglarlg destrablesforesul ts in

stinmul ati on of APCs, the degree of i({gﬁune sti r%*ul ation is sub-optinmal. For
exanpl e, 1@end@GONORIE Epasonsy Tanase f qaliyetye ABAIREBAIRNT Preubiest of subset of
cells 3o thatg iaeedi stingui shed from each other by surface nol ecul es
sonme of which are specific Iigands that bind receptors on T cells.
Accordingly, it wldbst \eeciesi suitardérano the didadeantage thatritbewtare nohwoul d

sel ectively t%}ﬁ%ft' WO 021 216I PCT/ AUN1101160 -3 atsubse hof DCiS eg a
subset capabl og\dppgiaéhqp Gergeng '?)?P gV%fM{;SeyPﬁﬁg YNOER s play a
vital role i ngriyf GdIRMAr réSpbREBYSH _ﬁs*’i@@bﬂﬁimmgibélyéﬁ@éﬂ\lé'. Forpat hogens and
cancer, but are notoriously difficult to induce. Further, with regard to

vacci nes 18xt ringténrcel semevecgiess onfusimuigimantjoerdy respoaneeWheRdRC |
D e "9 Ay B haardds GEPRGRL ot BUBSERAS! LEPRRE, ST, e
of processi ndnstafces aneatipie dosed of thelvaesings egvsodstenshiste rs eequiredA\PC
t hrough the upt ake of apoptoti¢ ) . .
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



o cells, imune conpl exes and particles [1]. Non-infective viral |ike
particles (VLP) conposed of the surface Hepatitis B protein or yeast
retro-tramapazomeprotei n particles have been shown to be epé&traenbigo
processed for MHC | presentation by macrophages to i nduce CD8 CTL responses
invitroand in vivo [2, 3). VLPs are mdttineric, lipid ~ s containing
protein particles the lipid content of which conprises nore than 50% of the
dry wei ght. However, since Hepatitis B core i%rptei n particles fail to be

i munogeni ¢, agtbsehaf RCs,REa subseicanaieat efficienk &O& bwell rsvieged t hat VLP
This wout o pesifichies®lT-teli Blaviy viaiiele 1A Hroleksis RARRAYG Baahfbt FAIRPS L1 00

-in fornul ati ontracelnilar pathggénsand eandet, bupare notohiouslgrdiffieblt¢o t o fuse with

-

the APC, possjbly by damaging the cell nenbrane, and thus gain entry into
the cytopl asnNd4f@ use of nicrospheres within which are entrapped antigens

2~ have bggn expl ﬁ%ﬁﬁg@ﬁ@%&@é&ﬁ@?@t@gmé}éhg@ensThe m cr ospheres

are made frombio yesters o actic an ycolic acids (PLA
and PLGA) . Thiraditionallypdenekertertheohd{C-l pramkssingtpatheaytimenostcelt® and

I it trol, t t whi.ch t.hey d de. As th
i cf ospher oo sl H oraeith pEETirriuN usng hoofdad vaockBe it om and

provides for gnikeRt SIHdRM AIRIEARR Rutédbf BRRebShg BhdPHeséntadioh sy | mMmune
response. It is unlikely that these nol ecul es woul d interface and react

wi th i mune cebss 1ihaverheenapropasgd ik APCotheough thamimake of apaptetit/ AU0O1/ 01160

rerbr aneel® Hovve RS oS o EBRRIgE (5 SRpebrecdPBSkabh® "composi 11 on
i ncl ude anti gpaniareelzv_LP?]nonfpbsea ot ehe@buifiice FRpalitRsBPrbtdimer gaadtgen-r el ease
5 kinetics, all of which still need to be resolved so as to produce a

vacci ne wit h 'g¥edirangnagenirretein aadidesshavegbeemshwe te betwfficieny t o produce a
vacci ne t hat t WAl onanj ]. In US
pat ot no. 4, G5EeRRd T MAC B EeRRtoR B MacbBhale tPRARE BRI CTH oL
particl es rangispgnses #1 ko andde siva [2¢8]. a¥LPeiang nustirhelicdiidr del i vering

The. body. 19 by ANTE R oe pEcies Ml copters Al WHEH Gt ssRIeRnogeni o ty
of such a Va%hﬂ%m%fﬂ%dﬂyl\#’&g%%at ed or shown. Specifically, there was no

reference to the induction’o T cell responses, or even processing into
the MHC cl ass | prHewever since-HepatisiBvagre mioteip paytinies tailtotber i al of t he
particles would be expected to have sim/lar characteristics as, PLA or PLGA
i cr opart 1 ol SEVRHGGREE AT = it in cRaehiot RehBRR prodesidhahe "pr esent
invention if YR g5é ZnRAbgERictHHot B ViltGé 66 sebit 1) BioBHemfcdpar t of vaccines
coul d i nduce 20 i munogenic responses. In work | eading up to the present

i nventi or20 t ROMpRitiRdr Thigswewld he eenaistont with the peaposatinepmhenc] es about

e e o A B B BB oPUM I L
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



In a first enbodi nent the invention provides an i nmunogeni ¢ conposition
conprising at |east one antigen in association with mcroparticles wherein
t he m cr opanekziees are in the sane size range as 30 VirusaetT/AuMd196 2216
PCT/ AU01/ 01160 -5 The term "conprising” used in relation to the i munogenic
conposition neans that the conpositi on 4ncl udes the anti gen and

m croparticles. It may al so include other conponents. The term "antigen"
refers to any nolecul e iety.or. enti capable of. eliciti an i nmune
response. Thi)bértf%‘?ﬁ ﬂ'l?e@aggTq%¥%Wh'§ﬁcﬁr8wq{§W8?§f Q?Wﬁh@%r‘@@bf}ﬁ@ggf Dependi ng
on the intenggsmbimelsi on of the conposition one or nore antigens nmay be

included. The antigen may be a peptide, protein, |ipid, carbohydrate,
nucl ei ¢ aci d or oHwvevwsyjplbediffigyitieswith this tor aegineoeOpositign of t hese. o

dependi ng. on T ABGARY SEplIG T8 S PREEmRLEr i v° ahtiofifa®h, TUriTied
antigen, gr khetics efMvhivAnstillaided to b adobed s0ast pridurev@eactine such as
bacteria, yeast or cell cultures. The pathogen for exanple may be any

pat hogen, i ntWith grodbRetigritciiyprd lasiingiigaNNOSERiGHYy 8NG4Q PEPAUYEEa s t her eof ,
viral, bacterial:.Qf i ol A ol i ruses,
hepatitis vi rvlagélgé tﬂ%{%fé&%%ﬁéﬁ%k% ?9& lég@éﬁ%fégéé{of bﬁ h’éﬂ%&ﬁ‘(‘%ns

envi saged by the n &8:Phtantnentt|225,58 £ sasorhpositions coprprisintsa niigfoaei tis C

virus, (H re, El, E2 and NS2 proteins,, apnti gens from Pl asppdi um
speci es(su?:/)h oggete_rog@w*s B%‘C!ﬁﬂf@ﬂgw By d?‘?.ﬁ‘?ﬁSﬁa@S&e'FQlHPﬁ ng P.

chec! . - . OS]
IR P U L i e SRl L P AR R
AVA- 1, RESA, pshinssvic ganieles toShe bmdy. LEaGever, thgplecasstal delivetyppe _
Panagol ut i nRDHRTEL, AR dibuiaeiy SR Bhth tberd RS TR ARERIRERE * Ve %
protein. LMOGhBUWA! SHEMREIND, thepé WS RefeRinek 16 Whé faictibl @Fiomd §i n { gp63) ,

Bordetella pertussis surface protein, rabies virus G i)r otein, Streptococcus
M protein, Sceprgspsesadr gyen pranessingipla theddtiCeelagy | oresentation ns,

Syncyticial vi E i Vi BV) gp340
or nucl eagnt :b&gﬂﬁ #A%@%‘éﬁ% f}fﬁ?%’?é@méeﬁ?gﬁﬁé&f‘%%i'ﬁér FX%%#%? Q(gur face
protein (Csphabe sitaberdractevistics as Rt W oSPEGASKIRropatiBlest distussed30kD
protein (Ag85), 10kD or 65kD WD 02/221G 1 PCT/ AUW01/ 01160 -6 proteins,

Nei sseria me@RYPtidis class 1 outer protein, Varicella zoster virus /E62
and gpl, Rubella ihubit GRRGE RidWPhilor tmﬁétdrééea__@]/\{é tioh Pl sthe 20, Herpes
sinmplex virus type | glycoprotein Gor gp Dor rray valley
encephal i ti s persesf paglicles pdotigisteredHap part dfsvakcinesicoudPindusel i o 5 virus
capsid protein VP1, VP2|J VP3 and VP6, chl anydia trachomatis surface

prot ei n, 2RepdMUNCIBNE 1EFEOBRTRI ope Ag pre S2, Human rhinovirus (HRV)

capsi d, papillomayi etk REREMGIAP tb HEhRIEASRIVeNESN aAd iRventbt AkEri a surface
protein, Varicella virus envel ope protein, Vaccinia virus envel ope protein,
Brucei | a sur fsatrisingly éound that avicraparticesabaut-the same size agvilusesd VP- 8, a

nmbi nat i f .said anti , ' ' it of id
anti gens. conpteranatse TR B atiskE aPRl' Aot At eI SHBBRLY  ons ot
one or nore QfsFdHsésiHBubjdcts. Lysates or culture filtrates fromthe
pat hogenzSexerrpI i fied above

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.



may al so be used as the antigen. Such fractions may be in purified, ~5
concentrated or diluted form so long as they provide antigenicity and/or

i MmmunogenM 022216hus it nmakes it possible to "tail or-nmke" pewvAusTunegeni c
conposition for a patient in accordance with the invention by using patient
tunor |ysates or a specific set of tun‘b?'protei ns conjugated to the

m croparticles. 20 The antigen may al so be derived fromany tunour type or

mal i gnancy. Exanplgs of cancer .t s fromwhic he.anti gens, nray be derived
are gr eas%/, Iungf) %@%%W'ﬁ@%@ﬁé@%gﬂgoﬁwHﬂ%ﬁgg%'ﬁe %lurthe_r _
exanpl es of smﬁ?rgérigoﬁm%gmg%pm_@ﬁgogmmﬁc“mrtﬁeagngggﬁlamona specific

antigen (for exa series antigen), 25 carcino enbryonic

-ant i gen ( CEA)miaropartiolesn, It mag3alsainclidesothegeompodentsher cancer antigens or

i ndeed antigens ex{ragted,fromany tunour, e, d. .nmuci.n such as MIC-1 to
MJC-7 antigens. Re ’Hb_rﬁ"“&&Bt [%ggs @rarMWPE%HEE’JPB'ﬁB’ %r_re'?t conbi nati on
may al so e usfsbbld BeeRditing an immurdl @8pbesa FHitineludes eBiliiaPandeh as a
mmc or 30 peptidom netic based on _one or nore of the antigens referred to

above. The t diumorahimeume respenses.t Reperdiag onithe dntended fungtionrofiibe ween t he

m croparticle ; [ Thi ption or by WO 02/221G
PCT/ AUO1/ 0116%&880%%1? §§§t‘{q§ﬁ°r§r%§?§?@$ﬁ8§ﬁ%‘ﬁ% & Preferably the antigen
i's coval ently |inkKrge bntiggée mayche ageptidécproteirnlipld) carborydatdh)! vy, the
antigen is conjugated to the surface of the mcroparticle. The term

mi croparti cl ygig@sid r gthertyne phinplecule or cembination ofany efHBeseyr m of a
bead or sphere or : | sHOS: e | s/

parti cl esf'bh(VSP) i@ﬁ%g@%”ﬁﬁ lSsé?lg(é)f:?\ﬁrrent taoi%@s r?‘?ésgéjg’;éa%fl'néréﬁﬂodi ment s

of the i munogemolecatEngepsendiog oafthe lirdended: purpmse dfithe konipbsiimnyaddr st ood

that the t VSP h ly Db dqgpt f ' d d t limt
he. i nvent | orEY berspuitDed aRTGPRSHE 91PHABLINAR, PRBTIMAEUOCHIT 11 cl os of 't he

sanme size as g|jspRVeMbidSGsh a5 Badleria. FOANtOMRERCARURS. e bAhBREAON-
Preferably the mcroparticle has a solid core providing stability to the

conj ugat ed orfonexampia adyha agy psthegedi istraranextiasellulag antigesicpher es of t he

prior art, which.are hall n ul at I |l es... Far. ~5 conveni ence

these are' ef%‘?rpgés PBpﬁggﬁfi‘%egg @%ﬁ?c&r%&? Eﬁﬁ#ﬁoézs{??ﬁgln&u P) where
the antigen ig\RieMRINza0risee, Repatitideibes aaRmial | SpeifickNg, particl es used
to make VSSP are avail able fromthe manufacturer and are substantially of

uni f or m si ze @¥areplesf the AntigeNs envisagedsbythaiprgsea) invention are@s sol i d core”
means subst angjghLy p3fbhd Hedpafitis GrRa (LI &ie, 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 LSAS, HIV-gp120/160 envelope
glycoprotein, streptococcus surface protein Ag, influenza nucieoprotein,

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



20 are not hollow). The mcroparticle nmay be conposed of any suitable
material so long as it does not detract fromthe function of the

I Mmunogenweo @aemasi tion. Thus the microparticles my be nmepEer/Avommst eri al s
such as | atex, ferrous nolecules, gold (such as gold nanoparticles), glass,
cal ci um phosphate, pol ystyrene or biodegradabl e 25 and bi oconpati bl e
polymers such as PLG (Polylysine g). Preferably, the mcroparticles are

d of I PLG ol.d. Mo t f Ih ticl
P P T orotbine A Ssauta meB i piabe Tep Ber bTataR Naricala Toste hnue. oo
k

nown vi ruse%gogggggemggpra It Rﬂbeﬁé"@urtﬁ% EéW&PPét@irﬁ Hépa@ﬁ.ﬁfaeom Yre ﬁ% Ithaln

about 0.50m e mcroparticle is of such a sizet
adapt ed to eldg;iHerpes srmplex virass (types bglycoprptaini@ or gp D or CP27d dutreay t 0 be

k b ' N hi suhj i mal .
Nor e VD b2NaNeR SPERPRGIE iadh Ohgonitee PeReltt A RISV EXzpdla. os ar o
bet ween aBoutyiBsGapd Ead ﬁbtéaﬂwm F\?Iﬂi QVP@bMthcr@arﬂ§d@ﬁ?e&oh5atr§ still more

preferably betweenabout 03 and 0.10p.m Even norée preferably the
m croparti cl esirface pabtsin, febemhtlscB mr%anvei@péﬁg@ﬂee‘sa,blﬂymmerhmwmart icles

m cropar i1 c1 AFAD ARG PR koDt o oASeE REARELL: 0. 04 and

0.049m In amtéﬁérsméc@rm@réwwanceﬁa Dﬂ@ﬂbﬁ%l@peqirotén@rWﬁlaﬁlﬁrﬁs to be
used in accordance with the invention, I n_one dose of vacci natlon) i s of

a uni form si ﬁ‘Vemespf@é%lﬁsBt’ll@ﬂlatshlgaﬁﬁjp&g‘ﬁtw Retayifds ¥Br.i Wrds Vifda 1 o
given popyl atyon e\l gt Qeco?ﬁtﬁﬁgt‘ijor%fz&ei 5 flo ﬁ'{ é%‘?%&gg\tﬂ igens, an

m croparticl e/ anti gen conposition is ar | tbelicit a

cel I ul ar and/aminbwoid sbbunﬂmﬁsaldmgesscoﬁ‘ipasmgi fiwﬂ @ MIOES pOTIS® | S
preferably sel ected fromthe grou S'St'Fﬂ%&Of act i&;lon mat urati on or

prol i f erati orRGHS Mepgih ar com 'ﬁéF'gn%B Qne PERIOLR of 58 WiSduci ng T cel I s,
CTLs, particularly a@%grl-cﬁ'}f?ﬁe 'ﬁltf&?{;é Frorrﬁ'h% t ¢5n§ Bﬁempllﬂed albove
en | Cl C c

m croparticle/anti conposition e ass
present at i on ray alsoi lmused\/asdhe anbgemkSucmfralcyoas mawee lmpmlﬂed;)vm mec hani sm

s BalagE LA i, Boad 35 45 bASHad hARGRLRaeE® o -
herein. The hmmrf&qerrwyorrﬁms ﬁn@@fsewé&smlé% et@il@ldrrfdl@'ﬂahhe group
consi sting of IgA, gG |1 gM and subcl asses thereof.

lmmunogemc 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



Cells which assist in nmounting or anplifying an i mmune response may al so be
stinul ated by the conposition. These included but are not 25 imted to
APCs suchw@2RZw+of both myel oid or |ynphoid origin, and recraphages. The
mat uration, activation or proliferation of such cells are contenpl ated) as
are the co-stinulatory ligands or nol eclii es on such cells that interact
with T-cells, eg CD 40, CD 80 and CD 86. The i mmunogeni ¢ conposition of the

i sease or o SRBIGEYRN GxGouaIeny Sounnas LIESRBN e ntBoRts Sovapt e
anti gen. For yRKSIRS fho ritopaltld) 26 (OPEFHAIRMP HhEQnigonoTPOS L i on may

be used in the treatment of prophylaxis certaln canceérs. |n another

- enbodi nent t leenjugated tathepswidagedf the wmickopastialenposi ti on conpri si ng

m croparticles associated with at |east,one 5 anti.gen erein the
microparticles ar ﬁent_ef'ﬁ‘émfé?ﬁarg?'?éeééﬁb%aae'én?}ﬁ?%@g@' %%_"Wn%m tion of
the invengi ofhé forfnbf h Badrdrisphard oF ady oty sanhBlgathspeas it is an effective
si ngl e-dose vaccine but nmay also be used in nmultiple dose reginmes. Thus, in

one enbodi nent, t A6 terenyires sigedpadicles (YiSRYis ugeddn this dosumentthposi ti on

i cf opar t oI SeEIES pfipREeBBRARIHEEr e ihrilno it cBhpgBtoifine "Gose- " 11
is nmeant t hatnvenitiendriasheuld lberurtidrstobd thatthiartern &48PNas ohly isddrmul at ed or
enhanced to maxi mal | evels 15 "nmaxi mal" neans that the | evels are not

capabl e of bé&dpgtad.fariconvenienea apd dogsnab datithevaventiontodhe sizerofas f or ds
protecti t ec] Qi ‘%}{m@i i | d: 00

adm ni st?gtigrqbo \{l e cbmsﬂﬁrﬁﬂs’or vac%i&r‘:éﬁg?ﬁ@%aé%\ﬁﬁlggl{lﬁg On may be by
any suit abl e virnses aeg alsoycant¢raptatexhby the nviention. i . v., orally, by

Proferably, the aRIPEEADVINS HEGRaTIAe (g ARSTE Rora BEOVAMOIRIS B par ¢ of es.
it 803« NG CTUREERRL b 408 dteq e oo HEnfriporss <1 o1 <l

of the prior art which are hollow or encapsulate molecules. For

16  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 particles

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), giass, 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 0.50um.

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



0.03to O ~O-.meven nore preferably about 0.03 to 0.05wmin dianmeter, 25
even nore preferably about 0.03 to 0.049p, m Still nore preferably 0.03 to
0. 04um orw@ @221 0. 049m The mcroparticles are nost prefecpaluy/omee of
pol ystyrene, PLG gl ass) cal ci um phosphate or gold. In a preferred

enbodi ment, each antigen for use in act®rdance with the invention is
conjugated to mcroparticles of a uniformsize. 30 In a further enbodi nent,

mount g & HRBIEARDATGe MERAACIES PrmbRRSescpon .03 REdQa0em: 1 on o
conprising m [ / - S ,ated with
at rrFe:as!t gne pg%%?g@s{'aﬂﬂg‘zp éQ%%é'%o%ET%%Q%Q& %etg"%eeﬂs%#ﬁ.‘hsi ze \rMange

as viruses. The3 ekl ohenm. ESRaNGOré praTerity at MicrepasicRe dreciBdyte gr oup
consisting of stinmulation, maturation or proliferation of TH cells, CTLs 5

and B cel | s. 0102 t&OrfifLah, mesg preferably ihechwraparjicles|are tbetween@mbobt gr oup

consi sting of A g | gM and subcl asses thereof. Preferably, 1gG [gA
andl or 1gRrdk e@cg@@‘@umnﬁ"&me WﬁfqrﬁbWhﬁﬁ'"ﬁ'éCQ%@d?% a8unti ng or

anplifying anj r I | nposi ti on.
These i ncl ud;bgt\gggﬁ%rbgﬁggﬁ%ﬂ%‘?@e@leﬁgﬁ'&é‘é@&ﬁﬁﬁggn%&éﬁﬁﬁbt h nyel oid
or l'ynphoid ori gi nh sapvéfemesd eptbadifent] Bopulation cfanicrasdrtiviesite heor
proliferation of such cells are contenplated. The term "conprising"” has the
sane meani ng Yeddn agserdancenuith tieninkeriash £ inAane dese ehaqeainationg i ven
above. P ef eral yoifor 4198, T ARANE tdiInb TnaBAR! Stk Debfiibalieg U bY
antigen presenting cell'S’in an animal. Preferably m croparticies are
bet ween @003 giveh Popylation pre bethebdtatddedizeen 0. 03 and 0. 15p. m More

preferably the mcropartjcles are between about 0.03 and 0,.10.m nore
D of or abl 3 the i OVBIEIRbYhEINEIPAHSIEEAIER GMRSORIF ARG 005, m

v 0. gom ~PEEPRAOBA R4 0By Yool Bathoh 82 Ye0, 020, o1 004
gi ven above. cellylasuespiise iapréfgeablyaglestedifrom thergradp consistingiof h
activation, maturation or proliferation of Ty cells, in particular IFN and
15  IL4 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.
Cells 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



condition/disease it is intended to vacci nate against. 2s The anount of
vacci ne conposition of the invention delivered to a patient is not critical
or |imtiWg 022316 f ecti ve anobunt of the vacci ne conpositi opCi/avbh@ueovhi ch
will stimulate an i mmune response agai nst the antigen conponent, preferably
after a single dose or adm nistration a%d desirably, will result in strong
cel lul ar and hunoral responses. The 30 anmpunt of conpositions delivered may

vary according to the inmune stat f the patien &ade endi ng on whet her
the patient iCOMRRAFAIMRYResUsd 'Hﬂﬁﬁ%ﬁﬂ\’&@f)ﬂhpr | ,X'§9€°?Qﬁ%@emnt of
attending \Q.Q2({2216 PCTI AU0O1/01 |60 -11 physician or veterinarian,

whet her the conposition is used as a vaccine to prevent or treat a di sease
“state, or as a vaduoianether gunizodiment theoinvehtiompravides avaetiseher t he vacci ne

[ dinthe t { t of . istipg t . A f | e, tient
may T ecei ve. fOBIASLOTCoBPRguetoRstes Areocaieault BbRast OFRe | hventi on,
ror e pr et g kS indiln Ayfitoles b 1 s s Al 400 P o 1, 000

p,g, and even nore preferably g to 500 ug of the conposition of the
i nvention. Adjinusast heacempositigorod tae Inventiquis particulenkywsefulajduvant s may be

used for imupjzation. Sui.table L va i hel ude al u | 1,.as any

ot her adj uvarﬂdvﬁ'ﬁbﬂ?ogajqf\); 4 ﬁﬁ%t&l?nﬁéﬁefcﬁs[eh\%c\?%cﬂtﬁéy\lg?qpopg

admi ni st rati Qeddn urapie: dobeeregitgs.ne of the invention may be adni nistered
by injection, by adm nistration via the oral route, by inhalation or by
adni ni stration vi dhuspiiteraembadimeat, dre kveation preyidesaisinglensiose t he
vacci ne i,58 aqg.ni-St . : Wels icles and
goad 15 rPcr SRSEIRLnihs e Eapr ot ertils AR Spaet T aPRA, ¢

especi al |y swrisadahtityehe wheteih the mietopartidies grnef thersant®sizeaungetaser types of
mcroparticles with antigens may be adm nistered in this manner. For

exanpl e, ant iVfé&88Sderived fromnalaria libraries, DNA or plasnids have been
shown to be effectd vek LA Sien i flagce 20 with the
procedure descri besyﬁi%lhﬂ%%n%gr’%ﬁ@%@%%gﬁgg‘i %hnd?ﬁif élary i muni sati on
prot ect s ni cémagaienstspanséid stimglated ohenhandedto maxkianal éevels/écci ne, 18(22):

2533- 2540, 2Q00, .i h i i i i .by_thi f .
Vacei ot MBn nPaRanneaTanet e hipR s ok Sat AT neRd WS or via
pri me- boost i nRcredSed Byaepsatetisiaceimaaeh o affohds bl*b‘f@éﬂdrl;\otg tgg%biﬁﬁhta net hod

of eliciting an imuné response in a subject said nmetho nprising
admi ni st eri n@ftide gorpesisien. dellawing eecripnistiationfaf dhe cempesition ot a

conposition i Si . L] i i j croparticles,
wherein the ﬁ%&‘(?{g ar-ﬁﬁacsé@"zﬁgétloﬁqﬁﬁg%ga%gggfgéﬁ@e{%té@&a@ é‘g t& ruses. The
subj ect may hgjeatiyn NHTEI.OLy.A0FNR] by Mhahation, of by aidasiaistratioh threughi t an

i mune response. This includes donmestic animals, |ivestock WO 02/ 2216-t
PCT/ AU01/201160mucosalsyitases S8t 1 e, sheep, horses, cows, pigs, goats,

| famas, poul try) | S eép,{.@ i i hgals, wld
animal s and feral ?g%fé%?@ th1’;"he tgp%@%ggﬁ@ra}’és‘q %ﬁ\eﬁﬂdtc%e&gggg meani ng as

gi ven above. rbicfopartitlesolTbgisize bfthefrhiscoparticlesve hetwesdrealsowtd.88 anount

2'ci ngl o admatL.5u. Srereroft Shoh] S Eitban TS GFLIRTSHIABRUET 1 act ors
a singl e admdises PUbr factor.
numan o ani RS & Dot AT e RRferdRY AGREOD0 I0GLRER. defety) o7y ©

"associ abgd vévieh'mBrygreférabhedouTeros rtge.oasfm.vsnu Aivre prefhably @08 " i mune
response” refers to the cellular and hunoral responses as descri bed above,

and al so to tth®.04sp@rk04io 0H49sm. hahe asisioparticlesrerenmriospeafeably i fyi ng t he
i nmune response,as_ described above. |In particul ar the d ne response
may be provi Jeadgpf Pﬂ@s{yfﬂ?‘?'fé‘fﬁt@aﬁs’m%& @Wﬁ?ﬁ%ﬂr g?lddgﬁgari tic cells,
particul arly dobferftembBiftfertNadiPastigditior ise Ih @ck&fdanBe wigPlet | cl e has the
sanme nmeani ng as given above. Preferably the mcroparticle is between 0.03

and 0.5wm nifeerntiongs sppjugated iemiarepadistestof@ wBfaiAysige15pm still nore

pr ef er abl x bet wee ) N Xs ; h j croparticle
is bet vvees}r? about Bp mﬁggggg‘ggg'%émévtgﬁqﬂﬁ%@@r@?@b%%&'ﬁ%&m@%ﬁ? about 0.03
and 0. 04 or heiceercorhpositiéh fatdncaghlild dfmdeinting anburaopaleingrabl y t he

antigen/mcropartic¢le conposition is partjcul arly,adapt.ed .
J C% ular immune response, the conpnposrtlon comgrlsmg ?nlcropartlcles



25 to elicit a strong cellular and/or hunoral inmmune response. In a
preferred enbodi nent the invention provides a nethod of eliciting an i nmune
response wo 0a.2susbj ect sai d nmet hod conpri si ng adm ni st eri ngpdDABOR0IIDGoeCt an
i mrunol ogi cally effective anount of a conposition conprising at |east one
antigen associated with so mcroparti c'I1é’s') wherein the mcroparticles are
in the sane size range as viruses and the i nmune response conprises the
stimul ati on andl or V\(t)QO%/I 2216 PCT/tAUO1/ 1160t- 13 |proI . feration of
dendritic celdSSociated WithHt{eqsiong FnYden, Whered the IGRPRrtcles A4 B sonm  nost
preferably 4QnE@afifngizeRasye 8s virds@got her enbodi ment the invention provides
a method of eliciting a protective inmmune response to an antigen via a
singl e dose s sai d’hﬁa@&ib&rd'eﬁp@m%e isgprefarablyeiectad froomdhe group t o a subj ect,
an i nmmunol ogi cal | v. ef fectiye. anp ition£0 I S at | east
one antigen 98 |'HQQJ%M%H%(:f@%&Fﬂ%ﬁ%’g&g&ﬁgﬁ&moﬁﬁé@s@ ticles are
in the same weBcaNse TAS HUnMoIae Fesptisk i€ praTBiaby E6leBRIAISPoRICAB! | Ses t he
stimul ation andlor proliferation of dendritic cells. 1 o Preferably the

mi croparti cl &oup £onsisting 9blah.tlgCs tah andoaibgassesitasrepl. alseteratlyt o 49nmin
size. In anotlaé;#ﬁr‘gﬂg)og%\ger%gﬁ??gé@%% %iﬁ'n@éfé\ﬂ.des a nethod of i!1 vivo

delivery of a ento ic cells inorfder to elicit an i mmune
_responlse sali FI met ;(%ellsopmhiasblwirad'][dunitiagwhngalimng asulinegihe mfspﬂhlse

i mrunol ogi ca ef fectiyve anpunt of a conposition conprising at | east one
anti gen assocﬂ%&’ asoke ﬁt"ﬁ‘r‘@%t@ﬁ;QVtth%Pgmpog,ﬁ@ﬂeiTman‘BQPG@é&@T%ﬂ% are in

t he sane  gi zgit: i | i t he

Sti mi ati'on SuiRrD AECK sLEARS LS df ot TeRTd BERRAARE) SRR FEF, 1o

m croparti cl enaenophagesit The mnatioatiim mctivatian qr priotifexblign 8bsatlooelisi0 t o 49nm
in size. The inven ionI | so extends to a nmethod of produci ng an i munogenic
mi croparticl eﬁfﬁﬁpﬂgeéﬁpég‘?fﬁosi tion conprising contacting nicroparticles
which are in the sgEefnZeofphishghadi thd SameneBnRREgi0en Fogeant i gens such

that the mcroparticles and anti gens becone 25 associated. Those skilled in
the art will be fdid tesn micrepartiele: hastiequeaning eivervabevriubPeefetaltly a

be descr i Bea HEIRCERLIR Ko0 @8 hs heh SELA M FrooBHif0 8l o5 and
figures. Fl GiRanlanifanePreferadly fieemigrbpatticlest arecenivepat08laed of different
si zes by macrophages conpared to dendrific cells. 1000 fl uorescent WO

02/ 221G 4 PCH-pwn1prfesply betwaanm@d3and0.daumy. Mose plefaiallyhei ze per cel |

i ncubat ed. i,ght. | i | d
bone. mar v ow dUETitER s pbivedl hEOHE Y S asl Tl rB a8 Cont age
of fluorescenhickdricias 2#& beHvédn Eﬁm%p%’@n&ébém G%GSEL':'I;LS% mif@er i ment s

is s shown. Simlar differences in uptake of different Sl zes were

obt ai ned 20si rpyefedalbiyltbe migixparticies acmabeuitQ.68 ite 004%9030.0dandul se with
beads or Balg %erived antigen presenting cells. Panel B - Virus sized
particles ar -ﬁ‘} Mrentially found in | ynph node cells in vivo. LEFT
C57BL/ B6 m ce werery a j vt i | Witleh P ant 50p1 of 0.1
% sol ution of fl ug}Hee[;%gﬁr?'t% %gg%ésﬁ*oﬁrﬂféﬁs erléﬁd @:ﬂtz‘eﬁa\%%. 02, 8. , 0.1, 0.2,
0.5, 1 and 2 givenr abyvanény Isuitabiei antiggnpopy beamied depsindingles whiclhoved 10 days

| ater to assess the,percentage.of cells that have taken up the beads by
FACScan. The $PROHICNS '§%%'I‘Eg"‘h%ﬂ?<§@r%%ﬂ %ag?'nlsi'uorescent cells + -

St andar d 1 r or  ( SEphePAmblihPbf VeRicthes 8dpBSitior bf tHy Penfish Belivéredten particl e
sizes had significantly higher uptake to any other sized particles (p>0.001
). In sinilara patigntispat eritical aglindnsar An effeciveoampuot of the wageing on beads,

nodes col 1 ectaimairEp AR BhaR SRy e trPhinube Peerorieadilopting” e
Virus sized patigenlcemporentaireferablyuaftarraesinagiendosd oyadministration@ste NLDC145+

(al so known as DEC205+) (panel C) an 4/ 80+ anel D) cells. Lynph node
cells that héi%'rQHWeW"L’i?sPﬁdBPHQZﬂgrﬁeﬂBg‘F ?FQI@%?@%&@EE@%{% ®y FACScan

anal ysi s jyor r %%hﬂ:;b H r;sl}glig m /Gy ikfto tNeDRrA C205 or
t he macr gfghagaqeﬁgr%rﬁocgyte rrarLoer ﬁ%g&d cﬁf'ghg O\kﬂgtohe per cgn age 25 of
NLDC145+ or FA4iB6-of tlee patient{tepandingeowbethien theepatient islue t o bead upt ake.

FI GURE 2: Panel A - Induction.of |IFN yproduci . an T cells by

i muni zati on 'W"?W%VRPE‘?ﬁﬁeggqt'gﬁmf%o%ﬁH@teg& tﬁ?f"%“éﬂ?g&%@n@&l B6 mice
were imunised 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 mcron size beads and spleen T

cell activity assessed 10 days after the booster inmunisation by IFNy
ELI SPOT. Responses were neasured to



WO 02/ 2216 PCT/ AU01/01160 -15 the H 2Kb restricted CD8 T cell epitope

SII NFEKL or to whole OVA. In the case of assessing reactivity to OVA spl een
cells werweod2ptieted fromCD8 T cells before the assay w t [POTAlB101 BObeads
(Dynabeads) to quantify OVA reactive CD4 T cells. SIINFEKL was used at 2.5
p,glm 5 and OVA at 25 p,glnl. One of “three similar experinments i s shown.
Two m ce per group were imuni zed for each bead size. ELiI SPOT cultures were

w1 on cel | Shvecepyastran. e B ARt b a5 vaEEE: fays 1 ess
than 20% of tHardRnt or FeREh diseasedstaly, af B8R RAICHRED dreVeRt &Mdr Wi th

cyfotoxic activity and | FNy secreting T cells by ELI'SPOT in response to
. Sl | NFEKL C57fupiationi, o whetheri thewsicsioe lwusadwbmmnmmnffaneemttngm zes and

react|V|ty t SI 1 NFEKL ass ssed by IEI\{%/ ELI SPgT S des q ﬁ%@v In

addi ti on, ’HBH‘be Y gYaysey %@éRE'%B@ qHE ey T85PIVE e t‘?t%tg activity
, det . .

was de er§1 z@l duf'lh %ﬂ#d&'it«otﬁyofjiﬁ e@ﬁo{ﬂﬂnﬂ%ﬂ_r%%éfgraﬁ?gpy@ f 5,80p0M um

| oaded EL one or pre pu I'NFEKL were used

as targets. I&gesulanmreipnmrablyuﬁormg st Dbe;@tand@vearmetapnmably squar e=
0. 9254) found between the two assays, of two simlar experinments is

shown. PAI(;IEL 160-pgiiet $Wdug Oéﬁlaﬁjeemp@ﬁltmﬁmié%lwntlﬁﬂu(ﬁ%a%am pot E)\/A 20
Gostr hed i n SeREAMY BGued . Flohiyer\ AdBvarts LD BE Pl i ffinirpish. ¢ o3, ™ ©°

reactivity bysuiabradjungntsiinclatie @lurn, aseel\dsmnyother aaménter 1, 0.2, 0.5, 1
or 2 mcron size OVA-bead i mmunisation are plotted. One of two simlar

experi neffs |a§JlM@6%Weﬂ§"PW&REh%V3@ﬁ09I35HPr agn)inigietiomtohumansgen fo beads
necessary fo indu gated OVA
al one accounts foﬁﬂﬁ%dc'@sc’ﬁ ?Ilé\é r?tt%inﬂﬁ%?ﬁ% $@H§g%'§gn@g§?%¥§gﬁ mce

wer e i nmuni zMrrvln&tranraJhmeugat axlite dwainbalatipntos by. ddimistrationbdsads wi t hout
prior dialysis (Contraql ol | owi n si s,agai nst PBS 30 through a
300Kd excl u&“&‘:’F%@Eﬁﬁ”gﬁ‘zee Eﬁ L’bﬁ'}e g’fﬁ’é’%i"ﬁﬂnutcm%ﬁa"d}t' e Ny producing

spl eni ¢ Sl I NegifingReed Qéﬁs EfégTén'é e P&?&ﬁ%ré\%aﬂw& and gbidone

i ntradermal i mmuni zati o ELI SP mean +/
PCT/ AU01/161160icropastiches ifcused inaseorsiancgvdtipthedpeentian ane GESQE’SHBY in

oA | o ey " shitalid A 8fRinistiian By pefiS gt i PR dReEREs T e s ©

responses. CofiBldpafticles dithedritigeeum %yaéamﬁlhns@(édwmuymmﬁrcml ently to
0.1 5 mcron beads (Beads conjugated-OVA) or mxed with rior to

i nj ection (B@aampdwxanﬁgzaa)derma ftqmmalawu@ﬁnesnp% odplesifshavai c
S| | NFEKL t d I
i mmuni zat ?gﬁﬂgfehétl%& t?%h*féct%’?}/ %ﬁ gﬁ%@%ggﬁ‘? régué:%gf}jdfn%%rg ﬁ1r (r:nEel per

group as&essadtfbthe&irb&é’@freldesd:upbdmaﬁmmidelr@l\de¢)al SExp@ssionHibGafgE 4: A
singl e immnization wth sized b AIS utf ci.ent tomducelong

rasting i g PEvEFy pikocts mude GRSt B BalRne Bifiulh TAeRS. C5TaL B
TS e oy VARSH ERLRERN, 00660, SRR BR RS okl Op 205 OV
SI | NFEKL exarluyrthn*. refereacea Yaseination 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



days after the last inmmunization by ELISPOT. Three mce were imuni sed per
group and the data shows the nmean of duplicate assays on each nouse. One of
two sim| 30 eX32864 nents is shown. Panel B M ce were i nmuni ret/auoe®1isbt h
beads- OVA (0.1 micron) and I FNy 20 resggrnses to SIINFEKL or OVA tested by
ELI SPOT 12 or 82 days later. Antibody T&&els to OVA neasured as in Figure 2
wer e mai ntai ned at day 82. Figure 5. Assessnent of CD40 expression by cells

that have tak b 'thd" ft tra-dermal 25
| mmuni 2at i on BOENASEAT sy BofSeS i RbEEdeatR claes Haul) “or i ce

| muni zed wi t@sthbh@é %?ﬁ taer R4tive AhdexSRAdsimas, rmbﬁmly an@ féRg¢ f oot pad

(right) were di ssected 48 hours after injection ‘and anal ysed for expression
of CD40 by starlllmal@; wi th PE conjugated antibodies specific to these

mar ker s. -1 =F 05|1;|ve cells (b + |t|ve cells
(mar ker +) Bac kgr (])_E'ﬁ%i esr{"blcfﬂrﬂ%”%% Iﬂ%%ﬁ%gﬁ%vgﬂ%éﬁé as.ghee?f] %&f epanel
represent g5 popliteagh nhhhmﬁtd:gicélrw@rfémnelmum&efbrs t&\en 396

PCT/ AU01/ 01160 - 17 aninals, the right panel i)]r esents the sane type of

cel I's from vSniffidientiegenaratean nmnwnemeggel@swn admbiednpreferablyat ur e and

cul tur ed frorfegbrpdlsedBieErdh IR Tah sehehdnd i O P of the
hind | egs of ﬁﬁﬁﬁbhﬁzlmm?,thmé Hischesetidbéveyanaf m&dependrioth whether Af t er 5
days in culture, the cells were separated into the experinental conditions

at 1.25 x 106{esubjectissahusman sua%@awt@ A9RONPIGHAEBE 9<lis to OVA (0.1 p, m
at 1000 b dsl ceII heb{éfﬁ,;es -gaer{gpgﬁsa% ..é)ég |di8d V‘HRSQ%QQ tﬂ'é\lggmjeo were added to

approprlate cul tures S contlnu to incubate overnight, and
proliferati onnmhymgetlaﬁeglaesapoyet up the next day and incubated overnight.

Each val ue represe_g triplicate avera <0,00001 bet ween unpul sed
t

Do and oxper P rene TS tarkn B SAeneE" teterd to th8 CRINBF 8n9 B aD vt o

characteri Satfééaoﬁgeﬂ@db@lsh@@d aeo@e %ocaga%ﬁfbréspbnam dils@h&s in vlivo
C57186 mice were injected in the footpad with 50pl of 0.04 or 1p.m

f I uobeads- OvAasststdh mowntingoor amsplifying therimmunsg response asdﬁsgribad er for

it gon phiBseoNen lodrttibuE HEEAHb Hsfiss AR BESReB BURL (ol arker i s
shown. 0. 04 apgliferatioh hha@rexgansiohlof deadritc esils, ipaatiduiariye DEIC05A,

expressi on of DEC205, F4180, 0, CD80 and CD86 (p<0.05). FI GURE 8A:
Mechani sm of ©PAQ l*'%!’ldz@Dﬁﬁr*ﬂPQi‘ﬁe upt ake by DC. Bone marrow derived cultured

DC wer e i ncubat ed bl ack), 5
(white), 10 p, M(gr-‘e‘\h #’8% ﬁ%ﬁw g%‘n??ﬁ%%@?gﬁ'%e ?Qv mM (grey)
(white), or c?teiell'wlyamerm&rbﬁﬁmneais Hetwber k)3 afd D5 imhimoeg or 0.5 ~, g/
(grey) for 30 min and 0.04 p, m OVAf|l uorescent particles added a further 3

hour.s. Se?lect Prederahhy hetwasn atou £ pad 0. Tﬁwmtﬂ‘rm@b%@@ieliﬂbﬂ)’fornatl on, or
phagocytosi s S bee d 30 for 10 pM r| de and 0.5

p, gl m ~ CCD, E%&@@P,@Qéfpnfﬂ ‘i %\K%ME%WPQQQ‘?'@?@ oRARIGE: const ant
at 10 p. M andp, nber of

fl uorescent ce e%(ﬁﬁ%%d%rﬂ166\PSB@FX%BT?%F§1%%¥$¥%Q %@ggged by
FACScan. Dat aabesutl.e3 antddi0doribeévedanbait-0.$9 avid @.048Lumc aBtil mwote ur es.

FI GURE 8B: Conflrrrﬁlon of th mechani sm of $Jﬁptake DC wer |ncub ted with
not hi ng, CDD RrefRye yth]equttgqlp miereparijele coRpesition isparicilany sdapiesh i de (AQ)

at 40 nM gﬁgn |5 gads added a further
3 hours. eI ectlve I nhi'b thlg@lﬁl c/g\%te"g éélo'tmﬁ@%ﬁé%n coated pit formation
has been reported Ihoapﬂefpgbmenhbdmmemtﬂmjmnenmn provicesiannodthod iofle,
respectively 14 29. The nunmber of S was .assessed by
FACScan. Dat a |fc‘§t"}5}%|§él'ﬂmea@sf’983%£hﬂ Sll!HJ-ECE fm?ﬁ'\%{ GQUPISIHG cul t ur es.
Figure 9: Sol H&‘nﬁué?éﬁn%‘?/é’ als madﬁolbgicbuy effeoicamennpar abl e
protection to 0.05 um OVA beads. C57/B6 mi ce were immunised ID wth OVA
conj ugat ed t oc@MpSsition somprisingatieast @mﬁ anligerowpsagiategdwithunt r eat ed and t hen

chal | engeg), as Alaue el Quicto /(6 SRLRShaHES ol B larh gl B YG 51 2o &

day 10 fo grou
viruses and the immune response comprises the stimulation and/or



One of two simlar experinents is shown. The difference in the frequency of
tunours between the 0.05 um OVA bead group and each one of the other groups
was si gni W@az2216,=0. 0001 vs. naive; p=0.0007 vs. sol ubl e pog/ARY0PRE> VS.
1 um bead-OVA. zo FIGURE 10: Viral sized particles do not co-localize with
early endosones (LEFT). Bone marrow der13red DC were incubated overni ght
with 0.1 mcron beads-OVA (500 beads/cell), washed gently to renpve free

beads and preparged for nfocal nmicrosco spi nni ng ,onto gl ass slides.
Cells were t H{' rauen Pﬁgﬁ‘é&gfco?errﬂﬁl E&ﬁfﬁﬁggly%eﬂgpmﬂgq"?%éfﬁ gﬁ’qtﬁ triton and
stained the DIGHRNGB0RM,H6s é@famvmwnnmg&é. Rab4 using a biotin

conj ugat ed nonocl onal anti body followed by streptavidin-Alexa. Simlar
-resul ts were obserinaahaothehembodimenjhe inventian pnovided amethod dieads and one

of three experiments i ugrescent ron _beads Z&Pm. larly

. Fl 0.1 mi
Ph | oo RbeaioiY & pratstlive Tt PesaciiR g ArleMlddivia X8 hakHoNs (1 beads
for 30 m nut e@i@hétﬁﬁd%oj—hﬁﬁﬂsﬁ'\g LfnirtBteritvh CENREES! itﬁjaeéiﬁﬁébti airadermally in

the hind footpad with 0.1 mcron beads- OVA and the drai ni ng gopl iteal |ynph
nodes WO oZmpumologieally affectielamount of airerpestionsomiising pulesst f or

The Raba mar K6 SRl ASEAER AR froRfuk o, MBLAATHG PletBRnRIR 000

m cron beads.arern tisé shhiecsize xpege a8 Nirgséssand thdimmying eespcrse _ _
co-localization was confirmed for the positive contrql mce i mmunized with

1 micron sizePMPprigasthecstimyation andiorpretifaratiopadepdrits calfi nst t unour
PANEL A C&7/ i '(ﬁ@m b j =SSP
(1 muni sg@ﬁ 5? r%?éelfa?) Nun reg%?gga?g%%\%g%&gwex%lﬁﬁ eéryé‘gg rﬁ%étg%r%é% %? er

subcut aneousl| gbowt 40 tox4dtn lGEizét umour cell's) . Tunours were neasured using
calipers. 10 Individual, tunmo r owt h curvgs for éo ani Iafd;?er group are

r .
shown. PANEL B Tuﬁﬁtﬁ’?tﬂﬁrr%msﬂﬁ' thg inysgtien prevides a4ye®ogdoTiinpur growt h
q 0 of i . . . I . ) _ . ced iD
Wb ova Ve Bahvapor ariiiEnt i b MA st dol ) Uikt A nfybBmym 5od !
after i mmuni gesponse saidMeaihRE aampr&ing adalinisterimgde a subjecttarl mal ari a
chal | enge aft.er VSSP i ni,sation. C571B6 mce i.munised.intradermally once
with 00150 dmmusloaiATY SesaiNe Bnolm{or Y oBhpas kBl N RUBRS, cod it
500, 000 | et habndhragaihssadiaebivithlfitropartieise WhErdiABRe hisrdpasisesel | s.

Survival was nonitored daily. 5 aninmals were chal |l enged per 20 group and
one of six rePdBdne SEMESIER faRGBRVIEUSES andile iINMUBE FeSRANSEX per i nent s

generat ed by SEIRNSH P HRhBG T and o BRifaletbA by ehtie 8 Yoo el 1 s and

ultra centri frgitrably thedmivropareles dré abuGP4dismrtg S0men, Thastdsreferabigt ocol . 2~
FI GURE 13: The ant| gten n23 was conjugated to 0.05 ~ bead (VSP) as
descri bed%ef oMM P%€n OVA, injected intradermally into mice at

100p, gl nouse and i H\Y d in the spleens
m}ﬁjsé’@(/%nhéﬁ Slsd &}%ﬁ@é‘ff@a hiﬁ‘%ﬁba\ﬂfm{ R af

of i mruni sed ani ELI SPOT, e data pres S the precursor
frequency of iowhliisogersi® ovidiopgriiale/antigerscompositiohlcomprispigceonteeling as spot

for mi its (SEU ml]i the standard. devat i f the SD). Th
 naivi dual  dRisboRarllss b gt e Rite s TrBb R us S ffEaan e 1 120

PCT/ AU01/ 0116GHofd nfsuchat BiCRicropartiors diantjenS\fecie conj ugated to
VSP per standard protocol and 100 Egalm)use injected intradermal ly. 10 days

| at er t he25i ncResocwtedf Those skileddn e adWilkbedamilies wdibdhedgcmiq@rsOT. Data i s
presented as @%‘Jt@%hﬂ&%ﬁéh gt%gn%ost“tlgne_e individual 5 mice inmmunised with

each i mmunogen.

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



FI GURE 15A: Anti body reactivity to OVA in the sera of m ce i muni sed once
intradermally with 0.05m beads conjugated to OVA (VSP-OVA) and assessed 90
days | at ewOn2/21d4SA (B group) in conparison to non-inmuni spera@pisake (A
group). o FIGURE 15B: The sanme sera frommce in Figure 15A was tested for
t he presence of OVA specific IgE antibddtes by ELISA) in two naive mce {A2
and A3) and three VSP-OVA mice (B2, 3 and 5). FIGURE 16: PANEL A Induction

of long lasting antibody responses by a si nﬁl e i nmuni sation. C57/B6 m ce
wer e i nmuni s882ds 0pRL2,\0.1 I@rd)JNCthhPEg:ﬂeéGe wege dacubated avermightser a

col l ected at _gf 05nm +/ -
SE for each %)Lﬁ{cy? £'¢ 8& 'Wﬁé&@e%ﬁ@ 6'[ 8&%@%&%&?@% own. Naive
sera i s showdeadriticgels #6ncOBYBLBG Bive aid thwp@ncent cﬁxmmresﬁems is shown.
Simlar ELISA results were_obtained for_total no M or 20 | gA was

an
det ect ed (nopel.l,snasﬁgsse@\by EA@I%%@"@:IOE@V@%QW%U%B@F' iSes over PBS
i nmuni sed an r i nduced | gG
responses a FHBWﬁI ﬂg'lg\/@ﬁ%}ésqgﬁgﬁ* ﬁéf;askg %%e@gg%%@%ﬁg%%% shown) . PANEL
B I nFIUC_tI on pbtdlmrgubmgt101@3Id11thIel'eeeg$ontethm}orm addbougpUise &liths by a .
si ngl e i munj sation Wi t ~. m bea cewerelrmunlse
| D gnce Wi t hlbms e ﬁtd@(ﬁ'vﬁg a@tlggn H%@ggmnﬁcg \ﬁ’ﬂ‘ésr ggedar) ,
solublie OVA ariees bMbketoRRtinlPloutlolin 1foh Wo&@%é/@lwvb Q.ehpm beads (grey

bar) . Precurgo guency SI'I NFEKL r'eactive spleen T-cells was assessed
10 days | at ecmle micetveerandocgﬂaiyedhatrademnal%nrtlmfdsmtpdadw\ehh Bqhequered 3o

bar) by IF I our ce were t roup,.a f two

o 1 a1 &8 perf Betde sohulcdioh ot Beaga phRaen iR (0% CBE A, s T sru
er mllion I ﬁ.g@rb each WO
82/2216.|t P&%L%l’ltf?g)? 1 f gﬁé{)ﬂﬁ% ﬁ@?'ﬁ?&?ﬂ%ﬁ ri rreplégésum ng 10 times
| ess anti genrgmoved 10SRQwARtex te BRSLSS ihmnmcelailagemflcaﬂﬂdmi heve taken 56

Sl | NFEKL speci f,j een S m,,| |on t ot oxic, T-¢C

Cbsponass | o obith paRESEY EECSRafofnd datd 8Brbln ds meA-RSEREEleE 10 days
after a si ngkl@o%gcéﬁvaem#/-giaﬁ&aﬁ@%rﬁnqsmb@tﬁnp{@aﬁe samnpRis3TRBIO s at E T
rati o 20:1; not shown) ,r.gmre 17: Prinel boost C571B6 anl mal s were |eft

unt r eat ed5 ( NenHithgmisrorppariste sizes aaénsmnﬂo@n\twmrmmal@ﬁ tpemy i de cpl13-32

from MJCL co Adj uvant 10
(cpl3), nann%#%gsﬁéjdgé?g'&?%e@o@b é um%ﬁ%%t ein (MFP) or

0. lum VSP cowrpripraively oM#GM@ﬂ rhicrombeadgt@nnn(crtsteadmptmwhslt er
animls were bogsted intrader amllion i gﬁéﬁ)i ous vaccinia virus

expressi ng t BONVigeDt Mrmgmrﬁhagﬁdm%%m Ymnh pedeseot glee atdlayp) 3- 32
assessed by ﬁg%r@éﬁé’ﬁﬁoéﬂlaﬂaﬂﬁgéﬁ%ﬁt & € Viresddly ;?Q/?:%s' ef?fattéﬁemﬁa”

nunber of produci ng cel er mlliron spleen cells averaged for
2- 3 ani mabsl glpmrpferéngdneb)l&mphmm M@Ct#5+p(algmk/yown@sdbﬂcgoés)s 0. 05 um

(PS) and companaRl QPRI wonech) sPi Lstan fofh dald Tl oty " o)

In addition, @ flidré§Eatitipiiaes Gte Bé@@eﬁé@drlﬁ/ PAE SearRH=Msié fir dobe gl ass
beads. Bri efly, gl ass beads were wei ghed and suspended to 5%;ol ids in PBS

and washed t wxpeessigBsoiihe dmmé@eﬂwakm NLDE DEQZ@@a@rtba ina

7.4 and mi xed ROT9od st wRRHIRERE " Thedld sPoRE TGRS Ler e '« hen
washed 3xsW toff NEBSE 145+ 8P FaB0 dalisRR& leavd 5édtge filliotdsekeat dupes M was added
and m xed gently for 5 hours. The beads were then pelleted and the reaction

was st opped WBgafapiadkRndi ng the pellet in 0.5 M ethanol ani ne and nixing for

30 mnutes. The begdpene Bl ABFREN SN oF BN 3o ddsy ED8 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



so i mmuni zation (&). Polystyrene (PS) or glass (Gl or &) VSP-OVA were

I mmuni sed intradermally at 100 ug/nmoui se and Sl | NFEKL specific | FNg
secerti ngwD @eki@ quantified 10 days later from spl eens byPcCT/XDVRA216: 1
PCT/ AU01/ 0110 -22 ELISPOT. The data shows i ndividual nmean+/- SE for three
ani mal s per group. Figure 19: Mde of B®ad conjugation and i munogenicity.
Oval bumn at 2 ng/m in 50 mMM MES buffer (ph 6.0) was m xed with the 5

eyl - 5 o ek s Gt | cELERBAPS SUNFERIac! iabala GVanlh
preparation %e a@%’dfaségé'éiﬁg rdactily 'td‘@’lh@%&@eﬁtce'ilgwa n{e@ﬁ&?@ fofn FOr 2

hours. The stan ycl nej was quenched cine or 20
.~ 1 of I M et@BBA aeﬂmlmefoemtheeessw withimagnetio beadstoDy)mabeads) to

am noacet al deh di (al de H 8.0, or w aof 1 M

et hyl enedi amﬂi«é’%‘y 93&’0 %/CH T-ﬁ@‘gs gﬁ@& i YRS Uﬁ%ﬁ?@t %?ftl&ﬂfgf ed at room
t enper at ure f AR di al ysed
over ni ght %E’S at ﬁ@ﬁﬁ@%%‘g%%g{’%?gﬁghﬁé@rﬂhﬁ% uenc edW‘?t her with
20 ~. 1 of 1 Mww&perrgtoupwdveﬁmdwurﬁze‘doﬁoréahbmdm EliiIsPORGulturesni ght in

PBS at 4C. 2-3 1B6, m ce were ipmunised with 100 g intradermal |y of each
one of theseW)@' ih44n ?'6%% maYﬁfﬁﬂﬁd@MﬁS&fﬁP% gyag 4nits (3bHeens by

| FNg ELI SPOT ﬁﬁd’l cE@Is-'ie H'ar@%hb € Tid Q{'éﬁﬁérd E@\ﬁ?ﬁ&@&é‘i&iwﬁgom as

mean+l| - SE of |on sp een cel s for each animal. anple 1:
Materi al s anda!Mayhm thaadZOI% obthenmieanmitaneh Bi -oGerréfaiiBh Ib@fween BALBI c 6- to

Emrgﬁ?‘z‘e?'o& Lasiotit GYBLHG Gtk SRV P ORIRGLT LS BUELASFRY I D) Tn the
[ 25 Ov
(v, & ade. TEponR R SN o COTBRERIIRA et B PR A B3R ie (Epey

wer e pur chase@vVAraindifferentisizes end read:tmtwtesmiaﬂeUasmsud oy tNant i bodi es
for FACScan and confocal studies were elthewgurlfled i n house from 30

hybri doma | i fddSEPh apﬂ@@éﬂbﬁ@@@v%n{m pedHeREEr MR R I HIRRAL f r om
P el  FERGRCL PR P SbioRe sl yad dlamnes g vere
PCT/ AU01/181180nitiBG ddahdmmmalased Ohrormsrpheaéed Et droefilslajoye enpres . Abs to the
fol lowing mar k? &d with 2.5 pg(/jml <|)\é|§cthl=!'£K‘\./H ere us%%lgs fargetsllilhe 5%1880 NLD- 145,
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 fo 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 +/-



CD8al pha, CD40, CD80 and CD86. The anti-Rab4 nonocl onal antibody used in
confocal studies was the kind gift of Dr. Russel (Peter 5 MCallum Research
I nstitut ayo odwiiegen presenting cells: Denditric cells wereqweparnetsof rom
bone marrow nmonocytes with mnor nodifications of previously published

met hods [5]. Briefly cells were harvest'€d fromtibia and | ong bones of the
hind Iinbs by flushing out the cells fromthe bone cavities with o nedia,

following by red cells lysis. The cell r |L.ated qut at 1x106 cells/m
R ( CHSE Randrinica pi @ assessed by S SRDT i dunlicote wall ot al - cai f

serum ( FCS), - h D&y e idPESY edds Skt omyci n
sul phate and sﬁ@%nglﬁh&ﬁﬁ%r ?gpté@@{"h%tﬁégf i an@é&%%&%tgﬁ%o%p\uﬁiﬁ/ m and
| L-4 at 0.2 mryfficientieisdudeptimalidHOclabs t rastricted T-Eeliseresponses for 5- 6

UL oo G e LT M K it 0
three dayg afbigfor] beady (ddddedHuddica@VAPLE g{eiﬁad[\gim OYAgHiRfo ! of 3 days to

enrich for adherent c racti as descri ad-antigen
conj ugat i on \ikjectm (BeadsdOVAl mowd)g Thiednductioneaft!BNe producing sptanics .

Briefly, OVA i]uted t m in 0.05 buffer pH 6.0 mxed in a

vo: urreyrati o%Eiiig‘kiép?ﬁ'f'ﬁmq&né?@%%%ﬁw ﬂ%ﬁ%ysuﬁiierrﬁ ure vvaeroclked
tly f 1 i : i Al f th

gently for Wﬁ@ﬁ? uﬁﬁfﬂmﬁiﬁ%n%ﬁ%@iﬁ@ %\@ﬁﬁeaﬁg‘eﬁl Jreupddro e

m xture was a to 6.5 25 w ute NaCH an e mxture was rocked
gently for tvequenchfere? mice per Jroaprzassesse bydd SPeIpimdduplicateyivelis ne to a
final con entra]t%i on of 100 MM After 30 m nutes of m xing the preparation
was di al>1/ ed oY ?nght in the cold in PBS. The preparation was either used

i medi ately or st medRE 44 AsiMgldirbmbiiz4t8s with ikl slzebedteOVR0is
Cytotoxicify assays: These were perforned as described [3]. Briefly,

ef fect or cel Is¢fficientdgirduoe longyastingohigheyals geMEtGelagstyestiictad Tng spl een
cells for 7 ' : : jn.a humd CQz
WO 02/ 2216. 1 /%8%81‘?%%%%@3@% &'“’&?m*'{#w%@&ﬁfarﬂae“’%\g'i? r%Je"raSepti de

antigen in Rivb orebraentiri€SwithAdats-OVpp(Oehmiton), veddn tirfhe A% deyat | nact i vat ed
foetal calf serum (FCS), 4nM L-glutamne,_ 100 U nl penicillin, 100ngl m
st r ept onmy&i n apariangd @%FHENIGQSPM%%HEFE&LW'PWM earBgrRBA 19 (10 U/,

r econbi nant h : ' t i ded on day 3.
Targets wer e%&@%&&lﬁ%@s&%&@ﬁéﬁ@nﬁo @SE b—“‘aci k-gqrggﬁﬁ@i'\r'&%r e-pulsed for 1
h at 37 C w tilmnmihisgdrpengroupearfd {hisFdath shepssittie nosar=Gi dapliozne bbsaysn
transforned EL4 cel Id.l?iﬁ%. Bnl ess otherw se stated assgp;s V\eggsagerforned in

dupl i cate at CArPaq BOUseAPg & twasiriigiexpgriments imshoydyy £ane
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 (ieft) 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



10 lysis (wth nedia alone) and maximumlysis (with 5%triton) were set up
for all targets in quadruplicate. Supernatants were harvested after 4h.

% ysi s wasomakezushat ed as 100x ((Experinental rel ease - Sporrcansiau®iiesl ease) !
(Maxi mum r el ease- Spont aneous rel ease). % Specific Lysis (%BL) was %ysis
with peptide- %.ysis with no peptide. 18 -Cytotoxic T cell precursor( CTLp)
assays: CITLp assays were performed as descri bed previ ously [7] CTLp

frequenci es were determ ped fr rmm of I|c tes r at least 6
effector cell@ mﬂ\ﬂdy%rtge('ﬂﬁtlﬁ%"el "?tprﬁ??ﬁ! tj‘e Same é@. “n U bott omed

mcrotitre traya, imthih 180 torryC| n C treated syngenel c spleen cells, 20
i n DVEM suppl erren?wg Sé?u 10% oetal calf serum 5pMof SIINFEKL or OVA and

.10 Um rhlL-2. Sd?ngur&ﬁ.yleduwmof immatune andcodture muwine BE€sayed f or

cytotoxicit [ aci ng 100 f cul with 100 ul .target cell

sﬁspensi on Zo‘i’f)f/)h{eﬁ&'ﬂ‘ Hg: 38‘1“@ Bem QMSEEQ% égﬁ Werg %hﬂ%?% froEﬂ/tgot oxi c

activity ¢as GaSHRRAeIR BRRIGS RBH i tivta SAG et br i il fBod 61 case vas
deV| ations a

f ound three st andar ove e nmean i sotope rel ease rom 104
ef fectors cul EHTRI/Gwhick, withriné additonafl GMeCSFramd IEt4.mAftet 6rdayslihs wi t h

peptide only or, rl on A linear relatio 1) existed
bet ween t he ricHibEs: L%F Cleh%ﬁ’(?ﬁ%(??p@@t?g 'ntf’@b‘? ggge{prgé @i%’“}"“ﬂ@%?tscm e, and

the frequencyq o xnﬁ@eénléle 26/1| Iaﬁdqsmee@%th%ajuqdm peadste OVATLP frequencies
were determned as the inverse of responder dose required to generate

37% negat i ve (Reljre} 8t 1600 beadMl:@lQ/Bﬁe!Gﬁ hpam @flmllmog:LBBS arB5TNEALp frequency
assays mere perfor d three tines i ndj v freque C|es did not
di ffer by'Omor¥e eébt%q%ﬂi)'?%g 9@3 hﬁ&% E ePr_tﬂj §s: These
were per f or ”%bét‘ﬁlgﬂ?%ﬁ‘fd' mefrelatlon @é’hﬁ&hlé .ass80 sét u fthe5 néx ]@%J{aﬁél freshly

i sol ated spleen cells were incub dW|ththe5$ate for 1 S
hours on mi xedcuimiedtoefemlgmteﬁqqmmumrepﬂegents)trlph@te@aleageﬂiSDan

conai 1o TiicPtRPdo Beleertlimped s GBS mEntT afodF. sbPalrdl, Focs

above. After tagsnni ght incubation cells were washed off and the plates
i ncubated with a second bhiotin conjhugat ed mMb o to nurine IF

( XMG. 21- Biot i n, Phdfiguigef; Plignotypip charagtersationgf ARC dakting Wpdf- a%al kal i ne
phosphat ase (C%[rhbtsareﬁctghkigr?ég{t e[sjtgvaTbSh%@ ewépé)hﬁetﬁ%g% gfé | ne

phosphat ase usi ng a colorine ection kit

(Bi orad, Herqgbgad \Wﬁ SDEPGf R04 of At ﬂﬁobﬁddsﬂ-@W\g D%aﬁﬁr&?ﬁé;ﬁlit@@l I cr oscope.
The data are presented as spot formng units ~ er mllion cells.

The SI | NFEKIWekeanalysas4s hours letatfeth-ssalmnglofmadmt gelisiwithnal ysis in

sing & w2 + < TarkeREoLsdhateg ay?o%ﬁg%rn%ﬁ%@%&?'ﬁtte%r BB, pabkage.
I'n i munggenigl BE f@tsmﬁm.déwmaﬁtérfi?@iﬁowndomam ity RIGRZR+ @SIBONSes were
conpared between groups 20 using the Student's test with the M crosof

Excel Versi orha! gignifiaartyydifferan expr ewregstEEZQEaFﬁéﬁos GIRA4D, (B0t 0 assess
correl ation enicity and protection using the SPSS for

W ndows st at %%5?6652’8% package. Bead uptake by dendritic cells and
nmacr ophages Thr ee RIGURE 8A2 Meekdripimagie/iral bizepestige uptal@byDO.oscope sl i des

and five day old dendritic cell cultures were fed with different size
f1 uorescent rBYOPaHAY dasived Suitares [BE wergiingithated with phrehal eyristate cul t ur es

th F f I
o s SRS ol PATBYD (FRER, SRR A GRS BRI T cort o
nodes and spl(gmﬁ) Wmegoialmmt(gréyt) (wméqe mnmmne@:mm):gt @t various tine
intervals from 12 hrs 8‘(’)St i mmuni zati on an to 12 days. Cells were WO

02/ 22164 PCT/(piagk), @1256@vhiteg or 0.5 pg/mi (grey) for 3 min and 0.0 um-OVA-
fluorescent particles added a further 3 hours. Selective inhibition of

caveolae, clathrin coated pit formation, or phagocytosis has been reported
30 for 10 M PMA, 3 mM amiloride and 0.5 pg/ml CCD, respectively 14, 15.

When used together PMA was kept constant at 10 pM and AML was

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



collected and after red blood cell lysis and washing they were prepared for
FACscan or confocal analysis. Cell surface marker staining and fl ow

cyt onet r wobge21sur f ace staining, 5x105 cells were incubat e TAUG1/01160

PE-| abel | ed MbAb to surface markers 5 F4/80 and NLD- 145, CD. In cases where
the antibody was not directly |abelled @ ter two washing steps the cells
were incubated with a second PE-I|abelled anti body specific for the first

anti body. Nai ve serum of e speci es where,the second ,apti body,. was rai sed
was used in @SPerad %gépgéaﬂeﬁéfae'si%ﬁﬁﬂ?‘i’ B the Fieanii- 5@6*%85%9\%?? body.
After two washfigrest he 0 cells were washed wi th PBSI0.2% par af or mal dehyde

and anal ysed with a FACScan fl ow cytoneter {Becton-Di ckinson) and Cel | Quest
software. Light sdcdGURE §8 eSonfinmation oftthe sxadhaiisr efdptakd BCamere

| hoi d | 1S, fr d, i L zed t.aj f f
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FI TC- | abel | echdaeddsfurther Shyurs) Selectiveiimgbitiombbeatealae ooslatipin cwatedised wit h
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m crons to deissessatthypFAGStrhOData sdtesertbd as theomeant+/s SBofAriphicater . Cel | s
were excited at 488nm and 568nm for fluorescein and Al exa 594 25

respecti V8l y cafiredet ect ed t hrough 530nm and 610nm band pass filters _
respectively. Thr @éﬁh . QSH}lb'léGVNQndHa\ﬁﬁfO‘?ﬂ"l%adé’?ﬁillf@md | ow saturation
0 ed W

| evel s and gain an fset paranmeters malntain I'n 1 ndividual
experi nent s. denmpahablesprptectiantto by umeiFnbeads. o COVBGIee mergur ed usi ng 30
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4x wi th PBS/ (9QR%r Tefeant8and dnd MdnciZienged akbbve. (621845 nted

PCT/ AUO1/ 01160 -27 bl ocked for non-spem frc binding with 2% bovi ne serum

al bumi n f16r Zastthetindividuat tywmeursizesat day 40 forl animaladn ebob grewp.i al

Foom t enper aleor RS SITIRG Re bR B st TR Bfelenodlo et i ve s - "
control . The fidiepsy WEHEmBas ssiwaed the® (B UMIOMN boad grsles and @dchsi ng

hor ser adi sh- per oxi dase-conj ugat ed sheep anti-nmouse g (Selinus, AUS) and
the chr onogerine afithe othetgroups was signifiranis PRI tingi\e:inR0.008 phonat e
(Amer sham UK).. Bhi z ecorded using an EL 312e

m cropl at e r&aé@%%@?m@]@?ﬁ%ﬁe emgﬁp?gyhl]pt ake of VSSP by antigen
presentinrg cells IFGURE dOandral sizddvmarficles doarota-letaliicewithsany cel | s from
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Uptake has begeraBeied. i fidleRdisddscov (6a0 iR, Wagaehysi ve range

of particle sizes has not been tested. The inventor was specifically
i nt erest ed t dogemabeifese bitrdshand prepased forcunfoca) anicrascepy &y spinringsi ze
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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



20 that thioglycollate elicited peritoneal exudate nmacrophages internalised
both 1 pmand 0.1 ~m fluorescein-labelled particles (fluo-beads). Inmature
bone mar rwe aerissed dendritic cells, by contrast, were foupcr/Agot/@hen i n
preferentially 0.1 pmsized fl uo- beads Confocal m croscopy was used to
confirmthe particles were inside of th®-ells (not shown). 25 This in
vitro data suggested viral sized solid particles (VSSP) could al so be

i cells ip vivo. Fluorescent

f iall k b
D et orena. issentad A8 hallaialar o coniaces analbdis-as feseibed Sisver Mogo. 0. 04,
0.1, 0.2, 0.5 %ﬁﬁ%&ﬂﬁ@%%a%}ﬁ%k%ﬁ%&bha d\é ﬁoh@g%té&e foot pad

of C57BL/ B6 m ce and ce romthe draining popli nodes
.collected 10 ma}m:drm]gatetﬂcﬁh iGBoar (addimision. baadst iQrieesf thie¢ he 0. 04-0.1 p, m

i t ak f t ly b || 1 . Siml
Ceoul te ver o SREIETISIHNGWN By FoRreyShOcatich wes chplighadta the © M ' %'
+ PCT/ AWOL/ Q11 %amwraqw&eﬂimn%n|ﬁeo&mh h%ﬁiréﬁrsdwﬂucgb@céﬁub%%bon and

wi t h unconjugated particles. Ps were efficientl en up by antigen
presenting cell exlfiﬁéiBEn‘kj bBtdiectnmagﬂla@tdumwrd’é\rNELﬂ C5¢486 mice f ace
mar kers {Figure 1

) d | | t |
Took U \eshaitgdniBba eRfertil 1y iSiica Fith CRPEVSSS (EinliBiserlge °n§‘eF8i g
phenot ype [ 12dmtré‘atéﬂwh§wa) w\é?@Bhﬁllér@éd"B(DbaW I%Wé‘tﬂfcuftéﬁdlﬁgﬁ

ffici ent VSSP

cytotoxic and | FNysecreting T cells as well  as anti bodi
upt ake by den?#iQi Z:éanpurmeUs)/oT@ngg@swe@ meapuragesingcaiperget ed anti gen

oval bum o1t oM ER) BBy BRYRD AfeR R0 i Rpd? GByHGHE SIS, T
boost ed af t erPANELE Tuanslirs varainductd seabowd had @bdag@ eftuiribudays ! ater.
Fi gure 2a shows optinmal induction ~5 of |IFNy secreting CD3 T cell induction

to the MHC cl @ewth (dayPaf impwinisatioprRianipplsdstt undie (Nalyphgnd 604, m si zed

particles D' _ L | recursor
frequenci esc\?\nﬂ}rﬁ %%HZor‘{ﬁﬂgat edvggﬁ) W&"s ra glmr%m uam%-@hﬁgcr on.
Cytotoxic T carelshown Gy &F%ﬂeﬂnwnamlsatlomduced with VSSPs and cor rel ated
with the 2o precur eguenc in 92) (Figure
2b) . Sur pH singl yﬁgwag 1% g?%’“@é@ m’\ge l(S“u%Hr'QtC?‘?h%néﬁ Bﬁ%rst pr ecur sor
frequenci es i pSEPGmMIMEAGEICSYIES Qnéléhrﬁhﬁﬁfsbd%l‘?édelfn%liyo&ﬂfé With t hose

i mmunised with 1 ~ mparticles (Figure 2c). Simlar inmmnogenicity results
were found wi 100 ug |orﬁg/S$?:I&Vm Y85Rtlysateamrdysate miorehwere challghgednt rast to

many i nmunogen n romotin e ul ar, or a

hunor al respo‘Hi‘égB&@gsle&lﬂj E%%B HHm “?HZ%@ 'ﬁ%c*ﬁJgh%V&éT%d Brcot h. The
results showndg. 8 @vral &agrrﬁorhﬁﬁseldanyl BiffihbROvERECIHABAgEAlRr amount of
antigen after conjugation without elinmnating residual 3o soluble antigen.

Fi gure 3a2Ghogwouptand enedf sik rgpresentative synedments s hawai.nbusimilan 0. 04
o e Sl S (R B A O SRR 201t Ak *
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 p bead
(VSP) as described before for the antigen OVA, injected intradermally
into mice at 100ug/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/million) + the
standard devation of the mean (SD). The individual responses of three
mice (m1-m3) are shown.



WO 02/ 2216 PCT/ AU01/01160 - 29 significant contribution fromthe soluble
antigen to the observed T cell responses. This was further supported by the
conpar i somoob/2nen] ugat ed and unconj ugated OVA and VSSP m xag/AGoiguied 3b
shows that only covalently conjugated VSSP i nduced high | evels of SII NFEKL
specific T s cells. Thus, coval ent att@@®nent to the VSSPs was necessary to
target OVA into the class | presentation pathway and i nduce class |

restricted T cells.in vivo. Lt could be arqued th hi gher, ampunt of
conj ugat ed pr ot ei ﬁ:'hvéﬁéﬁ e‘th%B"f‘%’@@%@Sn%ﬁ%@Pr @/ﬁ}"’@l@goﬁwgg%d;y itself
result in hi fmaé hEhit Hgmg i i ince: 1
o | mmunogeni g??{/S%’?gEg{ at ?‘gggﬁtgeﬂ'ﬁfﬁd 0. g’gﬁ?‘%ﬁ‘%%“ﬁ%ﬁ@%ﬁ@% [ little :
reactivity (Filodays 2ler tAg i@d@?&io&.dfll;ﬂseonetiﬂ@?@ﬂswmseamsl éldm?t ly more
i mrunogeni ¢ than : articles in ndent of. . the |l evel .of aptigen
conj uggti on, ’%—3?'9 bﬁr@ﬁ‘g’l 'ﬁ@@ﬁ%ﬁ’tﬁﬁ%ﬁﬂm%* 'egprgl‘ﬁmﬁed?d"ﬂd“ pgrti cles
up to 1095fOlrﬁicéqﬂrﬁ%iéemiwmﬁﬁ@ﬁodé?\at. used for ~5 VSSPs failed to

e levels

enhance i mmunogenicity to seen with a range concentrations of
anti gen conj ugat eFIGUREIBH: Antibodyneastivity tai O©WAdguihe seenof miceunt s of bound

tei bead f odiff t, sSi , Lth th m f diff t
R R T Nt
ticl i total OVA,

ReLILS! o5 2oivsm oVINg Shpteaiiy tE(R R0 o

0. 5-50 ug conjugated eads “per an anple 4: A novel
pat hway for tdompgrisoinetoanman-immobisedapnérbispl#y giatipds 2s It has been suggest ed

t hat peptides deri gm digestion of exogenous anti t hrough the cl ass
Il MHC pr'8cessi ng Fﬁ%f y?%%s?@&ﬁ?sg’gﬂq'ﬁﬂw El%%%ﬁgé\d‘t’ﬁ bind to
empty class ltodfHg fBPHRCPIeRBNBE of TR/ Spécific IJFRaAtIbddied BY ELISA! f fdd ernative
mechani sm of class | presentation is mdependent of transport into the

endopl asni ¢ m@ivemicenA2 apad3)ant treel OMA micey(BHo? avd Syssociated with

antigen processin j, S r i . rocessed for
class | presentat %ﬁﬁgﬂﬁcr%%ﬁg&ég5@‘@@5%&‘?%@5@5@8@5'8%@%hani sm[2] .
The i nvent or resp¥nded B aGidglEPhmildisHtiohl GT57/86 miveunéresithméisédockout
C571BL mce with OVA-conjugated VSSPs. No T cell responses above background

| evel s cdél d asseduith A cenjugrtad-rd.0dpmdrerdsnanchperazaliectad &t suggest i ng

VSSP processi for..class nt at b 0 t, R _dependent. A
TAP dependentd?@erﬁﬁm%m'éﬁmtﬁ‘ p@ﬁ“%&eal% %&&3@@%@?%’0& @gﬁgé'eﬁéﬁgpanti gen has
been descri beshchqjropp @f fdunsarsiniety ipeOVardpecificlg® BRISA § sirovbasNdiven

"l eaki ness' of endocytic vesicles and accidental rel ease of antigen into

the cytopl asfefa is gwn asmaaaliye ceniip!. SHBe of Hveg Sipban e xesinenigis: up by
phagocyt osi s J VRS i I 1 hR¥L; 1 expressi ng
t he Rab4 adapéth(@\rﬁmprsgtﬁrgl?drg ?fi@ﬁ're%ﬁ@é ?{%\%Hp %#%@gé%@#%%gﬁﬁ%q@&o@copy to

det er m neowhdghAevas/G&estew(rial shewnp.uOMA aloaetfbiled paindweg Ig6i gure 4 shows

t hat Rab4 and VSSP f| uo- .contai njng vesicles di.d _not co-localise either
1 bone. ar r JAFRAISERAM TS (TRINGEAY S anE DA 1o ComPIGtE BREAtEy mph node
may Use & pr aeE R PR g e th S B Ve or
| ar ger parti d.@Sumrbadds-OMA (rot Babwn).nBAPpEELJBindactibnTéfHodg testidgnt . The
mechani sm wag LUl L ARY of IENy producing T-cells by a single immunisation with 0.04
25 um beads OVA C57/B6 mice were immunised ID once with OVA
conjugated to 0.04pum beads (black or chequered bar), soluble OVA in
PBS (white bar) or with OVA mixed in with 0.04pm 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



investigated in Exanple 7. 20 Exanple 5: VSSP induce expansion of antigen
presenting cells in vivo and in vitro C57BLI6 mce were left untreated

(nai ve) owoammatitzed with fluorescent 0.1 p.mfluo-beads ir¢cradenoméd y in
the foot pad. Popliteal |ynph node (LN) were dissected 48 hours after
injection and anal ysed 2s for expressr@h-of CD40 by staining with PE

conj ugat ed anti bodi es specific for this marker. The results (Figure 5) show
that 0.04, 0.05 and 0.1 p. m pol ystyrene beads al one or conjugated to OVA
were abl e t o dreidp.e s similarexpariments lﬂfﬂ'&t1Qttl§Fe$ﬂﬁ$§@ﬂtlgﬁnc(é0IPQ%(%Bover ed from

t he drai ni iteal, 30 | ynph f i, pt | i upi sati on.

Vor cover |t n&vALasEEpIe TRmuRRtoRdndu@d i R BT RPN Ry et as
(dendritic cepledtbéMRY erbﬂmidw@ﬂ L/ B9totdXiBToEN RIspaRseP hoglandaidker) cells.
They al so enhanced 02/ 2216 PCT/ AU01/01160 -31 >1.5 fold the proportion

of 1ynph nod&hremiymgginasesassqys merealsoehsesveddldaysaftecaminglad CDs6.
*Figure 5 sho . g ¢ 1 | S¢; r ni sation

observed %y ﬁ@@éﬁé&@ﬂ%%to% g@g? !flb[ﬂfélgrog?/g%&%ﬁé ‘%haatt(ﬁ Earﬁggfgpﬂt’ Hgsmem cells
have taken ughbiv)5 0.04m beads, in this case we used 0.04p. mbeads with a
coni Ugat ed to OVAFIGHS HBi BNGThemmbesTAunanioRe WPt SORBAIRE {r om mouse
bone marrow - Ol [ i Y 1 (after o
ot vati on wil TR SEBfAERny Siskrallf v TIRUY B peptiacI T oM LU TG T s
activating efMig€tl cuinjigEted t6i760ug o6 KLHTIheSamplete Fregedshadjusantgest t hat
particles of ,0.04-0.1 ~min.size {VSSP). hayv spected .and previously
unknown aBi | i(?R/%so"ﬁr]WI %9%“%?1??5%?%‘%‘59&@%&% ﬁ{é‘)‘?mET @Mng dendritic
cells, and ~ irfo I oty TSN - i bigy\/&Fgry nol ecul es
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why they ar e 14ddgystleter. animalsowere, boasted iitikagdesmallymdthean milliony whi ch VSSP may

have an adju .ef (s .14 f re to
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i nj ect i o5 ( af@ta shewndy thrsmeangumaben of IFYe producipgslie - SEPeVat i on of

imunity)) t el i )_Ri ode was dissected. The
phenot ype of ?@gﬁﬁ:éd@%é;?%%@%ﬁég%a ﬁ%@%ﬁéﬁ%}#{%@gu A wth a fluorescent
core was then analFigwe 18 Gokersoneofpatystpenedandgliads X0 am YaPti cl es but

which were 1 p,min_ size. Figure 7 shows the proportion of Q.04pm bead+ or

1 p.m Bea(ch V@Qalrgc‘i@?(-pp Yighe 2pHrn bgass pyere poniigatedia PYA a%i ng up
0.04 dlm , | Lt CDh11
c+, &iaaad\ﬁg@fﬁ)l% wer e %I%Sj o%ﬁtgﬁﬂ&a%%@f?ss%a?@ﬁ? rg?]éﬁ%/'arﬂg{/\%

02/ 2216. 20 PCWaAEAT)0 lhariditish, acdifferent dh@Giqah prateduce afascamsaretddor have

taken up 0. 04p. m beads y_ further explain why the i ne re ses we

observed ar j&%&ﬁ?ﬁa@@#&hﬂ%ﬁie@% w,ergé*;eplggggﬁgﬁu%pe@%? le 7:

Upt ake and pr fi s 1 i itam of 0. 04pm
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bead- OVA upt a by dendritic ce ne- marr ow deri'ved DC were
i ncubat ed wi tcenirifagaliervinsa oficiofisgeoclhebead pellebyasarestispebdeddDDB% cl at hri n

pit (amloride, Al or ¢ I di at ed internalisation horbol nyristate
eetate. o poefIasniy FHES.H £% At Gy Yot PR B R Bm, "

CDD, filipi novEighor TiReTBBAHS Wetd tHan WasheVBx vaih PBSes®tledah t he st at ed
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further 3 holBS and SQ8ueef platein panmi Masddsied xed gamtlyied SAML bot h

decreased 0. S- u ~5 er.eas iled to cause
any i nhi biti %”Fﬁrﬁﬁg@%ﬁqg%{feﬁf’%@ﬁﬁ%ﬁdWﬁqgﬁ%ﬁﬂmg%@ﬂ el (Fi g ga).
- Thi s suggest ggsidpeindlingthel pélledidlo Gavenhandiatine BAE mikingifaygdved in VSSP
upt ake. Amloride acts by inhibiting Na+-H+ exchanPe necessary for receptor

nedi at ed enddipuiesi sThe hpadswere fhaswashadisy BBS ¥seehtri y 20 anmoni um

chl ori de i ch o ki b e f j ' i) ering with
cytosol A0 ammdRIdrE ) FORaENG @) Br Haks (bt BaXERIRIA T 097 Lo
not of 1 ~m were ilpeadhsisédFirgradgbnallxant 00 og/modise @net SINFEKRAtspetificpi ts i n
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25 results using PVA suggest that caveole were involved in VSSP uptake in
DC (Fig. 8a). To confirmthis, the inventor used another inhibitor of
caveol e, Wid@2e2m4 Filipin acts through chol esterol sequestpat/ago/omber eas
PMVA af fects the phosphorylation events regul ating caveol e internalisation
[14, 15, 16, 17]. Sinilarly to PMA, fi13%si n bl ocked 0.04pm 30 but not 1 ~m
bead uptake, confirmng the inventor's hypothesis (Fig 8b). Caveol e and

(14 6. Al TerBRG Dol it doia SEPeS g e TRk A o DAL BED - 55
deliver anti gjé.a irectly into the cytosol [17] leading to cytoplasmc

processing a P dependent transport into the endoplasmic reticulum for

pLesenjt at iE;)n vv: t h4FNgnr‘ drect %ts*iéod%pnpea@ponmlgfﬁen aadlumnaynageitityer ¥m t ht those
shown in a .indicate noy, rocessi ng. anti gens
o et od 1 o Chealbiitmi BER R BodRUCUER b (R h ok Fiked B ' ©
conpositign (s \Y) i r i tisggen presentin
celrr}js Vi agca\cﬁeo(ﬁgeiﬁaér?%l @Bgﬁgﬁ??@g? gmﬁ? te gragm/ot:% ll’?ﬁ)eﬁgn‘!t?geng are °
processed by rRniotes. ntiepeyide(@-diarethjlamideprepybaripedilamige Wasradddd cl ass | o

presentation. This obseryati i S, oV in that th bility of caveole to

i nduce the TAPSHS é?{ﬁeﬂﬁa\{'gﬁtqqaerﬁgﬂpg@ﬂgiﬁG"Ba{f' egﬁhr celI's has not
been reportedg teire FrANRbEs8 THOSBARARPIGIPEINEY Was Gubrehed Wigery ~5 50 nm
(i.e. 0.05p,m (VSSP) OVA conjugated particlés were conpared directly with

OVA al one or maboirfiglycire ot 20ipuhpf OVA etaralgmired(gmine) pHeks4, oo220abi 1 ity to
tect m jhst  sub t bcut I it h 0,000 t

Cel | o (ELE) S CaTInpaesiaidstyder BBt eI aEudeint B4y Byibr ef ther

of the above qrM@hp%th%g@?ﬁé\(gmgggﬁro fqr ﬁb'%%@%?@ﬁigq"é‘@e” chal | enged

wi th tumour 30 days fater. gure ws t hat prevent ed
conpl et el y t lincgpated lat ocboro@mpepatass for@ppooximadely Wbdroems. Alidhal one or with

1000 beads had -sigpifi t effect j Ex | 9: A
1000 nm bead Rad SRl haR LEente SISOl s Rl BeCHhon BS D o
agai nst t UDIorRadEACRas LLKARR! ol IRNDEAISONVAHED SPeaphgat ed VSSPs

i nduced | FN~ ucing a cytotoxic SI'INF specific T cells (Figure 10a

and 1 a and Hpr 4Auuirs, andhdialysed civemigbiia RBY ahdfCf 2+3 G87/Bomicease _
Y G g Rty O it o B P TG Bt
responses wer@yai phrtidles undBirth@dihidify S85e8sdéin sgieensb§ IFNgel | WO
02/ 221Gt PCT/ AU01/ 01160 -34 precursor frequency |evels achieved by a
si ngl e VSSP ibkiSRQhELe the CD8 'Ipcell 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 100p} of antigen conjugated beads intradermally (ID) in the hind
25 footpads.
Reagents: Ali reagents including the antigen Ovalbumin (OVA, Grade
i) 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 0.02-2p
were purchased from Molecular Probes and non-fluorescent



wer e higher than those observed for single, or even nultiple doses of VLP
particles and are only conparable to the highly efficient heterol ogous

pri me/ boowo o22giéwes [ 1, 2, 3, 19, 20]. H gh IFNy s produci pgr/agtenéet oxi c
T cell precursor frequencies are associated with protection agai nst many
intracel | ul ar pathogens and cancer [21,2322, 23j. The inventor inmunised
C57/BL mce with a single intradermal dose of OVA-conjugated VSSPs and then

hal | dth i th the EG/ t | line, whjch t opl '
OVA and"| s a GEPGIRIGUTTICTRPNSTEA IoTeP PEBIRNCE SRS 006 TBUWEG, 1 v1 (o, The

results show i ¥ I . AR
hiflers Welfe LIBHWFREITMIRC WRCO1$6TCH Y 6) (14/BD ONE ). £45 2021

tunor chal |l enge, nal ve control s devel oped tunors.
addi ti on, antCB8diphiae 40, GHED ahd €D rdwsanti-Rabl sndpmecianaliargibedy

adm ni stration of. anti.gen copj ugat SSP...sicm larly t hose observed 15
in Figure ZC.Uﬁé‘@Ir'PrF@Pf&Rﬂ‘ Q{:Llsﬂéi@éﬁ?g%lémi@ﬁ Oé;BJn%Péée'ﬁgei%f 13 descri bed

- bel ow f or mal IycaaPATREsERCH dtitfePP can be used with a variety of antigens
and i nduce broad 20 immunity CO"IS“ sing both IFN and IL4 producing T cells.

H gh | evel s oAntigen presenting cefss [Penditnic egllsywerd pregarecfromebena i bodi es are

Shown i an daanBgRenoRde wifiiinot Hodhans ifaRedoy POBIAES  snea ' °
tunours (see rmstaIsgSRBritfly calls wre aplestéd eronatisinreid Ibeg hanegwifari a after
a single adm nistration of the vacci n;ﬁésee Exanpl e 11 %Thl s further

confirms VSSHhading ligiksdydlushinseittheHas flosx the koraeayities Wit prot ocol to

cont. VSs . pemt ! : ,
Che bagi d007 TRERSTARAY BEved BBl Hki THRIGHL e AR ERL XRO°DL L L 8" or
therapy 30 asceNelrhl insRPMEYESL, AUST) suppiemented WRHOI92 bkt IGELVEIBd/ 01160 -

o e e e i T e i oo

subsequent c AW I ' Ao i _@g;-e' wer e

I muni sed ong}éﬁﬁ}ﬂ?‘fﬁ%})’m&‘gb&eﬂ'ﬁ3%é‘3ﬁ? @Eb?g’lg) or "I%Z'ptéﬁnnt rea t_ed (naive).
After 30 days1000 gritsimil and hialdl striy2 thginil vere HaldeBGThe ol culgres| i nes.
Tunour size was neasured _using calipers on fda 3-13 after | ni sati on.
For regré&si oMers grgmwasfor ﬁ‘fQ:gaﬁv%Fbo%} irdighes@ %@OE@P diamgtar &t %% Nays | ater

divided into JQ{rﬁ?dFéo fncaba@ok.%a&ﬂégggge%w%ﬁe Eic%Véﬂe'&Lderﬁ’ﬂne One group was |eft

untreated an e other was 1 nmun ead- OVA after 3 days (ie day 11
after 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 Cytotoxicity 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;



adm nistration of tumour cell line). The inventor now shows that already
establ i shed tunours can be ~5 cured by a single imunisation into a tunour
beari ng rwosen22iunours were cleared frominmunised mice WgdRubMA1EEKS
after a single injection. This therapeutic ability is highly unusual for
any cancer vaccine, and nakes this vacénation vehicle highly pronising for
devel opnent of a therapeutic vaccine (Figure 11 B). 20 Miucin-1 or Micl is a

breast cancer, associ ated antigen. |nuni sation wi t.h VSSP- Mucl protein
al so i nhi bi t dacyRgIWith 6@992‘?‘* 8&“@@%%@ a@ﬂaﬁm %‘%@g’ﬁ\mﬁu » cell lines
expressing t ' ' ﬁ;r@ég 11:
Pr gt ecti og A@%%I%ﬁ%@fﬁ@ﬂf ’g}%ﬁégﬁ%ﬁ%ﬁgg?ﬁ%ﬁéﬁﬁuﬁ ysS )zrene beads
of 0.05 pm i AriMdrglutaminey10@ Wekpewisilia, tefringlnal streptordycie spiphtatet | on

agai nst nml ari a j ce. Alysate fram,Pl as ' oelii jnfected red cells
wgs conj ugat @d’%&&d@@a@e&?@té%@ar\? lﬁﬂ%‘%g?%w"%fﬁﬁwm then 30
chal | enged wi t Nesi cted from
B 7BUE i ce e A2 DnpRaest AT, BRAGHSDRY WegBdel ol FR9ERE D ood
cell's (RBC) meereviCrldadéd EL4 celle) dlone taskgraent) atpie-palsed forsth at 37

centrifugatiqp 800g-for 15, m freezelt d three times and sonicated
(lysate). Lysgtv&'g?/\gg“@@h?ﬁ@gtﬂw %Rbpﬁgﬁéﬁ%gﬁf%q ggal dMfbscri bed above.
Beads- | ysat e trapeffiereNAPeell 2 Unl@dsOstReiBsS slafdEasksrel nruni sed or
naYve C57BL/6 nmice were challenged two 5 weeks later "intra-peritoneally

with 1,000, ogeriermedén duplizale af an efiectar:tanget ralio of A& 1afipaalasesus vi ved t he

chal I eng . 60%.0f b als. ' y,t al one

(wi t hout dem%ﬁﬁ%%?%na)"&ﬁ% %H{%&(ﬁgtgﬁﬁkﬁ% Wﬂ’egéﬁ’n‘m"m%‘é‘%{g}%ﬁ& ed (Figure
12) . This is fonsl farget$ inlggadiapiusé Suparnatintawere bhevedtsbaftecshne bei ng
able to confer protection agal nst bl ood-stage nalaria. A single dose

vacci ne part i"/eh}’%ff‘ M&aséﬂqlﬁ%ﬁeﬂ\@ 1@9" ﬂﬁ?‘ﬁ?ii@eﬁtﬁﬂ r@'ﬁﬁ@? '%P@@@@é@uﬁr esent
LT b SRR TSR oncs SeinheBIORL D R SBORELIRN o0 200
12: Cel | ul ar (PBh)was %l ysisRuitly peptidechgsid witf n@ péptide.m i n di anet er
conj ugat %g t 0Cyz‘oz‘oxic 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 cuitured in U-bottomed
microtitre trays, with 5x105 mitomycin C freated syngeneic spleen cells,
20  in DMEM supplemented with 10% foetal calf serum, 5uM of SINFEKL
or OVA and 10 U/ml rhiL-2. Seven days later, each microculture was
assayed for cytotoxicity by replacing 100 mi of culture medium with 100
ul target cell suspension containing 104 51Cr-labelled EL4 OR EG7 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 celis,
represented on a linear scale, and the frequency of negative welis on a
30 logarithmic scale. CTLp frequencies were determined as the inverse of

responder cell dose required to generate 37% negative wells[8, 9].



antigens other than OVA, such as the cancer antigen nn23 al so i nduce strong
cellular imunity as evidenced by the induction of high |levels of 20 IFN
gamma secWltRAH6F cells (Figure 13). 2) As well as induci METAUILNLHO

i mmunity, beads-OVA or beads-nnR3 indqﬁgd high levels of 1L4 (Figure 14).
Thi s | ynphoki ne pronotes the productiorf“of antibodi es, which nmay expl ain
why we observe good antibody induction as well as cellular inmunity (which

25 requires | t y 1}

Pol ysterene b ‘gfd?ﬂ-EH@é %&%S%%é%ip&@?ﬁ%&ﬁf%%%ﬂ@% 4&8]0%,4}1{3%@% after a
single int raCf nc(eb[é]ldlnmt dtfter mortithan 209% ffrom themedn wilué.gG ant i body
(Figure 15A). te hi g g level s, there are no detectable IgE

- levels. Theref ISE ’\baﬁéé’ﬁ pse WerRRaformesas desaaibed (8L Brigly no ri sk

they are i nvol OB é%?@m' JFESniRsoRA i e ey ASTRh e (1,7

* Adnministrati Célatéd%tlﬁliuilff@f whoumﬁremumdemte@ate@ (MAHARAIBPGHe) gr‘é—antl bodi es
Wth a viewto identif useful routes of admi nistration of the vacci ne

i n hunans, asCQﬁéedWé@anr& lanuénerwlﬂwrr@@ (3. EASER). JBenlisate/msits werg ugat ed to

O\/A(100~g/ re P I 1y)

sub- cut aneous ﬁﬂsﬁé{t%ﬁéﬂﬁ't% &?@ sreﬂé#]fi,ﬁ/ll %footn&g@sper group were
tested 30 daYSﬂp@fénﬁﬁnth asrmbenbmm@mm overmighidntybdtont dells wrea- der mal |
all routes induced T cells which secreted I1FNg to SIINFEKL or to OVA by

ELI SPOT assaywashedeftand theiplatesjoculiated with @ se§pnd biptisy canjvgated MAD cont r ast
ovel s oftl gcgfiH FRvgRie. 2308 BhemGERET 4, Ob8 hB0us bR Toures  °
i nduced ser Ur@)dt%dirﬁélkaﬂ%eﬁhomtééée(ﬁlﬂl:’} donjegatalatansy/ht(SRngsal route did
not induce detectable |IgG
Spots of alkaline phosphatase activity were detected using a colorimetric
AP detection kit (Biorad, Hercules, CA, USA) and counted utilising a
dissection microscope. The data are presented as spot forming units
15 (sfu) per million cells. The SIINFEKL peptide was utilised at 2.5 pg/ mi.
Statistical analysis in protection studies the number of mice protected in
each group was compared using a y° 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



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

I ntra nasal and subcutaneous routes could therefore also be used to induce
protecti vwa emmést y to di seases where | gA plays a protectiperntoepiigeich 20
as nucosal infections (eg. in lung, cervix or gut}. Table 1 RouteSerum I gG
titreSerum I gA titrelntra-rectal <11 100;2%&1] 100, 1/ 1280,

11 640, <1/' 1001/ 1280l ntra- peri toneal 11 1640, 11100, >115120) >115120, 11400>

1,5120I ntra- nasal <1J 10 <1l 1 11,1649, 11 . <1/100,, <111001]1 320

17 640subout angIREEY Bup anar tekhioho t iyt 38 VSl ey WedediePard 10 wo
02/ 22164 - 38forpw@g¢@hldfdarg@cd|@ﬁa[£@raoonses after two doses: PCTlI AU011011Q0
| mruni sation twice with VSSP-OVA (100 pgl nouse 14 days apart) led to the

gener ati on of Celis@iface mgrikensigining auehiy afemelr & arsuriasgstaininges of

>11500, 000 as ELLSA, | Si.midban I re in for specific
| gG ant i bodi egﬂ?f%ﬁ?%}éilﬂ%ﬁt@ﬂﬂl@%@-\;ﬁl@%ﬁphl\gaﬁpggﬁug@éﬁégs&gm I gen nnR3
and the maj arF4/80indINNDMERS/GD. Wheassowheaatrartibod§Sias pobdiasatle 15:
Long-fasting reswses Responses to VSSP- OVA were surprisin

| ong- | ast i ng.labelpst aftastwahwirshing:ateps theeplisgusrenncybrierwith glr%p%@y by
) present ooty apleE b codc AR RRZ P amddly: el ol fghe s (7"
~gl nouse) . Paspcidd wheresthensectthd antibodh atasraisegewabasetidn lzeblocking ent | y
Fit er of ogous. BPPRETEB et Hita 1R eSbanslanidl; SHEIHE VSR of
o oo SRR oA RO BS A eatAnaRR e i ARt
MJUCL- GST f usi @rAQStasi flgw ey tmheter (Bedtop,Dickissmm)\Muel Cetl@uesbsoftwareMUCL- GST
s o P Ot el M oo Lo (R P AR ES1s Spd BERERAST (02 ' O
group conpar eghblisO GdlisTRdih Bt inirAGRIzEE @instained for any surface marker and
cells from naive mice stained with a PE-labelled antibody to a surface
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
pg/ mlin 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



Vacci nia MJCL al one (Not hi ngN conpared to VSSPIV). Therefore VSSP-antigen
woul d be suitable for use in heterol ogous Prine-boost protocols. 30 Exanple
17: Mat enwa@l2enepositi on of the solid core for VSSP The i AN/ 03160

hypot hesis that the 0.04-0.05 ~m size of solid core is the principal

det erm nant of VSSP i munogenicity predd’cts that WD 02/ 2216.1

PCT/ AWO1/ O11Q0 - 39 particles made of material other than polystyrene

woul d be highly inmnogenic within this size range. Thus, she corrpar ed
i munogeni ci tBJogkedyiog @onrsracific bindigoavithivmbavipe éﬁrqrntal%am@n Wi th

0. O5pm parti y fg } and 5
conj ugat ed toé g@&mﬁgﬁ‘rﬁé@ﬁgbséﬁé(@ﬁgﬁ‘g% %%’%e ‘a?ﬁ '&i&z{s &ith i ndi ng usi ng
. glutaral dehy%oﬁ@berﬂ@m& addéd ahdiscubiated fthSPfumm 104 at‘rddmr pol ystyrene

or glass were simlarly highly inmunogenic induci a_hi pr ecur sor
frequency of Pmﬂf@i‘&idﬂpﬂﬂ“ e maug S@'“I"Nl"ﬁ?l“%dg ativRer efore, the

- soli'd cor ¢ of oo F1fS oGl Rt GRBHEAENH Mo BBuR r@soa Auidtagy by ol ass as

wel | as pon yrene 'S ant|C|pate t hat terlasfor t he
solid core vvlU§|ngihe[seluadrfsbmﬁromdabe—cbmugatmmh&ep%m nmiouseplige SeBnus,

Conj ugat i tp VSSP 15 §s_showthat mxi ti i th
0.05. 2 'm par tAdBLanTiRe cPramagrac sRSRAE P cSEREGh | gen al one. but t hat

coval ent Ilnkétggbéﬁzthﬁatﬁmey ¥ulbRbnatRL( Wﬁ?érshﬂﬁﬁumgemhélatb‘éor ptitd sheni cal
procedure used 1o conjugate antigen to VSSP could therefore theoretically

be a det er mi i nofwasmecardediusingan Bpelicei migroplateneeagterover al | charge of
the parti @I e could pronote interaction with specific serum or other
endogenou proteins. These in turn could theoretically pronote uptake by

dendritic cel Egampld2:capssfebarilal upTake IS8 SP by -antigehgrbsémting &8i.inm ce wer e
i mmuni sed with 50nm (i.e. 0.05pm particles having different charges on the

surface. OVA-VSSP has an overal | 24trg@getif ¥&Ochar ge due to use of
boxyl di f boxyl
carboxyl at e modi fied, ARIRRIS %do‘i&@f)ﬁa%eﬁﬁ%ﬁ*;lcﬁ@%?@ﬁ%g'embﬁggﬁé“ oxyli c

acid groups after conjugatio yciene re 19). By

quenchi ng t hdineegethaye skiidvn pahmlm@ae'dapend!mtgﬂmgmytdscs etht opﬂmaled except
for the net char

of OVA aft { 19
quenchi nd5wi t4Pta e@t avl WSP rrﬂconj[ﬁga‘]i O@é’(t%‘?ag le?" re gd (Ami ne,
Figure 19). %érf?n‘r'iﬂ&Q:EHQgh%é%@ﬁ‘dbﬂ?ﬁéﬁéﬁﬁﬁéy%é’bf@éﬂﬁ%le §£@§ Rhs (Al dehyde,

Figure 19) potentiall'y useful aldeh e groups can be introduced. Al three
WO 02/2216.1 mneauustemc’ﬂwe mentmlwaa:memfmllmﬁntemted)m agtablisim pr ot ocol

a1 cat | ondBRHGPESHporRleS PRAS of i iged OBy aflifBR, 1 cos
| munogeni c. eﬁ&éﬁtflypfa‘?(ént u;b By ldeBblitic E&lld dﬁ%&cw@mgegem re¥1d §dihd S from

non-speci fic adsorption of serumproteins as t Irntroduction of opposite
char ges t20 thbaqot’mrqglymﬂlat@ghdnteﬂ periteneadll exudateninasgephiagesyinterbaliseder, sone

et b5 RS BT PP e 80, S IN9E° T o
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 celis 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



In view of the results above, the conposition of the invention provides a
way to further inprove or optim se vaccines or vaccination strategy that
coul d appwp @2m4vari ety of infections, cancer or other disepagstoiiéo The
optimal size of the VSSP coincides with that of nost known viruses
(30-150nm) . Hence, it is tenpting to sgecul ate that use of the VSSPs is
biologically significant. Fromthe above observations, the inventor

believes that the i Mmmune system may be geared to react fully to particles
of the size PRGSOt 3?5@"\%@@“8@?650@ 'glﬁ;Ct'ﬁ’PegﬁﬁtW'ﬁburi'%MQQa, it was not
known or und S coul d depend
to a great e??gfrﬁ?é%nvs es's\!;hgreeé |8Ehﬂ$ %ér?m@r?g"ps I@Eﬁ%{%ﬁﬁggﬁﬁsu within the
si ze range okxpiessigsbottspaciophbye ahdrdesgiritio et sljrfarre(mdﬂkers)(fﬁlgmgens eg
bacteri a, re consi der apl ar deed, a ens t ed t hr ough
this pat hvvang; éPﬂ@d“@@O‘é/d{%WPé C}ﬁ&ﬂﬁﬁ%%%"ﬂ% ?% Q?é“ﬂb l?t'mral and
cel lul ar ar ’ rmgg@ uci ng
rapidly I%ng asﬁeﬁge‘?ﬁ g e?‘?lgsé{agl%s Eﬁh"g‘?@?ﬁ%or re uerr11((:)|t S) suggesting
t he i nmune sy®]em 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 conprised of HepB surface proteins, or the yeast
retrotransposgRafipht 8k N \Xs'l:w hﬁié%@h%?e&h@%fr@&%ﬁc@@@f tptegodicahd g
immunity induced by a single imunizing dose, although responses were still
10-100 fold WO 02/2215%9(59’0%19 Dicellsas-wall epantibedias. wit h VSSPs [1, 2,

3, 19, 20 Howev urred t haracteristicsg.other than

si ze al oﬁé: such %f"f'ﬂ'é{\?éﬁpd'f a'fﬁ Yngﬁﬁgﬂ %Sﬁﬁ%mv'v%ﬁu%%%ﬁaﬁ% €1hi di ng
proteins areysg§poRrgdted dritigeh m@ne@yl aﬁd/p@tfen\(hPés hevélndiemes! ass |

restricted T cell reSponses [1]. Nof wishing to be 5 bound by theory, t he
i nvent or con§5déBk mlnatwerﬁememmemmtbmvafbwn(Q\é‘h)thaée@@artw@&@ anti gen

ot ont al st DWAEVEST DA ER Lokl BoedeprierB MindiilBonohave” ™

gener at ed parsFle@w@én%kdn@mafw daygmanstoBiRfure Q@esrwwéléaﬁnasmaamn vacci nes
was denonstra the ability 10 of a si nﬁl e i mmuni sing dose to protect

agai nst $%ibs of Lt sewgtlngﬁdls wiceH lmduﬁinond@n ¢ MiHCiglassdvesiiidted . The

i nventor has served br oad otection
to an anti geﬁ&ﬁﬁ%@gs@&wﬁ Qﬁhé% R@b@ﬂﬂn&%&l@%& b}ﬁﬁ?ﬂgﬁg nt r ader mal
route of adnmrgdpdridind tmoVAwbs@fbuna dthinllaepidttsoititedjuencideywite easily 15
inplenented in humans. VSSPs may thus offer a particu arIy attractive and

si npl e st r at 8YA conjusated poericlasangidgdTaprikad-1 micrpar Evietdxe Tiaellgi seases
where both hgﬁgﬂﬂ;ﬁﬁamfe‘% HoAhah G Rith X/ S8pL a@d%r?elét@d%p?{) ting

protection, 5% 8 can er an I'seases y, AIDS and
hepatiti gg 1@re&&so£&eqt2éa®86f IFNhectestingtT oello(R2<0. eey(srgmream antigen to
class | presentation pathway also offers the l_g?s& bilit i nducing T cell
responses toS‘r’ﬂH’"ﬁ'BQW YA+ 68@@“%9%“(%59\6% aliherigh Rf@%”réprsuch

vacci nes |1 SelienglaSh Mich AR ATy BRI A peAliedlioRIESE B tnétd T 19, of

DCs for effective tlrrulalon ex vi'vo puls DCs but

this is expepamupigetiwitadipsh Paﬁicles mngdreczd)t&nﬂ‘m iphagRYeni entl on

provides an alternative to erfici ents)%/ deliver antigens_to in vivo,
| eadi ng to t Feswispyeri@und withugsing Y SSPhwithontiflwenescein. 2Rusgen speci fic CD8

i ze range oroBtas: & Bafl i ffno§efis ahb sl bRmORE bl MBI AT 1 cPS
coul d be the celhilarararmenofal AisponseVS8Psakerebyaphibles obindoying mgln_ent subset
targeting to the MHC 1 processing pathway and/or direct stinulation of APC

function. Upt@yés 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



WO 02/ 2216-t PCT/ AUOL/ O11b0 - 42 of the VSSPs was found to be enhanced in
the | ynph node, conpared to other sizes, and this enhancenent was

attri but e W @/22Her eased frequenci es of particle positive DECPABo1/@ebd S, a
mar ker of DCs. DCs are powerful APC and expression of CD40 and CD86 furt her
5 characteri ses a subset capabl e of ef f4°¢i ent CD8 T-cel | prim ng. These

mar kers were found in a high proportion of VSSP+ cells. Thus, uptake and
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ot her enbodi nents of the invention that is described herein may be nade by

those skil | e@YA intedhardlass karsaeniatipn Peihway apdinducecdass brestiied pt
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Rei mann J, Shir ernati or processi xogenous and
endogenous amroimin smatleccompanedrtatargee partitles tould MylGtselfassult ir estri ct ed

presentation. .| gv. 1999;172:131-152. 2. Schirnbeck R Ml ber K
Rei mann J. H@Qﬂ?"tégéé NPYROASHIGIY- ﬁﬂW%Y:%" ihis Was Nl 80 FICcEsthre processed
In a nov e : | ' IhALHL & | ex cl ass
| estri abeq A erfeB ok dedl o4 dinco poRRF APl bhgHs M RRE 70,0 73
Pl ebanski M lifid temctiviBC(Figaten2), 2§ 0.03-0 Hamivron UBSRsaweos cGhsistently

more immunogenic than 1um particles independently of the level of

antigen conjugation, (3) Increasing the immunising concentration of
1um particles up to 100 fold (up to 1 mg/mouse) over that used for

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
108 —108 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
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C57BL/6 mice were left untreated (naive) or immunized with
fluorescent 0.1um 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
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conposi tion conpr i Bhewk datal togsthed rsaggestl tBeparticles 9 O.G4-00Vuriviifh Bize
mcropartlcles wherein the mcroPartlc es 5 are in the sane size range as

viruses. 2. AVSSR) havethepdsuspestadoansd peavigyisht unignpwn ghiityale | gen in
associ ation wy rﬂulglecéﬁtﬁ)@ﬁ tfés@ﬁtnrﬁ&@ﬁf'1Hcl58fvg@e(?{d?ﬂ?r E|l§a§§q are in the same

Si ze range as Viruses m 2 wherein the
10 mi cropw t i spexiically cefls euprtssing pd)tleplt covsfimuiatsiyaaoleéuleBlikecOD@Osi t i on of
any one of aldrTE:DJBG to prom%t% andS 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
0.04pm 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 1pm bead+
30 cells expressing each phenotypic marker. Cells taking up 0.04um
beads were mostly NLDC145+, CD40+ and CD86+. In addition more

CD11c+, CD4+ and CD8+ cells were 0.04 than 1um bead+. This highly
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Vi rus |E62 and gpIPMM Aﬁﬂ Vb{) é‘tﬁtgaéénggft rbeag@g;t%wéﬁd%%%wr us pre Si1

ag, Herpes sinplex Virus type yco rotein Mur r ay

val I ey engepheli WhéreasroetffaﬁléﬁdomeakelanK irketbiibh t(Figy. Bay. Intbitiéy bypol i 0 ~5
virus capsid protein VP1, VP2 and VP3 | anydia trachomati s surface
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capsi d, papi Ié%}@ E415d Rt bQQﬁVJI{/Q&T}rPVSS@eu al® and E7, Listeria surface
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one or noje Oémﬁﬁin%rﬁléh'iﬁﬂdéwhulﬁ lnﬂ]lﬁﬂs‘fmﬁ%rhm?rbf%iatﬁﬂﬁ pﬁ’t@fbyOf Caims 1to
8 wherein the antigen is derived froma cancer Such as a breast cancer,

| ung cancer, ip@rigsingrths cytasekacidification H4hc dmmenive ghlonde 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 0.04um

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
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subj ect swiodb2reidiod conprising administering to a subject BIT/AU01/01160

i mrunol ogically 30 effective anmount of a conposition conprising at | east
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& A& AN2. 18 & A. A (B0 mmg(i.Aa. 0NMMER/SER) QVAXEKIugated particles were
2upkt o W <o) colcaledl Gl 5oLl il abes S TIBAGH R 5URe o2 o) ol cal el
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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calipers on days 3-13 after immunisation. For regression studies, mice

10  were given the EG7 cells and eight days later divided into groups of
similar tumour size distribution. One group was left untreated and the
other was immunised with bead-OVA after 3 days (ie day 11 after
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 pum 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
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injected ID. Immunised or naive C57BL/6 mice were challenged two
5 weeks later intra-peritoneally with 1,000,000 P. yoelii 17XL infected
RBC.

All the animals survived the challenge, whereas 60% of the
animals immunised with the lysate alone (without bead conjugation)
failed to control the infection and died (Figure 12). This is the first

10 demonstration of a single dose vaccine being able to confer protection
against blood-stage malaria. A single dose vaccine particularly
attractive for malaria and other diseases present extensively in the
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 1L4 (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
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vaccine in humans, as well as intra-dermally as described above, VSSP

conjugated to OVA (100 ug/mouse) was administered to mice intra-
peritoneally, sub-cutaneously, intra-nasally and intra-rectaily. 3-4 mice

10  per group were tested 30 days after a single immunisation. Similarly to
the intra-dermal, all routes induced T cells which secreted IFNg to
SIINFEKL or to OVA by ELISPOT assay (1/50,000 to1/2,000 spleen
cells). Surprisingly, in contrast to the initial observations using
intradermal injection which induced high levels of IgG but little or no

15 IgA, VSSP-OVA by these other routes induced serum IgA responses,
and the intra-rectal and intra-nasal route did not induce detectable IgG
(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, 1/1280, 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
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10 Example 15: Long-lasting responses
Responses to VSSP-OVA were surprisingly long-lasting. Figure
16 shows that strong IgG 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
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using glutaraldehyde (G2). Figure 18 shows that VSSP made of either
polystyrene or glass were similarly highly immunogenic inducing a high
precursor frequency of IFNg producing T cells to SIINFEKL by
ELISPOT. Therefore, the solid core of VSSP for protein conjugation

10 can be provided by glass as well as polystyrene, and it is anticipated
that other materials for the solid core will also be functional, for example
PLG.

Example 18: Conjugation of antigen to VSSP

15 The resulis 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
guenching 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 dimethy! acetal (Aldehyde, Figure
19) potentially useful aldehyde groups can be introduced. All three
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similar immunogenicity. Moreover, some alternative modifications to

the conjugation procedure, and changes in charges can be introduced
with no decrease in immunogenicity.

10 DISCUSSION
In view of the results above, the composition of the invention
provides a way to further improve or optimise vaccines or vaccination
strategy that could apply to a variety of infections, cancer or other
diseases.

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
large. 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
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targeting to antigen presenting cells such as dendritic cells in vivo by
VSSPs, followed by potential slow antigen release by proteolysis from
VSSPs, may have generated particularly powerful immunogens.

Use of VSSP as novel vaccines was demonstrated by the ability

10  of a single immunising dose to protect against subsequent challenge
with tumor cells in the OVA model. The inventor has also observed
broad and strong immunogenicity and protection to an antigen
expressed in breast cancer, mucin-1 (MUC-1). The intradermal route of
administration utilised in their animal studies may be easily

15 implemented in humans. VSSPs may thus offer a particularly attractive
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-celis 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
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10 Other advantages of the VSSP of the invention include the ability
to induce immune responses including IgA production following
administration via a number of routes, and their suitability for prime-
boost vaccination strategy.
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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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 9. 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,
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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 Ssize range as viruses.
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13.  The method of Claim 11 wherein the immune response is
selected from the group consisting of a CD8 cellular response and an
antibody response wherein the antibody is 1gG, IgM or IgA.

14.  The method of Claim 11 wherein said immune response is

5 the proliferation and/or expansion of dendritic cells.

15. A method of eliciting a protective immune response to an
antigen via a single dose said method comprising administering, once
only to a subject, an immunologically effective amount of a composition
comprising at least one antigen associated with microparticles, wherein

10  the microparticles are in the same size range as viruses and the
immune response comprises the stimulation and/or proliferation of
dendritic cells.

16. A method of jn 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.



