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. M CROPARTI CLES The . present invention relates to inmmunogenic conpositions,
‘vacci ne conpositions, nethods of eliciting imune responses in a s subject

-~ and met hods of producing the conpositions. Background of the Invention

Mani pul ati on of the i mune systens of humans and aninmals is a recogni sed
manner of avoiding or treating certain diseases or lo conditions. The
mechani snms by which the inmmune system controls disease include the

i nduction of neut CANBOSYT KN i GOMPEIS (NG ity W10 GEMIO &1 CROPARE)GLESd t he
generation of cellular or T-cell responses. The latter include T-hel per

pe:c-l st (TH and_cy}t ot OXi ch-I yyr{Jhocyt e;—(CT!_). I'n 15 instances of \t;i ral
Intectron e.g. pollo Die BRARL IhvEntidi &% ‘ Q0 BY
preventing the virus frominfecting ce%?%g Anrtn?[ﬁoo |g(eé§!02élér){%§§%{ Or|?)Sr"ot ect

agai nst bact eri a/¥Cyge FoiBpasidotsimehdds taphyitiog toiune. By poiseasoh a

be-sti mil at ed whaEepn eI e S CToP e gen are bound to
nol ecul es known as MHC | or MHC Il (major histoconpatability conplex, class
| or class Il) and are displayed on the surface of professional APCs

- (antigen presenting cells) such Baciposurtdienithe inivents®i | s) or macrophages.

The T-cells contai.n : ors which the npl oy to nonitor the
surface of cells for q\?%}é[ggfr&gégﬁﬁ%eoww@ef?@ﬁ?ﬁ@j@?é@ﬁﬂﬁt@”ﬁ?@d‘? fhe
antigen. The antregmmisedefrers opavditingadd tedtRgaHH5€ JRRLL@eRE C pepti des
bound to MHC Il ~nol,ecul es. By contrast, the receptors on CILs react with

_antigens di S afEBdB‘ﬁnéi ass | nolecules. The stinulated T-cells anplify the
i mmline response i n e ARCHARENE o] GRbh ERAN%sfbrh RoARLIOFLLa M N TS

infected with the S
. pat h?gen, - ;jrjt hmdu%mmaain?uammpf mafwiiﬁh%tﬁﬁdg&@@?nhtgﬁﬁm}nﬁ-{&@ah | n]: of t d -
-events is trig ed an se eventua resu in death o e infecte

25 JAN 2005 -z g%ﬂ"&se%na et%}‘?fa%%%'l %/ﬂi”@@flcg Tcapl! ESPenFas.e Thedatéari on of

cyt oki nes or |yirnald Mefslp il (?fﬁ') A/ Bytggﬂi@afggﬁjpﬁp{:ﬁ%gﬁﬁ-mtmuI timately

| ead to inactivation or eradication of pathogen ere are nmany
vacci nes on'¥ hel#anaas efhdieé infectionregdpslia or pepatiliseantadies peskdee and

broad ranging v i r_of diseases or conditions, There also
remai ns a need ? grﬁé%ﬁ éﬁ) f%r?mﬁggm%ymi‘#rgﬂ'i“?\ﬁedgée???@- &”tlgﬁgﬁég@ﬁls agai nst -
- whi ch vacci nes aise mrotgotatbinstibavalib @by erRumMaIdpstd ¥ey hglbc%egii ]B on, there
is a need for effecghve, Si ngl e-dose vacci nes, which are particu arly
desirabl e for ~B3%EbRBAFEECIEhEEREanisEls angkley peutislisive bctegiabitdxors. pat i ent - or
subj ect conpliance. Whgi | f : i sadvapt age that they
are not able to induce Aﬁﬁggﬁeﬁﬁnég%bﬂgﬁ g%b{ig&rgﬁﬁ"e\?éﬁ ﬂBUga'i’ypes of
hunor al and2Ccel #figen aresipumse® moleaslesdrioen asot 0 aaHCY! ghipet i ve. For

“angibody and coMNGar IS HUNGEIAbI e presell Federbdbpaecabe
rder oo atialn Brotoct an AR B AN s N B R Sore
ot her i nst ances(@p@gticppg@jgﬁr@aﬁb@héﬁg&h;cﬁmb dlarilg asintdin 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 H 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

_,,,,,,,,,,A.pathog,en,,,qr,,thatwcont_é‘i'hfa n-epitope which-it recognises;-a-chain-of

events is triggered and these eventually result in death of the infected



20 other desired i rrrrunog'l obul ins such as I1gA | gG and
induce I gE are not desirable, as the inmunogl obuI inis

! ?nMvolvse% iﬁ?dlt E@’it’gl c

responses.  Stinulation of IgA production is a "first |line" defence for

pat hogens that infect via entry through a nucosal site
vacci nes that can generate a high |IgA secretfory i mune

or surface. Thus, 25
response w t hout

enhanci.ng | gE production would al so be valuable: In yet other instances,

al though a vaccine results in stinmulation of APCs, the

degree of imune

stinulation is sebkopli additoraores drptlis, catestidnitbiecsagblicn of cERINaS Br :
charact er.i sed byb(a ierll es of .subset of cells ' 3o that can be distinguished
yr

from each ot her

that bind recept Qfa%t,\(}ého'ﬁ 5,e%3,151§j Eﬁ&@t Ifjjélg%q/ensl t woul d

‘produce a vacci ne which
of DCs, eg a subset cAlffabligh ﬂferefafrecrmantvme'ﬁ-@eme PE

e WitFle dD1ted eihexest elipeteibatrativeptaly faad tbi gands

be desirable to

ar get 25 JAN 2005 -3 a subset

HHEt M@ 1966 ddese

st many intracellular

T-ceIIs pl ay tal role in tective i munity again
pat hogens anofcak’c@-fjd B%fn%freeé)ffﬁﬁ“&?|36’L‘iistl’r9a@|r$f‘ﬂglﬁﬁIVﬁC@168$ friuesumbeFaf t her ,

with-r egar dto V@@,@éé\@ssoﬁééﬁcﬁﬁ@ﬂlé u{Tﬁér Fb ggrﬂﬁmtseng%éﬁi

‘the MHC-1 processing pathway in nost
CTL i mmunity usi a@!nﬁnﬂfaﬂtmg agaotd me{sathegemd a@&:hxt ahich

for class_ 1l have been proposed in APC

%}al 0 not enfer

t%g Bduction of
qugbirektesnat i ve

Toutes of roces n nt at.i o
through t hg upt a ‘riLkP “%’f‘@ LHF@F@?E’? Wdneuectvgminedebion diese isadasaifer cles [1].

Non-infective viesfdctivbkenpREdbSd 88chNEDIWBOTRAS Qr’n%LEa’i'i

B protein or yeast retro-transposon protein par rcl'és

D%iabAcs, Hepat i ti's

ave een shown to be

ef ficiently 1r ocRESSEHIE 5229aG, iOFpﬁ?mﬁ'tcmlwew ey drfaceafErgesubect nduce CD8

- LCTL responses |rb\ﬁ|“5 gnd invivo [2, 3]. VLPs are nu
cont ai ni ng protein partlcles the lipid content of whic

ltimeric, lipidis
h corrprlses nore than

50% of the dry wei ghtMo$lomexkies ﬂﬁﬁ&rdﬁ@ﬂféﬁl&b&ﬁxtﬁ@é%éﬁﬂéﬁ E{S’tr ticles

and have a | ower |ipid contéent

fail to be |m'runa'%(1‘j E%
proposed that V#% '@Hﬁﬁﬁ@g‘é‘?ﬂr@afr@mwawfﬁ@ﬁ@%\fam@

een
dypériof htymbrabc heni cal

70 Comos! 1 on_ S Sl 58, cars) sLAgt M LRgBIRROSAL Lot uhen,

antigen is present ed in formul ati ons con al nin

~are abl e to tPusenstente Jtsené\PErcipes sinby s/urmdatbaﬂm@ljd&g reb
thus gain entry i n

are entrapped aftigens=od [ heHPTERs 1

conposi tion. Théndiakcss Phafise
| actic and glycolic acids (%LA@%S%SI“%(E%%\%Q%& %gecg)(r?gg%

such that their i%PFH@ré@l@tﬁpm pisteciconpgainstitba relenamtahfetchee makat. at whl ch they

degrade. As the mcr r entra ed a
- therefrom and provi gﬁg&ﬁosﬁgggg’ﬁf else%%r%roéjéfg 'bfs g
the imune eespotse debtreusmwnjndg@cbwmaéuchfh%S@AWRj@%HH
and react W th {hatln(_‘FU cells inthe sanme way asS pro

©edd wRBTBeaNe, and

o.the cytoplasm The us m-crospheres within which
t'é‘é ‘%‘L{V% Lﬁ@ DgdngreRfisaeires vaathere

& POl &S

eres are cg uct ed .

tigen is 30 rel eased
HeeRAIaerWigt i mul at i ng

aMIOULLifdy er face

ce Igk are not desirable, as the lmmunoglobuim Is involved in

allerglc responses.

Stimulation of igA production is a “first line” de

fence 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 enhaneing IgE production would alsa be valuable.

In yet other instances, although a vaccine results ih'stimulaﬁon of

APCs, the degree of Immqne'stimulatien is sub-optimal.” Far example,

dendritic cells or DCs are characterised _by a series of subset of cells

30

that can be distinguished from each ather by surface molecules some of
which are specific ligands that bind receptors on T cells. According'!y, it

woulld be desirable to produce a vaccine which would selectively target - -

(



- 25 JAN 2005 -4 particles the make-up of which are bioIogicaIIch@qp@;@@Mg'
with cellular nenbranes. However, the difficulties with this formof" .
vacci ne conposition include antigen stability, the size of the spheres and
the antigen-release 5 kinetics, all of which still need to be resolved so
as to produce a vaccine wth good antigeni-@i-ty and | asting i nmunogenicity,
and to produce a vaccine that can be manufactured and adm ni stered
economcally (4]. In US Patent no. 4,225,581, a conposition conprising a
m xture of heter 8genselOiars, ef esubaaytapplia obeffieisns CESTrdeh gtinaiag bei ng

useful 1o for deljveri nst%nﬁnt hgeps tg@ a[ e _adsorhed, onto the surface of the
pol yreri ¢ parti cPBESHEThEBERP 2D WERIPe InHEoEGH @ S8MUNity aoaist ynany

anti geni city andinkaaEN9geinbb¥n®hing Yehcar YRES] bl rated or
shown. Specifically, ther%%wag rrllo ?ef erg%ré\g%t@%}{ﬁ%twﬁﬁﬁgﬁm%mgf&CD8 T cell
responses, or eviédupeocessing into the MHC class | presentation 15 pat hway.

icles would be e@ected to have siml ar

The pol yneri c. materi f . the, parti (
characteristi%cs as PLAE“@?erPW R Ies S Frselidarantigssve. Thus, it

was not known prirgditibmally® POESRBE tH WS Brbéegsihgf‘?g%m&égﬁﬁm%?c&fs.
particles admni stered as part of vaccines could i'nduce :
i munogeni ¢, r espdrEgReral] hawekucienphg Thmroutityeusiresentviiqveatinedis t he

i nvent or has sur i Sj f at microparticles about the sa size as
Viruses associ atl@ﬁfk\%}ﬁé%ﬁl gﬁ%&%ﬂwﬁrr&ﬁ%egﬁr%ﬁﬁs‘%?F&JIpé‘?s%fﬁat‘% ral -
anti body responsgsss hhaubjoeehrogSsssimAPY tfoudghant Mpesld Saddbtand i 1 st

enbodi nent the inyention provides an i munogeni c conposition conprising at
| east. one anti g&¥!iPnTHBYBR CaMRbas an prdictssdi L i Wpednfandreviraltlie |

\microparticles afftikiBs thePSaMRpSLEL of mﬁégﬁjr%ceslgeﬁlétftig%ﬁrotein or yeast
' S retro-transposon protein particles ha've been shown to be efficiently |
processed for MHC | presentatidn by macrophages fo induce CD8 CTL
responses in vitro and in vivo [2, 3]. VLPs are multimeric, lipid-
15 _bontaini_ng protein particles the lipid content of which comprisés more
than 50% of the dry weight. | |
However, since Hepatitis B core protein particles fail to be .
immunogenic, and have a iowerllipid 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 propasal that when
 antigen is presented in formulations cdntaining lipid or détergen{, {hey
SR ~ are able to fuse with the APC, possibly by damaging the cell
memprane, and thus gain entry into the cytoplasm.
| The use of_microspheres within which are entrapped antigens
25 have been explored as a possib!e vaccine composition. The
microspheres are made from biodegradable polyesters of Iactic'and
| glycolic acids (PLA and PLGA)'. The microspheres are ‘Cdnstructed
| such that their size and polymer composition control the rate at which
| they degrade. As the micros;ﬁheres degrade, the entrapped antigen is
30 released th.erefrom, and provides for a controlled release of antigen for
- stimulating the immunéﬂ'r’esponse. It is unlikely that these molecules

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




25 JAN 2005 -5 The term "conprising" used in relation to the |nﬁhﬁog@M|Bm5
conposi tion means that the conposition includes the antigen and :
m.croparticles. It may al so include other conponents. The term "anti gen"
refers to any nolecule, noiety or entity s capable of eliciting an i mune
response. This includes cellular and/or hafforal i mune responses. Dependi ng
on the intended function of the conposition one or nore antigens may be

included. The ant] tid ratein, id, carbohydrate, '
nucl ei ¢ aci d- or %%’ﬁggsﬁ%gpag@wpgyﬁl'% %frpe %O@SW@#[Y\&B t‘é% Wio cellulenese. 10
The antigen may hengesiaed from a pat hogen, tissue, cell, organ or nol ecul e

dependi ng on the intended purpose of the conposition, and may be a purified
anti-gen, or be of redt¥beyethodifiguios wilutes form sivdainecyepbsitisnsuch as

pat hogen. 1 ntro Y 88 entiEh SRy, GRHEER BE st Fha e Grlpr(Seer cof

viral, bacters aliQsticer o 87 olicH SlORédH §@Féboﬁfeo“éo as PL 3, YL LHses,
hepatl tis viruses, malaria. Specifically,. exanples o e ant1 gens

envi saged by t hé’V'B“r gehentigerinity snd sastingsmilriogesiciyobhehs priwpatd tis C
Vi rus HI cor, eins, aritigens fromPla rmdl um
speci es(su?:/% as \%CCIE%\}E%F%%SQ%N%?L%E Uﬁ%@%&pﬁwlg%ﬁg ESONARY Vrﬁ‘b] P.

fal ci parum ci rcunspon®zid Patdrteloe P A50s) 1 angb arum
-vivax, -oval ae O%nd mal ari ae, " TRAP, NBP-1 I\gﬁﬁﬂoﬁ’béﬁ{ﬂ?@%@k&kﬁ

AMA- 1, RESA, SAISSRet WU%WC@M@%@ inigiae. igpEz0rinee asrhsang)peefuf
glycoprotelq st fluenza n eoprotein, 25
. haerraggt uti nlon ngﬁ@%ﬁ%ﬁﬁé%@gagh% ace |n C{be@%ntﬁlglﬁ\%ﬁﬁz‘:?‘ gﬁl‘f‘umt VP1
Uprotein. LMV nmlwm&prrmmantlniesueltabmﬂlya HBjveters thid 8G€ocdisitaerYiodel n (gp63),

Bordetel |l a- pertus IS s gcﬁa rotein, rab| es virus G protein, Streptococcus

M protein, Stapfy 8@3‘8 nRgeRiciMafisssh actaseingvas nop Hsisaies| or
Syncyti ci al vi I efowRSY é: Rl (-EBV)
op3a0 o nucl somnt o PSRIALE Bieht o tergientP R Sdinddblod bf DS TP
surface protei nc(ebs@ponsew@ro@am amoaasmgbm:)cibda D4HE c?b@dad] biegeptadbai n or

30kD 05 -6 Nei
veni ngi (i ai 9°c1 SeRVEYoot 0 SRbETSHm=lal CL P atera WIS b6 HEsEa® gpl

Rubel I a virus capst dinpfaptatiafactEldmdd 44 PLR d/r'F"LLGAFPﬁt%ro%]ar@chs H?Jcagﬁef' mpl ex
virus type | glycoprotein Gor gp D or CP27, Miurray valley encephalitis .

“virus E gl ycopr8P8Y$, Hepatitis A virus VP1, polio s virus capsid proteln

VP1, VP2, VP3 and V j sufac ro titis 8
virus envel ope’ Ag prpg %%m ﬁ%&ﬁ?kﬁ?ﬁ@%ﬁ@w SSaE' 9’8”% Bq"‘?ﬁ irus
pepti des from opevgeakpaibiclsdadiinidtesideas pas of {acanes @b@lldﬂndL‘y’@él cella virus

envel ope pr?f ein, Vaccinia virus envelope protein, Brucella surface
prot ein, MBUYREeNICRSPONSES. 5 1o VP-7-and VP-8, a conbination of one

or nore of sai d antlggew@ ki@gdﬁ t conpri sing
five or nore am no aci dsr In ?gdm Sprﬁg%gﬁ%rﬁgnoﬁ%lﬁggh{oqﬁgge of said
'subuni ts. Lysat&gposingiyl found tlﬂaﬂ mrcaommtieerauohmlmxd{mgsﬁma exeifddd i ed abové::

: rray al'so be u‘segss%%latt g wat@a arg antlgesrllJ 8Povf|c5§ gttrclyr?gngelmgr and humol#zrﬂfl arnln%(cj)dy

responses in subjects.
25
N Summary of the Invention
In a first embodtment the invention provides an immunogenic
composition comprising at least one antigen in association with
rnic_roparﬁcles wherein the microparticles are in the same size range as

30 0 viruses.




15 concentrated or diluted form so long as they provide anti dqem QJXNVEH{}S
and/ or immunogenicity. Thus it makes it possible to "tailor-mke" an

i mmunogeni ¢ conposition for a patient in accordance with the invention by
usi ng patient tunor |ysates or a specific set of tunor proteins conjugated
to the microparticlfes. , 20 The antigen ny al so be derived from any
“tunour type or nmalignancy. Exanples of cancer types fromwhich the antigens
may be derived are br-ngstt; Ignqgrh pancreas and col on cancer ahd nel anoma. (
Sone further exanpl es'0f &Pectd e ERg| ¢dtsinsBtadiPAde the simunaoenis ar e

mel anoma speci fi ki - L antigen), 2s

‘carci no enbryoni %’@E?f“ggﬁ n%%%?gﬂn%% Lgoo %érgtlér\ﬁ%[@% c@? aQHSF &Yand bt her
cancer antigens micropaeiettsant nggnsiseitdiakt @def tompangnisunour, e.g. nucin
such as MJC-1 to I\/UC,Z antigens, Reconbi nant peptides or pfoteins alone or
in conbinati on may al 508 BMis¥d9enhETam g ‘ﬁﬁfﬁcé\aséﬂ%@%pfs%mmeti c

epit ope such as aA8H0 : ‘ irrﬂﬁ‘,réi i ased r nore. of the
anti gens ref e?r e%ap{ﬁ%%é%@qﬁ%%ﬁ?@rm i%@g%@so% ztﬁ‘géﬁab{ﬁgﬁ‘;&#‘ﬁ%ﬂd’PB an
associ ati on bef egnothénnmineopapbnsee Reckridieg antthgéitenddd furidivn RE thay
adsorption or by 05 -7 con{gugati on, or coval ent coupling.

25 .JAN 20
Preferably the a?ﬂmﬁ%%é?%qeﬁ\%fr@ﬂ‘ﬁ@ﬂt PRR 841 Be {Ns8198%r opar ticl e. Even nore
preferably, the anti gefe hatig@nigate ; : Lcroparticle.
The termmcroparticle ref elgs to’a sﬁg}aﬁﬁ%&éﬁr?(&ﬁr%%%%r%gﬁ%&m 5 the
form of a bead crckn@ck oF otey tmehefimelectleldre strapmatiFhef beyof thaseus si zed
particles" (MSP) is ed_in this docunent, to describe certain enbodi nents
of the im"run1(\)§geni c Ct)’llﬁppeogﬂiﬂFEiJ%rhrT@fde%tiquﬁgé‘mm@npatfwsggrﬂ,ot@saeb%el RE@33t ood
‘that "t he term VSP rhalscor! defarin %dﬁ@ﬁ@%_térﬁfeo%’uﬂ’é@@é RRE% 8dpdeRsSn N I T mt
the invention to the size of 1o known viruses. For Exanple, particles of
the sane size adN@hRAGPUNIgdaelge or BE<H resmnbinphhokgnpyodieed invent i on.
- Preferably the g pcle. has I r roviding stability to the
- conj ugat ed or arsgsUg%?%taJeéc(; t(gl'lr?tsldg}%nas&'a%%& ':I%t}fce%éfof?%ﬁ?tﬂhgg?ﬁ ﬁSﬁ?ﬁ@%@ of the
prior art which farexdmopleawagheemoapsitibaére inwh e ekescelltpdr, éﬁti?@rﬂ&’eni ence
these are referred.to herein as virus sized solid particles {VSSP) where
the antigen Ps p° Ot NEgEes iviial BRcterz! praprofeaog! inergipsueh ébes used

to make VSSP.ar j t f I d caLe: tantially of
\ ,%IW@!&M?E_&Q 983 TS ARV AGIL n?é!as'i’é]. E‘%_?Elgﬁ%l 7 ! y

. uniformsize (i.e., in- 10% of fhe stated size). 'm"solid core”
means subst ant i @&xkinpies DHhE artigensenyimagedlbysh @resentictertionl ane)as The |

m croparticle 1 GO sed.of any-suitaple.material_so | as it does

not detract fro ,It%ﬁves‘f@ﬁ% Sohopriteg %’fHﬁu@ﬁ&éﬁP@:Edmﬁgs@@# B%2 rréteinghe
m croparticl es mmlighes fragepPidspibdigieipeales stiephaas, Vighe%nd erdous mol ecul es,
gol d (such as gal d nanoparticles), '(grlwass, cal ci um phosphate, pol ystyrene or

~ bi odegr adabRe 2&12sme@uR] peesipaiNaNdEng bl akiperuuciicumsprazpitepyotesi ne g) .

Preferably, (CS) and human Plasmodium-falciparum, -vivax, -ovalae and malariae,
TRAP, MSP-1, MSP-2, MSP-3, MSP-4, MSP-5, AMA-1, RESA, |
SALSA, STARP, LSA1 and LSA3, HIV-gp120/160 envelope -

glycoproteih, streptococcus surface protein Ag, influenza nucleoprotein,'

| 25 haemagglutinin-neuraminidase surface infection, TcpA pilin subunit,
VP1 protein. LMCV nucleoprotein, Leishmania major surface
glycaprotein (gp63), Bordetella pertussis surface protein, 'ra‘bie,s virus G
protein, Stfeptococcus M protein, Staphylococcal prateins or -
Hélicobacter pylori proteins, Syncyticial virus (RSV) F or G proteins,

30 Epstein Barr virus (EBV) gp340 or nucleoantigen 3A, haemaggiutinin,

Borrelia burgdarferi auter surface protein (Osp) A, Mycobacterium
tuberculosis 38kD lipoprotein or 30kD protein (Ag85), 10kD or 65kD




the mcroparticles are conposed of polystyrene, PLG or gold. Mty
preferably, the microparticles are nade from pol ystyrene. The mcropar‘tqgél e
is in the same size range as known viruses. This nmeans that the

m croparticle is preferably | ess than about 0.50p.m 30 Preferably the
mcropaiticle is of such a size that it isgadapted to elicit an immune
response. In particular it is adapt ed to be taken up by antigen presenting
cells within a human subject or an animal. Mire 25 JAN 2005 $
preferably the npr@ft@qaarltlmsrsesa ananibgitiows eta s vt [08tedm d/4idelmzopteef er abl y

. about 0.03 and O. 15ul ref erabl ks_Pet ween about 0.03 and

©0.10,um Even nof'd Sp?éfé’?%%%%‘aﬁ?é’%ﬁ&?f% slein laplills B voes pee 6105pm
f bl 049

more preferably She ek RRADIhCHES e ?F}'}C\ﬁgﬁgeﬁb@t&r ggbou(?%gfgfwg%a um

still more preferably the m cropart et ween Yabout
0. 04wm or about ‘®lles eneepbalidvims Ergha:opr@fee‘r b agitth G iPBRNY P 1 ap@iRpul ati on

dose of vacoinatl 8t A Gp ety or e 21 265 ar Q%%Hé%ﬁ%ﬁt?é’%@n%sb?. ty of
the particles i reaiabe gbuan MOPMALS OuERyBlopkG BIALIULEHER: mTE AL abl Y

the mcroparticle/antigen conposition Is part| C y adap
cel lul ar and/ or ﬁlﬁ?ﬁr%ﬁpafdwﬁméfmmmsmpﬁﬁi@e foeh lonkcagene SPAIREET S

preferably sel egt th u con i sting of actlvtlon mat ur-ati on or
proliferation ofq‘ %E( eepﬁg%g—ft ?IVIfNIS%ﬁ‘He Oﬁ’elﬁfﬁ oYﬁf@‘rH@VTFU%eI I's;.
CTLs, particul ardnwe@& ;@Bltelﬁngr@e%|sh$facx5’rp%i%hﬁl?idta\hﬁf‘s VP 13, VP-4, v

“mcroparticlel/anti n_gen corrp05| tion elicits mechani sns C cl a
- presentati onf%f M P éwoa?tén@akb@f@ma pymardiof Iaaldtantlgahb,oam mechanl sm

- tinvol ving Cave()la‘?mﬁa R sGh NG Shiflbha ﬁ%carg\r tgg%{g :?gcg[erﬁa}aeg@f%:l es 4 and 7

i ndependent and TAP dependent processe%e

herei n. The hunmcals méerp@m‘nscﬁ dosnipnefi@iadl yns e arire@df Ea@Mudaitgr oup
consisting of IgA I % I M and subcl asses thereof. Cells which assi st
in mounting or anpl i gy PRGN Hitratag bameth ﬁ‘é%fﬂﬂ&q)%lso@@ﬂm“ﬁﬁﬂaab@vﬂoy t he

I 2 ] 'DCs of .
ot h myel of d or ﬁ?"@fn%’ﬁﬁ.“&d%’?‘?‘% R e S ek R RE ™ ©

activation 86 preenedrdraiedan dﬂﬂtesiuﬁmk‘mced) Iimgaaetrmnm@vmeaér&@,enaﬁtyairﬂ/@rhe
"co-stimulatory- || s,.that interact with
T-cells, eg CD %9‘%8%553‘0}% Tlfeima%ﬁ%% ﬁjg B EhileIYgRBERi#% on of the
i nvention may bgnmsedgenicirhpeaticrea @éﬁmﬂ% %ébérd@ﬁc@m\ﬁecﬂé'i% ®hnt he
di sease or condjtion caused by, or associated with contact wt rh

antigen. For exB¥bFEQ paent pHop RalEsow a2 gpecific set of tumor protems
: conjugated to the microparticles.

20 The antigen may also be derived from any tumour type or |
' mahgnancy Exampies of cancer types from which the antigens may be
derived are breast, lung, pancreas and colon cancer and melanoma. | (
Some further examples of specific antigens obtained from tumours are '
melanoma specific antigen (for example, the MAGE series ahtigen),
25 carc’i_no embryonic antigen (CEA) from colon, nm23 cancer antigen and
_other cancer anfigens or indeed antigens extracted from any tumour,
' e.g. mucin such as MUC-1 to MUC-7 antigens. Recom_binént peptides
or proteins alone or in combination may also be used.
The antigen may also be a Synthetic epitope such as a mimi.c or |
30 ' pep_ﬁdomimetic based on one ar 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




conposition may be used in the treatnent or prophyl axis of ceqtgiﬁuga%ﬁgrs.
I'n another enbodi ment the invention provides a vaccine composition' #9%3.
conprising mcroparticles associated with at |east one s antigen wherein
the mcroparticles are in the sane size range as viruses. The conposition
of the invention is particularly useful and.advantageous as it is an

- effective single-dose vaccine but nay al so be used innultiple dose

regi mes. Thus, in one enbodinent, the invention provides a single-dose io
vacci ne conposi téanjugatipr ostmgleitanophng.i Preferasy oel atRevk iByvaknfigast one
antigen, mhereiq,the nic%g&articles are of the same size range as Viruses.
By "singl e- dose"iNkeg tpdhadaintonariie o ENERoReE RiptRrably cihielantigeniismune
response is sti I j .evel s 15 "maxi mal " neans
that the |eve|sm§¥@h%%?8§%§§%32ﬁ§ gw%gﬁkﬁﬁkﬁé&%increased by repeated
vacci nation), or aff offustepnotégbpaticleaetdie 6 acdrihiepartiefe. tTies GoAPES|H. i on
fol l owi ng one aﬂg%?istr?tion of the conposition or vaccine. The

admi ni stratidn YN By 2HRAYT IPA6r @ OhBan sthey. sugblersheei on i . m, 0. p.,
i.v.,.orally, by inh iR, « ) AL SEY Qid rqugh .20 a nmucpsal
surface or site. Pr efa#elfgatb%?@], V?H%g}a%r?tai%ggerﬁa?és @}%@Dg}g@ggtﬁ?% ﬁgagﬂfﬂ?g e .of
the nicroparti cldscrifeeesliareembotinees of dpeinnchesenis cbetpaerbnalieny 0. 03

and 0.5um preferabl.y abou .03 to, 0.15 re preferably about 0.03 to
0. 10pm evenprmr_ é”%%@r ggﬁ@“ﬁﬂ%ﬁ”'@%@“@ﬁ%@%ﬁﬁ?&ﬂ Vdfahes éi’”,y BeSreven nore
preferably ab'outao@ﬁ%’d 1 Qr048iRte Shitl dod¥Bik 1iRii %ri%%r%ioﬁgggh% 8- fapm or

.0:04 to 0.049um The mcroparticles are nost prefer
pol yst yr ene, 10 PLENOYNagBISesal Feirumaphus phatielesrof dlod damersize ps efienowed

‘enbodi nent each; anti g'ﬁga[sgrcogﬁgrgb%ﬁgﬁfggrﬁieg@gnwét h the invention is
i €l°es : .

conjugated to m cropar ® In a further enbodi nent,

the invention provi desefersbipghe riloePaMaks hag aCMBQRIE ip%ic‘iiﬁétstétﬁiitg%am e of
mounting a hunoral and a.cellular imune response, the conpositio
conpri si ng ni cr SFarenEgated onasspsiiedartigas as distinet feemine Imiatospeasts one

anti gen, wherei ] gl re | ize range as viruses.
The cel l ul ar’ rggE)Hc}ﬁggéféﬁBﬂ%ﬂeggﬁcy%éﬂg?té@%}%?%%?ﬁSCLSF‘BUE%{:onsi sting of
sti nul at i on;i5 matanegrience thesecdriefrefatddin drelfHas elrlssiz6dsalid paniidz cel | s.

o o0 ) gut oROEE e LA 2 SRR Y B e tra
~responses are ShbMded @8kd to make VSSP are available from the manufacturer and
are substantially of uniform size (i.e., within £10% of the stated size).
_The term “solid core” means substantially solid (i.e. the particles
20 arenot hollow). The micropariicle may be compased of any suitable .
material so long as it does not detract from the function of the
Immunogenic composiﬁ‘on. Thus the microparticles may be made from
materials such as latex, ferrous molecules, gold {such as goid _
nanoparticles), glass, calcium phosphate;, polystyrene or biodegradable
25 . and biocompatible polymers such as PLG (Polylysine g). Preferably,
~the microparticles are composed of polystyrene, PLG or gold. Most
‘preferably, the 'microparticies aré made from polystyrene.'--
The micropariicle is in the same size range as knownr viruses.
This means that the microparticle is preferably less than about 0.50um, -
30 Preferably the microparticle is of such a size that it is adapted to elicit |
an immune response. -"l"n particular it is adapted to be taken up by

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




‘Cell's which assist in nounting or anplifying an i mmune respoﬁs@mggggso be
~stimulated by the conposition. These included but are not 10 limted to '
- APCs such as DCs of both nyeloid or |ynphoid origin, and macrophages. The
maturation, activation or proliferation of such cells are contenplated. The
term conprising” has the sanme neaning gi veg.above. The term mcroparticle
has the neani ng gi ven above. Preferably is the mcroparticle is adapted to
be taken up by antigen presenting cells in an animal. Preferably the
m croparticl es apefdeblyess Rickhande abPRLRES] 56@9'0(0@%@%? 03 and
0. 15pm More preferably the mcroparticles are between about 0.03 and
0.10p.m nore prekérablyathe O anpartschestillanerdpteierenlyabsiieed. H3um and
about 0.05pm Still nore 20 preferably the mcroparticles are about 0.03 to
0.049 or 0.04 antt08.@Edhifrmhetvast more arefegity theamicragediciestard aliouh” have
t he meani ngs giy ve. Any suitable antigen may be used dependi ng on
whi ch condi ti on/cglﬁggg@e&q‘fmi %O Pk %‘@3"3{@9\/&%? Igeg §4F RetWesatpe anount
of vaccine cenmpgspti t i i j I € i S not
.critical or limti n%ﬁ?}%p\rﬁf gﬁaggrpﬁwgﬁnéggﬁgg{g@Rgiq%gﬁ%@)ﬁ%ﬂé%e%%rsel tionis
that which will ttiveshabeuad.ddemiebsesROss® @aaionsD.3hen@otdgsim conponent ,
preferably after a si n%l e dose or adm nistration and desirably, will result
in strong cel lul ar artl 3RFHEI pEbpEiERY, 2 RePURSioarms unicrafarigeptsbei ons
delivered may va[ide i 1.0, LAVANE Stat f, the patient (depending
on whet her the g{'%ldgﬁ% g?gk{é&nﬁﬁﬁ‘é‘%@ﬁr‘esseg’“o%ai‘@&‘%&&Sﬁﬁﬁ"&‘?‘é@?@mﬁ’rié
j udgenment of at tedrdimitprm 98e.J ANs2005ns fHat piwy Sijbity Prhey ehRIcidRaRian, whet her
t he conpositi'bon s used %ﬁoa va{):]fctkne to prevent or treat a disease state, '
r

lor as a vacdPne G HYRAATOT B NP SHAEEITHE or whether the vaccine is used ..
in the treatnent of @?e@*éﬁlyitﬁl@n{ié%gtgﬁid@gn ngémﬁas%pgb%pgﬁtchg%s may s

receive from1 pg to 10,000°5 ~g of e conpositio he" I’ nventfon, nore.
preferably 50 ugdestss owicitiay celtliar Bndfor dupretidimabliye i9ponsg. tThel, 000 ~. g,

and even nore pr . t.0 D pg of the conposition of the . -
i nvention. Adj u&gﬁ@é?g‘%%obgg '%g??é?@lg&sggﬁ rftécﬁfn the, COnFngaRlt s may be
used for inmuni zativation, Huattalion @druRMEN ST, LelgisalnUm agalBiN afg any '
ot her adj uvant é)r io adjuvants well known in the vaccine art. for

adni ni stration tie* RIRAET TrESde Bihoasicuady CREGTL emdiBigel®e adni ni st er ed

by injection, b } N ! j . ..inhal ation or b
aén‘i nli stration ar%%gé %i@%g’flé@E?{]\ﬂggeéé'gtfgeg{?%mbﬁ%ﬁ'@%gﬁéﬁsog&c Wtsfnstlﬁé Y
vaccine i s adm Mh¢etas lyeseatatonbf anfigae @hith drenaioss upibyroR@dis! es and

gold 15 m croparthcI es-if used iné)?ccordance with the invention are .
- especi al |y sui t ABFEYR MR I “i’%cﬁ‘ﬂe‘ﬁ%@é‘dg{lrﬁlatpﬁ(ﬂ@ﬁé@r wriher types of
m croparticl es widdasaintieRsh B ,@dgq gt ' ' HF&L% Ldor
exanpl e, anti ge%g deri %e from rra(%geri a t%ﬁ?ﬁégg?b%ﬂgg@%rp AsHi o have been
shown to be2®f f exlpingryn &ermiles éraed biregeme Thermunmoratrmpdaseés 20 with the

procedure descr ' §q§ ker. PM.et al , "Expression |]jhrary inmmunisation - -
protects mce a %‘?%g%)[}a C %FﬁJW&tr\‘/ﬁ PIPYP ¢l _ Wgrﬁiﬁ%i @%ﬁ@éc!ﬂ“ﬁ@ﬂdw(zz): (s
2533- 2540, 2000subiotesyegahateed, herein in its entirety by this reference. = =~
Vacci nation may be by single or nultiple dose adnmi nistration or via

prime-boosti hg. 25 |ReE Whidhssisimbowiundng ar eenplitviea eindmmpuney refgenae met hod
adm ni steri ng took vy s SEREAEd b i SUCERoE hE 08CaRETRE o5 Pk
- conposi ti oreSconniterd YARCs| m$itasoDE sasfitbioge myassio ok alresh il Idhigin, 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 740, CD 80 and‘CD 86.

The immunogenic compoasition of the invention may be used in

30 treatment, prophyiaxis,_gr prevention of the disease dr condition caused

by, or associated with contact with the antigen. For example, the




m croparticles, wherein the microparticles are in the sane siz& dAHgX0Es 30

. VIfUSBS. . ., The subject’ may be any human or aninmal in Wich it is desired
to-elicit an i mune response. This includes donestic animals, |ivestock
25 JAN 2005 = ~z_ (such as cattle, sheep, horses, cows, pigs, goats,

|l amas, poultry, ostriches, enus) and nati ye and exotic animals, wld
animals and feral animals. The term "conprising” has the sane neani ng as
gi ven above. s An immunol ogically effective anount refers to an anount

e o™ SRR BN d ORISR e e Sidnako S ElEaDlY after

. a single adm nistration var e en Mfactors
i ncl udi ng t hose a;hns:eusssed above, and may depend on whet her t he subj ect is a
human or animal, its a wei ght and sg on. 10 The terns "anti gen" and

"associ ated with" halg H@%ﬁ@%@ﬁﬂhﬁl@ IRYCHSNERrOXeFe varing er m " i mune
" bed ab
response” refer %thpésl}goerp%rhbp[l@ﬁ%%g O{b ummral oL %@ﬁfﬁfﬂ% I%S scribed above,

and also to the respon assT s> TN ou a%?lfyl ng the
i mune response MIgdesdTerbE‘dhaaEmlattmmncNm ap@rritﬂheLdaawﬁe 15 7(2) rEﬁgy@:e response

may be provi deddﬂ'é the&ol ifer, t| on _and/ or expansion of dendritic cells,
particul arly DECIUETS: BYMRAY @ﬂ)@éﬁhec@lvﬁﬁtmﬁrﬁéﬁt@?tﬁﬁw speibhanfcl e has t he

sarte AN NG a5 4 HARCBRON B IFCAEL ARG SIBLORALLEE! £ ko pelien 003

and 0.5um nore 20 préferably between about nor e
preferably bet wesaddn UBJItaEPid C@SE regimdéven nore preferably the mcroparticle
IS between about 0.0 even nore preferaply bet n about '

0.03 and 0.04 or bef ﬁ'?ﬁ 'gb(?ﬂﬁ e@b?m@‘%{ﬁdr@'ﬁﬁ% N OV esna)el@g P ably the
anti gen/ m cropankiGhe copimRidn Qﬂnbﬁsnﬁ)@ﬁ'ﬁlb%laﬁrdlé’s éi%z—ﬁ@d%ﬁﬁ&ie kCit-a

i’_strong cellular and/or hunoral imune Tesponse. In a preferred:enbodi nent
the invention pPBYiaNdsca, WBerR the midrppertictey aim diheinemessporrga asa

- subject said net, ??e Lonprising admnistering to a subj ect an

i mrunol ogi cal |y efféctive anount of a conposition conprising at |east one

anti gen associ at ed wByHsB@le-dobeT Npanidapk €5t aeneidl antifts caligkeparticles
are in the sanme,size range as, viruses and the i nmune resPonse conprlses t he
stinul ati on and/ByuUNesesigNag sEiigulgted or enhanced to maximal levels ( _

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

20  amucosal surface or site. . |

Preferably, the antigen is conjugated to the surface of the
rmicroparticles. The size of the microparticles is between about 0.03
and O.Snrn, pr_eferab'ly_ about 0.03 to 0.15pm, more preferably about
0.03 to 0.10um even more nreferably about 0.03 to 0.05um in diameter,

25  even more preferably about 0.03 to 0.049pm. Still more preferably 0.03

| to 0.04um or 0:04 to 0.049um. The microparticles are most preferably
made of polystyrene, PLG, glass, calcium phosphate or gold. In a
preferred embodiment, each antigen for use in acc;ordanee 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 compasition comprising microparticles




prol i feration of dendritic cells. Preferabl y the mcroparti cI2e§ ﬁ(@r@ﬁfut
“40nmto 50nm nost preferably 40 to 49nmin size. In another enbo'cjl it the
i nvention provides a.nethod of eliciting a protective i mune response to an

antigen via a single dose s said nmethod conprising adm ni stering, once only '

to a subject, an imunol ogically effectivegoount of a conposition
conprising at |east one antigen associated with mcroparticles, wherein the
m croparticles are in the sanme size range as viruses and the inmune
response conpri seéssotigtest witiukatdashonadhtgedrwhfas gid &%r@éét@i@%‘ggr% Le cells.
io Preferably th?hm' croparticles are about 40nmto 50nm nost pre &l abl y
about 40 to 49nm"in°F L4 RNEFATEFUSS$odi ment the invention provides a

nmet hod of in vivo del iryer, i i ndritic, cells in order to
elicit an imune res'pgﬁgedéggliacri%&gggg%cg{%%ée%&tﬁ%‘%%mégﬁr%o‘ﬂb a subj ect

an 15 i nmunol ogi eangistiraf ¢:ﬁ9$i:trhulatiarnm'uaturaﬁorﬁoﬁﬁfmi@@ria%ﬁ%f §ORRYL %ﬂ% at |east
i erein the mcroparticles are

one antigen sogi d wt j croparticles,

in the same ?zeng:?S%e“és ﬁ%%g@graéﬁgsgfwei ifpigkeraly peteste bopr thees t he
stimul ation and/ gfoupr@risf@hatdrons of ritic cells. Preferably the

i croparticles a?e EboutS 40%m ?@A’Slgr%?h%]@oésrkd %\H%cﬁ%§% e (?at%a%érat@y,t 0 49nm
in size. The invightilgh aardéy lgit msdenses argwirhagi@f. produci ng an i rmunogeni ¢

m croparticle/antige sition conprising contacting mcroparticfes
which are in the s'arrerb%%zn\ggpgr?gsé'sé@ QUpSiBg ARiampldyieg@n imonenardspgess such

that the nicropanticlesb@bBimanit:gs0s 5 associated. Those skilled in .
the art will be faniliar with the Peﬁﬁﬁlﬁg@g’gﬁéged | eéedPg'HH%gbé’zé'f? Bot

conposi ti on. "DetEiiteshioddResiSch@s BEsdidotmresldionr Firephdly epioRnw | | now
‘be described wt e e 30 followi ng non-liniting exanples and
figures. FI GURE rﬁaé@ﬁé@% Tﬁgf"%‘%%%{qnaFc{h‘bﬁfwro@mbwwcm elssush atilisf er ent
si zes by nmacroplagesneongateet] to dendritic cells. 1000 fl uorescent 25

- JAN 2005 -14 beads of_0.02, 0.1 or 1 micron size per cell were incubated:
overnight with cul t ur8§ 'BEPi Femetsingxigathe sameophagies grerbah@vdRI I OW

Cel S asSesseu by FALdr MR Bl oM B BB A ey o
: 15 the microparticle is adapted to be taken up by antigen presenting cells
in an animal. Preferably the microparticies are between 0.03 and B
0.5um, preferably between 0.03 and 0.15pum. More preferably the ;
- microparticles are between about 0.03 and 0.10um, more preferably the .
microparticles are between about 0.03um and about 0.0Sum: Still more
20 preferably the microparticles are about 0.03 to 0.049 or 0.04 and
0.049um. '
| ‘The terms “antigen” and “associated with” have the meanings
given above. Any suitabie antigen may be used depending on which |
condition/disease it is intended to vaccinate against.
25 The amount of vaccine composition of the invention delivered to
a patient is not-critical or Hmiting. An effective amount of the vaccine
composition is that which will stimuiate an immune responée against the
antigen component, preferably after a single dosé or a'dministration and
desi_rably, will result in strong celfular and humoral responses. The |
30  amount of compositions_i“delivered may vary according to the.immune
status of the patient (depending on whether the patient is

immunosuppressed or immunostimulated), the judgement of attending



's shown. Simlar differences in uptake of different bead sizes 2erean 2005
.obtai ned using 10 fold higher bead concentrations, a 3 hour pulse wth
beads or Bal b/c derived antigen presenting cells. Panel B - Virus sized
particles are preferentially found in | ynph node cells in vivo. LEFT
C57BL/ B6 mice were inoculated intradermally;in the footpad with 501 10 of
0.1 %solution of fluorescent beads of different sizes (0.02, 0.04, 0.1,
0.2, 0.5, 1 and 2 mcron) and the draining poplitea! |ynph nodes renoved 10

days later to asglegscibherRefsrpatiagewhbieehhs chiabsi beads
by FACScan. The data is shown as nmean per cenfagg 3’1‘ aﬁﬁg%{gg%ﬂ%}éﬁ% +/ -
‘Standard error (SEreyent ¢ritigatcatiscssarplats, ortrea 0a0dnd $o araledt furAbGr on

any other sized particles

particle sizes Lgni ficantly. higher uptake t .

(p>0.001 ). In gﬁ%m?g(rgﬁeg p‘%?%h@ﬁf@ %’s‘i%‘f @d%ﬁ?éir'agﬁ‘% EgtBarof@mexdsting ni cr on
beads, 0.1 m crofamdigadtupbak | gL I; t ' nin

| ynph nodes coll eg]t ed alylsug gt ?giggﬁ‘;@p?, %%h%l_lr]&gﬂgﬂl%@‘%ﬁém 2@55%;16'@9& s C&
D - Virus siZed paotinel esnpostivrabeme20vemian, efecantisrhbly Sy, Wehogode
NLDC145+ (al so known as DE0205+% (panel C) and F4/ 80+ (panel” D) cells.
Lynph node cel | s*% ¥4l Thf@erretacably di9Or ity 596mg, apdravec! msrapraferadiessed by

FACS | ysi ' €SS f the d itic cell mark
N Dcran) pecobe o108 R e B o oS G e ey 80, ATHIAE arasidins ¢ he

percent age 2s ofgdNeROl4tubped FHRNEh ki t nt due

to bead upt ake. gFI,GURE 2}'1UPane_I A - I%ﬂg\{%ﬁc}% %&?%ﬁ%g?‘gﬁtﬁ+ﬁ§5%and cH4

T cell's by i mumY@bioadyentsivaude miumasse wellasmydsthef adjukbarent si zes.

‘C57BUB6 i ce qwer gy ] Ry NE L.y twice (10 d 30 interval) with

1100p: 8 of 03,8 coaﬁ?%gat eh/%? %ﬂb%ﬁgﬁ%%%ﬁﬁ?@‘%@@_ag,rrumg%t?qa F?r!IBWnéP%-e beads

and spleen T cell aC‘tTlh\ﬁi\tat:ca%ﬁstaedln\ﬂ@wt@@%aﬁfbg%drﬁi?%t%@%ﬁﬁjéoﬂﬁﬁ’,@fati on
i 0

by I FNy ELI SPOT. Responses were neasured to
: X administration via tne oral route, by inhalation or by administration via a

mucosal surface or site. In one embodiment, the vaccine is
administered by means of a gene gun. Ferrous microparticles and gold.
15 microparticles if used in accordance with the invention are especially
suitable for administration by gene guh, However, other types of
microparticles w_ith antigens may be administered in thié fnannef. Far
. example, antigens derived from malaria libraries, DNA or piasmfds have
been shown to be effectively administered by gene gun in accordance
20  with the procedure described in Smooker PM et al, “Expressioh library
immunisation protects mice against a chalienge with vir.u!ent malaria.”
Vaccine, 18(22): 2533-2540, 2000, incorporated herein in its entirety
by this reference. Vaccination may be by single ar multiple dose
- administration or via prime-boasting.
25 In a further embodiment the invention provides a method of
| eliciting an 'im‘mune response in a subject said method comprising
administering to a subject an immunologicakly‘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. Nl _
The subject may be any human or animal in which it is desired to

elicit an immune response. This includes domestic animals, livestock




30 2 ~ ~;~~, 1V 205 -ts the H2Kb restricted CD8 T cell epiterSS!ﬂiNﬁﬁﬁl or

to whole OVA. In the case of assessing reactivity to OVA spleen cells were

depleted fromCD8 T cells before the assay with magneti c beads (Dynabeads)
to quantify OVA reactive CD4 T cells. SIINFEKL was used at 2.5 ~rg/m and
OVA at 25 pglm. One of three simlar experdnents i's shown. Two mice per
group were inmmuni zed for each bead size. ELISPOT cultures were done in
dupl i cates and average val ues of spot formng units (SFU) peY mllion cells
- tested are.shown{sybthesstand inatd ; han 20% of -
t he nean. Panel é - Cor rifpaf‘?fgené}’%‘goﬁéesgEg@?&%lpﬁ%ﬁ}"%rﬁ%%, Xl é&%cti vity and
| FNysecreting T e8licbepyerfus SROIMEtive espersiec aninBlis, NERKEN 6RIBLABsm ce
were. immni sed with beadsOVA of different sizes and reactivity to Sl NFEKL
assessed by fFNya@m% as descri bed above. In addition, the nunber of
SI I NFEKL specific T c it : i td\y %@ﬁ 1N LN
parallel by limting gHBﬁ?ﬁon&aﬁgﬁﬁigzﬁ&cﬁr%oéﬁﬁm%h afegggléﬁwgeﬁeq%geal one or
prepul sed with 2.5 g.gninnofnaBididEfkeffawive ansmatasieratgeh amdle data shown

illustrates the n orrelation. (R square= 0.9254) found between the two:
assays. One of t%fhgleﬁf fi}ageréﬁ?(aéer?’ﬂrﬂﬁwng§e§ﬂ’ﬂ‘v§rﬁ '”éﬁﬁl??l‘.ib@q’ naRtsreRdy

producti on i nducefterly singraisds@tiseation. t QWA 6o digal, erﬂgﬁ fg
different sizes. Serum \g\'n?; col Iiec't_led frolm t heg&l m ce%ﬁjeigrﬂ ?be ?ér% CEanel A
and serum di | ut i 'GA%rs énaluding dhomisspesidf dhovieg @nd eaay depeyd by vlshish:

| ndi vi dual m ce A : 4..0.1 0.2, Q. 1 or 2 mcron size
OVA- bead i nmuni S@?%@FH}%&E% %Ihgﬁaerg?'oa@%fitst%e'ﬂ?fgﬁ%?n%ﬁ‘bgpi ments is shown.
FI GURE 3: CoMal ent coffjelgaiisoantfedningersboiakepdanNes@s sl yahe i nduce

coptimal T cell resgo_nses. Panel A - Bead-conjugated OVA al one accounts for .

MHC cl ass | restPFeREES PSCHY®N PRSdONses C57BL/ B6 mice were i nuni zed with

OVA conj ugat ed coval < ] agle j i alysis
(Control) or foll owi ﬁ’;”éd?éé'ﬁ“?ﬁg%geﬁeﬁé?ﬁ%?ﬁ%‘g’% ‘L"%“@‘{fcﬁ%@ BB on
menbr ane (Di al ygesyonshseas deswitenhatmivel BNy apyodubengssonenbe cSld NEEKL

specific CD8 T cells.was a%sessed ]]gﬁgg){hse after one intradermalimmunization

by ELISPOT. The $78&h HrOUNtBILr BARP e INIMypeBFPANSA eedpesitgdoup
assessed by 1Ll Slei Nn Gapdd Gt BeWRhdnd r%sﬁeﬁg\é""mfy%\lﬁprcﬁddeq by the
Su :

Co-adm ni'stration of beads and sol uble O/A I s not I cien 0 1 nduce

opti mal MHC cl ag¥oliferationrand/edepansidnsof depbiticas!s QsnBLLBAy DFECR05M%T e
i muni zed V\ﬁth'% | lently to 0.1 s mcron beads (Beads
conj ugat ed- OVA) or ﬁ%@g%ﬁ'k %%Epri or to injection (Beads/ OVA nmi xed), The

‘i nduction of -1 FNy pr d‘dmbng_rst@kcﬁmrﬂcl&wa!éﬁﬁéﬁsaﬁﬁeﬁefahﬁ)g@?Weﬁ%Jbb\?e.""as
assessed 10 days after one intradermal immunization by ELTSPOI. The nean T

cel'l precursor fregiRMNYNe Slictoperide sebetyesnd a3 saddbiumy nEESPOT in

dupl i cat s i h . F . Asingle | i zat ith viral
oi bed” beads varreBatly PEfRen BhSTad anf b Rac s T Ne SRR s of ‘M
class 1 restricbedvderselossand’ @W?.Jm.AE‘veWcﬁE/ ;ﬁ@f%ﬁlwmcﬂfmig

d ;
iintradermally once, two or three tines w th beads M ¢t oh , each’

‘time 14 days - , Sebysar abo @.681m 4FND.OSesp@ves rhoreShliraKly atatAed in each

case 10 days -af | ast i mmuni zation by ELI SPOT. Three m ce were

ter th
i mruni sed per g?gﬂ‘bt %ﬁé AKe0- 84t behwagn ehelhddR asvd GaAPwat Btilbwseys on each

mouse. One of t i ' ' IS S JF | - B.. e_vere
i mmuni zed once aﬁfléﬁﬂ%I a%-wd(wéﬁ?ﬁggn%&%%gﬁ% W'?@éﬁ%ﬁ?ﬁ%’@o-
SI | NFEKL or 2390VAId elixiteal shyndrc@ BRET ad@/op huBdraldisnlies afspoféi body level s to

- OVA neasured as in F gure‘fz ) | C )

of CD40 expression by’ TB[FETEAAMpRAIBNhennugnihavides daathed af ng | ynph
node after intrgasged i MR i Bopli I nai ve
C57BL/ 6 mice (I e%t dggﬁ#rrﬁ%éj | mmhlégéé%%vn\? gﬁ&kkﬁgéésﬁgﬁpgoéomﬁrﬁ?@ uo- beads .
_intradermal |y iadmhésttoog pad gubjetiten imeneabgisaltt effcdtB ehomosniaditer
injection and a(gal ¥se9 for exgr essi[on of CD4g}el§3%/ staining wth PE

conj ugat ed ant i PEAPRE I ERHEING A, FRsenfea i 2

(bead+) andoFL-RerffadieleRodiHetMA teehlis i [iog was
negligible (cl % .dﬂ'%llel left panl'é’l' replrgggﬁicﬁ%%l lintggngllggL %g ?és@é:%gn
non-i nuni sed Viruses and the Immune response comprises the stimulation andfor- |

were mai ntained at day 82. Figure 5: Assessnent -

Hecpted MC positive cells




- 25 JAN 2005 - 17 animals, the right panel represents the samagtgygg nobosel I's
from VSPOVA i muni sed animals. Figure 6: Induction of immature ‘and nmature
murine DC proliferation.in response to 0.1 pm OVA-beads. DCs were cul tured
from5 bone marrow cells extracted from-the tibia and fenur of the hind
l'egs of C57BLI6 nice, with the addition of ;G CSF and IL-4. After 5 days in
culture, the cells were separated into the experinental conditions at 1.25
x 106cel I s/ 1.25ml and pul sed with conjugated beads to OVA (0 1pm at 1000
beads/ cel | : A t eproffishatuisopfiemiicsics. ERSipatly NEmidBouites Addad,to0
appropriate cultures. The cells continued to | ncubate over ni ght’,
‘proliferation th‘}t,Qﬁf‘ﬂllt@uéOaﬁsaiTS}OSiéIFEf@pahlhéOﬁemnday\ aami i ncubat ed over ni ght .

Each val ue representﬁ riplicat ver es, té E ngﬁ'Ol bet ween unpul sed
DCs and experi nental 586\?8’29“% A FEG 6“5%’?5” N BTG @ M @hehot ypi ¢

characteri sati orefftingRCptatki@ iwimOndfeRMBaNS GntttRe vivo
C571B6 mce were |njn§ct gd in thle fo%t pad with 58u1 % Vp%atsllﬁiif?a()ég

f1 uobeads- OVAR. ¥ AigigepepMmirrisimg mnnwat@'maqmgmm& fsubject, aner for

co-staining ofi thc mar ker.s of actjvation and . o
ant;sgeln :orgsenlt Fﬁg’q'(': (?éf;é%?%‘ggédvteh%mn%@ focoﬂlpo% S’? S?mﬁr'ﬁfﬂ\érﬁti‘%”?%r ker is
shown: 0. 04 and dhenarfilgepbeadtizted Mﬁthhﬂ!&r@ﬂsﬁﬂtlébc\ﬂﬁéﬂeﬁ ﬂ‘iefﬁwﬁfr%‘%] rtiE%Rr €ssi-on
-of DEC205, F4/ 80, 0, CD80 and CD86 (p<0.05). FIGURE ani sm of

viral size part iAEd 5t S eHZaaNgBeYimses ANCdee] imetrautespoase DC ver e

bated with s k),5 (white), 10
I~|m|\:/lu( Sr 2y) " am P%%% f‘%;sﬁg?ﬁ% O%b? % ngﬂ#rwgm?]a&%%#ﬁb C&ﬁgg/) (\(/\/m !te)E) or.
cyt ochal asi oD (FCr:E-E)'atalty the (ibaprticl@s 2fe 4ivhitte®nmoto S0SmPEToEt plasp)y for 30

imniand 0.04 um I @? ggcent #gl‘tl cles added a further 3 hours. Selective
i nhibition of cA8HI4R ©&PMHRiT¥&oated pit formation, or phagocyt osi s has

been reported 3o for E#Qn@fﬂep%bo%lrﬁhﬁ gbbﬁloq]epr%(}@eg aSmeY}?.(  iff P

respectively 14, 15. Wen used toget kept cons Bt 10 uM
and AML was addéﬂL.adehlfe(wmf a@)anU@erthmchUrtm@eiIsTﬂnerdmrtbelhcxbénflrintmrr%SCEHt

N R e e SR A
mechani sm ofis upfrakrinbo el § eﬁmb@faﬂﬁbdﬁtblﬂa%ﬁbdw n%éné?ﬁém jedst | 1 pi n .
(FIL) at 1 pg/m .or ammoniums chloride (AC) at 40 nmM f 30"m.n and 0. 04.

pmor 1 pmfl uoPE@@é‘ﬁEeB@éégc‘aéﬁfb‘d'ﬂé rmigropRelciSs, digrsin tS@Ir@icthaetlaleﬁl bition
f | ted f 1 /m
o eaveol s o o N8B B L RLLOISR LSRG 7 110/

f|||p|n and 40 mM amoni um C respéc

f1 uorescent cel benmaseaﬁms&edldﬂpn%ﬁﬁmmoh@ﬁtmn@‘dﬁtﬂ%ﬁﬂh@ﬂb aS the nean
+!- SD of tri pIE Eﬁbio cul tures. E‘ﬁgur IubI e OVA and 1 um OVA beads
fail to induce B%tﬁ € BigPRAtiCES 36 @%% ﬁmgﬁ%'&d@@qu_%b% ce were
“immuni sed | By W §Bo@VD epppmgah efbet 0 0. 05 umor 1 um beads, sol uble OVA or
left untreated and then chall enged as above. Data is presented i5 as the
_indj.vidual tunour sﬂz"@%"&iertﬂay D extends imamatthodnf pandudgap. One of two
‘si:ngsh-ar experi e difference in. the fre uenc of tum)urs
bet ween the 0.0 @&égé&gm&rﬁ&%@)&ﬂhg%%Eﬂm@%’t'{i’f‘ PR G KR was

si gni fi cant: -ﬁucﬁaﬁértbc&as whick &ire ATl e bere @ﬂbé@s@t%@s% 6}9935 vs. 1 um
bead-OVA. 20 FIGURE 10: Viral sized particles do not co-localize W|th early

endosones ( LEFTYOr8RUIPRS piésd thet theamimepagiclssi ansldyatigens become
25 assoc:ated Those skilled in the art wilt be familiar with the techniques

used to produce such a compaosition.

Detailed description of the invention
The invention will now be described with reference to the .
30 Tollowing non-limiting examples and figures. |
o FIGURE 1: Panal A - Dfﬁer'en.ﬁal uptake of particles of different

sizes by macrophages compared to dendritic cells. 1000 fluorescent




- overnight with 0.1 mcron beads-OVA (500 beads/cell), washed gegt | 2800 -
renove free beads and prepared for confocal mcroscopy by spinning onto
glass slides. Cells were then fixed in paraform(dehyde, 25
permeabilised-with triton and stained the presence of the early endosonal
mar ker Rab4 using a biotin conjugated nmonogl onal antibody followed by
streptavidin-Alexa. Simlar results were observed w th unconjugated 0.04
-and 0.1 micron beads and one of three experinments is shown. Fluorescent 0.1
- m cron beads si g I bl E [ i L Dl usi ng DC
~incubated wth [)Beéaggis ?Todr'ég’o@'ﬁﬁ%ﬁt @gcré]?%?gr&g %gu%%h?%%%@‘ég% re

i nj ected intradewithatlifured gdromsaidxficatpadereiphhgs br bbaeonakeadsni@@ and -

t he draining pogl [ te.gl lY h n&des 25 JAN 2005 dissected 48 houfs | ater
for confocal andlSSIEC&SIyaoe LoELEHOTCE Ad B Peeaniags pidhiolesresbser ved

for the Raba mardeic -ande Qg epiaat el otEODLIGR B i efon or 0. 04

m cron beads. One of Three ekperinments.is s .
co- | ocal i zat son shaw/nc Sifnitangiffefarces e uptakesiftdifeeabbeadlsizzs ¢@rkmuni zed

with 1 micron sized fluorescent beads. FIGURE 11: Protection against tumour
PANEL A C57/B6 (P ”?%Hﬂﬂ%i@f@ﬁ?‘@@érbﬁﬁﬂlcyﬂﬁwamav@bﬁumswsb

(i muni sed) or | t i r 1 e avys:,.|.at.;
subcut aneousl y vt\an%zaﬁs%)r}(‘%%%g%r%gg%@peﬁlr%sﬁﬂbﬁgu(r?)sa%\%érge %@%%%’?‘ge% using -
cal i.pers. ‘| ndi vicdates anpprefgreonietly turdes ifroph bodarmetalis viper LFdup ar e
shown. PANEL B rs.were induced as above and at day 8 of tunmour growth
(day 0 of imn@ﬁiéﬁ? rB'C&rW?f&l'BOMW%W?&%@}‘V(INé%gqota%Wéhi%ni sed ID
Wi th OVA-VSSP (lorauni, : i W vy 3- 13
tafter i nmuni gat iog'gw }ig\%mtﬁdésﬁléw{%é@ 5?5?@%?‘: g&%&@eﬁ%_ e a'@?faq'g’ri a peee
chal | enge after 02) (25, B@ndSSmidronuand ttd dmini@ poBieal yenpmeddssed
“intradermal ly once w 100 of. VSSP- QVA, VSSP-|ysate or | ysate al one
were chal | engedp%m%e‘%g& %d&qgﬁﬁaﬁsﬁ%gﬁﬁa%ﬁ%e% Cf'*‘?({_hqtﬁ?)é%tt%@”ﬁw B6
red- bl ood cel | s upShs viewak-DyesAOBBAA OTrRAd Sl ik ¥ho@nady rﬁ@aﬁhﬂ@é&tﬁgébl‘ enged

per group and one of six representative experinments is shown. simlar
experinent s nai YBoi@seenheelisstdandard grroafve) obtripderle (BnpesnThe).04The

| ysat e was gene 1, by £ I ee ] P, ljj 17XL infected
red-cells agg ulraﬁ ??d%@éfn'tc ﬁcﬁofg%rg?%oéﬁ%’n?%%ﬂﬁ}tﬁﬁgﬁg\éh%'%gébltﬂéeltﬁgan[yhe standard
protocol . FI GUREtHES siZEtbpanitiegdp>01003) RSiraid exprireterite UBifdd a bead (VSP)
as described before for ﬁhe ar&si en QVA, injected intradermally into mce
at 100ug/ nouse aﬂ'@pff?tal_é’y%‘jp[é{t ! Fﬁl‘ﬂ“@&?ﬁrﬁe?%&ﬂw@@@%@%%@é £ivashe

spl eens of i mei'gﬁﬁi@aﬁﬂ#Wg%P%r%(arE&'rﬁB@H in P4 H?d%e's%oﬂ%ﬁ%ﬁ%%j Bgaydne

. precursor frequefnicy of cells responding to nPdZ per mlTion spiaee cells as
"spot formi ng unBtsof Sriftariinddwalon; tlemett Grid Br-dVides satidqrartidles bes taan (SD) .

(The individyl | gopoRsssaly &Y Spn o ABCTES - Fafo XMW as B4R 2005 - 20
S (panel C) and F4/80+ (panel D) 'cells. Lymph node cells that héve taken
- up fluorescent particles were-assessed by FACScan analysis for co- | (
expression of the dendritic cell marker NLDC145/DEC205 ar the
macrophage/monocyte marker F4/80. The data shows the percentage
25 of NLI;_)Ci45+ 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__mOVA conjugated to 0.02,0.04,0.1,0.2,0.5,1 or2
fnicron size beads and spleen T cell activity assessed 10 days after the

~ booster immunisation by IFNy ELISPOT. Responses were measuredto



FI GURE 14 The cancer anti gen nn23 or OVA were conjugated to VS? Ben N 2@65
- standard protocol and 100 p.g/ nouse injected intradermally. 10 ays‘l er
the induction of IL4 secreting cells was assessed by ELISPOT. Data is
presented as SFU mllion +/- SD.for three individual s mce i munised with
+ each immunogen. FIGURE 15A: Antibody reactiyity to OVA.in the sera of mce
i muni sed once intradermally with 0.05wm beads conjugated to OVA (VSF- OVA)
and assessed 90 days later by ELISA (B group) in conparison to

non-i nuni sed cothd BLAKH AGRGERCDE P ﬁl%ﬂﬁ@e ommce in
" Figure 15A was tested for the presencé\a of %@lr\é@?%‘c I@%@] %@d iids by

ELI SA, in two nafigecafecef qssgsarng r@@trvﬁmdoﬂﬂ&epi&éﬁﬁ-@%%r@%e@@ed god 5).

FI GURE 16: PANEL }A_)g %gg bﬁﬁ’ eﬁ%??%i ?ﬁr ng anti body responses by a single

§ muni sation. C5Y 2O *1 YU TEERde Bfedh (Bymakeadsitmt ed to

0.04 bead f t t I
um beads a”dq@@”'itﬁfy@hk%‘é&r@ ip iy creﬂgegmrﬂer& %gsgﬁ ggg; g@g@l optica

density at 405nm +/- SE for eac group o our ani fic 1gG

ELI SA i's shovin. aed (¥/set 25 Lg/raihadwe astiregatmie St Qhdln t, simlar
experinments is shown. Simlar ELISA results were obtained for total”Ig-and

no | gMor 20 |gA{”\H§spedeQFQBPé\t¢f%H6mugmﬂnfpr eauia beladreizd. &UIBBOMoculndsse |1 gG

responses over RBSd cqrmgp e Freunds Adj uvant
(CFA) induced tgG responiges ellie egﬂe’h ﬁ‘uses(%%og BT Befs feddls- ova

(not - shown) . PANEL raillondutsitesteofard ehgwhasrtnengahugra daxslon @9‘082 35

produci ng T-cell g// i isation with 0.04 25 pm OVA C57/ B6
mce were i m"runlazvé{a ?% ﬁggnw(m@%‘“ u&é@@bBt dJ@rr@amn betdn( Bl ack or
chequered bap) . ¢&@kYWhlrec AP« diB %y}glf;—ﬁﬁ%c mgll %@é&@éﬂ ih wth

.0. 04um beads (grey bar). Precursor reque &' spl een

T-cells was asse"SSfécd’ISBOdeﬁN'NFEHLQS?(BMBK mieBiSreaRthn @iy RARDeagE. 12 nonths
| at er (chequereg?\%g g%f? EL1SPOT; Four m ce were tested per group
~and one of -two %4 ! eé?% ‘?%@ﬂ%fﬁ@t‘gﬁb@mS”NF&E’r%LgeSmbaéébdeN$pot

formng units and i at are shown
f or 'eagh 25 S%%O%%%béér%f%ogép ¥ arg%itiorﬁ &t P%HN%E@. ng 10
tines | ess anti geacificd q:ﬁfjiS\)@E?&Mr)ntoausacrtgdrt? waﬁ"@@ﬂeﬁrﬂtde@lrln 'p%@éifé@Q)éle ,f/ - 56

Sl 1 NFEKL spegi f cel l1ion (n= Cytotoxic T- :
responses |ﬁ§sthn3§ﬁh?%ﬁwﬁﬂ? E%I@gégn@ﬁkgy§eﬂéib4éﬁﬁbﬂ©b§@rweﬁ 10 days
Fati 0 20: 1 ot "ahonn BT OPIMNERR, oo LELSs ioah TfdE S Tere |
- ratio not shown i gure 005 re.le
untreated (Not hsh@wnd@s@'ﬁrmﬂmemﬁr@ngdﬂrmmm Yra%buémggmmgﬁude cpl 3-32
et e Freunds Adjuvant 10

f MUC1 700
(ESTs) na?lggjrluggw%é]atﬁg g%&ﬁ%? ’Pﬁ OR/MSWFfWGWW%EeﬁWWP) or 0.1
um VSP conj ugat BANEY, Mf@%ﬁgfwéﬁ@ﬂlo%%%é}; bYRRuntédae] aLar a”' mal s

wer e boosted i ntradermal l [ion 1 nfecttious vaccinra~v ‘
expr essi ng ¥he ngfﬁé’tf@|Q¢adé@6dﬁéa®'ttrwzew Serurhevaspidiiepes fidm @rﬁtl3 32 |

{_assessed by | FNg; C%Lcheip%ea(?n g@ﬁél A%lrr% serum dllutrons tested for OVA specific
- lgG reactivity by ELISA. Individual mice receiving 0.02, 6.04, 0.1, 0. 2,

.0.5, 1 or 2 micron size OVA-bead immunisation are plotted. One of two
similar experiments is shown.

25 ' FIGURE 3: Covalent conjugatron of antigen to beads necessary
to induce optimal T cell responses. Panel A - Bead- -conjugated OVA
alone accounts for MHC class | restricted T cell responses CS57BL/B6

- Mice were immunized with OVA conjugated covalently to 0.04 micron
~ . beads without prior dialysis (Control) or following dialysis against PBS

30 through & 300Kd exclusion membrane (Dialysed). The induction of IFNy
producing splenic SIINFEKL specific CD8 T cells was assessed 10

days after one intradermal immunization by ELISPOT. The mean +/-




15 data shown is the nmean nunber of |FNg producing cells +!- SEfpgpunfdidi on
spleen cells averaged for 2-3 aninmal s/ group. Figure 18: Conparison of

pol ystyrene and glass 0.05 um VSP OVA particles. Polystyrene 0.05pm beads
were conjugated to OVA as before (PS) and conpared to OVA conjugated glass
beads in the same 20 . way (Gl ). In addition, a different chenmi cal
procedure was conpared for the glass beads. Briefly, glass beads were

wei ghed and suspended to 2.5%o0lids in PBS and washed tw ce. PBS was
removed by 5 mn f ! L i reizos ell et was
resuspended in '8‘%@;0%2{;%% eh%gggﬁb%%%éghw?eg andTﬁ]gggﬁ%g%?Wesysft room
tenperature 2s oskewingMANEhE bBadsimieistratibenf veatiedndsowidid RBSis not

resuspended in PB a.nd,f%.o.%I of ?_roﬁei n_per m was added ahd m xed gently
for 5 hoursr TheSHASEE WRIEUCRORIFE Mt edlassd resisictashE Cebin resmonsespped by
resuspendi ng t he -} l-ap 1 xLng for 3 1 nuf es.
‘The beads were t%gﬁBmL/?SShggc§Réﬁ%gﬁ@gg&%gg@wgﬁggo'ﬁhnﬁ%tﬁgzcﬁvﬁﬁ?%é’&;}:{

Pol yst yrene (3PS)miroglbasds (Brads cGRLgNSR-OVA) we heixe Wit e dridtader mal |y
at 100 .ug/ noui se, ang SIéNFEbsbg&)eqi fic 1'FNg secerting T cells quantified 10
days | ater from ‘§5°HBRS=HFIS ixePooH e Pdugiq NyTheddeing spheoies

i ndi vi dual mnean } S I oup. ., Fli.qure. 19: Mde of bead
conj ugat i on andﬁmﬁgggﬁéﬂ@@wﬁ%ﬁﬁg% Qéss /ﬁd%ﬁ FEINVES buf f er
(ph 6.0) was ni xetfadenhaltitmendnipatiorsy ECIBPOAT bowymerd T tqtn@c0Bgem beads
(2% solids) for f15 m nut.es, 1-ethyl - 3- (3-di met hyl am nopr opyl ) - car bodi i am de
was added to each PS4 At 7 SHCaPEh IFRARSIESFRS bS)ElRE G hinudelisatewelnom

t emper at ur e 1por 2 shewhs. The standard (G ycine) was quenched with 7 nglm
.of glycine or 20 W of | Methanolam ne (amne) pH 7.4, or 20 pl 10 of 1 M .
am noacet al dehyde di MBERRE &¢ et alinaindwimtaliopWith. @ral eizedbaddsobyh M~ &

et hyl enedi amme zohal ) 7, 4. ,The preparatio re i ncubated at room
t enper at ure. f or %ﬁ%@?&rﬁ?‘g @Qgﬁ%ﬁyﬁ%'ﬂﬁﬁe%ogﬁ’éﬁthsﬁdr’i@Sfﬁéﬁeé’ Bi al ysed

overnight in PBSedls. Panelhe %mwmeml@@ap@*eamn@uwﬂ@éiﬂ%@?@%ﬁ@%&her Wth.
20 pl of I.MHCL and incubated 15 for 4 hours, and dialysed overnight in

PBS at 4C. 2-3 CH?Pgéhwecam@emithi haadsrQ¥d (it miaroo), wgichnimeddrdays| y of each
one of theseg;VSSP ki i ity assessed in spleens by
PG ELI SPOT 1 o PRS e BN Pedpinsse B RE R S helied B éer hoias.

mean+/-- SE of SFidags klfteothesRisepimaalzaSof o MashPoANiTHbe nfide Fagpl e 1

Material s and Methods used M ce and | nmuni zations C57BL/6 and BALB/c 6- to
8- week-ol d m cdNTFSFRLHISEE aNddhetdaia vaowethamead ¢faduptable addage were

i mmuni zed with } ant i j Lt rader I D) inthe
hind zs foot padsﬁ%ggéﬁ?és%' (%Iﬁ%]ofgg%g%ﬁa?%%@?ﬁ&%ﬁ& T O&’ﬁ}%@#l albunin
(OVA, Grade 1llMiendete Enhylnied Sadd weh bpbAgi OVW@PVHi&@FwPQHB m«ge ( EDAC)

wer e purchased from Si gma unl ess ot herwi se stated. Mnocl onal antibodies

for FACScanhnd"CHRASBAIC SYINIES- RePd Aefastast by BLISPOd 1hohd@lsdayisr om

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-dermat
25 immunization Popliteal LN cells from naive C57BL/6 mice (left) or mice
immunized with flucrescent 0.04pm fluo-beads intrédermaily in the |
footpad (right) were dissected 48 hours after injection and analysed for
‘expression of CD4Q by staining with PE conjugated anﬁbodies specific
to these markers. FL-1 = FITC positive cells (bead+) and FL-2= PE
30  positive cells (markerf): Background staining was negligible (<1%).

The left panel represents popliteal LN cells from non-immunised




30 hybridoma lines on a Protein G col um (Pharmacia) or purchasd&dJtHom&E,
Phar m gen. FI TC conjugat ed and car boxyl ated fl uospheres 0.02-2u were
“purchased from Mol ecul ar Probes and non-fl uorescent 25 JAN 2005 -23
car boxyl ated m crospheres from Pol ysci ences. Abs to the follow ng markers
- were used: MAC II, MAC I, CDllc, CDl1b, F4/,80, NLD-145, CDBal pha, CDA4O0,
.CD80 and CD86. The ant i -Rab4 m)nocl onal ant| body used in confocal studies ,
- was the kind gift of Dr. Russel (Peter 5 McCallum Research Instltute) '
Antigen presenti gg; I L& mar r ow ?
nmonocytes with m nonsﬁl?m%fe r@g??gﬁg@ gépér@%/:ﬁﬁéug?rﬂe ﬁ%T( g%eelfé H%PQ/E@% [5].
Briefly cells wef®hinwvestsed dnimaist i bi a and 1 dng bones of the hind |inbs by

flushing out the ceII fro V\}t&de hone_cavities with io nmedia, follow ng by
red cells lysis. The @UF% ChpR PEANEEUrRaNCI8ETe aRUrEIa DG N RPM ((CSL

AUST I t | F '
it et he. 200ty lod B b hsd N8 NI BB S PR vet S 6T Bl 100 pu
p- er capt oet hanobonanthr@v G3f @tirdde froni ta! Wiz aRE bkt oftnDnidd n&ﬁh s 9} were

added. The 10 m ggéygws 15 were grown for 5-6 days in petri- 8 es of a

100nm di anet er af’ IG5 WJWBe@@Q'tIQﬁb@fb@\WbQSFW@rbpﬁaéésr fietags irecover ed
from the intrapegifpaesk &ehﬂve‘?é#’eﬁaé{fqu Y Perrﬁa%{%\ll rta(ﬁlé?%@ I'njection

of thioglycollate, and cultured ays to e cel (
fractions as destﬁ-’ﬁb@tﬁefceﬂsﬂ 20 rBead- pultéd ethanjuigddd BRaddsH P&/ or med

fol l owing the { ﬁ ms%ﬁructlons Briefly, OVA was diluted to 2.0
ng/l in 0.05M MESHI ?E I8k efiftend foleR efrulsiag; bPSfant: DNREt h beads
of 2% sol i ds{gvolw dde m. nut e and t hen
4 mg/m EDAC was e ea%%g?é(ytgﬁ%{ AR TRE Rl %‘{d]qlﬁ‘éif:‘é&oﬂ% Clipse 55 with.
di 'ute NaOH and Q\’r@eﬂlgﬁktamﬂeard&‘eratmktdagim@n@lagsép@e@wtﬁ@néhr@e{ fiurs. The

reaction was stqﬁ‘?lﬁocgjatwth rcrrl] Ecﬁ? final. concentration of "100 MM After
30 ninutes of PALVH é%g %N %r%ﬁrﬁﬁ%“éd”@{i@ﬂ@lﬁwgeﬁ #$8, cold in
PBS. The prepar gth<ancoes! BefuRehn Uskflsdimrd Qﬁc?lag%é)rméﬁt%f @Pﬁ%ﬂih 0.01

% azide for later use. 30 Cytotoxicity assays ese wer
described [3j. ért?%tﬁly effector cells for cytotoxicity assays Wer e

ted b | t | 7. d 10fi | nd o
ST Al o st | PSR e BB ot Lol STBESa T bs APT ikt p Bo 1+ oy
‘of the peptide mm;@e@dmmﬁiﬁmarnaesumv(u@%mﬁe%kewlﬁ ﬂ%cg@\ tmeth 10%

heat i nacti vat ed foetal calf serum (FCS), 4nM L-gl.utam ne,
penicillin, 100/RPRRd stitheqflio of 6i04 el pndtuobmads: AMOA Ut ginie G gaplited hanol .
nphocul t HT, Bi otest,

Interleukin 2 t. 5.h [ L2,

U0 s added onisast AT e Gl P Ralianotl et apiiive splsmatth

(background) or cpll exapubisad afcﬂvatiomaﬁ@ a%?%ﬁ ‘Méélelnjaﬁﬁ@emhw@%% & Nfe A NFEKL
ce s

pepti de or .[EG/ an oval bum n transforned s ot héerw se
stated assayd méf‘eg%é?rf%ﬂﬁéﬂicﬁlrm@”lhpr iscsttapviat(.8h aetl flewn Auolbaget calRt i 0 of

20: 1. Spont aneo th media alo mumlysis (wth 5%
“trifen) were se %f”'éf?"’%gﬁ)’%vp&%fsa‘i?Hrﬁsaea&gmﬁgﬁ@b&é@ﬁa{@Q&@ were
har vest ed aftera#kthE%@/ <9.0%)s cal cul ated as 100x ((Experinental release

- Spont aneous rel ease |\/B.XI mum r el ease- Spont aneous rel ease). % Specific '
Lysis (%5L) was %ysth LG P eptechanism g visalwizehpartcipaptakieby DC.

. Bone marrow derived cultured DC were incubated with phrobol myristate
- 25 acetate (PMA) at 0 (black),s (white),10 uM (grey); amitoride (AML) at 0 |
(black),1 (white), 3 mM (grey) (white), or cytochalasin D (CDD) at 0 |

(black), 0.25 (whlte) or 0.5 pg/ml {grey) for 30 min and 0. 04 pm-OVA-

fluorescent particles added a further 3 hours. Selective inhibition of

caveolae, clathrin coated pit formation, or phagocytosis has been reported
- 30 | Jor 10 uM PMA, 3 mM amiloride and 0.5 pg/ml CCD, respectively 14, 15,
When used together PMA was kept constant at 10 uM and AML was

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



15 Cytotoxic T cell precursor{ CTLp) assays: CTLp assays were pzergfgmeg}ﬁas
- described previously [7] CTLp frequencies were ‘determ ned froma m ni num of
32 replicates, for at |least 6 effector cell nunbers (1x103 - 1.28x105).
Cells were cultured in U-bottonmed mcrotitre trays, with 5x105 mtonycin C
treated syngeneic spleen cells, 20 in DVEM suppl emented with 10% f oet al
calf serum 5pM of SJINFEKL or OVA and 10 m rhlL-2. Seven days |ater,
each m crocul ture was assayed for cytotoxicity by replacing 100 m of -
.cul ture nmedi um watdesked MFAGSEST. TRk | i | Ri 1 '
Cr-labelled EL4 OR EG/ aktjg targets. C{a/tlso?%%ig@@gcﬁwléwéﬁay @néﬁ@@?@&eto be
present if in eabWlUi@$l 25 51 O rel ease was found three standard
devi ati ons above the ﬁmRksﬁioge f.el ease from 104 effectors cultured with
stimulators only or front stithl PP EEYEOWNEHNBeiNITE Gripjalsr DEIMeonl y. A
| i near rel.ationsipcpb48d 3t i st e t he nunber of
~ responder cells, represen&rgﬁg‘ﬁg’ééPﬁé erﬂ@(:gﬂjéll,?ﬁga%ﬁs{]k@gﬁ?[e%mw'(‘im
negative vel 15 oehlarido(AQgerdCt i for S0ahie.ardTd.p4 frear e g ﬁ@oﬁé@é&t%@%?ém ned
as the inverse of Jiﬁ)%er cell dose required to generate 37% negatrive
wel 1's[8, g]. Adag 5 370U 3R ieqtivg webifion o8 egreolmr er gettiaravated hr ee

[ d the ingial ' i.d dj £f b h 20% f '
Lhe moan val e, oL SPOE] AR Sagt crreiE bl pE o 4dand ruaduivea 3]

Briefly, 100 pl ahiorsiex rapectivaly fineshby. imlrﬁ}rﬁfsbrscﬁ'ﬂ%fés%ehﬂéeuw I ncubat ed
tes ( _

Wth the 5 stated stinuli.- for 18 hours on m xed acetate plate HA
M1 1i pore) prec&fﬁ&ﬁsﬁﬁ?sﬁéﬁs&ﬁm Datar ik meesemigd apthe Répn «(-ER0OY tridupls cat e
wel |'s were sgt wpyif;ds each condition. The nedia used was RPM 1640 (CSL)
:suppl ement ed as descri bed above. After overnight incubation cells were _
washed of f and the plFigwe 9 nSalbatee@Viti 4id 4 weCda pbhas iffl €oRHUGat ed mb 1o |

to murine | FNy 1-bi otin.Pharm gen, CA, USA), followed by an
extravidin al ka%ﬁ@%ﬁ@gﬁgﬁ@ggw ?95\5:&%)”@0@]\/@9%@ satCa7/w§/mice(\Bergma) . Spot s
of al kal i ne phosphatrase @chitMidy, i | arjmetric AP
detection kit (Biorad, Hercul es,A\g‘;ﬁﬁg‘é%c?g&n%%gm{&g&%ﬁichel%gishﬁmﬂbfe .

di ssection nicr &%ﬁ’é}eﬁﬂwfﬁﬁﬁé smdehpn ebeltegbchss apote.f Datd RGpEBEAEBI~5

(sfu) per mykli | : | | NFEKL peptide was utilised at 2.5 ggl ml.
Statisti camgnagséﬁgldoﬁl\“%@g?g&% ﬁ’@?ﬁid@é’ &n@\p%d’iﬁb@lalso'f‘ §ACEE'BKBL ect ed i n

each group was Compafited sisilagereriné@sts sRoWhe T’ﬁeaé‘ﬁéﬁe?]cﬁrhqgg@m in the
Epi I nfo Version,5.0 ackfage. In i munogenicity stucil es the EL1SPOT and
“Chromium rel easgeﬂ\é@g‘ﬂ’n%et MY e bebrrr e HEbweeD\¢h bepd Roupshdgache
Student's t teshpam - b S a_package.  |jnear
| et BRI ORI 2o 0 DES1E b

regressi on anal ysi s was us corr nicity

and. protection ¥SisaiuhihanSPe®.8@35 VE.ndomsbedd ROV i cal program package. Bead =

upt ake by dendritic I d cropf ~ages Three day ol d 2s macrophage
cul tures g?%\r)m on m@?%é%%%@-s 'f%ie%zp%faﬁfft'f:h%_dﬂwotdrcvb@@hzﬁmthceaclgl|

“cultures were f@djo@oﬁﬁbsfﬁl]_fﬁﬁf)?@orﬁi r%%rrEW*@%rﬁ%%eﬁ&% :iﬂgft‘?%égf or peri ods Of___,,,._

5. mnutes to 24. hours. e cultures were then washe o'rTe e free beads

and -prepar ed f RVEIAGBEwHh & 1 suafonczsadsrAMASISO0 B darally,sissiefd gaiths t aking tut |

i nuzed m o8 S E BUe A ThE S RGRUER o7 A TS558 HiRIInG f on
and up to 12 dayso gledslsideer €ells were then fixed in paraformaldehyde,
'2_5 permeabilised-with triton énd stained the presence of the early
: endosqmal marker Rab4 using a biotin conjugated monaclonal antibody
followed by strepfavidin-AIexa. Similar results were observed with
unconjugated 0.04 and 0.1 micron beads and one of three experiments
is shown. Fluorescent 0.1 micron beads sirnilarly failed to co-localise
30 with Rab4 staining usinﬁg 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




~,~;r 25 JAN 2005 -26 collected and after red bl ood cell IysiL# ar"q""‘ﬁgﬁﬁi ng
they Were prepared for FACscan or confocal analysis. Cell s ace' narKker
- staining and flow cytornetry: For surface staining, 5x105 cells were

i ncubated with PE-|abelled MbAb to surface markers s F4/80 and -NLD- 14S, CD.

~In cases where the antibody was not directlyg.l abelled after two washing

steps the cells were incubated with a second PE-|abell ed anti body specific
for the first antibody. Naive serum of the species where the second

~antibody was rai ségsemasd élééldui"sﬂaaerb"oﬁcbﬂﬁaal%r@yé?@“a?ﬁ%sl:ﬂﬁ%t?%%ﬁé‘ i th the
second anti body.. After[.t\{vo Washes, the ao cells were washed Wth PBS/ 0. 2%
par af ot mal dehyde FAACARAIIE NFPRIerEE Ardba Ratdousriey tomeD¥n conjugated

(Bect on-Di cki nsony i t , Light scatter gates re set to

excl ude dead cells U?Eﬂ“ﬁ@#ﬁ%h@?@@éﬁ??‘* r%?‘?’%b‘??ﬁﬁnﬁ@%&f infe@ini zed

unst ai ned for angxganhacs ilS’EBIhbWh_@yfb(ﬁ'ﬁ{abﬁC(ﬁ.lfdﬁﬁigﬂgﬁd{—ﬁwgisfcgmﬁ}rﬁ%@ﬁog tt‘@é th a-
eter

PE-1 abel | ed apti bod.ﬁ to a surface 1s marker were used to
conpensat i on Por FOVEYT &BNEE: ke mmeniked @itindmigos mizes! MuorepesiimaadSont ocal

M crosco of phagoc T.C . ds: Ari us _scannin _
~ conf ocal p,)r/n' cr ogcpge ﬁ?%ggﬁh Fk@tggié@g@%ﬁg%”ab%rIpﬁépﬁgﬁz@%@iﬁ%ped
wi th dual fl uor e%@Hﬁ@edndtradmsaﬂys(@p@q@wmem@m?@mﬂﬁ&ﬁi&%ﬂﬂ& het her
€ y

fl uorescei nat ed Pﬁ@g% ﬁf( di fferent s'hzes \\er e phagocyt 0s crophages
" CGaY|

or dendritic cel 5 BRVEe MEF B rB2HeNAREgIP davs uhsumTeualyguitty ed  at
step sizes betwesa®.EEE{(QMBEG t r L De, ocytosis and anal ysed
on Optiscan Anal yzer Cel(l gmmﬁr%ﬂg&'c?gﬂga‘%tw%%ﬁ%gcg}%&%é&?ﬁnc? 1 uor escein
and Al exa 594 25/ ¥pEd tumely geavethdeiress fod 10mimgh FHQnBLARG 6A0RM band

'pass.filters res i v Throughout acquisition, |aser power was kept
bel ow sat ur at i_onpﬁgvgeLl%@H&D“ﬁﬁiﬁﬁﬁﬁé%ﬁﬂg@a%&m at dayrBigitainasd wi t hin
i ndi vi dual exper gnwestt bBin * t -OMA e

perg $dayHD @ﬁlﬁ@é‘@aonf@a‘gﬁﬁé’lﬁ iéﬁ%ﬁ??%&% @%Mé coat ed

measured using 30 ELI SA PWVI &yl chloride mcrot
with OVA (10 pg/TRuREed!D wilNaMeo¥SEHa! firemunited, B)iiveceainirghth @irdE. The

plates vere washad shuw ddy PRY SATHleenpaand 4x vith PBS and then 25 -
15 FIGURE 12: Survival of mice to lethal malaria challenge after |

VSSP immunisation. C57/B6 mice immunised intradermally once with’

100 pug of VSSP-OVA, VSSP—!ysate or lysate alone were challenged |

- with 500,000 lethal Plasmodium yoelii 17XL infected C57/B6 red-bioad
cells. Survival was monitored daily. 5 animals were chal}enged per |
20 group and one of six representative experiments is shown. In similar

experiments naive mice had 40% survival after 2 weeks (8/20 mice).

The lysate was generated Dy repeated freeze-thaw of P. yoelii 17XL

infepted red-cells and ultra centrifugation and conjugated to VSP using
the standard protocal. _ ' ‘

25 FIGURE 13: The antigen nm23 was conjugated to 0.05 u bead
(VSP) as described before for the antigen OVA, injected intradermally
into mice at 100pg/moqse and 10 days later IFN gamma feéctivi’cy
assessed in the spleens of immunised animals by ELISPOT. The datg
id presented as the precursor frequency of E:el!s responding to nm23

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

mice (m1-m3) are shown.




bl ocked for non-specific binding with 2% bovi ne serum al bumn&f 9gii 17155 at
roomtenperature. After washing as above serial dilutions of the nouse sera
- were added and incubated for a further 1 h at roomtenperature. Non immune
nouse serum was used as the negative s control. The plates were washed and
the bound antibody detected using horseradpsh- peroxi dase-conj ugated sheep
anti-nouse Ig (Selinus, AUS) and the chronbgeni c substrate

2, 2" -azino-di (3et hyi benzt hi azol i ne) sul phonate (Amersham UK). The
absorption at 405 nm RESURECH, -dgHa USh ; iRl ader, 10
Exanpl e 2: Preferential uptake of Vssiﬁb&\?;ﬁlagﬁhrgﬁé%§gr?“£\éﬁ&eﬁ%%8@ﬁ9§%% vitro
and in viva A nuitbépPaiersitantiard preiongl aed 80 Lnimote infaceephagRiARNOCYt

| i neage have sho ﬁar?i cle size depe]pdent phagocytosis, with optinal 15
upt ake at a 1 mwS YRii% e '”%’li@i'onﬂ]“r‘%@ﬁ%ﬁ%@gwﬁismaameum-i n .
dendritic cells,Eheomyer L\ of,_ icle sizes has not
been tested. The invent o?a%ag%ggge%??@%gﬁumﬁgpgtggj'{%%@??é'mz'w%a[vmet her
protein coated paIEilEIragnistd withatac izen@fod. 0.1 p.n), would be efficiently

taken up by dendriti I mpcr.ophages, Figure 1 a shows zo that

t hi ogl ycol i ate elici tc’:e‘gﬁ'()%‘r%i"g&mggfﬂt@%dgﬁeﬂwgpc%ég@éheﬁe@rmfahicsed ., both
fpm and 0. 1pm f ljxefessed Bnkahatd NP l.uo- heads) . | e bone

- marrow derived dendritic cells, C%?/m(%g%wtgscﬁ?s%r%g%%uﬁwjggqtﬁwbx}’“
preferential ly (VBPp@\v&)zeu $$amsbé@dsjay§0ﬂfeﬁ©§|ELﬂB¢\Iﬁ?ﬁﬁi@]}ﬁ) pas used to

confirmthe part] . wer.e inside of the cells (not showh). 25 This in

vitro data suggegﬁeog%\ﬁopatp NS IgYNLYRed CRAIPIS dAdoupBsP) coul d al so be

preferentialtby takenF@URE aghi 0B YAEsSRLS cells. i@ ViV Fl uor escent
.pol yst erene protein conjugated particles fénﬁgmr'ghégez'nlol?'g}sﬁ%ez #02, 0.04,

01;1, 0. 2} 0.5, iesiadfor F?/U@S%ﬂ¢mjr3]fe@t/é~osf:iamﬁicdgérafmtldqdliéé@);E_Lrs;ﬁ ;,wgof oot pad i
of C57BL/86 m c e draini opliteal 30 ly nodes :
col l ected 10 da@gﬂ{égpgr% @gﬁ&éﬁ’ﬂd W&Ieyr\é‘gfg“(g a8 (&2 ofanch®- 0. 04-0.1 p.m

size were taken up pFeGERETBalFANDY Al MARRIdHCSEoRE 1L St 1b). Simlar
results were obtai ned anal%sj ng | ynph node cel Ig § %5,@%&%@% _28_ on days

1, 3, 6 and 10 HYPOPSEaMYi&FBgaiepunisationndSkiRh mioe omre qatedisearti cl es.

VSSPs were effigj . ‘ : igen presenting cel| expressing bath

macr ophage aéeﬁd ggﬁ%%%%@%eﬁwﬁl#%%@;br@%B@a‘ﬁ%iaafflrs%rﬁﬁ?he%%ét Mar r ow 7

derived dendri t diffecaititsnépoiritsr Thalrsgart @Qt'fcawléfe}@n’%'?%f 45%@% ﬁ}xéﬁg‘BPd', these
[12]. anpl e "3:

cells were of a $redon‘i na]p |y nyel oi d g/henoty e VSSP pri ne
hi gh precursor PAELEMHEA isO8F 2aiRals x DY Aasirdi GlébAng sfiowel Nanas wel |

~as antibodies. &k Ehsi - by, dendritic.cells jn vivo
suggest ed their lse %grgh@gsgi%zj\}aén O?'lgg”n égfg‘lqrﬁ‘?’? SUMERSREITRIS &% novel
vaccines. C57/ BihowrseSimilar Elbinieselis Wetrd obiah &y ool ang 9atis Harticl es
of - 0. 02, 0.564, Of%vg 2.0.5.1 r%um boosted after 15 dayS and serum or :
spl een cel IS coPfé ?%HGW%%@ 1SHeuR). B\fuplengdaled e irskicene®G i nduction. 15
~-of I'FNy secr et iragp&hdesioes! Pas ji rﬁag%e | restricted

.Sl | NFEKL epi t ope ‘%chi eved US| ngﬁgﬁ%ﬂ%ﬁ %riqzel Sggﬁ\gjﬁﬁ.ﬁo&ﬂe% %@FP@S

' respondi ng to GUYEMd GRdriadugedsion rﬁpops'ma-ﬂ-fs@higrreeqn@:meing% Whddh - OVA

. conj ugat ed partq ; iAag.fromp0. 04- jcron. Cytotoxic T cells to

S| | NFEKL were .ﬂ"g%ﬁﬁn%aa&ﬁ @O@M%ﬁ%ﬂ@ﬁr%ﬁ%@@d@m efHoraiasting pr ecur sor
frequency of | BRCILHT IFY- i éﬁ% Q. | QUE b). .Surprisingly,
OVA-specific | gy]vvas al so fgupnrggg(!tnﬁ?he _flggtﬁé%%Hﬁgéﬁpﬁ'ﬁsaﬁlpadﬂ&h@pgs in
m ce | muniZSed W bhags OMA GEVBE Intise wiepé irameehidnd (hesge Wwimupiyaed with fpm

particles (Figure chlquim | ar i nmunogenicity results were found with using
VSSPs wi t hout FPUHBBREITND-OfHisbeads (hackorn grastuered iany solubignOyans and

adj uvants pro ' ' i-al a cellular. or a hunoral response, VSSPs
wer e capabl e "?E%%@feﬁégﬂf‘ogf‘]”'ﬁé@ﬁ&m&ﬁ%t“ﬂ{h 084umm beads (grey bar). -
Precursor frequency of SINFEKL reactive spieen 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 vaiues of spot forming units

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




The results shown in Fi gure 2 are based on inj ectl ng the sa Etotal armunt
of antigen after conjugation without elimnating residual 30 Solib é“‘
antigen. Figure,3a shows that simlar T cell responses were obtained Wth
0.04 micron VSSPs after the soluble antigen was elimnated by dialysis or
ul tracentrifugation. Therefore, there was _no 25 JAN 2005 -29 significant
contribution fromthe soluble antigen to the observed T cell responses.

This was further supported by the conparison of conjugated and unconj ugated

induced high | evareof St diBol Ring T8 iRy B bR SR wide-
attachnent to tHeVABSRN B ITRRFREABNInd RIRTEEY /- %enn?e%ﬁsepe%lfess |

presentation pathway an nduce class | restricted T cells I'n vivo. It
coul d be argued SN eeily @&rénﬂlmn(nnﬂ oCytﬁtﬁfwf!Q@‘a@@Urqslponeemtru stasamtl er

conpared to | ar 3.2C0 db eIf result h er VS
i mrranogeni city. %\{R/eﬁ@]eﬁr%i uéy% r ?Wévgcbmlc% F:ﬂ%ﬁﬁﬁ&&ﬂ?‘%l ty

peaked at 0. @4wimnanshidat Wﬂséeblﬂ@%té WW@Gnlrhé!%'a@ET‘?%E[YHtﬁot( Fi gure
2), 2) 0.04-0.1 micron VSSPs were consistently- nore i nmunogenic t

particles i ndepé‘ﬁ@\é’ﬁﬂl y of the level of -anti gen conj ugation, (3) Incr eaS| ng

e o 800 ConCeRARLien it ARRPLRES WL AAIRA e R 10 1

the |evel s seen (Misting crrangee@emm@'rnnaﬂy @AtR mfc)u@r@ﬂmmde@@ngiﬂt%to VSSPs,
4) | mmuni si ng W protein on beads of

WQ ¢ ui val agpunt s_of bound
different sizesMdp % % L AeOuRbEEHIR Camplefehfeudsdivends,
consi stent | yoshc\o(%a@ V%R%ah%ogﬁlﬁé@ré%@%@%ugq1 g—rl %%%e]r%ggr [ cI es

.acrpss a range of 2 concent rat 1°ons
conj ugat ed OVA §M&F)080-1:08 \Hﬁ%ldenjpgateairtorﬁﬂU)m E@‘nﬁmls@nébroﬂe;mW@P) pat hway

for the uptake cessin artic| es een suggested that .
pepti des gerl Veggﬂa@ﬁﬁ%ﬁeg,gwﬁ@ re@?@@@dﬂ&ﬁﬁf"ﬂ@@h‘”ﬁ'ﬂ@dﬂ P‘P%?he class ||
MHC processing pasdtiss \fm:‘{::rh@vfr@Q'é&;gﬂetséﬁ@QhéWU@%b;ﬁ%%‘ﬁrgn reBbhid P}te enpty

class | MHC nol ecuI es at the cell surface [1, ni's terna
nmechani sm of cl adf¢ ePifResdAtaBoiR E%,Sﬂsﬁaé@anﬁéigtfiblﬁﬁ@’éﬁﬁpiays latet.oThae
endopl asmi ¢ ¢ et bl Whwi is the mean number of IFNg producing cells +/- SE per
~million spleen cells averaged for 2;3 animals/group.
| Figure 18: Comparison of polystyrene and glass 0.05 um VSP-
OVA pamcles Polystyrene 0.05um beads were conjugated to OVA as
before (_PS) and compared to OVA conjugated glass beads in the same
20 -way (G1). In addition, a different chemical procedure was compared for
the glass beads. Briefly, glass beads were weighed and suspended to
2.5%solids in PBS and washed twice. PBS wae removed by 5 minute
centrifugation in a microfuge. The bead pellet was resuspended in 8% -
‘gluteraldehyde in PBS ph 7.4 and mzxed gently at room temperature
25  overnight. The beads were then washed 3x with PBS resuspended in |
PBS and 500ug of protein per mt was added and mixed gently for'_5
hours. The beads were then pelleted and the reaction was stopped by
resuspending the pellet in 5.5 M et'hanolamine and mixing for 30
minutes. The beads were then washed in PBS and used for
- 30 immunization (G2). ngystyrene (PS) or glass (G1 or G2) VSP-OVA
- were immunised intraderrhal!y at 100 ug/mouise and SHNFEKL specific -

IFNg secerting T cells quantified 10 days later from spleens by




- 30 (ER) medi at ed by TAP (transporter associated with antigen roce$S| ng) .
Hepatitis B surface protein VLPs are processed for class | pr sentdt Ko i n
macr ophages by a TAP i ndependent nmechanism[2] . The inventor 25 JAN 2005
-30 i mmuni sed TAP knockout C57/BL mice with OVA-conjugated VSSPs. No T cell .
~ responses above background | evels coul d be,detected to SIINFEKL or OVA in

" TAP- KO ani mal s suggesting VSSP processing Tor class | presentation was by

- contrast, TAP dependent. A TAP dependent 5 mechani sm of cl ass |

present atl on of Exegenpu M R0 el n adsor bed
onto i pmparti cl %ls basegh%nrﬂét? |§2§égﬁeﬂ?%égé€}3?}%%\%g %

acci dental rel ea@eupf antigen into the cytoplasm [| 10] . Pr ocessi ng of

such | arge partlcles aken p by p cytosis i nvol ves an early conjugation
step with |ysosones | P%‘?g Fh%aq?ﬁ%u%%@ 8rd gnetiogencdy.. The

i nvent or used cmagamrmhpmg/ﬂw 50 AAUGE S NRPNS] B WSRO 4B

routed via this pathway. Fi

cont ai ni ng vési @%&tﬂe@erawbombﬂlﬁ@ﬁ@% et beads (Q%@@)ﬂd@%?qw derived
dendritic cells in cult invivo in lynmph node cells 24 hours after

i ntradermal ~5 VAi8BE5 ﬁ’i”%%ir?'a@r@WEtWSﬂCtﬁﬁ@ﬁbﬁi-@ﬁ@qmyﬂmwas pddedssi ng
pat hway whi ch dih baEg ok Qa-kBA t Zﬁ&/ﬁiggiﬁla iﬁg%ﬁét %tler rticles in

that it is Rab4 independent an s further
i nvestigated.i ntmaamtere?formwdixarrﬁhe shEndEPORGIyH ey eX gadrsd A with ant i gen

~ presenting ceI | s \é\lﬁ}éf and in vitro C57BL/6 mce were |l eft untreated
(nai ve) or ﬁ”gg& ¥Hg 0ot rtentMoethgnaiamios {asdnRy Fif‘hfrdadfe“léiﬁahl y in

t he foot pads Paphi te ur.s
{injection aﬁd a%ghyl\g%?l"?b% r’%ﬁgﬁ%gw%w O?C%&%?%%‘VQ%P% ﬁ%@ o
conj ugat ed ant i bbdistispectdiamnira (idti))wA ke, T@Srerp%%ﬁér% V(Jé:r‘egure 5) show(:
that 0,04, 0.05, ang gec[lj tp m pol ystyrene beads al one or conjugated to OVA = -
were able to infieR8Edp wat@rr%m%rattﬁef@roammﬁm@w 3 howsl sﬂxlkﬂaeovered from

t he draining poplddfaiormdn isa
- Mbreover, they gauésegéo 5 Y%*Qﬂas%%?%g%@% it *hﬁ*éiragﬁt .fénm"%? 145+
(dendritic cell prm:eketnc)n uts quehchdd 80ther MaRORY LEbRML errhaged RUKSId cel | s.
, They al so enhan]g: 25 JAN 2005 -31
_ or 4 hours, and dia ysed ovemight in PBS at 4°C. 2-3 C57/B6 mice
were immunised with 100 ug intradermally of each one of these VSSP-
- OVA particles and immunogenicity assessed in spleens by IFNg
ELISPOT tothe CD8 T cell epitope SUNFEKL. Resulis are shown as
mean+/ SE of SFU/million spleen cells for each animal.
20 | |
Example 1: Materials and Methods used
Mice and Immunizations C57BLI6 and BALB/c B- to 8- week—old mice

were purchased from the Walter and Eliza Hall. Mice were lmmunized

P

with 100p! of antlgen conjugated beads rntradermally (1D} in the hmd
25 footpads. _ '
Reagents: All reagents including the antigen Ovalbumin (OVA, Grade
- 1} and 1—Ethyi—S-(3—DimethylAminopropyl)Carbodiamide (EDAC) were
purchased from Sigma unless otherwise stated. Menocle'nal antibodies
for FACScan and confoca! studies were either purified in house from |
30 hybridoma lines on a P,[‘otein G column (Pharmacia) or purchased from
Pharmigen.. FITC conjugated and carboxylated fluospheres 0.02-2u

-were purchased from Molecujar Probes and non-fluorescent




>1.5 fold the proportion of |ynph node cells expressing the aci¥atitonllh
nol ecul es CD40 and CD86. Figure 5 shows an exanple of the increase in CD40+
cells after inmmunisation observed by FACScan (33%to 63%. 'It al so shows

. that many of these cells have taken up the s 0.04m beads, in this case we
used 0.04p. m beads with a fluorescent greemcore. 0.04, 0 05prn and 0.1

pol ystyrene beads al one or conjugated to OVA were able to induce dendritic
cells purified fromnouse bone marrow to proliferation in vifro. I mmature,
but not mature (ea(tbeky{mecemmwmhemes wotth PbRSciended Fbailophafolltriidri tic cells

wer e susceptible to‘é hi s actlva&%&g &LU ct of VSSP glFl gure 6). These data

t oget her suggest "Eh ?rsd‘éﬁrﬁluéﬁgs 8. 0% L 1CON e.CB1 2R, E‘V ILRalA$,t he
unsuspected and ppew P}{éﬂ lqm Abi 3 enting
-cell's, including dendri t|OcD4cU£I and d@%&%ﬁ g:ék iélgajgpﬁéga

potent co- sti mul et iy covifeciisbaies Wesﬂﬁvfﬁlr@r@ﬁ% RQS%IQPE’I{#V ate and
expand. This co they are so potent. Moreover, it
suggests a n@chmggﬁﬁ rﬁ?ﬁ gﬂ/&@lﬁt‘ﬁﬁijl have an adj uvant effect (see Exanpl e
14 bel ow) even f@rﬁt@e@ﬁ@@@éﬁﬁné Qe/Ps“tD&?cﬂt ’é“ﬁé*‘a e]xjeﬁaortgg%)rg%g&%‘ﬁl

conjugated to them zs 30 Exanple 6: Ext cel S t ai ng up
VSSP rapi dly af t/8RPH BetperieTwithgsiass miadifidationatl phevi@ldhs ptisliehadp VSSP

rapidly after i r f oot pa tion (and t be responsible
for subsequent %%ﬁ%@tm%gﬁ}’ﬁﬁﬂ% %ﬁa{vﬁét%fﬁmeﬂ%jaagg¥@ﬁgea@n%ﬁaﬂ ni ng
| ynph node was dhsswed Mbsweiu@hm@camﬁe@Ef@ﬁ-bhﬁmfeh?éne*&%e%‘ﬂﬁmn up 0.04pm
VSSP- OVA with a fluorescent core was then anal ysed by Cécan and conpared-

to i denti cal'®parfeeRefolipwindiny e ollsdygisunne wekls zvere Eiamn‘ euf7atshaws t he

.proportion of 0. IIs ex enotypic
marker. Cells ta |%?Sqﬁ§%f‘@r{§&gg]e§§%ﬂéf"§ ﬁ%&@%"s éﬁ%gwa CD86+.
In addition nor éo@@tlda[fzserum#ﬁsanﬂn@mﬂguﬂﬁhiu@ V@U%/ﬂw[@én&:fﬂﬁm 1@0%@/&1?3“
This highly 25 JAN 2005 - activated DC phenotype of cells .that have

" taken up O. 04pmSH§8E“}§”YFé”yS*F'BF@QQ@”de1)QQ BMrB-wieycaiecthanvinand @é\@@f‘s@st we |
Dptake and. pr ooeoebrmsinadd B3 b% afnfy B oS R iR of 0. 0aum
bead- OVA uptigke weredgodnifoi & BCIEylsSn (PR6)-disheBef BT IO NARAMYRY a@@_?@eiﬁ% '
ort - Can 1lor | do, TS G Bl MR e RS o REat B fhphor bol _myr 1 5t at e
B B (L e o e e ol P R o P S ac o
~concentrations fieglgeolisia andvaitbtaddoes deys t@efdchpior kdheentesieractited for a
further 3 hour Saé@i%sgr% cﬁ% was quantified by FACScan.
20 . Bead-antigen conjugatfon 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%
.soiids/volume.,‘The mixture was rocked gently for 15 minutes and then 4
mg/ml EDAC was added. The pH of the mixture was adjusted t0 6.5
25 wi.t'h dilute NaOH and the mixture was rocked gently for two te three
hours. The reaction was stopped with giycine 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 Cytotoxféity assays: These were performed as described [3]. Brieﬂy,-
effector cells for cytotaxisity assays were generated by culturing spleen

cells for 7 days at 2.5 x 10%ml in 2 ml well plates at 37°C in a humid GO,




PMA and AML both decreased 0.04 gm beads- OVA upt ake by . ~s|\£€5 Jafepggs CCD -
failed to cause any inhibition (Fig. 8a). Inhibition by . PVA and AML was
additive (Fig 8a). This suggested clathrin pits and caveol e could both be

i nvolved in VSSP uptake. Amloride acts by inhibiting Na+-H+ exchange
necessary for receptor nedi ated endocytosisg.[14]. The inventor tested
additionally 20 ammoni um chl oride which inhibits the assenbly of clathrin
pits by interfering with cytosol acidification [14]. Amoni um chl oride

I nhi bi t ed -upt akeénafb2o04ittb U.giot obthel papiisiznegdeatRP(Fingedi®®) (caonfirming a
role for clat hri/ﬁégjﬁgs in VSSP upt akeo. Caveol e have been suggestéd to

medi ate a novel PR TERtEdpYEK 06 haat ingctiyeted ifestekcalisapar (FR]S), The

i nventor 25 , r tiS. ing P . f.ha aveaql re i.nvo] ved in VSSP
uptake i n BC (i iHUSotErte M EHOOES iR LoGRYEN bRl R Ohare
i nhi bi tor of cawaal H0 N pirErcaptbéhbpbiniredsuidh? Qum b/ ehob&shisinght

sequestrati on, V\/nerea@ P@/A affects_the phosphorylation events regulating .
caveol e i nt ePnalii8&@n &R, kwaphaglt HE, Biotest, hvaaetged onmeiay, 3. flidrggtsn bl ocked

0.04m 30 but no @ ~ firmng, t i nventor' s p esis
(Fig 8b). Caveo}\%e]fgn?‘? at C;Jimﬁgp?l ss,agcgrga @8%@%“9%@0%@‘&?{?9& ﬁ?ﬁ%@gggl and

| ysosomal conpar€métit 804gim| oflifip SINREKIDBEpR] o EGRWRAhGIBTRYIn 2 5 JAN 2005
-33 deliver ant "F%enf di rﬁﬁlﬁy i r],t o the cytosol [17&@ | eading to cytoplasm c
processi ng and TAPS'GEPE tCHiRRs HBless ofiesssestaisd Asisagmivere et i cuf um f or
presentati on W pBrMicedin i I . with those
shown i n Exanpl Ig 4, indi éﬁétﬁjé’bg{e;atr?@\%ffe%&;?ﬁ%f/E?%@réf%‘roo%g’g”ﬁ%r‘% YSant | gens
present ed i A0 acdisicdaibeneilialalene apdevaxitmumiyeist (inith 598 étoh WeRDeetnirc

.conposi tion of i.nvent.ion pear 0 be taken up by antigen presenting .
cells via caveo@aagr%%rpgps lglaé’taﬁﬁi‘pﬁ’cﬁfet é,Upﬁfriaé?”WW%rﬁ RanseHptiaiendhare G
processed by Rabm_yismagaﬁi@mat@cﬂlﬂsﬁ@@xlq@&j_ Bﬂ%nt@%ﬁé’%}éa ils—isftp;%(t)%\ﬂ'é%u%' ass | 10

presentation. This ohservation is novel in that the caveol e to

“induce the TAP- & WMaxmuny elepsoSoostangopatrhlsage hrd Spekifeelysis has not
.been reported b Al ; ryson.of protective efficacy ~s 50 nm -
(i .e. 0.05pm (%ékf“"a%?%?@gt% S5 1 PR WIR N8 Sred directly Wth

~OVA al one ot5 1009twuteXic Tece/llprayudK CThplei=sd: Tt Qé@g,,s Jé&me ability to
protect mce against s bsaguer,g subcut aneous _chal I enge 'wi th 100, 000 t unour
cel|'s (EL4) expPEddMify BvaSSHIGedRrENiQNsye7] i ferauiaRiciss We® ~. g of eit her
of the above (ofcidemmelltidie i i = de 0 hen_ chal | enged
wi th tunour 30 d%ys | at er. ﬁ@ﬁ@hg‘a%ﬁ%\g\%ﬂ {Cﬁge{g' @ﬁﬁ%ﬁﬁ?ﬁ%‘%ﬂf 8%?

-conpl et el y t he RHBRES (BK1TWA 136x168531 Oglls wene caltumsdeneasofiheal one or” with
1000 nm beads h .non-si gnt.f L¢ ef fect aon protection. 25 Exanple 9: A
singl e- VSSP i mhﬂ%r@gﬁ gﬂy?'%&h}g?ﬁ gHomyFE) gtfﬁ%@%ﬁﬂ@?%‘ﬁﬁp@e” cells,
prot ect s- agai nsh JMERT s meneRt witRtosg el od j ' ' _

OVA- conj ugat ed VSSPs i nduced | F Wpr oduci rﬁzgglacr?l cy?g?gy?\ﬂgagﬁlk{%g&“ S
T cell's (Fi gur €'10¥AaN 10 B/mhihibR. Jedin dayslatéreach raticcnkuxd wasot

further i Rv o B 10, and 10c). T cell idbe

Crimi el ned at TSR ey r kot Bl SbBbe Ry B Gliusp e BH0 (Fi gur &
10|d|) . Anti body pi ésgensebsWremskimidraainhgriinbachashdiEaareotbEGrThe CD8 T

cell- ‘ : . . .

pecific .

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 p'eptide only or rlL2 only. Alinear reietibnship
(0.987< 12 < 1) existed between the number of responder cells, |
' represented on a linear scale, and the frequency of negative wells on a
30 logarithmic scale. 'CTL‘p frequencies were determined as the inverse of

responder celi dose rec?[rired to generate 37% negative wells[8, 9].




25 JAN 2005 - 34 precursor frequency |evels achieved by a st fgldlvass
" imuni zati on were higher than those observed for single, or even multiple
doses of VLP particles and are only conparable to the highly efficient
het er ol ogous pri nme/ boost reginmes (1, 2, 3, 19, 20]. H gh IFNy 5 producing
and cytotoxic T cell precursor frequenciesjare associated with protection
agai nst many intracellul ar pathogens and cancer (21, 22, 23j. The inventor
i mmuni sed C57/BL mice with a single intradernal dose of OVA-conjugated

 VSSPs and then clillpeingeperidyensals i
smc QVA n‘;:lgd |§4/a tar %gfﬁﬁin&éd@m%?(%@%%%ggﬁe }gallnlﬁ\@ﬁi

expresses cytopl

~ specific T cell s?reﬁuwgélﬁ%d‘dﬂh@ d@@uby §ashdhen E@% ff/SSFthemmnm saldeni ce nmiere
conpletely prote S cha ereas _al| the naive
“control s devel opgﬁg’ u%?’?q %3 ag}dfgl tqegﬁ Weéﬁﬂe%aﬁ-ge‘ﬁm@%jleéqﬁﬁc}e[%l%f@ﬂb/ncr eased'

follow ng a singheoatol Hisiof ahi MEsH sBREEISHEQR n"b rl y
" those observed is |ﬁL Figure 2c. Fuh?% Iher vvor@eon %)lfs%%éﬁé;[gg?%gd%(m %

to 13 described Békeshwtinoviniar 1§ heenpas misedatdtate pyase (MHABINEEE) }M’é h a
variety of anti i ndu e br.oa ni.t risin both FN and
v OFQRe R Wiy e rLre r AT grdb T "ﬁeDb@mc%m s were

| L4 producing T

“allergenic | gE apsfipodi escRESAES? Th uééc}%s%{ g dogs. The
| ona

ef fectivenéss of VSSP for therapy is shown In an add

model s. 1)

100% cl ear ance ofURRKTBNES Rsdlasanbed sbeee eAfsarqareigRbintMatRmc:el} waket ect i on
agai nst | et hal. S | e a mnistration of the vaccine. (see -
Exanpl e 11). ”&g%‘%ﬁ@%}@% ?lﬁiﬁég ﬁgw altI@/t‘rb‘d?Wata‘ﬁd”l/m exi bl e

Thi s

vacci nation fr otmqgurlﬁg)jme{vgim zqLgﬂg{[@pqgﬁﬁ,ggﬁc@An@gﬁz%llméq B¥\é§r| ety of

|d| seéases. Mreover, on the baS| s of these frn

I ngs 't I nven el i eves

~that, VSSP may beextiesilirt 6hkahm%Pml%Di‘&bam(AAan cagugie\nt igm eSigerncer . 25

JAN 2005 -35 |
has observed that?

aogg) F %0 Cl ear e of established Tunours The |nvent or
o AbrIS HhRRR ﬁe(ﬁﬁfww Werrdeiscoinshoe sotosimasnipl et el y

agai nst subsequesgp dgt@tb@ﬁg mgch i /B6 mce
. were inmuni sed once w tlh 10 gI bead 0 :?;’%\ﬁéa ﬁd CBQP@{um'%E%gat ed -
“(naive). After 3JUsesgfien migroscams. eThtthI%argegdemrttéd &% 506t fohinguimisr - cel |

i nes. Tum)u1r S

i nmuni sati on.

20

25

30

[ neasur on days 3-13 after
O(’EE'I) é%f@é é%ﬁe@t u'lth SH’NEEL& ep?tde was utlhsed at 2.5 ug/ ml.-
Statistical analysis in protection studies the number of mice protected in

each group was compared using a y* test in the Statcalc program in the

- Epilnfo Version 5.0 package. In immunogenicity studies the ELISPOT

and Chromium release responses were compared between groups

| using the Student's t test with the Microsof Excel Version 5.0a packagé. '

Linear regression analysis was used to assess correlation between
immunqgenicity'and protection using the SPSS for Windows statistical
program package. . | |
Bead uptake by dendritic cells and macrophages ‘Three day oid .
macrophage cultures grown on microscope sfides and five day old
dendritic cell cultures were fed with different size fluorescent

microbeads for periods of 5 minutes to 24 hours. The culfures were
then washed to remove free beads and prepared for FACScan or
confocal analysis. -

Ana!ys:s of cells fakmg up beads in vivo: Draining lymph-nodes and

spleens were colfected from bead immuninuzed mice at various time

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




10 were given the EG? ceI | s and- ei ght days |l ater divided into gRoypRsLofZiGs
“simlar tunour size distribution. One group was left untreated and the

ot her was i muni sed with bead-OVA after 3 days (ie day 11 after vaccine,
“and nmakes this vaccination vehicle highly promsing for devel opnent of a

t herapeutic vaccine (Figure 11 B). 20 Mucigg-1 or Micl is abreast cancer
associ ated antigen. | mrunisation once with VSSP-Micl protein also inhibited
~tunour formation in mice challenged with tunour cell |ines expressing the

breast cancer and:d}“@etec(smﬁaﬁbgu&@blbbﬁ)oel!?ﬁgﬁeamtv@%hh@tr@y Wé‘r@%’r@g&r‘%’be s

i ne). The inven o,: ow shows that alrea stablished tunours
- cured by a singl St W @‘Fﬂ*@”éfﬁlﬁmur bear i ng m)use Tunours were

cleared fromi fte l.e injection. This
t her apeutic abW?{ﬁ?@aﬁ gﬁ’&ﬁ%&?&@@?@%@ %ﬁ AnpPEINAY,
Protection Agai nst!Ofakls ward hecibaienthon @mb&%@ﬁbw%&ﬁ@@é yhgLgne beads

of 0.0S gmin d| .«.ﬂg{nﬂ may be used as a vehicle to induce protection
agai nst mal ari a i30€ . NIaDt 1A% 1D+ 1o fR FSAE NS tbﬁ]%ﬂbl@bdy wasfmmttce:dactlyzd cells

- Was conjugated t S re then
chal | ehged with lgbéqliet ha 4 sog%g h'ﬁﬁ gct%ggw ?6%%%&@5“%&?%4 rom
~ C57BU6 i ce i nf é%&ﬁbaﬂedrarﬁboydgdpelclfa?&Lth@fﬁr&%tmwslMa’#@é“sérurﬁ%?’tl’@ ood
cells (RBC) recavered a\%ter 25 JAN 2005 -36 centrifugation 800g for 15
min were freeze/PHEked ?freetgetster?@é‘déﬁ‘&bg@hi’\’fﬁétr@@e@IVY/%SaU%?d Ny blackingas

conj ugat ed to 0. REBLRAL <l RRoRGHPRE dREfla ARAKE, Baads sl y5aL e, beads- OVA

or lysate alone were injected I'D. [ nmminise Rar ¥
chal | enged thWo seliewiese hasted with 2850 Liopeadftynatiietyde 800 2080 sPd M@ﬁ' i

{97XL infected R I n| ma s rv he c aIIe e, whereas 60% of
the animals i nﬁ%@@%aah?ﬁ e& %hg C&‘WSPH apd @Qﬁﬁﬁﬁ@ﬁ‘d@fﬂ)n)o

failed to contr alght Isealtétf@@t@s%e@%t% @ch&&é HHE? ctfd and 0?1! rﬁ?htg\ﬁ First

denonstration of a Slnﬁ dose vaccine being able to con ection
agai nst bl ood- sC8tfe wElafra bﬂaéllfﬁglténws@ataoedrﬁ@ ray suﬂmmmayke&térrdact ive

Since it Simpl i P AT ey T Re G GRS CE T BNl BIO R R |

since it sinplifies admnistra

ensuring w dé popukatwere cesetadeterfi@Bihpdasatiopl fokbagrid fBERIdeA the)
Pol yst er ene beagﬁé ngpEzﬁB‘m in dianeter conj ugat ed to antigens ot her than
OVA, such as th AE I§BRNHPESFAl so i nduce strong cel lular inmunity

as evi denced byt f secreting T
cells (Figure 13) HRJG‘)aWﬁ%rUSQBpPof’Bhg%%I ng ggﬁzﬁi %9)9 !gyb%%gmi eads OVA or

beads- nm23 i ndu@éﬁlnwsgﬁcalmvegs:oofodaLmrc(rﬁscgwwéé)Jseafhv:ﬁw ém;bl@m oRr onot es
anti body | nduct LA SR Re 1 aReE LG AT 4 BRnSIseeRly ?22d| PN
garma) was mbsedi@tedtaon to determine whether fluoresceinated beads of different sizes
' were phagaocytosed by macrophages or dendritic cells. Serial sections
through the sém"pﬁés were acquired at step-'sizes between 0.5-1.0 | (
microns to determine phagocytosis and analysed on Optiscan Anafyier.
Cells were excited at 488nm and 568nm for fluorescein and Alexa 534
- 25 respectively and detected through 530nm and 610nm band pass filters
respectively. Throughout acquisition, .!aSer power was kept below
- saturation levels and gain and offset parameters maintained within
individual experiments. |
ELISA assays: Antibody respohées to OVA were measured using
30 ELISA. "Polyvinyl chlaride microtitre plates were cdated with OVA (10
ng/ miin 0.2 M NaHCO3 buffer, pH 9,6) overnight at 4°C. The plates
‘were washed 4x with PBS/0.05% Twéen20and 4 with PBS and then




Exanpl e 13: Antibody Inmmunity 1 ) Polysterene bead of 0.05 wm i@fﬂi}ameﬁ@ﬁ
conjugated to OVA induced, after a single intradermal (I1D) injection
induced high titres 30 of 1gG antibody (Figure 15A). 2) Despite high IgG.

| evel's, there are no detectable IgE Ievel s Therefore, this vaccine is
denonstrated for mally to have no risk .{JAN 2005 - 37 of inducing
potential |y damaging (since they are i nvoI G&d in all ergy) |gE responses
(Figure 15B). Exanple 14: Administration via different routes and induction

156,51 AL ek A A ML MR,

adm nistration of the vaccine in _
‘descri bed above, al/S&m temjpegated Af@r@é@hh@% a’e@}é@éﬁ@)dm&génég%gl stered to

mce |ntraper|toneally, sub- cut aneously, ihtra-nasall intra-rectally.

3-4 nice 1o per group R &VEER d&‘l)“ddasﬁéb%@@é@f %lfLsThﬁJIbhlatrmmnsatl on.

PENg 1o 511 NeEk ot B TR Bl g sEty P it S '423@@“%'\% con ¢
celI's). Surpri siemtsal The@batesa\mremmshhe anﬂlthea)louﬂbsé#{tl\b%%/%

intradermal inj '9%1.@5 t rg nducedahl gh level's of IgGbut little or no 15
| gA, VSSP- OVA by BT BT RESFRRIORY ﬁ%ﬁ@&@&a?é#ﬁmapgmmmﬁgisemme

intra-rectal andAi/8t BAdRBS &N @ i igu et.ectable 1gG (titre
<1/100) (Table 1 % 9VSS P by thegéﬁ?lrgesque‘tg tgl;ﬂg' g?[ gég‘fl toneal , intranasal
and subcut aneoustthybeszthéziptine) heflpébmte Ahmsrb@nusm; u'ﬁelaﬂgg@ﬁoﬁra@t ective
immunity to di segses WsL e é@é 8 EL% gctlve rol e, such zo as nucosal
infections (eg. 1n Iung CRFYPRIY ”@Lﬁr) BEdNIErRiatereader.um (oG
titreSerum I1§A titrelntra-rectal <1/100, <1/100,171280,

. 11640, <1/ 10011 12801 nt r a- peri t oneal 1/ 1640, 1/100, >1/5120, >1/5120, 1 / 400>
1, 5120l nt ra- nas ’@1@602 <[rafetertiol aofake b8 YSSALbE pOtiged PIQEHEREGels in -
116403ubcut aneous '' 11800, >1/5120, i/ 120 1 /200, 1 /6560> 1 /5120 - 25
JAN 2005 -38 Unusually high 1gG resp Hse@ %f”t‘é(}/ two doses: | nmuni sation

twice with VSSP-OVA mmmrqwrmamlebzlu selRPRbithkeHat®p 'On of
G5 Egtl'??tllel:})ody ti tresaof 5355@@{?@8

surprisingly hi gﬁ\e %and qu
. assessed by ELI HCigesize Qﬁﬁ%d@@@?ﬁ@@oeﬁe@ﬂwdh bgﬁinai
anti bodi es aft euptare atrﬁmr}hﬁﬁéﬂl g@n%gg filg] 8%%%@03%% nonste! € nm23 and
te _

the mal aria anti gen MSP4/5, when conju
dendritic cells, however a comprehens:ve range of particle sizes has
not been tested. The inventor was specifi ically interested to establish
whether protein coated particles of viral size (0.03-0.1 gnﬁ),: would be
efficiently taken up by dendritic cells or macrophages. Figere 1a shows
20  that thioglycoliate elicited peritoneal exudate macrophages internalised

both 1pm and 0.1um fluorescein-labelled particles ‘(ﬂuo—beads).

Immature bone marrow derived dendritic cells, by contrést, 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'poiysterene prote.in cohjugeted '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 pophteal
%0 lymph nodes collected 10 days later for FACScan analysis. Particles of
the 0.04- O.”mm size were taken up preferentially by lymph node cells

' | (Figure 1b). Similer results wers obtained analysing lymph node cells




Exanpl e 15: Long-| asfing responses Responses to VSSP- OVA wer e? suriphi gl y -
-l ong-lasting. Fi-gure 16 shows that strong |1gG OVA specific antibody by _
- ELI SA (Panel A) and CD8 T cell responses to SIINFEKL by | FNg ELI SPOT ( Panel
B) present one year after a single intradermal imunisation (100 15
ug/ nouse). Panel B shows in addition that agntigen has to be covalently
conjugated to the solid particle for optirfal inmunogenicity. Exanple 16:
Het er ol ogous pri me-boost Vaccini a- MJCL was used to boost responses of

i | i d 1 t ki , i . 13- 32 | 3), f . 1 i
o = P 2t B AR e it OB At
MUC1- GST fusi on gartitles n\MIGFHvens eficenin i@ Pupentices pibidianly MHCL- GST

fusion protei n)(VSS%If%S._ Figure 17 shows responses to the peptid€ 1332 regi on
of MUCL were enifRESHINbPHeMGsRIRDERNSdanstitica®]\sacisica andviels (Fogsted

group conpared t@)amri 1l i : [, i. a al one ( i ng/ VvV
conparecdJ to vss@)\/)gd%h@?g@g}r%&@%@ﬁéi‘g’{'?‘lggﬁl’%&Y’%%s%kﬁ%ﬁm gg%%rs'use in.
het er ol ogous 5Pr iﬁrmemmmd‘,ahe’se)ceﬂsSwe%)o@(Qmﬂcﬁnihﬁht[%/m@cii@ph%ﬂﬂﬁ/%%i tion of
the solid core ff@ VSSP The inventor's hypothesis that" the. 0.04-0.05 pm
Size of solid céfd is the princi pal determ nant of VSSP i nmunogenicity
predicts that 25 JAN 2005. -39 particles made of nmaterial other than

pol ystyrene woul d be highly inmunogenic within this size range. Thus, .she
conpar ed i munog&XRoily 3t n WESR pafricatnigh psémgker froguemiSes bty tbiiiasey nal |y
with 0.05um particles madeg_gf a%%l ystyrene (PS) or of glass (Gl or &) and s
conj ugated to OVA using t h& YmReTelishi eal's B sedors @ntigrigs.or  bi ndi ng using

gl ut ar al dehyge (Q&2). F h 3 f_either | ystyrene
;or glass were sim | a%ﬁﬁ&%épm%%oé%ﬁﬁyﬁn%;ﬁ%&ﬁg @%?@9 Srt%cgg-\’%ror ' -
frequency of | FNge feodogeing ahtigeh ldelivary SndNFEKhtidhasEd BPHccidber ef ore, the fi

solid core of V or_.protein conjugation 1o can be provided by glass as
“well as pol ysty?’gﬁéi‘%g@i"‘fer?é’n%ﬁ %d’éﬁ%}éﬂv@lﬁ&m'ﬁt{@é{ﬁgﬁ&@@q RAECEsOTt he
solid core willo@beo deolunetd.8NAn 2Rl HEXA P XM & A8 o

Conj ugation of antigen to VSSP 15 THe 'resu m xing antigen with
0.05 pm parti cl eglernkedsicollegee TOntaysdgteni Figtikmna ahtivgeptistonedudagh. t hat

l enf |i i - f i o icity. Th hem cal
o ocedur e ubba PHTbGETED el bt ind ok v Uik BIFLth G14sk 4 reSREsr ot | cal |y
be a det er m nang||RFEKIMYRRSRNIEhieYed %Eﬁ%' Cétﬁﬁgllg{ ¥iz%?§>a?t9:[§’_§f%t§il r %g‘?r ge of

- the particle could pronpte interaction ecl ser um or ot
~ endogenous pr ot &ispendingeloeOVA wenerfoend btisithieo petdwrabt frequeamadewiint ake by

dendritic cellsn,an a hi i nmunogeni city., Jo test for this, mce were':
i mmuni sed with @W‘i’ﬁ“@gﬁe&&%{ﬁﬁs 5%{}91"?%%857 h%@ﬂi‘?—gﬁ"@ioﬁ‘f Q&’%ﬁ?"’éﬁa@%}@s on the
~surface. ~OVA- VSGRSIMIBERN WERS @b irdfucBE AN VS STRA AL Al WRE 11 '

carboxyl ete nodi fied nanoparticles and quenching the activated car boxyi ic
aci d gr oups2taf tRFECESEY ligaiensy of IFdisasretingl yelia¢R2eD @2)(FgFe@ide 19) . By

- quenching the r T i € |, ami n harges .c be neutral i sed except
ifor the net cha%g@h%% 'A(\B 2@%@%@@%5@&5& %!ﬁo( E%ﬁ’gﬂ?e @SBE?—%D@WSOBy ——
‘guenching wi (h fmeitdsenenicinne.fseOnith 064 GhATBRCILS, HIKWBYLGSHoAm ne,
Fi.gure 19). By quenchi hg w th am noacetal dehyde di et hyl acetal (Al dehyde,
Figure 19) pot dR¥TENFHA walr Inm pedédisaitFigureuds). Simildremimenatnisty. Al | three

- results were found with using VSSPs without fluorescein. Thus, in

25  contrast to many immunogens and adjuvants promoting preferehtia!iy a
- cellular or @ humoral response, VSSPs Were capable af inducing high
levels of both. |
The results shown in Figure 2 are based on injectihg the same
total amount of antigen after conjugation without eliminating residual
30 ‘so'luble antigen. Figure 3a shows tﬁat similar T cell responses were
~ obtained with 0.04 micron VSSPs after the saluble antigen was

eliminated by dialysis or ultracentrifugation. Therefore, there was no




25 JAN 2005 -40 nodifications of the conjugation protocol resu?h§%gmpzﬁﬁ
hi ghl y. i rmunogeni c particles, with am ne and al cohol nodificat s'being
conparabl e to glycine, and al dehyde slightly | ess i munogenic. Therefore it
is highly unlikely inmmunogenicity results from non-specific adsorption of

: serum 5 proteins as the introduction of qpgosite charges to the particle

results in simlar imunogenicity. Mdreover, sone alternative nodifications
" 'to the conjugation procedure, and changes in charges can be introduced with

no decrease I'n | SGsRUohSToRk SELSSLEN. Wkigh Py 6 HREpLLP above.

- the conposition of the invention provides a way 1o further i nprovée or
opti ni se vacci né§spensess dinirmves furdter stipgyrtediatly thewodirapisby of comjugatdaet y of

i nfections, canc%r or ot hert &i segvé,épThe opt.i mal _size of the VSSP :
coi ncides with ths Vet a0H Moses MBS 15EHR 3P Fasiwe thatonls t enpt i ng

to speculate t h%V“%t@fc-"hmavéﬁ%s@‘”Qheé‘f’ﬁﬁﬁ’?ké@f@m#@@tsg%gﬁéf t he

above observations, thé inventor believes i nmune Syst be
geared to refct RS Yhus Cpupient htacruhentito the M3 Rmgesafectbsary35RergeBef or e

the present 20 i nt. it S_not._known, or understood that the

stimul ation of g\\‘/ %%ﬁge erassﬁga%%‘e’%ﬂq'% g8 7 WdyFe slassxtenticisd t he

size of an’ i muiTecelsi muiantt ddudd bé%'rd)tﬁed/\’iﬁafﬂiarhigﬂér‘§%é§n{@ﬂﬁﬁl atdj r uses;
ngl

especi al ly when epitopes from other pathogens eg bacteri a, are
consi der abl y | aP§e€in Ravealersomnpead 1 Brget particlasonytd bhitselpagduitay el i cit ed

25 surprisingly mrd, S ] hHQ) ai, and_cel bul ar_arng of the

i mmune response?@;ﬁdé%%%@}ﬂr@gggwggi ﬁv &l tgtsr‘ﬂﬁf’ 4P Sq"osrﬂ%’:ﬁ"giti ng hi gh
~effector T cel | imnecidgeelcith peanenat @4 s a8 ORI Wnﬁﬁé&?m may be
.geafed to react fully to particles of viral size. Previous studies

utilising WLPs [itlegeaplifiy Giaurgdh HA-0fithkenictan YSPRstWerkejordstardlypr i sed of -
HepB surtace pr L NS t ast retrotransposon otein (T have al so
sh_gwn‘ br oad aﬁdﬂfog%gﬁ'pa@{qgﬁga%ﬁﬂﬁi%p?ﬁﬁ’ e'&dgwﬁd%'ﬁ&g‘?fgh?r[ﬁ(’ﬁ%i)m}i ng dose,
al t hough respOﬂSﬁﬁgé\ggﬁnj@gbﬁén.J{@) HoPedshdline i%%éﬁi?!ir@%?nc‘eﬂﬂrah&)%% than wth

VSSPs [1, 2, 3, 19, )JJ. However it has been assuned that characteristics
ot her than sizelaimoparliclegatp tast Ahisid (Upi foi tra/mmasehoverdheeused fr menbr ane

bi di ng pr ot gi ns, ak I for the abi.lit r' - VLPs to induce class |
restricted T cel S%e%%ﬁ%@@éeF}i‘%CWmW%ﬁmﬁ'wé’ﬁ‘@]@/@bﬁﬁﬁﬁnw feory, the

inventor consi derge dmicentatioesdi arldedrciugitbl ¢b UUSHAGehiRchidiRgant i gen
~ presenting cells_such as dendritic cells in vivo by VSSPS, foll ovx%d by

“potential slow %{HFie(j’é'Wat“’é'ft@é%‘é'Jrﬁ_? opperr®PyREE on srpYsshdifferant dreseor
Gonerat 0. Tt k5L YaP ok TRARAE R AT VSRt RN vl e

 was denonstrated by the a a single 1 nhuni
agai nst subsequéntPetialticemges imvintihogenothareldrget partibles QéPoswd ehngelhe

i nventor h al so obser.ved o) and, str i_mrupnogeni ¢city and protection
to an anti ?@n e%}ﬁgé‘iféﬁO?%(@E"e@@P %‘iﬁ’z@r(g\gg’ugifﬁw UQMQ@JL!Q)a.ted'@/;fﬁBﬁader nal
4[01€t_e of adm ni gFr-af(%aeddsi pdre@imany. their animal studies may be easily

Example 4: A novel pathway for the uptake and processing of
' particies o
25 - It has been suggested that peptides derived from digestion of
exogendus antigen through the class Il MHC processing pathway may
be regurgitgted and subsequently bind to empty class | MHC.molecuIes
at the cell surface [1, 10] . This alternative mechanism of class |
presentation is independent of transport into the endoplasmic reticulum
30 (ER) mediated by TAPM(transporter'associated with antigen processing).
- Hepatitis B surface pro{éin VLPs are processed for class | pfesentation

in macrophages by a TAP independent mechanism [2] . The inventor




15 i nplenented in humans. VSSPs may thus offer a particul arly? &t fsRciilbe
and sinple strategy for hunman vacci ne devel opnent, in particular to ,

di seases where both hurmoral and cellular inmunity participate in generating
protection, such as nmalaria, cancer and viral diseases, notably, AlIDS and
hepatitis [10, 12, 21, 25-28]. The targetiﬁg;of 20 reconbi nant antigen to
class | presentation pathway also offers the possibility of inducing T cell
responses to nmultiple epitopes, and thus woul d extend the use of such

vaccines in a NH%:&W%@@GTAMHS%@@/BEE@E?é&iﬂﬁ@ﬁ-o@r@@gﬁ@?ﬁa_/%:%ﬁ%icggbﬁi-

DCs for effective stinulation o S exX Vi Vo (
this is expensi vhoahgel mppensesbbyvalbbtkgolnd ([Ghes pogigant détar@AtiHon

| - provides an alte i to.efficie deliver antigens to DCs in vivo,

| eading to the séﬂ@k&u\@n r@ﬁ%ﬁﬁﬁwﬁaﬁiws FHEBBF DY Satirgeassipedof i ¢ CD8
T-cel | s and i mugasPr piLehtan i Ps wit.hj n_the narrow
si ze range of 0.04-0.05gqmto goﬂﬁgﬁggh{sr%%tggﬁ'g$§p%{ﬁg%ﬁ%£’§i@@%%nqeé€els .
coul d be t he fcondeguenise ofclads | miesattaiiphak exbyeARGSastigdivhas BEEENt subset,

targeting to thedeM—IC 1 Rr ocessi n% pat hway and/or direct stinulation of APC
function. Uptake ®>CH859 ARJ PRiBs agsorbed: dnto isspeadisies baned ar'lemkiressnced
in the lynmph nodg.ecRpat 68sitie i : thi_s.,enhancenent was
attributed to increased fredueﬁ%ﬁggcg %ﬁ%’tﬁegé%,epcgsaintt'99al B5+ cells, a
mar ker of DCs. DBagoplasmdontd].ProsPSiagadf ey exge Qarifle4BnaRdh D86 furt her

5 characterises %gsg)t . c.aﬁalbl e of efficient CD8 T-cell primng. These
markers were foUdndorn £5H GEOKED BB YrBHUaRlignStee M lySeResesipt ake and

sel ective | acal iss@teyn@iheViREb4 bRabir-$ro et Rﬁ&ﬁ . | oul d -
;explain the i munogeni cg?ty of the Er)ﬁ(g?(;paﬁrfpcsll'ggh%gcor ?Hn{gs%dog%hfgca' _ o
i nvention. 10 . NOEHSCoaHaretRjednoivheteESPPefvduiebe nuertivimtiincl ude the &

ability to indu l respor i din roductioh fal] ow ng
admi ni stration @%é“%ﬁ%‘é’% ‘PS?H‘?@%E@%%‘?}J&E*?%%@HP@- Figoptaigingpr i me
boost vacci nat i omsistasadidgyot cBustdige dithedireoms MarkdW akMeed hen Oyt he

- VSSPs to determ.ne égr . the ,g(g\ysi ol ogi cal mechani sns that nake themelicit
the uni que i muiEYBEFoREE GKe B MEwh teds seliso2pboursdestastiolsadetratl vari ous

ot her enbodhgentS g JHASHLANESN | iS.descrihed herein nmay be nade by \-
those skilled in t_hea_art i outgggﬁa%r F'Fn%"%%‘%’t“ﬁ% %8?&%3?'”8&?%&@5@ '
under | yi ng t he WiN@ndiffers fromba ddeBP Doty | REFERENEE articles in thatitis

Rab4 independent and TAP dependent. The mechanism was further

" investigated in Example 7.

20 Example 5: VSSP induce expansion' of antfgen presenting cells in viva
' ~and ih vitro - .' ‘

- C57BL/6 mice were left untreated (naive) or imminized with G
fluorescent 0.1um fluo-beads intra_dermally 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 antibodiés
specific for this marker. '

The resufts (Figure 5) show that 0.04, 0.05 and O.mm
pqustyrene beads alone or conjugated to OVA were able to increase up

| to4d fold the totai number-of cells recovered fram the draining popliteal
30 fymph node after intrad_grmai immunisation. More-over,‘they caused 1.5
 fold increase in the prop'ortion of NLDC 145+ (dendritic cell marker) but

not F4/80+ (monoqytefmacrophage marker) cells. They also enhanced
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they are so patent. Moreover, it suggests a mechanism by which VSSP

may have an adjuvan_t effect (see Example 14 below) even for

responses to antigen when it is not chemically conjugated to them.
20 ' N ﬁ |
Example 6: Extended phenotype of cells taking up VSSP rapidly after |

injection
To assess further which cells take up VSSP rapidly after |

intradermal footpad injection {(and thus may be r‘esponsible for

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

30  celis expressing each phenotypic marker. Cells taking up 0.04um

' beads were mostly NLDC145;-, CD40+ and CD86+. [n addition more
CD11c+, CD4+ and CD8+ cells were 0.04 than 1um bead+. This highly
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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 ihhibits the assémbly of clathrin pits by
| interfering with cytosol acidification [14}. Ammonium chloride inhibited
uptake of 0.04 but not of 1pm size beads (Fig. 8b), confirming a role for
_clathn‘n pits in VSSP uptake. Caveole have been s’uggerste"d to mediate
7 a novel mechanism for uptake of viral particlés in DC [15]. The inventor -
25 . results using PMA suggest that caveole were involved in VSSP .upt'ake
in DC (Fig. 8a). To confirm fhis, the inventor used another inhibitor of
caveole, filipin. Filipin acts through cholesterol sequestratién, whereas
PMA affects the phosphorylation events regulaﬁing caveole
internalisation [14, 15, 16, 17]'. Similarly to _PMA, filipin b!ockéd 0.04um
30 - but not Tum 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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proteins by professional antigenpresenting cells:' J. Immunol 162, 3757-60 -
(1999). 25 JAN 2005 46 Cainms: 1. The use of an imunol ogically effective
anount of mcroparticles conposed of a supg%_anti ally inert material to

whi ch antigen.is covalently conjugated, in"the manufacture of a nedi canent
for inducing an i mmune response in a subject, wherein said mcroparticles
are of a size whigglpel thel i resenti cells. 2. The
use of Caim 1, \E\iheregi%rrl}(ﬁp%g dg‘ra?ltcifhégﬁgg[lr](egg@#@%]zgggf@gg?ecym%?mﬁ c cells.

‘3. The use of d anﬂea&andai"APsmpénnfbmrmﬁﬁdrtcih@tr@r@dﬁp@srﬁﬂcze whi ch

al l ows their upt ali.e %?endri tic cells through a nmechani sminhibited by
phor bol nyri st at EUSERTRIY ReRpyiatian withdin6eclass afly 1®he of Cains 1 to 3

wherein the mcroparti Ver 3 di aneter .l ess than about 0. 05Nm
5. The use of any oneﬂgégdéa%‘?ﬂrig‘ f}@?g“ei“aﬁgﬁh%%gﬁﬂwwﬁ@am clndicatave an
average di amet er ainovelheathaagdooprode83NTof anfy HeNResBrteHR 248682 cany one of
Clains 1 to 5 wherein the mcroparticles are of a substantial'l’y uni form :

size. 7. The useVdf Unpresset ventiian nd he imgwmogreictamposition of tear ti cl es
. conprise a solidneohwn 8 of Gainms. 1 to 7 wherein the
inert material i g_s.e el'lct%%é%@gﬁ]%%ﬁgf(%r?gég%ég\ @legtplrﬁ%e 19 %‘%hé)?/,]a ferrous

mol ecul es, gol d,cayleatssand/ar clatiminpbits il e/nidroinesdntiRne arB drycdbsh g G

bi odegr adabl e p%g/rgﬁrs, .bi oconpati bl e polynmers, and conbi nati ons thereof..
9. The use of any*BhEdsPeRAENHENG TAR denandes pathmayarier YetC ciaseér i ved from
a_ pat hogen, {g's ibn O - ecul is, selected _from,the group
.consi.sting 'o1tf0|: %F?%ﬁ,g{’%%pg? ?5{1?%8 vfﬁ'g n?)ly{?w tt'gF @’,e %ﬁtyﬁ__—% CRRPIRED |
proteins, anti gdndude ibm PARstapdindent petijeespraebesh€ BafHea) sRE CIrsls

consi sting of P._ vi v(g&@ P, fali gi p?rum circunsporozoite protein (CS), human
P. fal ci parum Bas i eNEePgIsH £&8708nd P. nal ari ae, 25 JAN 2005 47 TRAP,
MSP-1, MSP-2, MSP-3, MSP-4, MSP-5, AVA-1, RESA, SALSA, STARP, LSAl and
LSA3, HIV-gpl120/160 envel ope gl ycoprotein, streptococcus surface protein
“antigen, influenza nucl edprx@neiend: haempgdsan ohpmiediveasfiiciajase surf ace

i nfecti , A pili - it P1 i MCV. | otein, Leish i

i or surf acg gl yoopPdrtiitabe3N BBED EIVA gt shdaeeattepr ot of .

rabies virus G poaipRirdd dPEEBPHWARITGHSIM 6r°{£‘fﬂd?1rr(1 ats%p,%g@) cal. proteins, .
. ,

Hel'i cobacter pylori proteins, Syncyticial virus pr ot ei ns,
Epstein Barr vi €QsUgERY pgiig4s, for aniity eoprtiegenicaAgarast saggbaiidmn, Borrelia

~ burgdoferi f ag i , bact ef i ber cul osi s 38kD
i poprot ei n or 3008 patef FelssiTR rodaoltiesibotintth e oeier o
meni-ngi tidis cl @R lapwies WSRtifininiYa haghba (598} g 'driRe éé&%eegd}d gpl,

Rubel l a virus capsid protein, Hepatitis B vir ad, si npl ex
virus type 20gl yebwiastnaive)Gnoe-dgmliponGP2iid thém chgllerajddeyitie negphedd t i s

YL S OPL I e R St bR Bl RO St SeBSS PSS

envel ope Ag preqlith iIBWA bR BuntddrY) wiaREkbVRaRbAL BEth HgBgPept | des
from oncogene E6 and E7, Listeria surface protein, Varicella virus envel ope

‘protein, Vaccini®@ 8Radgshachdd1ospgnifieertiatfecBpupedteationr f ace prot ei n,
Rotavirus, VP-3, VP-4, VP-5, VP-7 and VP-8, conbination of one or nore of
the antigens, an am no acid subunit of the antigen conprising five or nore

ami no aci ds29 n | erfgtampler@t canbighatiSBmsinahusRetion imicesHigh keeiupuni ts. 10.
The use of Claim1l wherein the antigen is derived fromcancer selected from’

the group consisting of PrEHERY andmictepisrrgedag tueer shalbenbearel anoma.
o Intradermal immunisation with OVA-conjugated VSSPs induced
IFNy producing and cytotoxic SIINFEKL specific T cells (Figure 102 and
_ 1a and b). Additional immunizations did not further increase reactivity
30 (Figure 10b and 10c). T cells couid be maintained at high precursor
| frequencies 82 days after immunization (Figure 10d). Antibody

responses were similarly maintained (Figure 16). The CD8 T cell




11. The use of Caim1 wherein the i mune response is at Ieasl;z A gggzggkd/ or
CD4 Tcell inmmune response. 12. The use of Claim1l wherein the uf)t‘ K J
said mcroparticles by antigen presenting cells avails the antigen for _
processing for MHC | presentation through Rab4 independent and TAP

dependent pat hways. 13. An i mmunogeni ¢ conppsition for inducing an imune
response in a subject, said conposition conprising mcroparticles conposed

of an inert material to which antigen is coval ently conjugated, wherein

- sai d nicroparti chesume fidquaersi/ zevelachienbd By ¢iRglerv YBPaken Y- AR gen
presenting cells. ﬁ.S JAN 2005 48 14. The conposition of Claim 13, wherein

the antigen pres%hts Hgneeihan Hiose mbsariedifor sisigls or B¥enThdtiplenmsistgfon of

Claim 14, wh i icl [ [ .al | t hei

Uptake by dondri 1o oS BABNLIAL P CaRiERle R R Beb Uy Shhor bol

nyristate acet atfet¢RMYous BrimEfen oo st ifon2 of, 1@]20}}’.”?&@?{ H:%fl ms 13 to 15
e ar

wher-ein the 'crogﬁrf.i cl es have an_average diameter less t about 0.05Nm
17. The conposi ti'BAYGNSANH eiatagic breall peecLsserdram ansssane ddseciated -

m croparticles hayepafed¥ i @ | gt range of 0.03Nmto 0. O5Nm
18. The conpositi on"of eitnd;{ %ﬁ%‘mg% %gﬁg?ﬁ%dc%gu@g pi‘?“‘%?&'f’eﬁw FHeer 21, 22,
mcroparticl es af® dhednsaist intriumidey CFI/BOrmIcsiwith a kdngld iers@mesi tion of
any one of C ai 3.t 8 wher ei m-croparticles conprise a solid
core. 20. The c%%sqft "Cé:f”“@aj?&\}fggepv%@ﬂ%mﬁﬂ gleallenget themewitathe s

sel ected from tIESDEAHEr 66NEHSME 4 Qi ecules . gold,

gl ass, cal ci um phosphate, Pol 'st yrg%fé(?}%%%C@@’%ﬁ“‘éﬁg?‘o@?&ﬁ@gﬁ@

‘pol yners, bi'8conpadfteioaipdiy spauificcbobin it vios Theeteeoks sRdw tike

tconposi tion of herein the antigen is derived froma pathogen, e
ti'ssue, cell orggasﬁg%qrr%ﬁ%ﬁ\pgsg g"%%‘ﬂefesc%g@é?lé(ﬂ”@t@ﬂﬁdt?@'WHUB‘%onsi sting &0

of . pollen, hepahallarsyeCwheraas GHitYa nEReSonkrbis §évanFe NrmBFOLRI NS, antigens
from Pl asnodi um aﬁ%m es selected fromthe group consisting of P. vivax, P.

faliciparum ci r CHHEPBr B2 IsvBisevere(ats) inchemsead fllowirga parglan P.  vi vax,
P. | , d i - - NSP- P-4, NMSP-5, AMA-1,
REsa. SALSA. sTAGE P eadctEeh APty MR TR0 Bl SR o el .

strept ococcd8 simFiguee Beotei n antigen, influenza nucleoprotein,

haemaggl uti ni n- neur am ni dase surface infection, TcpA pilin subunit, VPl
protein, LMCV nucleoprotein, Leishmania major surface glycoprotein (gp63),

Bordetel | a pertussis surface peghRbfyofiddl 6538 [YSeProtein, Streptococcus:
M protein, Staphylocgccal proteins, Helicobacter pylori proteins,
Syncyticial virus (RS8MPles 1Go 135le3edbe2DBSodFormally demonstrate that
~ VSSP can be used with a variety of antigens and induce broad |
20 immunity comprising both IFN and 1.4 producing T cells. High levels Qf
' IgG, but not the potentially allergenic IgE éntibodies are also induced.. _
‘after a single dose. | o 5
The effectiveness of VSSP for therapy is shown in an addiﬁonéf‘
| two models. 1} 100% clearance of established tumours (see Example
.25 10) and 2) protection against lethal malaria after a single radministration
of the vaccine_,(see Example 11}. This further confirms VSSP as an
unusually potent and flexible vaccination protocol to devel‘ép single
dose vaccines against a variety of diseases. Moreover, on the basis of

these findings the inventor believes that VSSP may be used for therép

30  as well as prevention of cancer. ' _ '




‘proteins, Epstein Barr virus (EBV) gp340 or nucl eoanti gen 3A, I\iﬁdﬁ@g?—@ﬂg’i n,
Borrelia burgdoferi outer surface protein (Gsp) A Mcobacterium '
t ubercul osis 38kD | i poprotein or 30kD protein (Ag 85), 10kD or 65kD
proteins, Neisseria neningitides class 1 outer protein, Varicella zoster
virus I E62 and gpl, Rubella virus capsid p¥otein, Hepatitis B virus pre Sl
ag, Herpes sinplex virus type 1 glycoprotein G or gp D.or CP27, Mirray _
val | ey encephalitis virus E glycoprotein, Hepatitis A virus Pl, polio virus
capsid protein, VPl1, VP2 and VP3, Chlanydia trachomatis surface protein,
Hepatitis B virus envel o re\.S2, Human rhinovirus (HV) capsid,
‘papi | | omavi rus pepti des ﬁ%ﬁggﬁcﬁ%eﬁ@a@%@;@?b[lﬁr@geﬁwﬁo‘é@rface protein,
Vari cel l a virus envel Dpeinveot®iHhas MRepidd Ba¥ bl 3 d ein, Brucella
surtace protein, R%tgaeé'v us, VP-3, VP-4, VP-5, S{Y/@J‘%mﬁﬁ{éﬁ%f@m@mi nation of
one or nore of tIfE%ER VgeRtecn cafipiie i cgdintisubseqednttchelienid gen
conprising fisve 1Qfmdips %X&@P@%g%{/ﬁs in length, and conbi nati ons of one or

22

. nmore of the subunits. he “conposition of Caim 13 wherein the antigen

i s derived from cancel5aBBantcedvdreammihesd O %ﬂsﬂo’%)ggf}%a%f Beeast, |ung,
pancreas, colon Cs\z/g [TE| anoma. 23. The conposition of aim i% \?H ein the
i mmune response 40) &dstt untrepbechinal). @fwr BOoddyls, hriteiners el 24.

) Hheed

The conposition £) @6 i he uptake of said mcroparticles by
antigen present i“ﬁg] %é ?%3&%@5&%! iﬂ'ﬁ%‘ SEW%?S'&?&@&@?%UHE@NW I :

~presentation thcalgdrsRabdaysdezesrts i rantsabdR. W@%ﬁ{%tnmsmﬁe& The

use of an i%runol ogi_cal I%I Zéfective amount of mcro es cohpoSed of a
‘substant i al I'V i #&t IR G el andheiltt sleyaiateo tividarbidia greems dfor

‘I nduci ng 't he praimifgratd i p enting cells in ubj ect,
wherein said microparti 'gﬁgggaer(g%[wg&s'i ?ﬁ‘%\ﬁﬁ%’{%ﬁ%ﬁﬁ%ﬁ#”ﬁﬁéﬁﬁaﬁ Hi&e by
antigen present PHE! ¢ed inmandisat evitsi reEROV ATAREOPALYS Gbefayaf €aftgee of

conj ugat ed and/ %mﬁﬂ&g&ioﬂat{ed ant i ﬂﬁn 26. The use of Claim 25, wherein
the antigen presenting PEURAT $EAAPRY i ¢ cell's. 27. The use of O aim 26,
wher ei n sai d m cr opalhé ¢hester eowkEhaws I Lr,upt ake by
dendritic cells thrqugh a rreg:hani'_smé\?ﬁﬁﬁiétweagggy&d%@gggﬁW%PFE{)%EE%Bﬁ-cet ate
(PMA) 25 HAN 2468 By0a sidlqimmusisatien imy aomenat HEasngen@fed, oTaRowher i n

the mcroparti ' ' VEr ¢ i anet er,. of , |.ess t han about 0.05 wm 209.
The use of anyctlﬁze_ g%%ﬁ??@ wgﬁsg%mv\ﬁ%?”équ MRWRPES gPar 81819 have an

aver age di amet énjsctionhd histrggapdut® D3itmm8 hihe: OSu VB f3%n T, e of any on
~of Clains 25 t0v29‘ wherein the mcropaﬁ«@i c]I@egl are of a sngbégnglr%fially -

uni for m si ze. - 3F e FSITFRESHYS Yreciration vahiele J8ghly paomisireg &irn t he

~mcroparticl es dx@nragnosP bl : . C ai m 25 wherein the
inert material is sepl ected from ?ﬁgﬁg\’ra%ég]ec@?r%@ﬁ1%‘ of |atex, ferrous

ol ecul es, ol d, gl ddginchbeMusr ihespbastesanpet ussovigeg arigky, | ysine G
bi odegr adabl e pol . bi0oco ! olyners, and conbi nations thereof.
334:The use of Q@r@urm;%%n%& OW%%%}?MQWW’E@SQ heitiied toamaenmt conpri ses

~at Heast one sébumitoraintingerehdingddfitisemRls ChlimId e gl Lhe antigen
is derived froma pathogen, tissué, cell, organ or ol e cl gaﬂa is selected

fromthe gr oupbé?afgr?ﬁnégﬁ@%ﬁfsf%ﬁiﬁigur@ﬁWp)ol |l en, hepatitis Cvirus (HV)

core, El1, E2 and NS2 proteins, antigens from Pl asnodi um speci es’ sel ected

~ fromthe group consisting of P. vivax, P. faliciparumcircunsporozoite

protein (C&, human P. fal Expaplant1PPryie¢tdn ﬁgair%\t’%iaﬂﬁﬁia P yoelii and P.
mal ari ae, TRAP, MSP; % MBP- 2, MSP-3, MSP-4, P-5, AVA-1, RESA, SALSA
STARP, ~~ Theinventor demonstrates that polysterene beads of 0.05 wm in

L diameter_may be used as a vehicle to induce protection against malaria
- Inmice. 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. |
Biood was collected from C57BL/6 mice 'infected with P. yoelii

17XL at 50% parasitaemia. Red blood cells (RBC) recovered after




LSA1 and LSA3, HI V-gpl120/160 envel ope gl ycoprotein, streptococdu§ Sun f zoe
protein antigen, influenza nucl eoprotein, haemaggl utini n-neuram ni dase
surface infection, TcpA pilin subunit, VPl protein, LMCV nucl eoprotein,

Lei shmani a maj or surface glycoprotein (gp63), Bordetella pertussis surface
protein, rabies virus G protein, Streptocogcus M protein, Staphylococcal
proteins, Helicobacter pylori proteins, 5yncyticial virus (RSV) F or G
proteins, Epstein Barr virus (EBV) gp340 or nucl eoantigen 3A, haemaggl utin,

o 11 2 DU 0! MRty S 1800SR e WNGRBRSLSEL Uil

t uber cul osi s 38kD |1 poprotel n~or protein g

proteins, Neissesdracatedi(hghtd)diLysaleanas tonjubalediont 86am Matibiesldsa zoster
virus | E62 and , Rubella virus capsid protein, Hepatitis B virus pre Sl

|
éSDZJAN 2005 51 %&S%ﬁﬁ@@ﬁn&@ds\ﬂwa@.byp@s—p\gwcb]satﬂ gone@ae gp D or
7 M _ Lo Thes cie P
P1 bolTo v rue NEGSTREPIA el duE AR SRR et | o

- surface prot&i n,wéigpalatdd intrB-parterse AR PBOANIT L. R/ MRBIfcbidaoVi r us

" (H'V) capsid, papillomavirus peptides from oncogene E6 and E7, Listeria
surface protein, B&ricella virus envel ope protein, Vaccinia virus envel ope
protein, Brucella sur{age Bk iQ, Lr -3, VP-4 . \P- VP- 7 and
VP-8, conbi nation of one o?ﬁlﬁ{oaﬁéeg%ﬁ‘v ttdzt}ﬁ%ﬁ?‘?iﬂ%ﬁ?ﬁ% v &Rt 98 /%8F@esubuni t of

one of the anti gewwatsonpniisiseg WEth/’eledysaimraﬂaor@@"(vmimmibéSdio@niuywbh) and
conbi nati-ons of .one .such sub(ggits. 35. The use of Caim25

f f . S€. ;
wherein the antigs %;C%gtrﬁﬁ\;gﬁ' TeeiRtand dledsEigdedd)s s ke drsiup :
e e b o
consi sting ob DIRARIAANEATof d YREICANREIacHANSEERIfe EABRAE: RALAD, oancer

and nel anoma.. 36. The use of any~one o al s
medi canent conpragedst dlend-stegglanel ghsingfe dasalvadaneparticuiErgs. 37. An b

- 1 mmunogenic co L L. for ,inducing th roliferation of antigen

- presenting ceI.Ir%?t?ééﬂV%r}c%ﬁ%%@fl? FBH Og%%ﬁﬁ%ﬁ?g% RESE ETRYRY R S¥posed of a
substantial Iy i mird wadersiate itWapidy SehBidhRIoARM disl-Batieh ®f e @ Si ze
which allows their uptake by antigen presenting cells and whereitn said

m croparticl es dRECHPeBNBMrnDWjdspeRdaterererageapsul at ed antigen. 38. The
conposi tionypf C aim 37 wherein the antigen presenting cells are in a

subj ect and sai'd i munogeni ¢ conposition is suitable for adm nistration to-
sai d subject. 39. The conpositiExanopled2ai OeiBiaoim@8nigher ei n the antigen

presenting cells are giend.ri tic cells. 40. The conposition of C aim39
wherein sai d m croparti cl éQl%Ferese eadsel Qb ¢ 1 dismeterranjuggiedike by

dendritic cells. ' Y S, jnhi i te 0 ri,state acetate
(PMA) . 41. The gg%‘%ﬁﬁ%ﬁr{%’h?r%é‘ggﬁjgﬁg%a%nnggé9%@89"4%5"\%&%% hiogE

ni croparticl es bhoegasllakeiragenidy asevideraedassthehaduatiooust g fevas of 25 JAN.
- 2005 52 42. _The osition qof a ne_. of ims 37 to 41 wherein the '
“microparticfes mgggﬁnang @gglfl\éﬁ@? _g:r'g‘i”ﬁqﬂe range of 0.03 gmto 0.05 wm
43. The conposition of anwnsope) 8§ iﬁﬁ@cé%téﬂnﬁuﬂiﬂﬁ&%b%—@\?ﬁ. o ...
mcroparticles are of a substantially uniformsize. 44. € conposition of .
any one of cl ai hgadnr2uBdwked bigh lelelsmfdkégRigticl4s Tuspyrnpkokinsol i d G

core. 45. The c L f im.37 wherein the inert material is .
sel'ected from tﬁ@ﬁ&%ﬁ&ﬂgﬁ‘%ﬁj@tﬁ%ﬂg“@fm' 86‘3?: Wpéq_hr@% eﬁBﬁa&Wl?‘é@",’e gol d,
‘glass, cal ci um phaspbajoad aalbssli@rgionRe well vsidetuS irﬁMQﬂﬁQZ@ﬁ%ﬁ' e
pol ymers, bioconpatible polymers, and conbinations thereof.” 46. The -
~ conposi ti orfof &R B N EmAyVasOlse Bl .wher ei n the conposition further
conprises at |east one soluble antigen. o
Example 13: Antibody Immunity
1) Polysterene bead of 0.05 pm 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 g

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




47. The conposition of Claim46 wherein the antigen i s deri veg o F{pm %35

pat hogen, tissue, cell, organ or nolecule and is selected fromthe group of
anti gens consisting of: pollen, hepatitis Cvirus (HV) core, E1, E2 and
NS2 proteins, antigens from Pl asnodi um species selected fromthe group
consisting of P. vivax, P. faliciparumci _r.gunspor ozoite protein (CS), hunman
P. falciparum P. vivax, P. oval ae, P yoelli and P. malariae, TRAP, NSP-1,
MSP- 2, MSP-3, MSP-4, MSP-5, AMA-1, RESA, SALSA, STARP, LSAl and LSA3, _

H V- gp120/ 160 e @REn j r prot e| n_antigen,
i nfl uenza nucl egj;g?tt el ngb%%g]ﬁ%%ﬁaﬁaﬁﬁiﬁ%&gﬁngﬁ%aﬁ& L\% 'Q@«gef%f i on,
TcpA pilin subumespondes (FigireidB)LMCV nucl eoprotein, Lei shmani a maj or
surface glycoprotein (gp63), Bordetella pertussis surface protein, rabies
virus Gprotein, Streptococcus M protein, Staphylococcal proteins,

Hel i cobact er pyl ogj n r e
Epstein Barr virus ?ﬂé %%p%ggl'%zr%%tﬁjdcrﬂé%gﬁﬁ%%gﬁréﬁ&véggﬁ%§ HBOE %orrel ia
bur gdof eri oater surface prot ein (Capd [P aMicatisst eri um t uber cul osi s 38kD-

|'i poprotein or 30kD in 10kD or 65kD proteins, Neisseria
meni ngi ti des cl ass 1 %#6‘?(98%5‘)“% I Féjui%%@gﬁdmw?ﬁ@ﬂtlpﬂﬁﬂtbﬁd apl ,

Rubel | a virus cagpst i 3 mpl ex
virus type 1 gl ygodggm;ﬂﬁmghgrgﬁg@l v ]%CEEZd#rh%hy%égje\?ép?g?/agﬁ\ég’e\z%$h| S

virus E gl ycopr etegjugatadeioa® VAl (d08 pg/mu&s&lwagetihﬁmylerr@@ teamse thaRrot ei n,

VP1, VP2 and VP3é Chl a%d%%}otrachormtl s surface protein, Hepatitis B virus
envel ope Ag preP riiggep gltgReaysly iamasalinaod Mfsa-(aatally. cagonise

papi | | omavi igls pephidieswEFOBanREeg Lki8nS rotein,
“Varicella vir uspengel ope protein, @Bg%?ﬁfgg\‘%{ﬁ%ﬂgﬁ%féaggn p%%@f%r% %Br ucel I a
surface protei niheRbtravierms!, alPrcBitesRddcel/F-dalis Whidh aaceiR: FNg @rbi nati on of

one or  nore of S a id su it t he antigens
" conprising fi veégﬁl:%ﬁl‘eg?% QX%QQX @%S%ﬁﬁ?ﬁ?ﬂgg@@otﬁg%gﬁ 8RSBf one or
more of such subelm)tsuréﬂsm@be:rﬁwm&%ttd%ﬁi‘hag}@ééﬂfé”ﬂomnﬁg” the antigen
is derived from ancer selected fromthe gﬁ)u%“conm sting of “breast cancer,

. lung cancer, @éﬁfmé! Bigsdier whieh tsluead glsmsl laBdrd litthor e - .

conposi tion 5)f t osition conprises
about 1 %by vve sal %‘bﬁtﬁ?ggéﬁe‘? rﬁgts?%@%‘%eﬁnsé}ﬁ%wgs%f'ﬁ% of

i nducing the pr@md f.lEr mtrizemctsl mldtmtya—mra}saﬁwté diRindtehdfce Gatbdtbid l@@ ‘
conprising cultyrin e ng cells in the presence of

m croparticles @ g‘s@@&ﬁ%&”%& Vgﬁtn 'gY e 'F‘F\’érfﬁcﬁﬁbtféﬁﬁﬂer ltw.éﬂﬁasal d

m croparticles @l @hd%@b&%ﬁ%ugho@ée%%ﬂ fﬁ%?'éfol'boél%eoeb%ﬁ]fd B80ce
presenting cells and wherein said mcroparticles are free of coOnj ugated
and/ or encapsul@@é&ﬁt%{ﬁtiﬂ‘@@mltﬁm distasesevinrd IgA pGhya apEiteviear esle, stdaﬁ anti gen
presenting gell i el l. S 52. The method of Caim51 wherein
sai d nicr op%)rt |ag %8g§ﬂ§§e gog?g MBI SPNRST BHBi r upt ake by dendrit i c
cells through a rrechanl sminhibited by phorbol nyristate acetate (PMA).
{.Thé ‘met hod of any one of Clains 50 to 52 wherein the mcroparticles have an_
average dianeter of |ess than about 0.0%bgril 54. The nethod of any one of
Clains 50 to 53 wherein the microparticles have an average dianeter in the

range of 0.03 WWWW—%%@-@ 54
wherein the mijcroparticles are of a §UHStARYA Iy uni PBHA H2ETE 25 AN
2005 54 intra-rectal <1/100, <1/100, 1/1280, 1/640,
| | <1/100 | 11280 ’
| Intra-peritoneal 11/1640, 1/100, . >1/5120, >1/5120,
R S| 1400 >1,5120
Intra-nasal | <1/100, <1/100, - | 1160, 1/320,
<1/100, <1/100 | 1/320, 1/640
subcutaneous ol s00, >1/5120, >1/5120,
| | 1/200, 1/6560 >1/5120




56. The method of any one of Claims 50 to 55 wherein the mcrofabtdéhieddd
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109Ri 2i & ()- !\ plmIee@gehic)within this size range. Thus, she compared '
| immunogenicity in mice after a single immunisatidn infradermally with
0.05um particles made of polystyrene (PS) or of glass (G1 or G2) and
§  conjugated to OVA using the same chemical procedure (G1) or binding
| using glutaraldehyde (G2). Figure 18 shows that VSSP made of sither .
polystyrene or glass were similarly highly immunogenic inducing a high
_préc‘ursor freqﬁency of IFNg producing T cells to SIINFEKL by
ELISPOT. Therefore, the solid core of VSSP for protein conjugation
1l0 can be prbvided by glass as well as polystyrene, and it is anticipated
that other materials for t_he 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 gm pafticles o
makes it more immunogenic than antigen alone, but that covalent
linkage is neoéssary for optimal immunogenicity. The chemical |
procedure'used to conjugate antigén to VSSP could therefare
theoreﬁcéi[y be a determinant. of immunogenicity. Specifically the
20  overall charge of the pérticie could promote interaction with specific

serum or other endogenous proteins. These in turn could thecretically

promadte 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, Figuré 19). By quenching with

30 ethylenediamine a positive charge is introduced (Amine, Figure 19). By -
quenching with aminoazzzetaldehyde.dimethyl acetal (Aldehyde, Figure

19) potentially usefut aldehyde groups can be intro'_duced. All three
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- 10-- modifications of the conjugation protocol resulted in highly immunogenic

particles, with amine and alcohol medifications being comparable to
'giycine, and aldehyde slightly less immunogenic. Therefore it is high'ly -
untikely 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 resulis 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 caoincides with that of most known
viruses (30-150nm). Hence, it is tempting to speculate that use of the
VSSPs is biolegically significant. From the above observations, the
inventor believes that the immune system may be geared to react fully

o particles of the size range of the VSSPs. Before the present
20 invention, it was not known or understood that the stimulation of an -
. iImmune 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 humoraf and cellular arms of the
immune response) and strong responses (inducing rapidly long lasting -
high éffector 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 retro_tranSploélon
protein (Ty)'haQe alsa shown broad and long lasting immunity induced

by a sin_g_[e immunizin_g dose, although responses were still 10-100 fold
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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,. followed by‘potential slow antigen release by proteolysis from
V3SPs, may have generated particularly powerful immunogens.
Use of VSSP as novel vaccines was demonstrated by the ability
10 ofa 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 rau_te of
administration utilised in their animal studies may be easily _ |
15 implemented in humans. VSSPs may thus offer a particularly attractive
a.nc-:I simple strategy for human vaccine development, in partidular_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 rec:ombinant antigen to class | presentation pathway also offers the
_ pOSSIblhty of inducing T cell responses to multiple epitopes, and thus
ok would extend the use of such vaccines in a MHC diverse target human
~population.
_ At pré_sent, priming of DCs for effective stimulation of CTLs is by
25 exvivo 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 CO08 T-cell levels could be the consequenca_ of
efficient uptake by APé':s or by a potent subset, targeting to the MHC 1

processing pathway and/or direct stimulation of APC function. Uptake
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to induce immune responses including IgA production following : (i,
administration via a number of routes, and their suitability for primé—
"_b_oost. vaccination strategy. |
Further studies will invaive 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 émbodiments of the

invention that is describéd herein may be made by those skilled in the

art without departing from the central concept underlying the invention,
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2. The use of Claim 1, wherein the antigen presenting cells are dendritic cells.
3. The use of Claim 2, wherein said microparticles are of a size which allows their

uptake by dendritic cells through a mechanism inhibited by phorbol myristate acetate
(PMA).

4. The use of any one of Cléims 1 to 3 wherein the microparticles have an average
diameter less than about 0.05um.

5. The use of any one of Claims 1 to 4 wherein the microparticles have an average
diameter in the range of 0.03um to 0.05um.

6. The use of any one of Claims 1 to 5 wherein the microparticles are of a
substantially uniform size.

7. The use of any one of Claims 1 to 6 wherein the microparticles comprise a solid
core.
8. The use of any one of Claims 1 to 7 wherein the inert material is selected from the

group consisting of latex, ferrous molecules, gold, glass, calcium phosphate, polystyrene,
poly lysine G, biodegradable polymers, biocompatible polymers, and combinations thereof.

9. The use 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 group consisting of:
pollen, hepatitis C virus (HIV) core, E1, E2 and NS2 proteins, antigens from

Plasmodium species selected from the group consisting of P. vivax, P. faliciparum

circumsporozoite protein (CS), human P. falciparum, P. vivax, P. ovalae, and P. malariae,
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influenza nucleoprotein, 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, Helicobacter pylori proteins, Syncyticial virus (RSV) F or G
proteins, Epstein Barr virus (EBV) gp340 or nucleoantigen 3A, haemagglutin, Borrelia
burgdoferi outer surface protein {(Osp) A, Mycobacterium tuberculosis 38kD lipoprotein or
30kD protein (Ag 85), 10kD or 65kD proteins, Neisseria meningitidis class 1 outer protein,
Varicella zoster virus IE62 and gpl, Rubella virus capsid protein, Hepatitis B virus pre S1
ag, Herpes simplex virus type 1 glycoprotein G or gp D or CP27, Murray valley
encephalitis virus E glycoprotein, Hepatitis A virus P1, polio virus capsid protein, VP1,
" VP2 and VP3, Chlamydia trachomatis surface protein, Hepatitis B virus envelope Ag pre
S2, Human rhinovirus (HIV) 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, VP-7 and VP-8, combination of one
or more of the antigens, an amino acid subunit of the antigen comprising five or more

amino acids in length, and combinations of one or more of the subunits.

10. The use of Claim 1 wherein the antigen is derived from cancer selected from the

group consisting of breast, lung, pancreas, colon and melanoma.

11. The use of Claim 1 wherein the immune response is at'least a CD8 andfor CD4 T-
cell immune response.

12. The use of Claim 1 wherein the uptake of said microparticles by antigen presenting
cells avails the antigen for processing for MHC | presentation through Rab4 independent
and TAP dependent pathways.

13. An immunogenic composition for inducing an immune response in a subject, said
composition comprising microparticles composed of an inert material to which antigen is
covalently conjugated, wherein said microparticles are of a size which allows their uptake
by antigen presenting cells.
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15. The composition of Claim 14, wherein said microparticles are of a size which

allows their uptake by dendritic cells through a mechanism inhibited by phorbol myristate

acetate (PMA).

16. The composition of any one of Claims 13 to 15 wherein the microparticles have an
average diameter less than about 0.05um.

17. The composition of any one of Claims 13 to 16 wherein the microparticles have an
average diameter in the range of 0.03um to 0.05um.

18. The composition of any one of Claims 13 to 17 wherein the microparticles are of a
substantially uniform size.

19. The composition of any one of Claims 13 to 18 wherein the microparticles
comprise a solid core.

20. The composition of Claim 13 wherein the inert material is selected from the group
consisting of latex, ferrous molecules, gold, glass, calcium phosphate, polystyrene, poly
lysine G, biodegradable polymers, biocompatible polymers, and combinations thereof.

21. The composition of Claim 13 wherein the antigen is derived from a pathogen,
tissue, cell organ or molecule and is selected from the group consisting of:

pollen, hepatitis C virus (HIV) core, E1, E2 and NS2 proteins, antigens from
Plasmodium species selected from the group consisting of P. vivax, P. faliciparum
circumsporozoite protein (CS), human P. falciparum, P. vivax, P. ovalae, and P. malariae,
TRAP, MSP-1, MSP-2, MSP-3, MSP-4, MSP-5, AMA-1, RESA, SALSA, STARP, LSA1
and LSA3, HIV-gp120/160 envelope glycoprotein, streptococcus surface protein antigen,
influenza nucleoprotein, 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, Helicobacter pylori proteins, Syncyticial virus (RSV) F or G
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30k (Ag 85), 10kD or 65k

Varicella zoster virus IE62 and gpl, Rubella virus capsid protein, Hepatitis B virus pre St

protein proteins, Neisseria meningitidis class 1 outer protein,
ag, Herpes simplex virus type 1 glycoprotein G or gp D or CP27, Murray valley
encephalitis virus E glycoprotein, Hepatitis A virus P1, polio virus capsid protein, VP1,
VP2 and VP3, Chlamydia frachomatis surface protein, Hepatitis B virus envelope Ag pre
52, Human rhinovirus (HIV) 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, VP-7 and VP-8, combination of one
or more of the antigens, an amino acid subunit of the antigen comprising five or more

amino acids in length, and combinations of one or more of the subunits.

22.  The composition of Claim 13 wherein the antigen is derived from cancer selected

from the group consisting of breast, lung, pancreas, colon and melanoma.

23.  The composition of Claim 13 wherein the immune response is at least a CD8
and/or CD4 T-cell immune response.

24, The composition of Claim 13 wherein the uptake of said microparticles by antigen
presenting cells avails the antigen for processing for MHC | presentation through Rab4
independent and TAP dependent pathways.

25. The use of an immunologically effective amount of microparticles composed of a
substantially inert material in the manufacture of a medicament for inducing the
proliferation of antigen presenting cells in a subject, wherein said microparticles are of a
size which allows their uptake by antigen presenting cells and wherein said microparticles

are free of conjugated and/or encapsulated antigen.
26.  The use of Claim 25, wherein the antigen presenting cells are dendritic cells.
27. The use of Claim 26, wherein said microparticles are of a size which allows their

uptake by dendritic cells through a mechanism inhibited by phorbol myristate acetate
(PMA)
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28.  The use of any one of Claims 25 to 27 wherein the microparticles have an average
diameter of less than about 0.05 pm.

29. The use of any one of Claims 25 to 28 wherein the microparticles have an average
diameter in the range of 0.03 um to 0.05 pm.

30. The use of any one of Claims 25 to 29 wherein the microparticles are of a
substantially uniform size.

31.  The use of any one of Claims 25 to 30 wherein the microparticles comprise a solid
core.

32, The use of Claim 25 wherein the inert material is selected from the group
consisting of latex, ferrous molecules, gold, glass, calcium phosphate, polystyrene, poly
lysine G, biodegradable polymers, biocompatible polymers, and combinations thereof.

33. The use of any one of Claims 25 to 32 wherein the medicament comprises at least
one soluble antigen.

34.  The use of Claim 33 wherein the antigen is derived from a pathogen, tissue, cell,
organ or molecule and is selected from the group of antigens consisting of:

pollen, hepatitis C virus (HIV) core, E1, E2 and NS2 proteins, antigens from
Plasmodium species selected from the group consisting of P. vivax, P. faliciparum
circumsporozoite protein (CS), human P. falciparum, P. vivax, P. ovalae, P yoelii and P.
malariae, TRAP, MSP-1, MSP-2, MSP-3, MSP-4, MSP-5, AMA-1, RESA, SALSA, STARP,
LSA1 and LSA3, HIV-gp120/160 envelope glycoprotein, streptococcus surface protein
antigen, influenza nucleoprotein, haemagglutinin-neuraminidase surface infection, TepA
pilin subunit, VP1 protein, LMCV nucleoprotein, Leishmania major surface glycoprotein
(gp63), Bordetella pertussis surface protein, rabies virus G protein, Streptococcus M
protein, Staphylococcal proteins, Helicobacter pylori proteins, Syncyticial virus (RSV) F or
G proteins, Epstein Barr virus (EBV) gp340 or nucleoantigen 3A, haemagglutin, Borrefia
burgdoferi outer surface protein (Osp) A, Mycobacterium tuberculosis 38kD lipoprotein or
30kD protein (Ag 85), 10kD or 65kD proteins, Neisseria meningitidis class 1 outer protein,
Varicella zoster virus IE62 and gpl, Rubella virus capsid protein, Hepatitis B virus pre S1




2 5 JAN 2005

10% & ()-$$%*$: $I $ISeAr S40 1! #3
1,110%q& ()-,!10%9& ()-,!10%q& ()-,! 10%gq& () - #3
| JSKSLESSZS[ $\ $mbi 0040, | 10%g&’ () -, ! 10%gq& () - #3
| 110%9& ()-,! 10%q& ()-!, ! 10%q& ()-,! 10%q&’ () - n5| $$$$$$$j K, 4, ! 10%998&’ (
-,110%99& () -, ! 10°/¢gq&' ()-,!10%q& ()-#3
1,110%g9& ()-,!10%q& () - $$$3$$$eA, 4, 610%gq#3
1(,!10%9& ()-, ! 10%gq&' () 1 10%gq&' ()-,!10%gq& ()-#3
| $$$$S$SSi 004 | 109 ©,1109%gq& () - #3
1,1 10%gde: erpech@ ex(\yms hym@tyzgcﬂiyqoprotelmo@gq&'gp) DsonsaRa7ddyavs veleygqs (
, 1 10%
| 10(y@%|c%%hauh310 yead g?%'co %g/%{?ﬁwﬁwé%éd‘%’%/m PEEY5 §oRek protein. VP,
f j 1090\ ?\5F’2) an #Eéﬁﬁ@a(nydlalfmﬁom@@asqwﬁ prateig igpatitisd viruscop@RPp(Ag pre’ 2, 1 1
" H- 100 0 .
10% & () - \%%1% & ( '% bﬁ'ﬂ%&éﬁ %b%%’ﬁ«a%owf %D*%S?f%ﬁ%}?ﬁ%%ﬁﬁ
109A#AL (Hsigria wr@%p@tem V#ﬂceilgwug&meqloperwotelr@o iRiay yirusenvelopg plotgius
P#109%8 Z#!gkddia h@&lﬂé‘@ rﬂg‘F(tha\ﬁrus#\@l&%O%)él (3, p-XANRE &H00conKiration bkl 0% * (

& ()- 10% & ( ) c/ 1233333 obU4
or more of the antlgens an amino aC|d subunlt of one of the antigens comprising five or

(
{!
{!
{!
)
{!
{!
{
{
)

more amino acids in length, and combinations of one or more of such subunits.

35.  The use of Claim 25 wherein the antigen is derived from cancer selected from the
group consisting of breast cancer, lung cancer, pancreatic cancer, colon cancer and
melanoma.

36. The use of any one of Claims 25 to 35 wherein the medicament comprises about
1% by weight of said microparticies.

37. An immunogenic composition for inducing the proliferation of antigen presenting
cells, said composition comprising microparticles composed of a substantially inert
material, wherein said microparticles are of a size which allows their uptake by antigen
presenting cells and wherein said microparticles are free of conjugated and/or
encapsulated antigen.

38. The composition of Claim 37 wherein the antigen presenting cells are in a subject

and said immunogenic composition is suitable for administration to said subject.

39. The composition of Claim 37 or 38 wherein the antigen presenting cells are
dendritic cells.

40.  The composition of Claim 39 wherein said microparticles are of a size which allows
their uptake by dendritic cells through a mechanism inhibited by phorbol myristate acetate
(PMA).

41, The composition of any one of Claims 37 to 40 wherein the microparticles have an

average diameter of iess than about 0.05 um.
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42, The composition of any one of Claims 37 to 41 wherein the microparticles have an

average diameter in the range of 0.03 um to 0.05 um.

43. The composition of any one of Claims 37 to 42 wherein the microparticles are of a
substantially uniform size.

44, The composition of any one of claims 37 to 43 wherein the microparticles comprise
a solid core.

45, The composition of Claim 37 wherein the inert material is selected from the group
consisting of latex, ferrous molecules, gold, glass, calcium phosphate, polystyrene, poly
lysine G, biodegradable polymers, biocompatible polymers, and combinations thereof.

48. The composition of any one of Claims 37 to 45 wherein the composition further
comprises at least one soluble antigen.

47. The composition of Claim 46 wherein the antigen is derived from a pathogen,
tissue, cell, organ or molecule and is selected from the group of antigens consisting of:
polien, hepatitis C virus (HIV) core, E1, E2 and NS2 proteins, antigens from
Plasmodium species selected from the group consisting of P. vivax, P. faliciparum
circumsporozoite protein (CS), human P. falciparum, P. vivax, P. ovalae, P yoelli and P.
malariae, TRAP, MSP-1, MSP-2, MSP-3, MSP-4, MSP-5, AMA-1, RESA, SALSA, STARP,
LSA1 and LSA3, HIV-gp120/160 envelope glycoprotein, streptococcus surface protein
antigen, influenza nucleoprotein, 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, Helicobacter pylori proteins, Syncyticial virus {RSV) F or
G proteins, Epstein Barr virus (EBV) gp340 or nucleoantigen 3A, haemagglutin, Borrelia
burgdoferi outer surface protein (Osp) A, Mycobacterium tuberculosis 38kD lipoprotein or
30kD protein (Ag 85), 10kD or 65kD proteins, Neisseria meningitidis class 1 outer protein,
Varicella zoster virus IE62 and gpl, Rubella virus capsid protein, Hepatitis B virus pre S1
ag, Herpes simplex virus type 1 glycoprotein G or gp D or CP27, Murray valiey
encephalitis virus E glycoprotein, Hepatitis A virus P1, polio virus capsid protein, VP1,
VP2 and VP3, Chlamydia trachomatis surface protein, Hepatitis B virus envelope Ag pre
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53. The method of any one of Claims 50 to 52 wherein the microparticles have an

average diameter of less than about 0.05 um.

54. The method of any one of Claims 50 to 53 wherein the microparticles have an

average diameter in the range of 0.03 um to 0.05 um.

55. The method of any one of Claims 50 to 54 wherein the microparticles are of a
substantially uniform size.
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consisting of latex, ferrous molecules, gold, glass, calcium phosphate, polystyrene, poly

tysine G, biodegradable polymers, biocompatible polymers, and combinations thereof.




