VACCI NE TECHNI CAL FI ELD The present invention relates -to vacci.ne and
i nmmunogeni ¢ conpositions conprising particul ate antigen delivery systens
| i nked to antwgess/iozsgiong | ntermedi ate |inkers. TECHN CARCBRASHERGWKD New
conpositions or vaccines with an inproved i munogenicity are al ways needed.
As one strategy, adjuvants have been used to try and inprove the immune
response raised to any given antlgen 014110 di scl oses conpositions
whi ch conprise a) a |liposone b) at &'V#E&(% A-type CpG wherein the A-type
CpG is bound to or enclosed by the I i posone. Shahum & Therin [| nmunol ogy
(1988) 65: 313E8d@NicAdFECDbOSe conpositions conprising bovine serum al bum n
that is either free, encapsulated in |iposones or covalently |inked to t he
|3i ngomﬂl dslur ? %ree u?:nve%tlonhrglaheE e\é%%gfa%g(%:%w&ggae{n rcgr%%‘eeg[ti%négzora%scc arlicm

pyri dy pi ona Y
conj ugati on tant@e&?ﬂ!tye@@xst?rgs ‘HFW&%W'@P"QWQW@?%*PV%Hached to the '
| i posones at an early stage of formulation. This attachnment is not
reversi bl e unleeaRICRDBXARERGD Y Oor chem cal ly degraded. On the other hand,
the encapsul ation nethod is associated with a risk of denaturation and/or
degradation of the antigen. Alternative nmethods consi st of the binding of
antigens to iNGHiCRPISHONSPAMEEHE] MBOROES VSR Mgy 8 AWaYS N9siek ot PSns. The
HSV anti gen gBatygysSaditeays fexeicket oset! tetncat! iraimdve theiipinghe DESPpeRRe saveld BUOL gigsf ul | y
used to induGgtgam | nMmune response in vaccinated mce, in particular a CTL
response (\Wal ker et at 1992- PNAS, 89: 7915-7918). HBsAg conbined with the
cationic lipid DC chol generat ed an inproved and bal anced i munity able to
over come t he WRSE3IdP dipdreprerogipesitions; whish comtiienaid lPpsemp bl A dgr!vee fBPtikef. at al .
1999. Vacci ne wh#e=R IR0} is Hoet te of encleted by the ligpemuk. fShahumrfpTrenreldnmiaicicgyne and
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response stage of formulation. This attachment is not reversible unless enzymatically or chemically

degraded. On the other hand, the encapsulation method is associated with a risk of denaturation
and/or degradation of the antigen.

Alternative methods consist of the binding of antigens to ionically charged liposomes via
electrostatic interactions. The HSV antigen gB was complexed to the cationic tipid DOTAP and
successfully used to induce an immune response in vaccinated mice, in particular a CTL response
(Walker ef al. 1992- PNAS, 89: 7915-7918). HBsAg combined with the caticnic lipid DC-chol
generated an improved and balanced immunity able to overcome the unresponsiveness of mice to
hepatitis B vaccine (Brunel at al. 1999 Vaccine 17: 2192-2203).

There is still a need for improved vaccine and immunogenic compositions that provide a suitable

immune response.

STATEMENT OF THE INVENTION

The present inventors have demonstrated that vaccine or immunogenic compositions comprising
particulate antigen delivery systems and antigen wherein the antigen and particles are linked using
an intermediate linker, induce an immune response that is an improved immune response
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conpared to conpositions wherein the particles and antigen are not |inked
using an internediate linker. In particular, the i mmunogenic conpositions
of the presenyggohié@nticon i nduce an i nproved CD8+ T-cel |l pombtaos@sponse. A
particul ar enmbodi ment of the invention provides an i mmunogeni ¢ conposition
conprising at |east one antigen delivery particle and at | east one antigen,
wherein the antigen and antigen delivery particle are |inked using an
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invention al $igedlihQs hritid@onvamdlob joRRG GLRE contfehta chbRgned bivgidh ale@ 2Nt i gen

delivery systens and antigen can remain separate for packaging and

transportation, For exanpl e, wherein they can be conbi ned at an appropriate

time point (possibly just before adm nistration). The invention
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antigen del i v@oyniteabie-edie and at | east one antigen which are |inked using

an internediate linker. In one aspect of the invention there is provided an

I munogeni ¢ conposition conprising at |east one antigen delivery particle
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ntion there 1s provided a
i mmunogeni ¢ CORPEE;'e PHFn %fteovf"reE%'ﬂs'"Srﬂjéf}e?H'tci%%Oé;ﬁhagarFiai%’%ﬂ tB&ﬁti cle
and at | east reieuladgrniigpe deliygry ebteris on¢ ¢an Ritkagh differeny aniipens (at difeend fafasdf needatber |
wher ei n the I mkemegaitiis.i ses at | east 2 conponents that are conpl enentary
to each other and wherein one of the |linker conponents is linked to the
particle and the other conPIenentar | i nker component is |linked to an
anti gen, and AP 118 TRt @ERtY %frfﬁ%tpéﬁg?“ VAR MBS INRHTES 24 rB™HIPBF T di sed.
| n one aspectcomfosttivrecoinprising i atiganidelivery patigierand pidesdt aap antigenuviish ersilicked Bsosi t i on
conpri si ng atanleasddis@nigkeant i gen delivery particle and at | east one antigen
which are linked using an internmediate |inker, wherein said internedi ate
| i nker conprises at ng%t one pair of,cg lenentar¥ oIL%pnucleotn es, In a
further aspect “BresPaE MRVEREICD AePHraide QEWW"?P@HC HES8 FFPrE"YAcE P ne or
i Mmunogeni ¢ conpwgdintdelyary partigh 4nd phgpskane peligat whinh@redinteld yerg aaltgrpediae fkart i cl e
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wherein said v&h@rteﬁrog@gltlﬁetlﬁke!r E%Een&quédstg%e%Eﬂiél@mttheodﬁ%r &ﬁlpremglfltary linker
conpl ementary ol 1 gonucl eotides in the manufacture of an immunogenic
conposi tion FBW”P%ES§W8§5ﬁPF8ﬁabf infectgon and/ or di sease.



In a further aspect of the invention there is provided the use of a vaccine
or i nmmunogeni ¢ conposition herein described in the manufacture of an :
i mrunogeni ¢ cREPRERkkizan for the prevention and/or treat gyeSfpoidifcection !
and/ or disease. In a further aspect, there is provided a nethod or use of a
vacci ne or imrunogeni c conposition as herein defined, for protection

agai nst infection or disease caused by a pathogen which is a variant of the
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enbodi ment of!inken gonipaReehiE fikRd olRe prEige™s asrvdgietidite complementprolinkei semrenentgrare
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CD8+ 1-cell inmune response conprising admnistration to a patient with an
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Cyt oki ne producing FLTErS requency (% w thin CD8+ popul ation).
Figure 6: Cytokine producing CD4+ T-cells frequency (% w thin CD4+

popul ati on). i giurteer Aspefetbf] therindéntitretiere y¢ ploddedcthd ysedeftze etk prmimuunegenic
composition herein described in the manufacture of an immunogenic composition for the

prevention and/or treatment of infection and/or disease.

In a further aspect, there is provided a method or use of a vaccine or immunogenic composition as
herein defined, for protection against infection or disease caused by a pathogen which is a variant

of the pathogen from which the antigen in the immunogenic composition is derived.

In another embodiment, there is provided a method or use of a vaccine or immunogenic
composition as herein defined for protection against infections or disease caused by a pathogen

which comprises an antigen which is a variant of that antigen in the immunogenic compaosition.

In a further embediment of the invention there is provided a method or use of an immunogenic
composition as herein defined for raising an antigen specific CD8+ T-cell immune response

comprising administration to a patient with an immunogenic composition of the invention.

In a further aspect of the invention, there is provided a method or use of a vaccine or

immunogenic composition as herein defined for treatment of a disease in mammals.



Figure 8. Anti-p27 antibody titre (total 1gG - pooled sera). DETAILED
DESCRI PTI ON OF THE | NVENTI ON The terns "conprising", "conprise" and
"conprises" hgoehidedd:es | Ntended by the inventors to be GRiEeaRb AN
substitutable with the ternms "consisting of', "consist of" and "consists
of', respectively, in every instance. Enbodi ments herein relating to
"vacci ne conpositions” of the invention are also applicable to enbodi nents
rel ating to "I'mivresyepreet & drephiicndimse isgfrovidhe 2i kit venrrision ) aafedst\phe entiger sa.
The present | oaiednt @asclddiied denon slighbalcedids hat iy 24t Cledse obé dwil’gé’h]ﬂﬁ@ﬁnioCan

conposi tions 9fgor¥ut3@ot|95ﬁ&%mbl&“&%tgme%om1 &fd@tn%escrl bed elicit an
i nproved immune response conpared to conpositions wherein the antigen

delivery particle and antigen are not |inked using an internediate |inker.
By 'inproved %w&&g@@@i s neant that the immne response is

nodified in one or nore of the foll ow ng ways: increased nunber of effector
cells (e g. qfi@ﬂ’e ﬁ@‘d}é@rAGgaﬂd'mé]ss@gﬂaly§sof%e%ﬂelleﬁt)elute'dﬁgd'n@lﬁsed ef fectiveness of
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particul ar, tHylidizatoo reegeningtuconposi ti ons of the present invention induce an
i mproved Cmt,g.n@elgtudygg;]dne response. An irrproved _CD8+ 1-cel | response is
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target cell nm erid or virus, for
exanmpl e H 'V, f9ure §i&yiokpepaducing CFD4Fr§§fe'Bé‘e9&‘e'ﬂcl%ﬁﬁth"b%fP4l+ PorUgEr di ngly, in the
first aspect Rfuréheepmedanicyxaptistatedthdre i s provided an i mmunogenic
conposition qqg[m;g Shilgp7ahticb®a®t (14 @a.rgoug(eggr elivery particle and at |east
one antigen which ar egzl [ nke%ausg ng%an i nter rfégdl ate linker. A further

advant age of using an internediate |linker with conpl enentary conponents is
that different bul ks of partl cl es/ antl gen can be readily associated with

di fferent antREje 3 : Marticle(s), respectively. This is a
further advant age over di rect coval ent I| nkage. Particularly, there is
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| i nker conporezeryinptgncki nked to an antigen; the antigen delivery particle and
antigen are subsequently |inked through hybridisation and/or joining of the
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conposi ti ons 1% '8"91‘??\%?*& BH" ¢ ?FB?‘% s%!'c'ér‘?" 'H‘Hﬁ’ﬁe& QW?“E"‘ éﬁﬁ‘ﬁiﬁ%ﬁ"%ﬂﬁe
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whi ch are |i ket Bisimpgvedimiyme ssspendd’ diiemeaniika the imyhiene edspensais dodliied évaredi at e

| i nker conpr i s@sofdie fbliewisd waysencased nombet oigfeaoresilt &gy CO8 gpdluth4e GtdetbeB-

wherei n a fi reis);olciegn sftdc@eidsde ohsor krioricele Efctoscel fyFtk akbrdagedtph@udith df gen
delivery partdr@oR catibhedbybsie ONFor®bdn §PEN S8Rk ploB@tion B orfeQPPbEREMNaE % t 0o the
first is |inkegofdioRRy ﬁ@tt&tg%k..kenprawa‘ Ufpt &?tiéulé]‘sﬁ)lg(%m%?énm%oh\ﬂééﬁ%' @'het here

s pr ovi ded aprr!esI n venqgnel d %e gr? i Po%d élfgl rr{n%ur%e rneg%onse An |m roveQ%Dg tI'I glen
delivery particle d ne o or rs of

al
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conposi ti on cSrypGesedth ap intrargliplardigeteriarivigenfop efample V. pate isgse c¢liva¥d8 2 o one
or nore anti gensfcdlhe antigens may all be the same or one or nore of the
antigens may be different. In a further enbodi nent of the invention there
i's provided an i nmunogeni c conposition conprising an antigen delivery
particle conposition, wherein one or noré of the antigen delivery particles
are different. In a further enbodi nent of the invention there is provided
an i mmunogeni ¢ conposition one or nore different antigen delivery particles
and 1 or nore different antigens.




Particul ate antigen delivery systens. Particulate delivery systens are well
known in the art (see for exanple Singh and O Hagan 2002 Phar maceuti cal
Research 19( 6y 2dibB232427) and include oil in water emnul $c@m$000/060967

m croparticles (see O Hagen & Singh 2003 Expert Rev. Vaccines 2(2):

269- 283), i nmmunosti nul at ory conpl exes (1 SCOVs), proteosones, oil droplets
and |iposones. The term'antigen delivery particle' as used herein refers
to a single ppadindve mofhedirgperactell Be erart i'yyerion diers Br odipd 18 ninmipppRTte

i ncl udes but damposkibmicim@dbkirgGat least oad &ntighhalivety parficlaandait leastmnavaittigen veilagd on, a
singl e m cr opgkdhiGhanQerRaPRkdi cl e, a single proteosone, a single oil
droplet, a single |iposomre, a mcelle, proteosone, or a single | SCOM

Li posonmes A particul ar enbodi ment of the invention relates to immunogenic
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anti gen usi ngliferent tuiks rampshiads@ntigemkar be teadilp mescaistpe eith differeth @nligan@ntintigen t her e
i's provided aRefTFHHRS NTepetMIP Ak IslaQihhERBRMagd 5V8r ditbet ERAGH: lifkAgR. | | posome and
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gl ycer Ophosphfmlng&' a%g erysaahhglasnm,@ém@ B.kamg@&ddpltqgﬁ.s BRASRARK BintlSrst is
|soprenolldes stearines, sterols, archeolipids, synthetic
cationic |inpi Ied éﬁﬂ‘aE%PFBohydr ate containing lipids. In one enbodinent the
| i posones conprise a phospholipid. Suitable phospholipids include (but are
not linited tiphifufpbasphosiael ivasiol Beje invoadediad intiunbgenie rcombisiadnecomprising @t
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ol eo i dyl
1-pal i toyl, 2"BIEBYI Sl Ei’?rlec‘%glel BFF%B %g%ﬁ %ie(ﬂi rIen Bt ha futer
phosphat i dyl céwdbiiment plEPOBNtop sesih FgYided &n mmunogemc composition one or more different
(1, 2- Di nyri stviden S8vE YRl ard- 1R M6R Fgky asigals. [ DMPG
1, 2-di pal mt oyl -sngl ycer o- 3- phosphogl ycerol [DPPGE,
1, 2-di st ear oyl - sn-gl ycer o- 3- phosphogl ycerol [DSPGE, 1-
pal m t oyl- 2- ol eoyl -sn- gl ycer o- 3- phosphogl ycerol [POPG ), phosphatidic acid
(1, 2-di nyri stoyl -sngl ycer o- 3- phosphati di c acid [ DVPA], dipal mtoyl
phosphatidic acid [ DPPA], distearoyl-phosphatidic acid [ DSPA]),
phosphoet hanol ani ne (1, 2-di nyri stoyl -sn-§l ycer o- 3- phosphoet hanol ani ne
[ DAVE], 1, 2-Dipal mtoyl-sn-glycero-3-phosphoet hanol am ne [ DPPE],
1, 2-di st earoyl -sn-gl ycero- 3- phosphoet hanol am ne DSPE
1, 2- Di ol eoyl -sn-d ycer o- 3- Phosphoet hanol am ne [ DOPE] ), phoshoseri ne,
pol yet hyl ene gl ycol [PEG phospholipid (nPEG phospholi pid,
pol ygl yceri nphosphol i pid, funcitionilized-phospholipid, term nal
activat ed- phosholipid). In one enbodinent the |iposones conprise
1- pal m toyl- 2-ol eoyl - gl ycer o- 3- phosphoet hanol am ne. I n one enbodi nent
hi ghly purified phosphatidylcholine is used and can be selected fomthe
group conprising Phosphati dyl choline (EG5, Phosphatidyl choline
Hydr ogenat ed (EGG) Phosphati dyl chol i ne (SOY) Phosphati dyl choline



Li posone size may vary from 30 nmto several pm depending on the
phosphol i pid conposition and the nmethod used for their preparation. In
particul ar enpgdigeiis of the invention, the |iposone seepemtdosder i n the
range of 50 nmto 500 nmand in further enbodiments 50 nmto 200 nm
Dynam c | aser |light scattering is a nmethod used to neasure the size of

| i posones well known to those skilled in the art. In further enbodi nents of
t he invent i orffartickate pntiqan delivery 5YstMse | nyentjon are |inked to nore than one
ol i gonucl eoti de, for exanple Ito 10,000, Ito 15,000, Ito 25,000, 1 to

50, 000, Ito .Mk deil}\ggckyéltgﬁ’s H0Qe1 1Qbw R R a/l(deg @ WLdnPRISiIIR Snd TR&yan 2002
ol i gonUC| eot IP(ge{SnatlzellJtrl}:al es a}_lcht@@)nznst I?%ﬁgnﬁﬁtf(udglot‘ in %teF gﬂ?.l!s‘%m &Jpaﬂﬂe% (% nor e

may be di fferent nvention further
conpri se a st&7agen &Sﬂ?Q"aziﬁ?P% Epedy RAvs VRSP der 66%?’{36%‘@}"8?“” PP rEF ol |
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of liposone. Liposones may differ in their conposition and thus in one
enbodi nent  ofgiddiemésnvention there is provided an i munogeni ¢ conposition
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|l ack certain “@‘P%’ﬁﬂﬁi"%”’%‘?” gt P’}"i%d t8ﬁ’éa"(9?e“|‘r‘5‘ PEAdfeR at%'l'“gef{‘ent s from which
the |iposones are conprised is/are in different proportions. Liposones can
di ffer in theahbnecBpgaOSittel ivantoe theiens privddep o Sprhobdepic dsnpbsifpmeniyirsihg atheagt ar e
derived. In fyu tlﬂ&%me%@‘aﬂéd@&{e%ntlgleh RASPATE fnkBRYsing iah fr@imddiitel iIARer, AR ttheO
sterol pr eseghl?ﬁ')%omp{lses ag IQas? Q con’igonegtrs thea%(are Ameplelm@mtg P?ol e%gﬂj&ﬁjér HFJ\L Feﬂeone of
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differ the amokedtodfantgeerol . In a further enbodi nent, imunogenic
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an i rmunogeni & g @ﬁmpe%hw@ms fsIied EORPIpbSAS ahd 1O SOEFREMIEhntae) lifike® EonipBnehh e
ol i gonucl eot i, dlf kef\ o an an\g%en ang'whearlglr?thtlab ?&Lmeﬁg&lmﬁé%grm)qﬂenté Eg%mw%% gi ¢

conpositions © e I nvention I'se a proportion I'i posones |inked
to a particular ollgonucleotlde or set of ol igonucl eotides, whereas the
remai ni ng | i posatiesr evtdicentp i Beinant@rtritiyedier igentripist pdest g sers of

ol i gonucl eot | ggglemdnaNiiQEEMoGIe60NMPOSi tions can conprise any nunber of
different types of |iposone, for exanple 1, 2, 3 4, 5 6, 7, 8, 9, 10, 20,
30 or nore different |iposomes. Of course sone R may_ not  be_ |inked
to one or norBeHM JBrraEre et rabgeiiq Wl OUPW%"% rartip Li'aﬁ'k%& 18 bAS oL

di ff erent typeselef dapbridyo rmuche otmtge of Bid membraves dermedinlibid i sbvpirasnengipsisndyodi nment
of the pr esenéquédﬂé( ﬁi’él‘rlciro NLitd3GH R ah@lippscméifstatlat@dis ArfAiN@E@TTh he @ANDIEISY, twhiem  Of

the invention Congglé %If&lglngé{m%m§ tincl\?\ﬂa ll%hthtaqéeg mg\@‘béﬁt& O?‘ﬂt ERE brobé?he\é\a[ EE]S

enul si on and 3 usl an I nterpedj ate
linker. In on‘@"féscﬁ%&ak‘-’of‘p ihﬁép‘i’sn'(}éfﬁt ’EPB??mF?lé?“eb‘ﬁ %e'eﬁt‘??)\f?rﬂiré\% AU FAIESE &R ¢
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and at | east Q:Hﬁgd’ﬂ;ﬁﬂs' gﬁ%ﬁpﬁMBidéhls&ﬂr&oildeﬂ ketdloithS istagrinad) standis rarametiiipidse shrithieheer |

wherein the |ip 0 L eas ;components that are conpl ementary
to each other® an &ﬁéggEﬁgﬁﬁ of 't ﬂ QW%%ker conponents is linked to the oi

dropl et and the other conplenentary |inker conponent is |inked to an
antigen. In a further aspect of the invention there is provided an

i nmunogeni ¢ conposition conprising at |efst oil droplet in an oil in water
enmul sion and at | east one antigen which are |inked using an



internediate |inker, wherein the linker conprises at |east 2 conponents
that are conplenentary to 8 each other and wherein one of the |inker
conponent s i sybbiiked2s0 the oil droplet and the other ceopkeent@sy |inker
conmponent is linked to an antigen, and wherein the 2 conplenentary |inker
conponents are hybridised. In particular enbodi rrents of the inventi on the
intermedi ate |inker conprises at |east one pair of | enent
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met abol i sm are_comon So G? Ie oi | s.
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Iarge quantlt I e oil,
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i nventi on, gsi tion
in an am)unt PapsPErliBigngionjesdysgholigy: tet"ﬂﬁgtaf)t‘t"%igd ?}18%11%@“? ? T‘lgém%ogirr?ﬁ'ggf tion.
The oil in wdibesemesedmprizsn 1-paimitiroleedslyedrasEaoamhoetharPIaning i ity oag &RbodiMeRle

emul si fyi ng agaRtpuifRy fhikdphabfigholbe i absdoxiiedan Heesi:ced Minh ttangrum colpesiige.

Further, sai q;hggwgﬁg|,§h}g,\ngg(gi%§ntphégﬁha%wch&hé YH;BFoﬁér%{&E EE@Gt) h%o!&ﬁ@yl@i%n&r

i/g}ndxgg? ! »f hgoé%ﬁ%llaagiahla lﬁhollﬁan gy‘g?qen:i!t?]d %B&Qr rér?u?rthe qul%nﬁr% the }?‘ oso

i nventi on optdwopit b'}ﬂswif?éi'ﬁslﬁih%f@aal'”?ﬁf’&?ﬂ°r"F6€fb’Pt§eﬁ'P’é°fwelI known |n the art and
are described in EP0382271. Suitably may be a tocol is al pha-tocopherol or
a derivative Gﬁa%n%%ze Var d%m%bnmo éeo&gam%&hd.querp%s%h&a s&npkmwandas

vitam n E succinate res Juva
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i nmunogeni ¢ cdhyros theirange of 5pHe tﬁé%@iﬁla’ﬁﬁ'“ﬁm GE‘P?P@“QS‘FSIWWH‘ 0% EATES ons i s
wel | known t qaseh@htpedtsog isskmdiloa dsed o hdzsuratt siz4Ca tipveheg well knewmiettioedskiieshpr | ses
m xing the oi).phase (optionally conprising a tocol) with a surfactant such
as a PBSTTV\EEN80Tm sol ution, followed by honpgenisation using a

honogeni zer, it would be clear to a man skilled in the art that a nethod
conpri sing pala 8irthay embrsimentx plihecnveniioe.dhe iRPsS TR Of e dypntipRye ikestp BORdRr AN e

sui tabl e for dJdighmgeideSiongamp@h to 1ogdoonets 181600 1 epuas@00, Eqesd.009, 1 ©198,000, 1 to

emul sificati Ofyo, 9(5009@1%% 6I|5an&l&)’Eu&é§| Wecyhg%ﬁﬂcle()m;ﬂ@ed\éo@ié@ﬂtlgu& Rl5yCA baBe Bine,

maxi mum of 50 passesl, é‘ﬁffep [) m nut es at maxi mum pressure i nput
of 6 bar (outPdt® HPESSGY &° G About 850 bar)) coul d be adapted by the man
skilled in the art to produce smaller or |arger volunes of enulsion. The
adapt ati on coulfgth&resn@edinenteitboliynes @lithi iere@iup ertherenharise @nstaoniuitablersdprdishe

measur enent OE%JJdQ% srtgs‘?e%ltﬁ&ﬁas%wleﬁgogl@rop %Fdoéaicﬂerarﬁﬁ@’h@&s't% V@%n@ﬁ&]’hc@iﬁﬁd with
oi| droplets o sign,. the oil

he require
and enul si fi e¥™eefBEN: d“eggc’sf’rﬁe ‘éf’t‘i"pﬁsﬁﬁé'}?[ﬁte?? %eé;f’)em' #ﬁ'@s‘a:%ﬁogsoaﬁesﬂtdg?or“i“é"’rtherray be,

for exanpl e, phosphate buffered saline.



In particular, the oil-in-water enmul sion systens of the present invention
have a small oil droplet size in the sub-mcron range. Suitably the dropl et
sizes will bewbnobhszisange 120 to 750 nm nore parti cul actyemims®sf rom 120
to 600 nmin dianmeter. Even nore particularly, the oil-in water emul sion
contains oil droplets of which at |east 70% by intensity are |l ess than 500
nmin dianeter, nore particular at |east 80%by intensity are |l ess than 300
nmin di anet éft; PhBPRPHSoese) is fisdgseq B Magostsy 1hiehsPa%y 34k & PAAYRY range
of 120 to 20Q@cewring pledifaumeine@pimalfe oi |l droplet size, i.e. dianeter,

according to the present invention is given by intensity. There are several

ways of deter mnmog&mt &gq pgélt%n;e I‘)f811;1e %erﬁ ghe mg¥ con%ngeo LSl tﬁénz&ebl%;fel Gt Iﬁ&gfnnam .
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al gor i thm e'at ﬁforﬂ&h&' IEIS% ésnthat ngd}’%-§em!qslrnd EQQMQEmhé frot cM?drlgéaé Qterologre (t he

def aul t algorlt r ov X i |2|nrg n%) I F%i the tine,
as the parti dpEopet At be aﬁﬂ‘é‘% fofer %o H‘B‘S‘% i 'hogf’rgc ci?ﬁ'l%?l%\?\ﬁ only
t he i ntensi t ynaticgmprispipobanes ihet difiek wihe; 'ﬁmwoéwf@é‘leh@ﬂf emsenkfed eXemPiade @sar y
the intensit YenitBdifendiht Girabdenig conipasich fria$ calpite d fotoHioNof ibdBRKBOIEE Dinrise

COWOS' tions a‘Rf.anDr%sﬂnﬂﬂéﬁPEucﬂ% é’QBé!nuF&HERF 'aSﬁ_Rr'Bérﬁ Ernﬁ@osgﬂx@s gl%lf)lgckoéddﬁénlal
droplet. Gl . ro thelr

conposi ti on dfg" °ﬁt15'§’%f'tﬁ jﬂ’naeg‘g?%% Wﬁf’t t}g/a fsﬁéovgu({/aérh'f"f"”"c’ggmecrme" p?sét'on E‘%w ded
an i Mmunogeniemeiseplivesames that diffprin derrjocnpriectde taovhish diat prerlised. diof e’@F‘B'BJ ets.
Q| droplets :rlﬁﬂynogénfcfcﬁmpd)slﬁoﬁsl‘tﬁfthetlmyuoﬁt enstciipric@ra @apvpioh sidiptiombe linged to a

el ements, CorHaFnluﬁa? oh&dﬁﬂ&é&ﬁd’e & SRt onud’{’e%!fdege\{lﬁe?éag e %mhé Iﬁadis,()an's‘?‘'E:alnt he one
or nore of the e s/areln

O o St o BB bR ot aR Dhprih ORI, TubSodR BB 5 27 ° |
the |ipids freompizapetnunbrepf dieeendier oidaosorn i efampteHet: 3e41ﬁo€eh7r?eﬁt10t%9e$0e is
provi ded an idMmidROgRMnC liRSees i Ofi @irsé kabe lixosgates Seg noi be thkaploedns drvate di f f er
in the oli gonyeGRolifdEwhil: MG hkAto &b Frolel KR typEDdr oR¥ARBARB.. | MUNOgENI C
conposi tions of the invention can conprise a proportion of oil droplets
linked to a particular oligonucleotide or set of oligonucleotides, whereas
the remai ni ng? 1 yakosredsieen conprise alternative ol i gonucleotides or sets

of ol igonucl gt Q.ﬁﬁomemwm;%@én@m@émmré s QRia&PIh iR oRPsBHERIRr Of
different t ypIeVE}lﬁlog f:ompnmgd'é?ﬁ)elaglcr%é m[ 9rop|§>ﬂ]a%pé&6\f?5$?ter2emuézl:§ iea onz ntl’? neg’ 10’

20, 30 or nore n an rrent 0

present i nvent< ﬁreﬂw‘égés"lgs?' 6‘?80‘?‘1%553 Kh i mmnogenl c corrp05| t| on of the
invention conprisin t ?rﬁ quv'd enl co 0sIfion com rgln at eas h are
linked usi ng 'af™ HPet 'H"%‘feré'op Ki Spm‘f' Y 5‘%“21”"5% f r?pf PAVENt fof t her e

i s provided ateicirigreigent el Borpss sMbigharcotiiiepsina gntigen W@'ﬁ’s?re dped UM and  at
| east one antihtgeadish inkér, eesin thelloga corsprisg atlgast A t@npradisaiabark comhpiEmentafaer ei n

the Iinker conpy btﬁg%n%hér&%ﬁe & t&qmp&@&nﬁoﬁerhéﬁ.@ﬁmk@a & HOTPUBHIRRLAMY orer each
ot her and wherei.n one pslmkedcma onents is linked to the | SCOM and

t he ot her con%wglﬁ%?{‘tta%""kelrCoﬁ'fgg?e"corrponen NMEN i nked to an antigen. In a
further aspect of the invention there is provided an i nmunogeni c
conposi ti on clorprihe asgecedf teomsbtioh SEBNS prddettan nyagibgenia goraptitigeompdving At ar e

l'i nked using I@s@t buﬂctré‘pr éif%ddnachﬁn {vbtakt—ﬁl{ulswmﬁé 8 Bbst HIR chiigek Ghick RaTHRie8 @Sinddn | east
2 conmponents t to ea?@a %her angﬂ\]/\éigaer[ael n f, the

l'i nker corrpon%tﬁ d'iﬁ%ﬁqk h‘Eﬂ%cF'{EEelf" Nitice Vi Bther co C?"éPIE%EPtar y |inker
conponent is linked to an antigen, and mﬁereln the 2 conplenentary | i nker
conponents are hybridised. In particular enbodi nents of the invention the
internedi ate |inker conprises at | east one pair of conplenentary

ol i gonucl eotides. |1SCOMs are well known in the art (see Kersten & Cromelin
[ 1995] Biochinica at Biophysica Acta 1241:117-138). 1SCOVs conprise a
saponi n, chol esterol and phosphol i pids and from an opencage-|i ke structure
of typically 40nmin size. 1SCOMs result fromthe interaction of saponins,
chol esterol and further phospholipids. A typical reaction mxture for the
preparation of 1SCOMis 5ng/mlL saponin and 1 ng/m each for chol esterol and
phosphol i pi d. Phospholipids suitable for use in | SCOVWs of the present
invention include but are not limted to phosphocholine



ol eoyl phosphabdyl chol i ne [ POPC], Di el ai doyl phosphati dyl choline [DEPC]),
phosphogl ycerol (1,2- Dinyristoyl-sn-glycero-3-phosphogl ycerol [DW(gG,

1, 2- di pal m t oybaswegbigcer o- 3- phosphogl ycerol [ DPPG , PCE/EP2009/060967

1, 2-di st ear oyl - sn-gl ycer o- 3- phosphogl ycerol [DSPGF,

1- pal m toyl- 2-ol eoyl -sn-gl ycero- 3- phosphogl ycerol [POPG), phosphati dic

acid (1, 2-dinyristoyl-sn-glycero- hatrdrc aci d t oyl
phosphat i di ¢ %a¢ YT ﬁi’ﬂjﬂ]ere"’d?r?toéé{‘rad §'Eﬁ‘?5t'? tkgd 56?%0%%\? d ReLl
phosphoet hancbapténrata(ylini: cimpprenkis wed ts [n ghtigere F@-@Btﬁﬁd%ﬁr@é?hlﬁéﬁ%%ﬁ e

[ DNPE] , 1, 2- caomponents are hybridised.

Di pal m toyl - sn-gl ycer o- 3- phosphoet hanol am ne[ DPPE] 1 2- di st earoyl - sn-gl ycer
0- 3- phosphoet hanol anmi ne DSPE 1, 2- D) ol eo hr thoet hanfol am ne
[DOPE] ), phodhBREHPHEoFEeReHIA 'B‘f’?&“"@l“&?d ”“f Gi ph °8@Brﬁ8*°r 8‘?"“5 one par e

( mPEG phosph@bmmmﬁntap@hgﬂglh%@e? nphosphol i pid, funcitionilized-phospholipid,
term nal activated-phosholipid). In one enbodi ment of the invention | SCOMs

conprise 1- p%m R&xﬂen%rsrahsegxre 9$s>éﬁqrvgnt§n 9&}%@1&%@@&%@@ aﬁd anl Jm.fr.rrdrt her
enbodi nent hi g pur i eII ect ed

om the. or ouSEEHrTET 5 SrdpHEP yPENoT s e WBRRuERoR die
Hydr ogenat ed &G tPHrydsientsyEAr basop icpreprieseyet @%ﬁ!ﬂn‘a‘t i EPyF‘eéﬁ'b‘Br%é‘e ferm
Hydr ogenat ed nfetBjsabld ol isawdll Uridwner thearb oiabrtisible ichrebel SEENEs beingapabe of being
phosphati dyl Pt.fan@améoasv maat[oPsq?l%ioerrrd saurLQﬁ:ItédVﬁLduc‘éﬁDJ:tt&ﬁérFCW B. éan'aél'm@ﬁﬁrpéﬂa

saponins are suitab

adj uvant and %é@%‘frv(ﬁ% 0% P'ﬁ?‘?y&eﬁyi’%gﬁ@f Eptréﬁ?' Ogaa"'(r)"ﬁpor'rlé)r t%Qt 0(? Whmh

ext ensi vel y geuigiiel theyegipient apctis cqpgble Pl jelvg Bﬁﬁ&%eddﬁ@’%@jﬁ'@r N“§u’i§F%§) andpor
exanpl e, QUi lgrafhs(zeteinmedsdurceaf idpetablabils. HhthetheilsSoasido pAnet this aventionesd Qui | | aj a
Saponaria Ml ngd confHafdi Na%rab@srgsréﬂgg ﬁ@éaEE@ra%dgrﬁéfg” bed in US 5,057, 540 and
"Saponi ns as vaccl ne ac?j uvants”, Kensi | R, Git Rev Ther Drug Carrier
Syst, 1996, 12 (1-2)1-55; and EP 0 362 279 Bl. |1 SCOVMs conprising fractions
of Quil A have phytwiary sieleblé metahelisabienof Bcryrleneo Bauatepe ihe 0. ONBREHekamghy- EP 0
109 942 Bl). sEm@sie18ia-wedctiar&adhapmeaeenuriteparihinl istfaundiaeageadjritiiea mishaet | Vi ty
(EP 0 109 942, 13} an)M?h%@é lcgazri'nﬂrés in r\@%r.'mﬁt Rm Qwrrcébraﬁi%rla\r@wa\aegmors QUi | A

and/ or conbi nati ons oni.n _pr ein
s o1 " hOBRA R e e B S g er e B 0T v o S
(HPLC puri f i debt thelibis iap ingermgdia@uip theRjosyiiheeis petplesiid émrfﬁ@ﬁpeéswfﬂcﬁdé’ﬂ'l entry

adj uvants, and.gstee iFetl hatkr enbbdiednt opthedueitionnthé snetbgisdbesealdisi preski® iPalteent

No. 5, 057, 540 ..ﬂmgmﬁé?m co%%u%z 9 L3 Lmotile SR m%H@EQ\Mgnofttﬁ@s&a{ rRlME QRGRS 1S

t he use of @7 (a _non-haenolytic fraction of Quil whi ch acts as a potent
adj uvant for SYRPUM ¢ vaccines. Use of 621 is further described in Kensil
etal. (1991. J. Imunol ogy vol 146, 431-437). Conbinations of 0S21 and

pol ysor bat e Omeey & @dexdmuispn aurterados prisks owamIMBnd SdehO FO8 pmuldiging ageud ratye

adj uvant SySts%ﬁgi)I Gé%g&&f b)%fbtﬁ%ngrsgﬁﬂn%oaéat@?llr&er SHE Qmﬁ@rfy@%&er@-rbdsu%?y are

described in 11711 an in ed herein.
Ot her parti crﬁ??"t@fpﬁf ROFeS 0(5{"?"6%8998'85?"&%?05&11 ﬂ—imﬁ"'ﬁdé—lé %5 t‘ijf—f&}?gn'gﬁzf R xt ur e
of QH A and Qeluae didhsi cgmeasiien- Q4 703 are di scl osed in W1996011711 in the
formof |ISCOV and are incorporated herein. Mcroparticles In an

enbodi nent  of L RE i RS SRLisbNYER hroint iRRhRn o t.opruwbrﬁ&ﬁ.@le &Rbcbi rrw&@.gﬁ@wgr

conposition of the in cr and at
| east one ant‘i"&%“{}?ﬁﬁ%ﬂ%ﬂe Jgfﬁr'ﬁﬁ?é'bépﬁ)g&% {aan*ta:% Ater rr%?jfocéhs af’%'?a er plfers o
M croparti cl edstivaivsrifrsrsf sUchas alef@rrmop@mhawﬁmﬁﬁr @barrqwe [ag ¥itamifg) SYFRIR R b f
produci ng m cbdpiakiitatly @eseat i€ thaadjlvaktitomposition ib Arearasunt ((eeto $0% giv) eft thetotal [ 2007
Expert Rev. \(;g,fag,[egﬁ,% iffheosshic BARkiignd WO 1998/ 033487) . The term
“mcroparticle” as used herein, refers to a particle of about 1000 nmto
about 150 pmin dianeter, deri ved frompolyneric materials which have a
vari ety of nol ecul ar weights and, in the case of the copolyners such as
PLG a variety of lactide:glycolide ratigs. In particular, the
mcroparticles will be of a dianeter t hat permts parenteral adm nistration
wi t hout occl udi ng needl es and capillaries. Mcroparticles are al so known as
m crospheres. Mcroparticle size is readily determ ned by techni ques well
known in the art, such as photon correlation spectroscopy, |aser
diffractometry and/ or scanning el ectron mcroscopy. Mcroparticles for use
herein will be formed fromnmaterials that are sterilizable, non-toxic and
bi odegradabl e. Such materials include, without Iimtation, poly(a-hydroxy
aci d) pol yhydroxybutyric acid, polycaprol actone, polyorthoester,
pol yanhydri de.



In particular, mcroparticles of the present invention are derived froma
pol y(u-hydroxy acid), in particular, froma poly(lactide) ("PLAID or a
copol ymer of wohkebesbicde and gl ycolide or glycolic acidpcsuehosagosa

pol y(D, L-l acti de-co-glycolide) ("PLGAIl or "PLGAIIl), or a copol ymer of

D, L-lactide and caprol actone. Biodegradabl e polyners for nenufacturing

m croparticles of the present invention are readily comercially avail abl e
from e.g., BORAEIMAGETPIHER Al HFeCEIHFRRS Sard k%?"“r“n‘? M HEFPPfigHEY & aftnc.

Bi r mi ngham Alommioy, texaethddecompges ulixingchey pieptesd Gptichgly remgyisinhe tndol napar t | cI es
herein incl ucterfaciam%@ch@eéipngldwtEmm@luydmy@rowwmmagea.s@sﬁ @king a homogenizer,

22: é;apga'cach%%m bQ?{Xr {)tam%g%gq@er 'in {89 %ﬁ@{"&é gt&lh ?r?s.npﬁla%gmgﬁle%mé }{;ﬁ%hydr oXxy
herei n), pol 3}*(%5988)?%%& RAedle é’j’“‘d *?Po*ﬁt‘ﬁ S‘?ﬁ%rhgm?f’ie“'ﬁ‘is“”la%l&"ﬂ‘i"&é ofifge- &Wbltqede

such as pol y(eDuEiitaiat iradess dogicyiualised®l) 10Sdigpilyidias meching, MA@ 0HP0 PaPieGAST
herein) or a eplyMinued at Rakimlrskisthe inpitdr @@B(o@ﬂp@@fe@ﬁ% of Rautsse bdrggoupol ymer s
are PLA and Phht&@d% Srp]anTsmﬁeﬁﬁn Gxgla}[tqgﬁrgd L €m gtactr Ie@é?elr goldrriko%f grﬁfls'.ro%t ‘YheOf

nol ecul ar we ropriate nolecular wel Lven antlgen
is readily dé’g%‘}*”ﬂi"h&‘ﬂ"db'iﬁ %fﬁ'é"eSfsz’R‘i'“P? YRR HEYY omPSthe B’E’@”re Bt BeA, a
sui t abl e nol eeyltaatemwisiog hntil wrkdaraien wan a¢hiipgedovit of df@lﬂef%slﬁémfqu@@@amet%ooo For
PLG suitable nolecular weights will generally range from about 10,000 to

about 200, 000y PG h gt BRlsnAROH! 20d 30040 6g&u@ts9wan1a%9e0999meaﬁqega(@z;hsrmre

particularly ab a copolyner such as PLGis
used to for mcf‘"H%r"?ﬁVE? 60;58’f3f"ip'81 Rbgsphate bplipredsallient | acti de: gl ycol i de ratios may
be used. Mxtures of mcroparticles with varying lactide:glycolide ratios
Wil find usen pdtictifethé GFiFRthtatdrBBn byBtes ofatic piederd Bldn@dttatdhasndisi didlit sl ease
kinetics for uathg's\tﬁ?llﬂ]cl%ﬁ]trénggrgu%@ tLerB;S]chélzgsewﬁl% upﬁlte I?ar@e 9.5.6 EBafs)é n@rn%ore

secondary immune res p Of t he
oresent. | nverEIGHE RtFe A8 4758 SO P JRPER- By SHiE Py Gy Pt Y5 ST

mol ecul ar weicghizinsal dirgpistsyafrhictc atyeastal0f4 byl intgnsinparelesoiien HiRemsiniamateyy M0fEi ng

| act i de: gl ycQqhitielfar kiddasOED%adYGhidiiily@eUbs3 thanS0Mitt B dameter, Mad iphiyicuiy &t idastirlos
commer ci al | y o £0mid 2 RUREEnRlor B %8 Smiiltiniditk.ng from Boehringer Inge!hel m
Germany and Birm ngham Pol yners, Inc., Birm ngham AL. These polynmers can
al so be synthesized by sinple polycondensatlon of the lactic acid conponent

usi ng techni guesi Wdlet sideNQiarhdler [ B&rdglto ths preRndedBS 6 EveIas indisitfaakaret al .

J. Bl armed. N@e@e’ﬁ F.?ﬁ cger?’]e?rﬁ ﬁ)u_? %@uéﬁ%ﬁ?@a OII\Q&?&? QIEeI g%t&l%ltyj mteﬂxgt% %mgglrégent Of

t he present inven of the
invention corBMP&e RGiALe eEgent Méb'h’é}’rﬁbﬁ?‘i'i'gm séatﬁﬂ SKeh Tséﬁgﬁa'm‘i‘ézeé?ﬂz?rgen
whi ch are | i Redorpefadlydire Matmeoyr Jeaeirea Be00HB kst poddibitiy frcte teternis trerzeavgredel known
in the art. GRS EAD BN IyaMRNIghtSeRGrHIAPOP-RAdidnClRBatdR Apdchecdty s s @bthdaan of

o A e A Bl e Bl S

Rev Vacci nes feference. The term
"nanoparti cl &M %"tﬁﬂ%’ﬂth'ﬁe?“@?enva'”?seq”é'f"%m‘ﬁ%e e sapereq °éth8ﬁ°arf%%§mtcﬂ‘ﬁr\“df’f)@0 nmin

di anmet er der isemdd freans [poklgrise the digmeter df e i dMﬁ@paptemmzﬂlewmie pertige size

same/ si m | ar Jd&eBRes b Afdmsr Aprithi OfitRer @le IBhG, HINNLE] &lteSaufmer "Rlene)onamd di ffer

onl y 1In t hei I‘ eéhitzﬁ%onm%%giaéc;fbrcd % s%g n@#ﬂfl‘r%ﬂtlf %be §1§ tﬁ@‘%@%@gﬁ@émﬂe—&}%

nanoparticles Wt tion resent I nvention %g/rg

have a size di¥%f rf BufTdiF~i & 't'B'h 5 HRYL R R NG Fist tH‘@o'b(ﬂl |rlt0vaI ue

i s | ess than c2BGlentign, 20d d nensssaryithepitenaltylmeah erginating fem HBQlIslibgtand i n Whl ch the Z
average and/or D(v,0.9) is less than 350 nm and nore typically |ess than
200 nm Par t ilwmenog¢nicecompasitipns ofl e dnventiereday spEarsa meek) thansing gyrereft M eiesieh V@l | abl e
in the art. FefpleeXxamphesi ipatdriemlisiothdifeein theiecdipbstionbitatlsisina gmpiiniean

correlati on SPREILATGINe is grw@éalaﬁ mknwsbtené EtpbSioh eanaagmg%@%; =) axﬁérén@o.ﬂ i ght
scattering. These |c e size

W h G 11 si HPPRRoRol PTASE G e o1 (B BT Rt e O SR e ST
measurenents. Brownian notion is the random novenent of the particles due
to bombardnent by the sol vent nol ecul es ¥hat surround the particles. The

| arger the particle, the nore slowy the Brownian notion will be. Velocity
is defined by the translational diffusion coefficient (D). The val ue
nmeasured refers to how a particle noves within a liquid (hydrodynam c
dianeter). The dianmeter that is obtained is the dianeter of a particle that
has the same translational diffusion coefficient as the particle. [0028]
Particle size can also be determ ned using static |ight scattering, which
nmeasures the intensity of light scattered by particles in a solution at a
single time. Static light scattering nmeasures light intensity as a function
of scattering angle and solute concentration. Particles passing though a

_light source, for exanple, a laser beam scatter light at an angle that is



For photon correl ati on spectroscopy, Z average (also called the cunul ant
mean or hydrodynam c dianeter) is typically calculated fromcumnul ants
(nmononodal ) awal2ymioss2id-or static |ight scattering neasuremeriosodsansd al so
for photon correlation spectroscopy in sone enbodi nents), vol une-based size
parameters may be neasured. For instance, the D(v,0.5) (where v neans
volunme) is a size paranmeter whose value is defined as the point where 50%
of the parti e IRk R MRt PHEA A58 85 TIDH, t“ea%e"ﬁa*agw S et a
size that is dreets arrampiisheisBien difesnt werdotiens. @htorbtero fiiffer frehqyzpnpestiengei n t he
conposi tion haue 8isi Z@n WARK they 43¢ @aived.  NafurthéteenBoMimbht Therdy/ & pvideBi 4ni | arly,

the D(v, 0.9) "“’Q“”ﬁ"f A SRR HOASE ALY Rad dirolF T UEANRSDE AR %112“”9
o

90% (vol une basi's es in e composition ave sl ze t

| ess than t he™B{\e F@Sex%‘?"génm%ﬁ%"‘iﬁ‘@w’(?f"'c‘f’ﬁ%f“ﬁd’?"ﬁ’i‘tt‘ff &g CPerrFﬁ%Pf8B‘l‘Ft?8§ tion
have a size tdiaitopiets lighed tetacharticizvligoneslepidg 00seO¥f ojigphypteotidey. intieerrdheemiitless | n a
further embodipss®mts edn dorisk RM@RHORigbllaEBddsSor BEO O HBEhuAeRIBRED OBinlikoQshic

conprising at colns@sﬁlans%a@cmme%p niilel o Q¥R Apld &bﬁdr@pﬁet@% e&an,pgqsg ki ped

| i nked to at en_ us anlnterrredlate I'i nker, wherei'n said
i nternediate Ef?%k% 18@§r‘f‘§|°f'§‘g§d'g"treﬁt%'gd§ PleGne pair of conpl ement ary

ol i gonucl eot | g?é The termoligonucleotide is well known in the art. The
term"oli gonu’ ¥%ide” is used herein to mean any si ngI e stranded

o1 i gonuc eot 1 BE" SRR PARTETLETHE G st BE a PrABsRlL e ety or i n
an al t er nat i Vigveliep GeIMEng f‘*“n'ﬂ@*St Py ﬁPQMtEI“F’ ﬁF @af‘)NAe H'@iig?'k“’h"?’hﬁg ""kaﬁﬁ using an

"ol i gonucl eotindenedgigetikei ng to the invention refers to a single-stranded

ol i gonucl eoti de sequence that is capable of hybridising to a conplenentary
nucl ei ¢ aci d. In bimcasges bigie ifieativg ttierecin grogdee @h frnounsg i evmam}itico fecompriging at least

ol i gonucl eot i ge yddm ar@eereeelaa ofd adthéh M%@:.nﬁéd dsig aR ke BRIBrARkdr WX ti Cl e

and/or anti gelmker %?rné)\p{?es at I@gst ngnﬁ)gﬁeng%ga h Mclﬁialgh Ec)itneq 394 \M%? FBU%L) %Pt i de

is used (such a nic stre

ol i gonucl eot |tﬂ%"'ﬁ'?%[f°'6@19%’}%'s Iy t"tth%'SP?B‘ea“theaﬂtIFf ﬁ’é’rﬁ"eﬁfé‘l‘ti”\’/lé’%ﬁr CBQP‘I“F'HI'% or
antigen to beinkadikanchntigeine | engt h of the oligonucl eotide can determ ne the
specificity and strength of the |inkage and can be varied according to the
di st ance desiInedurtyertasesshoftiregnvantion ¢fere iapdvided @o $onwoguic fcapmsiticiremgenaence of
the oli gonucl 160! IsdeMGaN allgusVétk afleRGRIET S Rted @iy BRSédi@inker, wherein the

| mmunosti mul ala‘uﬁ)e[r éort?pﬁlgﬁ%% Ie%t 2 Lgﬁﬁ:or%lnl)qw&gl SﬁJ %ngﬁlary-gﬁ'r%qﬁ)hthggml\ﬁile?e%t c}ng Gr can be

of any length

oase by wht GHi PGSBS R OpS e SoPH 5R AL RERET 96 PRBHER ot § de
are between 8inkaddo 30tidensadwiefahytheekcomplement@y linger 2¢@onen arenyPiisedt3 t o 50, 10
to 45, 14 to 40), specifically the oligonucleotide my be 15, 16, 17, 18,
19, 20, 21, 22 parkglar ombodipgnts pigthe dentighghe PBrmegige ligET carprigss gelsast ene|pdingt h. The
pai rs of conploepERéndiyoighugnasel eoti des may be of any sequence provided
they are suitable for binding to each other and capable of attachnment to
the either thecoupasaarnanth de af ks gaden & QropmelingTdosIGioamnita éBeppecrence of

the first ol i&@’ﬂ'r'ﬁ'@@t '|é1fbr\§s Hﬁﬁ%@%ssa o%mtsaﬁfest%l aﬂ%@d&ﬁho%@ah@fr&pan 3pe§10 6 or

may be 10, 1 5

conpri se or o fefrf&"cs'év B s %§€é R e, BEREIot R gl of
the pair of othfg%?'i‘El@P%@tmedé%OSP@"Rﬁﬁn‘bFyé'ﬁﬂélfﬂaatfo? mixgrg fepthe ipregarationpl!l§CAMdded,
sl i ght nodi f i &&jmhe®nit endt1heyhieagtid cedndiear ars @bfisetioted. of t he ol i gonucl eot i de
may be carried out so as to maintain the specificity and sensitivity

requi red underhosylipigs siiable for Gaei ISEIDGMA .of Bk ipgeent Dlventidn ichkgle bitsteaebt reitegitcn May
be ext ended bﬁﬁonh&c‘HoliﬂQ(dﬂEcaﬂroyl gﬂ-pl?bsplﬂtidyéholnﬁa [DEPL% dllg.lr@yrphésghé]&&‘l‘chﬁiﬂé !Dgﬁ‘.@] for
exarrpl e ine dne%r|sto3fquospﬁa(:tid¥1%ol nen{h S glpa pi?atl y!c ollne ﬂII'.)EIQC],[ rstearoyl

oI| onucl eot i

" rr?runostl mul AetphgiddthPige n UEPRe i @@leows PJ? aWé’F’@I'W? tE’%@hn hi?ﬁ'm'fov' 2
ol i gonucl eotide that is capable of activating a conponent of the inmune
system In one enbodi nent of the i nventibh the i mrunosti nul at ory
ol i gonucl eoti de conpri ses one or nore unnethyl ated cyt osi ne-guanosi ne (CpQ
notifs. In a further enbodi nent, the immunosfiniulatory oligonucleotide
conpri ses one or nore unnethyl ated thym di ne-guanosine (TG notif or may be
T-rich. By T-rich, it is meant that the nucl eotide conposition of the

ol i gonucl eoti de conpri ses greater than 50, 60, 70 or 80% thym dine. In one
enbodi mrent of the invention the oligonucleotide is not an i mmunosfinul atory
ol i gonucl eoti de and does not conprise an unnethylated CpG notif. In a
further enbodi ment the i mrunostinulatory oligonucleotide is not T-rich
and/ or does not conprise an unnethylated TO notif. The oligonucl eoti de may
be nodified in order to inprove in vitro and/or in vivo stability. For



I n one enbodi mrent of the invention there is provided i mmunogenic
conpositions of the invention, wherein the antigen delivery particles of

t he i nmunogenwo 2000p0si tion are |linked to one or nore oktgeruslesti des.

A igonucleotides on a single antigen delivery particle may all be the sane,
or alternatively, one or nore di ffer ent oligonucl eotides may be linked to a
single antigen delivry particle. onucl eotides wi thin an i munogenic
conposi ti on fEPRAPIPHRYIEPRE e SEREL cﬂ’e""*l YgResghatigraiar RErhBAMRRATYSs thildiogeni c
conposi ti ons Dofiyittesi-giwremBivbrsoroivprd SBMBAER  b2-dipabniteyli-fiia@roetthosphoglycerol

ol i gonucl eof ipokerss), h Datedrthl-bh@yce IR RRNEerd  DEFE, HipMRARKY-DiledinRigfcdrS3-

provi ded an é)nzwma 54l OB PERO A A QBT {191k Pin L 623, ekl ver v

particles wherein to one type

br" ol L gonuct doNiPhte. SHRITRR e PERHIEEr Gior PPYH (e aRE e ot oPSebbo
di f f erent ol irheshpetherstamibes. (1. hdimyrsigritshrelyceerirbdipheatangdminehe [PMPEINt i 6& t here
is provided aipainioHEPGR0G-pERRFRRGEAdMMeCONPIDIRERY ant,pedddasyl-shighkeesz-t 0 one

or more di ff%ﬂé‘sﬂﬁoe%do%%ud %%Tvtde§2 Dm%oyt@ﬁ]bly&%§P}%EphBQ§anbigMﬁQt' %PE n be
l'i nked to any fe 3, 4,

o) | f ,
5. "6 or oy PMPEe VIS Bk Tl S GRS ABEECPRRSaoIA § HOBV RS0 et
of the i nventrhesphdlinis feciiiepiligadppdsglecdipic erinitphaatygledpheshotndo 41 eane embedivgdt #'si ng 2
or nore diff efeaflentan ISOPRR Somfitied €piimiaiie-duallighesio-3-phokphadtedolbBin@ Ne atiypa of

ol i gonucl eot igg.didh WQrgM ?&r!ﬂe& Qt%s&ﬁﬁ‘dyﬁ?ﬁomﬁ@ié%sgd Eﬁcﬁ&a‘%”ﬁe %Hcieg%?n Qr%?_{%élf pe

| i nked to one or eren I ment
there is pr oﬂ"ﬂ%ﬁm%n ﬁ"}?ﬁfﬁ‘ﬂt&?&g}? "¢ C(S%@SI t'ﬁSerh@\ﬁz‘f‘hS'i’“ﬁ tﬁ'ééj%?ﬁ?al?eé’en %(gl i nked
to one or norREowhdtifdoneline GOYYBhvarhiakdyichctizesHygiogrngiae eSO YRBYN 4 Hither prbogi@siit t hat
a singl e ant itgascom emplise pdphatiyiethhrtieathe [FDFEN® a@erivBivE @efebfan one

ol i gonucl eotide of differing sequence, however, in an alternative

enbodi nent ofaA dulweeriohsepitins@re saibiede mse ih BIOMaroetht heseptingnis. E@cdtjuadnhad Wi t hi n

an antigen pq%d’w %v.@n)ﬁ.n&.J.amklesqpénﬂs Hisf et Sidnsily GRRY G §OLH HSSie-S@alsugat i on

2\2 Sﬁ?glegegéptl? V(NaPner suprf”c} E?reex?rgplsf lC? it d(d?rlvec'i H(?:‘z'il r‘-noegberf<I c%t 0%9;;5}\%.&83@& Vthtezel n

linker. In a$y#pe %191'9&'? N@Wﬁba‘?dﬁ@ﬁpn%fh‘éeqf ﬁfeeqewquamﬁsﬁp P Ao AFONRSS at
| east one paivecché adjoamd’ ekest ariy., OltiRgoTue DeoCedesSysiTi9e6, 10l(i-yosacineePiodes can
be attached tsg $#3g1antigen and/or |iposome by any nethod known to those
skilled in the art. In a particular embodiment of the invention there is

provi ded an i§EBMRRGRMskg ﬁ&im@%f éduma@fbe&mea AR Mah @t AsSor dRSiREs (e kLT ei n,
wherein an Oléﬁqp{bgghf Q{% 'ﬁl1ese s%ruclures a\c/fa l\)laefn regorteg?o t;av (g vglﬂtaftggff E %|1b§/§4{2y

particle by C an o onuc

conpl enent ar P1HYOPRE 76D gonucl eot| de linked to at | east one ant| gen
delivery particle, is |linked to at | east one anti ge chem cal

conj ugat i on. TAITHNYEh LA NIRAIES 0T eCUR FRIICR CoPRYIAIN o PﬁW ae sytellp saponing 15, 1
to 25, 1 to SGparptiops RO0se iR IIGPMECD thef masemiapbe 2he 1Bemdytic Bapoins PS218and9, 10,
11, 12, 13, Xék17 BeLclfuifie Fractbis ofl@uil2h) Kalte BB EeSdribBORUSIRAOLdjHigs, landitRd by
chem cal conjuaal i, PtFelr ;%JUQBH‘%CJ.%B&N@ES 'ﬁ?% d;% %ﬂb&b%&%@ & £21H8 pANHid,9€N

usi ng chem stry
descrlbed in these references is the use of QS7 {a non-haemolytic fraction of Quil-A) which acts as

a potent adjuvant for systemic vaccines. Use of Q521 is further described in Kensil ef af. (1991. J.
Immunology vol 146, 431-437). Combinations of Q521 and polysorbate or cyclodextrin are also
known (WO 99/10008). Particutate adjuvant systems comprising fractions of QuilA, such as QS21
and QS7 are described in WO 96/33739 and WO 96/11711 and these are incorporated herein.
QOther particular QuilA fractions designated QH-A, QH-B, QH-C and a mixture of QH-A and QH-C
designated QH-703 are disclosed in WQ1996011711 in the form of ISCOMSs and are incorporated

herein.
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In one enbodi nent the antigen is conjugated to the digonucleotide using a
bi functional |inker (for exanple S-GVBS [ N-(y-nal ei m dobutyryl oxy)sulfo
succi ni m de ewbespp2sem i ntroduce a nal ei m de group to tlpeTEP@IMIcEs 0 Whi ch
a oligonucleotide with an additional sulfhydryl group is subsequently
conjugated. Further suitable reagents for adding a nmal ei nde group can be
sel ected fromthe group consisting of N[a-Mlei mdoasetoxy]sussinimde
ester (ANAS)““ﬁP?%?%Wﬂ ei m dopr opyl oxy] succini m de ester (BMPS),

| oxy] succi ni m de est er

N[ c- Mal ei mi docapr d)

NlyMal ei mi dOB ?@?T}%{)BIW §h@8*35‘??‘??f ﬂ\éen%qgtﬂéelrel &9’%%,3” immunogenic composition of the

m Mal ei m dobérzuigh capetigingrab legst geecierppartidie ae%ﬁtéqﬂst(%@ﬁgen which are linked using an

succi ni m dy 1l-démeadtinkdrdonet hyn- cycl ohexane- 1- car boxy46- am docaproate] (LC

SMCC), succini mdyl-4-[ N mal ei m donmet hyl]-cycl ohexane- 1- car boxyl at e,

(SMCC), Mal einndrelatiped, yadayilicas eongpsittehicdpattcled, and methodsf hrotiystly eiyspergdsni m de

(eg }\/I?’rB) ( ?h/g: (F:)IEC:'!}eZ welfknofin |r8thgrartééle SRYE € QI' tfb@fy }Expéﬁ‘ [Fev. chﬂiép ﬁgﬁ@)ﬁ ifutyrate
m do

N Lot or i QSO AHa Rl T ey BERR IR o (6 bk o e 000 am

mval ei m dobeﬁ‘Z@‘SPPLNO Wd'? @9@%‘%}4 degived ffem iPAlymeT 'élé‘a@ﬂﬁt'se‘f‘h“{h%Yef%‘l%S?f molecular

Sul f osucci ni red)itt edd, iiNne BBk ef e dpophéry bjch @y OLEhevdse ofladtidrdhootiié aties. In

(Sul f 0- SMCC) , o, Nﬁé ﬁ—‘dc gmgwuraéldamawlef mgmﬁﬁ.ﬁlpaﬂeﬁlefauea%mrsu&éu lNﬁl’ButGVBS)

and Sul fOSUCCI 2 Wﬁlnéedgzs a cam?lalnes wecr r%rtlgey ar%also nﬁ)u%ng g’lxcrosph%ggg@?cro%amc%

Bi oconj ugat e FEC nson" Academ c Press

further enbodfzﬁé?\fea\miléie@m“%dh‘é’ sehgtessnwRioPpn Slee GHesush apiheot FEBlaian f hydyl
groups, pri orspécoseslydaset dieacidiciryatiioodtatning eketee mpwsdopy dr yl groups are

bl ocked with for exanple N Ethyl mal ei mi de. There a nunber of further

chemi stries awabdasgibibefot gset thegeirs il Ibb datmpe freo materids thiiuse istariliesbe, eorblodi aeint |

anti gens t hatyiddeyr&ahP shstemdiéras instéd mm&%t‘nlt:ﬁh@)%Bﬁaﬂﬁ?{ox?@czd%lyﬁﬂd%gybhtﬁlcor der

totransformfree am |nto ryl groups after DITT treatnent
usi ng reagentSodGERTS Qaﬁ-% 8§I it 0‘%}5‘ ({pg

2010/.023216PGT} EP %Bg%&%@?@&% J?YI'[EI pqélsellit VQJtBE 8:8'&3.%%& ?ror(a 3 erD% 8y SRR €

O her reagent s consi s succrni m dyl
613- ( 2- pyr i dﬁl{tlmlaé)frﬁwélmobjm%eWLﬁ%ﬁ 6%&0 mEr@f gibﬂjgtlde&nd g] colide or glycolic acid,

Succi ni m dy| exshcarpawi.Laetidagd-glgcofide) GRUG! dy |"BliGAt]. of & abremer f SNWHAdtide @G- SMPT,
Suf f osucci ni rggghsbetcde. [ 2- pyridyl t hi o] proPi onate (Sul fo-SPDP),

Sul f oucci ni m dy4oxycar bonyl - net hy1l- 612-

pyri dyl di t hi @ldd@drélﬂﬂ@%@rﬁe@hﬂ?ﬂﬁfbcﬁlﬁﬁglGrﬁcird”biaﬂﬂ&les of the present invention are readily

i dyl 6- et hyl igr %?glfaq%gleql&nhé 8} I%cﬁ el r%glhglﬁ gnd%ﬁjnim ﬁalngPdgij;g Inc.,

Suf f osuccinim rid rofp hexa lrl
Blr mingham, AL For mple useful pol rformlng |cropamcles hereln include those

derived from polyhydroxybutyric acid; polycaprolactone, po[yorthoester, polyanhydride; as well as a
poly{ahydroxy acid), such as poly(L-lactide), poly(D,Llactide) (both known as "PLAIl herein),
poly{hydoxybutyrate), copolymers of D,L-lactide and glycolide, such as poly(D L-lactide-co-
glycolide) {designated as "PLG" or "PLGA" herein) or a copolymer of D,L-lactide and caprolactone.
Particular polymers are PLA and PLG polymers. These polymers are available in a variety of
molecular weights, and the appropriate molecular weight for a given antigen is readily determined
by one of skill in the art. Thus, e.g., for PLA, a suitable molecular weight will be on the order of
about 2000 to 5000. For PLG, suitable molecular weights will generally range from about 10,000 to
about 200,000, particufarly about 15,000 to about 150,000, and even more particularly about
50,000 to about 100,000. If a copolymer such as PLG is used to form the microparticles, a variety
of lactide:glycolide ratios may be used.
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LC- SDPD) and N-acetyl honocysteine thiolactone.: oligonucleotide-SH +
antigen-SH -> oligonucleotide-S-S-antigen In an alternative enbodi nent an
anti gen conprwsizn@ess:2sul f hydryl group can be nodified usicngemodnssszrl ei m de
reagent, for exanple BM PEO]2 or 3 or DIME resulting in a mal ei m de
activated antigen suitable for conjugation to a sulfhydryl (thiol) nodified
ol i gonucl eot i de: Agf SH + bi smal ei m de reagent -> Ml ei m de-activated Ag+

ol i gonucl eot i HEYSH"Fier3mEPT Bl éfyln9@°@?ﬁk¥‘éﬂ"‘??erﬁ'ﬂoséﬂ’"hfé‘f’ Y BiiA PAHRIgR A maybe
obt ai ned by raedectoiagrievaitieltesied (peatesinstins for 3 9iv&BARYen MRSloBARvVIdSbAR S ABaand

sul f o- Sl AB.  The sécBsddhytihmgheiedpeR6 &leyladaatt ia@N thaBicrdpa@tlests? tre QRjseHy Aldtont 0 a

thiol -nodifi Iq:g 9%& &O&!M%he%%& %Efac@r Iﬁg&% r?n%FeE $W§F‘]t a&oargﬁy‘ngre&ﬂ(séﬁmltry PLG

ol i gonucl eot Ant

exanple 1 to CTER*}""GGOW‘B‘I Y%Wu‘&?“&%@ ¥°8'5’§ 'a‘é’béﬁﬂhr?i’éecﬂ?f YRS PhJEYlhe aﬁ"?@ and
ot her const r aemmercigliychrmag ngmneariof stlirged riechidies Gbm tBeehriopdr gemsheimoGethesy atd t he
surface of | igesgrRsPoyetsgRaUBiIAQhdntl@s. TR femeRRhgaL Ryitkeskz&enyl sinfps ONe
using chem st cowénLamA%gM@;a&e aEE'Qé#poﬁéﬁn‘t L4 @qeehnq&etaeauemown B @pak adion of

| i posome conjugates and g q'?ésee Bi oconj ugat e

t echni ques. GeF9ddt Trk7E 8¢/ J?’%‘B?fr’ﬂ?t?rﬁ‘?s ?981”26 d6HE conj ugat es and
derivatives p %es 5%8 569 (1996)). Liposomes containing phosphati dyl

et hanol am ne ’% €¢an be activated usi ng het er o- bi f unct i onal
cross-1linker _ oa ri

a i gonuc eot f‘as@e@aﬂ“ﬁnﬁ o IR, hF iR = pftus R Bisp et e
exanpl e the phetieh emppsing, at |east gprenaBPRSOEP ARdat leepene ?rﬁ@%‘dﬁ‘ﬂ?héﬁ‘-r’r‘ﬂ‘feids'é%g%
mal ei m de noditérmedatpimesphol i pid. I n one enbodi nent the |iposone conprises
POPE- MAL ( N- ( 3- mal ei m do- 1- oxoPr OpyOL- aphosphat i dyl et hanol am ne,

1- pal m t oy 1- Neobdpayidied MEVwéinmkmowe ain tao rap o Cahpoditigns t @mptiinghnaaogahicled roditfel ed
ol i gonucl eot i flg k@M PRinGRAARLILOAL 8ShiosEOh WRIBYSR245 and Singh et al. (2007 Expert Rev.

Vaccines 6(5).797-808) and incorporated herein by reference.

or

The term "nanoparticle” as used herein, refers to a particle of less than 1000 nm in diameter
derived from polymeric materials. Nanoparticles have the samefsimilar compositions as those of
microparticles (see above) and differ only in their size. Nanoparticles are also known as
nanospheres. The nanoparticles within the compositions of the present invention fypically have a
size distribution in which the Z average and/or the D{v,0.5) value is less than 250 nm, and more
typically less than 150 nm and in which the Z average andfor D(v,0.9) is less than 350 nm, and

maore typically less than 200 nm.

Particle size can be determined {measured) using methods avaflable in the art. For example,
particle size can be determined using photon correlation spectroscopy, dynamic light scattering or
quasi-elastic light scattering. These methods are based on the correlation of particle size with
diffusion properties of particles obtained from Brownian motion measurements. Brownian motion is
the random movement of the particles due to bombardment by the solvent molecules that surround
the particles. The larger the particle, the more slowly the Brownian motion wili be. Velocity is
defined by the translationat diffusion coefficient (D). The value measured refers to how a particle
moves within a liguid {hydrodynamic diameter). The diameter that is obtained is the diameter of a
particle that has the same translational diffusion coefficient as the particle. [0028] Particle size can
also be determined using static light scattering, which measures the intensity of light scattered by
particles in a solution at a single fime. Static light scattering measures light intensity as a function

of scattering angle and solute concenfration. Particles passing though a light source, for example,
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Li posonmes can be prepared to contain the nodified phospholipids at a
percentage ranging from0.5%to 50 % (nolar). Particularly, the percentage
of nodified phospbraiszpi d is between 1 and 20% and even PGIEP2p®I06G9¢UI ar | y
between 1 and 10% The fraction of the nodified phospholipid that wll
covalently attach to the oI i gonucl eoti des depends on the experi ment al
conditions and vyield of ctron onucl eotid i one of
the conponenfd®BtteaH: ﬁ%&d{ﬂ PSP 28931 tqs HEY roé’s'?%nall torhe" S'Z‘T Large Earfacp odi ment
t he 1 SCOM compreiakesdidiagipl Eﬁi“ﬁfﬁGe‘o‘r‘rﬁﬁ*f‘r’l“@é"%!fﬁd@bh'@*l‘ i"iﬁl‘sdfy "‘fhﬁreﬁfé”aré-ﬁﬁ'&bc&ﬁs ment

t he | SCOM corps ises wiERngdhy iensivh sighalsaPirideodize nixttibftioedcznl Hegowiédeibthede may

be conj ugat eghyenf; @rof @@'@@E’Iﬁ@md Ifém\@anﬁ@rhr@ﬂrewuﬁﬂaaﬁ eadfuﬁc@orpg’rﬁn Enriehgumdi f i ed
phosphol i pi ds.. The

L]
coval ent 'y atfARHR 8 cf"ﬂ%are W'ﬁ)"oansﬁﬁtﬁgr('ﬂ HRAC (eaep[eent OrYg tf e toe&EEeﬂ?t}QArtr%nstlzgl
condi tions arﬁ'@f”wlefl d of reaction. In a further enbodi nent the | SCOVS of the
i nvention conprise nodified cholesterol. digonucl eotides can be conjugated
to oil dropl &eserdly rgrtiple sige Rgetermineral rg?%%‘per?ﬁ'@ agf fnvehrep plltiels 2SI Pn wat er
enmul si ons of shiwge ih nuestivthi(oN, ariyst 8 cppat ressuemMaDE P theskns e teaeld anlagdrages
capabl e of coQRidtgatd LRt GaR&lE. or nore an ol igonucleotides. In one
enbodi nent, there is provided oil droplets of the invention conprising a

LTDC“ fi eg fSUI’ nglcﬁh@tBﬁ corr‘é‘ﬁﬁfn%bébtr&éﬂ@:ysﬂé\fe%§é aRkb chisd te Bmlidnt @ehnRP ARIRAAaMRI ](CZI a;
erein define e i ITre
dlamete%l 6@'3@1\# I%Mét%cr f&%ﬁf&%ﬂ%ﬂ%@ﬁom?oﬁ%a Ly IEHr'stgﬂ:’ I Igﬁt@@attgm‘g

phosphol i pi d sur ract ant

vol ume. Qi g(???ﬁ%’lreét?f‘tﬁd@g g rioHEorD AP R et 050%6’7“ ? "?F&ﬁbprar‘f‘? cl es.
The m cr o/ namepdsits whastesimayfre megsuet | on may conpri se nodifi ed

phosphol i pids that are capable of conjugation to one or nore an

ol i gonucl eot iFdeisstantq the gy, & dgderrantans Yohmekis i Sizp paseriatks (hepe plesy Indsibedagr ti cl es
of the i nventheQRinCARR 0% o fhe FBXGIsI (R Dasy) Mahd Pnfssiias aheeaiipd deld ned. One
embodi ment  of ha‘ Q%sé {ﬂé(netné b@@ SLﬂ%eanH 30% Bﬂyé ﬂiﬁgle@m MeQGﬁﬁﬁrtlénQ{avét h&-Jwplf acture

of an i munogeni c co

rTEa[rl 3 nl:? S | ow n% who%value 15 defing

Conj ugating e’ e D‘diosbfﬁlrﬁc@@ b %M %\ﬁ'fe b 2GS of a
second ol i gorratieeaint vheredBtitoimeresis) yf thoparises wlfheg(@ﬁla‘lslt*é'b'ﬂai"%iés'F?ﬂ atiglpssa) to
an anti gen dehan Ry, B Rl b 10%.of I drtiR@s Dithetch@pdittn Igena ardnapinpiegerhael | very
particle undgr, d;ﬁ\%‘%v&rh ns that allow hybridization of oligonucleotides. 1In
a further enbo ere is provided a process for the manufacture of an
i nmmunogeni ¢ conposition conprising the steps: a. Blocking of any free

sul fhydryl greidpsucRBidds antigen using a suitable reagent;

in a further embodiment of the invention there is provided a composition comprising at least one
antigen delivery particle as herein described linked to at least one antigen using an intermediate
finker, wherein said intermediate linker comprises at least one palr of complementary

dligonucleotides.

The term oligonucleotide is well known in the art. The term “cligonuciectide” is used herein to mean
any single-stranded oligonuclectide sequence. An oligonucleotide may be an RNA or DNA
oligonuclectide or an oligonucleotide may be a peptide nucleic acid, or in an alternative
embodiment may form a friple DNA helix. Thus, an ‘ofigonuclectide’ according to the invention
refers to a single-stranded oligonucleotide sequence that is capable of hybridising to a
complementary nucleic acid. The design (length and specific sequence} of the oligonucleotide will
depend on the nature of the antigen delivery particle andfor antigen, as well as on the conditions at

which the oligonuclectide is used (such as temperature and ionic strength). The design of the
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b. Adding a mal eimde group to said antigen; c. Conjugating a first

thiol -activated ol i gonucleotide to said antigen; d. Conjugating a second

t hi ol ol i gonugbeabrbeisconpl enentary to the ol i gonucl eot pdBEPMOWE®ET C) tO a
| i posonme conprising a nal ei m de-activated phospholipid; e. Mxing of the
antigen and |iposone under conditions that allow hybridization of the

ol i gonucl eotides. In a further enbodi nent there is provided &T @F ss for

t he manuf act (P50l ek ARPREHERT Be HBRYISEIET SHY RO ST AP S
steps: a. Bl devkheftheflisemyiedtideensigtefinedredpedictiard somgtanf 'aﬁt'nkwmn%ﬁ“d-‘g a
sui t abl e r eagemt; acbordiyddi thg dRtahd| Gsidddn@en U hidigeahd poddrgedtifa®. The

ConJ uqat I ng aseciueﬁc%%hth@%?énu%ttléevtﬂﬂ 9 aﬂéd ag%ﬁﬁlt@fﬂg Hgﬁedtlﬂm%&ﬁjnu%{%Weggcqlof
Conj ugating a

onucl eotid
ol i gonucl eot i PHUSTEs- If'e PlFORIPEERSR c'%?rﬁ.f)? ys?’ﬁ r'?a\”g?%‘?” yé&f‘?%{ ed
phosphol i pi d;hyleidisdvhngiontye edse ohwhighnt ¢agéﬁ536}l4ﬂés'§e$c@ﬂ“ﬂﬁd@ldm@@imfl digoprrieotidsat
al | ow hybri dizzabetvan 8fand Psd tabdsgpnEGMEOtD des00, 1toasS 1t beroesb®di meay, t here

is provided g, pREiP RS oufgeﬁucuui.@e H%ﬁ@%uﬁewoig 86) 24 BEUROAORI & £0BPOGizhT ON
conprising the oW nglps eps: a. Blocking of any free sulfhydryl groups

on an anti genrudPAYS ¥ '8t abl e reagent ;

The pairs of complementary oligonucleotides may be of any sequence provided they are suitable
for binding to each other and capable of attachment to the either the liposome and/or antigen. In
one embodiment the sequence of the first oligonucleotide sequences is that of any of SEQ 1D NO:
1 to 6 or may be 10, 15, 20, 25, 30, 35, 40, 45, 50, 75, 100 or more bases which comprise or fall
within the sequences of SEQ ID NO: 1 to 8. The second of the pair of oligonuclectides is
complementary to the first. When needed, slight modifications to the length and/or sequence of the
oligonuclectide may be carried out so as to maintain the specificity and sensitivity required under
any given circumstance. Oligonucleotides {isted herein may be extended by 1to400r 1, 2, 3, 4, 5,

8, 7 8, 9 or 10 nucleotides, for example, in either direction.

In one embodiment of invention the oligonucleotides are immunostimulatory oligonucleotides. The
term “immunostimulatory cligonucleotide” is used herein to mean an oligonuclectide that is capable
of activating a component of the immune system. In one embodiment of the invention the
immunostimulatory oligonuclectide comprises one or more unmethylated cytosine-guanosine
{CpG) motifs, In a further embodiment, the immunostimulatory oligonucleotide comprises one or
more unmethyiated thymidine-guanosine (TG) motif or may be T-rich. By T-rich, it is meant that
the nucleotide composition of the oligonucleotide comprises greater than 50, 60, 70 or 80%
thymidine. In one embodiment of the invention the cligonuclectide is not an immunostimulatory
oligonucleotide and does not comprise an unmethylated CpG motif. in a further embodiment the
immunostimulatory oligonucleotide is not T-rich and/or does not comprise an unmethylated TG
motif.

The oligonuciectide may be modified in order to improve in vifro andfor in vivo stability. For
example, in one embodiment of the invention the oligonucleotides are modified so as to comprise a
phosphorothioate backbone, i.e. internucleotide linkages. Other suitable modifications including
diphosphorothioate, phosphoroamidate and methylphosphonate modifications as well as
alternative internucleotide linkages to oligonucleotides are well known to those skilled in the art and

are encompassed by the invention.
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b. Adding a mal eimde group to said antigen; c. Conjugating a first

thiol -activated ol i gonucleotide to said antigen; d. Conjugating a second
thi ol ol i gonusbemvpzimsconpl enentary to the ol i gonucl eot PABERN0EEEY c) to a
oil droplet conprising a nalei mde-activated phospholipid; e. Mxing of the
antigen and oil droplet under conditions that allow hybridization of the

ol igonucleotides. 1In a further enbodinent there is provided a process for
t he manuf acture of an i mmunogeni ¢ conposition conprising the follow ng
steps: a. Bl otkiugr efibodimgnt heotigosurlepivgeirapie gedisg so anto appblgspniygalion iRy a

sui t abl e r eaggBitigerdueivBaiige andrtRbibdil URthgdsall PodiPngaipchuasttideg@re; well gnown

Conj ugating g, fl L&k LQ%]Q' 1@&% 'emaaq%np lhb@%g,;sd.o%m g@oﬁuge&.aé @loma kg8 d

Conj ugating a second Sﬁ’l’) e _conpl enen
ol i gonucl eot {Y&FH asft’eépsugﬁydiybg op'&r? iPRTE" r?B'F rjmeﬁ‘axhere pro‘"ded an
conpri si ng a ofighwienidd somrrehy atfied spheshpord #ifd; end. Nivxiresgsy d"éf'rﬂéf’“an'{ Fgen and
m croparti cl encanthadhe GapRbIbHE foechadd corpgatdiht | ons that al | ow hybri di zati on
of the oligonucleotides. In a particular enbodiment of the invention, there
st o PR LT S R RSSO OB
| i nker/ anti ge\ﬁerm) [thgrantigep delivesy p"'iitﬂﬁ’F I51% Wr@pcggegc composmon are linked to one or more
cligonuclectides. Oligonucleotides on a single antigen delivery particle may ail be the same, or
alternatively, one or more different oligonucleotides may be linked to a'single antigen delivry
particle. Oligonuclecotides within an immunogenic composition may all be the same or in an a
further embodiment, immunogenic compositions of the invention comprise one or more different

oligonucleotides.

In a further embodiment of the invention there is provided an immunogenic composition comprising
2 or more antigen delivery particles wherein a proportion of delivery particles are linked to one type

of dligonuclectide and wherein a proportion are linked to ane or more different oligonucleotides.

In a further embodiment of the invention there is provided an immunogenic composition comprising
antigen(s) linked to one or more different oligonucleotides i.e. antigens of the invention can be
linked to any number of different oligonucleotides, for example 1, 2, 3, 4, 5, 6, or more different
oligonucleotides sequences. In a further embodiment of the invention there is provided an
immunogenic composition comprising 2 of more different antigens wherein one antigen is linked fo
one type of oligonucleotide and wherein the one or more different antigen (s) are linked to one or
more different oligonuclectides.

In a further embodiment there is provided an immunogenic composition wherein the antigen is
linked to one or more different oligonucleotides sequences. By this it meant that a single antigen
molecule can be linked to one or more than one oligonucleotide of differing sequence, however, in
an alternative embodiment of the invention antigens that are the same as each other within an

antigen population are linked to different oligonucleotides.

Conjugation
An embodiment of the invention relates to immunogenic compositions wherein an antigen delivery
particle is linked to antigen using an intermediate linker. In a particular embodiment the

intermediate linker comprises at least one pair of complementary oligonuclectides. The
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Anti gens The vacci ne or imunogenic conpositions of the invention wll
conprise an antigen capable of eliciting an i mmune response agai nst a human
or ani mal patwogawosnd/ or a substance that causes pat hogeneso®nos@shumans or
animals. In a further enbodi mrent of the invention, the vaccine or

i mmunogeni ¢ conpositions of the invention will conprise an antigen capable
of eliciting an i nmune response agai nst a tunour and/or tunpur antigen or
neopl asi a i n *eRtaiTebrN LR ERhed RIS EEAA UNLPHRR® XY LY WEIPY KRSIMP Y%t he
skil | ed persekiledmtheatt i gen can be a protein, polysaccharide, peptide,

nucl ei ¢ acid, protein-polysaccharide conjugates, nolecule or hapten that is

capabl e of r '%Qﬁbu@neabﬁam of FERARTS b gpnummn%m%?mlcom@emn%ﬂ@ may be

deri ved, honol ogous or synthesised to. m m c._nol _eCLé| es fromviruses,
bacteria, pary&] 'f"b%s,deb?'%%éd‘fﬁﬁnwrﬁfe"‘fEﬁ‘r?ﬁg.?g'.‘c'ef’??ggsn“"ﬁﬁ P Ee Ve TR ISRt of
the inventi omatite hanthegisel cwiupatien, ant owhsraiig @t soligemudspfiden cammissenialy 19 Hiec

nol ecul es f r @mMoAuclettitio tikke€ & dt 184t oML A IRery phrtide, IsUirleh & at akiedé amtigdn tof t he
invention the,anti &%D%aiﬁghl derived, honol ogous or synthesised to mmc

nol ecul es froma substance inplicated in allergy, Al zheiner's disease,

at heroscl erosi s, obesity and nicotine-dependence. |In one enbodi nent of the
i nvent i on t hénégepscap haygiopeel 2. forpramelgdrin 0. & fosioZPonte 86 PW% Ay 18%e or
nor e anti gen f@dekdmpRrzys, gas, 6i e as1ovMeneile, whs, snti, geng,debi nes yligpaciddiddse (S)

i s/are Iinkeq 8 b} AEmBR cEn@RlidICBRoMIcRotREs Haj 86 res@e.gatee th ik Sftigenl Hird
further enbod] nent OIL t he |hnveg,@|dont thrfre is provided an i nmunogeni c
conposi ti on EBHHFYLFPHYOYHR MG KL WAt gen delivery particles, wherein the
antigen delivery particles are linked to 1 or nore antigens via a |linker
and wher ei n tihénel embdcitienC B PItigEES cajugdt@is the @@nyERbde 0fingCotRcBMBINIISHT Yfor

ol i gonucl eot ilgsye ér.aﬁm@qh.'(\gﬁéneirﬁﬁedbmyﬁmsw LicGhigige @;ter%h@mhmm IdRinfee

| I nked to any n“?btﬁr 0tf' g:nt ! ﬂen on cﬁa’c’)tidee)\(.vﬁliérgr! gdi}nor:[apsu&n Q IO(r)o0 %nshgs%eu%ntl

mol ecul es;  t TSP PN HRIPRR Yo & 5B T8 B 4TY P T AP et T G &Y TR VETY “Br ti cl e.
The anti gens caygaial.| Fiytert syliabiegiraged forpdging 2 melsimda oyl @ nisoticAeh i Hsr e nmay
be one or norgeupli dohdsiRNbf ANt-MgehSaarkl suditidioé Reeramiirge N-gelaleinedogropyiayit i cl es

of the inventjon. nay I'Bgﬁ,% 0 anV. F L fer ati~9enRy,..f or
exanple 1, 2,SL%FM_&E 5£8r6 t , g ttﬁs ﬂ@%lmr'bg%ia%%)&fs%%’n%% eeg%r o{rkvrcr%?e% {fferent
anti gens. | n Mglamijfobyheylolstrsiiimide seleoCMBRE W'M‘i‘}%ﬂ‘ﬁ?b&f‘ﬁc’l"%"ra’ﬁ’f‘i"(j'@f‘?'dP &% nked
}o rrt2)r5 e t1 han B@C}ol élgﬁfgmﬁﬁﬂé-em-ind&mid'farﬁé:h%yﬁéct?fm%ﬂnég-éagJOQ@[G-,agidbtgprﬁilgj, hﬂ]gg-olgo,
to to to f. .

! C tcci EQI'& ﬁ%@-ma ofhicome yl]-cyclohexane-1-cdrboxylate, >’ S ), 1
13, 14, 15, 16, 17, 18 1 : 50 or nore oll nupleotldes. The
ol i gonucl eot iMpsimifoRolvelyiang opif. arits gér“'ﬁyé’ﬁ%ﬁé"cﬁl"l'deﬁ??r SAEEGR. < & 8 o 12
al t er nat i vel ysuccirimédyb #-[rmaigmiddpheriyighutyrateg (IMIPB), etainitedy! Gl maleimitioprbrienemidolt o each

ot her. | mMmunagenide GBS kil 0NSeiRliodapByiba 80l RBinkREP LS € M-Edes), del i very

particle linked to |linker conpgnents and antig i.nke 0 _canpl ntary

| i nker corrpoH‘@'r'ﬂr@@bgﬁ?‘f“%‘l’%??xg%{mf”@%@?"%%00 BSBT n@ﬂém{eﬁg a%ﬂ%"ﬁ@ﬂ"“ﬁ@’("@"ﬁl es are
l'i nked to antmapgnidatethyiy/erighepametlicebasiaien (Suko-BER0s iN: [-dhleimidabubicxiiefo-

enbodi nent s %txcc}nh\‘ﬁde' By{& n(TSIJ!Q_[GI\@S) la%@%u[f@sb&%tmiﬂp%[Qﬁﬂalgﬂrd@ph@rflyl]ﬁlfﬂ@at@@édﬁ@en

nmol ecul es are_ | |nked to antigen deliyer articles. In fu er enbodi ments
of the i nventﬁ%ﬁ?é"aﬁﬁj Bé?CfWafg?e"P%“@esa 7 é‘é’%mi‘aé‘s ”ﬁﬁi’é’éﬂ":? BES%LQEQBQen del i very
particles, that is to say over 50% of the antigen nolecules in the

corrpo;i tion ametdnhqnlemnbahpntazmbiegm Miﬁ so@ipyisep aiid dar ologJree bub‘_hmylfgmubsherﬁor to .
embodi ment  of  fidiRiad dAMEEHN R Mres SURRIATHrduds A bBdkbd Gifh firRRanRRIN-ERIndEhigc Ul es in
the conposition are linked to antigen delivery particles of the
conposition. By substantially all is neant that at |east at |east 60% 70%
80% 90% 959Bher ampler efffurthprecherpisting@rpiaRln te dhgiskiied Rpreon ana Kegin OBe HPFRCHIGEH

del i very par tantjeesthat ki) compéisecireh odtinyrngrogds ntege inoaife ti coder todrkisicfra i anidomat el y
100% of the antl genuRLEIHup et BET IIIMORISH Ra&RERAM 4! RORciRkial G2

invention is Tinked to antigen delivery particles in the conposition. Any
excess unbound antigen nol ecul es can be renoved fromthe conpositions by a
vari ety of methods known to the person sWilled inthe art, for exanpl e, the
i mrunogeni ¢ conpositions may be subjected to centrifugati on wherein the
antigen linked to antigen delivery particles is pelleted and the antigen
that is not linked to |iposones remains in the supernatant. Kit An

advant age of the invention is the ease with which oligonucl eotide Iinked
antigens can then be linked to antigen delivery particles |inked to

conpl ementary ol igonucl eotides. Wthin the scope of the invention are kits
conprising antigen delivery particles and antigens linked to conpl enentary
| i nker conponents. In a particular enbodinment, there is provided kits
conprising antigen delivery particles and antigens |linked to conpl enentary
~oligonucl eotides. The antigen delivery particles and antigens conjugated to.



there is provided a kit, wherein the kit conprises i) at |east one antigen
| inked to one or nore oligonucleotides. In one enbodi nent of the invention
there is provided a kit, wherein the kit conprises i) aicrlepséngse antigen
del i very par M8 ked to one or nore oligonucleotides and ii) at |east
one antigen |inked to one or nore oligonucl eofides that are conpl enentary
to the oligonucleotides ini). In a further enbodi nent of the invention,
there is prOﬁJrig}ﬁﬂoﬁm!ﬁ&ﬁat&t(@@DP)Cﬂﬂmahmﬁles Other atagbmsan emeelssite ifgBENIYEIC R er y
particle linked to one or nor, 0IS_![;Q(Q_@HE;},@BEp}dﬂ%&nﬁd%ﬂ\ej(ainéater? ac-srope dif ferent
o]

anti gens | i nRE¥® ofie SF“NOr i'gonucl eot i d h ementary to
t he ol i gonuc Bemmirﬂielsxyi:aﬂbqn§|imethH‘O'dZ‘Pmd’("i‘i‘@‘f’]t%%m)n[}5 ,(sﬁﬁfﬁ‘gﬁ’o%\%@@ggn, t here

is provided @ Kidiid}@bpidh@8Pr i Segsuif)-SrRIFE, Or eiuougiriiigiepycaePTYBISI 557 t i ¢l es
i nked to an ol i ‘gtg_mtjﬁleeeot [ gu?o_g%mones sUdBfifiad T baleBnle-R-ypiegaditb]tantidgen
delivery par PYEYE"FINREY to erther ol i gonucl egtides of 1) .o dif fakent

ol i gonucl eot helesoatea$iifo+G-BYPHneHfeHeTY Qﬁ'?'ﬁgﬁ% 'f’ﬁ’gjf) eI T hked to one or
mor e ol i gonugkeekbyins Niabah hateysebrplicaert-ary to the oligonucl eotides to i)
and/or ii); and optionally iv) one or nore different antigens that are

| i nked to oligonucleotides that are.co d.9ubdle ol i gonucl eoti des
of i) and/or H). pigopyrectdf Tﬂ'ﬁ?"’o‘?*ﬁégﬁﬁi\ggﬁ%%oénﬁh ere is a provided a
kit wherein at |east one antigen delivery particle is linked to at_|east
one antigen vjza Jiwhdivslinsatine avinigdnhenpisingd eifeityiirgse 631 R§IARIRETF /RE or the
at least one antigden i 1jOked: biraby, ) Sasivensuigh genisteliabetyd gagdi cl e
vi a hybri di sdtd Vi a?_ the co efem?nt. ry Qli H&%?ﬁ&tl des In an alternative
enmbodi ment  ofsuitahle far pRABEATPHYR 2EHEYEY F@‘%d'?{oo{/'? d@g‘ma I't wherein the antigen
delivery particle (s) and antigen (s) are in different vials and thus not
hybridi sed vig SOMHLATBRIRNAM -JRLBliasidides 8o digatuctehide-Tan be

hybri di sed at "an appropriate tinme point before admnistration. Kits can
conprise any nunber of different types of antigen i - i or
exanpl e, rangdnagalfemetye eMPSIMENR Imopcfeg{} ARgeny %esggéfnegﬁ{dg%g{ﬂny%@ﬁa\g}%fgﬁzf
particle. |n gnessenipsBaesih, SisBend syfe-SHe- aﬁ?ifﬁé'ﬁngd@fqa?ﬁg/} Hrigell PRClE 1%
linked to i de&hh%@ld &) hBRdmLEMEdntesiidet N an al ternati ve embodi ment each
different type of antigen delivery particle can be linked to different

ol i gonucl eotides. In a further enbodi ment kjts of . i PtikON can

conmpri se any nunber ©figapsiectifeRt + ap9elERT, 5198?“%)?%%]%3&%\4?6%80 di f ferent
antigens. Antigens in the kit are suitably |inked to oligonucl eotides that
are conpl ewn\g\i?gsﬁmgsqn Olok GREE bR nidRSfof Sraihplat ® 100,oloeiigoh@leatides ¢eneding AR set
of |iposomnes LN tahe Kt het Thn il JRELs SIRAHARAof R&igonldeopies i tied a
kit that conpiPdRrsony sig @It “BrE ant | gen del Lvery particle hinkgdeio one
or nore ol i gosultedtipagersesafigopycipotides Mayt cogE@tdn? I"ge %I nﬁeg,to one or nore
ol i gonucl eot i gsm kdidbseaskiedcio ttpl etme Mreragatiencof tipasomt PABELR BHPHEL* 8 H ) a
further inmungsti g;ég%gonjuggtmmag. Ut dRtnsanddn: @edatatiorned livesahoeiniyesits B t he
invention there Is provi ci. ' h&id § QKRR Ririne QoupsScan
subst anti al | yd’fﬂé@l‘,‘?ﬁp‘ﬁ@?f %gggglaﬂ&%ﬁr If'%g?nq%gb ﬁ%@g&?ﬁg&;e L £asl &gy disuffide

i mmunost i mul ame advatesoiby briare-BHectige ‘i‘??ﬁ'{ﬂjfﬁg%%f“gn' S.’ d

groups.

Oligonuclectides can be linked any one of the components of a liposome, for examlplje the
phospholipid. In one embodiment the liposome comprises a maleimide modified phospholipid. In
e comprises POPE-MAL (N-(3-maleimido-1-oxopropyl)L-a-
-2-cleyl [NOF American corporation] to which a thiol-

one embodiment the liposom
phosphatidylethanolamine, 1-palmitoyl
modified oligonucleotide may be conjugated, for example.
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I n one enbodi ment of the invention there is provided an inmunogenic
conposition conprising at |east one antigen delivery particle and at | east
one antigen awe btonied usi ng an internediate |inker, wheCeErRI®aces7
internediate |inker conprising at |east one pair of conplenentary

ol i gonucl eoti des, further conprising one or nore inmunostinulants. |
nmunosti mul ants can be within the |iposone elther in the |ipid bilayer or
encapsul at ed HPASRR ca ey haed é?q‘i?é‘ﬁ'ﬁéhp °gpre e » hOTpéﬁlfﬁf 8r® RAFSPPSt 2948 "R x ed

wi th the ant iogénto deti(wmeary Ppdigularts lthe mmemeamﬁeftp@%ﬂhﬁiwwem@?nHﬂdéo%urther
enbodi ment t had 6RAPERAIEIT bdtken @ AAPABA. Thedifcitd Y themadizo plshofind! thd el

addi tional i %ﬂﬁtﬁtén%l t@rlﬂier o ORbd Odlﬂéndé BRHROSEd AN bnditBnsS SlaG s from

the group: a $apo or a derivative t hereof, an i mrunostinul atory
ol i gonucl eot I8 "an al kyI gI ucosani ni de phosphate, a metal sal t, a
toll-like receptor agoni st or conmbinations thereof. In a parti cul ar

ermbodi ment  t Rigign0BRHOES tdaiTbk Aiket 2l WvéldE the Scompdhohts of b EST0RL 6Pt em@gdRi St i n

particul ar arbh@sg{? bét InQ)t"ue nglen*ent' th&%cbﬁ%@:%r@és gmalglmldémoZrFed%h&;rpho(apld O @
saponin. Particul a

r._conb Lons conj ticular 0521)
adj uvant and/%Bf “B>FBIT* 9 'Eg&f‘@%’%‘fﬁr O%E%Agﬁa "é"Fg'sautE' mmﬁ%ﬁ"ﬂﬁﬁdeo{"ﬂ Yol |
| i ke recept orbegoningeied. & ewmelR as a CpG cont ai ni ng i mMmunosti nul atory
ol i gonucl eofide. O her conbinations conprise a saponin (in particular QS21)

and a Tol | | 'I%M?&%%%epére@gpwnﬁh tﬁéJﬁann?eE RO NTHOaRRE rof ﬁib”m%ﬁlf 4521)

andaTollllker tor 4 §)ﬁ0 an . .al k ucosam ni de
phosphate. | P3R! OEWEEW HlHe EEE%@Y Wﬁt’jrcﬁ%t & i ?Ol_des A8PepaY P ¥he g‘ eré‘ceitg]t
(TLR) 4 i garrandiigesrand oigl af fegctiam lagétmhgrte"@a%fneﬂé@e ésquiﬁﬂf“ﬁ\"ﬂ%rrt'%%fﬂp{}%

parti cul arly maamephasgpdiaryl |ipid A or nore particularly 3 Deacyl ated
nonophoshoryl lipid A (3 D - IVPL) 3D-MPL is sold under the name MPL by

Spixgrsmggl &L&lg%ngégoh?eg canabe cr?ﬁrljggtegn |I|groto(egf e%nevgat%{%ﬁ%% ho#ﬁe t%llhigayggépqe nt as
4, 866, 034 andn 281 smEigieps %wlwnenfm Wat PPy & HRciE aﬂﬁqamr"@bﬁ C%p%t%epefnses

wi th an | FN- gofjdation tpbrermoinyp en ogbhubBttidesann de epbaiiftrok themdomrvidiehy! drapletshe

met hods di sclg &gﬁvénﬂon%gﬂs%gg n%é-rﬂed%uﬁa@éﬁ%‘rﬁ%‘n't% dubfactaBt ifa Mbdklet! pRdSHHbtipid

3-deacyl ated 8,9 &E&fﬁﬂoﬁk’ a aarhgular embt%)lgl bsfm_lnve%tlc%r thg rt?o%h{écﬁgh%gl)hgl Bé LS. I'n

particul ar enBo 0si tions
of the presereMepnaatt0dand %‘I"V PP Pt Wi ®has a particle size such

that it may be sterile-filtered through a 0.22umfilter. Such preparations
are descri becblnghuMQtl%/cgrlt?egb%n;u ERA td :ﬂmd@%@rﬂbrﬁ)pzﬁ‘m0$ﬂetm|Q&‘SanB@ytlc[Ebl6fttﬂ’beI’

conprise an i, i mul ant 0, c

non-toxic der| Varl o may oY PrS® mo?‘!?eﬁp&o%)?l??l u‘hga*%Fg/Jag%?e O(EEB%LE%&?%H E?@éy?é\naor
nore parti cul‘ﬁgqny"‘e\?“%adWP%& Wﬁﬁ@fpi‘i‘%@ﬁ%f’&?]" ) PFEARC (g KPS nveioone
enbodi ment of cotnbrising medifiet ipeaspticligdsiaphereiode@nedc conposi tions conpri se 3D MPL.
Synt hetic derivatives of lipid A are known and thought to be TLR 4 agonists

i ncl udi ng, "\:%r? tbodme g EQ@Q@(%Z rOV|d<Td a )Frocess for th manufactulre of an

(2- deoxy- 6- o- noy tetra-decanoyl am no] - 4- o- phosph
ono-i S- Dyl uco'W‘H%?ﬁWTPOZ' 'TT‘IQ)“P@'“HVBF‘IHWT@E?”%{decanoyI ami no] - a- D- gl ucopyr ano
syldi hydr ogenphosphate), (WO 95/14026) OM 294 DP (35, 9

R) - 3- [ ( R) - dodecanoy koxyhigdatiate s fAreQudoaifedRk 1maX@eh- aza- 9(R) - [ (R) - 3-

hydr oxyt et radecanoyl a oF hat e)
(W99 /64301 and V\olbt)?f’@%g'% gf%@’%’%@h%"%ﬁ%‘%& Qggh{tﬁé&g& NoRRasR

- dodecanoy! oxyt et r ade RV AHATHIPIE VX 828 e za- 9- [ (R) - 3-

hydr oxyt et r adecanoy kariixirg]ofibe amigen ab @ ardipey| detvery gariged indey epng [iprs $shaiipw

10- (6- am nohexanoat e) nidEAlibh 4Bilgdi)cleblidber TLR4A |igands which may be used
are al kyl d ucosam ni de phosphates (AGPs) such as those disclosed in
W)9850399 or U56303347 (processes for preparation of AGPs are al so

di scl osed), or pharmaceutically acceptable salts of AGPs as disclosed in
US6764840. Sonme AGPs are TLR4 agoni sts, d sone are TLR4 antagoni sts. Both
are thought to be useful as inmunosfinmulants.



O her suitable TLR-4 |igands, capable of causing a signalling response
through TLR-4 (Sabroe et al, JI 2003 pl1630-5) are, for exanple,

| i popol ysacchabiagi@odham gram negati ve bacteria and its @efrgrabdo@s; or
fragments thereof, in particular a non-toxic derivative of LPS such as
3D-MPL). Ot her suitable TLR agoni st are: heat shock protein (HSP) 10, 60,
65, 70, 75 or 90; surfactant Protein A, hyal uronan oligosacchari des,

hepar an sul pHeg &rifer erpfredimes thefe ipprepified & PrRcept AR RISREE By HYTERIBEPt | des and
b- def ensi n- 2, compis@itiydomghispepeisdes: (MDP) or F protein of respiratory syncitial
virus. In one enbodi nent the TLR agonist is HSP 60, 70 or 90. Toll-Iike

receptors (TLRs) are e 1 trans rane receptors. . evol ut i iy
conserved between i ﬁ'sé%’?‘gng%@yﬁﬁwnﬁgg ry*éoﬁpéﬁf‘ﬁélgwgt\e/neus%a Lla'trgl;k%)rg%%rﬂl’est abl i shed
(TLRs 1 to 10) ( Sabb-odéd@itgp malgjnidogey i$5pE30UsY.. Menbers of the TLR family
have sim | ar extracel lcohjaratrgrdist hbkatelet dlgarncddidmionsd artit@i 1 ext r acel | ul ar
donai ns have been showd,itfifia\ech&mpi dM§onucidolideRoth SeMealahyREins 8GsHRNERS, in and

their intracellular domins are sinla . : ar region of the
interleukin - 1 recept _F_’C)?‘ﬁ_@’f??)m.e “ﬂi&_?s'&%‘% ﬁ%‘glg'r %‘5@&{3%’@158@4"@?1 ferentially
anong i nmune cel | s andiforee gliggnangd frasomg drdspepdicenthale A PIBRIear N | s
adi pocyt es, cardi ac mptigopicestidand i ntestinal epithelial cells). The
intracellular domain of the TLRs can interact with the adaptor protein
Myd88, which al osses the |.L-1R LNk, ] i on,

| eading to NFT RE' ié% rin;glog ﬂ.e?)trr}lheé N %rfl‘f'dc? ?ﬁ%&é}s toﬂﬁhékﬁwj%%ggg%ﬁﬁgmi&eggone way by
whi ch cyt oki rf@mp@itieh@apisis rfAeY PSRy TLR activati on. The main expression
of TLRs is in cell types such as antigen presenting cells (eg dendritic
cell's, macrophages gt Glockifyd hy@bd Qunyalyl FRPEEH dniabtige@lsing aRYitaBié teBgehBt i on

t hrough the TLRs Iegdadéiﬁ&%ﬁglg&?{grg%tg ; %ﬁb%:i tic cells, and production of
as =12,

i nfl ammat ory cyt oki nes suth : ~ Research carried out so far has found
that TLRs recogni se °didoriasatng? s piosachated glgnpusedice st RgUEH": sone agoni sts are
common to several THRSenTdaRgagresring thio! cigesugiotidkemnplemantapy telbp Piaaticipqtiggin
bacteria or viruses, apfcjhsided®rdBbRGYheSemieacRsed phagablbiin or bacteri al

|1 popol ysacchar i de- (LR o skl AIRBOR ungds LorkiRorTRaNIoPnERIBRASHh: Whi ch 5
capabl e of causing a S|_gr’cf’éjl I.Ng response t?wough a TLR signal ling pat hway,
either as a direct |ig4f8UGri%hdirect!y through generation of endogenous or
exogenous |igand (Sabroe eta!, JI 2003 pl630-5). In another enbodi nent,

ot her nat ur al | @kurthaf RinBRknient RGOV bistidedafprofésRioAThk Ganlf@EIrear & inseehgas opt i onal

i mrunosti nul a " . i , but are not limted to agonists for
TLR2, TLR3, %@?S't%%@%gngﬁﬁﬂﬂg&% ért:g)g'ne enbodi nent of the present
invention, a TLR agonist is used that is capable of causing a signalling
response through TLR- BiqBednf ey fiee sufhydryigroporsanei BB U a SQ@%’P%W‘F the TLR
agoni st capabl e of Gaustinga AaSin@8 gblp thepid @eg@anse t hrough TLR-1 is sel ected
from Tri-acylated | g 2Sokis RlcresSiRk waba anmeil i n;
Mycobacterium t ubergurt%gﬁg%tt!}l]_ X é( f:%vaf)e;%%ﬁ‘ﬁg | mi togl oxﬁm@( ZeBIBS%u_cleoti cin
propy1l) - N- pal ni t oy 1-9( KyrigRing agjecasd o) dgorp {ﬂﬁe)qc’@ﬂ, MRS dF SERIMSIFTHR
(PanBCys) LP whi ch ni mitees) toheil diertat pdmpriany andleioide-astiyaied @8espioliRd: bact er i al

| i poprotein and OspA. Lifxikg e Baigérednd ail dopley daipbf @nditiohdtha alloav hiyeidinaitn of the
enbodi ment, a TLR agonjsh.dsidesed that is capable of causing a signalling
response through TLR-2 (Sabroe et al, JI 2003 p1630-5). Suitably, the TLR
agoni st capabl e of causing a signalling response through TLR-2 i s one or
nmore of a |i ppfotherembodimeytipers b GVigRIBrProcess iRy de &rRNERcUrg Papheprrets r om M

t uber cul osi s, cdhpodiich gakprifigithe follbwingatbdsi dum  pept i dogl ycans from speci es

i ncl udi ng St aphyl ococcus aureus; |ipoteichoic acids, mannuronic acids,

Nei sseria porins, bacterial finbriae, Yersinia virulence ors. CwW
yirions, measles haé‘rra% 09 $rAMY feeéﬁfgy%%@éﬁ" ?"raghqe%%@ta.su'lfta%%téeﬁ g%ﬁt’t ernative

enbodi nent, a TLR adontdding p malgigisy grppie seidantiggdabl e of causing a signalling
response through TLR-3 (Sabroe at al, JI 2003 p1630-5). Suitably, the TLR
agoni st capabl e of causing a signalling Fesponse through TLR-3 i s doubl e
stranded RNA (dsRNA), or polyinosinicpolycytidylic acid (Poly 1C), a

nol ecul ar nucleic acid pattern associated with viral infection. 1In an
alternative enbodi nent, a TLR agonist is used that is capable of causing a
signalling response through TLR-5 (Sabroe et al, JI 2003 pl630-5).
Suitably, the TLR agoni st capabl e of causing a signalling response through
TLR-5 is bacterial flagellin.



In an alternative enbodi nent, a TLR agonist is used that is capable of
causing a signalling response through TLR- 6 (Sabroe et a/, JI 2003
pl1630-5). Suiwabéiymnzbfse TLR agoni st capabl e of causi ng acwEepe@lokisny
response through TLR-6 is mycobacterial |ipoprotein, di-acylated LP, and
phenol - sol ubl e nodul i n. Further TLR6 agoni sts are described in
W2003043572. In an alternative enbodinent, a TLR agoni st is used that is
capabl e of causing @ S§PYsaInGR G RigepyAEeEolpMatRytR TbTE ¢ abr oe et al, JI
2003 pl1630-5). Sui tablkynjughing aFedehatioviighucalpia bbreplapfenters teshaaigauddogiredt | | ng
response through TLR- 4ej 8 (Fa mit@giRic2hd/@ AR garidNA S ERNhalcim@¥ attivaéane, a
guanosi ne anal ogue at s%lo{. L pns N7 and C8, or an im dazoquinoline corrpound
or derivative thereof "' TR 0ne enbodi ment, the TLR agoni st is jni

Further TLR7 agoni st-s Miing ocfbasanqenaer TiRoRASS 6550 faMordrireapdes Fandiions ia\/e
enbodi nent, a TLR agonicsthytirgizaiiged telvidonyceoiapabl e of causing a signal ling
response through TLR-8 (Sabroe at al, JI 2003 p1630-5). Suitably, the TLR
S e raA Tt B %%rﬁgo@%eﬁ ﬂhg%L.lt.gmere SBON3A 4 HEAUOB: L RafirdcSretnsi nal e

stranded RNA azo ine nolecule wt r | |
activity, for’m@%‘ﬁﬁﬁﬂlcéomﬁit'%{tﬁsﬁﬁi?“?ﬁéﬁw W“Fré‘é’lsﬁfﬁlb?’r’ﬁt?erfoémeﬂ”%g ﬁgb?ﬂf i
recogni ti on biykeFarfgen.mo@r faty of FpoRxBraglydni st s whi ch may be used incl ude those
described in W2004071459. | mrunostinul atory ol i gonucl eofi des or any ot her
Tol I -1i ke rec§plge§rs (TLR) 9 agonist may al so be used (in addition to those
used in hybri ion). Particular oligonucleotides for use in vaccines or
i munogeni ¢ conposi tions of the present invention are CpG containing

ol i gonucl eot i Theszcchea opmmuhageniasorposioad ofithrginvenfisn ovill dempise dn ROlPR BAPRRIR OO G
mot i fs separ aji@ghg BY inlund Rahsel3fiRLa hidVea Br AiaEpatrdhdnl sadrbrar sulstzate theasbessi X or

mor e nucl eot ;p%ﬁﬁqfné.%ﬁ,@%oo?mausa ffwacmareen{buﬁﬂn&@u HE inl AlidnOWE Jalie &

Guani ne nucl onucl eoti d % gsent . nvention are
typi cal |y dedRyHtEFESPTRASEmSPH" '"‘ﬁ’&’r“’f"lwg'ﬁ?rﬁ?r's%?ﬁ)aé' eﬂﬁ T HS AT er'nuct eot i de
in the ol i gormespbmebgaitet 4 tsmphasishymediattigpoarecplagh ing heRYSPHABPBt hi oat e bond,
al t hough phosphodi ester and ot her internucleotide bonds are within the

scope of theJrQVt%J;ht Laﬁ{ben%%n'%!w%ﬁm%&n@é meis&? SRR of cénhge lanyrat@w on are

ol i gonucl eotl I nter DleCole rha {enﬁu lodu0| ng
phosphor ot hi d&iyéacmaf"&oi’ﬁﬁ’ﬁqee?ﬁc‘eﬂég'd d’rmteﬁ%%c’g’fﬁ%t}a%e °[° Q?éetsem are: ded ed in
US5, 666, 153, #SHad7®f BBRg andMVWI8SEspe®e4n 2 hepaihp @ﬁ“abf Apfigpnsi reqy Ber derived,

ol i gonucl eot i aSIoddas otiSthbsdbell REmticaailes fueNiises bhaare, gamsitdsobrbtowemgr

sequences. In Lt iyl %ﬁerr@amoght%gl%ﬁ Hftnd REHtidnNME Rhig@N detvBE HRAYRIE 85
cont ai n phosphor ot hi oate no

ernucl eotide |in
TCC ATG ACG ToYEheses *ﬂét';““‘rf‘°'(e&beé?‘i§2"gﬁ'm?”é&9@g°f BRIy a% c‘f&fig‘irﬂg %NO
CAT (CpG 1758hve(itREMe|2MigRIOSs Jprivedh umanpygus@ASyITTsedisrminsmagatssdEem aeesaRess ( SEQ
| D NO 4): TCGmpitcked it AilekGAEShetdkiseH:E, ABEDs(EHE, A0OE pnd BE@eidEpdN®@nB.: TCC ATG
ACG TI C CTG ATG CT (CpG 1668) (SEQ ID NO 6): TCG ACG Tyr TCG GOG CGC GCC G

(CpG 5456) Alternatiye cl eoti de conpris £s
above in that' "PFFe‘i}"bﬂ?i'i?%"CFfG'%e "Pl"f% []Jg-lﬁlie 'Sarfmvgﬁe 'f“%Hréog%}r?c a0 b‘& %ﬁ]@r@gto The
CpG ol i gonucl @mm@emgqluyq%@glcpﬁw@qw the andiesidelivery extidedh 'sr’r'ﬁ‘il““b"é’ QYA zed
by any met hodarnkiguaywia aminfeledatetinkef. dn agucasrpindodiesmt Efhe4B8BR0here Goprovisad ent | vy,
such ol i gonucitnﬁfahdggrﬁéco%ysﬂﬁﬁcmpﬂé rﬁlﬁ:ﬁub %.e.qoratahdgmen@rﬂﬁnatu& QABLiR the antigen

th A f.th
IS %C e n? IS Ioﬁe][ ur geﬁ\%?yr péiguﬂgﬁ, %/ % gn k%ﬁ_lto qO ore aPtlgens wamailnkér ﬁFlcnﬁheP %rmeolﬁkér cgrﬁﬁlseqs €

nost ’nul an
consi sting of leashof| MR of cepplaMetary eioqugedtidesydhg §‘tt'93“1€|?|’¥e§ pé@%?ﬁ %ft”‘e *fg(e“f*ﬁ'rg 4
agoni st, TLR-&eaigenitstany aumbeRebartigon, Bt exahpR- 17 tocaZf990S antigen TRR@salyerit st ,
TLR- 9'[ agoni St depgﬂdelﬂ u&ﬂm d&ﬂ&:&la{? @ntba‘f&eﬁ\%ﬁy patifle. OTHe aﬁ@b@d"‘mm&e tRd sakd®r in an

i nvention, 0 ion [

ar t1 Ul a |y SETPNEPERSISTHTE Foroaseei et bk SREERG wRffthSaRaR e

and its derivatives. Quil Ais a saponin preparat| on isol ated fromthe
South Anerican tree QuNaja Saponaria Mlina and was first described by

Dal sgaard et at in 1974 (Saponin adj uvant%d", Archiv. far die gesant e

Vi rusforschung, Vol. 44, Springer Verl ag, Berl in, p243-254) to have

adj uvant activity. Puri fi ed fragments of Quil A have been isol ated by

| -1 PLC which retain adjuvant activity without the toxicity associated with
Quil A (EP 0 362 278), for exanple Q57 and QS21 (al so known as QA7 and
QA21). @S-21 is a natural saponin derived fromthe bark of Quillaja
saponari a Mlina, which induces CD8+ cytotoxic T cells (CTLs), Thl cells
and a predom nant |1 gQ&a anti body response and is a particular saponin in
the context of the present invention.



The saponin adjuvant within the i mmunogenic conpositions of the invention
in particular are inmmunol ogically active fractions of Quil A such as &7
or Q5-21, suiwabbiyoi®s2l. | n one enbodi nent t he conposi tcomsoahochke

i nvention contain the inmunologically active saponin fraction in
substantially pure form In particular, the conpositions of the invention
contain Q521 in substantially pure form that is to say, the 821 is at

| east 75% 8OBFCeIYLhe GopHigRIpe Pe fitkpd @RBPMES &f d’ﬁeéﬁéi’”"%%f%ﬁ’i‘a@p'e ol 2at *1 east
98% pure. |15, & 7shecliof40c3cesthod bhemiore dFBRMt antigepy- ovi ded in its | ess

react ogeni c conposition where it is quenched with an exogenous sterol, such

as chol est er qu\ll\ﬁa‘l ule{er g‘é%g%f% of tﬁg}n\?enﬁt{hl (ﬁcﬁgr&% 91‘1'4 lﬁlﬁed PhOE thg;fu orle%ﬁﬁ%nuc?e%tqurem c

conposi tions exo0genous sterol exist.
In one errbodlen%‘i”fﬂ FH@OQ ?[5%1@8%3@ B! t?ﬁ%”?f\?ehtf’ﬂ%m FPleo iyt Pde’-& $dfoni n
sui tably contiai 2. 8. teds.ral 17| 18pi%l 20 fromoreecigenpdiertiss o Sirtrligdndsdotides liikpdto thehi ch i s
sui tabl'y non-s#iges taalbk biffe SmelcPARINLIRET &R @bro; of the bligexBRRkEs RYTY aiflent to
phosphat i dyl CEQ{J}Q? di ol eoyl phosphati dyl choline (DOPC) or dilauryl
phosphatldylc oline. The |iposomes may al so contain a charged |ipid which
increases the stability of the |iposonme-QS21 structure for |iposones
conposed of daunvatrEdeompgritidss. of| the inhetien ecanpiise ankigen ietvarytpagitle difkad delnkei pid is
suitably 1 todfiHemd d dpmjeld IBkddas bompheniemark O%Ker dhvgorfeatt.i Buitably, st I@4sDB0% or
phosphol'i pi d rnt? ﬂ\ﬁtaﬂlgélpr{glééa@é érqlﬁnl)ed tcsémléealbjleﬂ(/e@%ari@esa#% c&%ﬂ%gﬁ%rﬁaer

conpositions nventi on conp n erol in
pa?}tjl cul ar, <HBIFEeGA fhedvayor %té‘??ts'oaé@ﬂld’%( X m\‘/\ﬁé’nﬂﬁ 8%%{} r@‘gecé‘”SS @6n h@‘&‘i % i ons
in whi ch t he astigen ddlivargpagiolee it furthahin bedimens el inventien andieivnof the anigenit ikesled.
React ogeni Ci tiy agigehdefRryFRNCIBE thasis €5 dved 60 bitkhdghtifdd ridneulesih e dsmphissal osed
in WD 96/ 33739, Ilnﬂ&% l&JnQiIelw@r? ‘B%éﬁésng\ atfﬁhhter@nﬂotﬁmgﬂgﬂ t%ndeﬁtcoh @J%@t@ntfa@ dAfgan an

exogenous stero ﬁ‘f"g 4 ‘f enou% f{h gtam sm
from whi ch t He %Tmei" %ﬁ?%esﬁ'rtgep%?fnﬁ?ﬁ‘t‘fﬁ'narf ‘RSWQB'U °Y PRYAES '8 et i gen
prepar ati on diy sststssiedalin epnidhat attirastpblagsh 80% 0% .GP T 0% PONC WREEte AE9HCt | ve
saponi n fractrhddiulesS al@8idded tb hatiged idblver®fpaBBL : InSérer @tbotlinkidt of Wi ie@htioy, e | n
the order of (%ppﬂogﬂla{e /7;) oe %%tgerﬁﬁésteﬁtqn the %L}N@&eﬂm J:on%Q»s;&cﬂs dite |§|\)%1W}| s and

preferably 1 ess, ster ol e ratio
of 0821 : st er B HE" dt VY‘%%%F%&‘“% (‘&T%f%‘”\ n‘\%ﬁ%esmmam%@ﬁ%e" m°‘ﬁ°“lie|§ atl o of
0821 :sterol Hegemove ifafy Hp conphsitions fyrapiari¢ty ofgnpthodiiingwica dledstselt iled iothe@r. usef ul
saponi ns ar e feesavae the omminbeniplcanpsitidesoay s subjeptpd Gastnsifugatoo whésgiopis | | a

struthium Qdﬂfﬂen SARANS Qﬁﬂg\éﬁ"d@lherb'%‘é@cl&eﬁrbemcéddqw ahtiRer B8t fs dof iRbd K
i ncl ude Escu] ed in the Merck index (12th ed: entry

3737) as a m5??58?"85FS?‘a"ésd'b@ﬁle‘fgmgﬁgur| ng in the seed of the horse chestnut
tree, Lat: Aesculus hippocastanum Its isolation is described by
chromat ogr aphiit and purification (Fiedler, Arzneimttel-Forsch. 4, 213

( 1953) ) and /QVadl/eQﬁ @Efqmﬁmgtloﬁ %sth@§asé Eﬁmﬂldﬂg)hﬁnuc@ohde likkSd Bnt%éi% c&@ﬁ%n be
Fractions of escin

Ly active
( Yoshi kana M"M&¢ t%?"t'g éﬁgﬁyﬁﬁ'ﬁaﬁ"%ﬁ% S’Qmeﬁarﬂggguae°t'gﬁ4g\g‘%n% ﬁ%iﬁm
Sapoal bi n frdhs @ﬁ'ﬂ%ﬁm Hitp SP'@E‘?"ERW'W"G'RGWW&?‘HS@W aitigeqs linked tpggmplgmentary
Pharm Bel g., 1@y c@didaddR6)n hgsticalhrsmbbdiesnt,drescis ploddkdikits coalpdsing antigenddiBGOM

producti on f%nﬁé@mal a%ugehn.r@edo@rc&ww@faw &Qdm@e%h&eboﬁﬁe BYerCARRRR 2Ricks\0  OF
nor e i nmunosti nul.ants

i mmuno g eni c Ca&%%tlg?rts cg%tg;atg% to clegelr?]e\?gam II onucleoﬁdﬁs vr\]rﬁ'unetgb!fltﬁo{meq;went ﬁma¥:ceha“ de
and i munol ogiveiispytogash der IEpv B FEParpip. ta“sfrﬁﬁut"Pﬁb?Yb@jr’P@i'ftﬂlpﬁ%n‘? a '”‘st“ﬁté’“ to

i nvention, theaehdspopol ysaccharide is incorporated into |iposonmes of the
invention. In a specific enbodiment of the invention, the

l'i popol ysacchari d i.cal | clli S i s @821
are incor por alflgﬁerFaWta?)pelcgOflggpgn%"ED“&Fer? [§&TVas algtq”here'r\}x ﬂog%%/“ 5] ?aq%ﬁét%éacm ne
preparati ons %‘W&F'Hﬁ’%@ﬂ'%ﬁ'ﬂ'ﬁééjﬁ?‘i‘?@r ‘E‘Hﬁﬂ@g'i'“F]F‘B'ﬁ%s B e aﬁ?%é‘%ﬁ‘? nNveRieht i on
may be used to protect or treat a manmal susceptible to infection, by neans
of admi ni stering said vaccine via systenft or nucosa! route. These

adm ni strations may include injection via the intramnuscul ar,
intraperitoneal, intradermal or subcutaneous routes; or via nucosal
admnistration to the oral/alinentary, respiratory, genitourinary tracts.

Al t hough the vaccine of the invention nmay be adm nistered as a single dose,
conponents thereof may al so be co-adm nistered together at the sanme tinme or
at different tines. In addition, the vaccines of the invention may be

adm nistered IMfor primng doses and IN for booster doses. The content of
protein antigens in the vaccine will typically be in the range 1-500Qug,
preferably 5- 350ug, nost typically in the range 5 - 30014. Follow ng an
initial vaccination, subjects may receive one or several booster



Vacci ne preparation is generally described in Vaccine Design ("The subunit
and adj uvant approach"” (eds Powell MF. & Newran MJ.) (1995) Pl enum Press
New Yor k). Enwepswhmbison within |iposones is described pyrEpdobsssioon, US
Pat ent 4, 235,877. The anount of each antigen in each vaccine dose is

sel ected as an anpbunt which induces an inmunoprotective response w thout
significant, adverse side effects in typical vaccinees. Such amount wl|
vary dependi fFUPGRPYRFH 2 Kt epere fhedk Cﬁ'ﬁﬂﬁ‘bsg'éﬁt Ipast @W”Wéd“"ﬁﬂﬂ’ HEHF M s
present ed. | refigenfdepdeer enbodi nent there is provided a nmethod of treatnent
of an individual susceptible to or suffering froma disease by the

adm ni strati qpon% H\ﬂodﬁ'r%ﬁp&ﬂetﬂvgﬂomeré H?ﬁ)&?tgj[ alfﬂ +r§éreQ1Q§eCkrt c@rﬂgls&%raﬂe%t {3 SO

provided is a net revent an I ndi romcontractin d| sease
sel ect ed fr of"f9RRIGr SR EBHPFT QioRY| W?fee"('i%‘i“bi@“dﬁéé'tdéul?téﬂaStQF\%la'Vg%“éPkeﬁiF’seases,
parasi tic di seasenore gnotictectidas thet dreqeqmpteaiedtery dor the gishwgleriides diils dmgdurther
proliferatiVemdbdifmsasheSiemionShel i foaded a kR irRE®Inpriseol) BNt b antige@livery

pancreatic, renal hnk&\’t@ ohP 8 e JT%Jn@JE%{@s Qﬁ%ﬂﬁ§Bﬁmor@@iﬁer&ff‘ﬁ'ﬁu&éns‘ﬁr%@f&'oﬁe or

di sorders, aIIergKgle I‘ISII’I? %mnlstratlo]noi e ﬁsmlowg

subst anti al | y"HeSMEeri5Eadre BT A EPrPlmanth dp Vi gigrrucry! %5 fluPt n8r2 &8di nent
t here i s prowndetnet ¢f dhediveion Gsdskrevidse a kKipthatgareprises it ene opmerp AYtoercdsive™t her apy
or therapy ofpadici@Omiidt tb @R ofonudicstRia siponshe ek difidiet WaeCdf Rtige0 BRIesY birak

conprises at Ilh@@geltwghgl)ﬁ@!géﬂ&eof ﬁgldd:f%]:enJ (ﬁ&ﬁﬁcleg%s %ﬂ& fn)gﬁQorl hbrd Qﬁgefngfhgﬂ of a
conpl ex, wherein the di ate

onRer 1 e G o UT ABRT PR R PR et 8RO BHe R dt ne | 1
t he manuf act @héordi; apd priiefiatbainieane orf ragre gifesent h""p?fﬁ;ﬂﬁwra&'tkia‘tfotoﬁ@ﬂ@&ytld@? th'@‘ther apy
of a conditi Gre @mpleha&ease thahbaickotidbsf Yaeirile conpri ses a conposition as

substantially described herein. The inventi on vvi I I be furt her descri bed by

reference to the foll ow non-ljmtin

FORVLL AT O\ TR Bttt e (R b s PRI FFERVETIE I RKER
Coni ugat i on dPprtiglia "f{'szdﬂoaﬁeqsg@ﬁ aptiger wvw@ﬂtsmwg the @W@p‘&meﬁtam"g@meoﬂdes or
(deoxyol i gonuitd seB4st ce)antigeMBlifkedlto at least one antigen delivery particle via hybridisation via the

complementary oligonucleotides.

In an afternative embodiment of the invention there is provided a kit wherein the antigen delivery
particte (s) and antigen (s) are in different vials and thus not hybridised via complementary

oligonucleotides so that they can be hybridised at an appropriate time point before administration.

Kits can comprise any number of different types of antigen delivery particle for example, ranging
from 1 to 100 different types of antigen delivery particle. In one embodiment, one type of antigen
delivery particle is linked to identical oligonucleotides, in an alternative embodiment each different
type of antigen delivery particle can be linked to diiferent oligonuclectides. In a further embodiment
kits of the invention can comprise any number of different antigens, for example 1 to 100 different
antigens. Antigens in the kit are suitably linked fo oligonuclectides that are complementary to

oligonucieotides that are linked to at least one set of liposomes within the kit.
fin a further embodiment there is provided a kit that comprises i) at least one antigen delivery

particle linked to one or more oligonuclectides and i) at least one antigen linked to one or more

oligonucleotides that are complementary to the oligonucieotides; and iii) a further immunostimulant,
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1.1.1. Blocking the-SH function of the Ag using N Ethylnaleimde (NEM The
p27 antigen contains an intrinsic -SH capable of reacting with nmal ei m des.
In order to aweichodspisenat ure reaction of this SH with werepmaigestt was
chemcally blocked. 3 protein SH+ CHCH2-N\>./.----7------- 1 C1P-
protein) '.---S -- /- CH2- CH3 00
N- Et hyl mal ei m de Accordi ngly, P27 (SI V) was incubated with a 25-fold nol ar
excess of N BREyneshmulants je (Sigma, MW 125.12) at room tenperature under
agitation during 1 hour. Excess reagent was renoved on a PD10 col um

(Amer sham ush Bendd @mBMinRhOS ﬂ"aa{v%t@rﬂh@re% A&id8d A lAcBiRe &h&fnfuﬂ]ﬁgenErcaﬁﬁojslﬁﬁhs of 1
m were col | %% @a@taﬁtﬁ dl?éﬁ‘;édg.% %g&@&%ﬁ&l_ %ﬁ%n%uuéfm&%m 94?.5:%' ning

NEM nodi fi ed prote con
Efficacy of tqﬁ@‘"}“é?i&rf“i“%‘ﬁ was estl rrat ed by EI | man' s dosage. Fractions 2-4,
containing the purified antigen, were collected and pooled. A direct Ell man

assay was perf efe@dbodiert BehdiRRh@RA tefa€ bloAitdlan inviinbdeyic kbadosifdnl corpishglBCt | ons
were bl oc ked'leas;t one anfigen delivery particle and at least one antigen are linked using an intermediate linker,
wherein said intermediate linker comprising at least one pair of complementary oligonuciectides,
further comprising one or more immunostimulants. Immunostimulants can be within the liposome
(either in the lipid bilayer or encapsulated in the internal aqueous phase), ISCOM or droplet, ad
mixed with the antigen delivery particle in an agueous solution, or in a further embodiment the

compenents of the composition may be adsorbed to the additional immunostimulant.

The optional immunostimulant is selected from the group: a saponin, lipid A or a derivative thereof,
an immunostimulatory oligonucleotide, an alkyl glucosaminide phosphate, a metal sali, a toll-ike
receptor agonist or combinations thereof. In a particular embodiment the immunostimulant/adjuvant
is a Toll like receptor agonist in particular an agonist of a Toll like receptor 2, 3,4, 7,8 0r 9, 0ra
saponin. Particular combinations contain a saponin (in particular QS21} adjuvant and/or a Toll like
receptor 4 agonist such as 3D-MPL or a Toll like receptor 8 agonist such as a CpG containing
immunostimulatory oligonuclectide. Other combinations comprise a saponin (in particular QS21)
and a Toll like receptor 4 agonist such as a saponin (in particular @321} and a Toll like receptor 4

ligand such as 3D-MPL or an alkyl glucosaminide phosphate.

In an embodiment the immunostimulant is a Toll like receptor (TLR) 4 ligand, particularly an agonist
such as a lipid A derivative particularly monophosphory lipid A or more particularly 3 Deacylated
monophoshoryl lipid A (3 D — MPL). 3D-MPL is sold under the name MPL by GlaxoSmithKline
Biologicals N.A. and is referred throughout the document as MPL or 3D-MPL. see, for example, US
Patent Nos. 4,436,727; 4,877,611; 4,866,034 and 4,912,094. 3D-MPL primarily promotes CD4+ T
cell responses with an IFN-g (Th1) phenotype. 3D-MPL can be produced according to the methods
disclosed in GB 2 220 211 A. Chemically it is a mixture of 3-deacylated maonophosphoryl lipid A
with 3, 4, 5 or 6 acylated chains. In particular embodiments, small particle 3D-MPL is used in the
compositions of the present invention. Small particie 3D-MPL has a particle size such that it may
be sterile-filtered through a 0.22m filter. Such preparations are described in WO 94/21292.

The immunogenic compositions may further comprise an immunostimulant which is a

lipopolysaccharide, suitably a non-toxic derivative of lipid A, particularly monophosphoryl lipid A or
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1.1.2. Activation of p27 8.7 m of SH bl ocked p27 (NEM nodified p27) at
-1.1 ng/mM was incubated for 1 (RT, magnetic sterring)

(N-[ y- mal ei mwohuibyisyicoxy] sul f o-succi ni m de ester, Pier eeyrpdoosc®sGVBS/ p27
nolar ratio of 6. By-products and excess of reagent were renpved using a
PD10 col um (Anershan) and 100 nM phosphate pH 6.8 as elution buffer.
Fractions of 1 ml were collected and nonitored by absorbance at 280 nm
Fractions corft%f PRy Hel-R7eriae- Berephrsicatinsfy Rker P boolf €88 eBrBEtt d6nt ent
was est i mat ednvbytion hamynunddaeic ermwbetionsofompnise 8PMPHe f uncti ons on p27 was
estimated by an indirect Ellman's dosage (2.4 mal ei m de functions

det ect ed) . Th Iyﬁheﬁyﬁgwy' Vgsg& ipit ﬁ”&é ﬁr'lomrq-lﬂp HIB %VJO%HH%CAQBHQ 919ucﬁr§_rt Bl )"Otl > a

bi f uncti onal agen cont ai succli nim functi on on one side and a
mal ei ni de on ""H¥E %t her . Succrnrnlde react with -NH functions (e.g. of the
al kal i ne am no-acids of a protein) and mal ei m de react with sul fhydryl

groups (- SH) .oM3aRtdebiyGatid-dbxRb- [(H%%?dw&aﬁd?lexy&ﬂﬂhecﬂﬁﬂyia@m&]bﬁb dh@é%c}ﬁo@ﬂjsay

reveal ed 1. 33 rect

B L T 0 L
S- GVBS/ p27 rde@ﬁﬂﬁQQ resulted in activation of an average of 2 functions
per protein. Gel electrophoresis showed that this ratio gave a relatively

honogenous acdm mtcﬁ(éaaﬂa?e) m{mi @aécerbylowr%cémb@mrol ﬁeiotsoa%aé@e; frannd 15)
resulted in 6}1 (ircxl){f’jl {radgcano %mrnoﬁecan 1g5|-grol 1% b%&tl!réaa ?enoehg,?hateggi?@% l()s4l\';}%fgi%§ ting

that cross-1in roterns’ ata shown) .
Hence the 6 ﬁ%@gy4ﬁ%iro was selected for further experi nents. L1.3.
Conj ugation of p27 antigen and GC SH ODN GC- SH 0s- GpC 0 CONJUGATE

OM 197 MP-Ac DP ( 35, 9R) -3-[{R) -dodecancoyltoxytetradecanoylamino]-4-oxo-5-aza-9-[(R)-3-
hydroxytetradecancylamino]decan-1,10-diol,1 -dihydrogenophosphate 10-(6-aminohexanocate)
(WO 01/46127)

Other TLR4 ligands which may be used are alkyl Glucosaminide phosphates (AGPs) such as those
disclosed in W09850399 or US6303347 (processes for preparation of AGPs are also disclosed), or
pharmaceutically acceptable salts of AGPs as disclosed in US6764840. Some AGPs are TLR4

agonists, and some are TLR4 antagonists. Both are thought to be useful as immunostimulants.

Other suitable TLR-4 ligands, capable of causing a signalling response through TLR-4 (Sabroe ef
al, Jl 2003 p1630-5) are, for example, lipopolysaccharide from gram-negative bacteria and its
derivatives, or fragments thereof, in particular a non-toxic derivative of LPS {such as 3D-MPL).
Other suitable TLR agonist are: heat shock protein (HSP) 10, 60, 65, 70, 75 or 90; surfactant
Protein A, hyaluronan oligosaccharides, heparan sulphate fragments, fibronectin fragments,
fibrinogen peptides and b-defensin-2, muramyl dipeptide (MDP) or F protein of respiratory syncitial
virus, In one embodiment the TLR agonist is HSP 60, 70 or 90.

Toll-like receptors (TLRs) are type | transmembrane receptors, evolutionarily conserved between
insects and humans. Ten TLRs have so far been established (TLRs 1 to 10) (Sabroe ef al, 4| 2003
p1630-5). Members of the TLR family have similar extraceliular and intracellular domains; their
extracellular domains have been shown fo have leucine — rich repeating sequences, and their
intracellular domains are similar to the intracellular region of the interdeukin — 1 receptor (IL-1R).
TLR cells are expressed differentially among immune cells and other cells (including vascular
epithelial cells, adipocytes, cardiac myocytes and intestinal epithelial cells). The intracellular
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Mal ei m de-activated p27 was incubated with a 3.6-fold nolar excess of
GoC-SH (avail able from Eurogentec, 1.5-fold excess nolar by conparison with
t he nunber of wogab®jopszete functions; a phosphodi ester ol i goruetenisisde of the
sequence conplenmentary to that shown in SEQID NO 4 with a thiol group at
the 3' end) in a phosphate buffer at pH 6.8. After 1 h at room tenperature,
Cysteine (Merck, 4 ng/m) was added to quench the reaction i.e. the non
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Conj ugation of liposones to the conplenentary CpG SH oliqo I n order to
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1.3. Hybridization of |iposones and p27. In order to allow for GC
conj ugat ed p27 association onto the |iposone, a hybridization step was
typically perwonmedzas follows. To this end 1.5 nml of | ippospivewdspicy
conjugate (15 ng/mM DOPC) and 3 ml of p27-GC conjugate (0.5 ng/m p27)
were mxed in PBS buffer, pH 7.4 and incubated for 30 mn at 37 C. As a
control to ensure specific binding of p27-GC on the |iposone-CpG via DNA
hybri di zati on, p27-GC was incubated in parallel with |iposones |acking CpG
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weeks 4, 5 angofodsb@y actual bleed days see Figure 4). The mice were

vacci nat ed intranuscularly (injection into the left gastrocnem us nuscl e of
a final volune of 50 pl) with ex-tenpo formul ation. A heterol ogous prine
boost usi ng rieéwslsmeget erspadimenti # GER eetishiy Ysert thethis cpaiAs 7 cpisivy i Fenalling

adj uvant ed p2dspuas thisgid TIERSS (Sabibe @l a/gN Q0Y3, p16H0es) asl@ALDy thie TSR \Mg&hist tpertd &6d at a
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i nvention ar @lsﬁ,ceﬂqplp Qﬁ[egqgnltlon by TLR-7. Other TLR-8 agonists which may be used include those
described in W0O200407 1459.

Immunostimulatory oligonuclectides or any other Toll-like receptor (TLR) 9 agonist may also be
used (in addition to those used in hybridization). Particular oligonucleotides for use in vaccines or
immunogenic compositions of the present invention are CpG containing oligonuclectides, in
particular containing two or more dinucleotide CpG molifs separated by at least three, even more
particularly at least six or more nucleotides. A CpG motif is a Cytosine nuclectide followed by a
Guanine nuclectide. The CpG oligonucleotides of the present invention are typically
deoxynucleotides. In a parficular embodiment the internucleotide in the oligonuclectide is
phosphorodithicate, or a phosphorothioate bond, although phosphodiester and other
internucleotide bonds are within the scope of the invention. Also included within the scope of the
invention are oligonuclectides with mixed internuclectide linkages. Methods for producing
phosphorcthicate oligonucleotides or phosphorodithioate are described in US5,666,153,
US5,278,302 and WO95/26204.
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Formul ati on content p27 Liposonme MPL Q521 Quantity Antigen association
Li pid Conposition Quantity P27 + ASA 514 Ad-m xed wi th nposones
WO 2010/023216 PCT/EP2009/060967

Examples of pariicular oligonucleotides for use in the present invention have the following
sequences. |n particular embodiments of then invention, the sequences contain phosphorothioate

modified internuclectide linkages.

(SEQ ID NO 1): TGC ATG AGG TTC GTG AGG TT (CpG 1826)
(SEQ ID NO 2): TCT CGC AGC GTG GGG CAT (CpG 1758)

(SEQ ID NO 3): ACC GAT GAC GTC GCC GGT GAC GGC ACC ACG
(SEQ ID NO 4): TCG TCG TTT TGT CGT TTT GTC GTT (CpG 2006)
(SEQ D NO 5): TCC ATG ACG TTC CTG ATG CT (CpG 1668)

(SEQ ID NO 6): TCG ACG TTT TGG GCG CGC GGG G (CpG 5456)

Alternative CpG oligonuclectides may comprise the sequences above in that they have
inconsequential deletions or additions thereto. The CpG oligonucleotides utilised in the present
invention may be synthesized by any method known in the art {for example see EP 468520).
Conveniently, such oligonuclectides may be synthesized utilising an automated synthesizer.

Accordingly, in another embodiment, the compositions of the invention further comprise an
immunostimulant selected from the group consisting of: a TLR-1 agonist, a TLR-2 agonist, TLR-3
agonist, a TLR-4 agonist, TLR-5 agonist, a TLR-6 agonist, TLR-7 agonist, a TLR-8 agonist, TLR-9
agonist, or a combination thereof.

In one embadiment of the invention, the immunogenic composition further comprises a saponin. A
particularly suitable saponin for use in the present invention is Quil A and its derivatives. Quil Ais a
saponin preparation isolated from the South American tree Quillaja Saponaria Molina and was first
described by Dalsgaard et al. in 1974 ("Saponin adjuvants’, Archiv. fiir die gesamte
Virusforschung, Vol. 44, Springer Verlag, Berlin, p243-254) to have adjuvant activity. Purified
fragments of Quil A have been isolated by HPLC which retain adjuvant activity without the toxicity
associated with Quil A (EP 0 362 278), for example QS7 and QS21 (also known as QA7 and
QAZ21). QS-21 is a natural saponin derived from the bark of Quillaja saponaria Molina, which
induces CD8+ cytotoxic T cells (CTLs), Th1 celts and a predominant IgG2a antibody response and
is a particular saponin in the context of the present invention.

The saponin adjuvant within the immunogenic compasitions of the invention in particular are
immunologically active fractions of Quil A, such as QS-7 or Q8-21, suitably Q3-21. In cne
embodiment the compositions of the invention contain the immunclogically active saponin fraction
in substantially pure form. In particular, the compositions of the invention contain QS21 in
substantially pure form, that is to say, the QS21 is at least 75%, 80%, 85%, 90% pure, for example
at teast 95% pure, or at least 98% pure.
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In a specific embodiment, QS21 is provided in its less reactocgenic composition where it is
gquenched with an exogenous sterol, such as cholesteral for example. Several particular forms of
less reactogenic compositions wherein Q3821 is quenched with an exogenous cholesterol exist. In
one embodiment the liposomes of the invention that comprise a saponin suitably contain a neutral
lipid, for exampte phosphatidylcholine, which is suitably non-crystaltine at room temperature, for
example eggyolk phosphatidylcholine, dioleoyl phosphatidyicholine (DOPC) or dilauryl
phosphatidylcholine. The liposomes may also contain a charged lipid which increases the stability
of the lippsome-QS521 structure for liposomes composed of saturated lipids. In these cases the
amount of charged lipid is suitably 1 to 20% wifw, particularly 5 to 10%. The ratio of sterol fo
phospholipid is 1 to 50% (mol/mal), suitably 20 to 25%.

Immunogenic compositions of the invention comprising Q521 and a sterol, cholesterol in particular,
show a decreased reactogenicity when compared o compositions in which the sterol is absent,
while the adjuvant effect is maintained. Reactogenicity studies may be assessed according to the
methods disclosed in WO 96/33739. The sterol according to the invention is taken to mean an
exogenous sterol, i.e. a sterol which is not endogenous to the organism from which the antigenic
preparation is taken but is added to the antigen preparation or subsequently at the moment of

formulation.

Where the active saponin fraction is Q821, the ratio of QS21: sterol will typically be in the order of
1:100 to 1:1 (w/w), suitably between 1:10 to 1:1 (w/w), and preferably 1:5 to 1:1 (w/w). Suitably
excess sterol is present, the ratio of Q521:sterol being at least 1:2 (w/w). In one embodiment, the

ratic of Q521:sterol is 1.5 {(w/w). The sterol is suitably cholesterol.

Other useful saponins are derived from the plants Aesculus hippocastanum or Gyophilla struthium.
Cther saponins which have been described in the literature include Escin, which has been
described in the Merck index (12" ed: entry 3737) as a mixture of saponins occuring in the seed of
the horse chestnut tree, Lat: Aesculus hippocastanum. Its isolation is described by chromatography
and purification (Fiedler, Arzneimittel-Forsch. 4, 213 (1953)), and by ion-exchange resins (Erbring
et al., US 3,238,190). Fractions of escin have been purified and shown to be biologically active
(Yoshikawa M, et al. (Chem Pharm Bull (Tokyo) 1996 Aug;44(8).1454-1464)). Sapoalbin from
Gypsophilla struthium (R. Vochten ef al,, 1968, J. Pharm.Belg., 42, 213-226) has also been

described in relation to ISCOM preduction for example.

In a particular, compositions may comprise two or more immunostimutants from the above list. In
one embodiment the immunogenic compositions of the invention comprise both lipopolysaccharide
and immunclogically active saponin. in a further embodiment of the invention, the
lipopolysaccharide is incorporated into liposomes of the invention. In a specific embodiment of the
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invention, the lipopolysaccharide is 3D-MPL and the immunologically active saponin is Q321 are

incorporated into liposomes of the invention.

Vaccination

The vaccine preparations containing immunogenic compositions of the present invention may be
used to proiect or treat a mammal susceptible to infection, by means of administering said vaccine
via systemic or mucosal route. These administrations may include injection via the intramuscular,
intraperitoneal, intradermal or subcutaneous routes; or wvia mucosal administration to the
cral/alimentary, respiratory, genitourinary tracts. Although the vaccine of the invention may be
administered as a single dose, components thereof may also be co-administered together at the
same time or at different times. In addition, the vaccines of the invention may be administered IM

for priming doses and IN for booster doses.

The content of protein antigens in the vaccine will typically be in the range 1-500ug, preferably 5-
350ug, most typically in the range 5 - 300ug. Following an initial vaccination, subjects may receive

one or several booster immunizations adequately spaced.

Vaccine preparation is generally described in Vaccine Design (“The subunit and adjuvant
approach” {eds Powell M.F. & Newman M.J.) (1995) Plenum Press New York). Encapsulation
within liposomes is described by Fullerten, US Patent 4,235,877.

The amount of each antigen in each vaccine dose is selected as an amount which induces an
immunoprotective response without significant, adverse side effects in typical vaccinees. Such

amount will vary depending upon which specific inmunogen is employed and how it is presented,

In a further embodiment there is provided a method of treatment of an individual susceptible to or

suffering from a disease by the administration of a composition as substantiaily described herein.

Also provided is a method to prevent an individual from confracting a disease selected from the
group comprising infectious bacterial and viral diseases, parasitic diseases, patticularly intracellular
pathogenic disease, proliferative diseases such as prostate, breast, colorectal, lung, pancreatic,
tenal, ovarian or melanoma cancers; non-cancer chronic disorders, allergy comprising the

administration of a composition as substantially described herein to said individual.

in a further embodiment there is provided a vaccine composition for use in the prophylactic therapy
or therapy of a condition or disease wherein the vaccine composition comprises at least one
lipesome and at least one antigen in the form of a complex, wherein the antigen and liposome are

linked using an intermediate linker.
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In a further embodiment there is provided the use of a vaccine in the manufacture of a medicament
for use in prophylactic therapy or therapy of a condition or disease wherein the vaccine comprises

a composition as substantially described herein.

The invention will be further described by reference to the following, non-limiting, examples:

EXAMPLES

I- FORMULATION OF LIPOSOMES LINKED TO ANTIGEN VIA AN INTERMEDIATE LINKER.

L.1. Conjugation of the p27 antigen to the GpC-SH single strand QDN {decxvoligonuciectide).

Method:

1.1.1. Blocking the-SH function of the Ag using N-Ethylmaleimide (NEM)

The p27 antigen contains an intrinsic —SH capable of reacting with mateimides. In order tec avoid a

premature reaction of this SH with maleimide, it was chemically blocked.

0 o)
3]
2 3
o )

N-Ethylmaleimide

Accordingly, P27 (S1V) was incubated with a 25-fold molar excess of N-Ethylmaleimide (Sigma,
MW 125.12) at room temperature under agitation during 1 hour. Excess reagent was removed on a
PD10 column {Amersham) using 100 mM phosphate pH 6.8 as elution buffer. Fractions of 1 ml
were collected and monitored by absorbance at 280 nm. Those containing NEM modified p27 were
pooled and analysed by Lowry (protein content). Efficacy of the reaction was estimated by Eliman’s

dosage.
Fractions 2-4, containing the purified antigen, were collected and pooled.

A direct Ellman assay was performed on the pooled fraction to verify that all SH functions were
blocked.
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L.1.2. Activation of p27

8.7 ml of SH-blocked p27 (NEM modified p27) at ~1.1 mg/ml was incubated for 1h (RT, magnetic
sterring) (N-[y-maleimidobutyryloxy]sulfo-succinimide ester, Pierce) at a S-GMBS/p27 molar ratio
of 6. By-products and excess of reagent were removed using a PD10 column {Amersham) and 100
mM phosphate pH 6.8 as elution buffer. Fractions of 1 ml were collected and monitored by
absorbance at 280 nm. Fractions containing maleimide-activaied p27 were pooled. Protein content
was estimated by Lowry. The number of maleimide functions on p27 was eslimated by an indirect
Eliman’s dosage (2.4 maleimide functions detected). The S-GMBS N-{gamma-maleimidobutyryloxy-
succinimide ester) is a bifunctional reagent containing a succinimide fuhction on one side and a
maleimide on the other. Succinimide react with -NH functions (e.g. of the alkaline aminc-acids of a

protein) and maleimide react with sulfhydryl groups (-SH).

Quantification of p27 in the pool using the Lowry assay revealed 1.33 mg/ml (for a total volume of
5.6 ml). An indirect Ellman assay was applied to verify the activation yield. The data showed that
the S-GMBS/p27 ratio of 6 resulted in activation of an average of 2 functions per protein. Gel
electrophoresis showed that this ratio gave a relatively homogencus activated p27 population.
Using higher ratios (7.5 and 15) resulted in a smear pattern of higher molecular weight bands
suggesting that cross-linking of several proteins may have occurred (data not shown). Hence the 6
molar ratio was selected for further experiments.

1.1.3. Conjugation of p27 antigen and GpC-SH ODN

O
Camier —NH, + N -O- c (CH,), N ; _,...-NH C(CH)L-N |
GMIBS
O
| Gpc-sH
O 8-6pC
i
NH-C-(CHz)B-
Q
CONJUGATE
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Table 1: Summary of tested fornulations. For clarification of the adjuvant
antigen conbination strategy used, and in particular, the design of control

groups, a | egeodensspisovi ded bel ow to enabl e the skill egcepepfenshsar easily
determ ne the content of each formulation and |ink the description in the
text with the figures. The legend clarifies fornulations referred to in

Table 1 (above), the text and the Figures below +: conponents before and
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the SUV. PBS.¢ bl Ot WRSs NagHPO4: 8.1 nM KH2PO4: 1.47 mM KA : 2.7 nM
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in chloroformand the sol vent evaporated under a streamof nitrogen to

obtain a | i pitde tdnjugate ddratofddlatresrasindiy@dr ated with a buffer containing 50
Hepes and 6% sucrose pH 7.4 to reach a DOTAP final concentration of 20

ng/m . The ob.t@b%gamsﬂn%ss@esvwm@c@%m_u@m& abd-¥reidbr uded through
pol ycar bonat e nenbranes of 400 nm then 100 nm

In order to covalently attach the CpG-SH cligo (a phosphodiester CpG of the sequence as shown
in SEQ 1D NO:4 with a thiol group at the 3’ end} onto the surface of liposomes, modified liposomes
incorporating a POPE-MAL lipid derivative (POPE with a maleimide function attached at its polar

head group), were prepared. The used method (lipid film hydration) is described hereunder.

DOPC (8.7 mg), Cholesteral {2.5 mg), 3D-MPL (0.5 mg) and POPE-MAL [N-(3-maleimido-1-
oxopropyl}L-a-phosphatidylethanclamine, 1-palmitoyl-2-oleyl, NOF American corporation} {1.3 mg
representing ~10% mole of DOPC were solubilized in 2ml chloroform. The chloroform was
subsequently evaporated under nitrogen flow and dried under vacuum during 3 h. The dry lipid film
was added with 1 ml of 10 mM PO4-150 mM NaCl, pH 7.2 containing 7.5 mg of CpG-SH
(representing 1.5-fold molar excess of CpG-SH over POPE-MAL).
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To prepare p27/ DOTAP- DOPE conplex, 2 m of p27 at 200 pg/m were mxed with
2 m of DOTAP/DOPE |iposones at 4 ng/m DOTAP concentration and the m xture
al l owed to i ngobatesats RT for 30 min. The buffer conposetiereo@fosdobi s

m xture was Hepes: 5 mM sucrose: 9% pH 7.4. To estinate the association
efficiency, liposomes were pelleted by ultracentrifugation at 200,000 g and
p27 was assa ed in the pellet and supernatant using a nodified Lowy

procedur e. HfeBed 'éi’fqe%""ﬁﬁ RANgOTRreY 'R f“é’r"’é%‘?"i‘“ﬁé‘ﬁﬂ CQ%%etee@f‘iS?Fﬁf“ébefth

appr oxi mat eI Vipi@OfiliF 0% ofesqn@s/of Bo@H$tl it the hydptieonadism aldvied fof the reattiqt bedweeh SHdenot ed
"p27-+DOTAP" antﬂﬁélenﬁm-oc&fS&fd@egr\é@a?uorS@ ktid BAther 2R bl haRihiddnHRRE $hetsolGfidnSuUCT 0Se

at pH 6. 8. T%apgo%eﬁgfrgg,aéfpﬁ!éé SR8 E8w) o FinQf o s (S%QQQ%H%@NAS&S v

Hepes, 6% sucrose I'n 50V
Hepes, 6% suérfeag‘é”bﬁ*ﬁfj6“%4%1%““9‘?{@‘39:‘?3}{??3%9 allowed to i ncubate at RT for 30
mn. This fornmulation is denoted "p27-+PEl" The ASA adj uvant was adm xed
to these two at aeMeHdadsi iRudBatipy, i@l’c;-:ﬁdarpa;dmgnipsstomag werk puiticd fonC ResS Opd-BALtbyt he ASA

concentrati On!tr%ﬁtéiﬁ%lﬁbry %b@(}% g} P, Enh@&) H'§ee pErQJtarfPEJE!ﬁé.mQJ RURSHG) ks dbmByeld gan

collection Il - ation ?mretro orbital vein

(50 pl per mOEe Pefef (‘i?i‘tﬁ'é'“?)'é’f’s"ﬁ\e&ﬁﬁ)Waéﬁﬁ”ﬂ’e?dgﬁt”ﬂ?/(’ ‘('J Vﬁ' %d in RPM + heparin
(LEO nedi umAsRBIngl sigpr the urredcter evhieintigeofastions at {hashitRse ejlipgromds were AUTEBERLANE) .
Cells were t hneiﬁg sasiheds moruktas) 2R id BO alnl YThewpdsemésowtdlspin perRed &f re@slehoc

dilution in % ﬁ&n%ﬂe@uspérﬁ@@mbﬁiﬁ&’)ﬁer Il -1.2.2 Spleen cell Isolation
cel

Briefly, total S were extracted by disruption of spleen, cells are then
re-suspended within a large volunme of RPM (5 spleen within 35 nl). Spleen
cel | s are i sdielet end stnemaight fron Yapive pitegentiifigatione nvery EFEDERL ANBYe. adasppplaelcyt es
are then washkeeopkopisi tandstadid With Bl blofids tsjeengedemat ofaPG e rdi dhotr).on i n ad
hoc buffer for their further used as target cells in the CMC assay. |1

-1.2.3 Lynph no el | olatlon jefly, total cells are extracted by
di sruption of%%*h—ﬁ&—ﬁ%%%s. These cells are carefully washed
twi ce, counted and finally re-suspended at ad hoc dilution in ad hoc buffer
for their funt&edr tamiedfaspt adnf@itedCi lassotiftioh Bto GMipAGBA W hybtidizatidn Sep was
| mrunol ogi Caltypﬁtgﬁ%&ﬁarmed as follows. To this end 1.5 ml of liposome-CpG conjugate (15 mg/ml DOPC)

and 3 ml of p27-GpC conjugate (0.5 mg/ml p27) were mixed in PBS buffer, pH 7.4 and incubated

for 30 min at 37 °C. As a control to ensure specific binding of p27-GpC on the liposome-CpG via

DNA hybridization, p27-GpC was incubated in parallel with liposomes lacking CpG oligo at their

surface.

Both test and control were then ultracentrifuged to allow for separation between p27-bound
liposomes (pellet) and free p27-GpC (supernatant). Peliet and supernatants were then analysed by
SDS-PAGE and Coomassie staining. The data for two representative experiments are shown in
Figure 3A and 3B. The majority of the p27 was detected in the pellet in the case of the test but not
the control indicating that the presence of CpG oligo at the surface of liposomes allowed an
efficient association of p27 to the liposomes.

Q821 was added to immunogenic composition to a conceniration of 100uyg following hybridisation.
This formulation will be denoted “P27-GpCCpG--ASA™ as explained in table 1 and annexed box.

Of note, for immunization experiments, the mixture resulting from hybridization was injected without

removal of the p27-GpC that was not associated.
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Il -1.3.1 Intracellular cytokine Staining (1CS). ICS was perforned on bl ood
sanpl es taken as described above. This assay includes two steps: ex vivo

stinulation andmﬁ,ag’;,ﬂiﬁng Ex vivo | ynphocyt e stimulati opcﬁﬁpja@rot@gﬂed in
conpl ete medi um which is RPM 1640 (Bi ow taker) suppl emented with 5% FCS

CEo ! B s Rl s &8 Bbs@heC ik PR AIBUPEY BLIGORAL] S8 SAtgdA ], D28
‘streptanycin sul fate 10 uni ts/m penl cillin G sodi um (G bco) 10 pg/ m

st r ept any cMATERIASMNE METHOBXISC apt oet hanol and 100X di | uted non-essenti al

anm no - aci fggentdhda ddafige additives are from G bco Life technol ogies.

Peptide stinulations were always performed at 37C, 5% CO2. STEP 1: ex vivo

stinmulation (SIV-p27 nodel) For ex vivo stinulation, 5 to 10 105 PBLs were

r e- sus pendedimilaiogsonpmatzed AeemP SIS errEreioWA TRt Gp%ﬁ?ek(ﬂd CgBYBS ey

Sl V- p27 pepikig gemdleaicd (10yedd).appinig rdegivddivainjettionsapacs 1adus arcenpassi ng

di fferent Mﬂ%&.ﬁ@@m 3 £5la'd €& duPBBld H8Ss RN Ghasie Wbrevashitkst ed

pept i des putr Eq {T‘INGi ?n%%eftenlt ge%sluent tofa anlnvoﬁ%%ro dv\gw&f 1pglm for
each. Afte'PraT”ﬁ ‘"ﬁc g/ "R RO “'Bt 0scl encesg5 dded for 16
hours and ie®peiempsfics. éd‘le!e@é’ﬂ‘é’é PERS @OSfé!S'ﬁQ)rteﬁﬂmbtﬂf*”t FEenpdLT @dingsfpHbe SV- st aj ni ng

Directly af27erottantadj@tnterp27 RBE ssed pecostad prned thBrdepbilirys esliljstederedosmshed once
and t hen sgfglxn@ﬂd/pmmem@mésrgm%pesamdlm@hﬂs all purchased at BD,

Bi osci ences; all further steps were perforned on ice. The cells were first

i ncubat ed for 10 mn. in 50p1 of CD16132 solution (1/50 f.c., FACS buffer).

50p1 of T Swwmargefferpulationstested gylioas added (1/100 CDBa perCp, 11100 CD4

APC Cy7) and the cells were incubated for 20 m n. before being washed.
Cel I's wer erifel f5iR@in tdB@r(f%ﬁzb‘l)|shr§ﬁ51':zéé"all2tg%lfoﬂfulaﬁlﬂé ciliding SRl drAEatiGRD,

Bi osci ence sh buffer (BD, Biosciences) before
bei ng stai (;%m O\SA@’ % i ﬁ'on?reRW%\lgg\PC anti-TNFa- PE and anti 1L2-FITC

ei ther for Z-ReHESoaipreritght= TVWW%rTM
with CELLQUESTITIT SOoIt :1r@am'f_£5puu eve\ Ig&i aWbdatdn Tl L NE_ (Al LEpid@bmpositds 110 hr e
acquired pr_tiEsess L1 oostiiresta osergs ot ol -6—ac oo 880 i n
Vivo (OMC fEsras Ehalinked Uity g ke T DR E/ChUIBGRE] P ET

i mmuni zed jand Pﬁn*ﬁ'\r ol mceiwere |nj Mwmxﬁdnhthwsmeﬁ a myx ||ﬂ@PCIﬁfJIfPQPHM4an prsgppeli fic

i

and Non- SpEGiA.ig.Lsar gel S hfat] 0 1/ LamSyngeaks spl ehoeyteseand | \mlhsabde
cells are Ioag gcgr not sz@Pt’ChGlpg/m of qqmpool of 59|15-ners peptifde| .
enconpassi Igpzt-mtrrAMMA%he St3¥g P27 PT&hkcaioding @ DEt Al sEmEs L e Vo ArDor e Ehol | @ 1| Yig
| abel | ed witle2Eritafrand ashi gh dosdonisfybaiEspimeEgy | he di fEORGGht | o]l SjsgPie] | ng,
car boxyfl uorescein succini mdyl ester (CFSE; Ml ecul ar Probes - Pal noski et
al .; 2002, J. I'mmunol . 168,,43%hnAaSR iRS rdfSidicd_a concentration of 0.2pM
or 2.5 pM Both types of targets were pooled at 1/1 ratio and re- suspended

at a concentration of 108 targets / nil. 200pl of target m x were injected

per nouse Faiclerificaiien efdhd adj;aeainharm'gen@aly@naam%’lategmﬁeq,ﬁp@apﬁrtw_ar. etderiandici ty was

assessed byonirhGRbbsan ®gyrail is pofiddal baed tf pragid i skl fe)sob akedailyf deermisaite | f i ced

ani mal = 24H, ai.1&f eafcﬁfo%ﬁat.brmnaw tmesJ bon rmmemrmﬁ@ﬁgm T Rlyshd Qbrid 7

specific tanﬁlet ce nti gen-negative controls

oD he 1 BIRT e I e d P B T e B o051 o be 200+ (< X100)

+: components before and after the sign were ad-mixed (no association was used).
-: components before and after the sign were covalently attached.

--GpCCpG--: means that the component before the sign was linked to the component after the
sign using oligo hybridisation (a linker).

ASA*: 10% of POPE-MAL included in the liposome bilayer of ASA.
P27-+DOTAP: p27 was ichically bound to the liposomes.
P27-+PEl: p27 was ionically bound to the pelymers.
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control target (-) (preinj.-) Corrected target (+) = target (+ ) X--------
(preinj.+) Pre-injected target cells = mx of peptide-pulsed targets
(preinj.+) anggvafmepiised (preinj.-) targets acquired bypJdrAGRoh&LAk
injection in vivo. Corrected target (+) = number of peptide-pul sed targets
acquired by FACS after injection in vivo, corrected in order to take into
account the nunber of preinj+ cells in the preinjected mx (see above). 11
- 1. 3. 3 Ant i gdir kiirepafdtion gfivonteldeyrmuiatiens: ( pool ed) sera anal ysis of specific
| gG (ELI SA). Serol ogi cal anal ysis was assessed 2 weeks after second

injection. Mge {4 moq,ga,rp,%rfo u%g) were bled by retro-orbital puncture.
Plate that are use NUN Im"runosorbanteapl ates), their

coating is diffEPENT "%{?:E?B?hcﬁs aongat'?Wéoiﬁéte'fh@r FPMesgar oRRypihgi "gRplss % model
ant i - SI V- p27 aneB&MRIGEoens svivens ivae dricd fiol] yngi va@m yge Rllernalively endene stesam obit ed

w th anti gen imregas). gkt acadoud Col(idb® Qdh Pefnodihtt bﬂfere&st@)ZVasSlﬂHnUiﬂidﬂﬂarﬁng mL in
PBS). Revel atJeQéél tﬁ&j d’z\{ﬁlsau% :d% i%bép onpflh@tsﬁs?:e B%a m@&‘m% e g Ll wash

buffer (PBS / Tween

ont ur it § on_ Ul BPSqTSEEs pategised At J8) 1 705 BERS ooy erfd i P?w@‘ter

Sat urati on buTvP'ea"y M§h¢'@mé@5l§ﬁwy|@®®nep‘ﬂtm\fmd‘l4 wive dendditpsaiuenep vl y2sadded
and i ncubat edadii@f to @ROL et cl@lsiionishesiraibn & 5Go s@fnb@ill. Thrpaowashesa déel pl at es

}[/\ﬁ{ Zl i P;gbgf leéjz fcfPr’EOd)ﬁO}‘f? amp% r@érregzcg:aé’\’?lé\h f%rﬁs@naplumﬁifnelgl @&i!él%};yl @%@ﬂm?a:a&éou%g\lfvse

bl ates ore vEURIAGNE oI SYCRRS o v A o Pk BE e e n

per oxydaselAnf %H}*C'diWuﬂ‘édHl@OGh'ﬁ imintise jspeferepd s tSho e wis W@d wdeked (100
pl per well).prddascelcamt pavasiiganas tiat i7ss BpsLEAS DS2Iwanasihat Auihdl esncerftrativalof y, 100

pl OPDA (37. 5108l,q/h. Tt@ﬁo!rr@bﬁ‘onqsedemﬁed o8 ORJp t ween - pHA. 5 + 15 ng OPDA + 37.5
pl H202 added ex?errpo per well was added and the plate were kept in the

dark at roomtenperature for 20 mnutes. To stop the reaction, 100 pl of
H2SO4 2N was htilédAgseriatige| 9f pP2THe RAJASrepBiAEBg WiRgsames (Pr RE! éPquH!eeﬁgﬂrﬁ) of
490/ 630 nm bypaymekl i se pl ate reader from Bl ORAD. Results were cal cul at ed
using the Softmax-pro software. I1- 2 RESULTS Il - 2.1 CYTOKI NE PRODUCI NG
T- CELL DETECT-E:?"QF’EXDQF—WC(“FB@S? liposomes, DOTAP (N-[1-(2,3-Dioleoyloxy)propyi(l-

NN Ntrimethylammonium methylsulfate} and DOPE {diolecylphosphatidylethanolamine) at a molar
ratio of 1/1 were mixed in chloroform and the solvent evaporated under a stream of nitrogen to
obtain a lipid film. The film was hydrated with a butfer containing 50mM Hepes and 6% sucrose pH
7.4 to reach a DOTAP final concentration of 20 mg/ml. The obiained vesicles were sequentially

extruded through polycarbonate membranes of 400 nm then 100 nm.

To prepare p27/DOTAP-DOPE complex, 2 ml of p27 at 200 pg/ml were mixed with 2 mi of
DOTAP/DOPE liposomes at 4 mg/ml DOTAP concentration and the mixture allowed to incubate at
RT for 30 min. The buffer composition of this mixture was Hepes: 5 mM; sucrose: 9%, pH 7.4. To
estimate the association efficiency, liposomes were pelleted by ultracentrifugation at 200,000 g and
p27 was assayed in the pellet and supernatant using a modified Lowry procedure. The association
yield in this experiment was estimated to approximately 60-70% of p27 bound to liposomes. This
formulation is denoted “p27-+DOTAP”.

PEI (MW = 750 KD} was solubilized in 50 mM Hepes + 6% sucrose at pH 6.8. To prepare p27/PEI
complex, 2 ml of p27 at 200pg/mi in 50 mM Hepes, 6% sucrese, pH 6.8 were mixed with 2 ml of
PEI at 4 mg/ml in 50mM Hepes, 6% sucrose pH 6.8 and the mixture allowed to incubate at RT for
30 min. This formulation is denoted “p27-+PEI".
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Figure 5 illustrates the cytokine producing CD8+ T- cell frequency detected
for the different groups 7 days after second injection. Primary COB
response was wer§opzais( dat a not shown). Secondary respoRSEEPIEANINEd i n
Figure 8 are then the results of a clear boost of the primary response. 7
days post 2, COB frequency was very low for mce that have received the

formul ati on n free AS ) und to
t he surface g'% F’"?’!{‘)o ud'rgr%s 2% FTOG 'Xed f‘?a[%ﬁﬁtvﬁ%%g 5“ 7% ?mﬁA frﬂvgra&)dé)&gﬁﬁm t he
CD8 responset%@dkSAéP@a'Ft'laS}onl‘"ﬁ&F‘é‘Hé'@Ht%{%a‘E%?Prf?é?f@?ﬂgftob"SP27 + ASA, showi ng t hat
the binding of p27 on the |liposone had a cl ear enhanci ng i npact on CDS+
T-cel | response oganidi@dioh Or Mul ati ons where antigen/liposone association
via oligo hybridization was not possible were the follow ngs: the

formul ati on conprising POPE-MAL-containing |iposone but without bound CpG
(p27 + ASA*) b2t PRLs59f80% at i on cont ai ni ng hposone associ ated to CpG but
unnodi fi ed pﬂoo@ pasitakien ASAetro GHIE) yeinaF0 pilper nficgsaril rmitd mengrain) And@Gretizdinjedipat ed t o
P27 but with dﬂwmosqrssarinagtbpgnéa&% atpLt h@ére SdMd@ GRoUGR 2 - ;yr@ae.‘prép ARRlex. Al l

these control F\fiﬁmh becﬂg \.Sver!e ﬂ%rlrlgi%qe cou@%aAdQ%llg%re r ?JQ;%H?y rad hQJc §I& n Thi's

i ndi cat ed tha rovemnen response clear equi red the
associ ati on dt2thee pgier 35 bPYosome vi a hybridi zati on and was neither due to
the chem cal nodifications of the antigen and/or |iposones, nor the sole
presence of tjhe;. mgméeinestug]g&olaound to the liposone. In conclusion, the
overal | data B?h@wom% AL o p;aremsr&% KRN3R AARRE géahsqvvﬁtqmgyard@ ndi ng,

via hybridiz he antigen o the

| i posone cont'aFH? AFHHE ?p}?ﬁ'wi'%‘tq5rﬂn QH‘E%‘ oRASIT PRI ush ROALN eptgﬁag Htl ce

i nj ected wit HCERERIBNEY iLpwphewtes aienthpy wesied, oxinded angi fjally (rer2ErerDSTAIPYd tict h
ASP.) or cat idptiofinR®hdteer {of thekrfarthBiEsyd M tirfet &Tébh tHermtiecRshydet ect abl e
frequencies of p27-specific CD8+ T-cell. These latter data indicate that
associ ation of antigen to particulate systenms such as DOTAP | i posones or
PEI pol yner, Wik offee nedf el GellYhs, is not sufficient to induce CD8 and
hence suggestBrieflvatotal oslsram etiacGD8y ¢le‘sm=9'm9féhe(5tﬂ§t§¥9\h@mh werish Thgseicgle arewarsfully
associ alt ed toﬂaé&awéeac@htetgmmﬁaln@msiud@n&w:alraiddiozamimrm éﬁﬂ&c ﬂlﬂﬁaii( i tmﬂmhgue to
particulatio re 6 illustrates the cytokine producing
CD4+ T- cell nf?iaé&%%t%q%ﬁg]gc%%&g&gr the different groups 7 days after
second injection. As observed for the CD38 response, primary CD4 response

was very | ow ldbdimmunelogibabagspys Responses reported in Figure 9 are then the
result of a clear boost of the imune response. At 7 days post 2, for the

data clearly ;shopy Lf?@&ll&lﬂ%y@ﬁﬁ&&%ﬁinh%so‘c the antigen to the Ilposorre via
hybridi zati on_has a e p27 +

ar
ASA and” P76 Eepseraad ot ond senbes i el st BEHE d1 RERE PTT P RS ons
showed that twe sep¥riint anvesiiningf £ Mo @gnehopidas Hipwigton i Berigmied diueemplstet gsium
nmodi fi cati on vadichidRPNIr1@4ceiBRwWREY spplEmantadSHhth o %0FCS @lamdnemslerhde p@aii dfieaant i on of

the liposone %P%Zus'g doﬁygﬁl% s Gbadh I}ﬁd %Bhéa(éy BREdHnEesy o e , 5 Onpd Q&iml-n' posone
(P27 + ASA*- C@ ne of the mce, _in| ns cg)nt ni ng
i

cationic-lip epgg H%T%ﬁﬁtawc'f'hs"l\%%) ?““QEYMPW”S % ﬁOd'um (86’ 2 1) with
ASA) i nduced s&“erztw'aéwﬂﬁﬂf@qmetp@%anelfamwagb@émm @S@m:ﬂmm celfy glithgsp. 2 2
CYTOTOXI C ACTda¥itiveY altadiz GIHcb L FNedhaktgics Chplide Fstigulations ivard dlekgs parfoasedtan 87°C,

cyt ot oxic actécyvb%y detected in vivo 21 days after second injection. PBLs
wer e anal ysedS after i £ éljo%tadr et cells (for details, see materials
and net hods) . p27 was bound to the surface of

|'i posones t hr o0 ghviDNAMHEHER. |5dP 319’ GRLY w2 re-smperstRSAmplet MEtiss guariespEed

cyt ot oxi c actwiti 4 \pobthainsgt hembosmd2at pepiities qetchi averagpifgr &e 1p 2amian dcidkSAnd p27 +
ASP.). None Oéfncct ss‘f?@@tﬁgr@}wt W@HQS% IQ&%;Zte@B&hd‘esAaﬁé\ MHEZ:%S II égﬁ:ted %g[;ndé's

ASA" - QDG) Induc gt% g te ) %en? Oxtzlogclett¥t| nofq (_gmi for each ?ﬂerg%lr p&r%p y

t he P27--GpCCﬁ5’E§—f frorp ?Dﬁ{ﬁgll oF t He” M Ee T Ti

formul ati on contai ning antigen assom at ed with cationi c lipid ((p27-+DOTAP)
with ASA), or cationic polymer ((p27-+P wi th ASA) induced detectable
cytotoxic activity in vivo. Il - 2.3 ANTI GEN SPECI FI C ANTI BODY TI TER

(pool ed) sera analysis of specific 1gG (ELISA),




Figure 8 illustrates the anti-p27 IgGtiter detected in individual sera
collected 14 days after the second injection. P27-specific antibody titres
are i ncreasedwopepidisi gen associ ation to |iposonmes vi apDispdaydaisesdi zat i on.
The formul ati on containing nodified p27 and ASA (P27- GC + ASA*) was here
able to inprove the antibody response. None of the groups injected with
formul ati on containing cationic-Ilipid (§p27 +DOTAP) with ASA) or cationic
pol yner (( p27Arefefin-4 (K. BlescRBp) Vascdersdorip gpesy andreplspsercoecies ater ¢ fpigh ot at
observed in mb@e receiving p27+ ASA. | munogeni ¢ conpositions conprising

ol i gonucl eotiﬁgsﬂ%’ ng CpG rmti fs (SEQ I D NO 7 GGTGTGIGCATTCCTTGGTGGTGG
and its corrpl ¥ ig éétﬁnuﬁag% s ar aaneflaéne cells v:[re%dwas eodéang aema ltl%n“@lneaewﬁh

hybri di sat ol R4 here was I ncr eased
i mrune respo @%mweﬁntﬁ%ﬁsr@y IBWP'H’P%’e’%H BBoRiesrigness: él' f“ﬁ'@ﬂj@'ﬁpst ‘Fﬁr%P @“eﬁa‘ﬂ ice.
stati sti cal | yrhstgjnivére Grairibcubatel. for A minrimamng gielihe/32 eigios(i 0 bm FAGRpefieni 50g at

| east one antj geq) Q%Mﬁn&r R vhd &Jd@d @R6b Bbsal RAS! 1/PVCHAMACISM) anRIcBlIsN t he
ant i gen and a‘nteI |90uge&§ede II oer% !pe?{n;[ lne[mg vr% Ee% !’..‘L!I i&%% flfigcl F%fzr%@adullgéde FI ’58@.! gft

| i nker, wheréln Sai At er NE
conpl ement ar ;Pemffw@’ﬁt?el %fqmﬁ’ée"a@@%d@ﬁ'&e@§“°W@?r§‘i’"ﬁs'hb‘ffflerr@’P %?3°ﬁrd?ﬁﬂéﬂef855’fl de is
l'inked to thecagbhigenatded iwtean IPEFARC kei-Bifd-PR ap¢ewnlt2-ol ¢ gdeubl 2beurder t hat

i s conpl ementRérigit Ondeh@ert bﬂaﬁ;&ed'uﬁmd} & phrodiBuraRitROt LR B RswiB e 660 RvdnRe

antigen is fi ”thsﬁg.e Qe thmn agegaréglgrggw%hy particles through hybridisation
of conpl enentary ol onu eot e i m”munogeni ¢ conposition of claim

1 wherein the antl gen delivery particle is selected fromthe group
consi sti ng ofit- 1.3.20=dionmljated SOCMKxic@rtivity dpdtet in wive [IME iamveli | i n wat er
enul sion, M CloQRssd bifib&hspEtRd QRAbditE InBivoOmOthited AR En®dl micd. weld ifledidtintN@gENI C

cOMPOSi t1 0N Gl b EMSHeek Sl aMBHShaet NEeRiAONHCIGALIIER BLE, 38 Fegied 1T om

t he group: osition one of
claims 1 to 3o%hEHATORdeE o0 K lua/r"éfehawa%gf & MYRRSPUSE SAEREPISHIA | %ﬁ%”
conposi ti on div-pd7airqeinlandtiendien ateltespedtivehoaeddderdh iadasand @riveh idesest §FSE. For
phosphor ot hi Qﬁé«ﬁfekbﬂ@i(lﬁw&} cdboxyfii@edcHNIUIEPRIY CsterQUIBES Mblbdiar Ribbeel Phessei ai m 4

or 5 wherein gt LEAST QNG ksl N1 %ds%&%&?&ta'cg&%ntfé%ﬁ% 03A% o mﬂwrsomore CpG

notifs. 7. The'i mmno eni c COfTPOSI 1 on her c ereln at
| east one t heYRSF FU?J’H?E%:W%P?"&P@? Yo ek At e BRI PSE acfﬁ%ce?}@'%qféo Sfdtifs. 8.
The i mmunogerfioul ebtgnass intii eere gfjectdd atemn®usshipioeth e tailheino?i gayh wliered 'Wehogequence
conpri si Ng oNSo@kicitfag adepdsedB # ACS" GRAVEIE biS RSodl(igIa8 e eRerefroat sabifitddlabimbIO. 4

(DN 2006) . Syys THE AIYROOENHG RONBASHILONsOb: AP YocbRitl: ShAlRaibudits 8

wherein the one. or gonuc esS I's Ified so as to facilitate
conj ugat i on JFAREICEIET-BRIAYE FUBPY Y Ol PAREMUFen del i very particl e and/ or

anti gen.

corrected target (+)
lysis % =100 - ( X 100}
control target (-)

(preinj.-}
Corrected target (+) = target (+) X -
(preinj.+)

Pre-injected target cells = mix of peptide-pulsed targets (preinj.+} and non-pulsed (preinj.-) targets

acquired by FACS before injection in vivo.
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10. The i mmunogeni c conposition of any one of clains 1 to 9 wherein the one
or nore agonucl eotides is nodified by the addition of a thiol (SH) group.

11. The i MmunggemMeszeRPOosi tion of claim 10 wherein the pilpipPloodistidP 1S
conjugated to the 3' term nus of the oligonucleotide. 12. The i mrunogenic

conposition of any one of clains 1 to 11 wherein at | east one antigen
delivery particle is linked to a first oligonucl eotide by chem cal

conj ugat i on. CbBectshhagdt imnumouydei & pentitrpiskd fagefs etaarahby SAGH aftep inigctign in|veast one
antigen is | idieediDorder 3& &R ftoQict @t tel redbdr de peihidtcelisSn 68 FpdnpaRM nar (yest 0 t he
first by chergbg\g; conj ugation. 14. The i mmunogenic conposition of claim13
wherein at | east one antigen is linked to at |east one of the

ol i gonucl eoti des by mal ei m cl e-based chem cal conjugation. 15. The

i mmunogeni ¢ donisbsAntigemsketifie atibpdhetitertirpeled BeR analistsrod preciin WG (RidBMogeni ¢
conposi ti on CRFgcS @tahdd whsiEsenedt 2 watkadfier seddnd injdaton] MBANO GE8 be geopyPesi ti on
of claim 15 woghelf. Lhg @ntid.gen delivery particle is a liposome and wherein
at | east one |iposone conprises one or nore inmunostimulants. 17. The

i rmunogeni ¢ conposition of either clainms 15 or 16 wherein the

i mrunost i mul dtate that ase bsed teedd6 waiblateh dN WG PMEeFPsiagh RIaies) difelr calin® ii diferent

Tol | -1i ke Recrahdy tdihé ddtifdd)mddaétgand; Tol | -1i ke receptor 7 and/or 8 (TLR7/8)
ligand; Toll-like receptor 9 (TLRO) ligand; or any conbination thereof. 18.

T OGRSt 06 A ST Lo
of either cl afifrentiygn evernight apier (@0H! Renwellol SRR sqluiomugesy inFRS) Revetioinl - A,
20. The i nMunegeeRtcastaRQSitdsivere titdh wabiat i wbsh wifer(BBs ¢ 1¥eTv@eh R0 Mecbk)) andat | ve
is B21. saturated with 200 pl of saturation buffer (PBS / 0.1% Tween 20 / 1% BSA) for 1 hour at 37°C.
Saturation buffer was removed and 100 pl of diluted mouse serum was added and incubated for
ancther 60 minutes at 37°C. After three washes, the plates were incubated for ane hour at 37°C
with 100 pi of biotinylated anti-mouse total IgG diluted 1000 times in saturation buffer. After
incubation 96w plates were washed again as described above. A solution of streptavidin
peroxydase (Amersham) diluted 1000 times in saturation buffer was added (100 pi per well). The
fast wash was a 5 steps wash in wash buffer. Finally, 100 pt OPDA (37.5 pl ml Citrate de Na -
0.05% tween - pH4.5 + 15 mg OPDA + 37.5 ul H202 added extempo) per well was added and the
plate were kept in the dark at room temperature for 20 minutes. To stop the reaction, 100 pl of
H2804 2N was added per well. The absorbance was read at a wavelength of 490/630 nm by an

Elisa plate reader from BIORAD. Results were calculated using the Softmax-pro software.
II- 2 RESULTS
- 2.1 CYTOKINE PRODUCING T-CELL DETECTED EX VIVO {ICS)

Figure 5 illustrates the cytokine producing CD8+ T- cell frequency detected for the different groups

7 days after second injection.

Primary CD8 response was very low (data not shown). Secondary responses reported in Figure 8
are then the results of a clear boost of the primary response. 7 days post 2, CD8 frequency was
very low for mice that have received the formulation containing free p27 and ASA (P27 + ASA).
When p27 was bound to the surface of liposomes through DNA hybridization (P27.-GpCCpG—
ASA*), the CD8 response was clearly increased as compared to P27 + ASA, showing that the
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21. The i nmmunogeni c conposition of either claim117 or 18 wherein the TLR4
| i gand i s nmonophosphoryl lipid A 22. The i mrunogeni ¢ conposition of any
precedi ng cl ayvonwtveisgicn t he antigen delivery particle isceebiopasese and
wherein at | east one |iposone conprises a sterol. 23. The inmunogenic
conposi tion of claim22 wherein the sterol is cholesterol. 24. The

I mmunogeni ¢ conposition of any of the preceding clains conpr|5|n a one or
mor e dif f er efidiggefipgeesthe fmmsone g g clearsenasping RS & G Tl iroBRa: cConrol
cConmposi ti on eanatioss whgretahiiyefitilobawi aagpoistion v oliga. hytDdingtion ks negposfibiawére thst

ol i gonucl eof kg&witee: A& RIS BomPsindPOPRIGAL-LRGINAG iFbsSHE BRGhitdut g&RgIcheot i de

corrpl ement ar )(ﬁtl Atslle) (%)rlttlf grmdl(a:ttc}% %&{tﬁmﬁdﬂosﬁ&g stgt;a CFton é&;} %Lﬁ&%ﬂecﬁ&b I(ﬁ‘fr y

particle; art

condi tions t Ha&SAerrqg Oh%rfcr"a?'%ae WhCR C@H%at%ﬂ ‘? @%]n‘a'&w@b'tpf’ B lackipg CP/Sana

| Munogeni ¢ teinpoBid (PRGpt +iPAjofll thdse conirddedilztgnsghauredis vetyriowueies resporsedi ci ne.
27. An i mmn(@«g@sbx,)cm.qm@@a tha Qe |Fﬂf)ro@|ﬂ'hént%f thé DSs RERERAiAY rélupddife ds@iciatbsie i n

the prophyl aX} fe 8096 Blosd Sl fTBRMaRh oy IS URGE B oRinfical RodtbarBtld ! N

froma di sease nogeni ¢ conposi tion
precedi ng cl &MgeEn #Yof FpesamgaUPLbe ﬁ‘?'%prﬁsfe"‘? %ﬁl”&?ﬁ'ﬁeéinqpef QS’H”d[tﬂg‘%'P‘?%’Hill Uxi s
and/ or tr eat rerusiof, tha olraieata simdep e iblpeveddCDSrespersé eanibggctiverhhydinding eise.

hybridization of complementary oligonuclectides, the antigen to the liposome containing the
immunostimulants MPL and QS21. None of the mice injected with formulation containing cationic-
lipid ({(p27-tDOTAP) with ASA) or cationic polymer {(p27-+PEl) with ASA) induced detectable
frequencies of p27-specific CD8+ T-cell. These latter data indicate that association of antigen to
particulate systems such as DOTAP liposomes or PEIl polymer, via ionic interactions, is not
sufficient to induce CD8 and hence suggest that improved CD8 response observed when antigen
was associated to ASA via oligonucleotide hybridization was not simply due to particulation of the

antigen.

Figure 6 illustrates the cytokine producing CD4+ T- cell frequency detected for the different groups
7 days after second injection. As observed for the CD8 response, primary CD4 response was very
low {data not shown). Responses reported in Figure 9 are then the result of a clear boost of the
immune response. At 7 days post 2, for the data clearly show that the association of the antigen to
the lipusome via hybridization has also a positive impact on the CD4 response (compare p27 +
ASA and P27--GpCCpG—ASA*.) As for the CD8 response, control formulations showed that the
enhancement of the CD4 response was not due to the modification of the protein (p27-GpGC +
ASA*) or to the sole modification of the liposome (P27 + ASA*) or the sole presence of CpG hound
to the liposome (P27 + ASA*CpG). None of the mice injected with formulations containing
cationic-lipid ((p27-+DOTAP) with ASA) or cationic polymer ({p27-+PEI) with ASA} induced
detectable frequencies of p27 specific CD4+ T-cells.

II— 2.2 CYTOTOXIC ACTiVITY DETECTED IN VIVG (CMC)

Figure 7 fllustrates the cylotoxic activity detected in vivo 21 days after second injection. PBLs were
analysed 24H after injection target cells (for details, see materials and methods). The formulation in
which p27 was bound to the surface of liposomes through DNA hybridization (P27--GpCCpG—
ASA*) induced higher cytotoxic activity than the formulation containing free p27 and ASA (p27 +
ASA). None of the control groups (p27-GpC + ASA®, P27 + ASA*, P27 + ASA*-CpG) induced a
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29. A Kkit conmprising i) at |east one antigen delivery particle |inked to an
ol igonucleotide and ii) at |east one antigen linked to an oligonucl eotide
that is conplveorent/emsyst o t he ol i gonucl eotide in i). 30.P@WRI20098608¢r di Ng to
claim?29 conprising one or nore different types of antigen delivery
particle. 31. A kit of either clains 29 or 30 conprising one or nore
different antigens. 32. A kit of any one of _cl ai 29 . to 31 conprising one
or nore di ff@W"gﬁftcthﬁ°f'ﬁléﬁ%'E$h€6ttried’8% '."g'§3‘j. PYANEY %‘f@ﬁé’%ﬁé ??ﬁ"”{agongglo?euorft her
conpri si ng othe mige inisted witminmatiani canidigirg antiges 2ssogiated with gtiopipripidffR27-6POTARA ns 29
to 33 wher ei Rith ABAREr chiRAS pole((@A+PEERitdARIA)alicpd padctable bgotdxg: seivinkiedvd 0 at
| east one antigen via hybridisation via the conplenentary oligonucl eoti des
or the at |east one antigen is linked to at | east one antigen delivery
particle via hybridisation via the conplenentary oligonucl eotides. 35. A
kit of any ofie 28fANTIGENRPEQIFIG ANTIBOPRVHTER: (Poplsd saientfeys &psalfieddl FhPH-cl e( s)
and antigen(s) are not hybridised via conplenentary oligonucleotides.

Figure 8 illustrates the anti-p27 IgG titer detected in individual sera collected 14 days after the

second injection. P27-specific antibody titres are increased upon antigen association to liposomes

via DNA hybridization. The formulation containing modified p27 and ASA (P27-GpC + ASAY) was

here able to improve the antibody response. None of the groups injected with formulation

containing cationic-lipid {(p27-+DOTAP) with ASA) or cationic polymer ((p27-+PEl) with ASA)

induced higher antibody titres than that observed in mice receiving p27+ ASA.

Immunogenic compositions comprising dligonucleotides lacking CpG motifs (SEQ 1D NO: 7
GGTGTGTGCATTGCTTGGTGGTGG and its complementary sequence) were also tested. For
sample where hybridisation had been demonstrated there was a trend showing an increased

immune response over noh-hybridised controls although this was not statistically significant.
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CLAIMS

1. Animmunogenic composition comprising at least one antigen delivery particle and at least
one antigen, wherein the antigen and antigen delivery particle are linked using an
intermediate linker, wherein said intermediate linker comprises at least one pair of
complementary oligonuclectide sequences, wherein a first oligonucleotide is linked to the
antigen delivery particle and a second oligonucleotide that is complementary to the first is
linked to an antigen and wherein the antigen is linked to the antigen delivery particles
through hybridisation of complementary oligonucieotides.

2. The immunogenic composition of claim 1 wherein the antigen delivery particle is selected
from the group consisting of: lipesome, ISCOM, oil droplet within an oil in water emulsion,

microparticle, nanoparticle, or cil droplet.

3.  The immunogenic composition of either 1 or 2 wherein the oligonucleotides are selected
from the group: DNA, RNA, and PNA.

4.  The immunogenic composition of any one of claims 1 to 3 wherein the oligonuclectides are
DNA.

5. The immunogenic composition of claim 4 wherein the cligonucleotides comprises a
phosphorothioate backbone.

6.  The immunogenic composition of either claim 4 or 5 wherein at least one of the
oligonucleotides comprises one or more CpG motifs.

7.  The immunogenic composition of either claim 4 or 5 wherein at least one the
oligonucleotides does not comprise one or more CpG motifs.

8.  The immunogenic composition of claim 6 wherein the oligonuclectide sequence comprising
one or more CpG motifs comprises the sequence of SEQ ID NO: 4 (ODN 2006).

9.  The immunogenic composition of any one of claims 1 to 8 wherein the one or more
oligonucleotides is modified so as to facilitate conjugation of said oligonucleotide to an

antigen delivery particle and/or antigen.

10. The immunogenic composition of any one of claims 1 to 9 wherein the one or more
oligonucleotides is modified by the addition of a thiol (SH) group.

43



1.

12.

13.

14.

15.

16.

17.

18.

18.

20.

21.

22.

23.

The immunogenic composition of claim 10 wherein the thiol group is conjugated to the 3'

terminus of the oligonucleotide.

The immunogenic composition of any one of claims 1 to 11 wherein at least one antigen

delivery particle is linked to a first oligonucleotide by chemical conjugation.

The immunogenic composition claim 12 wherein at least one antigen is linked to a second

cligonucleotide that is complementary to the first by chemical conjugation.

The immunogenic composition of claim 13 wherein at least one antigen is linked to at least
cne of the oligonucleotides by maleimide-based chemical conjugation.

The immunogenic composition of any preceding claim wherein the immunogenic composition
comprises an immunostimulant.

The immunogenic composition of claim 15 wherein the antigen delivery particle is a liposome
and wherein at least one liposome comprises one or more immunostimulants.

The immunogenic compositicn of either claims 15 or 16 wherein the immunostimulant is
selected from the group consisting of: saponin; Toll-like Receptor 4 (TLRA4) ligand; Toll-like
receptor 7 and/or 8 {TLR7/8) ligand; Toll-like receptor 8 (TLR9) ligand; or any combination

thereof.

The immunogenic composition of either claims 16 or 17 wherein the liposome comprises a

sapenin and/or a TLR4 ligand.

The immunogenic composition of either claims 17 or 18 wherein the saponin is a derivative
of Quil A.

The immunogenic compaosition of claim 19 wherein the Quil A derivative is QS21.

The immunogenic composition of either claim 17 or 18 wherein the TLR4 ligand is mono-

phosphoryl lipid A.

The immunogenic compaosition of any preceding claim wherein the antigen delivery particle is
a liposome and wherein at least one liposome comprises a sterol.

The immunogenic composition of claim 22 wherein the sterol is cholesterol.
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24.

25.

26.

27.

28.

28.

30.

31

32.

33.

34.

35.

The immunogenic composition of any of the preceding claims comprising a ohe or more

different antigens.

A process for making an immunogenic composition comprising the 1l*ollowing stéps:

+

Conjugating of a first oligonuclectide to an antigen;
Conjugating of a second oligonuclectide complementary to the oligonucleoctide in step
a) to an antigen delivery particle;

¢. Mixing of the anfigen and anfigen delivery particle under conditions that allow

hybridization of the oligonucleotides.
An immunogenic compaosition of any of the preceding claims for use in medicine.

An immunogenic compasition of any of the preceding claims for use in the prophylaxis and/or
treatment of a human susceptible to or suffering from a disease.

The use of an immunogenic composition of any of the preceding claims in the manufacture
of a medicament for the prophylaxis and/or treatment of a human susceptible to or suffering

from a disease.

A kit comprising i) at least one antigen delivery particte linked to an oligonucleotide and ii} at
least one antigen finked to an oligonucleotide that is complementary to the oligonucleotide in

).

A kit according to claim 29 comprising one or more different types of antigen delivery
particle.

A kit of either claims 29 or 30 comprising one or more different antigens.

A kit of any one of claims 28 to 31 comprising one or more different oligonucleotides.

A kit of claims 29 to 32 further comprising one of more immunostimulants.

A kit of any one of claims 29 to 33 wherein the at least one antigen delivery particle is linked
{o at least one antigen via hybridisation via the complementary oligonucleotides or the at
least one antigen is linked to at least one antigen delivery particle via hybridisation via the

complementary cligonucieotides.

A kit of any one of claims 29 to 33 wherein the antigen delivery pariicle(s} and antigen(s) are

not hybridised via complementary oligonucleotides.
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