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| MMUNOGENI C M CROPARTI CLES The preﬂ“‘\m’mm@mﬁmmm relates to i nmunogenic
conposi t apgaaM@cci ne conposi tions, metnods of eliciting peNw@IoABPONSeEs
in a5 subject and methods of produci ng“t % conpositions. Background of

t he I nvention *159159~ Mani pul ati on of 1t-he i mmune systens of humans and
animals is a recogni sed manner of avoiding or treating certain di seases or
1o conditions. The mechani sms by which the inmune SP/stem control s di sease
i ncl ude the | GOMPOSITHONEOMPRISING VIIUNSQEREC MIGROBARTICHRMe
response), and the generation of cellular or T-cell responses. The latter
i nclude T-hel per cells (TH) and cytotoxic T-1ynphocytes (CTL). In 15

. instances of viralhbhfesdiGRvéntion repiéPtPimMmaRagéhic conisysitlopd es provi de
protection by preventing the virus frominfecting cells. Anti bodi es can

al so pr ot ect vacpine sonpmsitensamethpdspeicliebingcimmune rezponsgsdtdcci, by use of

. bactericidal nechani snms .and by neutral.isi jal toxins. T-cells can
be sti mul&t eﬁ”'\%’ﬁ@ﬁa éﬁf‘?tﬁggﬁ pﬁgWgH{sglgft@W%iﬁOﬁﬁi gen are bound to

nol ecul es known as MHC | or MHC Il (major histoconpat abili tﬂ"‘ﬂm«wm{mlm ass
| or class Il) and are displ aLEZa%d on the surface of professi

(antigen presenting cells) s kgeoundsofthedayentian cel I's) or macroepiages.

The T-cells cont aj i r i : itar the

surface of cells *\&rﬁé\?}léﬂ%ﬁ'gﬁ@%ﬁﬁ% ng?r?? E@%@ Sfoé;e‘?)?q'ﬁgﬁé ?ﬁ%?@hﬁ@fé %m t he

anti gen. The rgitigrisst magept of avaldingdrdeddtingraarmimdiseases obgeni ¢ pepti des

bound to MHC Il nol ecules. By contrast, the receptors on CTLs react with
anti gens 1@ sgPBYIEANSN class | nol ecules. The stimulated T-cells anplify the

| mune response | A boRanae Ao Shd IFARAENERE Sohtoaliseald Wi ch 1S

infected with the pathogen, o at contaln an itope which it recognises,
a chain of evweide e indugtien efineutclisingsantihasties b hymoed)dmmune deat h of the

i nfected WO 02/ 221G PCT/ AU01/ Q11Q0. - I I it , T-cel |
S P ot YR Re i e SRR ST e B R e co
exert effect ;dhgd TUhIpERESISY(TLFaRd Eototdrds tTLyAphorytes (OTAJ wat i on of

pat hogens. Al'though there are nmany vaccines on the market there is a need 5
to produds minstardesef vital infaatian egd Peidgr hgpatlisiantibodies RIOYdRber of

i et ve g R0Echp Yol BihEMLE TR meodir ol Attt LA, Tov et

unavai | abl e eisd pritéecigansst barteaide bi pneumbeoeciisndastapiedotauci &y ect i ve,
si ngl e-dose vacci nes, ich are partic ' for o _economc

reasons, for UseSH hecterigigalapgchanizms éﬂg:cpg{’!’%ﬁ?a?%“ﬁéﬁ?%?' te¥HB1 i ance. Most
ot o | GoTBJ Gy b8 SBE S Bgpenablan Lo Fnduce ar
20  antigen are bound to molecules known as MHC | or MHC Il (major
histocompatability complex, class | or class ll) and are displayed on the
surface of professional APCs (antigen presenting cells) such as DCs
(dendritic cells) or macrophages. The T-cells contain antigen receptors
which they employ to monitor the surface of cells for the presence of the
25 peptide fragments from the antigen. The antigen receptors on Ty cells
recognise antigenic peptides bound to MHC Il molecules. By contrast,
the receptors on CTLs react with antigens displayed on class |
molecules.
The stimulated T-cells amplify the immune response in that
30 when a T-cell recognises a target cell which is infected with the
pathogen, or that contain an epitope which it recognises, a chain of
events is triggered and these eventually result in death of the infected



and cellul ar responses so as to be inmmunol ogically effective. For 15

i nstance, sone vaccines only stinmulate anti body responses when both

anti body wadoxehé4ul ar responses woul d be nore efficaci ous. ptmAuoe1160

i nstances, nultiple doses of the vaccines eg booster shots are required in
order to attain protection against the-2elevant infective agent. In sone
ot her instances, |IgE production is induced along with 20 other desired

i mrunogl obulins such as 1gA, 1gG and 1gM_ Vacci nes that_induce |IgE are not

desir ?bl e, as?th‘e Inmﬂsﬁ;tm,@bme h-aells }CﬁO@tiV@ﬂﬁmrﬁQﬂE@f’gﬂﬁ?ﬁ@@ﬁ@&ﬁés. )
Cht ot i o ertPPHOKPESG R T bniban eXststedif It S CO0T00 {15

can generat e pabiiedtionddr eredlcaitionof ipathotensesponse wit hout enhancing | gE
production woul d al so be valuable. In yet other instances, although a

vacci ne resul ts i nAkhougl tere aremagycgccnes elirecdagetithaigis asreefll ation is
b- opt i . Lt : ; .sed b
R T . TR

series of “subs ed from each ot her by

surface nol ecdiseaseoecoidititmshThew slpecemains a geaddort prvatedtiond receptors on
T cells. Accor di'ngtltié it woul sirable to {ﬁ)ljjo uce a vacci ne which

be d
woul d sel ect i 9@8i)Skigfegtye ?gﬁbgi)?? E@%@gﬁnﬁéﬁ“ﬂ@b NEMERPCIESA€ubset of DCs,
eg a subsel capabhify Mavkibbll Shheffbive: qﬁ'dddardmﬁnggjs%cﬁeé&ﬁe T-cells

play a vital role I'n protective I nmunity agai nst intracel | ul ar

pat hogens andeffestive; singig-dase vaotines,ouich adé paitoullari desirableéor © s Furt her,
wth rega{d to vacci nes extracel | ul f’i(l’j Ianti gaen : t ragi tional "é’ do not enter
the MHC 1 1%r oBEYIMIG FHapARRfOf Fasih et deleny and fog PRLPAL Of $YRISE: oquct i on of
CTL immunity dggmpafed)l i ving vaccines is unlikely although alternative
routes of processing and presentation for class 1 have been proposed in APC
t hrough t he upt akeMobt waegines suffardfremmithe disadvantagedhpt theysargmptparti cl es

epati 115 B phoPas ek BB RF phiBhiioh K he KARRAE el orlnd 00  bcen

shown to be e&hd celulhf responses seds torbeMiriiinlinplogivally affectivdry Forcr ophages to
i nduce CD8 CTL responses in vitro and in vivg ég %J, VLPs are multineric,
lipid 15 tont BSHNGG: sPBeyacchias only simuiate anibady. segransesiwhign eethconpri ses
nore than 50%,0f i i I@ﬁ)?'g | e protein
particles fai %Ré%éﬁﬁﬂ%ﬁ'%%@#rﬁsB?h%%M@Q%%%%r |d;')(|5l?i§'(‘!§r??g}lrt, it has
been pr oposedinstarices| Multipte idoses ofjthd vacinesgg boostes shbtssareaeqbined by

i.on. This would tent . with the proposal that

when ant | gen MOBPELRARAE HAtERUDRACATS Hte FIRTATTAGIYS BBAND: et or gant
they are able to fpsgmbidihéliRstiices PRESrettctidh BaRadeaWaldig wigh | menbr ane,
and thus gain entry into the CYt opl asm '
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 celis
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

.



The use of mcrospheres within which are entrapped antigens 25 have been
expl ored as a possi bl e vacci ne conposition. The m crospheres are nade from

- bi odegr adgbhgAAgl yesters of lactic and glycolic acids (PLpcaaboPbidsd. The
m crospheres are constructed such that their size and pol ynmer conposition

control the rate at which they degrade3-As the m crospheres degrade, the
" entrapped antigen is 30 rel eased therefrom and provides for a controlled
rel ease of antigen for stinmulating the inmmune response. It is unlikely that
t hese nol ecub@bseud)bDCstegham@sahdap@demfﬁﬁt@ﬁﬂtr&&&éx@@l PEMING t he sanme way

as protein WO 02/ 221G 4 PCT/ AUQ1 1 - [y : = of which
ar epbi ol ijgi c&incg t%%itqeﬁﬁé’%& ?Huﬂ@(ﬁ}%ﬁpmﬁ%ﬁ@%@iﬁ%%}ﬂ?w?ﬁg |
difficul tTes wi . ¢ : ohirpusivd Nt i

- Stabi ity o IR Bl R O R o e (o ki bt s, al |

of which stilinduoeed to be resolved so as to produce a vaccine with good
antigenicity and lasting ..nmunogeni,cit vacci ne that can
be nmanufattured a Hdhﬁhg’whk'fe&aé(g?%&%h%#%g?ﬁ??é%ﬁﬁr%@%gé%tent no.
4,225,581, ayGoiRMally derhot @fRsrithk NgHE-protessing batietay ingenstisslisar ti cl es

ranging in size iIs described as bei ne_useful 10 for deli veri.n&tantigens
that are adsdngedewhttbemieductionefeCHE IMAUNGYURG RN YRSHLI§ t he body.

However, the s es ' ; ' [rGhd d&i 'W \cfgry of such a
vacci ne was M ‘Eﬁg'P/@tg‘ﬂ‘%ﬁgﬁ%ﬁ'ﬁﬁ&%@%ﬁéﬁ?éﬁ gr,\dthere ﬁg@sﬂno:r) reference
to the inductd#fys PhatdBedn pedposeesipohiRedhroughdhe niptaksceisaponpjoliht o t he MHC

moul d be 16xpaeliadrimunaGamplneEand hamoisedr] JfipTBENS; g e R ' ¢! o
WOou e Xp 'S r
mi croparticl qudnr@&|§§;\2|§|3ﬂc&ﬂgé6§?d Pt surtaceade patitiskB protelr boyedst t he present

I nvention if per s particles adm nistered as_part of vaccines
coul d i nduce ratroitranspogen pcotespartictes. have haarkshavayinge gffidenthhe present

' tion, the i t I, Si. (PR ' bout
e same i zepraseiAeA oL MR BHFSRNUUAY b gt 1o ThELARETE BTES 227V o,
and huroral agbbhde HAAROBAGS VYOTEDBECVERs afo Mulimenic dipid-he | nvention In

a first enbo nt the invention provides an innmunogeni c.conposition
conpri si ng atcdraistingopreteinpaginles thelinid epatend af WAk GRMEPTERRS MPE? es wher ei n

the m cropar tthgln ‘ﬁro?tﬂend&qﬁeiaﬁfre si ze range as 30 Vviruses.
However, since Hepatitis B core protein particles fail to be

immunogenic, and have a lower lipid content, it has been proposed that
VLP are immunogenic not by virtue of size, but by biochemical

20 composition. This would be consistent with the proposal that when
antigen is presented in formulations containing lipid or detergent, they
are able to fuse with the APC, possibly by damaging the cell
membrane, and thus gain entry into the cytoplasm.

The use of microspheres within which are entrapped antigens

25  have been explored as a possible vaccine composition. The
microspheres are made from biodegradable polyesters of lactic and
glycolic acids (PLA and PLGA). The microspheres are constructed
such that their size and polymer composition control the rate at which
they degrade. As the microspheres degrade, the entrapped antigen is

30 released therefrom, and provides for a controlled release of antigen for
stimulating the immune response. Itis unlikely that these molecules
would interface and react with immune cells in the same way as protein



WO U2/ 221G~ PCT/ AUUL/ O11Q0 -5 The term "conprising” used in relation to the
i nmmunogeni ¢ conposition nmeans that the conposition includes the antigen and
m cropaMQ €/8364 It may al so i ncl ude ot her conponents. Thectraws/aghi gen”

refers to any nolecule, noiety or entity 5 capable of eliciting an i mune
response. This includes cellular and/or *funoral i mune responses. Dependi ng
on the intended function of the conposition one or nore antigens may be

nucl o1 o act o BattceRae Pl fo DrfiHicn Al oBISHEisonitie SHRRIE " hese. 10
The antigen npegenigafdes.i ved from a pat hogen, tissue, cell, organ or nol ecule

dependi ng on the intended purpose of the conposition, and nmay be a purified
antigen, or be of iHewewss the diffieulties withdbisdedm iof vacsinaiwompasttionr s such as

pat hogen. | nt NP difideniebiiSine 28 e B ek SN R BB RN oo

viral, bad erkinticy, aflraftwiicraktill need tgbe ressibedsolds\o protiLoeazaceineuses,
hepatitis viruses, gﬂl aria, Specifical 'lné”g exanpl es of the antigens

envi saged by Vi@ 9ppdaatigenicity Rnddastneinaupegeriahy. ansl toredupegatitis C
virus, (HYV) b%gq' I | i d di um
speci es such \gésg 'e ﬁ%\’sggﬁan gyﬁgar&i'%ﬁgﬂa@%’ﬁWﬁ%@;@%@ﬁ’ﬁ%ﬁ@hg P.

fal ci parum ci r cunsipdd8Ratert po.ct,225,58CSe campdsiticmncdthpesingi aumixtateci par um
-vivax, -oval nd mal ari ae, TRAP, MSP-1,  MNSP-2,  NBP-3, MSP-4, MSP-5,
AVA- 1, RESA, SAISIATO0STRRR PATIGIES IARaing usizeyis dgiirkach ao beinssiig

gl ycoprotgj n, risUth i 1§ cl eoprotein, 25
haemaggl ufvi nifr?-? Hgﬁgga%?%e suiaf@t g?eg?ﬁrgg?iogﬁ? tH‘Iég%)L,]A\ pI |afntrh§ubuni t, VP1
prot ei n. LMC\Wolumedopeartieles fo the bodyniHowayess theusudcaessfyl detiverpt ei n (gp63),

Bordetell a pertussis, surface protein, rabi,es virus G profei St.rept ococcus
Vprotel n 5 id Al ATRyBeBRSel of ARiEE yaeblR wat bRt latEiet
Syncyticial vitidn.( BEELifiEally, theiy whsndTeferond s wieinBactiorybf 0BS(EBY) gp340
or nucl eoantigen 3A, haemaggl utinin, Borrelia burgdorferi outer surface

g . DOI 1
protein (Osp)Cell refPeRERH S EVEM RIasRFHNg te shes S [dassdrrresentalien 30k D
protein (\Ag85 D : ; PCT{: / - teins,
Nei sseri a‘@neniaantag‘}tg%i@ec[?@lg@e{lc\ﬁﬁ?{eéf{agr 0 gi p%”'@%hogﬂﬁ}ggzed@tege%ﬁ us | E62
and gpl, Rubehave sinmilas chariterigticstas PLA ide PAUGA niciBparticles piseusdedig, Her pes
si npl ex virus t@/ e | glycoprotein Gor gp Dor CP27, Miurray valley
encephal itis P E gl ycoprotein, Hepatitis A virus VP1l, polio 5 virus
capsid protein VPITHMP3 w¥ERof - i i [ ace
protein, Hepatiti sTrIIB v'ig_rvt\J/és( eﬁvgﬁ%\gﬁ(bﬂgggwﬁﬁﬁﬁggﬁmﬁpéﬁrg (HRV)
capsi d, papi | pemnsesof partiplestadieinisterscd ampar of va&dnes dodd,indiles eri a surface
protein, Varigcella virus e | gpe protein, Vaccinia virus envel ope protein)
Br ucel i a_%urf'&?!@”'b‘?%%’@?i‘?s'%}e%gi rus VP-3, VP-4, VP-5, 10 VP-7 and VP-8, a
conbi nation of onenayorkdeadinl WrickharpregsitsnvéitiortiPirehtbrrdauni t of said
antigens conprising five or nore amno acids in length or conbinations of
one or nore ojurbdsinglieundtkat micsepariicles about theesametsiza a8 viruses t he

pat hogens exe i fJ 0, ; i fractions
oy be i n purdgosistEq uHACHE Ao bRRICE iSY oBRyia B Bl et

provi de anti gesponses mnslilgectsnmunogenicity. Thus it nakes it possible to
"tail or-nmake" an i mmunogeni c conposition for a patient in accordance with
the i nverdd on by using patient tunmor |ysates or a specific set of tunor
proteins conjugated to the m C‘Sﬂﬁﬁ’f\éé@ﬁﬁe ﬁ&(ﬁ{{@,ﬁ antigen may al so be
derived fromany tunour type or malidgnancy. anpl es of cancer types from
whi ch the anti gensinreafirshembmdimedt thecinberticnt pravides, arpincueagenicd col on
cancer and nel anoma,. Sone furtherl exargjl es,. of speci fici. ant i gens obt ai ned
from tumours SRTBPORITION GRIPLISINY 21 leastprgantganin aReQGAtoN Wil: vaGE seri es
antigen), 25 gr6pABcRIBAINGRIT tHVniceparticled)ark!ip & Shd) sifdPeh er
antigen and ot her cancer antigens or Indeed antigens extracted from any
tunour, e3Qy. YHUSES- such as MUC-1 to MJUC-7 antigens. Reconbi nant peptides or
proteins alone or in conbination may al so be used. The antigen may al so be
a synthetic epitope such as a mmc or 30 peptidom netic based on one or
nore of the antigens referred to above. The term"in association wth"
refers to an associ ati on between the mcroparticle and the antigen. This
may be by adsorption or by WO 02/ 221G PCT/ AU01/ O11Q&0 -7



conjugation or coval ent coupling. Preferably the antigen is covalently
linked to the mcroparticle. Even nore preferably, the antigen is

- conj ugat gfo 92418 surface of the microparticie. The term mcarAapaniics! e
refers to a small particle. This may be in 5 the formof a bead or sphere

. or any other suitable shape. The term~Sirus sized particles" (VSP) is used
in this docunent to describe certain enbodi nents of the i nmunogenic

conposi tion of the invention. It should be understood that the term VSP has
only been adopt ed ThetetonoeMpPEAIRE éﬁ@ﬂﬂb@géqﬂﬁtQ' R M98 Nent i on to the

size of known _viruses. F LAl hd€ as unknown
ViTuses are. SPUROSHREALe HATe BRnRkhioR fudon WiFatath Shd

. mcroparticl gnifpartices.i ¢ may elserinslude nthertaaonponignts.o t he conj ugated or
associ ated antigens as distinct fromthe M%Oﬁghere of thgy prior art

whi ch are hol | ow dhedapapeniigen TeiredopRY MBEU 5"Pbei¥é’ﬁieé‘ﬂ e these are

referred fo hebﬁégoﬁtsesu:éh[enlé(sﬁﬁlrﬁﬁgnéq%ééﬁr%@( IFHis BclldeERIudredRI/éhe anti gen

is presen orffe e partl The particles used to nake VSSP
are avai |l abl guiricral infraunenesparisese rDepandingos s intended fupciipn @htheor m si ze
(i.e., within 10% of the stated si,ze%‘. Thgbtﬁr mﬁj'ésdol id core" neans

subst ant i al | FOERQSHiqn ore of MOTEANLIOENR MY P& e ‘hol | ow). The

mcroparticle may TBr Ay Yo & PEpfidd, pblemn, RN, (dafborprbieng as it does
not detract from tﬁ%%@ ctl onyof t epi m‘rljt'?:ogenin?i conposi ti g}ﬁ Thus the

mi croparti cl emicleiy abid oraathet type ofanelecaeoraueembingtign ©f pny & R nol ecul es,

o7 odegr addbre 9o dE BrBIMNEYHH GelstiTanRaHEER BRpeTEE). figats Vi one ©f
Preferably, thensleclRRIHdridiRS ontte emdsEpupospafthe gompesitiBhcand gol d.

Most preferably, the mcroparticles are made from pol stﬁr ene. The
m croparti cl enay bera plhéfi@b&ﬁtlgﬁfk@fb&r@éeﬁ%mhﬁlﬁﬂﬁoﬂgnégg. CqhIs means t hat
the mcroparticle, i fer t m ably the
i croparticl esq't?%@f 6%({)}{?% %uczf)ézée/b%’%%ﬁ g ?&l&st%ggg%tc ggéﬁég. ) rligg[l)?[hg%&? mune
response. in fppekamplerindytbe anpgathiogen; intracortedtracelplabyardigentgen presenti ng
cell's within a human subject or an ani mal . Mr WO 02/ 22
PCT/ AU01/ %1 16m0rtigns pr BREE ARereOf, Ny a#n%@Cg‘%&}’ or BT@QZ%?‘é“ Sigﬁéié‘a%%ut 0.03 and
0,50um pr ef enapliyn ahoulyiflisds, AESatlis\iubs StbldriaTos edicdlsr abl y_bet ween

n . 10um

about 0.03 a ven nore preferably the mcroparticles are about
0.03 to 0.05usxamples afitieé entipens ehdsaged byihe pasest lvenbied ReRASabout s

0. 03um and 0. 049um still nore, prefera t -G i et ween
about 0.03 an@“ﬁWéUtpoﬁj?@ﬁd?ﬁQ?i't'géthm%Rbiv)aﬂoaegkgnggar%nﬁ lﬂégspgf;i’{eefh esrt’)r ed

embodi ment, aa@g&ls%.ﬂrmagm@shmm@aééibgIsaahra@ Fevivednd otrercor dance wi t h
the i nventi on, In one dose of vaccination, is of a uniform.,sjze. This

means t hao t hBlasajashiumyspsiciashisclysing | tdciparum eicynseorogalte PR are of
the stated SigSs) SREhGHAR MabhodRriiaRari] Shal | 87aeE HRRaRblas, |
TRAP, MSP-1, MSP-2, MSP-3, MSP-4, MSP-5, AMA-1, RESA,
SALSA, STARP, LSA1 and LSA3, HIV-gp120/160 envelope
glycoprotein, sireptococcus surface protein Ag, influenza nucleoprotein,
25 haemagglutinin-neuraminidase surface infection, TcpA pilin subunit,
VP1 protein. LMCV nucleoprotein, Leishmania major surface
glycoprotein (gp63), Bordetella pertussis surface protein, rabies virus G
protein, Streptococcus M protein, Staphylococcal proteins or
Helicobacter pylori proteins, Syncyticial virus (RSV) F or G proteins,
30 Epstein Barr virus (EBV) gp340 or nucleoantigen 3A, haemaggiutinin,
Borrelia burgdorferi outer surface protein (Osp) A, Mycobacterium
tuberculosis 38kD lipoprotein or 30kD protein (Ag85), 10kD or 65kD



adapted to elicit a cellular and/or hunoral immune response. The cellular
response is preferably selected fromthe group consisting of activation,

mat ur at i oW@92/2del i feration of TH cells, in particul ar | FNramubboflicd
producing T cells, CTLs, particularly CD8 CIL and B cells. Preferably the

m croparticle/antigen conposition eli cr s nmechani sns for MHC cl ass |
presentation of antigens which are taken up by a hitherto unknown nmechani sm
i nvol vi ng caveo e and/or clathrin

its for further .pr.ocessin Rab 4
| openaons uiatsind Welsafe Menndulisiad L oLt SRR E ERsR o4 ana 7
herein. The hwmymezrmpﬁﬁmb%wrvﬁh%a 5 p&eteeﬁtﬁépéﬁt%nst\ﬁraswr@m

consi sting of |gA, M and cl asses t her eof whi ch assi st

in nounting oiag dﬂwpeswum@?@wrrumtune | gysppradeinn@yorgpso QJGCBZT rMmaayed by the

ot n myel of d AN e e vinE YoM fhueft et A Bug UED, BB, °

activatiorg OrVIIEUs%aﬂsﬁd protem VP1SVP!2 VPB|mdaVE6C@Hﬂbﬁmﬁa?ltr§dhorﬂétl§r e the
co-stinmul atory Ilgands or nol ecul es on such cells that interact with

T-cel I's, eg ChirfAse ROtED, HEaatls Bo/iruseaveloRede e &2 blusan thiveVins t he

i nvention may gn q[%],cy]l on of the

di sease or coﬁﬂg\/f é%gs Up%@ll(%ﬁﬁ@lh@@é%t&dgsa d??&'oﬁecon a%ﬁ({&\%tﬂh t he
antigen. For Iaswmalsmrfadwprotm Vaﬁc?étlhknmsl?éﬁhbmwpmmvaggnmﬂml tion may
be used in the treatnent O:%V?ngglﬂ'?m s of .certain canc 1n anot her

enbodi ment  t hRNVSRRSPIYRIN PR RASYELE VT c}ffﬁp‘}ai\épﬁg
m cropar ty £l egpasseg el Adhbibtibh of bn of n%r%"ﬁf's%‘i’d‘al{iﬁgér% Bnt he

m croparti cles are In thé sane sizeé range as Viruses drrp05| tion of
the i nventi onammqomlmsubhanloj samleémilgeaad:omprmﬂgiﬁwosmelamme an effective

| e-d b be used tiple d . Thus, i
one_enbod merfcit Rulenay AT FaRRHa 8 Bhea sibte. el 5380l e Composi 11 on'

conpri si ng m croparyd-tes or eaR@el ftatds Wdnh tHd pémbngré&eﬁimrg@rabd%erel n the
mcroparticles are of the same size range as viruses. By "single-dose", it

i s meant thatmayrlsmbaluseddsdiheantioenaSuchrtaniionsspay be in pusfiedul at ed or

capabi o of% barigeT APt Fipkee G tonaBEANEy WalabaibBIF!Y sl o e

protection t Qnirh&ndi%émbit)enﬂ'haé ittrhigkexoitpossiblen. “tdilorineakatarone
adm nistration of t 0oSi t] on or vaccine. The adm njstration nmay be by

any suitabl e HHBHIOGRNICIGPMARsHIaN fonajpatient in ?PCO"ijaWCQ wihdhe jnveption

i nhal ati on, r lég%b éf“c?f e or site.

Preferably, ?'?Vegg'”pfﬁggé{r‘?“ﬂﬁ'@%mﬁa%? (g &ﬁ ur géﬁoéi%%gﬁm croparticles.

The size of témnjugateddarthe ohieropastidhed.ween about O. 03 and 0. 5um preferably
0.03 to 0.1Q0um even nore

bout 0.03 to 0.1 f | y t
Sr g:‘JerabI agout %’%agﬁ&gn%n%’rﬁa &”%ﬁﬂé’?g fro@@"éﬂ@ﬁ"% ¥W&Pef er abl y about
0.03 to 0. 049.%1. hdy. EREAORISSIREnebYty Bl ond whidHiH Stigrinspib8: 040um

The mcropartlcl nost preferably
denved 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



made of polystyrene, PLG glass, cal cium phosphate or gold. 1n a preferred
enbodi nent, each antigen for use in accordance with the invention is

- conj ugat gy hodfseroparticles of a uniformsize. 30 In a fpefhgnisnieed ment,
the invention provides a single-dose vaccine conposition that is capabl e of

nounting a hunoral and a cellul ar i nmufe response, the conposition

" conprising microparticles WO 02/ 221G 1 PCT/ AU01/011®& - 10 associ ated
with at | east one antigen, wherein the nmicroparticles are in the sane size
range as vi r gejagafioreor ebvaleatr cauplipon Seefesably dhe patigen sctalentlyf r om t he

&ris’s ana Bhukal ® weiFormshaR: VEbnBts PReel e pfidet B, oy {1 om t ne

. group consi st @he!UHack PMrnphicropatiesses thereof. Preferably, 19gG
f gA and/ or Ig?ﬂlﬂrgggfoegnses are stinul ated. bOel | s which assist in nounting or

anpl i fyi ng an i miihe texss prinkapantice Eafets i9ea sMathnastiela. dyis MaY&8Posi ti on.

These i nc] udgd 10 i i APCS: DCs of both nyel oi d
“or Tymphat o 515 G StReRLof Sphel e Syl Snel ERIE 08B 0t on o

proliferation of Fuehems!"Vitufsiged patives”{VEP) iFtused o this dooymest tog” has t he
same neani ng given above. The termmcraoparticle has the ,rreréﬁitﬁ\ gi ven

above. Pref efaserbelcertaip embediments ef tejimmynggenic compastigR by antigen

i : s . . by
0. 03 and 0. soNengPly ST Be RGO g It o fo e RN Sor'y e

mi croparticl gdopteel foeconeeniahceiand dods aod limititbearinvertios tpitkee sizetdfy t he

m croparticles are_betwec?__n g(out 0.03 ni1an about 0..05um ﬁ%ﬁ‘ké nore 20

pref er abl§ t KBOWNMISESt iFAT a&?@e-aﬂﬂﬁﬁ? 9 0 ¢ §AHEIEP 8¢ L' nd 0. 049um

The terns "ag}, , " | kHdinvBAusnt he neani ngs gi ven above.
%b?%ar@ggo %@?ﬁ@g%ﬁﬁgby‘kﬂé‘mv@

Any sui tabl e antigen may pendi ng on whi ch condition/disease it is
i ntended to vacci Paeferaligithe micpanticle has arsoligfcora eeovidingsiaiiyttPon of the

i nvention delivered t atient is npot critical | b ffective
amount of thé"@/ﬁ@@)f"ﬂ@&égﬂg%ﬁotcf%ﬂd PQHQW;& ‘["%vhfsgﬁ%\ﬁ)ﬁn ﬂs"?ir{r'rfﬁ;rl%stpgé geﬁgi mune
response agaigpgie bHEr RN aFORBIRVEDE enddsditatelrhylealilesr Forsi ngl e dose or
adm nistration and desirably, will result in strong celluyl ar and hunoral

. |
responseds Tieengenignoa thess awoigirrsed t%h@re@féﬁﬁ\yﬁ%é'zﬁgysq}'arﬂ?‘ €9rding to

| nmunosuppr oS08Sra e N EiEEh i BERERFRRHE U DRt aRE T 10,
02/ 2211- 4 PCHafif134 0348 o nidkepli$SPcireravailabletfeorn tiae mamufadtatdiand he

conposition is used as a vaccine to prevent. or eat. a di,.sease,state, or as
a vacci ne t o e subatantiahy of Uﬂkfﬁrﬁ‘h%"%r(',-e-o?"”%ﬂéo%‘ %ﬁ@e\#}’&Sﬁg‘Eﬁ)s used in

the treatnent of a@bee%ﬁ%‘%gﬁd Eﬁ"gjgﬁ%ﬁ'ﬁfﬁmﬁa‘@@m'(ﬁe- Patipaies My

receive from1l ug e conposition of the i1nvention,
nore prefgr akdrg o halowd. FheGhicrapartidié inhaybe eoppesed aif lapy Hotiablg t o 1, 000

e LS kois ao cieaail bbb Ao ed beCRS,y o0 Of he
o her - adi uvan e 8 G ey Doy e 2
adm ni st r at i anatevialeisacis as Tatexiarouamaleculpe, gelddaushoas 8ald be admi ni st ered
by 1nj ectl On’nabr?é)particles), glass, calcium phosphate, polystyrene or biodegradable
25 and biocompatible polymers such as PLG (Polylysine g). Preferably,
the microparticles are composed of polystyrene, PLG or gold. Most
preferably, the microparticles are made from polystyrene.
The microparticle is in the same size range as known viruses.
This means that the microparticle is preferably less than about 0.50pm.
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 2 human subject or an animal. More



adm nistration via the oral route, by inhalation or by admnistration via a
mucosal surface or site. In one enbodinent, the vaccine is adm ni stered by
means of woye@migun. Ferrous mcroparticles and gold 15 m eeepahibfilces | f
used in accordance with the invention are especially suitable for

admi ni stration by gene gun, However, otBer types of microparticles with
antigens may be adm nistered in this manner. For exanple, antigens derived

fromnmalaria libraries, DNA or plasm ds have been shown to be effectively
adni ni st er ed RFgfeyahly thermicroprartides are betwean ahout{h03 apdibPsmiescri bed in

chal I onge w tCTPRERrou Dl O ot O Canbn AR hisferBiheRidar abg,0 " "'

i ncor por at ed iqd 6 A0l i j ; i fron may be
by 51 hgl o or rarey & QurE ER R ptolabIg e R g At e T

further enbod).08rtd OO0BNNERE ipraferabdy triemicropatiicles are dtiveiehiabguén i mmune
response in a subject said nethod conpri si ggl adm ni stering to a subject an
|

i munol ogi5calq-93ég\‘@'_@<ﬂ ﬁ\%%tﬁwl raprePrefRrpbd thednicEepaticler age at I | east one
the Same i 2 datiige diiots B 6 BBEaboGt FDuuliTEL B0y Badna EBARNY o ani mal

In which it is deshregreferred ieptbodieht] HIEFRP B Micrépadicléouses domesti c
animals, livestock 02/2216-L PCT/ AU011011QX0 - 12 ésuch as cattle,
sheep, hor sesyseasbinsacoerdanceywish $e invanien, gdbin ene dose of vacrigatianmnis) and

Mot i g+ s pfTBiaE: M e IRafuaTRalstior 88 AR s BB cal 1
effecti vqoan%vén p@baraioh@re@fmmyt@tecsﬂfzéi cient to generate an i mmune

response in e subject, preferably _afzer_ a single admnistration. This
will vary dependi rfigreferabithegsicrepartiglelastigen rampasiion isrartigniabissed above,

and nay depe t i i } , kLS age, weight
and soyon. pl%eg\@r?%@af gn Ib@éﬁ%r@?}@- ﬁ@ggﬁmﬁﬁeﬁﬁbﬁﬁ%’vgh%he gama )
meani ngs as giellatarabspenseliseprefarablyiselacted freap thresgroupadamsisting dfhe cel | ul ar
and hunoral regponses as described..abave, d glso to.the onse by cells
fhat assi ot 4PUYGHAR: METEROET PIOTSGIoR T Tmrete P ecpiser ERBRdCri bed 15
above. | nnsparnmr%)ancihbq b@ﬂgf@qL%?ﬁaﬂi&EFérWDBﬁ:gl aKoEPeely the

proliferation and/or expansion of dendritic cel _particularly DEC205+,
CD40+ and CDdereferablysthemhicropanticle/antigearacnapesitiers elidits meabkanismsifoy as gi ven

above. Prefer he mi cropast i i S bet 0, and, 0. 5u re 20
preferably bﬂ%gﬁfagﬁéﬂgﬁfrggﬁ%é# %t%ﬁey%@ﬁ%r? t%gﬁ%u%lb_gfaeﬁ'mﬁr&obet ween
0.03 and 0.1 gHRndWEMSTRERAISHT RiVEIVY Yavdite Bnecrbathtis Ipitsifer figthegen about
0. 03um and 0. 05um even nore preferably between about 0.03 and 0.04 or

bet ween aboutProcessingpydiaadundersndent éﬁﬁéf AJ? erppageyt Arpeessesas
20" s SREREHTy ERTRILS o PooRiA, THE TRl GE Lo oL ol
t he i nvent i orpreferablyesslactedtfiom thd 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



eliciting an i nmune response in a subject said nethod conprising

adm nistering to a subject an i munol ogically effective anmount of a

- conposi t kG osMTRI i Sing at | east one antigen associ ated W paT301/01160

m croparticles, wherein the mcroparticles are in the sane size range as

. viruses and the inmune response conpri®es the stinulation and/or WO

02/ 221C-t PCT/ AU01/0116(1 - 13 proliferation of dendritic cells. Preferably
the microparticles are about 40umto 50um nost preferably 40 to 49umin
size. In anOb@mpoeMbndhapbéLmbdimﬂveheawmemﬂnVHGQQWamﬁéﬁW@dawf eliciting a
protective i mmune response to an antigen via a single dose 5 said nethod
conprising abB@éR’8tering, once only to a subject, an inmunol ogically

ceffective amount ff oo BRANCHIMENARERAVEIRE Hovidesst vatrumeant [ gen
associated wwth mcroparticles, wherein the mcroparticles are in the sane

si ze range asofiposities camprisirg micropariiclesrassosiaiedpinsaldeasleons i nul ati on

. and/or proliferation of, ndr.itic R I m croparticles
are about® 408RHEEN BHEESIN %tm'ﬁrroé’fagfcg%‘if %reaibotﬁ? Srfggﬁeéﬁgsgérr}élg%ssi ze. In

anot her embogj18as. THeEcoRPSAtioRBf tHedinvdetoraishrdrticulady usefutiand del i very of

an antigen to dendritic cells in order to elicit [ ne r‘esggzronse sai d

. . an
met hod conpr advantagenusastidsiangeffestiye singladosg yaceine Rl Bevgisea9e y

ef fective anpunt, .o . ! onprising at |east one antigen
associ at ed w%ﬁdmh@%@gﬁ?’géé‘%b‘ sgrei n the mcroparticles are in the same
size range as Vi r @8, mehe dmbodimerst, tresipvestior prvideses single-siobeul at i on

and/or proliferation of dendritic cells. Preferablg .t{%ﬁ mr(\:r?% rSE| cles are
about 400fn t YaS0KIM COMRASTINEERUINRRSINO JRICEARATHCIas aF3OHBIRH Wi 8F BaSt The

| nventi on al %ﬁgﬁ%ﬁ@éﬂ.ﬂ%}h@ré}n 15 R oRbriieifd AthakanfBryedants as

m croparticl e n’ conposi tion conprising contacting mcroparticles
whi ch are i nfysesane size range as viruses with one or nore antigens such

that the mcropartjc]es and anti.gens S.OCH ose skilled in
the art will be feéﬁ Singleose 't'th'g r@%%rﬂﬁﬁ%ﬂ%@aﬁgoz@ %’Q‘E g%huéaemsuch a

composi ti on. ifhid RpEASE T Sl of bnarveetol maxifit leveledti on wil | now
be described wth reference to the 30 foll ow ng non- | i mtlrgeg_ exanpl es and

fi gures. 16l UREXImaPaneansthabttia levelsiarginalsaprRBleAT Reing FUThel of different

si zes by macr.ophages.co [ { T4 r WO
02/ 2216 PCT/ ADSERISS & rgB%i‘%ge‘;E%SH‘%?‘gB?'éié%f@ﬂig @Pt%a%g\c{doﬁgsri%g@%g{ér cel |
were i ncubat e tRy %bmgﬁi?ﬁtidhi, tibllewingoredadvaiviistrationl ofdke dampasitionrophages  or
bone marrow derived dendritic cells from C57BL/ B6 m ce and tﬂe per cent age

of f1 uor esceriacsle. sThe gegustraton-RagRmbY 8nk st ablggans £ ¥ experinents
o S A L s S s o

obt ai ned usin oncentrations, a 3 hour pulse with
beads or 4gal b4 enutesavsuifaoe orgsite. presenting cells. Panel B - Virus sized

particles are preferentially found in | cel i jvo. LEFT

C57BL/ B6 mi ce wer & ieig@bhat aFﬁQ‘?’b@e‘?‘?\Cﬁlﬁ%}eaﬁgﬁheesﬁ"%%?ép%mﬁth 501 0 of
0.1 % sol uti op; HRIESHRNSizE A bR Aicrdphftiicdns btween @60020.03. 04, 0.1,
0.2, 0.5, 1 aﬁﬁép%@%’n) and|zt he drailni Eg popl it eal h nodes renoved 10

days |ater toand9esem] prefgrablyeaticay .03 ta@1Bgm, Hﬁ@femf@lﬁgfﬁ Weab t he beads
St andar d e r ob QBSR)0. SPT oG Toaie PEIRA BLab IO 03 a0 Do TG MetEh o
particle sizeg had SLInLfer 43D EbYuN0 8396 0PAGR. 'RildhY¥re preferably 0.03

to 0.04pum or 0.04 to 0.049um. The microparticles are most preferably

made of polystyrene, PLG, glass, calcium phosphate or gold. Ina

preferred embodiment, each antigen for use in accordance with the

invention is conjugated to microparticles of a uniform size.

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



ot her sized particles (p>0.001). In simlar experinents using conparatively
only 0.1 or 1 micron beads, 0.1 mcron bead uptake was significantly higher
than 1 m wooee/22m64l ynph nodes col | ected al so at days 3, 6 opc®aafieiico

i nocul ation; Panels C & D - Virus sized particles are taken 20 up
preferentially by |ynph node NLDC145+ (&l so known as DEC205+) (panel C) and
F4/ 80+ (panel D) cells. Lynph node cells that have taken up fl uorescent
particles were_ assessed, by FACScan apal ysi,s for, coexpression of the
dendritic cel ?Smﬁga"ﬂﬁ_ 985 ngﬁmtwrﬁﬁcws&%ﬁﬁ@@ﬁﬁ ifrar ker
F4180. The dafhe sHhqesizelangerasonfa@s. 25 of NLDC145+ or F4180+ cells that

have becone fluorescent due to bead uptake. FIGURE 2: Panel A - Inducfion
of | FN y produci ngli@beetifar espomseds peeferabivheelactedtfram tie fgno@vA conj ugat ed

to beads of dj t Sl D7 1 e_j.munised intradermal |y
i co (10 dayn SRk o R et b BRI FesbiRalioh gt e gots C S

0.02, 0. 04,5. lafd B,ddlIB. THes humbial resperisess peadralip defott@Pitom fifl | activity
assessed 10 days after the booster inmunisation by IFNy ELI SPOT. Responses

wer e measur eddfoHP copsistipg of 16A1lokctohuand suhiatassesstherrofHPreferablyt ri ct ed CD8

T cell epitop Iy L NE . case of assessing
reactivity toI%@LégaﬁggﬂgM{%%%gs gg{?tgbg'@wfom CD8 T cells before the
assay wi th magnet i Celtlatich(dsistthe ass)nting d]‘l&ﬁﬁplifi/M?%nﬁrﬂaﬁbiré@&% T cells.
SI I NFEKL was used, at Z.amu%/m 5 End OVA at 25 ug/m. One of three simlar
experinents |'Qa¥@smbe slipuiated bydhe sompesitione Theaminskueddutasemot bead

si ze. ELI@POTifidd wﬁgpéﬁﬁlh%‘éds%%&hh%&ﬁ &W@p%@%@ﬁbﬁs of spot

formng units (SFU) p ion cells tested are andard
devi at i on ( SDnagephagesay 3 hegraturation,2tivaetion bepradiferati®anélsubn cellior rel ati on

between T 10 lls.wth,cytotoxic activity and | FNysecreting T cells by
ELI SPOT i n re%% z‘éeTBB‘éﬂ’({NFEKL C57BL/ B6 nice were i mmunised with beadsOVA

of different sizesTHRNriEeeptisi "tmasﬁhbl‘é‘éﬁk@rr@%?mﬁ HeR¥aHdwy ELI SPOT as
descri bed above. In additi on,pft h%g nunber of Sl NFE 6spe>c€:‘| T iV?yT cells with

cytotoxi c acti vit yTh@teraemnigrepardicls hagpteanesningygizen ebave. Ryeférablyi on

anal ysi s.,Chram ; | r ulsed with 2.5 ug/m of
ANk teoy B RAigd é%%’é?ﬁﬁﬁet%ﬁ% BRIk B fnfde Srestnbinacells ong
correl ation (iRamcprdine: Préfdbedly tiaintdcrioptitietss dlechdtwecare3andOne of two
simlar exper('bngents is showmn, PANEL C - Antibody production induced by

h adbumi Mer

i mruni sat i on m. oxeferadly. BRWRAN 8O3 g epeeferablyithes. Serum was

VA spec 11 ¢ s BB g HERVEES abRul B0 e F2PuF coecraterpil 1003, 0. 0.
0.1, 0.2, 0. Smiclogurtidleias BRnobare aBltt 698(ni SRBLEA! 0.08,71.CoBh fidrgd- e of

two simlar experinents i s shown. val ent " conjugati1 on of

anti gen t29 bdueaterablydbe anigroparticies ace apouti03 To 0049 oe8dnamd. Panel A -
Bead- conj ugagcgﬁ % al one accounts for MHC class | restricted T cell
responses C5 ‘7’ m ce were inmunized with OVA conjugated covalently to

0. 04 m cr on beads 1Hd s BRfGU trtl YsBclbfRNMIA! had Picatindg ¢ al v s

agai nst PBS 30 through a 300Kd excl usi on nenbrane yse e induction
of I FNy prod@iveiyabpvesnAoy SuitalFiElantigenchay beCBeddependingwen valigessed 10

ggyzzi‘gt er Pg?:?)&bgf?%gcﬁ%% it IR oV hodhalte sgainst, e Mean o VO

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

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



SE for 4 mce per group assessed by ELISPOT in duplicate wells is shown.
PANEL B - Co-adm nistration of beads and soluble OVA is not sufficient to

- i nduce og%ma,&z]M-IC class ! restricted T cells responses. @gfRlUoBo118ICE Were
i mmuni zed with OVA conjugated covalently to 0.1 5 micron beads (Beads

_ conjugated-OVA) or mxed with OVA prier1to injection (Beads/OVA m xed). The
i nduction of IFNy producing splenic SII NFEKL specific CD8 T cells was
assessed 10 days after one intradernmal inmmunization by ELISPOT. The nmean T
cel | precur sphysicieguemmgerinarian, whedhgrdhe posiesitineisdisedRs EVASHOR i n

dupl i l1s 10 hown... Fl : i ] ] ' ith viral
Dot hende: aravent Br B8 8 didedse, stafee of S RN Cirle T Eo8h Rhdlrl " ¥ L2
. class | rest fsiftidnT of WhetherfRB&lacéine i€uged rBthenrestnveit &f ianraxmstingd

intradermally once, two or three tinmes with beads-OvA (0.1 mcron), each
time 14 days tuBoanaBy waydofiexampleFpgtierss pavsiecetyedrornrerg te8808ed i n each

i sedopereg 5 campehion AR oA R R, o pkeTsroly S0 S 88020 on each

mouse. One of iqre! %ﬁr 1,806 h@Mand RYBAImEre Pleférabiy e

i muni zed onélg’\;\nw{ﬁkﬁbeggésf-e A?W{r‘?i cr on)“%énd I'FNy 20 r%ﬂspon‘s@; to

SI I NFEKL or @b |ietet 500 py oFitheBoMmpbaition df 2heliventian e Adjuvarntbark/nodevel s to
OVA neasured as in Figure 2 were nmintai ned at, da Assessnent

. . Figure 5:
of CD40 expr @68ewilyFeadiEed.s "iON\éﬁVeﬁa%UY%ﬂé%ﬂ‘%b%é’éﬁg%ﬁ”ﬂm’ﬂ%m&?%mi ng | ynph
node after i - er o i i om nai ve
Co57BL/ 6 m cer%l‘P%P% é@b%&%éh%m zeﬂggm“{%ﬁgfsl %r@f%tgggﬁteﬁjglaézé% fl uo- beads
i ntrader mal | yadjuvantewietiknpaah iGirthg vapcineraet i asednistiatién kmbugaast er

i njection and anal ysed for expressign of Otﬁ* sttai I’cljl_tl)’l . W tt'h PE
conj ugat ed ant i bodiNEsVagsig ¢} et'BV"?rﬁE’é‘emﬁﬁ aninglerpd’ 38\"1?9 'BBsPYive cells
(bead+) and Eifrnﬁgisﬁgﬁgﬁlve t'etéﬁée[&ﬂé,'ﬁymr&@hﬂr-bﬁ&hsﬁﬁm@nﬁiaiani ng was

negligible ( panel repriesents popliteal LN cells from
non- i muni sednuco4dl sarfacd G Bt/ Kuong emisgiiment thevaetis is he ri ght panel

represents the, sane type of cells from VSP ' [ J Fi gure 6:
I nducti on of ﬁl%ﬁgfﬁ%&%d“ﬁaﬁ%arﬂﬁﬂe%“’bf%@% Hﬂ#@bggﬂcﬁﬁbﬁbé@nse to 0.1
um OVA- baads . migkspareiéles flldedr inthdcbrdarizebwittethepinventiorebteespdaialyt ed from the
tibia and femur of the hind | egs of C57BL/6 mce, with the addition of

GM CSF and | Lsuitablerfos adgniistyatiom by @engrain, tHeweyen St ¥Peephr ated into the
exper i ent 2l SEASIANARS Wil dniiors MAFEHE dchhitistirek AMsHARRE:, Wor"
example, antigens derived from malaria libraries, DNA or plasmids have
been shown to be effectively administered by gene gun in accordance
20  with the procedure described in Smooker PM et al, “Expression library
immunisation protects mice against a challenge with virulent malaria.”
Vaccine, 18(22). 2533-2540, 2000, incorporated herein in its entirety
by this reference. Vaccination may be by single or multiple dose
administration or via prime-boosting.
25 In a further embodiment the invention provides a method of
eliciting an immune response in a subject said method comprising
administering to a subject an immunologically effective amount of a
composition comprising at least one antigen associated with
microparticles, wherein the microparticles are in the same size range as
30 viruses.
The subject may be any human or animal in which it is desired to
elicit an immune response. This includes domestic animals, livestock



(0.1 um at 1000 beads/cell. After 4 hours of pulsing, LPS and TNFa 1o were
added to appropriate cultures. The cells continued to incubate overnight,
and prol i wayed/i2eeu t hym di ne assay set up the next day and pa¢u@iefieo
overni ght. Each value represents triplicate averages SD (*p<0.00001

bet ween unpul sed DCs and experinental gtdups, unpaired t-test). 15 Figure
7: Phenotypic characterisation of APC taking up 0.04 conpared to 1 um

particles in vivo C57/B6 m ce re injected in the footpad with 50pl of
b.04 or 1 um EMEBESARY mheqa B isasy SRR PIgBc9OtR, WaIngs diabed 48 hour s

later for co- @é tALNES Brdiis PERS Qﬁ?ééhﬁf%x Lainydig Mﬁ@bhlnﬁégﬁﬁﬁeﬁ Efor 3.14

activation and antiden presen I'ng ce i neage, 'the nean
m ce/ mar ker ianigtasn. 0.04 and 1 um fl uobead+ cells had significantly

di ff t C205, /80, .,CD40, CD8 05 FI GURE
o e e eos fha, ermDE@rﬁamaw'éamtheaﬁaéﬁw%@%aﬁ@w Bbior ved

| t d t PVA t O
Cbl ne 5 b1 o) | A TGOS PORGARG dRibutrBicts 29 afiathah ( PED. &0

mM (grey) (whsuféigienbto @gm@'atmaasmmtme(lesppnse inothesuhjgot) pmfemb[w\/m te) or
0.5 ug/ m f 0. Af | t t dded
Purther s 1ot d8ingle adhinididuon. s TTYabLESAGRASE bnBF hirbeERL 30T
formation, Orfa@tagwwﬁgwbgé dt@.@agsé@aaweecbn%qnbs)rdeb@nuMrﬂwneth%r M

amloride and O respectively 14 When used toget her PVA
was kept constr@rﬂutmctmamuraauOAﬁnlmgdsltaagedwetghiamuﬁq @). or 3 MM (

g y)-
The nunbeyr. of flu G “ 1160 -
assessed {R/ FACchﬁn-ﬁé@ﬁS ﬁt@%@é@ﬁg ed s%%é%n@#aegﬁéggwé)trl pl i cate
cul tures. Fl Gdganfiiis ivenrgiioven of t he mschanl sm of uptake DC were
#igs dogi

i ncubated with nothin CDD 1 ug/nml, fili FIL) at 1 ug/m or amoniums
chloride (AC) at 40h rfré)r'”HUU’ﬂ‘? FESRANSE” 6hePQ?HaF?G UERIRl beads

added a furthgf %ntgey egehs&a 'alSSvée“%kféIEbQB u9§ r#sﬁéﬁ%b B anghaf hrin

coated pit formation en report

anmoni um chl oassist, mrrastmimg oeampmmm?thez’mmﬁmereapmle asfdéSambedscent cells
was assessed %\{ FACScan, D%B?}éls resented as the nean. +| - b @of triplicate
10 cul tur®. POQYR elrgpartigy URR feSPQNRETRY DeArovided bY e nuce

conpar abl e pr gishfdrafon bﬁdﬂbr(é‘é(p'aﬁs%f%@ﬁnc caild %rfwm%rl)ﬂmzoawm sed 1D

wi th OVA conj ugated t : um or um beads, sol A or left untreated
and then chal C&ﬁ\@éda%dsCQﬁﬁﬂeceﬂgata is presented

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

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

30  microparticles, wherein the microparticles are in the same size range as
viruses and the immune response comprises the stimulation and/or



15 as the individual tunour sizes at day 10 for 8 animals in each group.
One of two simlar experinents is shown. The difference in the frequency of
- tunours Repweeneihe 0.05 um OVA bead group and each one ofpctriruoafohsb gr oups
was significant: P=0.0001 vs. naive; p=0.0007 vs. soluble and p=0.0035 vs.
1 um bead-OVA. 20 FIGURE 10: Viral siz&¥ particles do not co-localize with
early endosones (LEFT). Bone marrow derived DC mere i ncubat ed over ni ght

with 0.1 mcron beads-OVA (500 beads/celliy vvash tIy to, remove free
beads and prprdiferationof denddtiacells FPreteraply the TE'H e%ﬁ(%aBP%s sl i des.

Cells vverethnfl emeablllsed with triton and
stai ned the 6 X@ﬁﬁ’ Wﬁg{@eﬁ%eﬂﬁ%gﬁ%ﬁﬁqn% ef Rab4 using a biotin

. conj ugat ed m)nocl fMahother bhmb,du‘hehtl thmdvemtloa;rtprepmlajmeﬂmcbafa Simlar
results were observed with uncon ugat ed O ﬂﬂ‘é?l m cron 8eads and one

of three expeH¢iﬂma§m§eC§iNsmm BORSE: ° 6" fn iF BEMele 90%% | ar |y
failed to.co-|locC %?’ﬁf‘ nigto ¥ sisieebahed wi th beads
for 30 minut 8‘%% rﬁe ?ﬁﬂ@hémg @%ﬂd& ggcg\er‘ewtl nj ecttﬁed intradermally in
the hind footmad:nwidgmllweffaomwemmﬁu@fexmr@mﬁliumcamrlﬁmlgatﬂﬁﬂﬁtu teal |ynph
nodes WO 02/ 2216 PCT/ AU01/ O for

conf ocal anaPV@@" ’9?”(?&3%53 W (50'90%5{ cj%s R&ﬁ%ﬁaﬁfg{éﬁ{&(\?\g%&@%gerved f or
the Rab4 marl Q‘(ﬁe 1Rbas AfusEBER Hedimeus Aespopsen or 0. 04

m cron beads of ree ex érinments i s shown, By contrast

co-1ocal i zat lcompmsesdbefstlrrmmﬂ'mnd/ﬂep@“fﬁﬁ@tl@n Ofad@wﬂtlcoq?e'\% ce i muni zed
with 1 mcro Z or.escent ,be Oﬁr?d:stt i,nst tunour
PANEL A @87/ E’éetﬁr *g'yﬂ "P]'FEO&T‘W"H?% ggee??rg t%%F" %S%Sgﬁrc"é LR m

(i muni sed} gholiehd tyaohARINESIzé.nai ve) were chal | enged 30 days | ater
subcut aneously with 5x106 EG/

ét umour cel lu%n urs asured using
calipers. 10 Indi Vi @oatherambedigieshine BYpHEN PVl @%m%ﬁ?g ge group are
shown. PANE;@%@%B%&Z earftuﬁﬁﬁ?@ﬁeﬁ?ri@@&é’l% lﬁe'lgd?F td@bﬁltt?arpfmrh&iﬁ@ur growt h

(day 0O of ani unt r eat Nai ve) and 6 i mmuni sed ID
with OVA- VSS'?eéﬂ;éﬁEmisaddw)\ethbdmomphwig gdmmﬁeung\teﬁ W@Iﬁﬁ\m day 3-13

ft t 15 FIGJRE 12: S
chal | engasal famursiediai alegveoRs A EcampesEisae Tt BB el once

with 100 ug Wﬁﬁ I kixeat whatdin ehevaiierophgtideanged with
500, 000 | et hcqn %eggﬁsr%\éﬁg?i M@%ﬁ%%flect ed C57/B6 red o%l ood cells.

Survival was arenn the sdmdaamtqrarfgeam Mislse @i thenialMERg EeBRISE20 group and

one of six representativ rime I s experiments
nai ve m ce hfPARHZEY Qe}‘ﬁ"mgﬁ?'e?ng}o\/\@@éé%g%&fn#gg it 5 ‘| ysate was
generated by pep&abRthl! MrR%SpArtiaNs efre Bboup4Dmm tbBlnm hestt grefarablycel | s and
ultra centrifugation and conjugated to VSP using the standard protocol. 25

FI GURE 120 ThabauitdiOferd 9 ¢i28- conj ugated to 0.05 u bead (VSP) as
described before fﬂ?,%{;@‘/%nﬁﬁﬁ std"b‘?ﬁétﬁ@d'dﬂp’r@élﬁfﬁ@bhy into mce at

100ug/ nouse and 10 ganmma reactivity assessed in the spleens

of i mmuni sed jaithiRbgertiy nﬁbio‘ﬁ%ﬁfcle/ﬁhhgeiabampdsmoemmnmﬁl@ comtgcin@cur sor
frequency of cells responding

er mllion splee él as spot
formi ng uni t SM{GPRAMCIES Wh?h acrﬁé” glea‘?ﬁ‘iﬁﬁé ShPREP AP Yif“%%ﬁé” 'Eheéﬁ P8D). The
I ndividual rezponsaaads 5OEFtate mictbpaRicied &nd BAMGeNs become

o5  associated. Those skilled in the art will be familiar with the techniques

used to produce such a composition.

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



WO 02/221G 1 - 20 PCT/A U1 /01160 FI GURE 14: The cancer antigen nnR3 or
OVA were conjugated to VSP per standard protocol and 100 ug/ nouse i njected
i nt rader nwiol 02/22143 days | ater the induction of |L4 secretinpcralubsomes
assessed by ELISPOT. Data is presented as SFU mllion +/- SD for three

i ndi vidual 5 mice inmmunised with each-ilfmunogen. FI GURE 15A. Anti body
reactivity to OVAin the sera of mce inmunised once intradermally with

0. 05m beads conj ugated to OVA (VSP-QVA) and assesse&) 0,days.| a{ter by ELI SA
(B group) i nbeadpaf 0l Q.6 ordricren Aizener CelMasedng ag%eﬁér_m FI GURE 15B:
The sane serg. & ] bk of OVA
specific | gE@vatﬁl\t@Eﬂgﬁ%@?e@@bﬁ#%&@%ﬁ%%ﬁgﬁéfﬂ %gﬁ% Azmg%%/%g%nd three
VSP- OVA ni ce deRariti@ celsifrom CETELIRD hice akiifle percedtage ofiflugresaany | asti ng

ant i body responses by a sinpgle | isafjon. C57/B6 m.ce re immunised 15
once with O\/Reﬂ%ﬁﬁé?eé’dbﬁf 5%&59?%8 {hé‘?l%lsg'é' KPENEGER'Sat di f fer ent
ti me-points. rr§§rﬂ i AS| tof4ipaYent b iZegwérech group of
four ani m%l sslﬁﬁﬁl&/ s%@ﬁ'ﬁ?@%&“&%ﬁg shovvn?F eN%lé;\’élerege“r/a i's shown as
negati ve contobtdinedusing 10 fald $ighier deadqoacentsations, @ 3 hounpuisenitrar ELI SA

Chown) - Ovn 4eke oF el ddsReRanibef gefehuiphidll. Fanet Bt s ShBELq ani mai s
and OVA in Cg,féWiawaFé E%g@ﬁen%h%mlﬁd&é%h%hiHMsliﬂ@memes a | og

hi gher than Single dose 0.05, mbeads- not shown). PANEL B I nduction of
| ong | asti ng CHABL/B6wsice werel indgulptestintradermmallyeini the igotpadiwitll 80iinmuni sat i on

U 0 O B B S A B S L8 L2 B4, O
(white bar) qyov5hq @Y Iviedn) anWth@aniﬁmp}mﬁi@ammpu nbdes. Precursor

frequency of SI'I NFEKL reactive spleen T-cell's was assessed 10 days | ater

(back, white ramdvgdelD dayssaterrto EBsasn thespereeptagecoiceplisibat yestakénby | FNy

s shown. | Avaibe At BRCaR Tof RIS e Fatisar BeeRlad oL BF (T S
standard devifpior@sten®ebligre Standard erroe@H) of thElid2é BafpleCThalle4011x0 - 21

group. In simlar experinments usi n% 10_ti_{_res L(es,s antitggn élo ug VSP OVA) a
si ngl e i mAunianst 0.drm|cren adicle sizes hagesigniiiggnty NigherciRIEKe IQBBYN cel | s per
mllion (n=4) . e A= cell i ARGA om um rel ease
assays were aqﬂg%%gégﬁ?g%aﬁ%%gygﬁ;?ﬁ;?ﬁglag?ﬁgf}e 5 F%ﬁ?sati on {>50%

Speci fic | ysiconmaradiv8lyarilyrflsorat nifcionrizeads, 00t micraptbesiddypiake Wiagure 17:

Pri ne/ boost C57/.B6 i mal s re |l eft untreated, (Nothi r pri.ed

i ntradernal | ﬁ‘gﬁ“gﬁaﬁa‘gﬁﬁ'@k@f w%’é"pl Pﬂ‘éro@ﬂ'i&@%‘ PPQ%‘F %@ﬁ&gérﬂ?ﬁf’ggﬁe&% o 700ug
of KLH in Compleegeg Biayittbeufsliony PRheR ¢ ®D3)VirdesiRed paeitiédatetkeaconbi nant
MJCL- GST fusion protein {M-P) or 0.1lum VSP conjugated to MJCl- GST fusion

protein (20SP)up prefeytiallabyyranh matle MdPC145b4elea knannaarPRGA0pHi th a
feactivity ¢ drene ehang aelot (affes DI FeTEc LG ol Bt bt Bt kg 1oy
later. The 15;latéresBennpadiclelavereassessdeby FACSRH analgisisifogceel | s +1 - SE
Pet expression of the dendritic cell marker NLDC145/DEC205 or the
macrophage/monocyte marker F4/80. The data shows the percentage
25  of NLDC145+ or F4/80+ cells that have become fluorescent due to
bead uptake.
FIGURE 2: Panel A - Induction of IFN yproducing CD8 and CD4
T cells by immunization with OVA conjugated to beads of different
sizes. C57BL/B6 mice were immunised intradermally twice (10 days
30 interval) with 100ug 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



mllion spleen cells averaged for 2-3 animal s/ group. Figure 18: Conparison
of pol ystyrene and gl ass 0.05 um VSPOVA particles. Polystyrene 0.05m beads

- were conjwgeledel 0 OVA as before (PS) and conpared to OVApcomNusgaiwd gl ass
beads in the same 20 way (GL ). In addition, a different chem cal procedure
. was conpared for the glass beads. Brieffy, glass beads were wei ghed and
suspended to 2.5%olids in PBS and washed tw ce. PBS was renoved by 5

m nute centrifugation in a mcrofuge. The bead | et was resuspended in 8%

gl ut er al dehytiee Ha2ikBgegirictedCRBd ¢/ qk%mtcwﬁWFE LerdﬁwW'%%Q\é‘b e 25

over ni ght e b e PBS and

500ug gf prop‘éﬁ ﬁg%\égf%g%@% r%g@@ﬁgﬁtg éryﬁ?‘ec#l %‘%‘ﬁt@%lg\? ggﬂgﬁérasﬁaq]he beads

. Were then peldB38 el befdre the_asGaprmagﬂetanbdw(Dwmbeada)ﬂiong the pell et

in 0.5 M ethanol am ne and m xi ng for 30 The bead t hen washed
2= %Hn@

in PBS and usiuantiyrOY4 reantive B¢ beelsS ! %ﬁr‘é‘i%‘? ass (GL or

&) VSP- QvA d d NFEKL
sp)eC| fic ?FN\éleéeQ\ém?fsg/Egr a ot tﬁf‘% %‘gﬁb{é&)ggﬁg B%tj Tg‘%) eens by
WO 02/2216d ﬁ%é@ﬁ HOdplare RﬁmﬁhizS,B@Er eé'&tﬁbdﬁ@%m%hE\MSPOm oun@v@é mean+/ -
SE for three animal§ per group. gure 19: 'Mode of bead coniﬁu&atl on and

i mrunogeni ci M;ere@mlemrdup ieates ang/aﬁerage galugmalEsobiprming up ) was ni xed

W|ththe5pol ren e s) for 15
m nutes. 1- etpl‘?ylml °P§ Hgﬁﬁi%%&{gﬁ%pboq %)Q a%gm%%ﬁ{)mgb%%ded to each
preparation @uwéymsmthénvlzlo% &fthandeamc Paakbed arrormlatmm emen Tre for 2
hours. The standard (d ycine) uenched with [ m_ of agym ne or 20 ul

of | M etthancedsiwith gdeionis)agimty aﬂa 16Ny 3gcatingol 6?”31bW|Eér/1$’ﬁ dBt al dehyde
di net hyl t al | dgh f.
(Ialngoh)cl)l ) a;a g a @ %ﬁ@ggﬁgﬁﬁu@;ﬁ%ﬁ%@am&ﬁ? éJri]}céjc‘)t(rﬁn rrper at ure for

appr oxi mat el Yo\LR d?%ﬁé‘rent%xkeé BRd PESRRIQ LD SINPEKIC adiedsediasl IFNar ni ght in PBS
at 4C. The al dehyde preparation was quenched further with 20 ul of 1 M HCL

and i ncubat eE&LISPQOF ag desariked abm/em@lq@uombemugmerm SHREERL 4C. 2-3

C57/B6 m ce were.. se ne of these
VSSPOVA par t |38P8§‘°%e‘;ﬁﬁqﬂﬂ8¥é’ﬁ?’§$g h\gg}s‘gééﬁg%ﬁﬁ‘]&% SRR ggnfﬁr\lg ELI SPOT to
the CD8 Tscelimigid dRagorShhalyEikL CHremibrmdoaded EhdweliaslorenorpreSE of

SFU mflion spleen cells for each animal. 20 Exanple 1:_Mterials and

Met hods used pulsﬁd with 2. ﬂmﬁﬂ'z%ftsr'NEE@émrﬁGl%ﬁoﬁ rgpts. gbedstas. week- ol d

mce were pur hase I l. i mmuni zed
wi th 100ul | ofSTORH] aﬁtr%&?ﬁ}tﬁési‘@hé g@a{gmﬁ’ﬁt (Reshy Llr_eﬁrr%u | é\% f&iﬁ'ﬁ]‘?t he hind 25
f oot pads. ReQﬂaQWbén tRé kwo %@l@iﬁ Oneof twb ﬂmllahexpettmgats l@smlommm n (OVA

G ade 111) and 1-FEthyl-3-(3-D net hyl Am n rop%Car bodi a EDAC) were
pur chased frd?ﬁ\'ﬁﬁ@rﬁ Mt’é’é’g)’@fwgé”% S ﬂﬁl dies for
FACScan d c t i [ 30

ybr i domad | HLiaRed 3 8208 of BTt P E%Sodﬁ’"ﬁﬁff’?ﬁg‘i@ﬁ”%mm

Phar ni gen. FImiGecdegaripati éa Pandl Aandoseyliat dititioha desthd fes OV A0ogperificier e

pur chased from Mol ecul a s,and non-fl uorescen

PCT/ AUOL/ U11d8G C@&'ﬁbé&%ﬁgd'ﬁw%@ &%?CPP’BH {é.&Zyﬁ@ ?fcﬁ,?olﬁ,Abs to the
foll ow ng marker lhead\iitm esd th, Ond siQwolNLD- 145,
CDBal pha, CD4d(§S Wﬂdﬂéﬁ@ze%?ﬁeﬁefml Rgglé? rmng(r:? glnagl anti bodyoused in

conf ocal stuchlmlamspemmekisnd.sgb\fvﬂ of Dr. Russel (Peter 5 McCallum Research

Institute Antig d from
bone marr nonoc I&ﬂ"@?‘eﬁ ?ﬁ%&ﬁ%‘?ﬂf#’%‘% éﬁlés’% %IlerO Zﬁ%gféyegg i shed

net hods [5]. tBr/habbé’opﬁﬁnbliﬂ&@ﬂ?eéwn@%t Rhrfel dm Be@d-@oajn@atm@vwones of the
hind Iinbs by flushing out the cells fromthe bone cavi L‘ﬁéﬁiéh nmedi a,

fol | owi ng by @lede@scpuntsyer MHGrﬁ\@Sééwe%tﬂﬁkqde ﬁ?&f@?%\?ﬁ B cells/ni

in RPM ((CS n ¥ t al calf
" serum ( FCS), L'Z\H%L@%f E"P"ﬁ%%ga @gog/«n&rﬁﬁ rcil [&@8 ng/%jn{s"?regpt onycin
sul phate and Bé&h&Mthammmmmﬂlbzéﬁohtroamfmmlsgdmlym@egamt PBS and IL-4
~at 0.2 ng/ m were added. The 10 cul tur wn. for 6 days in
petri-di sHes ®Hrough aGAAKE %’F%'-ﬂ%‘?n H'ie"?,br@”ier{%éa'ﬁiﬁaﬁe&Eﬁgné)%'ﬁﬂeﬂféél\l
Macr ophages :m?g'; t had blescadiqgy of mce
t hree days a}AﬁFO%JCEqu%/f%ﬁgl%n %Pb&ré rl'é'é’l@anad cueturgc}tﬂfor 3 days to
enrich for adbaysaattelc@hé lrftlmiet‘mahmraenldaﬂcm bbeEiJ@E'pT 2oh@gabrahti gen
conjugation was performed foll ow ng the nmanufacturers instructions.
Briefly, OVA was diluted to 2.0 ng/m in 0.05M MES buffer pH 6.0 mxed in a
volune ratio of 1:1 wth beads of 2% solids/volune. The m xture was rocked

gently for 15 mnutes and then 4 nglnm EDAC was added. The pH of the
m xture was adjusted to 6.5



25 with dilute NaOH and the m xture was rocked gently for two to three
hours. The reaction was stopped with glycine to a final concentration of
100 MM Amee2/20647 nut es of m xing the preparation was di abgseadoovaeani ght
in the cold in PBS. The preparation was either used inmediately or stored
at 4 Cwith 0.01 %azide for later use: 8o Cyfotoxicity assays: These were
performed as described [3]. Briefly, effector cells for cytotoxicity assays

Wel | phates. aEJoEATHCH et Sl B55esehs Bhrblsrof Haupledio s - 20 " 1
i ncubat or Wi t SndONIPANES Bt NEoRRMhinfrafibh i0f 8BatS aRBMome'o\vAGéiﬁbt AUST)

suppl enmrented with 10% heat inactivated foetal calf serum (F

L- gl ut am ne, sw@iicigniio indure ioptimal MdGralgas ! rgsh‘tq‘ﬁdﬁhwila res;bqnimse and 100 uM

Lymphocul - HTC OB itk bt Mty it G oA Siacnibf 1| oaied

EL4 cel | s,5 al miroh prelds(Be8E: cBhjuRBtd?ONFEbrimiked vﬂthaOVW fomot h 10ug/ M of
the SIINFEKL peptide or EG/ an oval bum n transforned EL4 ceI | Tine. Unless

ot herwi se st aunmtl@gs(aygdeié}\éA m;xed))r ke Indugtion of HiNey prodaciref $plenior : t ar get

t f 20:1 th nedia nd |
Coi th 5%t r; ¢ S ERLaERi Goplf odys Weis sapesdt T 308 aBfr oBPe. Super nat ant s
were harvest emtraﬂéﬁﬁannhum&wéwn @ELQSP@W afigel nﬂa%nlﬁ%u pr&Rest ment al

rel ease - Spont aneous rel ease) Xi mum r el ease ont aneous rel ease). %
Speci fic Lysi%equangy ipag %?ﬂei QKP‘EIIH apeeRsegdy %@?@Tmﬁupheatpemlme 15
Cyt ot oxi ¢, ol ci%l Oerfacursor( CTLp) assays: CTLp assays were perforned as
descri bed preV| ously [7] CTLp frequencies were determ ned froma m ni num of

32 replicates, forFmUREa@tAamg/émhmmmidn WMV%I&S/ﬁédeéds-dVﬂ?Sd%)
Cells were cult red in, U bott rotitre tra wi th 5x105 mtomycin C

treated synge gegb{cggﬁue@bqt%nfggng ’WEW@L@W%M@%%’W&WP@G‘%foet al
calf serum blMsOfPaﬂélNF%S?QL/@M@@W@JW%I{?U ihtra e§ﬁ¥ﬁé"gv€(€é’ S Igter

each mcrocul ture was assayed for cytotoxicit ac n
cul ture nedi uﬁwwmnﬂnree)tlnws with Qeads:é)VAwﬂpemrdneadmtlmmmg!ay@4 51

Cr-1abell ed EL ets activity was considered to be
present i in? @lrgﬂ\&g ”P%%glm praminadipeaachy eaneaty
devi ati ons aob@?/ﬁn éﬁ@rtﬁﬁ%t'lﬁﬁﬁ fatrcﬁi EEIdpOT %ﬂfbeeﬁﬁ@e%gfé cul tured w th

stiml ators o or fromstinulator cells with peptide only or rlIL2 only. A
li near relati lmmhmped(pe@&va anet thadptaes&lcsm&mdamemmﬁ dupbicaterdssaysf

d | | I d the f
neonti ve vor| & BACAPAGRE R Ot ol BSeAnn R ghoRE: SR det er m ned

3\1;' Itgfsl n\é]er sHicef weRSPOUREZzea VrlicedmBPbesdsl OFA (001 BfctBhfhRd IFRk negat i ve
responses to SIINFEKL or OVA tested by ELISPOT 12 or 82 days
later. Antibody levels to OVA measured as in Figure 2 were maintained
at day 82.

Figure 5: Assessment of CD40 expression by cells that have

taken up beads in the draining lymph node after intra-dermal

25  immunization Popliteal LN cells from naive C57BL/6 mice (left) or mice
immunized with fluorescent 0.04um fluo-beads intradermally in the
footpad (right) were dissected 48 hours after injection and analysed for
expression of CD40 by staining with PE conjugated antibodies specific
to these markers. FL-1 = FITC positive cells (bead+) and FL-2= PE

30 positive cells (marker+). Background staining was negligible (<1%).
The left panel represents popliteal LN cells from non-immunised



WO 02/ 2216 PCT/ AU01/U1160 - 25 CTLp frequency assays were perforned three
times and the individual frequencies did not differ by nore than 20% from

- the neanw@biei6ELI SPOT | FNy assays: These were perfornmedpes/adesoiished [ 3] .
Briefly, 100 ul of 5 x 106 /m freshly isolated spleen cells were incubated
_with the 5 stated stinmuli for 18 hours1én m xed acetate plates (MAHA
MIlipore) pre coated with an anti-nmurine IFNy mAb (R4), (EACC). Duplicate

well's were set up for each condition. The nedia used was RPM 1640 (CSL)
suppl enent ed amémalss the tight Ranel epraserts the samegipeioh cabafrophVeEr| s were

washed off a : I ated with a second biotin conjugated mAb o
to nmurine IF@%W%@IW harm gen, CA, USA), followed by an
. extravidin al kal i Rigure@s phduction dfAmARturoand gewtereamutined®@l { Si gma) . Spot s

of al kal i ne phosphatase activity were detected using a colorinetric AP
det ecti on ki tProlifptation in kesransedo ChpmUSKA-beafs: JaxBeratGUltussthisom

(st ) per o 1T BT aRPMoNE eATeBieR Eo B TRl rnlrbs gAY 0/ 0y
Statistical BEHBLIEMICE, WitteShiditionof BMCShandubBkr Aftér §idags i ot ected in

each group was conpared using a x2 test in the St atcgl C qE{)r_oqtg_&]r_am in the
Epi | nfo Ver sicsHues, the gelkayere separatarhbée e exrerspentateonditons flspor and

Chrom umr el r ing the
Student s ¢ Cogg X\ RRRE 2o R SRR it LB B b B M "D near
regressi on arfe)lysmsatvi)0useatisi cella siitersd hoursadfaiuilsing e S THRanogenicity
and protection using the SPSS for Wndows statistical progr ackage. Bead

( am
upt ake byl0deRetdddeddp appaeriiata SubpiRsy ethereelissconiinugddos Lfﬁ?é‘?ophage
cultures gro ' ' Tl Scdid v 45q cel |
cul tures \g/]ver \gﬂlfe@ﬁgm’t%ﬁagfglﬁgga;dndtnqg?rz‘@ﬁ?Sggagg%tﬁ%cﬁobeaé(};sé@or peri ods of
5 m nutes t o iRdubated sverfightc Haohreuswepreserts triplidate averagasoy 8Df r ee beads
and prepared for n,_or confqcal al ysis. 30 lysis of cells takin
up boads i n J%@ﬂ-gﬁfﬁﬁwqwmﬁﬁ%é’ﬁ%ﬁ @ﬁ?@éﬂ@'ﬁﬂ\é’%- PBREERA 1 ¢ om bead
i mmuni nuzed r{ic}ggtg_at various tinme intervals from 12 hrs post inmunization

y

and up to 12 . Cells were WD 02/221Gd PCT/ A1/ OL1Q0 -26 collected
and aftensred bl oddgwel 1: Rhesiotypia ¢harastenaptionof ARG éaling park@4 f or FACscan

curf ace st ai HeRReTER ednLpAdiclid d W BLER A RosEesedi i 1o
surface markabawadwWiPlpamt dbPoldam fiddbdduscoras DMIRNT bogieatiNody uas

not directly ter two wa ng steps the cells were incubated with
a second PE- |vedrel dredysad 4® bdyrssptarifoi co-staining @f beadtpasitivielesdig wittai ve serum

Ctep befor e (CGIBRHRE OGRS TAD LB ARPeR A ERR s Ibad bl "t he o

cells wer h A 0 : hYagseski th a
FACScan f%%owwa'SICylsgrrfytrg?{@i@%ﬁﬁé}?ﬁﬁhgmbgﬁ?ﬁ?fl'i%J\dﬂest softvva;l\réne. Li ght
scatt er gat eshagesigniieantiyodiffeodnidexpdessipreef DEC208, R80 iD@0,LC080I s. Cel | s
from bead i mmraésg &nsbz{gned for any surface marker and cells from naive
m ce stained &t 6= 4 | ed anti body to a surface 15 marker were used

to determ ne conpeneRiRERA: QWleENMMiA oRAaMeRe lPdMCIglu'Bfal@dy Bfc.eni ssi on
spectra. Confocal m croscopy of phagocyt osed FI TC-| abel | ed” beads: An

A ynpus scan rﬁ%@ mnbmc@ltrivfﬁ&uﬁy Cuweredseubalpd with pkrohnl sawistaien | aser
ot er mi nebwheaasiater PLEAIEE CubliRkES GRES A GRAIARI R EERE " 1

phagocyt osed @adR¢ (QRRAIS A (GRS Bivhitd)C of €fthehal®eh iTR{CBYBE @ns t hrough the
sanpl es were acquired at” step SiZzés between 0.5-1.0 mcrons to determ ne

phagocyt osi s (bkatk} ey dedite) or Qi pg/oan(greifor30 micand$).Qkpe-@¥A: t ed at 488nm
and 568nm for_ fl uorescei.n and ex 94,25 re Cli an etected

" through 530nriughes Hﬁ“'ﬁ?ﬁc@%@‘g@ ﬁrtﬁp@iﬂoyg% ;%i‘?qtt'&éﬁwbﬁﬂﬁggghout

acqui sition, éé},@g[aepgm{r;ry@;ﬂ‘atggpn fo NS 8t pHRjdcotbsisehad Bednfbpamed and

~offset paranmeters nmaintalined within individual experinments. ELISA assays:

Ant i body 30espfond @M EMAA mié emifedde pad O el SECBLIeSReCiElY ¥4.n8. chl ori de
mcrotitre plajes were coate A th A. (10 ~ gl i , NaHCO03 buffer,
pH 9, 6) over n{'g} ‘%ﬁedzf@ge%ﬁé%%ﬁ’@ Oﬂétsaﬁgﬁt ié HM]Pﬁd ¥a§59%
Tween20and  4x;yddatPBEvRY of B8V (grey). The number of fluorescent cells was



WO 02/ 221G PCT/ AU011011®&0 -27 bl ocked for non-specific binding wwth 2%

bovi ne serumalbumn for 1 h at roomtenperature. After washing as above
serial di W@ 2mssiof the nouse sera were added and i ncubat edctaoaofment her 1
h at room tenperature. Non imune nouse serumwas used as the negative 5
control. The plates were washed and theé $ound ant i body detected using

hor ser adi sh- per oxi dase- conj ugat ed sheep anti-nouse Ig (Selinus, AUS) and

e s T e Y e

m cropl ate regglires, 10 Exanpl e 2: Preferential uptake of VSSP by antigen
presenting cells in vitro and in vivo A nunber of studies using cells from

t he macrophage/ nonB@ldBEl $B.e§g>@flﬁaa§o@ pbthe rpaclnanmsm of uptalie R0 wene

bt ake” has. belBfubRelRylRotinge K3 fighon fidin THEDES e o6 prast wé.”ve r ange
of particlg semsaaégp&q;a@v%d;mféreﬁ%aﬁ&le mggﬁf&qr M%o?é)ﬁféni bé&

interested to esta r proteln coat partlcle Vira SIZG
(0.03-0.1 um addeslia furtiereX fiouwrs cBelegtiveninhibition diycadeoldeidrictatheh ceated

h i 1 a shows 20 that thioglycollate elicited peritoneal
exudat o nacr ophayEe ﬂ?ﬁ?@?ﬂpﬁéﬁ%@é’oﬁeﬁprﬂ w%é'o fipto 2t MM praaen pﬁrELSESﬁ ed
particles (f!iofeadadped IR H4-F7. Fsgfll)l’&gsé&ﬂ%r hbaste | S,

contrast, were ound to ta In pre eren umsi ze 0- beads
Conf ocal micr assespgd Wy FAGCSchr. Datais plrersenﬁed amthmmém+%[e of triplidateof t he
cells (n 25 This in vifro data suggested viral sized solid
partlcles S@ﬁ? bul d al so be preferentially taken up by antigen

presenting cells iFgute/9: SﬂlWé@VR@n&PhMﬁ%‘W@B@a%g Fégngrlnqe @4 ugat ed

particles in a range of sizes (O and 2um were
i nj ected int rmpmbﬂe/p(oteytlomtmo@ﬁexmdb\//baeads MBBBIcmwereand cells

FACScan: anal virEnBES 0T OFA pHIRHaBAE .08 Lrtht 1 Ut BesitieniChE '
preferential | @Visyor lgftRintreeted aat thert Ehallerged 4¥ ab&ieT bata Tsegﬁ‘éséﬁteder e
obt ai ned anal gweﬂﬁd%{m)h node cells WO 02/ 2216-4 PCT/ AU01/ 01160 28 on

days 1, 356 ual tymetr sizes iahday10dar 8 amimalstin easbgroupat ed
D et oy e ARG sFhiia LRttplod@ e tndlin P n8 UkgBARIFRIL ' 1. o) |

expressi ng both macro den ritrc cell sur ace fs (Figure 1 b).
Bone marrow dieequertydsfridmiours betvden the .05 un-@\s% beadlgropp ¥8dRsachS As

expected, these c IIs re of a redo tly e| oi d phenotype [12].
Exanpl o 3. v B thedothisg rqipscns signy weaﬂequ Qe cyiponre oG

| FNysecr et i ngysl spRlbié and ¢0;§§V§r¢] VA Efficient VSSP uptake by
dendritic cells in vivo suggested therr use for targeted antigen delivery

and pot er0i al as MoEIRE L | Viea!. sizesT patticlesato netr eo-lavaline sdth eayh oval bum n

(OVA) coat ed S 0.04, 0. or oosted after 15
days and ser u Glsofies @F@I RO A f&“éiji’éfi‘t?dd'g%w%ﬂ @F“gg?etﬁﬁre 2a shows
optimal i ndu%v@nnghﬁvmh 0. FitvicERrbe4ds1 0 VEDE0D E@Adsmélqumasﬁéd Genfipe MHC
class | restricted SI|NFEKL epitope achi eved using 0.04, msi Zed particles.

CD4 T cells riedpBiyedtee beasimand nsepased Joreonspeali microsaspyryospinniaguenci es

Vo 91 neeKe w8 e iidet Cofs Wit it e p iidaBIgE e o The bo | S
pr ecur sor2sf r eppraTeapilisbd|illy trifen meti stgingd teé broseRRe®b 92 eBHgUr e 2b) .

Surprisingly, OVA-s gPem fic was al so found at the hi g;ihest precur sor
frequenci es i #Ndaseral MAIKes i4INDaGIN GAegRtEddNoRetioBRkRNtHPdYhose

i nmuni sed vmth W&in( r BERH) ity results
were found wi t u5| nga{/%ggé V\/lnt/ﬁggtg nﬁlo%}er%sgjelfgn\}f’éﬁ%%s, i %g%ﬂgont rast to
many i munogeunconjugatel Ovhand ﬂr‘bnmnong)qaldefaﬂdemﬂé of thye@ 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



cellular or a hunoral response, VSSPs were capabl e of inducing high |evels
of both. The results shown in Figure 2 are based on injecting the sane

- total anQuphyehicfntigen after conjugation wthout elim napcrgvegsidual 3o
sol ubl e antigen. Figure 3a shows that simlar T cell responses were
~obtained with 0.04 mcron VSSPs after-tife sol uble antigen was elim nated by
dialysis or ultracentrifugation. Therefore, there was no WO 02/ 2216: 1
PCT/ AU01/ 011130 -29 significant contribution fromthe soluble antigen to the
observed T celigsectashéd bours tarfoneenfooaanalysis g slesstbed abrue.Nepari son of

conj ugat ed and ,unconj.ugat ed ] i hat only
covalently c&ﬂ[lﬁaélz%hgﬂé\ﬁ% ?%%??{?@ﬁ%éeﬂ%ﬁ?%&%ﬁﬁ%ﬁﬁé’ggﬁ? ic T5

. cell's. Thus, ozanabridgatid @ahkaen brOi0demiiiSirbeads. Oaearslmree to target OVA
into the class | presentatlonlétat hway anﬁo‘%ldu e class | _restricted T cells

in vivo. It exprdmestsisghawn. it contrisygeroeazalien yrasernfitmeddar Btotein in
. smal l er conpared. to | ' I : ; | Lisekt i i gher VSSP
i mmunogeni’ci %%H%W?Pgﬁilﬁé)gﬁ%@zﬁg\ﬁ@gh qrs"?%ocde%é%b)ﬂugﬁ%rﬁermggae%'ci ty

peaked at 0. 04um @GURE 39 M roteutiohearinst umoedPANEL A CE&E6imicey (Fi gure

2), 2) 0.04-0.1 m, n VSSP i N i h 1
pZirti Z:I es i nd@ﬂémrgff !?9'3@9’%9\@5E'B)gl?‘gémé}]e@yﬁé}{gg{?ﬁph@w&g : n(lirgfﬁl ﬁ(r:] r eag imng
the immuni si RgCORCEHGL) \Qarepéhahe\s\glga%btc}a%)sqgte‘i‘%ub@u@féohgiydlvipr to1l

ng/ nouse) over that used Tor 15 VSS ileéd to enhance i mmunogenicity to

fai
the | evel s sépr0REGY @umangeelisincmoursiwere measureddsing 6aiingist ed t o VSSPs,

a1 a7 ont10s; Jadvidsel fibetdh 62wl FBNRsTaho SMEeHP oo Me aFRNE 0

consi stently ﬁ/KNgECB YaRRurs Wehe ifticedi deaBm@eae at Bay 8l afrtamoupar ti cl es
across a range of 20 concentrations (0.5-1000 ug total OVA  0.5-50 ug

conj ugat ed Ogrowittl(daya0 of tBmvivisatiopke aaimalslieft uplreatrd(Naive) ari Bl pat hway
f th t ak d i f i ; ted that
bopt | des. der 1 R HIREn A AL OYARVSBPLUTURT AR, Ifuviata R RS 107

VHC processi rngrelolitedayay Isfterdaim@iisatied and subsequently bind to enpty
class | MHC nol ecul es at the_cell sgrf,ace ée{_@wg . TFiﬁ alte\{tnative
mechani smbof cl as$IGUREJat Quviia! PEMiGRie) malgria chafienas #itehi o ¢ he
endopl asm ¢ rg&d  ER) i i INPASSPR IR orfseSwith ated with
antigen pr oce\gémsﬁg ) ll'—@gaaéﬁi cszgggsur ac'gmgraﬁi?g?trllﬁVLPs argr?or ocessed for
class | presefUfugon\VISSPOYANBSPsysatear Tysate atmmseween chalarigadi sm [ 2]

he | / / / 230 i i 71
ice with OvakeRPOGE0dathasERsTAGUM Y 1780 FRGIES SBORE teRBRtun I evel s
coul d be det ect,ad éﬁvﬁal WEE rﬂforgh’éah\z. ARk S sAREF@ERSal 8gerng VSSP

processi ng for Class presentati on wa y contrast, TAP dependent. A TAP
dependent2b ngobprErshome of Siageplesentativatexpedments isxgiypwoudn similagen has been

described for proteins adsorbed onta 1 umparticles bas . l\eaki ness' of
endocytic vesPHsENeRia Nlvg gtk hed r4§I ‘éﬁ%'\%?aéﬁ#d‘é%qﬁ%n@gz@ﬁ' &yt opl asm [ 1,
10] . Processypgnrbisies de%reaﬁtelaéﬁytrieﬁbafédtf?éf&”e-m\nb!ﬁf Phg@siEWTXEl s 1 nvol ves

an early conjugation step wt ysosones o0 expressing the Rab4 adaptor

protei n [13].infdcted radnells and eltra centotugation angseaniyoated deMFmisiBgwhet her
VSSPs woul d b rsﬁut d via thys pathway. Figure 4 shows that Rab4 and VSSP
fl uo-bead contai ?'ﬁgar\S’e%fPE‘?C@% did not co-localise either in bone marrow

derived dendritic egilRE 18;CVhé BhEge®hni2B WaY eohjudayedto 008a. bead's 24 hours
after intradermal 15 VSSP adm nistration. VSSPs therefore nmay use a
processi ng paf\SRyas 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.



which differs fromthat used by both VLPs or l|arger particles in that it is
Rab4 i ndependent and TAP dependent. The nechani sm was further investigated
i n Exanpl Wr02/2e64Exanpl e 5 VSSP i nduce expansi on of anti gegTpuesentsd ng
cells in vivo and in vitro C57BL/6 mce_were |eft untreated (naive) or

i muni zed with fluorescent 0.1 um fluo~BRads intradernall y in the foot pad.
Popliteal |ynph node (LN) were dissected 48 hours after injection and

real LY | 48 . . r
anti bodi e speci 1 EIGORE < Thedetes! sfichLhiRas, SyEmeoriiiaiena: o. oa,
0.05 and 0.1 yvgpl ;yéﬁgtéﬁagrd)@p@@co%ﬁaqogrugﬁﬁugaaﬁﬁetéﬂgﬁgéeﬁﬁ@ﬁéab' eto

i ncrease up to 4 fold the total nunber of cells recovere rom dr ai ni ng
popliteal 30 M€ dpksaige tha ineluction ohtler sedrefingueliswas @ssesdecbyer, t hey

caused 1.5 fo | e Ln the propoktion.of N 5+ (denpdritic cell
malrjier) but ngﬁ'%g—t)@sa?%ﬁn@@ﬂe@%%E%@'%i"k%%@éﬁ%@ ngRdguall so
enhanced 5 WOniigl daruntseddithdedh dbddhogdA. >1.5 fold the proportion of

| ynph node cells ex&%esm ngAt he activation nol ecul es CD40 and CD86. Figure

5 shows an exanpl eF §3UREFe1$Ac Asdibedy neaitivily te Q1A innthecserarafumice at i on

b d by F 33% t. %. |t al h t.hat [
have t aken’ upHENGed ohiR Birddeimally wih DMsE thatl ZoallgRedla, OV i th &
fluorescent QQW@OA?anQ-agéeSQacp{?@'%?g%tQF%ﬂllgﬁt(Frﬁaﬁpfﬁads al one or

conjugated to OVA were able to induce dendritic cells pu I ed from nouse
bone narrow t €OppariserianPBrMNMUNI$ad eontrotsnid @reupbut not mature (after o

activatiop,wth LR TFNs A endritic cell.s re ceptible to this
activati ngb ef f ect E“@‘D/%EPF% 3@?2&’6&‘? S%‘Iﬁeft's'%mdg'tcg 'F(ﬁé@ﬁ"ﬁe‘fg‘é M@gest t hat
particles of festel fortheprésertiezss QVASPhcifiegE ditibearsREEL FSA andver evi ousl y
unknown abi i t%I,Mto stinul ate anti gen preseniing cells, 'including dendritic

cell's, and 15N&@M¥@MicedAE 3ntas) an ﬂ'ﬁﬂeés\é‘ﬁfﬁ'@%?f'@iﬁ?? (537 gtanehBat ory nol ecul es

| i ke CD40 and CD86 b 3 [ further explain
why they are so portzfe(%tJR ?'e%ﬁa ?\Dﬂgﬁ&gges slo;aqarlr%sf:tﬁ@;%rg'r%o% whi ch VSSP nmay

have an adj uveesporéésby A singlebiranphisatich.bEEBIB6 micwkes imesipivages to
antigen when it is’BfOCB ghem’,cal I% conjugated to them 20 Exanple 6:
Ext ended PhenBRSHWitBiOYA|qonjugate Qogrd@QSbe?%F—*ﬂﬂ)Seéﬁ cellegted 8t i on To

e (et i oW el SR SHREALHy 8 B4/ P! oot pad
each group of four animals in OVA specific IgG ELISA is shown. Naive
sera is shown as negative control. One of two similar experiments is
shown. Similar ELISA results were obtained for total Ig and no IgM or

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

25 um beads OVA C57/B6 mice were immunised ID once with QVA
conjugated to 0.04um 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



25 subsequent activation of imunity), the draining popliteal draining
| ynph node was di ssected. The phenotype of cells that had taken up 0.04, m
- VSSP- OVAwh bhafigh | uorescent core was then anal ysed by FACPe¢am@@1wonpared
to identical particles but which were 1 umin size. Figure 7 shows the
_ proportion of 0.04, mbead+ or 1 um beaght 30 cells expressing each
phenotypic marker. Cells taking up 0.04, m beads were nostly NLDC145+, CD40+
and CD86+. In addition nore CDl11 c+, CD4+ and CD8+ cells were 0.04 than 1

um bead+. Thigoup. gl similalExSerAdAs ukirRCTO Al 1844 Gtigers210 pgMSRxt ed DC

phenotype of cells that have taken up Q.04u a%l further explain why
the i mune r E3HYrasingieinamyBisatian Yidiced 1[9&'%%% E}IEE ISRECYCCD8 T cel |

) | & 7: ' ) ardid . To add
the nechani siPBENGes A SEUBNGnRRG CURESIC THbiGesPbfisarf st To address
?onte- ITrB].I‘ Ir ow dmr[r)bmgnD;?@e\e’lsét%ﬁbaysm@tedlsmcfbser\md: " ﬂ)OAtdays afier preing) Ieyt ozi st |
. (cytochal asin D, . clathrin pit (a i de r_cayeql e i ate
i n%/er nal i &at insmunisasiond>Shye 59?@!?‘653’5‘&%&3& aTﬁh@@%&)ﬁffﬁ?t'Qéﬁﬂ’ Be:imwer e
cul tured i n’v%me\wl,‘}_cate with PMA, AM,, CDD, filipin (FIL) or anmmoni um
a

chl oride (Al from Sigma) at the stated concentrations for 30 min.
OVA-f | uor escent OFiuremmeRdneltrost €676 aoimals waretelt uptraaieds and upt ake

Upt ake by 15 (Netingarainedis rarnaty BBt Ry AR 2 PR 5

I nhi bition b c’a?ﬁhg%d\f@?oed bof KLBI i fE@mBRYte Fr&urkissAgigeatted cl athrin
pits and cavé/(l)lﬁgyf\cou both be igvol ved in SpblfJGDStPglﬁ(-leSéQ%m | ori de acts by

i nhi bi ting Ngeptd), mvarmangeonjgaied secomignantiibife eRrd®Hocyt osi s

e, assenbl y (0 roron G ob Sl Rt WEIGEREET WGTBRIPAIVEADT T oot on
[14] . Ammoni yop gdYsObttaarimaisiverabausted mtrddedmdy buith anatillioh 1 um si ze beads

(Fig. 8b), confirmng a role for clathrin pits in VSSP yptake. veol e have
been suggest érdepbou@ua@m@aawmprmmes@u% p[ﬁﬁ?ﬁ‘k@naﬁe@qm"g}" Particles

in DC [15]. ' ) | y wer e

i nvol ved in \E@%Ebﬂéﬁgig{?ﬁ%ﬁ%ﬁ%%égg?y?ﬁ@%&ﬁ???ﬁf’{%?g% ﬁ%vmé;nt or used
anot her i1ghi kigt®shelndetes hesarf nurmpénof IFNgi prioduaingscellardugh petiol est er ol
sequestration, whereas P affecta thg phas h(?r | ati on events regul ating
caveol e i nt erRlliaNssRIeen cplisaverageq for ?”'%ﬁp%'ﬁ Qﬁ:ﬂ*ﬁpy to PMA, filipin blocked

0. 04um 30 but not Iﬂi#lranebf@ftd‘ﬁ% akiSon 60561y EtHeie émrgia%mnosunsvswot hesi s
Cla ri

(Fig 8b). Caveole a pits can’ convey nolecul es to endosonal
OVA particles. Polystyrene 0.05pm beads were conjugated to OVA as

before (PS) and compared to OVA conjugated glass beads in the same

20 way (G1). In addition, a different chemical procedure was compared for
the glass beads. Briefly, glass beads were weighed and suspended to
2 5%solids in PBS and washed twice. PBS was removed by 5 minute
centrifugation in a microfuge. The bead pellet was resuspended in 8%
gluteraldehyde in PBS ph 7.4 and mixed gently at room temperature

25 overnight. The beads were then washed 3x with PBS resuspended in
PBS and 500ug of protein per ml was added and mixed gently for 5
hours. The beads were then pelleted and the reaction was stopped by
resuspending the pellet in 0.5 M ethanolamine and mixing for 30
minutes. The beads were then washed in PBS and used for

30 immunization (G2). Polystyrene (PS) or glass (G1 or G2) VSP-OVA
were immunised intradermally at 100 ug/mouise and SINFEKL specific
IFNg secerting T cells quantified 10 days later from spleens by



and | ysosomal conpartnents [14, 16]. Alternatively, caveole may WO

U2/ 2211 PCT/ AU01/ 01160 -33 deliver antigen directly into the cytosol [17]

| eadi ng twa:qzmpd4asm c processing and TAP dependent transpp¢i/Auoi/eibhe
endoplasm c reticulumfor presentation with MHC class |I [1, 18]. These
results, together with those shown in anple 4, indicate 5 a novel pathway
for processing of antigens presented in accordance with the present

i nvention. i_nmuno en|c co osi.ti.on o tion appears to be taken
up by anti gerEldsBiShe 158 Ve ndeuE] weanar o ik BORHIS poR o1

whi ch the ant%gas are pr ocessed by Rab4 independent and TAP dependent

pat hways f or class | 1 o presentation. This observation is novel in
that the ability dfigue/t@lMote of hdadeonjugaliar-amedmmaisnageanitiiygen pr ocessi ng

o prot ect | v GAPREU ol 2angN P MESLBlGH (pOEp) WeRRed pitpaPEs
parti ol e sver s RagRHLrBbLPAddict 6 0aQHA RkAR%29! sHRRPRIP 44 . 1 um VA

conj ugat e or a ty to protect mice agal hst subsequent
subcut aneous roimattés ngetiglt3H( i Eagiaminopropyhidesbdilam)ide waseadded OVA. Al |

i i i d th 100 of 2
nmofﬁi \rlrvgrﬁa: \r:gumﬁr‘%f\gﬂ@@%'&ﬂ@u @EWS@@"@HHW%&%&% &é)érﬁ '?um)ur 30 days
later. FigurqeRdheroins fdr@ﬁor}f%sﬂ’r@‘/é’taﬁﬂéﬁ(éIgér?gg{(})(?&hﬁ@hbe)éhéﬂ%\ntWY’Wt h of OVA

expressing tumours, whereas OVA alone or wt ads had a
non-si gni fi cang/mtfdfe;iycme op20tidof i bh etRandiaming @roineppHli ‘hgl, ®r ZeSH
i muni zation induces high levels of imunity and prot@g 3%22 i nst tunor

chal | engd® | Mfrhieaminoaceiaidetyste ‘i’iﬁ"QX’i‘Y'@C@tﬁi (alslehyider Q vhuced 1 FNy
producr ng a“d?fCM/Pé |e%e§{énwﬁ§55a&8ﬁ8p -Ef §ie! eé&r‘a@%@ wetg and 1 a and

Addi ti ona zatrons er increase reactivity 30 (Figure
10b and 10c) m&ubmedatmmmminpenatummrrmﬂ)raxmmqv 16 teonws s @l theequenci es 82

days after inmmnization (Figure Ant,i o] re simlarl

o o hed ( FTBRGioss WerkaTeged orbmidh Bty AbSTE, Theeidstee 0116 - 34
recursor fr wer e

Ei gher than ﬁ%@g%‘@?ﬁ%é”?ﬁ@eﬁ'ﬁgﬁ@“@tﬂggn rruﬂsﬁpl e o'snégi:)% LP

parti cl estsandornAdouns yarcbdipbysat | avermightia H’rBSfdtW@f R+ CHTBGmic ol ogous

pri me/ boost re i Nes ) pr o n cyt ot oxi c

T el precurddie Tahtisad et 10 addtadeniiviar chop Bt et ¥eShret  many

intracel | ul arOVN;SE?ﬂ&I% G frAl er[r&ﬂh a%%ss%@hn sﬂ_l%n!s BYSRNg" i muni sed

C57/BL mce wth a single mtradermal dose of OVA-conjugated VSSPs and then
chal | enged t HeldhlSRQT to ke €68 T cabepitepe ﬂllNFeEmeReau\@(preesh@sn @t opl asmi ¢

OVA and is a tar f Qtoxic S| L ecific T cells in vitro. The
results show Tﬁaﬁg@%ﬁfﬁﬁ%@«gﬁ & 9\%1’:551658%%? éf‘kﬂ‘%‘ pr ot ect ed agai nst
tunmor chalgl enge, whereas all the naive controls devel oped tunors. In

addition, antibody |levels were also increased follow ng a single
adni ni stration of antigehxe®njeuljat YateratpandiMethadsused t hose observed 15

in Figure 2c. pfr L0 imWRink28nY 837 8(# ShBSSALB/C 6- to 8- week-old mice

were purchased from the Walter and Eliza Hall. Mice were immunized
with 100yl of antigen conjugated beads intradermally (ID) in the hind

25 footpads.
Reagents: All reagents including the antigen Ovalbumin (OVA, Grade
i) and 1-Ethyl-3-(3-DimethylAminopropyl)Carbodiamide (EDAC) were
purchased from Sigma uniess 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



Exanples 10 to 13 descri bed below formally denonstrate that VSSP can be
used with a variety of antigens and i nduce broad 20 i mrunity conprising

- both | FNya®dahdsdy producing T cells. High levels of 1gG bwpcrmiiihhgo
potentially allergenic IgE anti bodies are al so induced after a single dose.

_ The effectiveness of VSSP for therapy-£%-shown in an additional two nodels.
1) 100% cl earance of established tunours (see Exanple 2s 10) and 2)

protection against |lethal malaria after a,si r(la%lng ag%i niEo ration of the
vacci ne (seeCabenylated migrospheresiinm Ralysaignaesnbyiatheolowing, sual | y

potent and flexible vacci j f 0 dexs gl It vacci nes
agai nst a vam%kgrso e& 'geeggyﬁel\%r@%\%r‘ ,b[%ﬂcf he 13;&%!(%!% l\tﬁhlggz%fi ndi ngs the
i nventor bel iOP&sphdatDUFIEDEBNGCDSBAThe mntiHRambmonocknahahtibary

prevention of cancer. WO U2/ 2216, 1 PCT/ AUO & - ,35 Exanple 10:
O ear ance of uged imrerieeal studiegmasriie 'F'FC\IJQ% e%bﬁﬁu%@%ﬁ@& that a single
.1 mmuni satéonwcgé]{m%%% IRERILES S conpl etel y agai nst subsequent

chal | enge™ wi unours expressing OVA. C57/B6 nice were i nmmuni sed once
with 100ug bedigen presgntigicdllsDDenditriefoelis mtare prepareddiareponaf t er 30 days,

m ce were challenged with 5x106 EG/ tumour. cell |ipes, ize was

neasur ed usi Hbarﬁ%‘ﬁi"b‘é'?%cyge?? Wiggnlggﬁglogﬁ?cgilopﬁﬂtRf%VéﬁS%;HE@ﬁ?{% egr essi on
studies, m cenitRbgs ] BRo Eeliorehhrieard Réwitiialand 16y Bonek uf ded | nt o
groups of simlar t ur size distribution. One group was |left untreated

and the ot hethewind limbs by dushingrous dael celgfram e ®nesayitiasewlly 11 after
dmi ni strat i f ||, Li . The i t al read
ostabl | shad fierer BIRRINaE ta ¢¢ldheis, The CRIEPER pRidl BUPAEIHEL o2 Formur

beari ng nousge|dMiTHyRPME(ESE! ABSTY sUippleentedivitid 0% heatinablivatedw weeks
after a single injection. This therapeutic ability is hi*r? ual for

. h unu
any cancer vaeelphealf serunmmiicsd, #mi Luglelaming.i 199 Waninanicillin.g C&m{F@m sing for

devel t of a ther ' i ' ' Micl |
br east cancestaBiarayas Sbhat ARETOT i SribtbsubouBho. SAIMGLERF AL | V00 P 0
al so i nhi bi t egdygousms/mf andat-4cn 0.2 ngl 6% wehaladdadeThe Omitcutuwes cel | 1 nes

expressing the breast cancer antigen (see Figure 11A?. 25 Eéf{fsple 11:
Protecti d6 Ageeregronsfar b days inmalfdshaspishd PPmmediameler 8 e ene beads

Chat e AT bIBP SRR Rt e, ProCecti o
was conj ugat agfrageritensts (@) davibeof mizei thraendays after dP wieationvafr e t hen 30
chal lenged with a | ethal dose of the parasites.. Bl qod ) | l.ected from
C57BL/ 6 ni ce thWQb’@PMemPrﬂq'nC‘Fﬂur%g?ri% dagy80 %{1”056% %‘ﬁ?%@ﬁ\‘\?%%‘ﬁ?%ﬁ.t‘oﬁ%d bl ood
cells (RBO ré‘scﬂ’é’ﬂfiﬁgdiféﬁ er WO 02/ 2216.1 PCT/ AUO1/ 01160 - 36
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/mi 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  Cytotoxicily 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%m! in 2 ml well plates at 37°C in a humid CO»



centrifugation 800g for 15 mn were freeze/thawed three tinmes and soni cated
(lysate). Lysate was conjugated to 0.05um particles as described above.
-Beads- | yswios2/2beidds- OVA or | ysate alone were injected ID. pomanosede®r

nai ve C57BL/6 m ce were challenged two 5 weeks later intra-peritoneally
with 1,000,000 P, yoelii 17XL infected4®BC. Al the animals survived the
chal | enge, Wnereas 60% of the animals immnised with the Iysate al one

t hout bead c dt tr.ol fe d died (Fi
1) "Thi st o Inpdbaerain T8 of e aebtER Hitan 1T REM GRLRES ne bei ng ab o
to confer prOA@sfr;e@p;ﬂ&ﬁFﬂ@d WittP 9095 hastendtivatddFoetdl éamsémnﬁigse‘syacc' ne

particularly attractive mal ari a and ot her di seases present extensively
in the Third 4mM ldglusamine, 100 &J/mpb penicilin, 408mg/st $te@ptomnyalncstdmmte| bution of

iy 1) 981 9 R aerBaBRBtheRo) WeBiRh 2o shin RS oq 1o

antigens gt herﬁurhmn_zowmpﬁa@mﬂsr B“@tegtawmwa%rﬁdcm@rbmaﬁﬁsava@ewduce strong
cel lular inmmnity as evidenced by t he i nducti on of high |l evels of 20 I FN

ganma_ secr et i Wef eT 'Celoaded Elduralis1alpne hackgrownd) %@re-ﬁalwdn‘gr tept 87 ar

This 1 yaphoki e dRevel ot SNERKE e M kST SR8 oy expl ai
why we obser\flﬁarmdweaﬁELb@éWhmmdMés@oth@meeIstatad assdysvare i muni ty (which

25 requires | FN ganma) was observed, Exanple 13: Anti %99%1 | munity 1)
Pol yst er ene bReIEPreeddn dopligate at anﬁ#@p@rtﬂeﬁi r@gjatdlilo fanNeAYsSed, after a

S0t e T aqGiRlh hkud Biofe! BAG riEhiGRAyREth Y% Biforifluele daigoant | Dody

(Figure 1 re are no ‘detectab

| evel s. Ther el’ooaﬂatargehssn qaadnuphcate Sapemsatants averé draneddted wftehdhie no ri sk

-V 02/2216.1 g ﬁéé%oalsf ga %Slgted as 100x ((Experimental release -Spontaneous
release)/ (Maximum release-Spontaneous release). % Specific Lysis
(%SL) was %Lysis with peptide- %Lysis with no peptide.

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

20 in DMEM supplemented with 10% foetal calf serum, 5uM of SIINFEKL
or OVA and 10 U/ml rhiL-2. Seven days later, each microculture was
assayed for cytotoxicity by replacing 100 ml of culture medium with 100
ul target cell suspension containing 104 51Cr-labelled EL4 OR 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 cells,
represented on a linear scale, and the frequency of negative wells on a

30 logarithmic scale. CTLp frequencies were determined as the inverse of
responder cell dose required to generate 37% negative welis[8, 9.



of inducing potentially damaging (since they are involved in allergy) IgE
responses (Figure 15B). Exanple 14: Adm nistration via different routes and
- inducti oRy@b2/h86s and 1 gA anti bodies Wth a view to identi fegirnguossefeul

routes of adm nistration of the vaccine in humans, as well as
intra-dermally as described above, VSSE5conjugated to OVA (100 ug/ nouse)
was adm nistered to mce intraperitoneally, sub-cutaneously, i nt ra-nasally

di - lly. 3-4 m 0,d i ngl
muni sat 1 on CimAPaenEy S5SN8 Ware R REMed ieg §mes aradne ieaBuet cel ts 0
uh ch secr et gl ENeL ighbNEFEF simare, (R %, Rl SFmeahafa! 50. 000 to

1/ 2,000 spl een urprrsin I'n contrast to the initral
. observations EIJSROT AN, adsays:| Theseew&ra)perﬁdmteld asdiesoritbeti[3 Briefrgl s of |1 gG

P asponses. SLwrc‘fmé?ﬁ'm«r@/m@anwﬁZﬁ Plenals B A g ace
+ detectabl g g%tfeﬁ .h%n?&”é)ﬁé dap e%aceté@?ﬁ@y mnﬂAwgﬁmﬁggefore so

intra- perl tO I ntranasa Ut aneou I’OU es cou

be used to i ngatl Wit®bAcntivaurineFN MAbJRd) (EAGS). vlbteplmat@vk(em wese a
protective role, such 20 as_nucosal infections &Eﬂ%ﬂ)ﬁ?tl un cervi x or
gut). Tabl e SeRypfergadieangiion. ; thesmedia ysgd was t Al <11 100,

1 00 2 PSR Ry 120
111001 1320, wWadHedQstded tendateslinédiiied with o setdfd bioti&drijogated 208h 1 /6560>

1 /5120 WO 02/ 22164 PCT/ AU01/ 0110 - 38 Upnusual ly high G responses
after tvvo10dostéénurlr}‘ﬁnlﬁNYSQSM%#1tQ!P%PﬁF'ErW9%§£ACﬂ§ 1f9E°\86¢ &?gl?@e 14 days

apart) led to i er I gG s
antibody titr P&%ﬁg@{? gﬁ%é)ﬂi@%%eg@%égg%ﬁju%@%)ﬁ %‘?’ (grg%bgsul ts were
obt ai ned for §;ﬂﬁ§'of blkalnﬂ,ﬁgﬂcb‘éprm&@éctﬁlfty&reré detectarndisg i solsrimetrio t he
breast cancer anti he mal ari a_ant |Rgen VBP4/ 5, when conj ugat ed

to VSSP. o Ex/élﬁ’qdleteclgn kit dRigraddiersylesesPoHSAY aRE SOUREUISINGEP- OVA wer e

surprisingly L9 td specific
anti body by Egig%%'{"@ﬁ{é%}i?g gh%ﬁaréltégfﬁés%rggagﬁs gﬁﬁgh@%% L by I FNg
ELI SPOT (i%anedsf@)peprrmﬁ@memem@slumaefp@t@emeumustedaﬂermg/ mhmuni sat i on
(100 15 ug/ m)use) Panel B shows in addition that an%‘rm? s to . be

coval ently coﬁi&jg@ﬁaéanﬁb’si%'@ rygteciop stedies &he BYMBEE P Retgeincity.

rE)éggglngeitsof Fgéwpggwsngéhggréwpﬁhﬂ\%ﬁqb&,Iﬁpept| e cpq%%ﬁ%zq?cpl?)) from

MUCL in conpl Bpitnfo\asidnss.Bgjackage. (rOrinundbemieity stmnljesgmeeELllSlB@T
(reconbi nant MJCL1- GST, fusion protein)(MFP) or &
(r ecombi nant Mﬂ:@h@m%ﬁ'@ﬁsgF%?RQ'W?((’\Y@P)CO”FQ%E @el"fegrﬁ&/\%"'qsesponses to

the pepti R ISRt szt@tW%eeM*@BQ&cEidél V@%l&ﬁ%%@k d.ned, 25

138
Vacci na- 1 g ted group conpared to animal s recei ved VaCCI nia MJCL
al one ( Not hi nbnhla’acmgpes&rdn 20alySErveg usetiéo eserss m@batmm bgtwesatbul d be

Vat erial compBuPERGIETIRG] Ad EEpRalor FEnERe SERS AN SRR o s «

that the 0.04p@Q¢Pimpackhge. of solid core is the principal determnant of

VSSP i rrrrunogenl City predicts that
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



WO 02/ 2211-4 PCT/ AU01/0116U - 39 particles made of material other than

pol ystyrene woul d be highly i mmunogenic within this size range. Thus, she
conpar ed wonrpag@ni city in mce after a single inmunisati oprctaungeaseal |y
wi th 0.05um particles made of polystyrene (PS) or of glass (GL or &} and 5
conjugated to OVA using the sane chenic® " procedure (GL ) or binding using
gl utaral dehyde {&). Figure 18 shows that VSSP nmade of either polystyrene

or glass were_sinmlarl ighly,i nageni ¢_i.nduci ng..a hi recur sor
frequency of qc%ﬁﬁqeﬁﬁ@?ﬁ;@ﬁﬁgreﬁlglgmeﬁ%@ﬁ P@@%ﬁﬁﬁgﬁyﬁ Er?ﬂ@'?eéfor e, the
solid core offoVBARSCAN dHcHinfbdhl @PAlye@at i on o can be provided by glass as
wel | as polystyrene, and it is anticipated that other materials for the

solid core wiCell audacemarkecstaiiag and dowsaeetypiFor sexfanglstainiag,

0. 05 am part 212 ol B GlasSd W RS B eB AR b OlaCl ARt et
coval ent |5 nkeqyg0ishdREBSH46,YCIDONN easésWwherdatherargtitidyi was ndheiradiigm cal
procedure used to conjugate antigen to VSSP could therefore theoretically

be a det er ni rabellest altemirwashivotsiepsthecealiscugneynenbated withep seFoRthar ge of
the particle ggl ' | » ﬁ)&fd [ r er
endogenous pr%%gé%gﬁﬁgﬁoq%ﬁc?ﬁfggm%m%gggre |){iaﬁﬁ>§/%pstgghn§{%fqh%t ake by
dendritic celdpecienwhemthe $eqnd antibodyevascrdised Wastused ih @arblbtkisg m ce were

i muni sed with 50n i..e. 0,05u articles havjn i fferent, charges on the
U T ace. v SYBPSHRIE a0 RRIATII 465 Recand aattior cater i Wases he*S "
car boxyl afee niisfigd waﬁ%@mthqim&m.ﬁq@m%mr&?% A aNALSsh gRRDOXY i

A wi'th glycine

acid groups after conjugation of @ ycine Figure 19). By
quenchi ng t hea FA&Sdanvflaw icytarnéten (BectondickinsgrsandhbeiQuestisoftvareed except

f th t ch OVA aft ' t hol ., Fi 19}. B

o ne e 3kl QR 8P SR Bt haRgha B GATL Phine

Figure 19). ByelgUer@idi ffembddl inifn0AREE LAkEahedRrdniRilidceamatiar ahgl dehyde,
Figure 19) potentially useful aldehyde gﬁr)oups can be introduced. Al three

WO 02/ 221G 1 ¢aiis/fruo niedvelsice a@inashvith @dtEdakelled amibaslyip@ysurfane pr ot ocol

resulted jn hj i i i Ik ] d

nodi fi cat1§(;nsh]%ﬂ%%d{' %pg#%%r%g% ae:etgﬁmglegié& ee: g&l'gn g&d@ﬁ?@ 2%? ﬁbel ess

i mrunogeni c. AT &h@PE emissiomspbttya.unl i kel y i munogenicity results from
non-speci fic adsorption of seruym5 protei s, the introduction of opposite
charges to t heopReal RIGOseRRY ¢ ’P@gcg%yfﬁqegpﬁlimi?ﬁéﬁﬁpéﬁg'?{ Afbr eover, sone
alternative b i ! ' s in

char gos. can bOOTRSDHATIG BoplekaF At ERdANRLEER WilEs KPRIORIHIR s st on

In view of thieseesalrce esjuiyeed wite duahflerescencesdind bransmission on provi des a
Soul d appld ¢ detathar JElesine Mbama oreried PogEn gt iferditdesls mhe
optimal size gbrd WWo% th%’iowééésté}adeﬁﬁriti@}%ﬂls.k@éﬂél YEEHOTRS
(30-150nm . Hence, it i's tenpting to specul ate that use of the VSSPs is
bi ol ogi cal | y #ireugit thessampesomenehrcquyedat stepesizas ibstween RH-1ent or

el o L1t o d HR AR B B e SR oubtah KrbfBP ¢l €5

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



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

i nmune response coul d depend to a great extent on the size of an imune

- stimul antwglggbikal | s within the size range of viruses, espgaifldiyiydoen

epi topes from ot her pathogens eg bacteria, fungi are considerably |arge.

. Indeed, antigens targeted through this37athway elicited z5 surprisingly
broad (conprising both hunoral and cellular arns of the imune response)
and strong responses (inducing rapidly long lasting high effector T cel
precursor fr enoeied fm)woa:uggﬂﬁﬁd bigdingewitmBUnkogs tsenummatblmirgfearigd t o r eact
fully to parti,cles of v Previ ous st udi es t|||5|n VLPs (i

pure antigen #HdP mtﬁmﬁf?ﬁﬂs ﬁé?ﬂv@ﬁ'@? ?&%rﬁ%@é frface

. proteins, or hbgse8as wefd BAHEQBRBGRAbAREP T further méﬁcgirﬁo shown broad
and long lasting rmunity induced by a single inmunizing dose, although

responses wertemperatura.dNoomfraing movee senp? WesRERAa® theonagdtive41 | ower

.than with VSSPs -, 19. 20]. i s, . bee u t hat
character | st &%‘“%’h@e P%ﬁ?\s yef%“éﬁglﬁgvﬁgﬁﬁﬁ bégna@&?'ﬁoayg’%gecgegnannan

content, mﬁqa&&daadisngoa?bmaswoaf ateRP$EEy Qhﬁ-n‘ﬁ&!se“@e(sféhhué,ty of

VLPs to |nduc ass restricted T cell responses [1]. Not" wishing to be 5

bound by thedMyS) aRd th%\‘FBFRFBPQ%ﬁ§ﬂ§§ﬁr%tet313t'a¥'ﬁ@ -@6trbi nati on of efficient

targeting to d i n vivo b
VSsPs, fol | o£ﬁ§'83ﬁﬁhﬁf@'ﬁeP S@PnGRatetARkangm, LRI Thb dhsbhat {) o Y
VSSPs, may had(s mmaatwbrﬂedtusume]L mmfwbplamna‘amns Use of VSSP as

novel vaccines was denonstrated by the ability 10 of a single inmunising
dose to ﬂtoot ect agai nst subsequent challenge with tunor cells in the OVA

nmodel . The i ngemtBle @as,:%,%pe,ﬁ;gﬁ Bm &r@o%ganc%g%gw%éﬁl ty. and

protection to an antigen expressed In breast The
intradermal route of adm ni st rat| ontrdmndmse'd/a n their animal studies may be

ily 15 inpl d_i,n hy VSSPs ff ticularl
Strastive and o Moramtraaies NSRamalE habt e st Beblon S el | cul ar
to diseases wingagehrie én&mi Bbrt@[éjs@@'dleh!éﬁdemt"ﬁﬁé”gdcytdﬁé Wi BtirRall N

generating protection, such as nmalaria, cancer and viral diseases, notably,
Al DS and TRepaintekeat ad, microngiameter$#),. 1tthdlntake; bas bgepfobservestipnbi nant

Mnducing T cdtarepieEARERO PRl pRME e Ag kol TRk Bt L (e

use of such vatberatesteda M@rdnen&rrsmstgjegﬁftcalnymrmeuh@te'smhsm present,
primng of DCs for effective stinmulation of CILs is 25 ex vivo pul sing

of DCs but t HvRether psgieinsceated partices ot viehsizg (@+03-Dcmm) wmédpeesent

i nvention pr t t toDCsin
vivo, | eadi ng\‘ft385%{55@5%92%&‘18”{ggglls];éfrlg? e‘ﬁﬁldﬁr?(a’nunt)e n#
speci fi c 2608 thacwidgycolrhté etivite perﬁtbaeallexmdaﬂaﬁmmmd)netges(]ﬁtdrhallééasps wi thin

t he narrow size range of 0.04-0.05m to 30 induce singularly high CD8 T-cell
| evel s coul d bsdh{lpa geq&w@,{g@rg\vpcem -labelled particles (fluo-beads).

Immature bone marrow derived dendritic cells, by contrast, were found
to take in preferentially 0.1um sized fluo-beads. Confocal microscopy
was used to confirm the particles were inside of the cells (not shown).
25  This in vitro data suggested viral sized solid particles (VSSP) could also
be preferentially taken up by antigen presenting cells in vivo.
Fluorescent polysterene protein conjugated particles in a range of sizes
(0.02, 0.04, 0.1, 0.2, 0.5, 1 and 2um) were injected intradermally (ID)
into the footpad of C57BL/B6 mice and cells from the draining popliteal
30 lymph nodes collected 10 days later for FACScan analysis. Particles of
the 0.04-0.1um size were taken up preferentially by lymph node cells

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



efficient uptake by APCs or by a potent subset, targeting to the MHC 1
processi ng pat hway and/or direct stimulation of APC function. Uptake WO
02/ 2216- tWBUE224491/ 01160 -42 of the VSSPs was found to be pohaueeeiisn t he

| ynph node, conpared to other sizes, and this enhancenent was attributed to
i ncreased frequencies of particle posr#Bve DEC205+ cells, a marker of DCs.
DCs are powerful APC and expression of CD40 and CD86 further 5

characteri ses a subset capable of efficjent, CD8 T-c Ei1| r| m 8 These
mar kers wer e ONSAYE 1.3, a@ﬁn‘éﬂolﬂﬂ@béﬁﬂl%'”ﬁd%ﬁmdd’é‘ Wgatednt ake and

sel ective | ogaligali gasple VSPemiehit falet 65y gﬁgsérm g g coul d

expl ai n the i"/Munogenicity ropartlc
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determ ne 15 the ogl cal I Cl t t he uni que
i mune respoftd. obtained. It is to be understood that various ot her

enbodi nents of the invention that is described herein my be made by those
skilled in the art without departing fromthe central concept underlying

the inventi onExanifie @2/ %&P?rm‘ﬂéh@ﬁ'ﬁ?&%%ﬁﬂ@@&éﬁb@éb%ﬁ&oﬂm ahgi mann J,

Shirmbeck R Alternative pathways for processing 5 exogenous and endogenous
antigens that can gener #tNy pagselinte 3 dels asHgek haswtibodiest ri ct ed
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in a novel endeserrg é@dwmgem:’envaepénmpétem@na@hbbeuVemrmrrpl ex class
I-restrlcted epi tope presentation | munol . 1995; 25: 1063- 1070. 3.

Pl ebanski 1/Bbroicsaversdmminieed wnthrwéwmové\»e@te&p@%% Rhrd T,

Efé‘éﬁéd%msi? [0 ofth £07%.0 15 Rl pifoted A B et RS FoRIN LT, o i ngi e

class | -restighfdeflcaR doMeeted 1mdég§@m Fgureczﬁéh&n% tilmaaPldactied human
use. Eur J | mrunol 1998; 28: 4345 Johansen Gander, HP Merkl e

and D Sesarmoélmeegrmtmg&DW Q&HdﬂW@tﬂﬁﬁﬂﬂﬂélMdﬁhﬂEﬁ%'ﬁ%%’é@@ﬁent of 20

Starsl TE, - TRONERRARPIEBReAdHi Vot R & edtadledd prniclh POFTERRR 5 o' (oo

145+, MHC cl 38§pdriding l?&cﬂvﬁdware ﬁ?urﬁ# at dimilEE BreduresrfréqLRIhcidtenitih i C
hypor esponsi veness in mnurine hoclyt es. T[ anspl antation 1995]’5
60: 1539-45. OVA conjugated partlcles rangtng rom 0.04-1 mlcron Cytotoxic T cel
to SIINFEKL were also induced with VSSPs and correlated with the
20 precursor frequency of IFNy secreting T cells (R2=0.92)(Figure 2b).
Surprisingly, OVA-specific IgG was also found at the highest precursor
frequencies in mice immunised with 0.04um particles, followed by those
immunised with 1um particles (Figure 2c). Similar immunogenicity
results were found with using VSSPs without fluorescein. Thus, in
25  contrast to many immunogens and adjuvants promoting preferentially a
cellular or a humoral response, VSSPs were capable of inducing high
levels of both.
The results shown in Figure 2 are based on injecting the same
total amount of antigen after conjugation without eliminating residual
30 soluble antigen. Figure 3a shows that similar T cell responses were
obtained with 0.04 micron VSSPs after the soluble antigen was
eliminated by dialysis or ultracentrifugation. Therefore, there was no
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1998, 273: 353§%é§gﬁ%méﬂer dﬁ?ﬁﬁ'ﬁe?r@d tﬁ'lbrg&r paRities c@!}&b&t{%@lf&éﬁmﬂmnce of

clathrin independent pinocytic pathways Curr. QOpin. | Biol. 7, 573-80 20
(1995). 15. Wghem{SSB.imaurmgenioityolHawvever, tis wasswit e, siRcehd) upi ake of

D58 THASIAL S Gy ST bty g B o o
J. Fi i pi n- seqgid jasetiviy Y6 2e210D420.9dnidiém $SBHs iereoemsisehtiym reduced
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
10° —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 Il 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



transcytosis, scavenger endocytosis, and capillary perneability of select
macr onol ecules. J Cell Biol 127, 1217-32 (1994). 17. Anderson, R G

Caveol ae: wohreidsnconi ng and out goi ng nessengers neet. PropciMNaubédags Sci
USA 90, 10909-13 (1993). 30 18. Reinmann, J. & Kaufmann, S.H Alternative
antigen processing . pathways in anti-i3fective imunity [see comments].
Curr Opin I mmunol 9, 462-9 (1997) V\D U2/2216a PCT/ AU01/ 11110 -45 19.

Gl bert SC, Plebanski M Harris sopp omas R, ton GI, Hill
AV. A protei nmmmsed&%&mc@%&%é%meeMmh@wecqmmgﬁﬁ \éé-r;$?§pes Nat

o Bt anchar Vs TP ERPpfises Hooff paddroiihe it B e B ™ )l e

vacci nes and MFEKQCbr\(aVAImlmwaanmm@mggewmvssmwwedsungrfblr nations.
Bi ol Chem 1999 380: 299- 303. 21. Pl ebanski AVS, _The i nmunol ogy of

mal aria i nf ecgagm! P@?ﬁf‘taﬁ?ﬂﬁ’v@ﬁﬁﬁﬁBPtrade-éMlQemedﬁlA TR depapdents| opoul os
V, MK |
and fu?ﬂfleeprlgggﬁéé@éﬂ m’runo\ &rgg?ﬁfaéﬁég[&%&ggg%wéaﬁé%waiggéent status

Canpbel | JD. desorbedrfegpioiinsadsorbad cbmuol ‘mmypei-twr@s béaded bn%akmesfr

conflict. Blood Rev 1999; 13:151-62. s ta RK, Si n‘gh M OHagan DT.
Poly (lactide? c%ld@o}’ﬁ%l"?ﬂébesrﬁﬂg'@ﬁ%‘??m@l @335@0&%‘9@8\)@% Beent of

| e-d I 1998;
5o %o5 505" SRR 0t PRSI TuchaelbattoBE i By
i nunopat hogepleeggocytokisiinvoRes.an eamlmod:njugaﬁcm step2itiolysog8omes. Pi erson T,
per si ot eriSe | SATRES b6 3 Rebctoater DIRteIal PN regish hoed Soplpdal
anti -retrovi rgfer v@%ﬁ% de‘l‘@ﬁ#m@%étﬁBPVSISP@\QQQId]b?e féﬁ.%eci% this/- Harty JT,

Tvi nnerei m AR, T cel effector 25 mechanisns I n resistance
to infection. pa&hway Rigure nmhmwsl thaQB@bM&nd ¥Y8SPEshbead ComammgT G oot

M, Howard J. IIu a r f gmmol
L7 15: 740. Gesicgs ol it (RRARES Bithe) inicie MefRART g bR cd:

recept or - medi jptcRAtupe, cﬁnﬁmuﬁsympnfndm@adellsmctkoms@ﬂ@r istraderpiadf essi onal
anti genpresentin cells. J. I'munol 162, 3757-60 (1999). WO 02/ 221C>~

PCT/ AU01/161169SS fﬁdmmll&t@tlpn Aﬁ$ﬁﬁﬁh@f§&fﬁdﬂéb#ﬁ6ﬂ @msﬁS%Baﬂat%wasg at | east
one antigen i ARSEELALAN AL (LY 7 Bt ﬁ‘gvgﬁéi?iargﬁﬁggﬂtuele%hﬁt ﬁf %Da”'c' es

are in the sane Size range as viru e co

conprising at Rbb&atdepwdent aneTAMdepsnderdt iToe mecfhvamsmrwpamrméres, wherein
the mcroparticles are.in the sgne size range as viruses. 3. The

conposi tion o'f“’?ftéﬂqj"‘?‘i"ng ‘?T?Z wherein the mcroparticles are of
substantially uniformsi ze.

20 Example 5: VSSP induce expansion of antigen presenting cells in vivo
and in vitro

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 NLDC 145+ (dendritic cell marker) but
not F4/80+ (monocyte/macrophage marker) cells. They also enhanced



10 4. The conposition of any one of Clains 1 to 3 wherein said
m croparticles conprise a solid core. 5. The conposition of any one of
- Adainms 1y4gedagerein said mcroparticles are about 0.03 tperhd2/dfeb N
di aneter. 6. The conposition of any one of Clains 1 to 5 wherein said 15
~mcroparticles are nmade fromlatex., t@&ncous nol ecul es, gold, glass,
cal ci um phosphate, polystyrene, poly |Iyseine G or other biodegradable and
bi oconpati bl e polymers. 7. The conposition of any one of Clains 1 to 6
wher ei n sai d >3 fqetheé praptstisrbetiyomtronode oglisgexprassiog the agtivatiodnt |y coupl ed
to said 20 mcroparticles. 8. T onposi ti on of an n f Clains 1 to 7
wher ei n sai d MAIEFYER G%%aagﬁﬁ’fgé, E&%‘?%%@“&%ﬁ%ﬁ&fﬁ&p@&i de or protein,
. lipid, carboh i logd | i ed'BY FACScAN (33%

conbi nati on @?&g%é\g} CP%Q?&"%?%%@%#E@%% d(;fwany one (of Clainms 1
to 8 wherei ntbB8%ntlt gleo showsethat sianyrafithesepee!isdiaue takeg dipethecel | organ or
. nmol ecule and js selected fromthe follaow r.oup: n itis C

virus, (HBV) &@4um hepdsgi @fﬁjcmwﬁrtﬁegmggwgrﬁqagjén@m %glr%bﬁ%lsgc%%di um
speci es S“Chcq?éeﬁ)coyé.vax and ot her 3o Pl asnodi um speci es including P.
faliciparum clircunsporozoite protein (CS) and human pl asnodi um fal ci parum
-vivax, -oval ae argd04ve0.65meandr@ARpolyEyrene hesriscalonser gonjugated tavsp- 5,
AVA- 1, RESA, WO 02/ 221Gt -47 SALSA, STARP,.. LSAl and LSA3, H V-gpl120/160
envel ope PCT/QVBwererble & induse eé\@‘i‘:“é’?ﬂ%ﬁ%@%‘f@ﬂg‘ TIHFEEES ot ei n Ag,
orenza NUGhERBHAbHirehARIAR I HirfalRUTATG ARfereatbace | nf ect | on)

u ,

TcpA pilin subuni protein) LMCV nucl eoprotein, Lelishmania nmajor
surface 5ogl ytipatioreimth(RSand TEdX-cipha ) Idengdetic aels werrsuseaptiblotcei n, rabi es

virus G protejn, Streptococc r i.n.~Staphyl ococcal proteins or
Hel i cobact er tbbsl ﬁvaﬁﬁ%ﬁﬁﬁﬁg‘?ﬁé%@fﬁ@r8|6)\n rus (RSV) F or G proteins,
Epstein Barr virusrddsR\datdRSdéner sy§eRaRE pI8cles OF OITHeOBgmh ii siren,
Borrelia burgdorf:L outaer surface %g%t ein F%Clsp) A, Mycobacterium 10

t uber cul osi s (3BSP) higvepthet wisuspecteokandprevisiusly wyeswn ability & 65kD

proteins, Neisseria neningitidis class.l I, prot:ei {cella zoster
virus | E62 arﬁf'r@‘ﬂﬁé mqg%r%ppﬁgg &4 %i"&dwhg&eﬁf’ﬂﬁéﬁg@?ﬁ{s" B virus pre S1
ag, Herpegy sigmldricary cefis B¥prRsbing péient ed-stimulatory raplebulas IRE2CDA0Ur r ay

val | ey encephalitis Virus gl ycoprotein, _Hepatjtis A virus VPLl, polio 15

virus capsid anC8IS6 terproliferatezand exeand: nThimeaHld UFthen8xRIBINWEYr f ace
protein, Hepatiti i : , %&m j 1 RV)
capsid, papil E“&%é\?/? Eﬁsd‘%%?t ﬁgégé%q’fgg’%%%@%%éﬁé nI]—_' an(lj rfé*;jyﬂiﬁwscp gﬁ sélii:’lsur face
protein, Variggllhaveidriiadjense efect gses Exampiéat4 belaw)evensfoenvel ope prot ei n,
Brucell a surface protein, Rotavirus,

VP- VP-4, \VP-5 P-7 and VP-8, a
conbi nati on ofesABSRY t@RUoes whgndt Mot géﬁ@!caﬁx Cgm%te@.{ifod%&"g'uni t of said
antigen c rising five or nore amno acids in |length or conbinati ons of
one or note of said subunits. 10. The conposition of any one of Clains 1 to
8 wher ei n t he Examdes: i Extendedephenotype of setietaking up ¥SSP Faridytaftaincer
| ung cancer, 25 pancreas cancer, colan. cancer or nel anona.

Injection

To assess further which cells take up VSSP rapidly after

intradermal footpad injection (and thus may be responsible for

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

30 cells expressing each phenotypic marker. Cells taking up 0.04pm
beads were mostly NLDC145+, CD40+ and CD86+. In addition more

CD11c+, CD4+ and CD8+ cells were 0.04 than 1pm bead+. This highly



11. The conposition of Caim 10, wherein the antigen is a reconbi nant
peptide or protein. 12. A nethod of eliciting an i mmune response in a

subj ect swalox®idsod conprising admnistering to a subject ROT/AU01/01160

i mmunol ogically so effective amount of a conposition conprising at |east
one antigen associated with mcropartitb®s, wherein the microparticles are
I n the sane size range as vi ruses. WO 02/ 221G 1 -48 PCTIA U1 /01160 13.
The net hod of Clalml eint i mmune response is selected fromthe
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11 [
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cells. 15. A ﬁﬁ&lb@ldrlnyIB$ﬂ'C¢éll pangeszt ective i nmune response to an 10
antigen via a single dose said nethod conprising adm nistering, once only

to a subject, an imunologically effective amunt of a corrp05| tion

conpri si ng at | east é(é[%k@atf 9q]] ”Ptgﬁé%ﬂfﬁfsgeé@"ﬁ‘oméﬁgaﬁf@%e wherein the

mcropartlcl es are in sane sl ze rarige as ruses |rmune

response conprisesTo heldséssrmbahemrﬁﬂdlldﬂo P4 1ohibeadsOVanupsthkddydritic cells.
16. A method of in, vivo delivery of an antigen to dendritic cells 15 in
order to eli Cd@nqimlcl%KQQ)GQEBW@%W@W?% W@lﬁ%iﬂ%ith%e%w#hm stering to

o onn SRS BELRAGIE TeiARBTR 5 o) B SSL g™ <
m croparticl eAMU)ericavédle mediated mennahmlms(phormﬁmynsﬁte ddetateet hod of
Gaimls ?or qDR/iAT[Jfg, )(!t)]]?rlfbr\]/vérgecultureg in trlpllcagie with PMA, AML, CDD,
filipin (FIL) or ammonium chloride (AM) (all from Sigma) at the stated
concentrations for 30 min. OVA-fluorescent 0.04 um beads were added
for a further 3 hours and uptake was quantified by FACScan.
PMA and AML both decreased 0.04 um beads-OVA uptake by
15 DC, whereas CCD failed to cause any inhibition (Fig. 8a). Inhibition by
PMA and AML was additive (Fig 8a). This suggested clathrin pits and
caveole could both be involved in VSSP uptake.
Amiloride acts by inhibiting Na+-H+ exchange necessary for
receptor mediated endocytosis [14]. The inventor tested additionally
20 ammonium chloride which inhibits the assembly of clathrin pits by
interfering with cytosol acidification [14]. Ammonium chloride inhibited
uptake of 0.04 but not of 1um size beads (Fig. 8b), confirming a role for
clathrin pits in VSSP uptake. Caveole have been suggested to mediate
a novel mechanism for uptake of viral particles in DC [15]. The inventor
25 results using PMA suggest that caveole were involved in VSSP uptake
in DC (Fig. 8a). To confirm this, the inventor used another inhibitor of
caveole, filipin. Filipin acts through cholesterol sequestration, whereas
PMA affects the phosphorylation events regulating caveole
internalisation [14, 15, 16, 17]. Similarly to PMA, filipin blocked 0.04pm
30  but not 1um bead uptake, confirming the inventor's hypothesis (Fig 8b).
Caveole and clathrin pits can convey molecules to endosomal
and lysosomal compartments [14, 16]. Alternatively, caveole may
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5 producing and cytotoxic T cell precursor frequencies are associated
with protection against many intracellular pathogens and cancer [21, 22,
23]. The inventor immunised C57/BL mice with a single intradermal
dose of OVA-conjugated VSSPs and then challenged them with the
EG7 tumor cell line, which expresses cytoplasmic OVA and is a target
10  for cytotoxic SIINFEKL specific T cells in vitro. The resuits show that
VSSP immunised mice were completely protected against tumor
challenge, whereas all the naive controls developed tumors. In
addition, antibody levels were also increased following a single
administration of antigen conjugated VSSP, similarly to those observed
15  in Figure 2c.

Further work on VSSP vaccines
Examples 10 to 13 described below formally demonstrate that
VSSP can be used with a variety of antigens and induce broad
20 immunity comprising both IFN and IL4 producing T cells. High levels of
IgG, but not the potentially allergenic IgE antibodies are also induced
after a single dose.
The effectiveness of VSSP for therapy is shown in an additional
two models. 1) 100% clearance of established tumours (see Example
25 10) and 2) protection against lethal malaria after a single administration
of the vaccine (see Example 11). This further confirms VSSP as an
unusually potent and fiexible vaccination protocol to develop single
dose vaccines against a variety of diseases. Moreover, on the basis of
these findings the inventor believes that VSSP may be used for therapy
30 as well as prevention of cancer.
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administration of tumour cell line).
The inventor now shows that already established tumours can be
15  cured by a single immunisation into a tumour bearing mouse. Tumours
were cleared from immunised mice within two weeks after a single
injection. This therapeutic ability is highly unusual for any cancer
vaccine, and makes this vaccination vehicle highly promising for
development of a therapeutic vaccine (Figure 11B).
20 Mucin-1 or Muc1 is a breast cancer associated antigen.
Immunisation once with VSSP-Muc1 protein also inhibited tumour
formation in mice challenged with tumour cell lines expressing the

breast cancer antigen (see Figure 11A).

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



10@ 10@B910%@& () -7 109%@&' ()- y5- 10%@& () - 38&10%@& () -
@Y10%@&' () - 0- 10%@&' () - BBBACXCCDDI J) | F10%°/ P& () -! F10%JU&' ()-! F10%&' ()-!
“L' 1098 WO 02221640%&' () -! T L' ' 10%008' () - 10@VEEE| GHI ~\ 1) | B&®AUSI/01160
10%30&' (O)-11p S 10%wW& ()-1"S 10%408 ()-110%C& ()- &109%& () -

CFLO%008 () -11JJJJIIK =1 F10! I Nl 109%&' (936! 11 10%& ()-y 10 10
10 y810%&' ()-610%08 ()-3210% & () - nK&KKcLLMVEX6 =I F! -
10%7h7& ()-! DMO%& () - 4! &10%y 9& ()-!.F 109%G& ()-! F 10%PKPK&' () - &&F
10%g&' () - MNNEBDRifugatien 800gfante ggwe(ryf@e@@ab@wed)thnwes and

e S bt S COBIRMRBER 1 1000

RRSOTUUUWUG VK@dr B ¥ Hove 'B’@ab@-@sétb b&48s- ey sble bbb 1088 () -
L' 109& () - IL 10%30& ) -

YKYUZz[ <VK@ HEjEetedidd mmmm@d nnaivg S57BbIDMice were chaterastivg ) -1 @,

.13"8{?%0“ 10%?% oikd %@%%{f%@@ﬁ%@(@“% %W f‘f‘“\ 1991 1 derPul &

s10% , 10%0&' (RBCY 10%0% ()- F10%0& () - &@LO%O& ()-Y, 10%0& () - 10%0&' () -
11: "}"""_dEr Pll & . .

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 pm in diameter conjugated to
antigens other than OVA, such as the cancer antigen nm23 also induce
strong cellular immunity as evidenced by the induction of high levels of

20 IFN gamma secreting T cells (Figure 13).

2) As well as inducing cellular immunity, beads-OVA or
beads-nm23 induced high levels of IL4 (Figure 14). This lymphokine
promotes the production of antibodies, which may explain why we
observe good antibody induction as well as cellular immunity (which

25 requires IFN gamma) was observed.

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



S10%:10%08 ()-L!Z 10%08 ()-L10%8 ()-L10%% ()- 9 10%8 ()- 910%%: ()-
V" "aadErPll & s10%., 21090 () - 4&010%08 () -

10908 (Wb o898 96 & () - & 1090 () - L$10%0& () - apbgbr bsbbbcg 0 W&
)-1910% -{-& ()-19s! 109 7{7& () - 9s! 10%g& () - 1L00L0OLOO6- 10&&"&% )]m%g%gvege (
Cfdgh< =1 & S109&' ()- !1109%& ()- FF10%g&S3t)-

1099& ()-910%g& () -! 6910%& () - dgghhhi Si aB_=I & S410%& () &310%g& () -
90OMLO%g&' ()- ' m0%g& ()-! @ MOY&' ()-f&L0%& ()-Siijjj j*jj8kuS4l s10%& () -
1 10% L& () - bf BELEINg potdAtidly damaging (since they are mvolvedJ in allergy) IgE
10! S" " 610%& ()-Y 610‘3@@‘%_ ggy | menUop~<uS4l 1\ f 109& ()-s!|f
10% , & () - sLiespenses( & 31090& ()- !)10%4& ()-ppp-qqgBrrraB74l
- 10T9910%7& ()- !\ 610URRE ()- & 3109%F& ()-1' 109%4& ()- &&0z109%& () - f

109%0& ()-srrrrrtsssgH4l 10T@10%& () - Z10%
910%g& ()-!, SEdAvple( )4:zAdRnIgmatR Y Lazdlfimn?mes and induction of IgG

. uuvv' vwsz6H4I I\ #109PP&' () -! S10%& G109 ) s -
o () oy 3o\ crat 11 a5 100@ad toREMBEgeE) OO UL N O O

X -109%#& () - *y 109t hVidw 10 Wdentifying vesfl taltes @Pétiﬂunlstration of the
vaccine in humans, as well as intra-dermally as described above, VSSP
conjugated to OVA (100 pg/mouse) was administered to mice intra-
peritoneally, sub-cutaneously, intra-nasally and intra-rectally. 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 [FNg 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 1gG
(titre <1/100) (Table 1). VSSP by the intra-rectal, intra-peritoneal, intra-
nasal and subcutaneous routes could therefore also be used to induce
protective immunity to diseases where IgA plays a protective role, such

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

Table 1
Route Serum IgG titre Serum IgA titre
Intra-rectal <1/100, <1/100, 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, - | 1160, 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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apart) led to the generation of surprisingly high serum Ig and IgG
5 antibody titres of >1/500,000 as assessed by ELISA. Similar results
were obtained for specific IgG antibodies after two immunisations with
the breast cancer antigen nm23 and the malaria antigen MSP4/5, when

conjugated to VSSP.

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 um size of solid core
is the principal determinant of VSSP immunogenicity predicts that
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immunogenicity in mice after a single immunisation intradermally with

0.05um particles made of polystyrene (PS) or of glass (G1 or G2) and
5 conjugated to OVA using the same chemical procedure (G1) or binding

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

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

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

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



10z 10z 10zL : 10%& ()-p?eKdEbC 10 10T! NO10%@B& () - 9f 109%@& ()- F1O%@& () -
Y 10%@& ()-9 @O%@& ()-9&10%@& ()- K ~<bC 10 10T!I S 10%& ()--!S S

109& () - - WOORH@I &) - | &109@E& () - &L0%@& () - F109%@& ()- \' ABCBCPRGo{140 10
10! N5@ 109& () - ! a5@ 109%@&& () - @10%G@& () O0@LO%@E ()~ . SLO%@ ()- Der} ~<PB4
10 10'; - 109%&

FMLOYg& () - Flo%& ()-! F109BB& ()-!L! 10%& ()-L! 109%g& ()- G zX6PB4 10 !t,

1098 IN, , 109%& ()- !I 10%CCE' ( , 109@&' ()- - 10%& ()- !l -
109&’ 8 def ghRdificgtions of thmmm@ﬂk@@@f@}ﬂﬂﬁm&ws%hw MNMBINRQENIC) - 10 10

Toviar () 1 oheticks ! Mt dlninl i okdi fBdinications being compaggbip o

glycine, and aldehyde slightly less immunogenic. Therefore it is highly

unlikely immunogenicity results from non-specific adsorption of serum

5 proteins as the introduction of opposite charges to the particle results in
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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. Y. 910% u& () vénfhte srémehit@NE biding proteins are responsible for the ability of
VLPs to induce class | restricted T cell responses [1]. Not wishing to be

5 bound by theory, the inventor considers that the combination of efficient
targeting to antigen presenting cells such as dendritic cells in vivo by
VSSPs, foliowed 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-cells and immune protection. The
ability of the VSSPs within the narrow size range of 0.04-0.05um to

30 induce singularly high CD8 T-cell levels could be the consequence of
efficient uptake by APCs or by a potent subset, targeting to the MHC 1
processing pathway and/or direct stimulation of APC function. Uptake



10 11111SI 9F109BB& ()-! X&s! 10%& ()-!T&s! 10%& ()- 10 10 10!\ 4

109%&' ()-39MHEME 10 !!1111f10%& ()- GLOY%g& ()- | 10%& () -

y10%& ()welRMgte4() - 9F10%& () - +>xY8M= 10 ! PCT/AU01/01160

| 5109&' ()-92310%g& ()-!1" +10%gg& ()- D+10% & ()-'!S& 109%&' ()-F! @ 10%& () - >
OnoM= 10 ! 1f510% S! 10% - & ()-! D 10%gFgR& () -!Y! 10%iu& ()- 10 10

10! N f510%& ()-n)G\: M= 10 | 1\ @10%u& ()- a@10%m& ()- ' @

10% +& ()-1! @ 10%munué& ()-1 @ 10% u& ()-m N@ 10% u{ u& ()-nj @ GH Jwi [ M= 10 !
'\ @ 10% 10{{ (g%{\% VESRs maqmogew@@émi»mm Rade cogropeed( ) - & s@

10%iu& () - Jigx¥{dFsi28s, and this enhancement was attributed to increased
frequencies of particle positive DEC205+ cells, a marker of DCs. DCs
are powerful APC and expression of CD40 and CD86 further

5 characterises a subset capable of efficient CD8 T-cell priming. These

markers were found in a high proportion of VSSP+ cells. Thus, uptake
and selective localisation of VSSP in this potent DC subset in vivo could
explain the immunogenicity of the microparticles according to the
invention.

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.



IINL 10% () - Ms10%gé& () -
L! 109%& ()-1K)L! 109& ()-!tL! 109& ()-!L! 109& ()-1H[9+= 10'10 109%& ()- !SO
109 () - v 02A0%8 () - @(, 10992& ()-L 10%& ()- M DL 10%ch)sidikifes
10! 1 10%g& () - 10%g& ()-910%& ()- !!109%h& ()-!10%& ()- 10 10Q-aBE=
_10!1s' 10%g& ()- 10%g& ()- FGLOY%g& ()- 48%g& ()- , 10%g& ()- ! 10UKK& () - +r
dEE= 10!, 210%g& ()-010%g& ()-. 10%& ()- F(10%g& ()-& 10%g& ()- 10%g& ()-
AxqrstdYNCO! | 10g 10g 10g : 10%g&' () - 8S10%g&' () -6 10%g&' () - S5 10%g&' () -
310%g& () - t zX9YNCO9! 10%gU& () - $! f 9! 10%gg&’ () - $! |

91 10%& ()-$! () 9! 10%& ()-$! 9! 10%=& (J=$AL109%m&. () - $a} 0aS10! F& 10%&’ ()-z 10
10 10!~ f 109%&' ()-s!\.f 109%& ()-sv+g%%§%?\@€§g)zlowg&' ()- 0
*kaBaS10! F& 1010%@& ()- , 10%@& ()- 109%@& ()- 10%@& ()-L10%@& () -

1 1&! 10%q& () - ZEUS?dEAS10! F& 108@ 10%@& (2 & 10%@ ()- 10%@& ()-s

10%@8 () - 109 () Redorxar'J, Shirmbeck R. Alternative pathways for processing

109G () - BReaB7LOFRORBIAS éﬁ&?%‘?éénc@s s hetodtyhieets P8 )"
110%& () - &9010% o M-S blass drddttitted presentation. Immunol.Rev.
1999;172:131-152.
2. Schirmbeck R, Melber K, Reimann J. Hepatitis B virus small
surface antigen particles are processed in a novel endosomal

10 pathway for major histocompatibility complex class I-restricted
epitope presentation. Eur. J. Immunol. 1995;25:1063-1070.

3. Plebanski M, Gilbert SC, Schneider J, Hannan CM, Layton G,
Blanchard T, Becker M, Smith G, Butcher G, Sinden RE, Hill AV.
Protection from Plasmodium berghei infection by priming and

15 boosting T cells to a single class I-restricted epitope with
recombinant carriers suitable for human use. Eur J Immunol
1998;28:4345-55.

4. (P. Johansen, B. Gander, HP Merkle and D Sesardic,
Ambiguities in the Preclinical Quality Assessment of

20 Microparticulate Vaccines, TIBTECH 2000, 18:203).

5. Lu L, McCaslin D, Starzl TE, Thomson AW. Bone marrow-
derived dendritic cell progenitors (NLDC 145+, MHC class I+,
B7-1dim, B7-2-) induce alloantigen-specific hyporesponsiveness
in murine T lymphocytes. Transplantation 1995;60:1539-45.

25 6. Plebanski. Preparation of lymphocytes and identification of
lymphocyte subpopulations in Lymphocytes: a practical approach
1999:Edited by Rowland-Jones, SL and McMichael, AJ:1-26.

7. Pietersz GA, Li W, Popovski V, Caruaha J-A, Apostolopoulos V,
McKenzie IFC. Parameters for using mannan-MUC1fusion

30 protein to induce cellular immunity. Cancer Immunol Immunother
1998;45:321-326.



10@10%& ()-10%& ()-!10%===& ()-!NLs! 10%8S& ()-! TLs! 10%& ()- 10@
10@X9E10! F & 10%g& ()-!S9- 10%&' ()-!'19- 10%H& ()-!19- 10%

& () -1 10%g& 22168 109&' ()-f*zXI<10!'F 10 10!9-S 109%& () - z! BETAU01/01160

1098 ()-z! X9-S

109& ()-2z!sY(109vMV& () - GsY(10%& () - G- 4iR11010%& () - Y@BL10%& ()-L

10%& ()- 9" @0%& ()-!X 10% .r.& ()-!h! 10%b& () -

10, mBAE110109910%& () - 910%& () - | MLOY%b & (%- OMLO%& () -L3z10%& ()-910%& (
) - @JE11010%8 10%zekas|del§taaroth SL @he evaluation of limiting dilution

10% &' -10%& -10% & -9 o & - 9 L3t 10%bh &' -L210% & -1\
100/Ivva)z€L' ()-LY( (12)0)%5%@%&'88/5‘5%? ! %&%ﬁg@%@ﬁ%@% _xmbh@1! gl'?_s! 109 ()S) 10b
10b 10bLY: " 109b& ((efRdWOIEValdmbdiid Limiting dilution analysis of the cells of

Lf 510%& () --s$1lm<nmb@! I 1 10%&' ()-Z. f10%=& ()-10%& ()-10%g& () -
1 109%g& ()- ! SLs! 1thedmmunapysiabia The clopapagis obtheongaune resppRee. () -
I <

221008 () 11 1008 O R P42 ()~ PLO@ lovar ()11 @
1094 { & () -1 ! 104G YOrk! 18] Rak L. (Antigehlftededsing aAd Ieddritbtionbymio! N#
iggig} § ) | a@lgo/(%/; ‘(5‘34& g%@é@%@@%ﬁ%@?p%@% ex.( )\m% iilec\;/ Immunol
1996;14:369-96.
11.  Falo LD, Jr., Kovacsovics-Bankowski M, Thompson K, Rock KL.
10 Targeting antigen into the phagocytic pathway in vivo induces
protective tumour immunity. Nat Med 1995;1:649-53.
12. Robinson SP, Saraya K, Reid CD. Developmental aspects of
dendritic cells in vitro and in vivo. Leuk Lymphoma 1998;29:477-
90.
15 13.  Mosleh IM, Hubers LA, Steinlein P, Pasquali C, Gunther D,
Meyer TF. Neisseria gonorrhoeae porin modulates phagosome
maturation. J. Biol. Chem. 1998,273:35332-35338.
14. Lamaze, Ch. & Schmid, S.L. The emergence of clathrin-
independent pinocytic pathways Curr. Opin. Cell Biol. 7, 573-80
20 (1995).
15.  Werling, D. et al. Involvement of caveolae in the uptake of
respiratory syncytial virus antigen by dendritic cell. J. Leukoc Biol
66, 50-8 (1999).
16.  Schnitzer, J.E., Oh, P., Pinney, E. & Allard, J.Filipin-sensitive
25 caveolae-mediated transport in endothelium: reduced
transcytosis, scavenger endocytosis, and capillary permeability
of select macromolecules. J Cell Biol 127, 1217-32 (1994).
17.  Anderson, R.G. Caveolae: where incoming and outgoing
messengers meet. Proc Natl Acad Sci USA 90, 10909-13 (1993).
30 18. Reimann, J. & Kaufmann, S.H. Alternative antigen processing
pathways in anti-infective immunity [see comments]. Curr Opin
Immunol 9, 462-9 (1997).



f10%& ()-!; L 10%84& ()-m!8L! 10%&' ()-m 10@@ 10@@
10@@ . nZaBr S40! ' 10%&' ()-10% & ()-&10%& ()-L10%& ()- MLO%& ()-! @O% ()- 3

- N'dEr S40.48%8%16) - | +10% & ()-) 10%& ()- 3(L10%& ()-& pCT/AUO1/01160
10%2& ()-$ 10%& ()- "aYaVK@ 10z 10z 10z9910%& () -

- @B10%& ()-!D, 5y10%z& ()-110%& ()-90M8% & () -
2L} A<VK@! 3S10%1u& ()-f10% u& ()- L10% u& ()-

10% u& ()-! (& 10%JCUCE ()-! 8& 10%ueu&’ (s.) L\) dEVKgDI &10% u&' () -
10% & () - YI0%U& (Gumsﬁdgl@anskl M, Harris SJ, Allsopp CE, Thomas R,

T0% ua () 10% v (FAGHETe I Ekdoptice vaCaind Uiininy mufiile 1 )

. 10% u&' 10% ué&' %
109 08 () - 10% U thdfaRaloliépud. Kiat Blotediii 180T6E)2BDALE ()-3(10% u& ()-1 R

10- ;J(g%gge :J& 20.- 't daitmrt 8. Scheeidsss)y BlgbanskiglpbiangamCMy Blangkard - a1 ;
"z

100/ & ()2 100@Be () SMRGL B Vs s ke RATEESLPNE Y39 308 () - - suss
6)-m

; 68;03/&&[ (<;(NOO' ) 1&%@@%@@5&"@3 Am@mﬁ(&; MpargsateRand combirGHigne) -

9 UBBBOVREK] - 0@ 10967& @ 109%7& () - @ 10947&

)()@1@())1/((13_08{6'?)() %g'gbén%;j@%@%@?@@&() @ 1098 & ()()@10%I'& ()()@%%I'& (
0 o & -'-@10

W& () - @10%‘9& | y&&&&&&ggﬁgﬁcglg%gﬁ%&obb{@f@&%f a%%““f@%@ ()- ()@10%&

(()())/d_&@% )10°/d'& 0)- @ 1(0%7'82? . '.m.'l DRRABAL ;«fbH: 0 '@10%& ()-@109& ()-@1
10T@ 10‘Vg9 @ 10 O'G’P°@3f0\?/a@%?9{% (e ‘ééfls%)céﬁ ép@?g&%%% O-" @
10%3/' Y& () f F}?‘f%ﬁp@ugm%?%cﬁ)m@gtgﬂl%/%/g %ure prdspettsRikinunol
’ Cell Biol 1996;74: 45764 (-
23. Cook G, Campbell JD. Immune regulation in multiple myeloma:
the host-tumour conflict. Blood Rev 1999;13:151-62.

15 24. Gupta RK, Singh M, OHagan DT. Poly (lactide-co-glycolide)
microparticles for the development of single-dose controlled-
release vaccines. Adv. Drug Deliv. Rev. 1998;32:225-246.

25. Chisari FV, Ferrari C. Hepatitis B virus immunopathogenesis.
Annu. Rev. Immunol. 1995;13:29-60.
20 26. Pierson T, McArthur J, Siciliano RF. Reservoirs for HIV:

mechanisms for viral persistence in the presence of anti-viral

immune responses and anti-retroviral therapy.
Annu.Rev.Immunol. 2000;18:665-708.
27. Harty JT, Tvinnereim AR, White DW. CD8+ T cell effector
25 mechanisms in resistance to infection. Annu. Rev. Immunol.
2000;18.
28. Boehm U., Klamp T., Groot M., Howard J.C. Cellular responses
to interferongamma. Annu Rev Immunol 1997; 15:749-95.
29. Arnold-Schild, D. et al. Cutting edge: receptor-mediated
30 endocytosis of heat shock proteins by professional antigen-
presenting cells. J. Immunol 162, 3757-60 (1999).



6: 109@&! &&' ()- 90109&! && ()-3 @9 109R&& ()- - @qg 10% & ()-"----v..

00ObAI 10&! & * 109D D& ()-y 3fF10% & ()-m 10% & ()- Lt!10% z\ & ()-

Lt ! 109" YR()2/220&! &10& &001R122| [: Al 10& & ! 1098! S& () - & ! pOVRVORO {10 & &,

1 109% & ()- 10%& ()- 10%& ()- &10% & () - 2) 33455555| 0bU410

& 1096 T& ()-10f ! f10f1f10f!f & 1096!f&4€)- & 109X X& ()- N& 109& ()- 9+
1098 & ()-55@6° 777|[:bU410 &I0% & ()- f-109% & ()- F,10% & ()- S10% & ()-
&L 10% & ()- & 10%( D& ()-778[ 8888] bU410 L10% & ()- 10% & ()-
MLO% & ()- 110% & ()- 10% & ()- 3- S -89F: V| [:bWs10 |.10% & ()-

3+10% & ()- ) 10% & —=====y U410
ool 100058 ()2 001 1550 cﬁ”%’%@%@ﬁ%@%ﬁéﬁgﬂ%ﬁ%q%%“)'eﬁb%‘? 28 ().
0-10% & () - =4ah ’Tﬁléssbbi‘bh@n wiltDfficoparticl8s) Wheréin-th@ittdparicled 0% & () -

10% & ()- sS109 @ AAABB| [ VU410 ~ @109 S& ()-3 1 10% & () -
109 & () - 10%982n es?m@/@'&G(f?UQe 8§94IYSES- BCCOO DD| [ : vUA10 110% & () -

Fr oG/ Uatd 1 Love () (OB (PRl {%%"o’f%f'é%‘@oﬁé?f BTl (-2

D5Y109X & () - B&saktion willd dlp{olsadticdds), whereirbthimiropartiolis %ré i the
110% , & ()-" 1109%&. ()-" “1109& ()-" 9 10%& ()-"JJJIIKK|[: NA41010 , 10% & ()-
10% & ()- 3" 9%@@9@%”"931@/4'@' . 109 & ()- L10% & ()- KKKQLLNDM [ : NA41010
Z1098 & () - 10% & (3-4 1\?9(@%oéﬁpoéntuow&ﬁélau#1(drC|Jaﬂw{62?wﬁérem%lQe/é & () - DlVMVl
NpNNaQ [ : NA41010 ) :'10% & ()~ & MLO% ! ; & () -
1310% & () - msm am&l gs)arng Iyunzmmn 812&310%& ()- 4@ 100 & ()
109DD& 89310% 0% & S 109 () - PPPPPOLONCHA

L10% & 810 10% & (‘? ()&IB@/&C ""(B°S“QI09);%{‘V(S’“9 Jims Sref'sa

10% & () 10! 1Qigrekkiticidsddm & sBliflere & ()- B310%!"& ()- 10% ()-
& ()- 3,10% & ()- & 10% & ()-SSTMI~TTT|[: A410! $10% & ( % & () -
110% & ()- T109% & %) _ | Thescemppesiticguefsary) onerotOlaime| 1 to mmeremlaaw& () -

Saaoo & () wiliRawaiipes kb B tp FoSE Bidmetes 4 10 e ()

&93z10% & ()- 1t 19% & the cOmKtEN of AMVYMKLKC MM 10lo 5wha?&m8s,aﬁd /.
L10% & ()- 1109 & ()- 109 & ()- L!10% & ()- 10! 10! zXVYYPZZz[ {a : A410!
109 (& (35 /. micropadicleg grp-made from tatex fefrops nwlegyes, gold) glass, 10%& O)-1.

6 1098 & ()-/ Céﬂi%-%,] bh@é@%@i; ;L&l%”’ﬁg—i'e()\p\okp%&ma\G or%(t)r(ér\tﬁo&égl[adaﬁle

10%& ()-/.

510%

and biocompatible polymers

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

20  microparticles.

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

25 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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15  virus capsid protein VP1, VP2 and VP3, chlamydia trachomatis surface
protein, Hepatitis B virus envelope Ag pre S2, Human rhinovirus (HRV)
capsid, papillomavirus peptides from oncogene E6 and E7, Listeria
surface protein, Varicella virus envelope protein, Vaccinia virus
envelope protein, Brucella surface protein, Rotavirus, VP-3, VP-4, VP-5,
20 VP-7 and VP-8, a combination of one or more of said antigens, an
amino acid subunit of said antigen comprising five or more amino acids
in length or combinations of one or more of said subunits.
10.  The composition of any one of Claims 1 to 8 wherein the
antigen is derived from a cancer such as a breast cancer, lung cancer,
25 pancreas cancer, colon cancer or melanoma.
11.  The composition of Claim 10, wherein the antigen is a
recombinant peptide or protein.
12. A method of eliciting an immune response in a subject
said method comprising administering to a subject an immunologically
30 effective amount of a composition comprising at least one antigen
associated with microparticles, wherein the microparticles are in the

same size range as viruses.
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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 19G, 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 in vivo delivery of an antigen to dendritic cells
in order to elicit an immune response said method comprising

15  administering to a subject an immunologically effective amount of a
composition comprising at least one antigen associated with
microparticles, wherein the microparticles are in the same size range as
viruses.

17.  The method of Claim 15 or Claim 16 wherein the immune

20 response comprises eliciting mechanisms for MHC class 1 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.



