14 August 2006 WO 03/068169 PCT/ US03/ 04711 Stabilized SynatAwgist godsnmunogen
Delivery Systems FIELD OF THE | NVENTI ON [ 0001] The present invention
relates to a stabilized inmunostinulatory conplex and a nethod for
preparing the stabilized innmunostinulatory conplex. Mre specifically, the
present invention provides stabilized synthetic inmunostinulatory
- conpl exeswohatssws e useful in vaccine delivery syst eggmuwdsfolt1i Mproved i mmune
.responses in vivo. These inmunostimnulatory conpl exes are al so useful for
preparing vaccine formul ations designed to function as a depot for
controlled rel ease of the inmunostinulatory conplex. The inmunostinul atory
conplex may al so be incorporated in fornul ati ons designed to target
specific cell types to synergistically inprove the quality of the immune
responses el i cigef; 1 BAKGRANR s rdbik JNWEDTH QN 083 nWacci nes have been
successful | y enpfoyed—or frany year - propnyT a Tpositions for the
prevention of infectious disease and nore recently in therapeutic
conposi t i prELDf OF THE INVENTIONENt Of cancers and non-infectious di seases.
[0003] Traditionally vaccines have been derived from attenuated or killed
viral or bxotigritake peddeageipnsvemtdohanedatpsotvern staliidivedy effective agai nst
di seases ahfilodiMAlal8ry UdlfeNhPAr AElRId 2o PELEHSSIR B SPILe of these

t W ty o

successes, here are grow concerns_over the safe such vacci nes. .
Thi s has $tepiddzeheraunes mEoxt complati-t VerwisResiHalddd the om
-conponentsrLfent hesRNRAGNQIRRSASS Jrublyidkhetieaipepti de i nMmunogens.

[ 0004] . Exanpl es_of sgbunit vgccin%§ %nclude g%}anus H9xoid and hepatitis B
surface antieAT HESR  AfOMEaRE %8263 YBB0T v Y29 £4 August 2006

delivery systems with improved immune responses in vivo. These

immunostimulatory complexes are also useful for preparing
vaccine formulations designed to function as a depot for
controlled release of the immunostimulatory complex. The
immunostimulatory complex may alsc be incorporated in
formulations designed to target spedific cell types to
synergistically improve the quality of the immune responses

elicited.

BACRKGROUND OF THE INVENTION

[0002] Vaccines have been successfully employed for many years
in prophylactic compositions for the prevention of infectious
disease and more recently in therapeutic compositions for the

treatment of cancers and non-infectious diseases.

[0003} Traditicnally vaccines have been derived from
attenuated or killed viral or bacterial pathogens and have
proven to be very effective agalnst diseases such as polio
virus and Bordetella pertussis. In spite of these successes,
there are growing concerns over the safety of such vaccines.
This has led to the development of subunit vaccines derived
from components of these pathogens or fully synthetic peptide

immunogens.

[0004] Examples of subunit vaccines include Tetanus toxoid and

hepatitis B surface antigen. These antigens are often poorly .




- solution

WO 03/ 068169 PCTI1JS03/ 04711 inmmunogeni ¢ and require adjldvaetss2@06 i nprove
the i nmune responses obtained. Well-characterized biologically active
conpounds such as synthetic peptides are preferred substrates for inducing
bi ol ogi cal responses, for safety and regulatory purposes. However, these

i mmunogens are not optimal, and induce partial or negligible protective
responseswe #/iag1phal nodel s. The synt hetic pepti despceguwnaibot h
stabilization and adjuvantation for the induction of an effective imune
response in vivo. [0005] Various nethods have been enpl oyed to protect
synthetic peptide i munogens against degradation in vitro and in vivo,

medi at ed BymtRIGbAYS aqlrdoe@@ﬁex% b8 4&%9%&%&3}&@4 +Rdy rr&w@ cal pathways.1
(The superscript nunbers refers i cations whi ch nore fully describe

t he stater%RPQHﬁésaﬁthPathl8%*%Fﬁ%?J%Fﬁ%%ﬁﬁﬁdoﬁl?ﬁﬂgﬁéﬁﬁ%y e Vei scl osures of
t hese ref esmruomdsasiech bel’ﬂh'y:hleﬂt@rmtaﬂ&d diy peiRreagesubBteated ati on of

each ref by thi.s GiJan Q Vari ous
met hods h%@gqbgéﬁﬁéagﬁgg%ﬁ? ﬁ%ggﬁggbé%Fi 3k gbﬁ&é fé%(l g% %rotect a
pepti de a@talrm@saegﬁ%a@rortheﬁeerwnOQensrmgen@'ewtamw |and| ude sinple

procedur eﬁnddd@pHPQJﬂbP%édlggl&?é tpr@@é‘@lﬁ%r %é;szﬂsagdirprantlmsl pH of the
have al so been chem cal | ation with

wat er so‘f‘?fﬁqaé coF‘Fbel?PfHE ?qllgepf)%tfjf@lshﬁ?@ﬁéegg?’ﬂbIStf‘]P"EJG’)Zé‘&FOBo‘JI'%th hyl ene
oxi de (PEﬂ)de(ahhatmn fipr otk tihéuctiaguedbus: eSddativiei igmuared circul ation tine
in vivo. SIé%) § been,docunented that adjuvants derived from PEG or PEO
can down gu ate the i mmune system . 4 Thus, PEG or PEO nodified

pept i des; ygusd vaghohe R¥ABES 8l vhOnddiNehb ARl E6Gticeky amcradiuvants. The
addi tion of nultlple | ysines to add charge to a peptide can inprove its

aqueous sRTRIBIAF| PPHBGESHE93ABEE dgarnadatiop festifroi #rd igr gi¥er

| Munogenteditayed [P @Ak idie pabiesddsv enofudiRgSehardchDUsnd iphgkegdles is to
| prove pathways.' (The superscript numbers refers to publications,
which more fully describe the state of the art to which this
invention pertains. The disclosures of these references are
hereby incorporated by reference.  The citation of each

reference is found at the end of this section).

[0006] Various methods have been employed to improve peptide
solubility or protect a peptide against degradation in vivo.2
These generally include simple procedures like modifying the
salt concentration and/or the pH of the sclution. Peptides
have also been chemically modified by conjugation with water
soluble compounds like polyethylene glycol (PEG) or
polyethylene oxide (PED) both to improve their aqueous

solubility and circulation time in vivo.’ It has been
documented that adjuvants derived from PEG or PEQ can down
regulate the immune system.! Thus, PEG or PEO modified

- peptides would not be expected to function effectively as
adjuvants. The addition of multiple lysines to add charge to
a peptide can improve its aqueous solubility but does not

generally result in improved immunogenicity.

[0007] The cbjective of these variocus strategies is to improve

circulation time in vivo or minimize or eliminate
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circulation tine in vivo or mnimze or elimnate 2 14 Augusius?itios WO

03/ 068169 PCTI EJS03/ 04711 i mmunogenicity problens associated with the

physi cal conditions (e.g. salt, pH tenperature, buffer type) and/or

chemi cal inconpatibilities when peptides are enployed in a vaccine
formul ati on. [0008] Pol yether bl ock copolyners, conprising polycationic

pol ymer s, woex@sicd scl osed by Kabanov et al., U S. Pateftsddosrin 5, 656, 6115 for
stabilizing pol ynucl eotides or oligonucl eotides. The polyether bl ock

copol ynmer - pol ynucl eoti de conpl exes are enployed to facilitate the
transport of the polynucleotide across a cell nenbrane for inproved

bi ol ogi cal ncldgth! ¥ic, HOUBYSL. JLDSSS.0G! yuckgetidlespol yet her bl ock

copolyners are eni c and are no €-as vacci nes. [0009]
Al | cock etcoﬁ‘liltless péﬂ Sht SpBt, PHEERMPRYSt Weesc Phbésr diypel randoadj uvant

deri ved fw@mmtmspﬂw&@ﬁ@wpimlegc&ﬁ&ﬂ pESSideEhgre | MPIBPAHIWvant was admi xed
directly with an_anti %Sn in solution and may be prepared as m croparticles

by spray AF§THE T2T8HIAIEPBN of the pol ymer and the antlgen or by a process
descri bed yoﬁo%qgﬁghé{s bri%'i:F é°§29§me1{5é4g°’§$%5 7 QI?OPyca i | ncr eased

adjuvant|0|ty was wn for Tulties in
pr epar i ngPehavaFse r o ﬁﬂéel%edcbwmathrﬁs: dgle, 4.6-t Reteunber sone

mechani cas, @m@%%&%regiH&medmwyo@pnm%@m@ o Eiig?dﬂutclwtﬁfé%' e Upt for
mer - ant i gen

cormermalT roducti.on rt er nor e, e stab

conpl ex so ?@Pﬁrjrﬁ%lt}i%r R}ﬁ‘ﬁ f%@g\g?iedeﬁf’lwcéﬁﬁl%ﬁ@é‘ﬁ’t?}éeﬁ ke and pH
condi ti onsmpJd@d0to Aagiiff eatenthappraaapdrt wfdeserpdigducIedhas et al .
91/ 0405\%%05%?&%’1 ﬂxeﬁﬁﬂr{é g@?c dﬁ%o&&%ﬁ%ﬁ%?&l %CF{\?F% red froman

anti gen, which epti a saponi n an cat'ioni ¢ adj uvant
such as DHAFEV@&xtEhase 99 wiusdsot fdsrpal yatde rf bhosk MOEOMWQW on provi ded

i nproved hengembhdgenic and are not suitable as vaccines.

[0009] Allcock et al. US patent No. 5,562,909° describes an
immunoadjuvant derived from phosphazene polyelectrolytes. The
immunoadjuvant was admixed directly with an antigen in
solution and may be prepared as microparticles by spray drying
a solution of the polymer and the antigen or by a process
described by Cohen in US patent No. 5,149,543.7 Although,
increased adjuvanticity was shown for these systems, there are
difficulties in preparing the microparticular compositions due
to the cumbersome mechanical processes employed, which would
be difficult to scale up for commercial production.
Furthermore, the stability of the polymer-antigen complex so
formed is highly dependent on salt concentration and pH

conditions.

[0010] A different approach is described in Moss et al.
W091/04052%, wherein a solid vaccine composition is prepared
from an antigen, which may be a peptide, a saponin and a

" polycationic adjuvant such as DEAE-dextran. WVaccines
formulated from this combination proﬁided improved longevity,
making such combinations suitable for use as implants.
However, the antigen must first be chemically cﬁnjugated to a

carrier molecule and exhaustively purified. The purified
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maki ng such conbi nations suitable for use as inplants. Hoxguer2006 he
antigen nust first be chemcally conjugated to a carrier nolecule and
exhaustively purified. The purified 3 14 August 2006 WD 031068169
PCTI US03/ 04711 antigen-carrier was then conbined with a saponin and a
pol ycationic adjuvant to provide a solid conposition. This process

provi des wiwoz@esiks ol over the physical properties, sgehuseddsRarticle size,
of the product. [00111 Nunerous adjuvants and/or depot-based parenteral,

-nmucosal or transdernal delivery systens destined for use with hunman or
veterinary vacci nes have been devel oped to enhance the immune response.

T.hese i n(‘f:lnlfqg Itl-hc,ealzl'figr agntﬂgﬂ faéo %?‘llnéds ’wit\qﬂ.g &5 ioHitQialn (\M 0) - emul si ons,

| i posones, p Fy_mer_l c mcroparticles, nanoparti &l es and gel s/ hydrogels.9 A
| arge nBEgFabiordic AfEwants FalRyoEngf @/isﬁgl@a?qﬂ@%lt(wne) -BmfA si on

conposi t iggehavs-Reass candust od. of&0 ke bnysivatepsdpdriliss vasichbody - of
clinical resear c{; t%/l%)i C,?ffl garent eral formul ations, adm nistered

subcut anéBuSPYT G PhtTamis &l 17 are prepared with adjuvants derived
from al wy sugk | um g?gs_ r j.num hydr oxi de.
Al um sal tul?ogrﬁen g%‘:n%%% Seggﬂtlj@%ftge%ﬁ/\%n? rr%%gég %ggﬁjﬁée%glbas_ed on

at t enuat écpachoyetsangdaqrad fRIENegerfiysifts damsdned o8t pgenstderi ved from

bi O:c ?gi Cf’ﬂunﬁfﬁecm sr.etélem&q,rh _ ,va&mcagahagm' wgahb@&%dogd&mgaahﬁaﬂeef of}1 enltot ally
I-ne ective for synt etlcp t1 ae- S nmuno ns, pecaus 0 t he ar ge
dose  of PEptTIHRS SHTPTE - ant i Tre PemPoot PEST BErBHEEAL SiGvantation. The
conbi nat iwateotirardidr ge(cuoszaubﬁdnﬁmjlﬁag:@pmew tiolagmewek| y adj uvanting alumin
8 vacci nG,;coposidhag, | miphredded! P oklis AAMIAGAM: 0 A Mmigagen Lol erance

and reactogenicity, 1.e., undesired side reactions, such as swelling and
redness &UTPRE & Féiﬁ?hcqlnjtéé%}soﬁ?“?}@eif@] VEFERNEd (¢/ Rlo1epres¥Tadj uvant (FCA),
a suspensdoapo®ft i@t have been conducted.
[0012] In spite of this wvast body of clinical research,
* typilcal parenteral formulaticns, administered subcutaneously
or intramuscularly, are prepared with adjuvants derived from
aluminum salts, such as aluminum phosphate or aluminum
hydroxide. Alum salts are suitable and effective for many
vaccines based on attenuated pathogens, killed pathogens and
subunit antigens derived from biological agents. However, the
aluminum-based adjuvants are often totally ineffective for
- synthetic peptide-based immunogens because of the large dose
of peptide required and the need of much stronger
adjuvantation. The combination of a large dose of immunogen
with a weakly adjuvanting alum in a vaccine composition is not
ideal as it can lead to immunogen tolerance and
reactogenicity, i.e., undesired side reactions, such as

swelling and redness at the site of injection.

[0013] Freund’s complete adjuvant (FCA), a suspension of heat-
killed M. tuberculosis mycobacteria in mineral oil containing
a surfactant, has been recognized as one of the most powerful
adjuvants. However, severe adverse reactions, ranging from
minor irritation to lesions and sterile abscesses at the site

. of injection have been documented. Due to these adverse
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killed M tubercul osis mycobacteria in mneral oil contaifizQgust 06
surfactant, has been recogni zed as one of the nost powerful ~adjuvants.
However, severe adverse reactions, ranging from mnor irritation to

| esions and sterile abscesses at the site of injection have been
docunented. Due to these adverse 4 14 August 2006 WD 03/068169

PCT[ USO30disloksieseact i ons, FCA has been banned from pgredsaath veterinary
applications. [0014] Thus, there is a clear need to devel op adjuvants which
are safe without the toxicological and/or reactogenic problens associated
wi th alumor FCA and can effectively enhance innunogenicity and prolong the

ef f ecti vepess igfs partl H§s ae@wﬂﬁg@asft:&nql\aﬁhﬂ ide vReeblgmof tol erance

associated wth alum I's al so nost desirable to veI Op conpositions
and met hRRLiRRLeH - can both stabilize a peptide i nmunogen and adj uvant

the i mun nses ji.n _a single conposition. 001 Jones et _al. 10 have
di sc: osed&%ﬁp%@é‘?f |'i’!“':'('fﬁGlé cﬁgiCESﬁﬁg)egglt }:Iae "teﬁgi’ E}f@&‘vﬁ’é CT33GHi ni ster e\é
with a pepte defebasgdutatter itaxvadsigheal nbdbusremmtkeysid prenbemce i nmune
responses,gddiLhgy Js&@ﬁsaﬁw%syéﬁ%nho&%aetf'fQ%BFélﬁQt .ﬁﬂa@aem‘ the peptide

used is 5,96. This correspo gq e peptide will have a
t heor et i cEHIMWEEBREHgYgand PIBYORY rifGec i EACHiVEnats 16 B%E’td-d@orrpom tion, the

pepti de umecineguhsl deaveld eati yedp einehajogedande pBYSERIte@i #ath pH in the

aqueous ol ven selet I ion cantaeplaewlth t he
two CpG o?sji gorre;ts STﬁgs? e"}soﬁlIt‘gesilragl u;g(; d\eﬁh’%% SPREY Steamsi C? w o- enul si on

i s expectrest-hogsbevitichnsdreoll), satjalpidnted P@‘Btmﬁnl@mencwemsemll IeveI of

i mmnogenéc?&vﬁnt MHd i phéne Ir@bﬁ&{ée%n%na@cgl%g.}l.@r Sepduaitdnty of adjuvant would
be require Further, the long-termstability mp such a conposition is

quest i onajjeasi! mrohagtat J0N€sh@le aliscTbsel eseddedatid tcpgas necessary to
employ a l g%nucf)eo%:lg %%torlnelzyc’%neu%!)ea nluql?btered with a peptide-
based malaria vaccine in Aotus monkeys to enhance immune
responses. In the Jones study, the ionization point (IP) of
the peptide used is 5.96. This corresponds to the pH at which
the peptide will have a theoretical zero charge.'!’ By virtue
of its amino acid compoéition, the peptide used would be
effectively uncharged at phyéiological pH in the aqueous
solvent selected. Thus, no complexation can take place with
the two CpG oligomers. The resultant mixture when formulated
in a w/co-emulsion is expected to be transiently adjuvanted.
To achieve a useful level of immuncogenicity, multiple
. injections and a large quantity of adjuvant would be required.
Further, the long-term stability of such a composition is
gquestionable. In fact, Jones et al. disclosed that it was

necessary to employ a large dose of CpG oligonucleotide, 500

" Bg per injection. Furthermore, the methods, employed to

prepare the w/o-emulsions, cannot be easily scaled up for
commercial applications. It is to be noted that Jones et al.
taught that different CpG oligomers are useful for different
mammalian species. For example, a CpG oligomer, CpG ODN 1826
. 1s mitogenic for mice and a lower primate, but not for

.chimpanzees or humans and the effect is not predictable.

- 5 -




gg per injection. Furthernore, the nmethods, enployed to ppapaisoshe

w o- emul si ons, cannot be easily scal ed up for commercial applications. It
is to be noted that Jones et al. taught that different CpG oligoners are
useful for different mammalian species. For exanple, a CpG oligoner, CpG
ODN 1826 is mtogenic for mce and a |lower primate, but not for

chi npanzewe oxwssilaaimans and the effect is not predict @bt@sosharid August 2006
WO 03/ 068169 PCT[ US03/04711 [00161 Krieg et al., U S. patent No. 6,194, 388
B 112 describes wunnethylated CpG ol i gonucl eotides particularly useful for
t herapeutic applications based on their ability to sti rrul ate immune

responses th anjanti 207,646 Bl "
further ég\é;fél}bes tﬁeg\'ﬂuste1 " 6f ﬁn@gﬁyrll%tlﬁr@d %p@t'l }3? ucﬂ éSF?IEFeSs to redirect
a Th2 respomstdviated T ebigponséeotiidesbpatictiher lof heeful/efmss of the CpG
ol i goner StM\@fa(%»e%HQMpBch?tl%' | pgdddmdhatian %Pfleclyntg &aldhgakere cul tured

with phosphorothioate nodified CpG oligoners. Thére is no disclosure or
suggest i on"BH*h SGPRIE LB F'@;Eiﬁ%r‘”éltéaﬁn tf’éltﬁtgé‘& F5ip¥ 8H @é-a Bl abilized
i munost i mutGER,eryg EBhmwexher descrilses nee (H0LE) unaihyested epcof i ntense

i nt erest gpf%ornggf?zgtq&eat o 3: %lreétocu% rer;prorﬁ%%%ds Lﬁ%ogr%[m' ate synt hetic

i mmunogens ST VeTy % ol
t r ansder mal# yothgrthsy QIEF-?Cth@P}@B%JOf trhve Gy ol soamedis avee WGWhéDM nducti on of

setcr et oryllaLéegmn@gimwtwn (vﬁﬂeﬁ}lé\lnf@l#&dlb Neegt elﬁmirgale&m; :jotn?] t(te g. ¥ |
intestina ronc or_nasal washi is believe at transderma
or mucosaPIRRMPYRTRFO8E e IRt gd C%Hllgg%‘@réffemeir\?elﬁd’éﬂ nst a mpjority of

pat hogeni disrlganrsng, sugdestiogasm hemt tye \Opg olicesals st deessed-or exanpl e,
C0 the pariteralTy Sans rrorsr cnaRer SRRy SO le Rl ot ai
W99/ 52549acct1@&6hes t hat vacci ne

[0017] Another area of intense interest and research has been

focused on methods to formulate synthetic immunogens for

alternate delivery routes, such as mucosally, transdermally,

or orally. Mucosal immunity is mediated by the induction of

secretory immunogleobulin (sIgA} found in external secretions

(e.g., intestinal, bronchial or nasal washings). It is

believed that transdermal or mucosal delivery of vaccines

would be effective against a majority of pathogenic organisms,

which gain entry via muccosal surfaces. For example, an orally

administered cholera vaccine has been shown to be far superior

to the parenterally administered analog.*

[0018] Friede et al., W099/52549%° teaches that vaccine
compositicons intended for mucosal use can be derived from a
combination of an antigen with a polyoxyethylene ether or
pelyoxyethylene ester as the priméry adjuvant. It was
. suggested that the target antigen might be a syﬁthetic
peptide. Friede et al. also suggests the addition of CpG
oligonucleotides intc the vaccine composition to provide
improved responses, They showed that a combination of a
polyoxyethylene ether or polyoxyethylene ester with a CpG

oligonucleotide could improve mucosal responses when co-
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conpositions intended for mucosal use can be derived fromyayxsEsgpsnation of
an antigen with a pol yoxyethyl ene ether or pol yoxyethyl ene ester as the
primary adjuvant. It was suggested that the target antigen m ght be a
synthetic peptide. Friede et al. also suggests the addition of CpG

ol i gonucl eotides into the vacci ne conposition to provide inproved
responseswo#mgyisshowed that a conbination of a pol wexyedishyhene et her or
pol yoxyet hyl ene ester with a CpG oligonucl eotide could inprove nucosal
responses when co 6 14 August 2006 WO 03/068169 PCTI US03/04711

adm nistered with an antigen. However, the results showed a |ack of any

adjuvanticiity fromsinple_m xtures of G ol igonucleotides with antigen

descri bed.adf'%l)lbll ri“?awrr:%&e?rﬁaqqtﬁggam r‘“‘o%%?%dtb clé‘?%gsr%rb‘?wéegeﬁt an area of

recent intlerkstf apgemdiuyantinviityesrom sdmplpaticheseorof Apedl e-free j et

i nj ect_orsog%%lggpid@geqiglp drRigeh ddigrindY.radermal Langerhan cells, i.e.,
ells. iali

dendritic c These specialized cells are responsible for the effective

processi nqootgd PFrLSaBLAd 119N a8hi AR te PEURRAGEINANGepds IR HEEFHd0 directly
i nduce sys%enic hupor al gndﬁggggglar responses. In sone cases,
N

i nt r anusc8F at STt FHES i SPEGCRY fr SnsBAYEFS Hethods.' 6 For
exanpl e, aeedbeifrepaper idéschdrsedam ki phpbrved twacaigre tdm nistered as a

- patch. Sysheplde anti DORkeRad Le1d5PLNQY | aad R0k - VRNG Sf oupgl Lor a variety of
conpositions when co-admnistered wth adjuvants. 17 10020] Al though the

prior art SRESTALiEEdtFeMtEd2Tha e sBPRIMILSl foF theapf AR LY RIAFESFHRFI at i ons,
there areanadpidsentfigar actdrcdhmuhddent ahd iz beruddie tdeviglepngnt of

el very. 1R 395 PARE oGS 38a BHTNBL S Bah s g ool T hutds or
secr et i onsasgrl/ dntprwtseolyr | iomenziatdonavad lrehpeookdly transdermal
methods.'® For example, a recent paper described a diptheria
vaccine administered as a patch. Systemic antibodies to
diptheria toxcid were found for a variety of compositions when

co-administered with adjuvants.?’

[0020] Although the prior art has illustrated the potential of
© various vaccine formulations, there are a number of practical

limitations for the development of synthetic peptide-based

vaccine formulations for muccosal or transdermal delivery.

These include:

1) immunogen degradation by mucosal fluids or
secretions and/or proteolytic enzymes at the mucosal

surface or within the intradermis;

2) negligible adsorption across the mucosal epithelium

or throﬁgh the intradermal layers; and

3) dilution of the immunogen to a concentration below
that required to induce a suitable level of immune

responses.

[0021] Few strategies exist which both stabilize and adjuvant
a synthetic peptide-based immunogen in a single vaccine

composition.  Such a composition would be essential for the




surface or wwthin the intraderms; 2) negligible adsorptiippuasfags the
mucosal epithelium or through the intradermal |ayers; and 3) dilution of
t he i Mmmunogen to a concentration below that required to induce a suitable
| evel of imune responses. [0021] Few strategies exist which both
stabilize and adjuvant a synthetic peptide-based i nmunogen in a single
vacci ne woemessst i on. Such a conposition woul d be esepidobrifor the 7 14
August 2006 WD 03/068169 PCTI US03/ 04711 devel opnent of highly efficacious
parenteral, nucosal or transdermal peptide-based vaccines. [0022] It is
al so desirable to prolong the duration of imunogenic responses in order
to reduce the nunber . mni.strations required. This would result in

i mpr oved d%%e(raTLp fng?l%eOfgﬁ?ag}?g‘ﬁ&%glﬁ%oﬁe‘?%eln(a%@t’ 8PS &Fnat i on. [ 0023]
Vari ous netdrodermal deptédptieyped tarcddgsivant synthetic pepti de-based

i mmunogens, but normally a carrier or depot systemis required for
ef fect i ve [PRAR]- tldr Asi i GgehTabler b2 R5wdey 16t dratiorandl es i ncl ude

adsor bi Pgi@Mdgmmmgonm Qnaomd}e_rcalhgéeaqlcre e IRhbe FUT e_xam()l e, -
encapsul at L ng .a eptil de | munogen wthin a OJa eri,c matril X monol i thic
TRt 1) oP RN BT ARFeF R A ol YHEr e e 8P HY 8 SUREES pept i de
i mmunogencémoienshairnd rpgycehéhanoefreéttqost $or atamgynatidn,. an i nmunogen nmay
be incorporated in a |iposone or vesicular type of formulation, with the
i munogen[@33leVaréape diesdofn Rayebe i gpdoned riox agi u{fs PEaiiefient rapped in
the intepslidadueaiss ipas@endNoddie hoshd1alyegycdmy e@NPt Aepdt N neral - based,
veget abl e- bgsed, or ani, nal ;)Lrpase oi l. th_gn aqueous solution of the
i mmunogen®Y#<art ot Br 6P T & E‘?cﬁlgemﬂp?”é;p Fémal%tﬁv&flg??r]lﬁ- oi | (w o)-emul sion
or a wat erespenees- i Notwaterexgnpbésnindbudd edeorlisigonk8. immunogen

onto a mineral salt or gel. For example, encapsulating a

peptide immunogen within a polymeric matrix (monolithic

matrix) or gel, or layering a polymeric material around a

peptide immunogen (core-shell) may be an effective strategy.

Or, an immunogen may be incorporated in a liposome or

vesicular type of formulation, with the immunogen either

embedded in the lipid matrix or physically entrapped in the

internal aqueous phase. Another strategy may employ a

mineral-based, vegetable-based or animal-based oil, with an

aqueous solution of the immuncgen in various proportions, to

prepare a water-in-oil {(w/o}-emulsicn or a water-in-oil-in-

‘water (w/o/w)-double emulsion®?,

{0024] Diverse particle sizes, morpheclogies, surface
hydrophobicity and residual surface charge are possible
formulation dependent variables for consideration. Control of
these parameters is known to be important for the phagocytosis
of micron-sized particulates via parenteral administration®® 20
and for the uptake of particulates at specialized M-cells of
the Peyers Patches within the intestinal tract® # for oral
delivery. Similarly, these parametefs have been shown to be
important for access to the nasal-associated lymphoid tissue
-0of the nasalpharyngeal tract, a target of intranasal

delivery.?¥ 24
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E0024] Diverse particle sizes, norphol ogi es, surface hyg‘{%%lgpio% ty and
resi dual surface charge are possible forrrul ation dependen aria Ies for
consideration. Control of these paranmeters is known to be inportant for

t he phagocytosis of mcron-sized particul ates via parenteral

adm nistration 19, 20 and for the uptake of particul ates at specialized
M cel | s oo odidasisPeyers Patches within the intestinalpckfigghsral 22 for oral
delivery. Simlarly, these paranmeters have been shown to be inportant for
access to the nasal -associated | ynphoid tissue of the nasal pharyngeal
tract, a target of intranasal delivery . 23, 24 8 14 August 2006 WO

03/ 068169 F% USO3/ 04711 [0025% Krone et al S.,.Patent No. 5,700, 45925
descri bes [PP&P] Bctr SPYERE d‘}?nppe?&os‘lr"ﬂ nfeSEPREE I TNA ate for m

deri ved fnamqﬁ)byagebks:tandymlcyhm,s in mitrepattiecucotPpl@xnng agent is a

pol yner. Yapi s rUseSdn ECIJEG%%;;%I%%SQ A yun 85 Eht 06 gggd diggelude =

vacci ne conposi tions “‘cCoORprisi ng antrgens genrcp
t he conpodfetionds areclveght rd’lalré@IU?r e15éasé01f G‘rhﬁw atthsxwlreyl ng potentially

bi odegr adabt&riRteshdlisic1hdke %@ciﬁe BRp&XARh S Scord r B P A0 ged1COr por ati ng

an anti gen i n . polyelectrol m croparticles i's described.
However , %8ﬁ§ﬁ‘f &Pt ?%SC gonﬁ% gFP%e‘EPmPBF“b’TOQﬁa?’F%g m cropartl cles by

gri ndi ng chletmlxemaeele@fse 106mea r)dvdss emel qyeintyi p:dmw@l]about 1-4 (err)M is
cunber song 'garﬁdaig\péjlmqtgpfalge eﬁ§| hg gfat!h%dey r cgamg%gﬁaa& ¢ producti on.

[ 0026] EI dr| dge et _al .2 6 devel ope meric degr m cr ospheres
" manuf act utRPIRPSAT Y )?nDa‘P_tJig&BtFHé’oééieb‘?W@IlVH% CO&‘BE)%’F ymers for the
~control | edi¢eipaasecnds a8 @nidrgBed. NHYW¥er, The mehyAeca dirseéased to be

usef ul for enc u at|n an_antigen nto cron articles include
CoryoD, L PR kA Lo A na R L ABR L 1o Tb e RS NS (T RES s,
pol yort hoeétlékosuanshq@oby((mle; try ciboxy biHdy pMe BCictibersome. This

would not be easily scaled up for commercial production.

[0026] Eldridge et al.?® developed polymeric biodegradable
microspheres manuféctured from pely-D,L-lactide~co-glycolide
copolymers for the controlled release of an antigen in vivo.
The polymers disclosed to be useful for encapsulating an
antigen into microparticles include poly-D,L-lactide,
polyglycolide, polycaprolactone, polyanhydrides,
‘polyorthoesters and poly(a-hydroxybutyric acid).

[0027] Although the controlled release of an antigen was
achieved in the prior art, difficulties were encountered when
microparticles were manufactured by methods described. The
methods described are difficult to scale-up. Moreover, the
exposure of biological materials to organic solvents and
mechanical processing can lead to denaturation and low to
modest encapsulation efficiencies. Furthermore, hydrophilic
- antigens are inefficiently encapsulated in the processes

described.

[0028] Henry, et al., U.S. Pat. Nos. 5,126,141 and 5,135,751%"

2% described aqueous, thermally reversible gel compositions

formed from a polyoxyalkylene polymer and an ionic

polysaccharide for application to injured areas of the body to
- 90 -«




[ 0027] Al though the controlled rel ease of an antigen was achieved in the
prior art, difficulties were encountered when m cropartf C lgg%st\éﬁpf

manuf act ured by net hods described. The nethods descri bed a icult to
scal e-up. Moreover, the exposure of biological materials to organic
solvents and nechanical processing can |ead to denaturation and |low to
nodest eng@pwihiat | on efficiencies. Furthernore, hydpeRidobibg1n anti gens are
inefficiently encapsulated in the processes described. [0028] Henry, et
al., US Pat. Nos. 5,126,141 and 5, 135,7 5127, 28 described aqueous,
thermally reversible gel conpositions fornmed froma pol yoxyal kyl ene

polymer and an .io on ccharide for ap ation to injured areas of
the body P6°&"42 % 0%65 EW%SfﬁGSiG’Q eré&% %§%Oﬁ7ﬁ‘irlﬁe€vent adhesi on.
Rosenber gthetuss of W@hﬂ&Z@@eZ@f ct&slg/bkjuaen(ylbhe mdemets tfee sase type of
pol yoxyal Kb{é?ln%eﬁ?glfé@?a'b§ érgflstegge Al@égla YS&Q’ fg?@%l %%E

sur sel s for

ol i gonucl eoti des to_surgicall expose ace 0
t r eat ment SHOTEES FBRERSESs OF N@iofih‘é?sqﬁréﬁrﬁofettr&latmw Oﬁo%%ﬁii@@?gl%{ al . taught

or suggestNeimrusen@f c8 gel nﬁﬁnﬂ&igialnbbﬁ@ &S ad. ViaRGhBeor E0@48de Dunn et al .,
U S. Patepf Nos. 4, ¢ 3%1 63 aond 16 01 31 describe polyneric
conposi ti ons USSPl T 95 THY ééiﬁf?rblalsea %S'8%%e of biologically active

mat eri al syodbd)i ALANP a{uﬁ' e yS0l \ésegneﬂ%susscbsts%@ﬁ SR 8 #el dgans or

suspensi ogls of antigen for direct parenferal. i oh, Whéreupon in-situ
gel l'ing restfteribg Pmﬁfcmmﬁaﬁwnsupﬁﬂqufpérth@ valﬁ@tl;ledof anti gens

i ncl udi ngreT@isde symBiRbYCcAapt a@iﬁﬂﬁaﬁ@@bmmwnogemocmt@b@e med. However,
Dunn et aI N U% ‘Ega?OZS 516 31, state a@ the controll eg rel ease

conposi t i 8He FEqiTT &558 T PIEBAL 9 b‘H}S 8f FEMt1 W% et ardi ng agent.
The ret ar @itniggeagéont slireet eaadueeralo inpektiane tHweregpdh iimgsiate and were
needed fofe) MinGheLs ARGT APTRRL LR fAGheREES (P11 AN EIENS vaPhbah are easily

of antigens including small synthetic peptide-based immunogens
was claimed. However, Dunn et al., US 5,702,716, stated that
the controlled release compositions require up to 15% by
weight of a gel rate-retarding agent. The retarding agents
were added to modulate the gelling rate and were needed for
higher entrapment efficiencies for antigens, which are easily
extracted in vivo. As the solvent extraction is governed
largely by diffusion, this presents more of a problem for
small synthetic immunogens than for larger sub-unit or

protein-based antigens.

[0030] Neither US 4,938,763 nor US 5,702,716% taught nor
suggested synthetic peptide-based immunogen stabilized as an
immunostimulatory complex suspended within a biocompatible
sclvent. Furthermore, neither US 4, 938,763° nor US 5,702,716
taught nor suggested compositions which are self-adjuvanting
and can upregulate immune resﬁonses in both the priming and

boosting phases.

- [0031] It is an object of this invention to develop stable
immunostimulatory complexes from synthetic peptide immunogens
and stabilizing molecules, which possess self-adjuvanting

1'properties-in vivo. -It is a further object of the present

- 10 -




extracted in vivo. As the solvent extraction is gover ned | argely by

. diffusion, this presents nore of a problemfor snall %hetlg drqgn"runogens
than for larger sub-unit or protein-based antigens. [00 %

4,938,763 30 nor US 5,702,71631 taught nor suggested synt hetl c

peptlde based i nmunogen stablllzed as an i mmnostinul atory conpl ex
suspendedvowddasite a bi oconpati bl e sol vent. Further npggusggizidher US
4,938,763 30 nor US 5,702,716" taught nor suggested conpositions which are
sel f-adjuvanting and can upregul ate i nmune responses in both the primng
and boosting phases [00311 It is an object of this invention to devel op
stable ipmun stl mul at ory conpl.exes f synt heti.c peptide inmunogens and
st abi | i zi ﬁ%v%llgguﬁo é’ro\‘f\%?%l‘? 56@%39%5‘%%‘{’% t&dfﬁ%ﬁ?ﬁgg) P6PeFtF es in vivo.
It is a fpeptice ojweegeof i he tppementinl@ivd August 2006 WO 03/ 068169

PCTf 1 TS03104711 invention to provide a sinple nethod to stabilize a

synt het i c [O%¥dt i Ide ip mMnAtddeénturibert ok egihidof thei poesqrg032yernittions a stil |

further o q%ov@&e thRtRIRSERr LOVERNL O8N rd1QaPE Qﬁ@l@%eﬂdsie@ﬂlefgs or controlled
rel ease deliv ¥ vehi gll es afible with these stabilized synthetic

pepti de- bSYWPLL tFl?ﬁﬁeatsgg?/l]cl& | Bt O PEBf e Raed still further
obj ect of itecshieritatony taompdexyes.op formul ations using a conbination of
stabilized synthetic peptide-based i munostinulatory conplexes and

unconpl ex&¥PIFmitogens stald borvhes| tkdgckerbdde Hetdntdey systemto achieve a

syner gi sta@vee_@bamm&ah&{s t3end anéBﬁbirﬁa%EQHS&f sltagiyﬂae@g protective
responses. rence Phar maceuti cal Research,

ed et
1989, 6: 9633*" pr%frg% %ﬁﬁ&énfm&m"é?gﬁw‘l\{cmﬁ TR EEEt €"%8hem , 1998, 9: 418-

uncomplexed immuncgens in a controlled release delivery system
to achieve a synergistic enhancement of the immune response

including protective responses. S
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SUMMARY OF THE INVENTION

[0034] The present invention is difected to a stabilized
immunostimulatory complex comprising a cationic peptide and
anicnic molecule or oligonucleotide or polynucleotide and a
method for stabilizing a cationic peptide by complexation with
an anionic molecule or cligonucleotide or polynucleotide via
electrostatic association. The stabilized immunostimulatory
complex may be incorporated inte a pharmaceutical composition

as an immunogen delivery system.
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14 August 2006 [0035] A "cationic peptide" as described herein refers to a
peptide, which is positively charged at a pHin the range, RL S?zogﬁto 8. 0.
The net charge on the peptide or peptide cocktails is ca?cu%ua

assigning a +1 charge for each |ysine (K), arginine (R) or histidine (H,

a -1 charge for each aspartic acid (D) or glutamc acid (E) and a charge
of O for the other amno acid within the sequence. The charge

cont ri but {@8s]1f& Ot henil- pesuticeal aarkBerith) hanrdn GderBi fila car boxyl at e

(-1) end graups qihlsﬁcl@ gs&iéi%lgféh%gg%a'%}ty ;p%ﬂﬁsgp IeaCh other when

unsubstituted. The charges are s e and expressed as
the net avet &ge® Charfe n%\t dareanive the peplidd prUrRBGeRAe has a net aver age
posi tive chatgels ak ddlcuPseiebabissighigg ReplidRriemarogesm has a net

pOSI 1 ve 11880 | HhELANG LN 3 LoEgET (ham, 2 10002a) 1 a fi v

aspect of ‘the present invent Fovi i zed
i mmnostl?ﬁﬂaéfb? FOEBNR et CRHBRTMST AGIR (Eéa%ridoﬁl @ﬁiéﬁtﬂi’fdé] f@rlmjnogen and
ani oni ¢ Gp@ otmegolammceaudjeutmmrmbnsédm@na@ut| oRé Grpegd | de i Mmunogen has a

oL POS LR HRN AR AbpdfiiL{LbNg.] A8, Of T B BB Buag] ot 2t od. bY

assigning a_ +1 or eac 5| ne or histidine (H),
a-1 cha‘?agréoﬁbllatéaé )ag%rgtrpép%cﬂfde%@) p@lPthileu@J’éﬁﬁcél‘eﬁzqudC@quland a charge
of 0 for aidh etker wAsh RGsABEEiS Wadat m@lepamﬂg«é@ LAANREEN roand wherein the

ani oni o @Gl aeaucheollde g & nel deoative, charge af a pH in the range
S

of 5.0-8 15 a sl ngle-strande conprl 64 nucl eoti de
bases wi tHi&aPlepeaptice Jdnmue?ywsbﬁé g uahi aliemagepreftiagdchdmenunber of

repeats off tthe @perermiyf ihe popdie (ROGSqed nhst & nkQ. pdHQ36L The peptide
i MMunogepBaen ithe Bngeldnaepid Q@ﬁgﬁexaeﬂbnng epi topes. The Th epitopes may
be intrinsic to the peptide or added thereto as described in the prior
art. Suitable peptide immunogens are described herein below [0037] An
"ani oni c [A®IFddulte"a o5 rdesasndsadofetted wreeémy snvent i, etbées,iswhi ch are
negat i vepyofiRuggstabi B4 idnindet iriN8€ory complex comprising a

cationic peptide immunogen and anionic CpG oligonucleotide

wherein the cationic peptide immunogen has a net positive charge

at a pH in the range of 5.0 to 8.0 calculated by assigning a +1

charge for each lysine (K}, arginine (R} or histidine (H), a -1

charge for each aspartic acid (D) or glutamic acid (E) and a

charge of 0 for all other amino acids in the peptide immunogen

and wherein the anionic CpG oligonucleotide has a net negative

charge at a pH in the range of 5.0-8.0 and is a single-stranded

DNA comprising 8 to 64 nucleotide bases with a repeat of a

cytosine-guanidine motif and the number of repeats of the CpG

motif is in the range of 1 to 10.

[0036] The peptide immunogens comprise B-cell epitopes and Th
epitopes. The Th epitopes may be intrinsic to the peptide or
added thereto as described in the prior art. Suitable peptide

immunogens are described herein below.

[0037] An "anionic molecule" as described herein refers to
molecules, which are negatively charged at a pH in the range
of 5.0-8.0. The net negative charge on the oligomer or

polymer is calculated by assigning a -1 charge for each
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of 5.0-8.0. The net negative charge on the oligomer or polyner is

cal cul ated by assigning a -1 charge for each 15 14 Augus{ 4%%(&200

phosphodi est er or phosphorothioate group in the oligonmer. ASuitable

anioni c oligonucleotide is a single-stranded DNA nolecule with 8 to 64
nucl eoti de bases, wth the nunber of repeats of the CoG notif in the range

of I to J&osﬁl{cﬁiﬁ@é@éﬁﬂ Yr phd¥@h&RSeH: BE84IRRSHH Nl aﬁé)ro)a_@brﬁg}l e- §t randed DNA

nol ecul es 18- 48 nucl ep ti d bases,, wi.th t r repeats of
CPG moti f° qf eearrlﬁonléj ot Fo ?‘(‘30?8]él Wéep?teﬁ‘aé’]d (gr@% he ani onic
ol i gonucIﬂl@én?i:‘%:lleE With ﬁep@e@eml@?deqwd@ Hesker milth: tis nMm@EXof3' wherein C and

(G Sre u;}@gé&t}é atedie 8pd n?étlfslxﬁeh@%age farom thaogr oM cepfsiysting of A
adenl ne

anin.e n t03|ne) 15a 14
August 2588%}{‘1%1%@1168@ lﬁ’tﬁx‘lyuéb%qmﬁ47i)fﬁ.an§?9'PN€‘tIﬂ%cﬁieﬁy , the anionic
ol i gonuclcebtiide 18518 nepleeddde dushy, tmhf@mv@eﬁ@f(b@ew&:@f( X4) 2 31
wherein Cpanebter B endnimbbydated; gand X3 is selected fromthe group
consisting of A- Tor G and X4 is Cor T. [00391 Most preferably, the
CpG ol i gdAdgskobirderefesablactred arfiboi aalggmmmleOﬂsdestﬂsng of 51 TCG TCG TTT
ToT OOT TGl GT by TIEACRIL 31 (0 ) SFRLR Mand.e 5,82 base | ength
oligoner, and YnTC GIC GIT TTG TCG TTT TGI SEQ I D NO 2,
a 24 bas& TSHYLACHYi gher 1 GelertHAoSIHoFR HESER éoﬁ?%ﬁﬁéng (tedi gnated as n
at the 5Xaderdhe),[ 604QEnTne) resulrt {thgmimaunost Xt at geyroempl ex is in the
form of particles with a size typically in the range from1-50 mcrons
and is-a function of many factors including the relative charge
stoi chionetry and nol ecul ar weight of the interacting species. 32 The
particul ated i mmunostinul atory conplex has the added advant age of
provi di ng adj uvantation and
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upregul ati on of specific i mune responses in vivo. Additionally, the
stabilized i munostinulatory conplex is suitable for prepagipgrosacci ne

« formul ations by various processes including water-in-oil emrulsions,

m neral salt suspensions and polyneric gels. [0041] The term "stabilize"
as used herein may be acconplished by the use of any material, which
protects whesmgspt hetic peptide i nmunogen agai nst degfagati7an 1 n vitro or
in vivo. This may be acconplished by virtue of chem cal nodification
and/ or physical association. A stabilizer may augnment the physi ol ogi cal
properties of a synthetic peptide i munogen, an oligosacchari de-nodified

- gl ycopepti o) | i pi dated .peptide. to, provide a nore efficacious
formul ati 8%% [@8%}“ He {35? rﬁ%ea 7TV ﬁt"l%‘ma‘&g%?‘i d*ferein refers to any
mat eri al , ropissenten mhikaactommulapregukines tHfe: idnwhersiespomses 16 - - -

------ oo o Aulishy 2008, 8hd 6P1RM BYeARd BUONNGRCErbL, RUARLS: 0 ani mal s.
The adj uva itsel n’g‘zvfl 8%#‘2% not induce an i nmunogeni c response. [0043]
r a

t
The st abi P?z”e'r Tnﬁ§/ G Bﬂ;["f unction in a vaccine as an adjuvant,
effectivel regul.ating t i n responses. ,The stabjlizer may act as
an adj uvar[%o%b? g'é"isitvgf?/&rfag)g}’1i St (?%% Ot(iﬁ O%?é:'fgﬁfﬁ?i]ﬁns‘a#eﬁtﬁ i munogen to
prof essi ofadm sppoees siongigklngs obf5't FEC|I THAIAETSIET €T BILISTASGHRCTr ophages

‘and  dendgpd ineccet | $. (bPeiNSERr e5aR: I NVeRbi ke URQGEE RLLLASD . _
i mmunost i nul mains as_an integral dnit ~in solution

%t,org compl ex i deal I%qre ;
when adni AFSterel. ST064%) THhdCEt B FFEEFT AmbinoHCANI 28D AY ¥d¥npl ex may al so
be fornmukated4f bascdehyoh ladgbedeasas anghbepretdhasate @@BRbEX in  a

concentra f pn.a.” "ehear,.the site of adm nistration. These
formul ati gﬁ%lg%g%ag%sst chfﬁ&tecgnbe?‘r%' the benefits of a stabilized

adj uvant egod4B7URegePe SOUR LG didMuhBst Ana UBL A} NGk OC Al BRI 8RAS@.BH | MTUnogen
to i mmune effector . ) _ ,

of particles with a size typically in the range from 1-50

microns and is a function of many factors including the

relative charge stoichiometry and molecular weight of the

interacting species.?

The particulated immunostimulatory
complex has the added advantage of providing adjuvantation and
upregulation of specific immune responses in vivo.
Additionally, the stabilized immunostimulatory complex is
suitable for preparing vaccine formulations by various
processes including water-in-oil emulsions, mineral salt

suspensions and polymeric gels.

[0041] The term “stabilize” as used herein may be accomplished
by the use of any material, which protects the synthetic
peptide immunogen against degradation in vitro or in vivo.

This may be accomplished by virtue of chemical modification
and/or physical association. A stabilizer may augment the
physiclogical properties of a synthetic peptide immunogen, an
oligosaccharide-modified glycopeptide or a lipidated peptide

to provide a more efficacious formulation.

'[0042] The term “adjuvant” as described herein refers to any

material, which can enhance or upregulate the immune responses
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cells. In soﬁe conpositions the role of the adjuvant itself my also
involve attracting cells of the imune systemto the viglR| ¥ st he

i mmunogen depot and stinmulate such cells to elicit an i muné response.
[0044a] In a second aspect of the present invention, there is provided a
process for preparing a stabilized i munostinulatory conplex as defined
above co i sing.the steps of: (a) dissolving or dispersing the cationic
pepti de irrer_ﬁti'rbcnlé:sgnbyi Atan - agt Sréulgn %ﬁr?fé’g Q81 BHEF 1 o f“?ﬂé“’@'gBup consi sti ng
of di stil Fegrlidepnmirzel wat eindusa|anndmmpBSemivd raspanstur e t hereof with the
provi so t h H of . the agueous phase is |ower than the ionization
poi nt of ?ﬁ%ﬁéeﬁlﬁ&éaﬂ?ﬁﬁ%d@ﬁ; 2459 E’H?E%P\Wn@lnﬁﬁb?n &Ridni ¢ CpG

ol i gonucl eatdige ds aanadigrenus ephase veky egplregufatany theeimtumdp consi sting of

di sti || ed:alginnt zedrualatn: ki ey BES .20 Ztlalukg Lhaceel: (©) adding
the CpG ol |cgﬁnucl_eot| de in the  aqueous phase "dropw Se to t % sol ution or
di sper si oR*Bf TR IcHIS SREsesabtandat i theu ABBERIER RnPERESSALOR2S f or m

a, st abi | i petessimmunedts il Eteolymeenpywempf sidheapeptiamhagaznanagen and t he

CpG ol i gaaucheot ide1in a,char ga.Jaki o Rf,t Lioni 'zggunoge” peptide
to the CpG ol ilgo_nucl eot | dg in ?_he range of‘.t J%‘g': %ﬁt o.&%}??[l.{ 14 August 2006
[0045] An"EHEETFTENE Sy CPE AR 456 LAY METRoBS fa8T 2P ridsasfalg ivacci ne
conposi t i on sebwtiznnvieg adminisrenedst i nul atory conplex. In a preferred
embodi ment the immunostinulatory conpl ex has the added advantage of being
a stabi | i 234y Reqattpbl et Haupasedul phembgenelannyy tedeodred at the sane
time is sehimbdiedvesy icBgtMilt6d repeLglali Aa@hs SResi ddp1bgmune responses in
vivo. 1Q0 i r spect, of this _invention, there is provided a
process %oréglgc_]feenlﬁg?%%g fgm?v\é'tne?-id%%%l PERTI SR ofbri sing an
i munost Ot at Trp tEFhpllersadogetiatddnaboverscoipel & ngubhe steps of: (a)
prepar i Nghanbdridrino it AL abOI J-c008D B%ntd iARMERME Bhigseqsalacted fromthe
group CO@§Eﬁéé&lgegflé¥a§tfélgggg of immunogen to immune effector

cells. 1In some compositions the role of the adjuvant itself

may also involve attracting cells of the immune system to the

vicinity of the immunogen depot and stimulate such cells to

elicit an immune response.

[0044a] In a second aspect of the present invention, there is
provided a process for preparing a stabilized immunostimulatory
complex as defined above comprising the steps of: (a)
dissolving or dispersing the cationic peptide immunogen in an
agueous phase selected from the group consisting of distillied
deionized water, saline, PBS and a mixture thereof with the
proviso that the pH of the aqueous phase is lower than the
~ilonization point of the peptide immunogen; (b} dissolving'the

anionic CpG oligonucleotide in an aqueous phase selected from
the group conéisting of distilled deionized water, saline, PBS:
and a mixture thereof; {(c) addiﬂg the CpG oligonucleotide in the
aqueous phase dropwise to the solution or dispersion of the
cationic peptide immunogen in an amount to form a.stabilized
immunostimulatory complex of the peptide immunogen and the CpG
oligonucleotide in a charge ratio of the cationic immunogen

"~ peptide to the CpG oligonucleotide in the range of 16:1 to 1:1.
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dei oni zed water, saline and phosphate buffered saline; (b) adding the

i munostimul atory conplex in the aqueous phase into a cgﬂgﬁ agﬁg oi | phase
selected fromthe group consisting of a synthetic oil, a é%e ?e oil, a
mneral oil, a netabolizable aninmal oil and a m xture thereof: (c)

di spersi ng under nechani cal shear the imunostinulatory conplex in the
aqueous hase into the continuous oil phase to form a honbgeneous

wat er - i n- R94dmiinsiegRodinens] nayi ok bz teiisodi merhogaforel ate to a method for
preparin V. i ne i L ; he i nQstinul atory conpl ex. The

-1 mmunost |gprrr1ﬁapaatrg$1 c%or‘rf%;aggggrEgﬁﬁmo%%g%ﬁofoéﬁyql%ﬁ&ti mul atory conpl ex

wi t h t he imoonpitexedacopyunogeplary b forppdfareddasmBodsySpeENSi on in
solution, a water-in-oil emrulsion, a suspension in conbination with a 17a

14 AugusttFOoEMURCSEAEPL 8EPEY spRetRY ditorthe reEsAseAVaLEaY8uspension in a

bi oconpatddlie.4 ti ; b NELNOSL 4 + Ipaetpctr- c X3 in a

m xture v(\% t r&dﬁ?o#plsgggéi?%nogens ﬁrrlare; al sg)ébeeggg-baf %l?nlnrr%lqg %ﬁj in a

bi oconpatiblw tsml wedt ainthe ppdpeerine god .selfB@dGajahhiagfeithh aspect of

this invention, there isﬁﬁro.\/' ded, a process for Ere aring a suspension

conpri si H'H)ra?rgu]iaﬁhlrﬁﬁogffi Fat oty %ﬁﬁ{)eefeéé’ﬁﬁﬁre& g Yh&steps of: (a)

preparing an imunostinmul atory conpl ex as defined above in an aqueous

- phase sel ed fromthe group copsisting of distilled deionjzed water,
sal i ne arﬁg&ﬁf‘gsﬂi‘f‘latthérBLﬁsP@FEoOfsgFi"?lé’,nVE‘gSl_oﬁr epHeng® ePr°§_H§ep5Jeﬁsi on of a

mneral gabdessetectedpd oy & NR b oUP ¢ ONSHILE S coﬁhﬁri@s‘i&flg1 fpm hydr oxi de,

al um num phosphat e, and cal cium phosphate, in an aqueolds phase sel ected

from t helgno\wgtingnspsy icegrbix dissdédined awiveni wegriwingr thsal i ne and
i m*runosii myl atory conplex in the

h hat buf f | i : .addi 1
D ep ot Brad b e B, RPaThg (8 R o BB e T

suspensi agiedud) pidsei Bglddied | fAPMNEEE igidhgt@nyi s1OmB! &X Mistmtdge nineral salt
suspensi on, tQ forma m xed suspensi on.
deionized water, saline and phosphate buffered saline; (b)
adding the immunostimulatory complex in the agqueous phase into
. @ continuous oil phase selected from the group consisting of a
synthetic oil, a vegetable o0il, a mineral o¢il, a metabolizable
animal oil and a mixture thereof: (c) dispersing under
mechanical shear the immunostimulatory complex in the aqueous

phase into the continuous cil phase to form a homogeneous

water-in-oil emulsion.

{004€6] Another embodiment may relate to a method for preparing
a vaccine composition from the immunostimulatory complex. The
immunostimulatory complex or a mixture of the immunostimulatory
complex with the uncomplexed immunogen may be formulated as a
suspension in sclution, a water-in-oil emulsion, a suspension

in combination with a

- 17a -




[0046b] In a fifth aspect of the present invention, there is provided a
process for preparing a suspension conprising an i nmunoB4 Angiseloosy conpl ex
conprising the steps of: (a) preparing a solution of a peptide i mmunogen
selected fromthe group consisting of SEQ ID NGs: 3-13 in an aqueous phase
selected fromthe group consisting of distilled deionized water, saline

and phosphat&abuffier eck2aki figickbd R-eRaliNg2 S%% shoy, of a mneral salt
sel ected Lrom t he grou consistin al um num ‘hydr oxi de, al um num

] of )
phosphat e XAE AT S G s PHosPhat &°5 %mw%%?&g%wa@@l%ﬁéﬂeearf romt he
group conélilsa_t gtk diet uhtewleded drnzegenatety, abal baecand phosphat e
buf fered salingted o) o addiagathapeptide s0lubbORL: e suspensi on of
the mneral salt with mxing; (d) adding a CpG nucl eot’l de sel ected fromthe
group congocteanorrot SRchRNS-t braogi SERQdRiNG B tik Pioingato forma
m xed suspensi on %f an i mmunosti nul atory conplex and a mneral salt. 18 14
August 2086 °FBbU6CT AHAPE SUxE PUaBRRECN ofPReSifed®nt invention, there is
provi ded mhaéﬁ%ﬁ@éﬁdr?aéon@@gp% $+i1Qng GARPELe k“&f:a@)l‘?l?@ﬂéfi‘ﬂg of an
i mmunostinul atory conplex "as defined above i1 n an aqueous sol vent sel ected
from the agrisopneéasilstiony ohptistes| defdnddiabniz g wataueosal i ne  and
phosphat e ff d.saline. [0046d] In a seventh, aspec f. the present
i nvent i pn?}p#ﬁeg‘%éleeicgegprr(%i H&ed 95° 5?%&:%&??@ I Qb%ﬁfﬁggét _e&ﬁn%%ﬁ%ri sing a gel
of an i mmamestianihatorypeesmkex mgreefd pednabons whekeiry the gel is
formed in situ by adding the i munostinulatory conplex in dried formto a
sol uti on YHSPEASIH 8f tuMgeeIalngabi sedbapad bran pbt yarenp webestied from t he
group congf st f « D L i.de .c col ide copolymer, poly-D,L-lactic
aci d-co-g y?é'llﬁ%ugc?@qlo%%%dl gﬁﬁﬁhgﬁhfgg}b%t&’a%rtlcgr?é?gb%rryanhydri de,
pol yor t hogstsehateandn spokyferubypirameybelieyted fach dhe Graupbi oconpati bl e sol vent

selected fromthe Lgroug, consi sting of dimet hi/! sul foxi de (DMSO), N-
consisting of distilled deioniZed water, saline and phosphate

buffered saline; (c) adding the immunostimulatory complex in the
aqueous phase into an aqueous phase containing the mineral salt
suspension; (d) mixing the immunostimulatory complex with the

mineral salt suspension to form a mixed suspension.

[0046b] In a fifth aspect of the present invention, there is
provided a process for preparing a suspension comprising an
immunostimulatory complex comprising the steps of: (a)
preparing a solution of a peptide immunocgen selected from the
group consisting of SEQ ID NOs: 3-13 in an agueous phase
selected from the group consisting of distilled deionized water,
saline and phosphate buffered saline;{b) preparing a suspension
of a mineral salt selected from the group conéisting of
aluminum hydroxide, aluminum phosphate and calcium phosphate in
an aqueous phase selected from the group consisting: of distilled
deionized water, saline and phosphate buffered saline; ({c¢)

- adding the peptide solution to the suspension of the mineral
salt with mixing; (d) adding a CpG nucleoctide selected from the
~group consisting of SEQ ID NO: 1 and SEQ ID NO: 2 with mixing to
form a mixed suspension of an immunostimulatory complex and a -

‘mineral salt. . ' | ' .
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met hyl pyrrolidine (NWP), triacetin and glycerin. [0046e] In an eighth
aspect of the present invention, there is provided a phas AR&RUI00E Al
conposition conprising an aqueous suspension of a mneral salt and an

i rmmunostinul atory conplex as defined above wherein the mneral salt is
sel ected from group consisting of alum num hydroxi de, al um num phosphat e,
al um num sul phat e, calciunlphosphate [0047] This invention is further

directed roduct i on_of use i mmunogen delivery systens for

adni ni st riplohﬁgloy T & i 86?8?% ‘i’ﬁcﬁ%ﬂﬁ%ﬁeﬁpgfé%lg@r al, intranasal,
rectal, buresd,iyagidualdeand phaPREesimcA10 os1BBbEF DESCRI PTI ON OF THE
DRAW NGS [ 00481 The present Invention is furt understood with 18a 14

August ZOGGmP%?%?fJé"r@ér?céiUts@ePﬁéoargﬁm @Tgslmff[@@@]lmﬁllgtlpey 1cémplesschemati c

showi ng th %4 oges catl on| R t| i ns and CpG

ol i gonucl eot| es &f%ygg% Eﬁgéﬁeggugi lﬁre y8| SF ﬁi %%’1\9 bution for

the stabygromeddmmsdsic ol a‘igtylliélmlieﬂ)&ﬁzléﬂeﬂétéﬂ fsomddiRH pepti de
gonucl eoti des in various proport| ons as determ ned

i nunogens
by |aser ﬁ?%f%ﬁﬂ?eﬁ@éﬂéﬁ??éﬁ@n?% 1ing.0p511 Figure 3 is a schematic of the

process for preparing a water-in-oil (w o) emulsion enploying
honpgeni zation or extrusion techniques. [0052] Figure 4 shows a typical
phot oni cr 68148Fh Tof XRPER asRaFSioSntls eperead W‘@nhmmgéhﬂlﬁaw on froml SA

Mont ani d g-RAgand pkiIRECPAE call I S erein LHRH CpG
is 4:1 a ra fi xed fi naIc totc§I pegt ?%I%fgglogé l%/lrsg? on o? ?Lfo\gﬂpg/rrL. [ 00531

Fi gure 5 &imynesbinuyptas cqulegnaa:rde@nmmhakb@re ahw‘ean emulgsl ars prepared via

“extrusi on, fro | SA.Mont ani.dee 720 .and LH nosti myl atory
conpl exes™® g]rjeri L ErR: éﬁ&%ngu ghe &Wunoéf:l%u t?’é%l Ofof“mg?x ERRIFLS5Ept i de

concentr afd@nt®fa 200ut¥oRlof an in-situ gelling biocompatible polymer
selected from the group consisting of poly-D,IL-lactide-
coglycolide copolymer, poly-D,L-lactic acid-co-glycolic acid
copolymer, polycaprolactone, polyanhydride, polyorthoester, and
poly(a-hydroxybutyric acid) in a biocompatible solvent selected
from the group consisting of dimethyl sulfoxide (DMSO), N-
methy! pyrrolidine (NMP), triacetin and glycerin.

[0046e] In an eighth aspect of the present invention, there is
provided a pharmaceutical composition comprising an aqueous
suspension of a mineral salt and an immunostimulatory complex
as defined above wherein the mineral salt is selected from
group consisting of aluminum hydroxide, aluminum phosphate,

aluminum sulphate, calcium phosphate.

[0047] This invention is further directed to the
production of useful immunogen delivery systems for
.administration by various routes, including parenteral, oral,

intranasal, rectal, buccal, vaginal and transdermal routes.

" BRIEF DESCRIFPTION OF THE DRAWINGS

. .{0048] The present invention is further understood with
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| 8b 14 August 2006 WO 03/068169 PCTfLTS03/04711 [0054] Figure 6 is a
schematic detailing the in-situ polynmer gel process errpip)(ﬁéhgtzooﬁ
reconstitution. [0055] Figure 7 shovvs the serum | gG responses in guinea
pigs inmunized intranuscularly (1.M) in accordance with the imunization
protocols described in Exanple 7. [00561 Figure 8 shows the serum | gG
responses in guinea pigs imunized intramuscularly (I.M) in accordance
with the inmunization protocols described in Exanple 7. No sera were

obt ai ned feferthes ani twl srawimgai zed with the immunostinmulatory conpl ex
derived from CD4 peptides and Cop& on week 17. This i's indicated by an
asteri sk I9P4R glirawrg. 1 [1608 Achpngfuice siogimgwihe IvemslexahidrgBreesssonses i n
gui nea pi @s ca PRI pESilgat InditsgaHsabhy dobs. Mikgohiciaeeiedance with the

i mruni zati on protocols described in Exanple 7. [0058] Figure 10 shows the
serum | gd%088pdrigese i h sgownehe pivgdcal miwai dedribttriamuscutizg |y (1. M) in

accordanc&a%iﬂédhﬁmndnggyﬂﬂtﬁ§£éﬁnC&Eﬂteggglﬁre%§§&ﬁ{ IeRSH iy Exanpl e 7. No sera
were obtained for the animals i'nuni zed e I nmunostimul atory

conpl ex dEPEVEY HPEREBE FhEPHe AR UEpeRH GRS WHERIOUSThi s i s i ndi cat ed
by an astmmopsktions Fsgdeeerhined @95Yseki guf raddidhawssurbeersar um | gG responses
i n guinea pl(ig i mmuni zed intramuscularly (1.M) in accordance with the

i muni zat I%9R*hrideBED IS 1aes crhtediE refoknp e cgss 1og6R erRr g € 12 shows the

serum | g@atesponRses (WioPWniesidi efpldy IRy MetRdehiMatasniseul arly (1. M) in
accordance Wt fl!mt? | nmuni zation protocols described in Exanple 8. [0061]
Fi gure 133 s Gf'u rum | gG responses and 13b shows the total serum

t est ost ereszj rigELE 4r ahsed AMEHiZEd pH&Bﬁm%ﬁrﬂo¥ AIW/M) in accordance
wi th imuni zation protocols as described In anpl e
emulsion prepared via homogenization from ISA Montanlde 51 and

LHRH:CpGl immunostimulatory complexes, wherein LHRH:CpGl is 4:1
at a fixed final total peptide concentration of 100 pg/nil.

[0053] Figure 5 shows a typical photomicrograph for a w/o
emulsion prepared via extrusion from ISA Montanide® 720 and
LHRH:CpGl immunostimulatory complexes, wherein LHRH:CpGl is
4:1, at a fixed final LHRH peptide concentration of 200 u/ml.
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14 August 2006 WD 03/068169 PCT[US03/04711 [0062] Figure 14a shows the
serum |1 gG responses and |4b and 14c shows the total serypmnLg3tapkEerone in
mal e baboons inmmunized intranuscularly (1.M) in accordance wth
i mruni zati on protocols as described in Exanple 11. [0063] Figure 15a shows
the serum |1 gG response, 15b shows the total serumtestosterone and 15c
shows t hewavsawage wei ght gain per group in boars i pobsededd ntranmuscul arly
(I.M) over the trial period in accordance with imuni zation protocols as
described in Exanple 13. [0064] Figure 16 is a schematic detailing the
process of preparing a m xed suspension of immnostinulatory conplex and
a m neral [gﬁéh TALLED DESCRI PTI O\Ié]e:ta'gl%-(E | NVENTI ON [ 0065] I n accordance
asp a2ty o

with a firs et 6t ° tHe % AVERFICSH PciBePtidB T Hififnogen i s

conpl exed 984 throgas ardmpAPEingineghessituahded DNA to form a stabl e

i mrunostinul atory. con]é)l ex. (0066] The cationic peptide inmmnogen is a
peptide wilfPPH urgositove ehrar§Evatias pepransasr ahgeinga igsto 8. 0. The
net char gemar zebeipaphhdeularipept ivle cRGdRIrhsndes wah aieat ed by assigning
a +1 char ggmgnorzagggnhlg%%gﬁs( 5%ﬁfﬁg’%ldnlﬁ$fﬁx%%%g;7ci histidine (H, a -1

charge for each aspartic acid d (E) and a charge of O

for the o ang: | L C T . tr. butions from
the N-ter rr[na%al] r%%l?aﬁg%( %?Ifwgrr:tfeg-%feg?ﬂiﬁgl %‘33%%%%%[ g]%%ﬁ%] pelﬁg groups of
each peptTHEigr cttirdBrCERgdE| (Tedbh Bt Pecorfnreunstibstiet ut ed. The

cEar ges gixﬁ?lﬁuﬁﬁleﬂbxf Wro&@@d’lsDQ@&éﬂ%eaRﬁl @kﬁfuﬁﬁ@ﬁﬂ! aﬁotsl'&gnﬁére average

char ge. era the net average.char of. the pept.i i nmunogen is at
| east +2.5 t(fdé"?? %%re t@ﬁt?‘bﬁﬂagsp ndéeﬁ?r*%ﬁnqobﬁ Jﬁ@’y}g? MUAEEYA |y have a
net positfeewlehadgmivad Cadre GPAtpeptibeyeartaspd? am Wwesk dvi.noThiei d sequence.
It may be;fade; L NAYSG & RARELIVE iGNAI GG LY.

[0057] Figure 9 shows the serum IgG responses in guinea pigs
immunized intramuscularly (I.M.) in accordance with the

immunization protocols described in Example 7.

[0058] Figure 10 shows the serum IgG responses in guinea pigs
immunized intramuscularly (I.M.) in accordance with the
immunization protocols described in Example 7. No sera were
obtained for the animals immunized with the immunostimulatory
complex derived from CD4 peptides and CpG2 on week 17. This

is indicated by an asterisk in Figure 10.

[0059] Figure 11 shows the serum IgG responses in guinea pigs
immunized intramuscularly (I.M.) in accordance with the

immunization protocols described in Example 8.

[0060] Figqure 12 shows the serum IgG responses in guinea pigs
immunized intramuscularly (I.M.) in accordance with the

immunization protocols described in Example 8.

[0061} Figure 13a shows the serum IgG responses and 13b shows
the total serum testosterone in male rats immunized
intramuscularly (I.M.) in accordance with immunization

protocols as described in Example 10.
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20 14 August 2006 WO 03/068169 PCTfUS03/04711 the addition of a |lysine, an
arginine or a histidine or a mxture of these am no aci tsAtgust 3006
N-termnal or Ctermnal of the peptide i munogen. O her synthetic

noi eties, such as polyethyl enei mne or pol yam nes, which provide a
positive charge to the peptide i munogen in aqueous solution, may also be
added. [OD@8fossIspe cati oni c pepti de i nmunogen conpri sepussidiiiepi tope and a
target B-cell epitope. The Th epitope may be intrinsic to the peptide or
may be synthetically added to a peptide, which functions as a target

B-cell epitope. Suitable peptide inmmunogens include peptides that elicit

brotect | Veoga) USH2PCLL SRS SERRPRSES. All.aLe der i ygd, Ly om pat hogens

or proteins known to cause di seases ' uman or animal |gE
peptides £oF IRES| TRAIACERRISEFYTNoFeHIOSERERSS ingngle baberns gE pepti de

i Mrunogensmileseet batk ranuD 194 67203.) Hh Viccpeinddesifwr protective i munity
and i mmunet her, . for V. _Jdnfection.descrihbhed i.n 5,763, 16052; CD4
pepti des ?or l%rgééelg |r\|§lg°?on11?uﬁft§/e crr(%%”le R ﬁ%f“}?]‘r%rgﬁm herapy of HV

i nfecti ongggh; Nee H50LdslsS fesetihed i 90,:388p3" tei ni zi ng
Hor none RéleagiEgﬁHo?nDnes(LHRﬁxggepf?geng%?§O?ﬁ%Uﬂg§h§?§E§té andr ogen
and est r ol EFEMH &Rt PRRAC8e arDAPF NS Bhe averpaenfdehst 93l on, and
removal opebegbup almiboadesiamuhesed Inbfafustd9abbl (Tand) Uel, O2d, 46855,
P-anyl oi d. _peptides. f.or_ prevention and immunotherapy of Al zheiner's

Di sease d%%lcaﬁ'l %ggl?dn l%S%‘E? bGP g%%,%ﬁ%rfmfn&&?pa%l’ﬁgﬁ???l&i &Base virus

pepti des fexcrpbedegt Evemplemidi ty agai nst. foot-and-nouth di sease descri bed
in US 6,10 7,02117; peptides frombacterial pili for protective inmmunity
from uri nEQF4r FeEUrefide i on ScheRRihegtahl ngSkhoPrPeF8E8: Pl asnodi um
pepti des pparph@tLaik¥@ JuseRsion bEoniRloat imi1dessy i RagibR. WA 99/ 669575;

and sonatg§%%kkglggﬁktdes for gromh pronotion in |ivestock

DETAILED DESCRIPTION OF THE INVENTION

[0065] In accordance with a first aspect of the invention, a
cationic peptide immuncgen is complexed with an anionic
single-~stranded DNA to form a stable immunostimulatory

complex.

[0066] The cationic peptide immunogen is a peptide with a net
- positive charge at a pH in a range of 5.0 to 8.0. The net
charge on the peptide or peptide cocktails is calculated by
-assigning a +1 charge for each lysine (K), arginine (R} or
histidine (H}, a -1 charge for each aspartic acid (D) or
glutamic acid (E) and a charge of 0 for the other amino acids
in the sequence. The charge contributions from the N-terminal
amine (+1) and C-terminal carboxylate {(-1) end groups of each
peptide effectively cancel each other when unsubstituted. The
charges are summed for each peptide and exp:essed as the net
average charge. Preferably, the net average charge of the

peptide immunogen is at least +2.

[0067] The cationic peptide immunogen may intrinsically have a
net positive charge as calculated above based on its amino

acid sequence. It may be made to have a positive charge by
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described in WD 99/66950. 60 The specific peptide i munogens naned herein
are exanples for purposes of illustration only 21 14 Augyshusd0fes WO

03/ 068169 PCTI US03/ 04711 and are not to be construed as limtiing the scope
of the invention in any manner. [0069] The "anionic single stranded DNA"
is a polynucleotide or oligonucleotide that is negatively charged at a pH
in the redeests 5.0-8.0. The net negative charge omrctismpaiynucl eoti de or
ol i gonucl eotide is calculated by assigning a -1 charge for each

phosphodi est er or phosphorot hioate group in the oligoner. A suitable
anioni c oligonucleotide is a single- stranded DNA nol ecule with 8 to 64
nucl eoti d t at i f d. t.he .nunber of repeats of
the CpG morr g 'dh 3 HEBET #R SRt s EEGIR R o

i munost i RuXESr 9fs?'??@leeal§%l?caﬁﬂéés m%thﬁl%arésn%bmrapntqmnsl nucl eot i de
bases, Wi bh ﬂl’&p@ﬁﬂﬂﬁd’ iRhuiRpeat SoterCp ﬂHéTthtf: héketliBe, raRge,of 3 to 8.
[00701 Preff the anioni (i 0I| onuc tide js represented by the
formul a: B1°% SRR Bk °G ?ﬂ”ec RARYIRA &t 8851t3Rd X1 is sel ected
fromthe ghouge tondispengiad m@m@w ne)aquEous gudmithen, ang I1$s hym ne); and
X 2 is CLeyipsyne) or T (thymne). O, the anionic oligonucleotide is ‘
represented by the formul'a: 5 (X3 )2CG (X4 )2 3' wherein C and G are

unnet hyl atwlssjartdaexaatﬁorﬁel Q@fﬁﬁdief mmntotgen gfc%alg@@sel shi 8gitQfpe A T or G
nodi fied at the 51 end

and X4 is C or % Ogﬁo onucl %g
with a ph¥sh hoFSf‘i’ﬁ at ep& PRf ol - egl“?é’oﬁ%l’iﬁéf‘ns%‘?l [0071] Most
pr ef er abl y¢ theep€p@ads! pgcrm;cbeo‘ayﬂ@el:scaldlyeacﬂmﬂ tr anpeptgrleup consi sting of

base Lengh o) fgonars nd Sreae Gret e ehpren i PR R4, oy 7
SEQ I D Ndmm@ogﬁn?&’ﬁég‘ée I@?ﬁﬁﬁe%lqhgén‘é]rlcﬁm@r%?cﬁhﬁ%phfor ot hi oat e br| dgi ng

‘therapeutic immune responses and are derived from pathogens or

proteins known to cause diseases. These include: human or
animal IgE peptides for the immunotherapy of allergies, e.g.,
the IgE peptide immunogens described in WO 99/67293%; HIV
peptides for protective immunity and immunotherapy for HIV
infection described in US 5,763,160%; CD4 peptides for
‘protective immunity from HIV and immunotherapy of HIV
infection and immune disorders described in US 6,090, 388%3;
‘Luteinizing Hormone Releasing Hormone (LHRH) peptides for
-immunotherapy of androgen and estrogen-dependent tumors,
contraception and immunocastration, and removal of boar taint
described in US 5,749,551°" and US 6,025,468%%; B-amyloid
peptides for prevention and immunotherapy of Alzheimer’s
Disease described in USSN 09/865,294°%; foot-and-mouth disease
virus peptides for protective immunity against foot-and-mouth
disease described in US 6,107,021°7; peptides from bacterial
pili for protective immunity_from urinary tract infection
described in USSN 09/747802°%; Plasmodium peptides for
protective immunity from malaria described in.WO 99/66957°%;
and somatostatin peptides for growth promotion in livestock
described in WO 99/66950.% The specific peptide immunogens

named herein are examples for purposes of illustration only
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group (designated as n at the 5 end). [0001] Moreover, it is known that

t he DNA sequences derived from unnethylated cytosine-gug&hﬂgmﬁﬁﬁga

di nucl eoti des activate |ynphocytes and can enhance a su S I nmune 22
14 August 2006 WD 03/068169 PCT[US03/04711 responses, |nclud|ng I L-6,
TNF-a, 1L-12, IFN-yresponses 33. These nol ecul es represent preferred
conpl ener¥@pips8ighst rates that can both stabilize treTwymp4Teti c cationic
pepti de immunogens and provi de a novel imunogen delivery system based
on these findings. The stabilizing imunostinulatory conplexes of the
present invention also provide self- adjuvantation of the inmmne responses

in vivo WahdiQiHe nSt oY fb@cams&bb@tasomlﬂitidbetﬁhté‘c&&e bhitgetion. [0073] The
formation,of di.screte i munostinulatory conpl exes “derived fromcationic

peptide i MHEGERs ™ S P Fal Iy a  function of char ge neutralization. It
I's expect ?g éd}atThset %fonﬁ%0%+§f%e§t%¥de &g}‘ s fahp%a\g[ %gotgpdt al ni ng

i mmunost i rru atory erive rom 0 synt hetically
modi fi ed ﬁHc‘?]éGPPH@l%qdén@”e@ LFuredasivorie chanped\wdmerpls inntheé he stability

of an i Mmuaesd |om_fu1r,a¢.cyy) COMfR @Xt NMYabevs edldraedon RYel NCreasing the cationic
charge re5|f on f ogen. These incl ude extending the

e
‘peptides &P A8AF 9% oﬁ’g g#WPH%ieoérla?n’r%é:a&FuH%ﬁdi 8Y RSS4ANERRET synt heti ¢
noi et i es, ~Whihelrgpr b @esh splpaphddistehasgehbephdwtimditfd @doupept i de in an

aqueous sl uit100.As; desciihad, ghau m&%?%g}&lécﬁl 1§EPEeLed Lhpl non- CpG

cont ai ni ng i mMMinost’i mul atory sequences entitied and
cont enpl atERARAL Drﬂ%é@ée@ﬂf’gl“’ét% aaded mAestidd rbaﬁe%' wethda prove to be

use1;1 ul miﬁ@fda&lea 0 frr@'tﬂ‘fléﬁwgﬂ§tdulfﬁﬁéﬁtﬁ ¥epERFP|aXese fapemuibgn conbi ned

with synthetic, cationic appr.opri ate agueous

sol vent s. © Nodi9Fi 85% ﬁ%‘[l ?gg{:; ’ga%gl%ot 91\51%9 oned, wherein a
immunostlmulatory single-stranded DNA molecules contain 18-48
nucleotide bases, with the number of repeats of CpG motif in

the range of 3 to 8.

[00701 Preferably, the anionic oligonucleotide is represented
by the formula: 5' X'CGX? 3' wherein C and G are unmethylated;
‘and X! is selected from the group consisting of A {adenine), G
(guanine) and T (thymine); and X° is C {cytosine) or T
(thymine). Or, the anionic oligonucleotide is represented by
the formula: 5' (X*),C6(X"), 3' wherein C and G are
unmethylated; and X® is selected from the group consisting of
A, T or G, and X' is C or T. The CpG oligonucleotide may be

- -modified at the 5’ end with a phosphorothiorate or a thiol-
acetamido glycopolymer,3*

[0071] Most preferably, the CpG oligonﬁcleotide is selected
from a group consisting of 5 TCG TCG TTT TGT CGT TTT GTC GTT
TTG TCG TT 3’ (CpGl) SEQ ID NO: 1, a 32 base length oligomer,
and 5'nTC GTC GTT TTG TCG TTT TGT CGT T 3’ (CpGZ} SEQ ID NO:
2, a 24 base length oligomer plus an phosphorothicate bridging
group (designated as n at the 5’ end).

"[0001] Moreover, it is known that the DNA sequences derived
from unmethylated cytosine-guanine (CpG) dinucleotides
activate lymphocytes and can enhance a subject's immune
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defined anionic single-stranded DNA has been chemcally conjugated to

anot her biologically functional nolecule, such as |ectinpa,5K0808 OF

| i pids for enhancing cell-specific uptake and targeting, or polyners,
copolynmers and graft copolynmers such as PEG for inproved circulation in
vivo. The chem cally conjugated DNA nmay be pol yanionic and may 23 14
August 20®o030v¥x03/ 068169 PCT[ US03/ 04711 subsequent byrisseonpl exed with a
cationic peptide imunogen to provide a nodified i munostinmulatory conpl ex
with potentially novel physical or biological properties. 34, 35 [0076] It
is contenplated that block and graft co-polyners derived from pol yanionic

ol i goners_and pol yet hyl ene ycol epresent anot her cl ass;of anionic

nol ecul es? W ﬁsnavl%u(ébng %Légf drjéNEir“Hpr 5%'@%'555%’[“%‘915?0%% i mpr oved

adj uvant i Thése mol@BTIds kapmnehbesrazpest @mplBhentaryeRnibsyradBbs

i mmunost i tQr YL COMLEX; 1% P red froma iLfied CpG

ol i gonucl g}g%t? gei,n R ereltﬁéh{]@aédgﬁ?i%ﬁlgseg %scﬁh(%?%lt%%g{le Sr anot her
bridgi ng roupdeas dpebpravdid aarotde iBmurgugnofieliveryosysggemer for i nproved

conpl exat pfkd [R0¥BIsLreh@irafl Y, THd e thFMHNSE MHALSE YnfigRBLeXes have an
ticle size distribution’in the range of” about 1 to 50

average agqgregate par
- pM More g‘%@?%ﬁlggtthﬁepf‘?ﬁﬁﬂﬁo%?‘f%ﬁllaf’o?]yso PEMpidex &8l ave an average
aggr egat eagpprvancheiei o€ thes timinbik i @3pohsed he vargeiefosbout 1 to 30 pM

Most pref I &y 1L NN QSt Lyl ry.c | exes have an average aggregate
particle gis‘%ggxgﬁé?rﬁh&htl on%?'n]C esaiﬁtgnéfe %}Jnegg%ﬁ}' 1 to 15 pM [0079] There

s evi denggotdatmingoptilieh Of oPBC-IRY imlARAARS12IdlY UBRSRSLhe degree of

intrinsic adjuvanticity and inmune stimulation, wth a m ninum nunber of
CpG r epeal S IECN§TOT &GGLPEE PRBYEAR dFURGasns 1% RELPEHRF Vi dence that the
sel ect i onfwfctilbankf nhatye | atirdei ases. aditagendzge@ b iGpGstsblavery

i— mpor t ant (’:oma];‘)ﬁ.egcgissmaa)})%%a&)srn}eg gzi:gme%tphycénrm‘ﬁgg_né r}.?nrmunosi::i.mulatory
DNA melecules derived from both natural or synthetically
modified nucleotide sequences. Furthermore, improvements in
the stability of an immunostimulatory complex may be realized
by increasing the cationic charge residing on the peptide
immunogen. These include extending the peptides with
additional lysine, arginine or histidine or other synthetic
moieties, which provides a positive charge to the modified

peptide in an agueous solution as described above.

[0074] It is expected that non-CpG containing
immunostimulatory sequences (ISS) will be identified and
- contemplated that these single-stranded DNA substrates would
- prove to be useful materials to form immunostimulatory
complexes from when combined with synthetic cationic peptide

immunogens in appropriate aqueous solvents.

[0075] Modified CpG motifs are also envisioned, wherein a
defined anionic single-stranded DNA has been chemically
conjugated to another biolegically functional molecule, such
as lectins, sugars or lipids for enhancing ceil-specific
uptake and targeting, or polymers, copclymers and graft

| copolymers such as PEG for improved circulation in vivo. The

chemically conjugated DNA may be polyanionic and may
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adjuvanticity in a species-specific manner. 10, 36 For exanple, it was
denpnstrated by Kreig et al.13 that enhanced inmunosti myalRtared¢tivity of
human cells occurred when oligonucl eotides containing CoG notifs are
represented by the formula Xl X2 CGX3X4 where C and G were unnet hyl at ed,
and XI X2 were selected fromthe groups T, GG GA and ApA and/ or X3X4

wer e sel ggd @dedigsom t he groups TpT, CpT and GpT. 24 pdrdegusis 2006 WO
03/ 068169 PCT[US03/04711 [00801 Although CpG oligonucl eotides can function

as B-cell mtogens 37 and are useful adjuvants, it has been shown that the
i mmune responses generally peak 2 weeks after administration for an

antigen mxed wt G ol igonucl eqtides_i.n a soluble .form This
ecesst t AP UL SRIFLT B Bor CPUAR e B Gre o TR oiarE HIGHORRT (i5ody ¢ ters
t 0 ensur epprwitdect irowlifigdh ugimugospatiledofocompiec mwith| gotdelkigkly ng

const ruct soyit Rnidese opldgandeleotj desrdiksascontrol l ed rel ease fornulation
is strongly desired. [0081] Wth respect to stability, the phosphodi ester

{Jfonds [ nh[MnEE]QqG badtbm&m;;g&&&enst tt&gl\belﬁt&lcd@géﬂdaioi—gﬂlﬁbéﬁ%UCLeaSﬁS i E

i VO39 Thys_to .ipprove.the duratjon of t i esponse t he phosphate
ar oups eSS0k 9 BAY B ISR E LTRSS PETSURYLSFORIE he

i nrunost i hepxdtseny awtpeexclesst he aieséntmolavelrs .onhigmynayeaisr nul ated f or

delivery byoiURBIRUSvEAL IMANS 1 L P lddlRGroRAr &0 8RR i c4ycosal and
transdermal. The immunostinmul atory conplex of” the present invention is

parti cul agdo77gesinr albhelrObspd@ELC Gk NenfOR Atioansni N that the CpG

ol i gonucl eot | des, i he conpl ex are useful j uvants f.qr up ul ati ng both
ar St or e IR Eiia LAy  SRRRRE Y Fe R iead P i e eu 1 s o our
exper i nentsigohoni¢dfitet heheaggn egratealdi paomiailchleospibpeotificafte prmunosti nul atory
conpl ex VadeSrPAS&AIAY group has been added at the 5’ end of the

oligomer for improved complexation.

[0078] Preferably, the immunostimulatory complexes have an
average aggregate particle size distribution in the range of
about 1 to 50 pM. More preferably, the immunostimulatory
complexes have an average aggregate particle size distribution
in the range of about 1 to 30 uM. Most preferably, the
immuncstimulatory complexes have an average aggregate particle

size distribution in the range of about 1 to 15 pM.

[0078] fThere is evidence that the number of CpG motif repeats
influences the degree of intrinsic adjuvanticity and immune
stimulation, with a minimum number of CpG repeats being
required. Moreover, there is strong evidence that the
selection of flanking nucleotide bases adjacent to the CpG is
very important, as this appears to directly impact the

¥0: 36 por example,

adjuvanticity in a species-specific manner.
it was demonstrated by Kreig et al.'® that enhanced
immunostimulatory activity of human cells occurred when
oligonucleotides containing CpG motifs are represented by the
formula X'XCGX®%* where C and G were unmethylated, and Xx'x*
were selected from the groups GpT, GpG, GpA and ApA and/or x3x*

were selected from the groups TpT, CpT and GpT.
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the ratio of the peptide i munogen to the CpG oligonucl eotide. The
intrinsic stability of the i munostinul atory conpl ex andl4 AhgiseBi0bity to
control the size of the conposition increases the potential for
phagocytosis by a parenteral route.19 Micosal i mrunization by targeting
specific cells, such as M cells | ocated on Peyer's Patches via oral route
21 or t he"ABOSH1Y associ ated | ynphoi d tissue (NALT) PEEUSWH47Hnasal route 23
is simlarly facilitated by the use of the stabilized i munogen of the
present invention. 25 14 August 2006 WD 03/068169 PCT[US03/04711 [ 0084)
The i munostimul atory conplex of the present invention is prepared by a
cont r ol | edoGad)f -Fssenh iTrg piopessledteidesncard fanapiemiae Speaial i gonucl eot i de
i N agueous; 8700 1 d t eous ,sol ution,of the cationic

pepti de iwgggn. Qn%ﬁ?%ag?gf%qgg usa%ggr uﬁ‘ SRS PO CREV R rEiar g%“? on of an

i munost i FMHEEOF §SRIIFFSeIeRarad &y Revkd2 fwasthst Abteyr edpinisemetsen ng of

di still edféedanihzerthemmered RV, cpObLIBYorfih bBeiadNS) Prsalgsphate buffered
sal i ne (PPOS%q‘ Djmgti | 1 ed deé Qt\r%,iﬁze wat er and nornal saline typically
‘exhibit a"pH" oUr 575 A RRePEAd PR PIBSatt HYGSHIPRS tontrol led in a range
of 7.2-7.waintfhe kigpkeritédntpracess érsuaefl pnetdcanonf®® t Mhuehas ge rati os,
Lhe ot eciddlodneboiesabe L) BLALAGLLDCELeehal yhef upldoand | oni ¢

strength of the pedium 32 [008 y arged ani oni ¢ nol ecul es, such
as the shortoreptechiidgsntt ¢ poRisedded rrRicapegiannydatinir 6 when the pHis in
t he rangestxdng¥y4ddsiragueous sol utions. The net charge on the peptide

i munogen i s dependent on the am no acid conposition of the peptide and
may be af {@fléd Whyht tsspedtotfo tshebalitgoushe sdhloaphadiesthtisondseimqueous

medi um | SeiRekge ek bBnENSt Seflsid1Sh POYLLGENA 85 fiahogLL1 clent

conpl exation, An_exam nati on of the T ONIPZar] on po nt (lF' or 'point of zero

' charge fo¥iWhe i BERyit@uARPHRESt thiesiueaniouiodeththdmgehectdspanse,

the phosphate groups may be modified to phosphorothiocate

groups.

[0082] The immunostimulatory complex of the present invention
may be formulated for delivery by numerous pathways including
parenteral, mucosal and transdermal. The immunostimulatory
complex of the present invention is particularly desirable for
vaccine formulations in that the CpG oligonucleotides in the
complex are useful adjuvants for upregulating both parenteral

and mucosal responses in vivo.!r %

[0083] The results of our experiments show that the aggregate
particle size of the immunostimulatory complex varies based on
the ratio of the peptide immunogen to the CpG cligonucleotide.
The intrinsic stability of the immunostimulatory complex and
the ability to control the size of the composition increases.
the potential for phagocytosis by a parenteral route.'® |
Mucosal immunization by targeting specific cells, such as M-
cells located on Peyer’s Patches via oral route?® or the nasal-
associated lymphoid tissue (NALT) via intranasal route®? is
similarly facilitated by the use of the stabilized immunogen

cf the present invention.
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process. In general, the IPis determ ned by the notion of the nol ecul e
through a pHgradient in an isoelectric focusing experiBRL.ust JRgENSUre a
peptide is positively charged, the pH of the selected aqueolUs nedi um
shoul d be less than the isoelectric point for the peptide in question.

[ 0086] To prepare an inmunostimnmulatory conplex the followng steps are

fol | oned. WEh¥ws1by, t he average nol ar positive chargero@abdribution is
determ ned for a desired peptide imunogen or for a cocktail of peptide

i mmunogens based on the nolar ratios of peptides m xed together and the
charge contribution fromeach peptide conponent in the final vaccine 26 -

“““ - [D084T 'Thel‘lﬁ@h'rg%k%egg%& gg %ﬁ!]{% §9th CHéJsSeon / Or‘}xzeln joGOMposi ti on.

Secondl y, .the ol ar ution termned for the
conpl exi n@soﬂ’ﬁj@ﬁaél@bﬁ gentredéad ﬁ?ltfhésseﬁﬂlaﬂg rchgsafwktﬂrleg@rrer and t he

char ge coehéidnibhes éﬂ@midmrﬁmlé@lfmneﬂtacgd’éohgescfllu@%n VAL Gigh€y conposi ti on.
Thirdly, E anmpunt of Rﬂg g Lpmunogen based on total average nol ar
posi tive ERaFYEIIFLIYSFERTEH © kf%éaﬁrgr%%ﬁ PEPEHIS JBRMA%Sri de  enpl oyed
for conpl xdtdde ageedusestbitdlonsofar thegatdpaeatiar g at hereof . This

relati Onsthhrm;do%teﬁéﬁtto‘%ydé&ﬁﬁl%xtbﬁ %&E%&éd’%mﬁ%mg% pepti de immunogens

and ol i gonucl eotides to an aqueous “sol'vent to form an

i munost i AYRSSGEDY %ﬁﬁ?%&lleﬂnd%%é@@ ofatere (BRH)i-onPEma Invahdeen pepti de may
be enpl ?ymi) toe pn@sprﬁeeabmﬁetrumaquéhasssmrurmﬁsttugmé@thdéwngml er a_ng an
excess 0 e ungo pept an .excess_of _ the oligonucleotide
nmay al so %‘;ter apg gc};rrr{a Sarldh\ﬂed%éy%lr?ag?(gees’gu% IRE 8F i €'Qf"c?r‘l’l.‘ic% i de. The
relative Wsl@f?&ﬂaet@@mﬁ de canmmmobbgbrinaadrarge of ig@nicd eoti de sel ect ed

are basedron &Hﬁle;‘!ﬁq%hnﬁrcf&%guisata! @ﬂnei&%nr 99 tl'[eOQ:ﬁZﬂgeF'r@@H) the
cal cul at ed anount of anionic _oligonucleotide in a_conpati e aqueous
sol vent IEP%ﬂm? acv&%q1welght of the Tinteracting electrolytes, pH and

ionic strength of the medium.3?

[0085] Multiply charged anionic molecules, such as the short
CpG oligomers possess a net negative charge when the pH is in
the range 5.5-7.4 in aqueous solutions. The net charge on the
peptide immunogen is dependent on the amino acid composition
of the peptide and may be affected by the pH of the agueous
solution. Thus, the aqueous medium is selected to ensure a
net positive charge for efficient complexation. An
examination of the ionization point (IP} or point of zero
charge for the individual peptides can guide the selection
process. In general, the IP is determined by the motion of
the molecule through a pH-gradient in an isoelectric focusing
experiment.** To ensure a peptide is positively charged, the
pPH of the selected adueous medium should be less than the

isoelectric point for the peptide in question.

[0086] To prepare an immunoétimulatory complex the following
steps are followed. Firstly, the average molar positive
charge contribution is determined for a desired peptide
immuncgen or for a cocktail of peptide immuncgens based on the
molar ratios of peptides mixed together and the charge .

contribution from each peptide component in the final vaccine
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m xing to the cal cul ated anbunts of cationic peptide inmmunogens simlarly
di ssolved in a conpati bl e agueous solvent. The anpunt in nnol of the
cationic peptide i munogen used is generally in a rangeld4dugusdoidde 8
positive charges to 0.5 positive charge to the amount in nnol of the

ani onic oligonucleotide to provide one negative charge. This is referred
to as theVRAEIY& rati 0. Where the charge ratio is 8CLUSHMIIe is a | arge
excess of the peptide i nmunogen. Wiere the charge ratio is 1:2, there is a
noder at e excess of the anionic oligonucleotide. The conplex forns
spontaneously in the formof a suspension in solution. Estimation of the
resi dual apopodisiof. pes@tcbd@ly MILE QgaRS @éga{ﬁmgomg?ﬂgeo&émabgggon be made by

separat i ngt oJ.uti on. and . ass. rnat ant
sol utions Jileetl %&g@%‘%f&e% ggé T %%uegius UW%?%GQg%%P 03/ 04711
spectr ophBP thegie W cdigemerr evdride phas@,e lsbpghr idertfion rfazmethcmr omat ogr aphy

(RP- HPLC) coﬂxm Trli]&nerrmmstvhaw@t QbMpSAMRbEX af%l@af}paﬁzﬁg as a
suspen5| on ?'HYtbg% vacci ne conposli tion. If i unost i rmul at ory

conpl ex i §™ |?1‘T%t&td§d”ﬁ‘51rn8ﬂf%'r Qalsﬁd ‘T%é“%ﬁd’é’@ﬁég%d‘l%ﬁt s are sel ected
such t hat po#itifvienahanogs C i f elepeodgas ichi dife |amouﬁﬂtdfnlom1@d”rdzc&ubtﬁd24 e for such

a_DU pOSeenlih, GaRSS MAGE &1y CHIPRRY 1l fista] QLIRA Jon gl sti |1 ed

dei oni zed 'wat'er, aqueous tTahl & sa oricentration are added
t o ensur ethereod; naThJ\PaééiﬁélOéléhﬁbsllst heed it debimmnitbe rel@d89% The

i 'mrunost i Aiidwaiter Mf Cﬂmh&é RiRRSG S éﬁd%l&%ﬁ@@fé&@de@rté%u“ on may be
| yophi | i zed l‘lr'lhs %o hilized cogpom ti 0£ ¥ hen be, reconstituted and
i ncor por at aeP i o BHRTIUS FRCE e P rIHN 4P YR RPRLLEEFRhce with the

desired neerlek. 0Bl iekeeys oFhéhé manosic mmhatoyen poppidexmaf die present
inventi Oneﬁﬁmby%hsfblﬂ%o§9één§ £4,,35 o2 ﬁﬁﬁi%&mbﬂbé¥lhuf£@8f§'8£hp1éxn

conb| nation with a m neral saf’t suspensi on or
and an excess of the uncomplexed peptide. Or, an excess of

the oligonucleotide may alsc be employed to provide an excess
of the oligonucleotide. The relative amounts of the peptide
immunogen and the ocligonucleotide selected are based on the

vaccine formulation desired.

[0087] Finally, the calculated amount of anionic
oligonucleotide in a compatible aquecus solvent is added with
mixing to the calculated amounts of cationic peptide
immuncgens similarly dissolved in a compatible agueous
'solvent. The amount in nmol of the cationic peptide immunogen
-used is generally in a range to provide 8 positive charges to
0.5 positive charge to the amount in nmol of the anionic
oligonuclecotide to provide one negative charge. This is
referred to as the charge ratio. Where the charge ratio is
.8:1, there is a large excess of the peptide immunogen. Where
the charge ratio is 1:2, there is a moderate excess of the
anionic oligonucleotide. The complex forms spontaneously in
the form of a suspension in seolution. Estimation of the
residual amounts of peptide immunogens or oligonucleotides can
be made by separating the complex from the solution and '

assaying the supernatant solutions by ultraviolet
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bi oconpati bl e polyneric gel. [0090] In accordance with a further aspect of
the invention, the invention describes a process for isolating the

stabilized imrunostimulatory conpl exes as stable parti cif: ‘ﬁ%’:SétO%
| yophilization. Reconstitution of the stabilized inmmunosti atory conpl ex

as a suspension in agueous solvents or bioconpatible solvents shows
essent i alwgosmesieghanges in the particle size distribgiiugse®is in vivo
potency. This represents an inportant advantage over formul ations
requiring refrigeration to maintain efficacy, such as Al um based vacci ne
conpositions. This feature extends the potential utility of these systens

to includ i thdMt i ri 0yl izati nd alternative
nodes of g%%i{fg%o%gg?rte%wui ?g%sgtxjaeg%reé%&hfg s{actI ep‘?ﬁé’ég‘é‘“ %rms, such as a
dry powdefhrpmagseraprhyr (REHIRIC2zati on for pul monary or intranasal delivery.

42 28 14 August 2006 WD 03/068169 PCTI US03/04711 [00911 In accordance with
a further [%‘%ﬁéctmﬁf LPPHDOSH SRMAEOTY nSRBRLPE S PREPFFRAEAEI ®n provi des vari ous

pr ocessessigyenspoepalyi b wicdibhe atzetind-dmboeiailoal ONst 4B8econpri sing the

stabi |1 zeg L IDoRITULt O S0P € 6 AliecPLesenL linanll one In such an

enul si on, prefera eous phase conprirse e jmrihost mul at ory
conpl ex ORIULOWSXBUYEENEF 2fte SehRtinss sl thesr Yhe ddphexvagictinet he unconpl exed

pept i dle &mﬂa@?g%ﬁ i%nﬂ?c‘iﬂglﬁliﬁo_&}id @Aagggﬁbg |fof?rﬁ:%‘ﬁt ﬁoﬁﬂﬂio%%ﬁ arsynt het: c,
m neral, anlinal, Or vegetaple Ol ._, I1L1on ,..tne. ol pnase nmay al SO
Conpr i e SAFIRGS (PR FIRORy Bnfi<rri el 1hidichnbid oRaodizes

net abol i zeddlee, conpomenbuf{edBO2f duitphld ismdkaconceheratiom aseful for
prepari “QT&J%% P8t Slsurk Ne lei 0! cgg.'?ee OéomEaBQi&ro%s‘i’%‘tiéo’%_\éﬁ%! on include, but

are not Iimted to, synthetic ol I sopropyl nyristate), vegetable
oi I's (e.grod@a@anttheOihnunolt NNk oL} | Sorfp8ed pldpake®|aEM suspension

or solution may be lyophilized. The lyophilized composition

may then be reconstituted and incorporated into different

vaccine formulations in accordance with the desired mode of

delivery. The immunostimulatory complex of the present

-invention may also be formulated as a water-in-oil emulsion,

in combination with a mineral salt suspension or a

biccompatible polymeric gel.

[00%0] In accordance with a further aspect of the invention,
the invention describes a process for isolating the stabilized
immunostimulatory complexes as stable particles via
lyophilization. Reconstitution of the stabilized
immunostimulatory complex as a suspension in aqueous solvents
“or biocompatible solvents shows essentially no changes in the
particle size distribution or in vivo potency. This

: represents an important advantage over formulations requiring
refrigeration to maintain efficacy, such as Alum-based vaccine

. compositions. This feature extends the potential utility of
these systems to include direct reconstitution prior to
immunization and alternative modes of delivery which require
stable solid state dosage forms, such as a dr§ powder aerocsol

or nebulization for pulmonary or intranasal delivery.?
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or Marcol Tn), netabolizable animal oils (e.g. squal ene or squalane), and a
m xture thereof. The mneral oils are preferred. The oilsRasgMeAFUI Sifiers
useful for stabilizing the enulsions include, but are not IiTmted to, the
famly of rmannide ol eates and derivatives thereof. [0093] The relative
amount of enulsifier required is a function of the hydrophile-Iipophile
bal ance Wb Bjsaadd the intrinsic stability of the watpusossrai | enul sion
produced under specified conditions. Methods for selecting oils and

conmbi nations of enulsifiers are well known to those skilled in the art.

[ 00011 The w o-emnul sion may conprise between 10 :v/v%and 80 v/v%water in

the inter ueo se. For. nost _purposes t.he, opti mal, water

concent ra’[ti%é% sf!rll %%Fﬁggarnacﬁggl%? aS%“\r/ﬁ?ﬁff3ﬁae¢t5(9fv)g’k}%prfﬁ8n? nt er nal aqueous
phase is éhuericioari the davkyticoppeyised virimsypféerssgsopdets with sizes
typi cal |y pirdpd A6g29: dhdh AUGUSE- 30061 HOAHABBLORPLTI ) 83/ 04711 range of

1-10 prefera L¥ -5 (err)M The gre arations are stable when maintained at

room t enp&rap léeﬂrllé"é'f“tof’ﬁé‘?‘éﬁtaéﬂ.y CF"G@@S‘]‘ G rBR RESHSOLi HYRG488nt s may al so

be used toIprepar en drhdsebn) Jrefierddigs ehé nojuedas sphdsactanird segol | oi dal

particles p L DS, y. i Zi n bilizing agents known
st PR Ao bk Wi £ 8800

~to those s 'nthe ar o-enul'sion may further conprise
at | east épeusistimglatgslyectipephrliic thdj wnaeiplexeh pept8d9- desacyl - 4' -

Emwggl)ohoa pﬂﬁﬁdciglghpi ?ﬁd“\tﬁyréAntinQ&@thl' ﬁzﬁngggrﬁJe@nxl sfFthie89g) ut am ne
, ne | OCI adecC a n m Qrom . ,
N i o TEbar. a1 By PR EE 0 £ CYRR I Ehe i PROSS di ne)
N- (2- Deoxypa-#l-soe oo ivenan (iamuho £k ighlleopsy @mosyljiel, a
oct adecyl bgﬁ%@u@%’i@@rdg Hé’i%rbgiiggkﬁ]teecﬁ Yeh005), 30 -[N-

yl am '] cho

(N, N -di net noet hane) - car banoy esterol (DC-Chol),
[0092] In particular, the oils useful for preparing the water-

- in-cil emulsions of the present invention include, but are not
limited to, synthetic oils (e.g. isopropyl myristate},
‘vegetable oils (e.g. peanut oil), mineral oils (e.g. Drakeol™
or Marcol™), metabolizable animal oils (e.g. squalene or
squalane), and a mixture thereof. The mineral oils are
preferred. The oil-based emulsifiers useful for stabilizing
the emulsions include, but are not limited to, the family of

mannide oleates and derivatives thereof.

{0093] The relative amount of emulsifier fequired is a
“function of the hydrophile-lipophile balance (HLB) and the
intrinsic stability of the water-in-oil emulsion produced
under specified conditions. Methods for selecting oils and
combinations of emulsifiers are well known to those skilled in
the art.

[0001] The w/o-emulsion may comprise between 10 v/v% and B8O
v/v% water in the internal agueous phase. For most purposes,
the optimal water concentration is in the range of 30 v/v% and
50 v/v%. The internal aqueous phase is charaéteristically

comprised of very fine droplets with sizes typically in the
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NAc- Mur - L- Thr-D-i sod n-sn-gl ycerol dipalmtoyl (Murapalmtine) and

m xtures or derivatives thereof. The w o-enul sion may alsau@Rnyoosse in the
di spersed phase at | east one water- soluble adjuvant, e.g.,

pol y[ di (car boxyl at ophenoxy)] phosphazene(PCPP), Quillaja saponin (Q5 21),
Chol era Holotoxin (CT) or Cholera Toxin B subunit(CTB), heat l|abile

Ent er ot oxX¥Q 0346816t E. Col i (LT) or heat |abile Enteraroxsno8isubunit from E
Coli (LTB) and cytokines such as Interleukin-lp (IL-1B), Interleukin-2
(IL-2), Interleukin-12 (1L-12), interferon-Y (IFN-y) and m xtures and
derivatives thereof. The water-soluble adjuvant nmay be synthetic or

natural . Thegdrasence @, pr¥ai@bly solsubhe afeUNadta Mhtdhd ikm forni ng
propertles such as an oligonmer or polyner, can additionally serve to

stabi | i ze StfRLe é’ﬁ‘ﬁi‘s‘FWtaTﬁ%d \ﬁ/tor%?ﬂjltﬁﬂﬁ‘ﬁr%té‘ﬁef aeifsfragergrdsent ati on of

th [ th t ffi

vacci ne. RBBE) Ofhe BF TG TS SHONET GRYEGNET 1 AGAra RREFGL | nul atory
conpl ex, &heamulsione tTheseoinoltd amméamr&medcblﬂruirdagmmweﬁo 14 August
2006 WO 9%9&%%69&?&’&1;54@935&%&21;{ psf;@asft%ﬂli‘fzm%l LOWRs ELLSA!Y. an

i mmunostihul atory conplex 1s prepar roma peptide |rmunogen and an
ol i gonucl| EBthpse pkikledyainothep2Ehsure the formation of the

i mmnostl t,ory conpl ex .al.one or a mxture with excess residual
pept i de rmcﬂ1 g’M‘r‘? zga‘ﬂ“ue}ﬁﬂl%d‘?ysa‘{}i}ie&nm%ﬁdf"i PRE AYUCIES  sol ution
is mxed aplublanlDMpmdmtaadmumgn’emmlcsl &s$ Y-9-dashcylenvgeni zed to provide a

wat er-in-gilo pmlh 4’2 181 (b8, At f-an%é 1-3-9{ SRSrped in a

conti nuous oi'l wat er-'i'n- SIom asS such’i s suitable for
par ent er aILSoqlr‘\‘jté’@%rﬂ%n(MDFDO%PEEMN%PﬁquYdﬁmmaneba@{u@@u$Dlé€h)d oi | phases

can be aNW@bbﬁMﬁyNhWQBKMy'dQ@xﬂthl? njotpsladﬁilealé?ﬁh\éeen two syringes

or by extrudln t he conponents t hr oug rane
Avridine), N-(2-Deoxy-2-1i- leucylamlno ~D-glucopyranosyl) -N-

octadecyl-dodecanoylamide hydroacetate (BAY-1005), 3B -

(¥, N' -dimethylaminoethane) -~carbamoyl] cholestercl (DPC-Chol),
NAc-Mur-L-Thr-D-isoGln-sn-glycercl dipalmitoyl (Murapalmitine)
and mixtures or derivatives thereof. The w/o-emulsion may
also comprise in the dispersed phase at least one water-
soluble adjuvant, e.g., poly[di({carboxylatophenoxy)]
phosphazene {PCPP), Quillaja saponin (0QS-21), Cholera Holotoxin
{CT) or Cholera Toxin B subunit (CTB), heat labile Enterctoxin
from E. Coli (LT) or heat labile Enteroctoxin B subunit from E.
Coli (LTB) and cytokines such as Interleukin-1f (IL-18),
Interleukin-2 (IL-2), Interleukin-12 (IL-12), interferon-y
{IFN-y) and mixtures and derivatives thereof. The water-soluble
adjuvant may be synthetic or natural. The presence of a water
soluble adjuvant with film forming properties, such as an
oligomer or polymer, can additionally serve to stabilize the
emulsion. The w/o-emulsion can facilitate presentation of the
immunogens to the immune system to provide a more efficacious

vaccine.

[0097] A water-in-oil emulsion comprising an immunostimulatory

complex, or a mixture thereof with uncomplexed immunogen may
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filter of a controlled pore size. The | owenergy sem -nmanual nethods are
rapi d. However, because there is considerably |ess shean4hagaatgioger
processes, the enulsion produced is not as fine as that produced using

hi gh shear nechani cal systens. Exanples of high-shear systens include
rotostators, mcrofluidizers, and sonifiers. Qther devices simlar to

t hese hi gMO8I6316? systens that are well known for ewruissobioati on may al so
be enpl oyed. [0099] In accordance with a further aspect of the present

i nvention, the invention provides various processes for preparing

physi ol ogi cal | y accept abl e suspensions of mneral salts conprising the

st abi | i zede i prapa@sd i 481lFat Dows . CORDE 44 yOf antif?ﬁm%&?i%ﬁa{&f%in Pax | N such a
m xed systeng) t he %l eous E{%Eaée por&gri ses a conbi nation suspensi on of
mineral ~saf tPERG e Ho8 tFTRT 9 o SPUCEHARTE 209 @i U IRBYC Leddide olial | y cont ai n
resi dual , aurdoiendo peptirdet ienfunogeins b S0l WiostiREIOQQyI N particul ar,
the m ner t ful . gRarin full_.aquequs-based suspensi ons
of the prgé%%aelxi %\l/(%e{?le?iognlﬁ %F]E:nF%IdG, _gljjtgha%%%ﬁgt refsi%g‘?gcfbelp&lgﬁl um num

hydr oxi delfREnpIen 1 AidASHRAIVS, SReHi@rageieqdaral r rthe Radepaisagel LV(err)),

Al unmi num 8d1uld oAugsISti x38061 thV\eh (531068469 REF[ MR031 0444l -phosphate (e.g.,

Adj u- phos{err) or hyraphos(err or_calcium phosphate (e.qg.,
Cal phos(eé?r%(%enéﬁ%dRﬁ%oz bYes™ F‘ie"fgegoefr._lffﬁffof]m PolgeFor gB?ecti ng ni neral
salts andamcelrs_rmhﬁm ishéispgreédrived comcignbnatdidnpbdseri nehal salt to
SNl 0y Ol ya HIBhOGL QRS1L R 801 s\ 0oLl dBoun 4,0 LhagR,Ski 1 ed 1n the
SO e

art. [00102] Other stabilizing agents may a e us to prepare the
m neral sH4®%dSPensi on. These include surfactants, anti- oxidants,

oot ook SEREAEELG L, S BRICHE o RLSIRMIE RPN ot her
- accomplished by homogenization or by transfer between two
syringes or by extruding the components through a membrane
filter of a controlled pore size. The low-energy semi-manual
methods are rapid. However, because there is considerably
less shear than other processes, the emulsion produced is not
~as fine as that produced using high shear mechanical systems.
Examples of high-shear systems include rotostétors,
microfluidizers, and scnifiers. Other devices similar to
these high-shear systems that are well known for

emulsification may also be employed.

[0099] In accordance with a further aspect of the present

invention, the invention provides various processes for

preparing physiolegically acceptable suspensions of mineral
salts comprising the stabilized immunostimulatory complex of
the present invention. In such a mixed system, the agqueous
phase comprises a combination suspension of mineral salt and
immunostimulatory complex, which may additionally contain

residual, unbound peptide immunogens in solution.

[00100] In particular, the mineral salts useful for preparing
the full aqueous-based suspensions of the present invention
include, but are not limited to, Aluminum hydroxide (e.g.,

Alhydrogel®, Rehydragel HPA®, Rehydragel LV®), Aluminum
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[ 0001] The m neral salt suspension may further conprise at |east one

addi tional adjuvant (e.g. MPL, MDP, DDA, NN Avridine, BAYALRQRP2000C Chol,
Murapal mtine, PCPP, QS-21, CT or CIB, LT or LTB and cytoki hes such as
IL-18, IL-2, IL-12, IFN- yand m xtures and derivatives thereof). The
mneral salt can facilitate presentation of the inmmunogens to the inmune
system iwovimgsibor m of a depot or attract specific eetlsiefnt he i nmune
system by a process known as chenotaxis. 100104] A mineral salt suspension
conprising an inmunostinulatory conplex, or a m xture of inmunostinulatory
conpl ex i n conbi nation w th residual uncorrpl exed i mmunogens may be

pr epar ed ir b rrpl ex is prepared from-
a peptide”i nrﬁn%%\é? ad: ﬁ& Péomﬁg&ra&o?r} §¥c‘ﬁ%fglémr atio to ensure the
conpl ete pbgma&:)eat(e@ Otamﬂosﬁb.ptairdemimtmrﬂégﬂnﬁrealﬁd t he ol i gonucl eoti de

in solution. Alternatively ' an imunostinulatory conplex is prepared from
a pepti de iPeIAliogEhodn dfcem selégiuimgchbmtiadesa ¥t sa and hdgtgemiatng the ensure

part1al Compheak! 9&&5&9&&@8@ﬂﬁ]eaamqgﬁassngﬁ@g%f gonucl eoti de

conmponents in solution Second aqueous nsion is conbined with
a i ner al CoBNAtipRs dherent vﬁrtehw?rjrkllﬁﬁ‘@w? OpFB%%Iékaliﬁﬂillnatﬁbéous 32 14 |
August 2086t. WD 03/ 068169 PCTI 1 JS03/ 04711 suspension of all conponents. The
Suspensi on conbi nation as such is suitable for parenteral injection.

[001051 | hoelezdripsihenestiadiy inbihedents mayeakdo dal tsaligpepségare conpri sing an

| mmunost | ghl 3iokYa £ MRk CduoRihsToll XUHES, J}.%&&@é su\éﬂfgét%&%wm@fed pepti de

i mmunogens may be prepared First peptide i'nmunogen is m xed
with a mﬂ’é’rdaﬂ“tssal?rtyséﬁé?)@ﬁg"lloﬂccﬂtﬁéh%llkﬁ’(jféﬁsft kerphieisal properties of
the ninepadsesahtivepephd decheiMbgagenknand taquieiss shuf for iwathous
proportiops, of imunogen may be absorbed directly by the mneral salt at
this stage; Secondly, to this suspension is

[0001] The mineral salt suspension may further comprise at
least one additional adjuvant (e.g. MPL, MDP, DDA, N, N-
Avridine, BAY-1005, DC-Chol, Murapalmitine, PCPP, QS-21, CT or
CTB, LT or LTB and cytokines such as IL-1B, IL-2, IL-12, IFN-
yand mixtures and derivatives thereof). The mineral salt can
facilitate presentation of the immunogens to the immune system
in the form of a depot or attract specific cells of the immune

system by a process known as chemotaxis.

[00104] A mineral salt suspension comprising an
immunostimulatory complex, or a mixture of immunostimulatory
complex in combination with residual uncomplexed immunogens

- may be prepared as follows. Firstly an immunostimulatory
complex is prepared from a peptide immunogen and an
oligonucleotide in a charge ratio to ensure the complete
complexation of all peptide immunogens and the oligonucleotide
in solution. Alternatively, an immunostimulatory cbmplex is
prepared from a peptide immunogen and an cligonucleotide in a
charge ratio to ensure partial complexation of the peptide
immunogens and oligonucleotide components in solution;
Secondly, the aqueous suspension is combined with a mineral

salt suspension with mixing to provide a full aqueous
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added an oligonucleotide with stirring. Partial or full conplexation of
t he residual unbound peptide i munogens in solution resy +

suspensi on conbination as such is suitable for parentera |%lect|on In
Figure 16, both nmethods of preparation are shown. [00106] In accordance
wi th anot her aspect of this invention, there is provided a process for
prepari ngvawsmississi t u gel ling bi odegradabl e pol yner peruseloooh a stabilized
i mmunostinulatory conplex or a mxture of a stabilized i nmunosti nul atory
conpl ex and unconpl exed i munogen i s di spersed. The i mmunostinul atory
conpl ex may be dispersed either in solution or as a suspension within a

DI 0COTAL LALE:RObY °0E -a11NEoMABAIDAL LRL & AQINEIN, W1 At e, cOTPY | Se a

sol ubl e adjuvant that iIs synthetic or he sofution or suspensi on
in the bi 6%@rlédﬁﬁ+‘@b1§eﬁP¥ RPrp6FSAner 1113@%§Pgned for the delivery of the
i mmunogen e in-situ elllng yner i s biodegradable and is

a copol ymt ?&oofsqu ¥- BOTP IEPFofe. &6t Eﬁ%a T“Hée’ialiLéj‘ltar?é}SPfﬁﬁﬁPnD L-lactic
aci d- co- gkyqmdiis¢ ngcard 1(nﬁ%hﬁ@$t1vm1$1t<a:ynbbmndxarorwemglaturen thbeesfange of about

2 000 to Q%g @99 |t of about 0.2 to
.0dl/g ag%phn%ornu a o?ééﬂgﬁlﬁ SIP q?ﬁ%gg %%géléy 33 14 August 2006
V\D 03/ 068%]91%/ USos7td 47 18erbide anmmnth lmmys@cbwyth GH3ugeral = OAl kyl

- (PLG or &xiy Bhaeéns:la&—H mearnahﬁlgl?&h khe GhyRhcal %ﬁeb@\ésntltﬁé) 5 carbons
and R2 is ti,o 0 unit..of the copolyner with

= | ntheral bl Pﬁﬁ&fwmwgnoaq%xv%au?% BEEREYUAPTS ar o

propeortions of immunogen may be absorbed directly by the
mineral salt at this stage; Secondly, to this suspension is
added an oligonucleotide with stirring. Partial or full
complexation of the residual unbound peptide immunogens in
solution results. The suspension combination as such is
suitable for parenteral injection. In Figure 16, both methods

of preparation are shown.

[00106] In accordance with another aspect of this invention,
there is provided a process for preparing an in-situ gelling
biodegradable polymer in which a stabilized immunostimulatory

- complex or a mixture of a stabilized immunostimulatory complex

- and uncomplexed immunogen is dispersed. The immunostimulatory
complex may be dispersed either in solution or as a suspension
within a biocompatible sclvent. The biocompatible solvent may
further comprise a soluble adjuvant that is synthetic or
natural. The solution or suspension in the biodegradable
gelling polymer is designed for the delivery of the immunogen
to a host. The in-situ gelling polymer is biodegradable and
is a copolymer of poly-D,L-lactide-co-glycolide (PLG) and
poly-D,L-lactic acid—co—glycﬁlic acid (PLGA) with a molecular
weight in the range of about 2,000 to about 100,000 daltons
and an inherent wviscosity of about 0.2 to 1.0.dl/g. The
formula of the in-site gelling polymer is:
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| actide and glycolide and in the case of PLGA, Rl is CH and the nononer
units are lactic acid and glycolic acid. [00107] The stap4h&é§qﬂm6

i mrunostinul atory conplex or a mxture thereof with the unconpl exed

i mmunogen with the in-situ gelling polyner may be prepared as a single
phase or as a suspension in a bioconpatible solvent. [00108] The

bi oconpatwdbammssed vent useful in the present inventiponusesngal ected fromthe
group consisting of dinmethyl sulfoxide (DMSO), N-nethyl pyrrolidine (NW),
triacetin and glycerin. DMSO is preferred. DVMSO has a high capacity for
solubilizing a large quantity in weight percent of the polyner. It has
been wi dely used as a solvent for in-situ gelling of polyners. DVSO may be
al so -be used to prepare a suspension of the stabilized i mMmunosti nul atory
conpl ex of the present pywvention. [00109] Inportantly, it has been
denonstrated in ani nal del s that there is_a high tolerance for DMSO when
used in small anounts Th@3.._jt axi cj are m ni mal when
conpositions conpri R1MQ irni via a parenteral route. 34
14 August 2006 WO 03/ 068169 PCTI'US03/ 04711 50110] The bi odegr adabl e

pol yners suitable for the pCHgent iQ@vention include, but not linited to,

the PLA or PLGA famly oh,p IS terials can be dissolved in
t;{e?%@zi% o IR

vari ous Dbioconpatible sohyg a 'co ion in arange of 5 w w¥%50
w W% Several physical factors can influence the practical anount of
pol ymer, which may be dissolved in the bioconpatible solvent. These

include t{e. canskitill ig@Nsy JMLEGU A% ue] ght hASL Gy WSEOst Ly and
crystallinity of the po 3 nmer . 1€—or tlﬁﬁﬂPE‘Jg E’L!&%ngrgi esd \gfz ggps)%l yners, these
factors Are 15 §heyratdei ablsschpanasRanprid, ohokifperypaberofipdly D, L- |actic
acid (PLAy+w+1.poly D, L-lactide (PL) and copol yners of

In the case of PLG, Rl is alkoxy and the monomer units are

lactide and glycolide and in the case of PLGA, Rl is OH and

the monomer units are lactic acid and glycolic acid.

[00107] The stabilized immunostimulatory complex or a mixture
thereof with the uncomplexed immuncgen with the in-situ
gelling polymer may be prepared as a single phase or as a

suspension in a biocompatible solvent.

[00108] The biocompatible solvent useful in the present
-invention is selected from the group consisting of dimethyl
sulfoxide (DMSO), N-methyl pyrrolidine (NMP), triacetin and
~glycerin. DMSO is preferred. DMSO has a high capacity for
sclubilizing a large quantity in weight percent of the
polymer. It has been widely used as a solvent for in-situ
gelling of polymers. DMSO may be also be used to prepare a
suspension of the stabilized immunostimulatory complex of the

' present invention.

[00109] Tmportantly, it has been demonstrated in animal models
that there is a high tolerance for DMSO when used in small
amounts.?® Thus, toxicity concerns are minimal when
compositions comprising DMSC are administered via a parenteral

route.
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PLG or PLGA with I ong bl ocks of the lactic acid nononer conponent are
highly crystalline materials with relativel y high intring,qWgmgosities.
[00111] The relative wei ght percentage of these crystalline “naterials

whi ch can be solubilized is distinctly |ower than the anorphous PLG or
PLGA anal ogs, wherein the ratio of the lactic acid to glycolic acid
conponentwo evogsieppr oxi mately equal, 1:1. It is conperdodbed t hat the
difference in the total anmount of polynmer, which may be adm ni stered by
injection, will have a dramatic inpact on the matrix degradation rate and
affect the rel ease kinetics for encapsul ated i nmunogens. is envisioned

that it ig o@ppoqlﬂleeblg@e@mxbzﬁepom Qe Rsieae! I ggyeq;gb'e pol yrer's

and copolymers wth var sical properties n corrpa i ble solvents
to achi evé“WFélonb+‘H]€6FcaW PP c]tlénltFGO‘lolr thex Fidr obi E’)Td?é‘grfamabﬂf e pol yners
sui tabl e barpdmspéﬂaentrhes;mweaétMSa&@n aniespdptadi@ vadibpsl ude, but are

not limt o] ycapr ol.act pnes hydri des ol yarthoesters and
pol y(a- hy %%&fﬁ’u%%lli% A7) b ‘?’ﬁ don ‘fvf%arrl %Baﬁn ﬁerg‘g‘i’%tﬁ’ Yl Pzed in
bi oconpat FbHve ok et sSavemﬁslephiismlglﬁ@ctqa@r cemtiagésemyed tpeovi de usef ul

matrix-fo métgcamba%ﬁ&ﬁtte& po§§méf1 RIS 008 dl\éQoQ@ééPQ%l@ﬁ PCT/ US03/ 04711
[001131 Igtaccordance r'esent_ipvention, a controlled or del ayed

rel ease v %ciqlf'é’abJrlé]ﬁatSW{lY%ﬁ ‘i nTRESHEBHHEMEPE C%SG\’/FH‘éd’nt'oget her with a
met hod of mokddudgr sucilyha, viacaiineic priepasatyi and Jﬂyetgeimmyr bk e t he

contr ol | egloRnede! st cnl sheasecyancl e OTESILLON LT 3e-p bl odear adabl e

- pol yner el'ected Trom the group consisting o Yde- co-
gl ycol i de?XPhE&phhindagdryle, Eor suamelacitgmepoliness| £ radivdD, ¥PLGA) ,
pol ycapr of aatiengsid RRLYANMY @bl gas 1-Peky Rl NBESILIS cl ymers of
pol y(ot- h¥19(£ %)éypﬂéﬁ/ 1%hafc!ng;) I:ch:ac}scbsI g%OQ;Pe tllalc):!c(i:"c Sacc):ll\c/len?cgno%gg a
component are highly crystalline materials with relatively

high intrinsic viscosities.

[00111] The relative weight percentage of these crystalline
materials which can be solubilized is distinctly lower than
the amorphous PLG or PLGA analogs, wherein the ratio of the
lactic acid to glycolic acid components are approximately
equal, 1:1. It is contemplated that the difference in the
total amount of polymer; which may be administered by
injection, will have a dramatic impact on the matrix
degradation rate and affect the release kinetics for

- encapsulated immunogens. It is envisioned that it is possible
to vary the blends of physically compatible polymers and
copolymers with varying physical properties in biocompatible

solvents to achieve novel bioclogical effects.

-[00112] Other biodegradable polymers suitable for the present
invention are contemplated ahd include, but are riot limited
to, polycaprolactones, polyanhydrides, polyorthoesters and
poly{o-hydroxybutyric acid). These polymers ecan be
solubilized in biocompatible solvents at useful weight

-percentages and provide useful matrix-forming substrates.
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stabilized i munostinul atory conpl ex. [00114] Thb polynmeric gel may further
conprise at |east one additional adjuvant, e.g., MPL, MaPaAu&d¥eoobi\-

Avri di ne, BAY- 1005, DC-Chol, Mirapalmtine, PCPP, QS-21, CT or CIB, LT or
LTB or a cytokine such as IL-1B, IL-2, IL-12, IFN-7and m xtures and a
derivative thereof. [00115] Advantages of the controlled rel eased

conposi t iwaoxissict he present invention include: (a) actmwkdsgsrini odegr adabl e
and bi oconpatible gel forrulation; (b) a sustained rel ease of the

i mmunogen for presentation to the inmune effector cells resulting in

i mproved inmmunogenicity; (c) a high loading of the gel with a desired

| Munagen dg113; %aQé@oxfaQHPQ%h%OE}Iqe gﬂgs&@ 1%v£111@f8 b ? ggndcerogi glel lvery

I
i ncl udi ng a suspensi on a stab i mmunost 1'’mul‘a Péx that is
sel f - adj uvdintiergyed Geitsie TRECHN degParatienghn s&ﬁalerwnanm ni ty of the

pol ymer  dideeGtby doedrés WilR &midtapaest mekihgis@Rayaivhakiye. The polyneric

gelling nma er| al 18 msei bl ol ar. rotic gol ven%%/lsuch as DMSO.

n
However, upom i n ranuscu?e?r?o?la %1 9 Ad§uSP g6 8¥8469

PCT[ US03/ O@iﬁss Wrsgti ae exingp ol bif ot iconpriBNEO bipdegradailed pbhymert he
sur roundi rweleeega ﬂr'oﬁsﬂ’?é Mobp é’@atsggt{ﬁ%Efsﬂ)cgﬁ_lepeﬂ—efaLc%tj.thcc; he pol ymer

rich soluti on ﬁrocess serves as rifar anism controlling
in-situ gél YFBP‘?'I%ﬁ |(3 G e Pate Tt Lukd ot ﬁ??'cﬁr%bé%%llﬁr Bekkds directly
affects th(ePLGm t |pai1ybmpsd1aatoma epseyardiydirbded, NTpUDP@ehodt &0 ahhe ti e

i nterval n C atible solvent is actively extracted into body
ti ssue \r,i%ﬁ >§ r?d:gél% Ott%lﬁh?/%]idcgl’ogl cﬁcog‘%?ﬁHSngog‘ﬁedltbéf“grae t he
ent rapmantst@bllti"rEd rmoregeimbiatidre Eampleki on of the gel . 45 It

-.[00114] Theé polymeric gel may further comprise at least one
additional adjuvant, e.g., MPL, MDP, DDA, N,N- Avridine, BAY-
1005, DC-Chol, Murapalmitine, PCPP, QS-21, CT or CTB, LT or
LTB or a cytokine such as IL-1B, IL-2, IL-12, IFN-yand

mixtures and a derivative thereof.

[00115] Advantages of the controlled released composition of

the present invention include:

(a) a fully biodegradable and biocompatible gel

formulation;

{b} a sustained release of the immunogen for
IpresentatiOn to the immune effector cells resulting

in improved immunogenicity;

{c} a high loading of the gel with a desired immunogen

in a stable composition; and

(d) a flexible mode of delivery including a suspension
of a stabilized immunostimulatory complex that is

self-adjuvanting.

. [0011€] The molecular weight and crystallinity of the polymer
directly impacts the entrapment efficiency in vivo. The
polymeric gelling material is miscible in polar aprotic

-solvents such as DMSO. However, upon intramuscular or
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is known that controlling the crystallization process is an i nportant key
mechani sm by which the retention of imunogens wthin th Q%JD + e be
inmproved .4 6 This is intimately connected to the |nterna rphol ogy of
the gel formed which limts the diffusional pathways by which inmunogens
may be released. [001171 The entrapped or retained immunostinulatory

conpl exesvo aesiaubsequent |y rel eased fromthe gel iachuwbbdsrng anounts in a
sust ai ned fashion with a | arger boost rel eased when the bulk of the matrix
form ng polynmer is eroded. This varies depending on many of the same
conditions that influence gellation, such as nol ecul ar wei ght, degree of

crystal li Bidhrt anbQRS tink HEE O, BM§H QQhQPdl%'ctt¥d ﬂﬁ% t.he SERGE P!

addi ti ves, 001181 Thé potenti al an adverse toxi csq{o I cal response to
the sol veRPIDVBES Hhss WBEan%F&dfr é%‘éeéi:?lP?’sY Pepetenting g RP4Y%ﬁér ein a device
cont ai ni ngich pepht ke . homm@rsusmmdedes rRsDMBO pieisar§ Uleghaal 4y | npl ant ed

subcut aneg%&in a doglgﬁl (ﬂ?ll forma Tan. ggeré/te aéasgf%%o enpl oyed in the

study was esignedto rel %ptlde over the
course of PrqceféaprmdsLﬁlgw@aﬁyyaﬂf@nbvetdleaunimlemr@ﬁ afheeddasdy. |n

nei t her tge 16:9iRfurldgdenhimngWere tamx AHLSELSE JHeISURe  €acti ons  observed.
The contro] |l ed re] ease of the peptide/DVSO m xture fromthe inplant into

physi ol ogPt3°mpp s SPEVSdeffl 2 VELY (FSGERCEYT 1&Fa) Ry HESTHR ent i al
t oxi ci ty smheschandeor wath yihygicligideradablens sl bafgel khag pol yneric

COMPOSI | ik ok 37 ché AUGHSEe 200001 YO BRLOBRRY BT USORI D711

.contenpl ate he anount I the enf 1 nvent| on is
essenti al 1§ KRE" et aennpdd ing ddre AryH@ldigafiion PG@qelggi] iptan s expect ed

that thersngostant idaiyt m@&haﬁﬁtsﬁl %'m@ﬂcl@fthet b@térmmaozékll%ha&@ér}é conpl ex in
DMSO into olgubi lity limt of the mer is

ti ssu bef
exceeded.” tl%&?!‘l BiN} |98 ak‘é‘%mﬁ’le ce, Tt dPdi Mg ke LY ecf°é1§§‘ét t he
stabilizet |thﬁunommaiulrm:mhyslcmnplfekhe Sebséoguent Wiich Hemits the

diffusional pathways by which immunogens may be released.

[00117] The entrapped or retained immunostimulatory complexes
are subsequently released from the gel in limiting amounts in
a sustained fashion with a larger boost released when the bulk
of the matrix forming polymer is eroded. This varies
depending on many of the same conditions that influence
gellation, such as molecular weight, degree of crystallinity,

constitution, hydrophobicity, and the presence of additives.

.[00118] The potential for an adverse toxiéological response to
the solvent DMSO has been addressed in a recent study?’! wherein
a device containing a peptide hormone suspended in DMSO was
surgically implanted subcutaneously in a dog and in a human.

- The volume of DMSO employed in the study was 150uL. The
implant was designed to relegse the peptide over the course of
1 year and surgically removed at the end of the study. 1In
neither the dog or the human were any adverse tissue reactions
observed. The controlled release of the peptide/DMSO mixture
from the implant into physiological tissues is useful as a

-model for evaluating potential toxicity concerns for a fully

biodegradable in-situ gelling polymeric composition. It is
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stabilized i nmmunostimulatory conplex is released along wth DMSO by

di ffusion-controll ed pathways or retained in the gel mﬁih a re#ggse rate
that is a function of the polyner properties. It is app F Heust t he
diffusivity of these nolecules within the gel is governed by several
factors, such as the internal gel norphology and porosity, the degree of
penet r at ivemodagsemt er i nto the gel and the hydrol ysi gcntsosi@r bul k of the
pol ymer. 45 [00120] In the case of the stabilized i Mmunostimul atory conpl ex
of the present invention, which is dispersed as a suspension throughout
the gel, the initial extraction is largely that of DMSO with a snal

quantity obnddip:LEUMNGSL! R ARELY: GOTBLEX o lRsRted Regl g gel Ling front.
Thus, the smal [ "anpbunt of the | mmunostinul"atory conplex,” not effectively
ent r appediBNATtAGN theSeRPEIAILYgENY isage phraddatwweidd ibetrespodsi bl e for the
initial p éﬁﬁngg of .the inmune response in vivo. Thereafter, it is expected

t hat DVB Todfi MRETEIndateFreedspgn Mittadiotra@F 19 ©fe bul k of the
‘i mmunost i bhe dmyosonpllekory enmp ixndnentsapped byt besgal berdrd X until the
bul k of t ffi gl entl hydrol yzed to result in a ful
release-o?%iﬁgﬁg%ggggﬂ g?%%CFH%3%3§%¥ﬁ€f§¥6F¥g%%%%Tex. [00121]
Speci fi cafPALdiforyhEr 2kt Plper mueaatding dhehiglisase wbltdéeul ar wei ght and
'lrmre cry%;adﬂghm}gwpimma&ﬂ{@nhv&@ fcbfaﬁlé’slf. hydbeghenl ¢S tﬁ%grade Fver aTh'
onger per, of time than |lower nolecul ar wej ght anprphous anal ogs. is
phenomencit 2d LRRd iinenoSginds ey, (oMo IRina"™ Yit) GEPECBHEY BET? USO3/ 04711 t o
be rel at ekM3C byheéifsdestdnntirbilal patteryd ort hetaihgdriol yhiecgdl y unst abl e
ester bo 14 )22l YIRS r andom anor phous

ngls A8 LoD rhic R@st b:f%ﬁ‘% %gﬁé‘&dg Eg&o}gerggl

copol ymers conposed of 50% D, L-Tactide and glycolide with a nolecul ar
wei ght i iPXWRETFaRe ot 1f GRPBrTU0L50T 00T dAFfeHsitexpd Bihesehe hi ghest
degr adat i fyldcal es . wid¥nbyhavgeONs @bvbBS§d by several factors, such

as the internal gel morphology and porosity, the degree of

penetration by water inte the gel and the hydrolysis of the

bulk of the polymer.*

[00120] In the case of the stabilized immunostimulatory complex
of the present invention, which is dispersed as a suspension
throughout the gel, the initial extraction is largely that of
DMSO with a small guantity of the immunostimulatory complex
located near the gelling front. Thus, the small amount of the
immunostimulatory complex, not effectively entrapped during
the initial gelling phase, would be responsible for the
initial priming of the immune response in vive. Thereafter,
it is expected that DMSO would continue to be released by
diffusion, with the bulk of the immunostimulatory complex
remaining entrapped in the gel matrix until the bulk of the
polymer has sufficiently been hydrolyzed to result in a full

release of the encapsulated immunostimulatory complex.,

[00121] Specifically, polymeric gels formulated from higher
molecular weight and more crystalline polymers derived from a-
hydroxy acids degrade over a longer period of time than lower

molecular weight amorphous analogs. This phenomenon, is known
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of the polymer remains after approximately 6-8 weeks, when imrersed in a
PBS buffer .47 [00123] It is desirable to nodify the pargRi&&S0@enNtrolling
the rate of gellation, the kinetics of imunogen rel ease an t he internal
gel norphol ogy. Specifically, use of various pore form ng agents,

pl asticizers, and stabilizers such as surfactants, sugars, proteins,

pol yner s waas/ioetibeer exci pi ents known to those skill echyisstdiga art are usef ul
for this purpose. [00124] The preparations are stable when refrigerated or
at roomtenperature. The vaccine conposition of the present invention
enpl oying DMSO wi || freeze when refrigerated since the freezing point of

DVBO [ 5 aboe 180Gied tohas, heeBsd alndey tialyat batingngoes not cause a change

in the efficacy of vaccine in vivo. 25] 1 n accordance with the
present i V%?ﬂllyéhca]tWeuP%t%qlteues’b%q PPAES bi odegr adabl e pol ymer and the

stabilize I at or Q be fornmul ated separately. The
in-situ gg??flm ?’@ﬁereeﬁa %@a§%ﬁﬁglﬁq§eﬂa?%m aﬁ??@“{?ﬁﬁatl ble solvent in
one vi al , cepnlymhes staappbed ed Phnindstrotddzt eny 50¢ogpyexide dithformin a

separ at e wﬁélecm@r | SEIYROS @Héafa%é ofoma,&neé ddb—@b}’oéd)rd@lgﬁﬁ(ebe prepar ed

by spray-dr pieferably, lyophilization. 48749 T
i mrunost i ﬁ’f}%l%ﬁgr he é’dﬁb?%x%gﬁ%ﬁiﬁbc‘ﬁ’énr%@sr -ecofis tivt Hekht RTal®iconpati bl e

'sol vent, afhd: §@E3mdrdwamw bfger epphetimsedy BHBULESKS,0Wh8s @ sSuspensi on
-into the 0d I el solution. The 39 14 August 2006 WO

03/ 068169g;ﬁ%%§a§?%4§ﬁ%m xture is then used i medi at el y or soon

ther eaf t efod3) FMYNiAALLON JORIFEL, ERD! OMaRg:SAPRL Polvh%lﬁ,s has an added

advantage of mnimzing any ggtentl al stability problens ese include
pol ymer deRf é&é?l%g‘ieﬁli‘tﬁé’“pr erfdechict RE puptiogen | Fheasgetd whi ch may
have reacthie/antuncdl g8almipHelefNAl NSpeSifikadBy, fus8€of various

pore forming agents, plasticizers, and stabilizers such as

surfactants, sugars, proteins, polymers and other excipients

known to those skilled in the art are useful for this purpose.

[00124] The preparations are stable when refrigerated or at
room temperature. The vaccine composition of the present
invention employing DMSO will freeze when refrigerated since
the freezing point of DMSC is about 18°C. It has been found
that thawing does not cause a change in the efficacy of the

vaccine in vivo.

[00125] In accordance with the present invention, the in-situ
gelling biodegradable polymer and the stabilized
immunostimulatory complex may be formulated separately. The
in-situ gelling polymer may be solubilized in a biocompatible
sclvent in one vial, and the stabilized immunostimulatory
complex in dry form in a separate vial. The immunostimulatory
complex in dry form may be prepared by spray-drying, or

preferably, lyophilization.*¥r *

The dried immunostimulatory
complexes can then be reconstituted in a biocompatible
solvent, and dispensed by syringe either as a solution or as a

suspension into the biodegradable polymer solution. The
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am ne groups or carboxyl ate groups, 50 or the oxidation of selective am no
acids, such as cysteine and tryptophan in the peptide iggupgdesoosn the
presence of DMSO. 1 (001271 To prepare a reconstitutable in-situ gelling
pol ymer conposition containing an inmunostinul atory conpl ex, an

i mmunostinmul atory conplex is prepared as descri bed above. Then, this
aqueous sweboossaiy i s | yophilized to forma dried copppssbhen. The dried
conposition is then reconstituted as a suspension in a bioconpatible

sol vent containing a cal culated weight percentage of a bi odegradabl e
gelling polynmer. The final vaccine conposition represents an in-situ

gel 11 ng  RALOUIRr 3 AithehSuSid aRLE: 1120y PEE QULET AledellepSl Q). [ 00128] The
conposi tions of the present invention are contenplated to be useful as
vacci nes #fuWgeatidr-apeuti ¢ purposes. Qther biological materials which may

be nodi fi t ossess cationic charge at pH s generally ranging from
4.0-8.0 f‘gnrm%ﬁ #@i%n%ﬁﬁ?% VO SueR EHGIgeT rATFCre%t idfes, may i ncl ude
pr ot ei ns, mprigtieing Mnyepocstibacsemiait Ppaooblend. TyHssd dnclvds uses,

Vi rus-inf gct C I i t] ies, phar ol ogi cal agents,
anti bi ot | %‘gfﬁgéa‘?%% a;ﬂé?ﬁ%riim i@?‘%)i%?},gg%cet f,OE, %‘gés)%e E%%%kl?‘%“gg,gg‘?ri'pi dated ami no
aci ds, gl Y pradiavBapeatisi vanfuncsapnahtdigaschaidsni xeely @s, f£irsr eof . [ 00129]

- These con@eisiet hod\psCaR OLrbAyl it lgebesk PRIANERE alita¥ién oxubcut aneous or
intranuscularB%Q%e i m'nisteregl8 mg?renterally, t he i mune
r

t, c
selec %ﬁgh??ﬁ%ﬁﬁ%ZP§§?L PEspbHEe FG¥BFOREDS &7 Uhi®ant i body

response ey
response pertpdevimmmdgen 4inAtijestre2606s AfODBSP 068169 PCTI US03/ 04711
neutralizing antibodies. For conpositions adm nistered mnucosally the

i Mmune re@ﬁaﬁgégomE%ﬁanﬁdaiEQQﬂﬁéPiSﬂﬁaﬁéﬁLRﬂ?SatulQﬁiﬂlngeQQMMméry ant i body

response.cdm@ei80od tontdinikg s€asmbioANRAIENrd @ohPRse skilled in the art
immunostimulatory complex is prepared as described above.
Then, this aqueous solution is lyophilized to form a dried
composition. The dried compositicon is then reconstituted as a
suspension in a biocompatible solvent containing a calculated
weight percentage of a biodegradable gelling polymer. The
final vaccine composition represents an in-situ gelling

-polymer and is sultable for parenteral injection.

[00128] The compositions of the present invention are

- contemplated to be useful as ﬁaccines or for therapeutic
purpoges. Other biclogical materials which may be modified to
possess cationic charge at pH’s generally ranging from 4.0-8.0
.for efficient complexation with CpG oligonucleotides, may
iﬁclude proteins, protein mimetics, bacteria, bacterial
lysates, viruses, virus-infected cell lysates, antigens,
antibodies, pharmacological agents, antibiotics,
carbohydrates, lipids, cytokines, chemokines, lipidated amino

-acids, glycelipids, haptens and combinations and mixtures

thereof.

- [00129] These compositions can be administered parenterally via
subcutaneous or intramuscular injection. When administered,
parenterally, the immune response may be a cell-mediated
‘response or a local or serum antibody response to provide
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that i nmunostimul atory conpl exes may al so be adm xed in oil- in-water

(o/w) -based enul sions. other possibilities include enC&ﬁ’éiﬂlh?Jsi%GOf
stabilized i nmunostimul atory conpl exes within water-in-oil-Tn-water

(w/ o/w) doubl e enul si ons, biodegradable polyneric mcroparticles, lipid
vesicles or liposonme structures. Mdst of these delivery systens are
attracti weo ésmssiest he devel opnent of sustai ned rel easectodosmubat i ons. [ 00131]
Preferably, the peptide i munostinulatory conplex of the present invention
may be enpl oyed in w o-based emul sions enploying SEPPIC s oil -based

adj uvants, in conbination with mneral salts such as Al um num hydr oxi de,

Al um num : cjum ) e .qr _in_a .si.ngl e-dose controlled
rel ease ?%9@%13%8%? %}%ﬁ%ﬁéﬁﬂl a?‘?%r?eaggs’seldtqgﬁs b?%“&@é?g%ra%dlde pol y-D, L-

| acti de- cBUgPsAddli tee ((Pr@pe gresperseDypuldaddét benallvointydel #c  acid (PLGA)
copol yner $oc4 06324t MISbnPIIEr addpbnsthe vacci ne conpositions of the
present invention conprise a stabilized i munostinulatory conplex of the

pepti de i ppeaRdJert wilh ke Cp&dbly gopandreot b dehosad sk xEEdwih heHeharunconpl exed
~peptide i [ | ear rent e skilled in the
art, that -aiagt[ﬂg%g\g??%@g&g%%# Solp e "F%Ve%gfggs%nﬁf‘?“%é%&nﬁ“oﬁl ave many

appl i cati AvELETt he/Wi-breed smukaling. neth Peas Partitées aimclydeci nat i on,

di Sgnosi se@é&bshueﬁima@tf @Eak%iflfigé& ii%ﬁn&@ﬁi&ulﬂ@é@%ﬂﬁléﬂ%' usﬂﬂ{hgu 3agt leri a
and viruses. Further .uses of the, present inyention are descrjbe el ow.
Vacoi ne- PRRSEA APT Bh 10013 | HAGAGERRELS SRS 50N S oATEaRrE o bo used
- as vacci pekynemay hierppeparddsf roipidnvesnimileeser milpatane conpl ex of 41 14

AUGUSt 2006, Q031 005169, PCREUSOR04ZIL et G3ENG {MNRRLL Oy 25 a W o

enul sion, as a suspension in I'nation w . t suspensi on or
as an in-&it devgermneng pbisprEpingd setemts darpekptdPrehese systens as

di scl osed -
o [00131] Preferably, the peptide immunostimulatory complex of

the present invention may be employed in w/o-based emulsions
employing SEPPIC's oil-based adjuvants, in combination with
mineral salts such as Aluminum hydroxide, Aluminum phosphate
and Calcium phosphate or in a single-dose controlled release
in-situ gelling formulation based on bicdegradable poly-D, L-
lactide-co-glycolide (PLG) or poly-D,L-lactic acid-co-glycolic
acid (PLGA) copolymers.

[00132] Most preferably, the vaccine compositions of the
present invention comprise a stabilized immunestimulatory
complex of the peptide immunogen with a CpG cligonucleotide

admixed with the uncomplexed peptide immunogen.

[00133] It is clearly apparent to one skilled in the art, that
‘the various embodiments of the present invention have many
-.applications in the fields of medicine and in particular
vaccination, diagnosis and treatment of infections with
pathogens including bacteria and viruses. Further uses of the

present invention are described below.

Vaccine Preparation

[00134] Immuncgenic compositions, suitable to be used as

vaccines, may be prepared from an immunostimulatory complex of
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herein. The i munogeni c conposition containing the imunostinulatory
conpl ex is useful for eliciting an inmmne response by tnﬁAdﬁl ob® which it
has been admi nistered. The immune response includes the pr |on of

anti bodies by the host. [00135] The inmunogeni ¢ conposition may be
prepared as injectables, as |iquid solutions or suspensions, as

| yophi | i 2edoezssispr ay- dri ed powders or emrul sions. Thectoswposi tion
conprising the inmunostinmulatory conplex may be mxed with physiologically
acceptabl e buffers or excipients, such as, water, saline, dextrose,

gl ycerol, ethanol and conbinations thereof. The vaccine may further

contain qqgléléyggk E@&gegssgq?kg%ﬁerétd ng_or, %ﬂﬁbéﬁ%%é p,agents,  pH

buf feri ng agent uvants to turt Hance t 'veness
t her eof . Fﬁ@bmepnewmafmrmé# BRIt gupperddnt 9o i abl@t’(ﬂ#ﬁiatl bl e

substance@elﬁmlpfomaéﬂ Yori & cdﬁ@mhéltﬂ&ld on ynets@ L& drfd- 84 tdh sgebkidg pol ymers
such as dineth ul f oxi de ine (NMP), triacetin,

rrol
gl ycerin, hﬁﬁfﬂ 0I§§$|ﬁﬁﬂu"59$q%ﬂ ??lﬁﬁgﬁﬁégﬂFgg gﬁe vacci ne of the
present i awewidstnimpbgtdyy ceapiieni £3 ex%dupafaa:nteéiaiﬂlylg en gimmuby i nj ection

subcut anegusbinse bP!ERMMSEH! @S WK O k! ﬁQéCif‘ereRH%\é:&’mlyEQr chCth@S of the

present invention nmay be adm ni stered nucosal oral, intranasal,
rectal, vaBPPRE L6FPRA &P°¥%ﬂﬁ?e§he[Hﬁ@fB?ﬁ}OPh@fv%ﬁﬁﬁbﬁéée%uhg 8% ni stered in
a manner aegpatible wth the fornmulation, and in such amobunt as to be
therapeutically effective, protective and i nmunogenic. The quantity to be
adm ni st er[@@ll:ifdpmads'mmmnddeeismn@osimorspegilmprépa:baei wseat ed, including,

];LzrAﬁgﬁg{)hgb%%ﬁ%ggglaa%%%1%‘9EdPéE?'ﬁ}égo§lso4s susPen%?oenést s or speci es' i nmune

systemto E‘Wﬁlﬁé§l3‘ié3raﬁ?i':%7ﬁré§d powders or emulsions. The
composition comprising the immunostimulatory complex may be
mixed with physiologically acceptable buffers or excipients,
such as, water, saline, dextrose, glycerol, ethanol and
~combinations thereof. The vaccine may further contain
additional substances such as wetting or emulsifying agents,
pH buffering agents, or adjuvants to further enhance the
effectiveness therecf. The vaccine may further contain
additional biocompatible substances, specifically in
conjunction with the in-situ gelling polymers such as dimethyl
sulfoxide (DMS0), N-methyl pyrrolidine {NMP), triacetin,
glycerin, and poly vinyl pyrrolidone (PVP).

[00136] The vaccine of the present invention may be
administered parenterally, e;g., by injection subcutaneously,
intramuscularly or transdermally. The vaccines of the present
invention may be administered mucosally via oral, intranasal,

rectal, vaginal or ocular routes.

[00137] The vaccines are administered in a manner‘compatible
with the formulation, and in such amount as to be
therapeutically effective, protective and imminogenic. The
quantity to be administered depends on the subject or species

to be treated, including, for example, the capacity of the
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and if needed, to produce cell-nediated i mune responses. [00138] Precise
anounts of enulsifying oils, mneral salts or gelling pp xiR&S0a6d

mat eri al having biol ogical activity required to be adm nistered for effect
depend on the judgenent of the practitioner or veterinarian. However,

sui tabl e dosage ranges are readily determ nable by one skilled in the art
and may veosmésigsghe order of micrograms to mlligraneerifusisehl e regi mes for
initial adm nistration and booster doses are also variable, but my
include an initial adm nistration followed by subsequent adm nistrations.
The dosage of the vaccine may also depend on the route of adm nistration

and t hus K t EXAVD [ 00139] The
above di S%@O}s/ufrtegg?erng f{@ssdé@@#leg%gggﬁm & ggls;ght%%glz%ventl (%Eisesﬂ nor e

conpl ete Eﬁfﬁéﬁsﬂﬁ?ﬁﬁ%gt@aﬁfoﬁécém%ln@adwwr gigneneesrasele f ol | owi ng
specific |l es. These Exanples are described sol el y for purposes of

illustrat ﬁ%%ﬁc?rﬁf:ésﬁcﬁmuf’?ﬁ SHdER S IVRY toitlfe RivsFalofatife OFnvent i on.
Changes ifellifg paryneandarslimatétidli aavidg eqoilavalcant scairvd tgont enpl at ed as

O oSt oSG R YAORHLE BR0 RESSREL BARIN BYouR, RACLAGH o7 goal

Al t hough Ic ternms have beéen enp ein, suc rns are intended
in a desce# ptieveragiséorgrd ofovetdmdnapiatpos Eeveier | antbilendos{950140]

Met hods  ofarfagni 54 rﬁéad@l;ﬂ&i@t@rlﬁﬂ%létlﬁy’,onléolsl(ﬂqred ChefHeS kY, ard Ot ei n
bi ochem str and_i noI ogy .used but not g |C|tly§i écé%bed inthis
PEbOH e

di scl osurr(c-bEL akg the Ioésmh‘fréagrﬁ%ﬁ? TEFt n Tentific
l'iteratureecmdsafer welltlalmaﬁm:mmthetam lantlybodstielhodeseskialrb eallsen t he art.

Prepar ation.jaf; L mﬂ&’iﬁoﬁ%& ”%Hu' L&t yanc‘i &4 LA %rk@nﬂ? ’}%ﬁ.%we@“

i mrunosti nul'atory conplex o a synt tlc pepti de 1 mmunogen and a CpG
ol i gonucl%tﬁuaéewnéqa@wmaqwmugw drpgege AfOLDS/ GEEiBe TAOTT [ JS03/ 04711

also depend on the route of administration and thus vary from

one host or species to another.
EXAMPLES

[C0139] The above disclosure generally describes the present
invention. A more complete understanding can be obtained by
reference to the following specific Examples. These Examples
are described solely for purposes of illustration and are not
intended to limit the scope of the invention. Changes in the
form and substitution of equivalents are contemplated as
circumstances may suggest it as necessary to achieve a
particular goal. Although specific terms have been employed
herein, such terms are intended in a descriptive sense and not

for purposes of limitations.

[00140] Methods of chemistry, organic chemiétry, polymer
chemistry, protein biochemistry and immunology used but not

—explicitly described in this disclosure and these Examples are
amply reported in the scientific literature and are well
within the ability of those skilled in the art.

Preparation of Immunostimulatory complex

[00141] In general, an immunostimulatory complex of a synthetic

peptide immunogen and a CpG oligonucleotide in aqueous

- 43 -




solutions is prepared by the dropw se addition of a stock peptide solution
in an appropriate aqueous solvent into a vial containi ngs g,geMoby stirred
stock solution of CpG oligonucleotide dissolved in an appropriate agueous
solvent. The reverse node of addition is equally effective. Conpatible
aqueous sol vents include, but are not limted to, distilled deionized

wat er, novoelema@ i ne (NS = 0. 9% NaCl) or phosphat e pbufidosised sal i ne (PBS =
10 mM Phosphate buffer, 0.9% NaCl) or mxtures thereof. The conpl exation
process is largely unaffected by physiologic buffers, providing
flexibility when sel ecting a conpatible sol vent system for both the

synt heti cgopgRbhde; ? ngng, %O%lentl Lg;.ll gotl dﬁ%oc 00142] The

conpl- ex forns |m're |ate can be vi sual
observat i B‘T’P’H‘Fieas?lr"rféoﬂré‘blaﬁl f“ﬁ?’é’%&éb‘érﬂﬂ@é"% S@HFHHWO EFh‘élék:}uantl ty of

suspensi oaomlhmn@w gefit By fataetédrstoak é&l@tmﬁ a;tﬂ \tharmunts of the CpG
oli gonucl ePII de cati.oni,c. e in.sol uti recipitation

onu Hf&e %15 lved i %t opri % 2n, g Q ?
process i$ ror16d By T he eI €t o PE AUt rqéﬂa 'isat 0-0f - opposi tely
char ged rfﬁll%c,r@hfesse Imeda @m@ddmuwamscaqu#lﬁraebﬁﬂcabwe proopesshle t he highly

- char ged p%ﬁ%ﬂ'sogéfve%‘tgglrﬁ:l%tdéarﬁﬁ:da%&' m_@ﬁle@& tﬂo,tcﬁ%t@_?:"?é&' vely charged
~cationic Eeptl e imunogen. 61 [00143] The CpG ol igonucleotide is sel ected

froma grotP ieBhIAErngPmad sTcGaeTES TTF- ToNaGar TrPherehader TTG TCG TT
3 (Cpd buﬂEQeﬂ[hal\lG)nele&s 321base Pheﬁ@tdteobumro gndiaBlnTés GTC GIT TTG
TCG TTT T SE as | engt h ol i gonmer plus
an phosphrcg)irl;{ot oatf eerge%ggﬁge %gpletxe 't prgcesfs 2l ?%rl %Hd) The CpG

ol i gonucl @tﬁﬂféé‘?,emepbmqiregmé@ffbys:C]Hrg@i@lrﬁt él%WJllsd;mwhdﬂe Oregon),

and are okdwichefy i BmphtiQnki gémtdéyst%&nat@r pEBS Endrel@khad & were
reconstituted in, the approprjate aqueouuﬁﬁo vent prior to use.

Cpd , . posReddds impuages df“%%cﬁ?é;s%’r%ﬁ‘ £fiifea sequence of 8 nucl eot i de
s OGP, S P SCMILRS L0 L 2800 od g oved

visually by the cbservation of a fine prec1p1tate suspended in

solution. The quantity of suspension so formed is a functicn

of the relative amounts of the CpG oligonucleotide to the

cationic peptide in solution. The precipitation process is

controlled by the electrostatic neutralization ¢of oppositely

charged molecules. In a thermodynamically favourable process,

the highly charged polyanionic single-stranded DNA binds with

the positively charged cationic peptide immunogen.®

[00143] The CpG oligonucleotide is selected from a group
consisting of 5/ TCG TCG TTT TGT CGT TTT GTC GTT TTG TCG TT 3’
(CpGl) SEQ ID NO: 1, a 32 base length oligomer, and 5'nTC GTC
GTT TTG TCG TTT TGT CGT T 3*' (CpG2) SEQ ID NO: 2, a 24 base
length oligomer plus an phosphorothioate group (designated as
n at the 5’ end}. The CpG oligonucleotides were synthesized
by Oligo’s Etc. (Wilsonville; Oregon), and are obtained in a -
lyophilized dry state. These materials were reconstituted in
the appropriate aquéous solvent prior to use. . CpGl:possesses
a CpG motif sequestered within a sequence of 8 nucleoctide
bases and may provide strongér adjuvantation in vivo and

improved stability by binding cationic peptides with higher
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14 August 2006 WD 03/068169 PCT[US03/04711 affinities, than shorter

ol i gonucl eoti des. A phosphorothioate nodified group at ihgugst gl of Cp&2
i ncreases the nolar negative charge density and potentially pronotes

i mproved binding. [00144] The peptide i munogens were synthesized and the
appropri ate aqueous buffer used to ensure that the peptide is cationic in
sol uti on.wgésossikes an i nportant consideration in vaggriesmier e

conpl exati on of the peptide i Mmunogen to the CPG oligonucleotide is
desired. The ionization point or IP for each peptide i munogen and the pH
of the mediumis used to guide the sel ection of the appropriate buffer.

The pH fggfégnuf@we@uén UL e oq ]]%%%19% tige ﬁ&ép%w&ldda%am ved in

distille I onl zed water or ’nor Erom mately 5.5,
wher eas iMPGpROEIPHECEPLET ftored’ LA W@S}ncr{eﬁ‘éeﬁﬁféﬁ mpher st ock peptl de

sol uti onsneyasi®d Phialye addnlsy t i Ghiepot it iaPPY QxiorBEES Yinpravedoar ef ul sel ecti on
of aqueoys éol vent systems is nade to ensure full protonation for peptides

derived fromahi no acids with weakl y basic side chains, notably Histidine.

[00145) Tahal shi SheckbePhualeal, Prpe d;yn%ﬁ?gizédﬂsnaw dhetic  peptide

i mrunogens and i gon use orm i mmunosti nul atory
conpl exes"‘Pp?ﬁP@é‘t@xéﬁW%sybbé%ﬁﬁ geed itereRdYyeh thak géis papeldfepscted in Tabl e

1. A cockiadlibnd 1th\@olLﬂflohhr'ﬂeispeﬁtdrd&mbﬁﬂtﬁiﬁﬂ@ﬂﬁsﬁer‘aﬂl&n@ncase a
conbinatqrial library of g% des cg_lnt ai nJhl anal o Sﬁmg t.he pepti de have
been enpl'dysd"To % ?Eﬁa?oé“pé ER-IPRCRT ndie R ‘% hdgeén  conpri ses
two segnelptsolagdBuceedt icer getdespiredpe Tandlcau'ﬁ:aluebqnqromemndme The Th

epi tope i, @&&HA%@%&& Ilmwe/&nt Qﬁd h@fHQO&@%%' o Un &9%5%%% de

i mmunogen. B- cel | topes were selected after
‘screeni n@“llij%rtéﬁ é§1%‘¥t1;5’é‘p9fd€‘§ F‘PP%‘H’é"léb%r et e T phfor an

aqueous mixture of a stock peptide solution dissolved in
distilled deionized water or normal saline (NS) was
approximately 5.5, whereas in phosphate buffered saline (PBS)
the pH of the stock peptide solutions was significantly higher
at approximately 7.2, Careful selection of aqueous solvent
systems is made to ensure full protonation for peptides
derived from amino acids with weakly basic side chains,

notably Histidine.

[00145] Table 1 list the physical properties of the synthetic
peptide immunogens and CpG oligonucleotides used to form
immunostimulatory complexes. Three exemplary peptide
immunogen targets are depicted in Table 1. A cocktail of two
or three peptide immunogens or in one case a combinatorial
library of peptides containing analogs of the peptide have
been employed to prepare each vaccine. Each peptide immunogen
comprises two segments, a B-cell target epitope and a T-helper
epitope. The Th epitope is included to improve the

immunogenicity of the peptide immunogen.

’

[00146] The B-cell and T-help epitopes were selected after
screening libraries of peptides in the appropriate animal
models. Detailed information regarding the identification and

composition of these constructs can be found by referring to
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nodels. Detailed information regarding the identification and conposition
of these constructs can be found by referring to 45 14 Aygugl.28fse WO
03/ 068169 PCT[ US03/04711 US patent Nos. 6,090, 3885, US patent No.

5, 759, 551" and W99/67293" and US 6,107,021 . 17 SEQ ID NOS: 7-9 in Table
1 conprise the LHRH i nmunogen pepti des and are useful in a vaccine for
pr ost at e w@esmesied nmunot her apy, designed for hor nongcgidosiid4ran treat nent.
SEQ I D NOS: 10-11 are useful in an anti-I1gE i munot herapeutic vaccine for
the treatnment of allergy. SEQID NOS: 4-6 are useful in an anti-Ch

i mrunot her apeuti c vaccine for the treatnment of HV infection. SEQ ID NCS:

12-13 oS | 56 Ol 200 e | Bl FVDs peptdsdes gad are useful in

an anti - FMD vacmgﬁ protective t*f 06t - and- mout h

di sease. YoWWE7EO e@%’?ﬁn@s%@mﬂ?ht or ySEiS?oﬁrﬁI‘%Q@ :0f -9 hie Brebent invention

may be pregasEdewthd BH&HIQMﬁmE)ééd qsiap@ﬁd@@tdnanaﬁe &%ethﬁ% ko  OpG
ol i gonucl eot| des torpf de different physi cal E%ﬁil es, such as the
size of tRECHEr et §2REH I EWRECTHRIEPE! esé B%S %9e cal cul at ed

aver age rrbfblatronposblam@nchlaﬁagaeaMd #EOr aY oSt ok nlllaaneiwghifullotnt he pepti de
| MuUNogen, nudeher &wﬁﬁoth@%@u&cabaecﬂ{emfb &S, d %@?%&lﬁge' {sed aver age

nol ar negatlve charge contribution from and Cp&K (SEQ
ID NO 2§t er‘@é’pec?ﬁ%épyNoséxénﬁlaetelusPF‘@p&Paf“il(ﬁ?téfcq’%nunost| mul at ory

- conpl ex ofmrurithe tapaunogenscand pCtne i .gentehe i des ind@Ed8in . This Exanple
illustrat t-he,.pLeparati on ot |rmu orrple rom LHRH pepti de
i mmunogens r%?f N(Eép'eiﬁ ?%’gci?r? g ot &Y }nnat\(/jar%iaa%us%ﬁ?%’borft ?I‘\odﬁ A flow

di agram RAptikesprstass léﬁef@énm @u kot ieMDomacsindefer insedetier@i n i s shown

- in Fi gureghudi@) 149 nAL | 78l:a8 58 BrenShideRar s and pipette tips were
autocl aved for 40 m nutes at 121'C prior to use.. Al reagents

[00147] The immunostimulatory complex of the present invention
may be prepared with various ratios of cationic peptides to
CpG oligonuclectides to provide different physical properties,
such as the size of the microparticulate complexes. Table 2
shows the calculated average molar positive charge and average
-formula weight for the peptide immunogen in the mixture.
"Table 2 also provides the calculated average molar negative
charge contribution from CpGl (S5EQ ID NO: 1) and CpGZ2 (SEQ ID
NO: 2}, respectively.

Example 1: FPreparation of Immunostimulatory complex of LHRH

- Immunogens and CpGl Oligonucleotides

[00148] This Example illustrates the preparation of

immunostimulatory complex from LHRH peptide immunogens and
‘CpGl oligonucleotides in various proportions. A flow diagram
-of the process of complex formation as described herein is

- shown in Figure 1.

[00149] A1l glassware, stir bars and pipette tips were
- autoclaved for 40 minutes at 121°C prior to use. All reagents
: were welghed, dispensed, transferred or added to reaction

vessels in .a laminar flow hood to prevent contamination.
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wer e wei ghed, dispensed, transferred or added to reaction vessels in a

| ami nar flow hood to prevent contam nation. 46 14 August;200 é‘stéﬁ& 03/ 068169
PCTI US03/ 04711 [00011 A LHRH peptide i mmunogen stock sol uti was prepared
by mxing a 1:1:1 nolar ratio of peptides of SEQID NOS: 7-9 at a
concentration of 3 ng/nL in distilled deionized water. 33 gL of the stock
sol uti on Wae®s1eédr r) g of the peptide i munogens) wasepceckdgei7io each of a
series of 2 nL vials equipped with mcro stir bars. To this solution was
added 0.5 nL of distilled deionized water as a diluent. A stock solution
of 2.0 (err)g/RL of Cpd oligonucleotide was prepared in distilled

dei ‘oni zed;pghaj eIA LM@.{ b@ﬂ&cﬁ’l’é@%ﬂ&n@d‘e tQ?occlﬁgolQHcﬂonHQr%%%taggd Sl%ponpl ox. The

sol ution vvas ad to each vi al ormt i munost |
amount ofMiging Q)I]1 :dohutalést Fél"ewaﬁ'éeféleittédé&c?f SERaFD WS : dé‘t%rﬂrﬁ Aed by

cal cul at i @hckArRI@¥hOsr 3 ahangen aléoiilieh 4R CPE wdtangi ngg from 8: 1, with
a large excess of LHRH, to 1:2 with an excess of Cpd. The respectlve

anounts ot &pel 5t°&§eﬁ°1t”5lﬁfleb]aqoe“t9h‘éfséhéo?ﬁﬁﬁﬁ?| HRUNREENsSha®d i n Tabl e 3.
It s tadaedned edchhédt ot Beridd ioe QmeleBkh%Qula%@d LaRhERENed as ol ar

char ge ratlos and is based on the cal culations shown in Table 3. [00151]
The addi t5%0RAsPHEre hAdEIEr SPOETOReWHRPR08e £ wi PR ok gHieEhtdiss stirring and
equi | i br ategdnfoed 30tew ms bhndaldentCcagestoan sonuedbmatssr el oudjmng of the

upon addi tjon of G o] i gonucl eoti de

reaction
Crock Casthubpih SLAPRnEeRife e hRteiten bt Rk Bfotuo eot i de. a
fine whi twatpart iVeulate agwspensi dhewasil obsmmuedeotlive pastk cl es gradual |y

sett] ed andyeal GabeRAsl LY oddsyspendedoiy ttmeggxﬁdn%s%Wianrg[ 0001] The

solid mcroparticulate conpl exes can be essenti renove fter settling
and al | o®™PHex sephf AMOYNE uplrGRSL atti9o8uFiRItdAS 2 e@etar%wzed by
ul travi olvakl spacteostdpydl B¢ calculation to provide a charge ratio

of LHRH:CpGl ranging from 8:1, with a large excess of LHRH, to
1:2 with an excess of CpGl. The respective amounts of CpGl
used to prepare these compositions are shown in Table 3. It
is to be noted that the ratio of LHRH:CpGl are represented as
mclar charge ratios and is based on the calculations shown in
Table 3.

[00151] The additions were made at room temperature with
continuous stirring and equilibrated for 30 min. In all
cases, an immediate clouding of the reaction mixture was
observed upon addition of the CpG oligonucleotide stock
solution. After complete addition of the CpGl

oligonucleotide, a fine white particulate suspension was

- observed. The particles gradually settled and could be easily

resuspended with gentle shaking.

[0001] The solid microparticulate complexes can be essentially

removed after settling and allows the separated sﬁpernatant
solutions. to be analyzed by ultraviolet spectroscopy for
residual uncomplexed peptide immunogens {(at A = 280 nm) or for
residual CpGl oligonucleotide (at A = 260 nm). For the

immunostimulatory complexes prepared using an excess of LHRH,
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resi dual unconpl exed peptide i munogens (at X '= 280 nm or for residual
CpG oligonucleotide (at X 260 nm. For the inmmunosti nulakRhy: Pl exes
‘prepared using an excess of LHRH, 47 14 August 2006 WD 03/068169

PCTI US03/ 04711 wherein LHRH Cpd 8:1, 4:1 or 2:1, excess anmounts of peptide
were detected. [00153] The result obtained by ultraviol et spectroscopy is
an estirmsoe@ndd may be 20% of the nunber obtai ned frot/usdesrif ol | owi ng
reasons. The peptide chronmophores have sizeably smaller extinction
coefficients as conpared to CpG oligonucl eotides and the wavel ength nmaxi na
used to detect the peptides and CpG@ are fairly close to each other. Thus,

the esti gggleegnf Ofird /(&1 €54 dual;, peqt}tFeS 1 eggs%ﬂog‘wip% é%érp er at ed.

Further, a small anount of nanopartic ex may be
present HeEGhé‘e%ﬁ’@ﬂmt ant. The interpretation of these results is further

conpl i cat t observation fha ncr easi ng the excess, anount of the
pepti de ?%Aﬁ‘ﬁ FEPELY ¥ tf‘b“eépgvg'é]ﬁéﬁaé{l"?%tr SBRFTECSAPRotHIAX  aggr egat es

with smal kgrimaver ag® magr bé (ﬂlZ@%Sbﬂeme b1 obtairsedolpseranabl € from Figure 2

t hat the ki ng of LHRH/ exes w h [ espect o average aggregate
O o o THET o ios PR e BT hOE RS TS Soerblv o> 801 %97

particle “Size
i-s expect etplleat exhimagfibn ctmridycidntishes comphesdtticolppr ocess woul d vary

based: on Sﬂ%oﬁhﬁ§é&@]de@rQrp@rtth'ee§ax%fle59§1 %&Ehgeuséd r@&%@;ﬁ CpG

ollgonucleotldes selected and the relative ratio o e vaccine
conposi t i BIPTiEF Mk PARPRIHERLILY SLeft thearkstdgar | Bwek stféﬁ‘ unconpl exed
pepti de asstithatesnidredrby ﬁéélapsptge@sm@yna@apg@smrg}nbéo 90% ( LHRH: Cpd

8:1), 0% Cp 25- 65% LHRH. 1 over the
backgr oun%p gorg% pe! c! !ll vgflythel'—rd )at He lHﬁlﬂP‘BﬁCGOfc%?rp%%@ftl%feépéFed at a 1:1
charge rapersithefrs wegper yralyi be Inresdet dot &bk esusmoetintat i Bie of resi dual
peptide | AARRIE atiod/bf these results is further complicated by the

observation that increasing the excess amount of the peptide
immunogen relative to CpG generally results in complex

aggregates with smaller average particle sizes.

[0001] It is observable from Figure 2 that the ranking of
LHRH/CpGl complexes with respect to average aggregate particle
size distribution is in the order LHRH:CpGl 2:1 > 4:1 > 8:1.
It is expected that the efficiency of the complexation process
would vary based on the physical properties of the peptide
immunogens and CpG oligconucleotides selected and the relative
ratio of each in the vaccine composition. For the LHRH:CpGl

system, the residual levels of uncomplexed peptide as

| determined by UV spectréscopy range from 60-90% (LHRH:CpGl
8:1), 40-80% (LHRH:CpGl = 4:1) and 25-65% LHRH:CpGl = 2:1)
over the background, respectively. For the LHRH:CpGl complex

" prepared at a 1:1 charge ratio there was very little

detectable concentration of residual peptide immunogen, ~3%,
cr residual CpG oligonucleotide, ~2%. The large increase in
the aggregate size of this complex coupled with the
essentially complete complexation of immunogen is consistent

~ with expected polyelectrolyte behavior at neutral charge. For

the immunostimulatory complex LHRH:CpGl = 1:2 charge ratio, an
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or residual CpG oligonucleotide, -2% The large increase in the aggregate
size of this conplex coupled with the essentially conpl gf gugRimbgxation of
i mmunogen is consistent wth expected polyel ectrol yte behavior at neutral
charge. For the imunostinulatory conplex LHRH Cpd 1:2 charge ratio, an
48 14 August 2006 WD 03/068169 PCT/ US03/ 04711 excess of Cpd, 48% residual
| evel of wip@hesasms found at X 260 nm This anount ofcresisival Cpd
approximates the quantity of Cpd expected if the first equival ent of Cpd
was fully conplexed with the peptide inmunogen in solution. [001551 The
results of the UV nethod denonstrate that i mmunost i nul atory conpl ex

compost t1 0RSedy BRAGSA Wiahll ALOML 1846ESS: RhoPaPL] §8uld ! hdonuc eotide
l) res

(e.g- LHRH Cp arge ratio in a significant anount of
pepti de f?-é% nﬂl n 'E@imtam@nnt Sifpreakdual Cmmsmmaate@r@ecorrpl exes prepared

from a nmodesati@ yes£ags 108 deganie!gat fglestt QqRePfiede £ Pe1 HRH CpG = 1:2

charge rat.i o result in conpositions with excess free oligonucleotide. The

presence Of1B%CEERIex5M; ﬁbm(?lh@o?‘?fifédéa%’é’ro\géntﬁ" $PABTI9ze smal | er

aggr egate own i i qur [0Q15 ] Thi s ex Ie denonstrat es that

t here may‘_%e sll}lpr ac 1i!?lctal ggd@iaenpgg%%hog BFAREETR r%’unostl nul at ory _
conpl ex mwoathm@tatgxae@@npééxmm%LkmSCp@paie@ ml’@har géghati o, wherein

a signi flg@égssaa?gmptq&ep&ptdlésorﬁfamb%dé ree 'rLHR‘EIObHél Qg.pimlarly, there
is no practical ntage. for “imunostinul atfory conplex prepared with a

noder at e EXEEs TRFL0) 0] ult g Rmy, i:p%gnlf{cazltcﬁﬁ?‘ﬁ@ PhtPFEIdRF RS it i s
- reasonabl &n saiuaswnesninalaxafyt, etmnamppt Bid aco Pl @l &ods @Jtref)di‘lﬁechI nt of

el ectri ook, ppul pahllake exeass oOlJagnHaLeaiide eanpelye @nly o stabilize

t he aggregat es as's I'S resu oes reveal that
conpat i bl BHRHiCeRL = riﬁﬁeeluﬁlw aﬁ’dl/Cdr rpgiltirdnscomnpsiboregdehti al |y added to

a prefornegbebslredeliib6@ldbotide. The presence of excess
oligonucleotide can serve to stabilize smaller aggregates as

shown in Figure 2.

[00156] This example demonstrates that there may be no
practical advantages to preparing immunostimulatory complex
with a high excess of LHRH, LHRH:CpGl = 8:1 charge ratic,
wherein a significant amount of peptide remains free in

“solution. Similarly, there is no practical advantage for
immunostimulatory complex prepared with a mocderate excess of
CpGl, LHRH:CpGl = 1:2 charge ratio, wherein it is reasonable
to assume that after complete complexation at the point of

~ electrical neutrality, excess oligonucleotide can serve only
to stabilize the aggregates as shown in Figure 2, This result
does reveal that compatible anionic molecules and/or polymers
may be sequentially added to a preformed 1l:1 electrically ,
-neutral complex in order to reduce the effective particle size
of the composition. This presents a novel strategy for
complete immunostimulatory complexation coupled with particle

size control.

[00157]) It is an object of this invention to effectively bind
~ the peptide immunogens in solution for certain applications to

‘maximize the stability of the vaccine in vive. Thus
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neutral conplex in order to reduce the effective particle size of the
conposition. This presents a novel strategy for conpletespidiasgi nul atory
conpl exation coupled with particle size control. [00157] It is an object
of this invention to effectively bind the peptide i mmunogens in solution
for certain applications to maximze the stability of the vaccine in vivo.
Thus 49 o dyagsiss 2006 WO 03/ 068169 PCT[ US03/ 04711pipiResyestal mul atory
conpl ex prepared with charge ratios of peptide i munogens to CpG

ol i gonucl eotides ranging from4:1 to 1:1 respectively are preferred. It is
anot her object of this invention to maxi m ze the adjuvanticity of the

i nmunost i vo. Dy U |n snaller iscrete particles
(-10 nlcrgﬁéﬂé%EFmgggBkg éég a 20N to rmﬁ%wnu%eugyggenl [00158] It
has been PeRfridiet hmuqoﬁénf)rtés§§§e0bf90néslmari6$ risagiagndinenc dnbltexed pepti de

is nore desi r&@bsc{l%mvélee %Eﬁé%d vageineah By ahians osupk; A4S
water-in-o0il enulsions or., absorption on to nneral salts. In these

for mul at i OREENTI8R; R ARETTI N PBF 1HEVARMMEYr @6 0d8ses may result from
|nnunogen&mbnmmdlmmunnﬂynnmmﬂaulaiouyodqanQMgaﬁdlaé50mﬁﬁon1 unconpl exed

I mmunogen i h e i d_on_the m neral
sal t di reé%%ér%%‘ %ae& \I_X’#Q mbruﬁ%)g’wllogls thl%sgp i gg%és)l{tar%éggr%od w th charge
ratios ofth$éﬁvmﬂ%=ﬂﬁﬁﬁmogens to CpG ollgonucleotldes ranging from8:1 to
2:1 are found to be useful for these applications. [001591 More preferably,
a combi naf Y783 trB3s e pEpHRiénat dhisi BReRSSR Porresidrit iffpeand snal |
particle anczemf:omplaxﬁprpa/gﬁddadwmbl aédiyabse flaundof®rcompmemost i mul at ory
conpl exes r rat f. p gﬁp] ens to CpG

ol i gonucl ‘éag"{cl ﬁ%fc&g‘%%ﬂuﬁ% om 121 a% Iwg'§‘:2’9 " ?8}0 3%]1g (rzr’%st preferred

i Munost | MMAAPELIN ConpP exingraltsrdds. In these formulations,

adjuvantation of the immune responses may result from

immunogens bound as immunostimulatory complex and also from
uncomplexed immunogens dispersed within the w/¢o emulsion or
adsorbed on the mineral salt directly. Thus, the
immunostimulatory complexes prepared with charge ratios of
peptide immunogens to CpG oligonucleotides ranging from 8:1 to

2:1 are found to be useful for these applications.

[00158] More preferably, a combination of maximal peptide
complexation for stability and small particle size for

improved adjuvanticity is found for immunostimulatory
complexes prepared with charge ratios of peptide immunogens to

CpG oligonucleotides ranging from 4:1 to 2:1.

[00160] The most preferred immunostimulatory complex are those
~prepared to possess physical properties, which make them
suitable for alternative delivery modalities. Specifically,
'average particle sizes on the order of 10 microns or less are
desirable in particular for rectal, vaginal,_oral and nasal

delivery.
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prepared to possess physical properties, which nake them suitable for
alternative delivery nodalities. Specifically, average panhit#08i zes on
the order of 10 microns or less are desirable in particular for rectal,

vagi nal, oral and nasal delivery. 50 14 August 2006 WD 03/068169

PCTI US03/ 04711 Exanple 2: Quantitation of Peptide |Imunogen and

d i gonuc| WBEI6Tonpl exat i on Ef fici ency by RP-HPLC {a@0B8®G®4Thi s Exanpl e
illustrates a preferable nethod for determ ning the conpl exation efficiency
with respect to the peptide i munogen and ol i gonucl eoti de vacci ne
conponents enpl oying reverse phase high performance |iquid chromatography

( RP- HPLC) Exalipils 2 eC puiagbuealibaWss tﬂagtga@rﬁnh{,%%&p aga each residual

unconpl exed 1 ndi vi dy | etlde |n a peptlue CO m xture to be
separ at ed2tHEPERELER 2P BT heaeney by FP-HE ed. to verify full
conpl exat | I eotide 0 nm. The solid

m cropart t@dlhljt canﬁa@?g éatesseﬁaPéé E%rﬂ‘ectt?é’ dsfyer nat ant sol uti on

by centridefgirngnidpltheweandlyxatidr aff drientyow BepaeapectRRoHPAL progranms are
run on %laatﬁmun%ggﬁlaﬂf@ B?;d&%@&{eg%.q%nga%%@'%ﬁ%& Jnggidual  LHRH

peptide i munogens an onucleotides 1'n [ 00162]

The. pept i ?i‘é’(@ylv\%rr@"?‘éé%lﬂ}’é‘éeb@l% §AT HUTRsEtraicaip W@atemw ogr aphy
(HPLC) usiregHPhE) Vyd'aﬁ:s4teﬁ:h)§1@5@ Ao s jiﬁleCQuéHEl,tagﬁén Jrugher 218TP54, with
a gradie in HPLC grad er) and 5%

fr oI ut i on % TFA i e
sol ution 885%5{?7 ﬁg\l e GrNa é SR GR 11 BFP P 496 KF2 V@ol ution A
and 76% s@&ﬁumntcBblensmrmtﬁdtaesi atlemttudlhl:iov\air at e zd6 hm) mhddridamt e. The UV

vavel onotly USATRUGE IS AONLAELEH. Al 220 LT ReR g5, dell iy vas
ol i gonucl &6t Mde (3P0 were Tﬁl@s@d)lﬂeﬂmbyrdpaghicwtmpnmmebi qan cbechr omat ogr aphy
(HPLC) U%é&grgb&i I%%BI%‘etmé \éﬁpernatant solution by centrifuging

followed by filtration. Two separate RP-HPLC programs are run

on- supernatant samples to identify and quantitate residual

LHRH peptide immunogens and CpGl'oligonucleotides in sclution.

[00162] The: peptide(s) were resolved by high performance liquid
- chromatography (HPLC) using the Vydac 4.6 x 250 mm C~18
column, Cat. number 218TP54, with a gradient from 95% of
solution A (0.05% TFA in HPLC grade water) and 5% solution B
{0.05% TFA in HPLC grade acetonitrile) to 24% of solution A
and 76% solution B in 40 minutes at the flow rate of 1
mL/minute. The UV wavelength absorbance was monitored at 226
nm. Peptide identity was determined by retention time, using

standard peptides.

- {00163] The oligonuclectide(s) were resolved by high

- performance liquid chromatography (HPLC) using the PerSeptive
" Biosystem 4.6 x 100 mm Oligo R3 column, Cat. number R330—050,
with a gradient from 95% of solution A { 0.1 M'TEAA in HPLC
grade water, pH=8) and 5% sclution B (HPLC grade acetonitrile)
to 24% of sclution A and 76% solution B in 40 ﬁinutes at the

flow rate of 1 mL/minute. The UV wavelength absorbance was
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Bi osystem 4.6 x 100 mnm digo R3 colum, Cat. nunber R330-050, wth a

gradi ent from95% of solution A ( 0.1 MTEAA in HPLC gr@?g g}@{ﬁfﬁ pH=8)
and 5% solution B (HPLC grade acetonitrile) to 24% of so UET on 2\ and 76%
solution Bin 40 mnutes at the flowrate of 1 niL/mnute. The W

wavel engt h absorbance was 51 14 August 2006 WO 031068169 PCTI US03104711
moni t or edVaBHE nm Peptide identity was deternm nedCBysp&tent i on time,

usi ng standard ol i gonucl eotide. [00164] | munosti nul atory conpl exes of LHRH
and Cpd ranging from@8:1 to 1:1 were prepared for this study as descri bed
in Exanple | and Exanple 11. The respective anmpbunts of CpGl used to
prepare thgS€oeodPAstl ot @eptiskoWdedditlabhe ddtapdidabbe 9. It is to be

noted that .the.rati.o _of LHRH; re . represented as nolar charge ratios
and is ba’%eécﬁngho?ﬁ meéa‘fsclt?lga?%n%rgh?e)ll Cﬁnﬁc%%l ®3 and Table 9. [00165] For

the i mun eay! €555 I e LHRH, wherein
LHRH: Cpd @gqﬂﬁgﬁ%}?ﬁgﬂ% noﬁ?&@%%ig\g/a _%%Hﬂgn%ghntcgégf%ggﬁgual pepti de
wer e det etoBd8py TRP1: HPIase Areprresuper taianttusy afi daeerithed dax i ng that the
conpl exatm%ﬁpméopeﬁla Eﬁar@aleﬁmij v]gheTf&@eb]ggmiawane@am eﬁGﬁlusreanléi ng of
LHRH pept.i de_i mmunogens w t reference or, ol i_ggn eotide in

ol ut | on BRBERPIIE BREAT rePTPHCTS. 515 3PS ¥ha8k!Ro’ PUS) HOME unconpl exed
CpGl ol i gbnuétebt itdebeoritgdbehatdghectayd obyf RIMRHPES;L iavdi cati ng ful |

conpl exaticpReQntdl 8s FAMROBRMye FOPIAOLNEOLs hgekh nERIRAS! i MUl atory conpl ex
prepared usi ng an eg&t{éval_ent amount of LHRH to CpGl ol i gonucl eoti de based
HE 7o QEHRRE

on char g&lf Whap Table)y andidafi®al1y no peptide and no Cpd was
det ect ed 1%{5— Pthiendi catgsr%gmfflgorconplﬂxgtison of @I |S.%O onents.
[00167] The Pet'e s et H1°F &8 TS of “ThESE® dialryses 136 "902hi cted in
‘Tabl e B. dxceps «f édRHi hderehe WiRAMCPE of 8LHRM:1 or 2:1, non-
' -equivalent amounts of residual peptide were detected by RP-

HPLC in the supernatant solutions indicating that the

complexation process is selective. This technique enables a

ranking of LHRH peptide immunogens with preferences for CpGl

oligonucleotide in solution based on binding affinity. In all

cases no residual uncomplexed CpGl oligonucleotide could be

detected by RP-HPLC, indicating full complexation of this

component.

[00166] For the immunostimulatory complex prepared using an

equivalent amount of LHRH to CpGl oligonuclectide based on
".charge ratio {LHRH:CpGl = 1:1), essentially no peptide and no

CpGl was detected by RP-HPLC indicating full complexation of

all components.

[00167] The complete set of results for these analyses is
- depicted in Table 8. It is clear that the binding of LHRH
.peptide immunogens with CpGl oligonucleotide may be ranked as
p60T7E > p667 > pS00. The three peptides have neaf identical
-ionization points and all three are positively charged as
calculated in Table 1. The preference of CpGl ‘oligonucleotide
for pe07E (+4 charge) over p667 (+5 charge) both of which are
preferred to pS00 {+4 charge) is likely related to the

- 52 -




pepti de i nmmunogens with Cpd oligonucl eotide may be ranked as p607E > p667
> p500. The three peptides have near identical ionizatigﬂAﬂﬁkngﬁﬁand al
three are positively charged as calculated in Table 1. The preference of
CpGl' oligonucleotide for p607E (+4 charge) over p667 (+5 charge) both of
whi ch are Preferred to p500 (+4 charge) is likely related to the 52 14
August 20H8%6# 53/ 068169 PCTI US03/ 04711 ol ecul ar REVENB4ZH] t he
distribution of charges within these peptides. Exanple 3: Preparation of
Dried I mmunostimnulatory Conplex [001681 This Exanple illustrates the
procedure used to prepare an inmunostimnmulatory conplex in a dry state.

[ 00169] Surslmmsiaon@eigﬂltL&iﬁd-Vt@p@iam&phEi@s ofptieparedwithindesesd bed in
Exanpl e Ipediif@s5-1.0 nb in aqueous solvent, distilled deionized water,
nor mal sa?lne or phosphate buffered saline, were placed in a dry

i ce/ acet %&hBarﬂ?haﬁi@fbnf ef Drlédntxﬂkﬁxﬁ%tﬂm'!:ﬁaﬁw' es were then

pl aced on a freeze- dryer ertrs an € water renoved by

subl i rrati poo1ss] 1206 Eri:elnl];ilteOiIlLﬁ‘teitéd’lrtﬁ@ piaysedut8isser 06 ashenarpr ovi ded a

near n finis produ he vial. The appearance of
?}gﬁ%m% ést%.m%slggo &ora%pen C%iyhe tt:

t he resi Fecovere g on aqueous sol vent used and can

~range fromoas@%rus gﬁ&%@f@f\tmgy fcemalahx&u piépté solid. [00170]

Reconstitution of the dried materia une of aqueous

sol vent r?ﬁﬁ%ﬁéP%?éH‘§x§ﬂ%b%63|ﬁh(bﬁ Ht%éﬂeﬂé a%%ﬁ%$cﬁQ&§enThe particle size
di stri butdiend ] ldetdrivhnesd a:steﬂ,esae)ucmbedsamnExWhesQnat%hemeﬂb&%sent| ally no
change. | 1 Jhis stratg d tha e dryi.ng_and. resuspensi on process
does not ée)afqglé%f t{gee ngg%)égaln prorﬁel ?}easceofon?hee/athp'ra%%a 84t ostinmul atory
conpl exest® Tangtes vabei reozepotppwdesivire dhpr imliacgdtdre ai fimesmssti nul atory

conpl exesqQfert feeRiQS@BLEDNUEAHHRN W ABY: BenBLOY e dubibReok oy of a

suspensli o
' P ébO millitorr over three days. This procedure provided a near

transparent glassy finished product in the vial. The
appearance of the residual sclid recovered depends on the
aguecus solvent used and can range from a near transparent

- glass to a white fluffy solid.

[00170] Reconstitution of the dried materials in the same
volume of aqueous solvent regenerated a suspension of discrete
particles. The particle size distributions, determined as

described in Example 2, showed essentially no change.

[00171] This demcnstrated that the drying and resuspension
process does not effect the physical properties of the
prepared immuncstimulatory complexes. Thus, a vaccine
composition cemprising the immunostimulatory complexes of the
present invention may be provided in the form of a suspension,

a solid or a dried powder.

Example 4a: Preparation of Water-in-0il Emulsions Using High

Shear Homogenization

[00172] This Example illustrates the process of preparing a
water-in-oil (w/o)-emulsion from cationic peptides derived
~ from LHRH peptide immunogens (SEQ ID NOS: 7-9 in a 1:1:1 molar
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a solid or a dried powder. Exanple 4a: Preparation of Water-in-Q |

Enul si ons Using Hi gh Shear Honpgenization [00172] This Exanglsedok! ustrates
the process of preparing a water-in-oil (wo0)-enulsion fromcationic

pepti des derived from LHRH peptide i Mmunogens (SEQ ID NCS: 7-9 in a 1:1:1
nmol ar 53 14 August 2006 WD 03/068169 PCT/ US03/04711 ratio in solution),

| gE pept iY@/ H¥Hbhogens (SEQ ID NO 10-11 in a 2:1 RGIESOP4ILGI 0 in sol ution)
CD4 peptide imunogens (SEQ ID No: 4-6 in a 2:1:1 nolar ratio in solution)
or inmunostinul atory conplex derived fromLHRH, IgE or CD4 imunogens and
CpGE@ or Cp& oligonucleotides in various proportions using honogenization .
t echnLquesatfb fﬂnO%mﬂ@gﬁm IdEngﬁﬁi'@t iiﬁhgurtc@@ﬁpr s $pofo eyl si 0[1 for m]at i Fln
via honogeni i on. as scr.i be erein.is sho i.n Figure 3, 00173] A

gl asswar e?gs izzﬁtlbra“?lsaraﬁagb? pét F%l{ptijﬁé’)v\%#‘i peBE}t’\%cllw}é’b‘?gfed’ls iéE?n' nut es at
1210C pri éP N dsé.irAlal 2rkdgenisr mesrie weisghetiordi spensed, transferred or

added to kRRGIds@inuMA2S6! Sorlfled 4AMHvRAT £ OWHRPOG O, PrGYENt contam nati on.
[001741 The w (?— e%l Si ogs V\BPP-S optim zed fngr st'a%lgtf:i(t)y C3\/|:)(4th respect to the

vol ume r atPBKIgePR i (RGO 6P%F |oinaR el eotddri rédvaFetisconposi ti ons

enpl oyi ngpMyiratbde @siSA HAdgeni saticbEPRIMGiqhae) Rhelsatdiegeémwater to oil
was 30: 70, I or._c osjitions. e aving | SA Mont ani de(err) 51 or

| SA Mont aﬁ?yesé()%égg}s? &thgfog%g;gl% ﬁmﬁé%offnﬁlgrr%ﬁ 0 Of*water to oil was 50:50
by vol unkerggeaipiiel apbas pressaibed dierein \ige shoym-i@ Fig@md Si-ons from | SA

Mont ani de{ér];?) 720 and | mmunosti nul atory conpl ex 10001] To a 10 nlL vessel,
was added!9PP3 Allgabassyapei RE1L RAthGEnRIRAtE8oF AR “PRe an appr opri at e
aqueous badferlafdd bk 4glnindtey/ad )1207C pRibrmesNasé i Malat 8sygaREP! ex _
prepared fLam, 3338 Li%afeRSPLi S LITINOgens Y 280kyed L) an appropriate

vessels in a laminar flow hood to prevent contamination.

[00174] The w/o-emulsions were optimized for stability with
respect to the volume ratio of the aqueous to oil phases
required. For compositions employing Montanide® ISA 720 oils

- (SEPPIC, Inc) the ratio of water to oil was 30:70 by volume.
For compositions employing ISA Montanide® 51 or ISA Montanide®
50v oils {SEPPIC, Inc.) the ratio of water to oil was 50:50 by

volume.

Example 4b: Preparation of Water-in-0il Emulsions from ISA

Montanide® 720 and Immunostimulatory complex

[0001] To a 10 mL vessel, was added 3,333 ﬁg of peptide

. immunogens dissolved in an appropriate agueous buffer (1,111
HL, 3 mg/mL) or an immunostimulatory complex prepared from
3,333 pg of peptide immunogens dissolved in an appropriate
aqueous buffer (1,111 uL, 3 mg/mL} and either CpGl or CpG2
oligonucleotides. Table 3 and Table 4, shows thé calculations

for determining relative amounts of each reagent'employed.

[00176] Specifically, to prepare an immunostimulatory complex
from LHRH peptide immuncgens at a 4:1 charge ratio of
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aqueous buffer (1,111 jiL, 3 ng/nL) and either Cpd@ or Cp&R

ol i gonucl eoti des. Table 3 and Table 4, shows the cal cul at4 dngist 3006

determ ning relative anounts of each reagent enployed. [00176]
Specifically, to prepare an inmunostimulatory conplex from LHRH peptide

i mmunogens at a 4:1 charge ratio of 54 14 August 2006 WD 03/068169

PCTI USO3 M2 ®BO819HRH: CpGl, 244 (err)g Cpd ol i gonucl eorvsdge4m22 (err)L, 2.0
(err)g/m) were used. [00177] Specifically, to prepare an

i mrunostinmul atory conplex of |IgE peptide i munogens at a 4:1 charge ratio
of IgE Cpd, 387 (err)g of CpAd oligonucleotide (193.5 (err)L, 2.0

(err)g/pl o r gl c I E:Cpd, 1,548 gg
a Igl)R %%E]%CI ggi?fh eE?giOJlmgeg%?ﬂeL@%géoﬁzz mﬁ)ze@e'?‘%/ 1 e, [00178]

SpeC| fi cais¢, u3ssi-prepare an i mmunostinul atory conplex of CD4 peptide
I mmunoge a 1 charge ratio of Ch4: Cp&x, 402 pg of Cp&
ol i gonucl@gﬁ'l’a]es?%flﬁﬁl Y §OgBFTRBFe R o Rpst impda ‘Eﬁl‘fnc&mlil?‘ charge ratio

-of CD4: q;@lgﬂ&&&tgge (]ﬁmrQaﬁﬁena)latgmm,tal ebéigie ré8De4 qiLIgR:pagg/ [tL) were
used h d t|on d|| t_aqueous sol vent
was addeg)Je hat 8?% E Ec urre 1%?h‘Lé aqugC)u /gﬁgs"é Was fixed at 3.0
‘L for pruspar atTico fioorfi al SAl Wﬂt&ﬂﬂ.d@:@;l@QOoﬂv/I@-EemGJSI ans49 ggpecti vel y.

[00180] RH or e al ine or PBS was found to be

sui t abl eco% @%P‘éjfg}%l @ﬁ {Iﬂe%c‘é gﬁgt 'é%iJ”ILIb Yo &38R pepti de i rmunogen
is great s reat.er H of Ihe aqueous

sol 8ent Ios'l'?] %pec[ldcéﬁgﬂy'l %ét%%e‘:’éé Aot m&lfﬂospé"ﬁ‘ﬂ‘lﬁ‘ % F&™R1Bt ce of aqueous
sol vent pfoVed penpbde dmmundiyrors dtlaut2| énchatde eatimmanDMPGZSal ine or PBS a
solid praghpid Yeecyas oqéggﬁya%otc?d&wz%'m for g 41/&1@ halld QQeq Thi s

|nstab|I|ty woul d preclude use of this T mmno |nat|on by parenteral
- rout es. Affloekam malidrhefge tiad ipepf iChd : CpGrIndgeh uor efe@b@2d t hat pepti de

sequence LD Noi18tide (804 ML, 2.0 pg/pL) were used.

[00179] To each of the vessels additional diluent aquecus
solvent was added so that the final volume of the agueous
phase was fixed at 3.0 mL for preparation of ISA Montanide®

720 w/o-emulsions respectively.

[00180] For LHRH c¢r IgEk peptides normal saline or PBS was found
to be suitable for complexation. The calculated IP for each
peptide immunogen is greater than 9.0 {(Table 1), far greater

than the pH of the agqueous solvent selected.

[00181] In the case of CD4 peptides the choice of aqueous
solvent proved important. Upon dilution with either normal
saline or PBS a solid precipitate was observed to quickly form
in solution. This instability would preclude use of this
immunogen combination by parenteral routes. An examination of
the peptide immunogens revealed that peptide sequence ID No: 6
(Table 1) has a calculated ionization point of 6.91. In PBS
{(pH ~ 7.2}, this peptide would tend to aggregate and be
expected to exhibit instability. A solution to this problem
was found by first preparing the immuncostimulatory complex in

distilled deionized water followed by dilution with saline or
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(Table 1) has a cal culated ionization point of 6.91. In PBS (pH- 7.2),
this peptide would tend to aggregate and be expected tol&Ahgusi2006
instability. A solution to this problem was found by first preparing the

i mmunostinul atory conplex in distilled deionized water foll owed by
dilution with saline or 55 14 August 2006 WO 03/068169 PCT[ US03/04711 PBS
of suffi WeP46hic strength to ensure that the susBERESM7Iwas | sot onic
and suitable for injection. [00182] This exanple denonstrates the

advant ages of stabilizing immunogens in solution in the formof an

i mmunostinulatory conplex of LHRH, |IgE or CD4 peptides. [00183] The

dil uted agBeUS sGOF LIRS iOficSUSPENEH00S BBl it tBboWsbeaddgd to a dry
25 L reaction yessel charg%g)vvi%h 7.Q mL of I SA Montanide(err) 720. The
addi ti onsw%serleso\rl‘rﬁ%c iR BU RS gERT ZPAECT19gh Shear Laboratory M xer,

Seal ed Un'[60182§' 'llh\ﬁ%r é?zmtpltehgﬁ:ﬁ&r&t‘ﬂ@egtﬂﬂeox\ﬁéﬁ%gggs (02f gggﬁgﬁilozqggr pm _tO
generate a coarse enulsron. Thi's processing speed Was “rairntained until the
aqueous sHFPHEIRAE bVeanlebigll dnethe fedBdef andivmmossirinredya ful | 2

m nut es t oI’ 85 UMHKHQT DyPr- cbl Xdp@i@fs t he aqueous and oil phases. The
honogeni zati on speed was then ranped up (5, 000-8,000 rpm and nai ntai ned
for fron(@1a3] hendblitesl hgeédier sobstilohsngr isuspbes f@smattonheh a
homogeneoyoiy headd R8I ¥ 84 R8" 3Ldollctr &MY §g9f-cda9§9&lwﬂ;ﬂevf6 nal
concentration”of I mmunogens once for mul at ed - as Suspensions or in :

wat er - i n-8% |ofedSh Nartanade@®@eBD-i Bk alddibiongager@Onader ¥)glanl. Exanpl e 4c:
St abi | i t ypdyaeat {00 h95n WHeaE- L%ogakOWi?%at?pSS%aﬁ%ﬁgﬁ{ietq by Hompgeni zati on

Met hods. [ 00I85] The consi stency and stabi W 0- errul si ons

pr epar ed PYHIRERBYLMNEal BHERadt chut Kegedy (3 9&9'&1@9%@“@9 hods. To prove
that the gendraicena wasreat @iulisfo®] | Thws QProcaBsimplspekl -wdy wat er (o/ w) or

o water-i n-ﬁgﬂﬁgagﬁgglégfiﬁméég\gEUeghs sample had been completely added

and was continued a full 2 minutes to ensure uniform pre-

mixing of the agqueous and oil phases. The homogenization

speed was then ramped up (5,000-8,000 rpm) and maintained for

from 5 to 10 minutes further resulting in the formation of a

homogeneous white finely dispersed w/c-emulsion.

[0001] The final concentration of immunogens once formulated
. as suspensions or in water-in-oil emulsions as described above

was 200 pg/mL.

Example 4c: Stability Evaluation for Water-in-0il Emulsions

Prepared by Homogenization Methods,

[00185] The consistency and stability of the w/o-emulsions
prepared by homogenization was checked by a variety of
methods. To prove that the emulsion was water-in-oil (w/o)
and not oil-in-water (o/w) or water-in-cil-in-water (w/o/w), a
droplet of the composition was added to a beaker'containing
‘distilled deionized water. A droplet of a w/o-emulsion will
float on the surface and not disperse into water. Conversely,
" a droplet from an o/w emulsion will instantly disperse into
water and a dreoplet from a w/o/w double emulsion will disperse

both on the surface and into the bulk of the aqueous phase.
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dropl et of the conposition was added to a beaker containing distilled

dei oni zed water. A droplet of a wo-enulsion will float;pRydie@yrface and
not disperse into water. Conversely, a droplet froman o/w emnmulsion wll
instantly disperse into water and a droplet froma w o/ w doubl e emul sion
wi |l disperse both on the surface and into the bul k of the aqueous phase.
56 14 AugWQe3 et WO 03/ 068169 PCT[ US03/ 04711 Dr oplPeT&somom t he emnul si ons
prepared from | SA Montanide(err) 720 were observed to float on the surface
with m nimal dispersal and droplets fromthe enul sions prepared from | SA
Mont ani de(err) 51 oils were observed to float on the surface with

essenti al pyop Nt sdir R 1IR! emd 18385 rﬁ%ﬁ%%éd'%cféﬁ%oklegﬁh&e@ 78gul si ons vere

W and further that the tendency towards dispersal was her for the
w o- ermul sBHE RREFAY Y Hor SAPTSANMENR &M fee® Pigh rrrim@alu@lap@pra@bd to the

initial vasgasidpye®f £R0 ohd erliberBifl ¥espARd rhhe rvhSEOshYqaob the
resul tant emul sions. This is an _inportant consideration for naximzing the

depot pot 8nt$HHS gpre t"r}l’éef‘%‘%%lttoaﬁ%o%é‘el?fée SYFhRFatiish. e{s50L88}1¥The appar ent
Vi SCOSi tynofd:‘tdperéalu sﬁads@mdsslmﬁnamdateu kaavede eherdieds(Rswokfiel d

DV-1+ rot i ) ot _to | aqt,_consistenc d for long-term
stabili tyagéoaﬁw fwf%% léntlh e‘(@a}nﬂfﬁcﬂ t_Elowaar\‘?‘lss Jbssf’etrﬁa %S E at 250C
whereas e W Emﬁ@i%ﬁlm epgapex:bd‘ rfc;qmlm Mbntamdd@@zwo Tadsa viscosity
of 745 50: 4213k d30CenIN B B AR q}adfr gMeLAli'sdthé%{ %%gé rqnt ch 1S

desirable for facilitating the han ensin € vacci ne
“with a syF'i‘?]g’éscPWJ}fBP]f 'FIPP d—’@ﬁt#%?é‘tt e‘P‘QA?J{%ﬁt arill"ftié(DBEﬁI1 had a viscosity of

-50 nPa. J_zﬁﬁorzaﬁﬁ: cymﬁriaasaﬁlm Mpn@mhﬁﬁ@smé ed@@%dpétr&méﬁ%f Mont ani de@
had a vi sggglt nPa at 250C. The wde variation in

vi scosity was - %8 hr 838%“}5 ffﬁﬁr&“ﬂa&r‘lmbf buf fer selection. (PBS = -2,900

(Tf:)at hNg H[O(ﬁlaiqofhgpgpﬁanc%ntd{rfédoshgg odfeltRQI E:ﬁ'lqs &egmu151é'n55%91dnpa) Mat eri al

01ls were checked (Brookfield DV-1+ rotational viscometer} for
lot to lot consistency and for long~term stability trials.

ISA Montanide® 720 had a viscosity of ~15 mPa at 25°C whereas
the w/o emulsion prepared from ISA Montanide® 720 had a
viscosity of ~45-50 mPa at 25°C. This provided a fairly fluid
product, which is desirable for facilitating the handling, and

dispensing of the vaccine with a syringe.

[00187] In contrast, ISA Montanide® 51 had a viscosity of ~50
mPa at 20°C whereas the w/o-emulsions prepared from ISA
Montanide® had a viscosity of ~ 1,500-2,900 mPa at 25°C. The
wide variation in viscosity was found to be a function of
buffer selection. (PBS = ~2,900 mPa, NS = ~2,500 mPa and
‘distilled deionized water = ~1,500 mPa) Material of this high
- viscosity can present some difficulties with respect to
transferring and dispensing with a syringe. Howevef, the
long-term stability of these compositions was improved. The
long~term stability of the emulsion was evaluated by placing 1
mL of each emulsion in a 1.5 mL eppendorf vial'and
centrifuging the contents under high speed (5,000 rpm) for 10

minutes. These conditions do not simulate actual storage
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viscosity can present sone difficulties with respect to transferring and
di spensing with a syringe. However, the [|ong-term stabiljhyx@f2dogese
conpositions was inproved. The Iong termstability of the enulsion was
eval uated by placing 1 nL of each enmulsion in a 1.5 nL eppendorf vial and
centrifug%gg t he contents under high speed (5,000 rpm) for 10 m nutes.
These cort? #¥%6¥E* do not sinul ate actual storage 57 RAT/PWFOEH 2006 WO

03/ 068169 PCTI US03/ 04711 conditions but can be used to predict the
resistance of the enulsion to separation. In the case of |SA Mntani de@
720, -5- 10% of the volune separated out with a clear or straw yellow oil

phase obsebxed: st Ber Sdahlth@leelinttB he-etdse e LSfistMRRL ad¥ dg@ 51, 0- 2% of
arated out with a or straw el |l ow ojl hase observed

the volume s C
o he S Era R hiral oD SIRLRY, caht +h TPB A AOLAr e, Samul o) on
product s acgouhtthe ﬁ@runtehee;garxeata@roﬁ abkhid )blb@r sadisieat atd108wand

resi stanc sepala 188) JThe p e _size di stribution for
the w o- e(r%f]l&s?hase ahs é urt r{(%?lchﬁ%%fc &ri 3%6 %3‘7 ot 85?9% croscopy (Ni kon
DI APHOT BQ@?anwe&éﬁon@-@r%ogfatmle @blmhepmrmmdl tuorwinasa obifeairned and an

' d
estimie gf 106SLepdanoe 0L 0a0iGhes WRSHTAdE S0 Be nignes

conput er - generate itse i's externall y
agal nst svVaneReidy of WsowhA tentaelde®isdesniNiST procacsabieavncsoparticles -

Duke Sciegjfiy) grgggef/v/seabﬁg'eys&&lr%d%s@@arﬁgnfgmsgm%f LSy, Mont ani de@

720 or 1SA: Montanide@51 and peptide I mmunogens,” the par “rcles sizes were
essent i al F§P3TE188me (c.a. 1-2 microns) with minimal aggregation or

coal escen w o- errul si ops prepar ed from ei t her A Mont ani de@ 720 or
| SA Mont aﬁ&%led:qﬂheaﬁ’ar THruRbed PRal ST PREH &RT (HE HZPT?‘Hleglnges wer e
slightly waarfgmth(ec.cmar&eeemeudm)opmtm ik 6%dopgg N Egal DOAPKOT

Coalescen?@b).Figuﬁﬁ%f%ﬂiérébﬂggﬁt5¥ﬁé%%ggég%gksgp£gﬂIM% ggég?n%d and
an estimate of the size range of particles was made using a
computer—-generated scale. The scale itself is externally

- referenced against standards of known particle sizes (NIST
traceable microparticles - Duke Scientific). For w/o
emulsions prepared from either ISA Montanide® 720 or ISA
Montanide® 51 and peptide immunogens, the particles sizes were
essentially the same {c.a. 1-2 microns) with minimal
aggregation or coalescence. For w/o-emulsions prepared from
either ISA Montanide® 720 or ISA Montanide® 51 and
immunostimulatory complex the particle sizes were slightly
larger {(c.a. 1-3 microns}) with minimal aggregation or
coalescence. Figure 4 is a photomicrograph'obtained from a
w/o-emulsion prepared via homogenization from ISA Montanide®
51 and an immunostimulatory complex derived from 100 pg of
LHRH peptide immunogens, with LHRH:CpGl in a final charge
ratioc of 4:1.

[00189] The initial average particle size was on the order of
10 microns. The process of homogenizing an agueous suspension
of immunostimulatory complexes under high shear resulted in a

smaller average aggregate particle size. A stable w/o-
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w o- enul si on prepared via honogeni zation from| SA Montani de(err) 51 and an
i munostinmul atory conplex derived from 100 (err)g of LHRHap&R: 2008

i mmunogens, with LHRH CpGlL in a final charge ratio of 4:1. [001891 The
initial average particle size was on the order of 10 microns. The process
of honogeni zi ng an aqueous suspension of immunostinul atory conpl exes under
hi gh shed¥0P¥6§if% ed in a snaller average aggregat ePQEHFSB/E’E Si ze. A stable
w o 58 14 August 2006 WD 03/068169 PCTI US03104711 emul sion with droplets
inthe size in the range of 1-3 mcrons was obtained. Exanple Sa: Ceneral
Preparation of Water-in-Q | Enul sions Using Low Shear Extrusion [00190]

Thi s Exarrpinelslldnuaiﬂatd@splétes AROERS 10k W Qhen}ﬁrﬁg!eoef 1.0y maLEoRs from
cationic 3: r| ved fromLHRH, |1gE or CD4 i mmunogens or

i mrunost i n‘ﬁ rrpl ex derived fromLHRH IgE or CD4 i munogens and

Cpd or ( |el SQ“LthQ %@_. _ 7 |gg t%roporc} '1°Emu smg ‘extrusion

t echni ques: ga&t | ons for

det erm ni H.g_y_m_éa_neﬂmaﬂmt s of each reagent errpl oyed. A flow diagram

illustrating the process of enulsion formation via extrusion as described
herein isl %cﬁ&l ThsFEgnrd e311 gt 1ot s Ahe premeswar® v/oremubsion and pipette

‘tips and taﬁnataahlfmezsafmﬁrc PEstiaRkSHR MRk ﬁanp@hﬁwe ngOBr‘lébJ“ nutes at
1210C pri oL Q. use. c)rA unDa elntf wer e vvellg%eg (sipgnse transferred or
added to Teaction: ves B4R afotH %‘aa’& Tt BHt t¥nt ani nat i on.
[00192] The Gt P-mlsmrmqepas cawtssfpish\aﬁ ¥p62 roa;igameﬂleyatpammmgvamo‘&queous phase
| oaded in RIS BYDANGR 1hE e ds O t@aﬂﬁ EqdeRadeghpikns 2, fle syringe through

a narr ow }t))ore t ube ] ol ni ng |cat|on OCCUI’S as the
fluids ar@NS Fef 9%nﬁ|r6hgwltcr=}éa%woﬁ% earnvdblmgpklé%swléplwpu cally 100

psi. By amounts of each reagent employed. A flow diagram illustrating

the process of emulsion formation via extrusion as described

herein is shown in Figure 3.

[00191] All glassware, stir bars and pipette tips and the
entire extruder mechanism were autoclaved for 40 minutes at
121°C prior to use. BAll reagents were weighed, dispensed,
transferred or added to reaction vessels in a laminar flow

hood to prevent contamination.

[00192] The extrusion process involves repeatedly passing an
aqueous phase loaded in one syringe into an oil phase ldaded
in a second syringe through a narrow bore tube joining the two
syringes. Emulsification occurs as the fluids are driven
through the narrow bore under pressure, typically 100 psi. By
contrast, a homogenizer system typically operates at a
-pressure that is greater than 1,000 psi. The number of return
passages necessary for the above extrusion process often
exceeds 20 to 30 before a visually uniform w/o-emulsion is
generated. This manual extrusion process cannot generate
significant shear and the number of exchanges required to

- efficiently produce a w/o-emulsion is highly variable. The
physical properties of the w/o-emulsions are inconsistent and

the overall stability and consequently in vivo potency are
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contrast, a honogeni zer systemtypically operates at a pressure that is
greater than 1,000 psi. The nunber of return passages necgegsfaoobor the
above extrusion process often exceeds 20 to 30 before a vi sually uniform
w o-enul sion is generated. This manual extrusion process cannot generate
significant shear and the nunber of exchanges,required to efficiently
produce VMUl sion is highly variable. The phygCTu$osproperti es of the
w o-emrul sions are inconsistent and the overall stability and consequently
in vivo potency are 59 14 August 2006 WD 03/068169 PCTI US03/04711
typically highly irreproducible. In spite of these problens, there are a

number of +pessiiblen apaki Q_a;_é;%auémleprOﬁucslp&tepé@dc%eeg pg%btlgﬁé process.

[ 0001] To ddress these shortconjngs an. extruder nechani sm has been

devel oped® ‘?_erp(%SF%sri"Fﬁmeﬁa%{ POSAYRES PRPIA G Longx foqnRTodSEFada) . The devi ce
consi sts pfodweedsyy itigespfdiessal or 1.0 nl) fitted via luer locks with a
narrow bore passage connected to a holder with a pol ycarbonate nenbrane of
a defined (PR T addppsrcdbesq dborheatinghean watsydengeshadimn devi ce as

ori gi nal | yedleHeg0esh A3 fPLoralEnPEepaAr ahbol §f kLPOSQRES,Oof a controlled
size. 63 The application of such a device with a corrpatl )l e oil-based

product fBnadisd - prEpacarien OpsiFte cEnifsisgninggspdlr &8 Horrt b-have been

cont enpl aked.fithed rmmbuaaﬁ loI&QEGrJlS:thB ﬁa?kri:obeb&@ %E@Qge( \Mahagred\ucl eopor e,

0. 05 ~LM ¢ snal.l er qr Ihe extrusion of
di sper si oh3 urlllai/é@rl %epd)l%’ﬁ% Ona’el’ﬁ Gf"ﬁ’lrag? rae EF’z‘}? cBR™® be sel ect ed

for fornubeas &?Qé%ﬁbrl@l het‘h@npam itogl ayesigase Thar gevisd zed. Using this
device, theghbity %%Xaf?éd WREUES) fth%%féﬂ%r%f?rl ¢ ¢ Eeéé‘@r return

passages were _require provi de a nore uniform an | e product. The
in vivo 5‘?:}1%&&%%3%8% aTl“tﬁ @pak HatdAN W lLIsyChe p’reé’éi:%t"éd'-hté be nore
r epr oduci &dngatldbve\wdn ~ba el eragectstok | tld Brégid=2nsn e w/o

emulsions appears not to have been contemplated. The membrane
pore size can be selected (Whatman Nucleopore, 0.05 pM - 10
pM) . The smaller pore size allows for the extrusion of
dispersions under increased shear. The larger pore size can

- be selected for formulating wherein the parficulates are
larger sized. Using this device, the efficiency of
emulsification was increased. Fewer return passages were
required to provide a more uniform and stable product. The in
vivo potency of such a preparation would be predicted to be
more reproducible. However, there are still limitations due
to the small maximum volume, c.a. 1.0 mL, which can be
practically employed and the practical restrictions on the

choice for the oil component.

[00194] The process works well for the preparation of w/o-
emulsions derived from ISA Montanide® 720. However, the
higher viscosities of emulsions derived from ISA Montanide® 51
results in significant backpressure, precluding the use of
this extrusion device. As such, this method can be best viewed
as a process for preparing instant w/o emulsions from oils

'with apparent viscosities of less than 1,500 mPa.
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to the small maxi numvolunme, c.a. 1.0 nL, which can be practically

enpl oyed and the practical restrictions on the choice fa#Aufet 2006
conponent. [001941 The process works well for the preparation of w o-

enul si ons derived from | SA Mont ani deO 720. However, the higher viscosities
of enul sions derived from| SA Montanide@51 results in significant
backpr es P ®¥06%c| udi ng the use of this extrusionPEBUSTIIAS such, this
met hod can be best viewed as a process for preparing instant w o emnul sions
fromoils wth apparent viscosities of |less than 1,500 nPa. 60 14 August
2006 WD 03/068169 PCT[ US03104711 [001951 In particular, where the costs
associ at edomes N 1at paAgeul and ik adidhiet Moﬁfs \a@@scmdanﬁufl)fsteea@@r ndor wher e
patient i.ssue or plication as a palliative medicine 1is
i nvol ved, a%(anguﬁqtci%g St %Eef??/sera§err%a€ cﬁ“%’é%t“ef"ﬁ%ﬁ? iPF&t¥Nd  practical .

| deal |y, qomalh@d:epliac@fli tiissnerer spphicedidocaoras p@itllqmaanmﬁls:tisecan be

relied ua%nlﬁ%hmdepammlem@a it d&%iqfergz%whfét bQQLS ecf@eﬁtnt_\% LG general
be used for t preparation of

use. [00196% This % aprot ocol
i nst ant ak&8G5* ]vv & Yo/’v\F JT?FSI‘MP%F‘WS FEFN AT EACEDI® P8I | ed shear
and ext r phronacirst st eguibieedel Ded fupon fdreppeepnamgt iostaot wed- ned products.

npl e arat .Qf 0 Enul sions from | SA NMntani de@ 720
[0001] To%ém'g Teps ?’Sigﬁsy%?e"%gaals%%. ght), was added 333 ~Lg of LHRH,

| gE or C%opmt mfs | JERPYBO OIS p b 13R8h VAL, IR 88ed GRRM PR | at € aqueous buffer
(111 uL, or _an i nmmunostinulatory conplex (wmth a 4:1 charge

ratio) plpéf)% ]éa(flof’rBFnl?,%aﬁba"t?PuE 'oﬁ‘nﬁig‘E/Op/@pt?”cféfoieWﬁ?@éns or an
i munost ifienl @tiahy contgdlaxd(sdar an@ ektehat@e akat tejuipe@pasredorfrom 333 gg

et | . . | yed.in_an appropriate aqueous solvent (111
Of 4 PERL R TupIgpae -Gl 538 YEhARS

Example Sb: Preparation of Water-in-0il Emulsions from ISA

Montanide® 720

{0001] To a 1.0 mL glass syringe (gas tight), was added 333 nug
of LHRH, IgE or CD4 peptide immunogens dissolved in an
-appropriate aquecus buffer (111 uL, 3 mg/mL) or an
immunostimulatory complex (with a 4:1 charge ratio) prepared
from 333 pug of LHRH or IgE peptide immunogens or an
immunostimulatory complex (with a 2:1 charge ratio) prepared
from 333 pg of CD4 peptide immuncgens dissolved in an
appropriate aqueous solvent (111 pL, 3 mg/mL) and CpGl or CpG2
oligonucleotides in appropriate ratios as described in Tables

3 and Table 4, respectively.

[00198] Specifically, to prepare immunostimulatory complex from
LHRH peptide immunogens at a charge ratio of LHRH:CpGl of 4:1,
24.3 pg CpGl oligonucleotide .(12.2 plL, 2.0 ug/mL) were added.

[00198] To prepare immuncstimulatory complex from IgE peptide
immunogens at a charge ratio of IgE:CpGl of 4:1, 38.7 ug of

CpGl oligonucleotide (19.4 uL, 2.0 pg/ul) were added or to
form a 1:1 neutral complex of IgE:CpGl, 154.8 pg of CpGl
- oligonucleotide (77.4 uL, 2.0 pg/plL) were added.
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ol i gonucl eotides in appropriate ratios as described in Tables 3 and Table
4, respectively. [00198] Specifically, to prepare imunogthfskaionsy conpl ex
from LHRH peptide i mmunogens at a charge ratio of LHRH Cod of 4:1, 24.3
~Lg Cpd oligonucleotide J12.2 ~LL, 2.0 ~Lg/nmL) were added. [00199] To
prepare inmunostinul atory conplex froml|gE peptide inmmunogens at a charge
rati o of WQBNHEY of 4:1, 38.7 ~Lg of Opd ol i gonuB¢EGPHHE(19.4 gL, 2.0
[tg/gL) were added or to forma 1:1 neutral conplex of IgE Cpd, 154.8 Rg
of Cpd@ oligonucleotide (77.4 gL, 2.0 Rg/gL) were added. 14 August 2006
WO 03/ 068169 PCT[ US03/04711 [00200] To prepare immunostinul atory conpl ex

from CD4 pepobbiec prepiregenfundbt anakRabee dorlplOx Of rorDdn et 0fie 2: 1, 40 pg of
Co&x oli onucleotige (2}6~LL, 2.0 %th% were added or to forma

conpl ex at"a RAEILE r AtTETEF i PCREL S CRES ot 661 gd oI HiGEPE2

ol i gonucl®agbdecid@ige, (2. QLpo.oLLy/ W8I Gedddeded 8932Q1FoAdd ti onal dil uent
aqueous solvent was added so that _the final volune of the a%ueous phase
was 300 fEIPleno¥od) chres £abh@f1C8f 1HPCg| o<t iy r L hRy#9( R<LRGZght ), was

added 709 igbhu@feck S Myt aj dE@ f2fir) Thersddaages were connected via | uer
| ocks to an extrusion-housing unit containing a nenbrane hol der and

support fo20Df AB8! Gk DomAen B3NS {diveaE wadRBRLANR thiters with pore
sizes 3 VM or re selected for w o-enulsions to be prepared with

.5 RM
epti de iTTuALRENIOHATE (Are BYy FEYGLUDIRIeES YARPEdstE mermbrane filters with
Do i M 10 |iiM | ected f th ti fow
pore Ssiz ? or | r sel ecteq 1or e preparation o (0]
emul si on(sal%\f?ll2 %PF?nﬁJrﬁ%P M'ﬁBﬁ)ﬁl@SﬁpFW@ﬁsb‘éﬁﬁé&gp it H8S a¥fsbus phase.
The aquedw$ phase IfASMditanide® st2opassied sykbhneighetbecammabtenariant o the oil
phase, t)aiI%iecaLI(ykvaighwgree%t '%%§§' The supse ugnt exchanges require
* addi ti onal"®pr e3%r & At HE R ?"éﬁé’é’duﬁh%lgg’l“ 5 §PErAe8E during the
enmul si on hopderexnsl. s@ppert 8od Xheapshgesbbhetdhaekprassditteypon extrusion had
- equal i zeqyeaRd. A ROTPYENGOUR Wt §1 SIS [ 0L MBSl WP Gk Yacted
for w/o-emulsions to be prepared with peptide immunogens in
the agqueous phase. Whereas, membrane filters with pore sizes
5 pM or 10 uM were selected for the preparation of w/o
emulsions with immunostimulateory complex suspended in the
aqueous phase. The aqueous phase was then first passed
through the membrane into the oil phase, typically with great
ease. The subsequent exchanges require additional pressure
with the increased backpressure generated during the emulsion
process. After 8-12 passages the backpressure upon extrusion
had equalized and a homogeneous white emulsion was typically

obtained.

{00203] The final concentration of immunogens once formulated
as solutions or as immunostimulatory complex in water-in-oil

emulsions as described above was 200 pg/mL.

Example Sc: Stability Evaluation for Water-in-0il Emulsions

' Prepared by Extrusion

[0001] Stability tests similar to theose conducted in Example
4c, prepared by the extrusion processes confirmed that these

conpositions were w/o-emulsion. Drbplets placed on the
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obt ai ned. (00203] The final concentration of imunogens once formul ated as
solutions or as immunostinmulatory conplex in water-in-oi} Aﬁ%ﬂélﬁoﬁns as
descri bed above was 200 ~Lg/nmL. Exanple 5c: Stability EvaT uation for
Water-in-QO | Emul sions Prepared by Extrusion [0001] Stability tests
simlar to those conducted in Exanple 4c, prepared by the extrusion
processesWe 8t lfhed t hat these conpositions were wPErESMAEIION. Droplets

pl aced on the 62 14 August 2006 WD 03/068169 PCTI US03/ 04711 surface of
distilled deionized water were observed to float wth m nimal dispersal.
The viscosities of the resultant enulsions were found to range from -35-40
nmPa, a S!:islghiacer(jﬁ?ﬂu%tstolﬁhémﬁ_ﬁi&ﬁ:jﬂéar@&bérowéb@ Jbisgﬁv&il%lg)f_lmrggeni zed
system in. Exanpl e . e Sz istribution o e emyl sion droplets was
| ar ger th‘élnt'%{(ﬁlggﬁn}% gbsé%esrsﬁgfmgrehr‘ﬁ fé?ic%sg}&@?rs".ff RhSu’fesg-%amfﬁ crons for wo
enul si onsemprlspenedvefre o et ¢ dearigeninugeds-460 mP2, 5a dldgbhs for w o

emul si onsrf P a5E dinfh OMrFFHHOSS it 'ﬁat_gq{ %FeEé’Jrﬂloﬁé erfi%edC DA son, Figure

5 is a photon crograph obtained froma w o €nulsion sanple prepared via
ext r usi on® FEEMRISAM Mt EdeYSE Tl 18R Phnfso sty Hikoat BFSPIEsSpI ex
derived fwaaml2fferggheh 4HdREnpBRidudehdnBRLADYEN S0P Grbodt i1ganucl eot i des
in a finagl, | 0. Of Cpd _of 4:1. 00205] In general, the size

of the d?%lﬁcfg?é or[g?%eeﬁéﬁkgﬁg;pggg%ee%éffav peetrlggilonlr?uﬁ?% $8Tas shown in
Fi-gure 5 4Wer aitegngefor an® apnksivnghbreraggr cfrome dmmtrstimel dtiqgly ener gy
honpgeni zashp16% ORlc@t SorurSBONN HiluFl GNg 4. pHMBhatloghpgse instant w o
enul si ons_,are SC}Jf icient]y stable for |mTedE|’ate or sanme day use. Exanple
6a: PrepatifiBr dFOorng H/eu B SH08r PURAS| BrERATSE6Y LS TR Gl e i | | ustrat es
the proce&®moisA Mostintdpe 720B41d Xnf OfiicseDmand cepcappukat i on of

i mmunost i pul at or
'Jgéiveé)géom 200 pg of LHRH peptide immunogens and CpGl

oligonucleotides in a final charge ratio of LHRH:CpGl of 4:1.

[00205] In general, the size of the droplets obtained by the
low energy extrusion process as shown in Figure 5 were larger
and more highly aggregated than the high energy homogenized
droplets as shown in Figure 4. Overall, these instant w/o
emulsions are sufficiently stable for immediate or same day

use.

Example 6a: Preparation of In-situ Polymeric Gels

[00206] This Example illustrates the process of in-situ gel
matrix formation and encapsulation of immunostimulatory
complex derived from IgE or CD4 immunogens and CpGl or CpG2
oligonucleotides in various proportions using direct
reconstitution techniques. A flow diagram showing the process
of preparing an in-situ gel formulation with either peptide
Admmunogens or immunostimulatory complex via reconstitution as

described herein is shown in Figure 6.

[00207] All glassware, stir bars and pipette tips were
autoclaved for 40 minutes at 121°C prior to use. BAll reagents
were weighed, dispensed, transferred or added to reaction

- vessels in a laminar flow hood to prevent contamination.
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conpl ex derived fromIgE or CD4 i munogens and CpGl or Cp&x

ol igonucl eotides in various proportions using direct regpRakist3tjokon

techni ques. A flow di agram showi ng the process of preparing an in-situ gel
formulation with either peptide inmunogens or imrunostinulatory conpl ex
~via reconstitution as described hereinis shown in Figure 6. [002071 All
gl asswar YO &446%har s and pi pette tips were autocl aPEHUSSP4TH0 ni nut es at
1210C prior to use. Al reagents were weighed, dispensed, transferred or
added to reaction vessels in a |lamnar flow hood to prevent contam nation.
63 14 August 2006 WD 03/068169 PCT[ US03/04711 [00208] In general, varying
wei ght pefooeosngesgaferBlG wiryRPhGAveitdpobarRhsadSoJT Pgair pngel heim were

di ssol ved. | ioc i.-bl e solv s such as. anhydrous di methyl sulfoxide
(DVSO, Al 5}’?&)&%&3%9‘%%’{13'8%. izargqeﬁgl%l%)r ggé:gsélrsesc%i\g?%amvi gorous agitation
“for hi ghérlogpreatjbde wlvgits ppigines samiydhoepitimgbbys sugfpxideng nai nt ai ned
for from édpMeohoulds itw) ensueesSamah eh e ioti S8idiki P8quiRE PRI sol ution
was then filtered _through an organic solvent conpatible nenbrane of pore
si ze 0. 4§glm+%h§°(ﬂ?f@%ﬁﬁeﬂ%%écu%?ﬁewq%a RHiYEEFRA s Hdd EANEL WS | on of
- cati oni ¢ gEéptimne maimumiogensoorf mor ¢-prhelies all gnauseispapseéon of
i MU OSt IATUL3H AL 6n ORI Ko Br B0 BRAE AR L, BLCMOCOIPAILPLE o801 vent . The
peptide inmunogen or_ pepti (’3 conplex ora mxture ereof was first
| yophi | i 28d°F %1 IGe S8 BEd CPRPILIRAP| eemoZpne mf $abs etitkenft 45 di ssol ved or

resuspenggdrbms AlPhapdicdiRii, abErE)Ri OcOMPALI PAL 290kY ENtso1 84S @3 DVBO. [ 00209]
i ¢_solvents, such resent g]s:ome pr obl ens

The use of _polar apro as O, may
with resﬁgggo?loc PS&E}E‘{eeerBIé?ﬁelnﬁebr Jt°46i Pﬁfg.rab?v?é@ iSSSRAGMT a8 a power f ul
oxi di zi ngraygeertiandat@aprrteberdnt & mppgosERskt biecamaniblci ds such as
cyst el ne $3dend.r Y PhORRRR 1 0BYiMEnEOGIGAPL Y AGEHDAUD By | 4} Lhese sol uti ons.
Thus, peptide I munogens contai ni hg these residues y fave

mixture thereof was first lycphilized (as described in Example

3) and subsequently dissolved or resuspended in an appropriate

biocompatible sclvent, such as DMSO.

[00209] The use of polar aprotic solvents, such as DMSQ, may
present some problems with respect to long-term peptide
stability. DMSO is known as a powerful oxidizing agent and
peptides containing sensitive amino acids such as cysteine and
tryptophan may be chemically incompatible in these solutions.
Thus, peptide immunogens containing these residues may have

to be reconstituted on site for immediate use.

[00210] The lycphilized peptide immunogens or immunostimulatory
complex or a mixture thereof was reconstituted directly in the
-vial into a solution of polymer in DMSO at the time of use,
thereby avoiding prolonged exposure of the peptide immunogens
to DMSO. The dissolution of the peptide immunogen or the
resuspension of immunostimulétory complex or a mixture of the
immunostimulatory complex with peptide immunogens was rapid,

requiring gentle shaking to ensure sample uniformity.

[00211] There are minimal stability and manufacturing issues
‘expected for these generic compositions. The polymer

solutions in anhydrous DMSO are not as susceptible to

- 64 -




to be reconstituted on site for imedi ate use. [002101 The | yophilized
peptide inmunogens or inmmunostinulatory conplex or a m x4 ghgust Foeseof was
reconstituted directly in the vial into a solution of polymer in DVBO at
the tinme of use, thereby avoiding prol onged exposure of the peptide

i mmunogens to DVMSO. The dissolution of the peptide i nmunogen or the

r esuspens¥@06§i69 nmunosti mul at ory conpl ex or a m xt BcpUSsOie

i mmunostinul atory conplex with peptide i nmunogens was rapid, requiring
gentl e shaking to ensure sanple uniformty. [00211] There are m ni nal
stability and manufacturing issues expected for these generic

conposi ti RRsro1TBec RAIGFEBAL i FOLYL DS réd ha_ﬁ_lﬂygé S1eDMRRLEn POt as ,
suscepti bl e tgvgg 14 Augéjﬁsc%eﬁizOOG VWO 03/ 0681 PCTI US03/ 04711 hydrol ytic

degr adat | B35 VEBrParsd PRATIEEYP NGRS dPesRAWEET or suspended in
aqueous sebluttiionsmayTihe podzemer DMIDIfuténss maychbe fisbzewmitOMZO freezes at

c.a. 180 ] t. g?gg i o .cal,_ properties upon
thaw ng. Cael’ ectt%}ég%icé%gg%gilmg% [ mgﬁ%f 3&?%%%3%%:&%0‘1%?% %in the

| yophi I'i ZEtF @eptidatcs wBmnesaigelerexpapted iwlexhfibin thencr eased

st abi :ji t y1jdphihez@bsencet e Wab B -allﬁg%l%%pa-@!iﬁednt&t @iﬁbﬁ.ﬁ; pol %' _rf::‘r t and
pepti de i munogens .ot .. iMmMunost i atory conpl ex as such constitutes a
si ?gl e- phh%céea_gﬁf Lﬁtla_%ﬁl'b?}i gnsg%%%%ﬁe S i"g‘g?% f;)r _suEg;Jt ane;)g?‘n _og e
intranusc I . [ e. | Sys i

Vi scosi ty?ﬂo@ltzagfhggﬁojf%rgn g?pjos%lgper?&qg%ﬁ% slrg‘ﬁl?né’ _te V Tnfluences the
ability YBUSQETHYEakAHY iqHedex tdfe seenresrtiBitesby ainalecpzateous or

i ntramuscdgiakibRWrea RSkl od NE1iRRPEE B ¥hiSGRShEYuPlort hese systens is a
actaors including the constitution, nolecular weight,

function , of variaus f
crystall ilrﬂ%trﬁm‘é?l%ll 2t P HE 01 scosity of the PLG or PLGA copol ymers. These
factors df‘do‘z%f Otfhﬁnpﬂﬁ-gam:e af&ugit}pe\é system is the viscosity of the

solution or suspension. This directly influences the ability

to syringe and inject the compositions by a subcutaneous or

intramuscular route,

[00214] The apparent viscosity of these systems is a function
of various factors including the constitution, molecular
weight, crystallinity and intrinsic viscosity of the PLG or
PILGA copolymers. These factors delimit the useful amount by
-weight for each polymer that can be dissolved while
maintaining practical flow characteristics. Table 5 shows the
physical properties for selected PLG or PLGA polymers and the
corresponding amount in weight percentages that may be
dissolved in DMSO to obtain solution viscosities of practical
use, The apparent viscosity for these solutions was

determined by a Brookfield DV-1+ rotational viscometer.

[00215] 100 mPa was arbitrarily chosen as the upper desired
limit for these compositions. In most cases a solution or
suspension formulated as an in-situ gelling polymer solution
with an apparent viscosity less than 200 mPa can be uniformly

delivered through conventional syringes.
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wei ght for each polyner that can be dissolved while nmintaining practical
flow characteristics. Table 5 shows the physical proper14 R’egdsoroosel ected
PLG or PLGA polyners and the corresponding anmount in wei ght percentages
that may be dissolved in DVMSO to obtain solution viscosities of practical
use. The apparent viscosity for these solutions was determ ned by a

Br ookf i IO PHESY1$ 1 ot at i onal vi sconeter. [00215] 10@CwPsosmsrst arbitrarily
chosen as the upper desired limt for these conpositions. In nost cases a
solution or suspension fornulated as an in-situ gelling polynmer solution
w th an apparent viscosity |ess than 200 nPa can be uniformy delivered

t hrough cayoeest nopal yred DRYE $01681 kf wAUBUSI 4806 @&9&4@@%169

PCT[ US03/ 04711 % 2 G%EA pol.ymer / DMSO sol ution with Xmer to solvent in
excess of YTWAt ¢ cfl?ﬁ c{udrﬁ?o'iﬁ é’éo‘éhdeaﬁﬁa?%ﬁ‘ﬁre% s%’o%ﬁotsyl/ %f°f 100 nPa woul d
be of valli® fige welldvee yoibyahue a‘lotede\atwe\rg byrmdalaltteymaltmeé udi ng

convent i GRRla1SY¥ | NYR1 QK1 R gggpénetllg§§l g e, gelilh ng. behavi or upon

i njection and burst rel edase en i S I'n parfe related to the
concent r &5t8R9of Thtehéebldiﬂygr@?hQ‘ﬁ?rth%P%Hﬂﬁ@%?‘%lloﬁnanméauﬁﬂtq&ve maxi ni zi ng
‘the ratefothgeidnaniogen ardifeshici pgiidel burste ceheangaolod MrINOgen woul d

be two a i design ararre ers f consideration in devel opnent
of an opt ?‘on ?P@l 5 tt %’OHFS%%%&?[YCW@FH% %ﬁxanpl ep6b:

|enrglle 0s6&°C offed
Pr epar at iT@#eoff Rslyabian @ﬁsrédmnmﬁ’mb& Resstmere@ea RG G0 BhinotodeG 504H [ 0001]

To two S%@&at@e %ﬁon&déltaékél %‘éh@ﬂ%ﬁé&n&@eﬁé 'fr)rb@crr%ld&@étl gl @:g 2,200 my RG
T h f de 10 0 nL of

504H or ,h7 an H respecti vel 0_eac was a
anhydr ous BI\/%’@ pTeE)frﬂorﬁ_?n W?Pé%ﬁ’@ﬂlﬁl?fﬁqéonwlﬁﬂxlfwemre
Vi gorouslcyomsbsxvmd for c.a. 2-3 hours at roomtenperature after which the
copol yners

Example 6b: Preparation of Polymers Gels from PLGA Resomer® -

RG 503H or RG 504H

[0001] To two separate 25 mL flasks equipped with stir bars
was added 2,200 mg RG 504H or 2,750 mg RG 503H respectively.
.To each flask was added 10.0 mL of anhydrous DMSO (1.1 gm/mL)
by ‘transfer pipette. The mixtures were vigorously stirred for
c.a. 2-3 hours at room temperature after which the copolymers
were fully solubilized. After complete dissolution the stock
solutions were filtered through a 0.45 uM organic solvent

- stable membrane filter (Phenomenex, PTFE). The final weight
percent of RG 504H and RG 503H polymer to DMSO sélvent was 20%
and 25% respectively.

{00218] 10 mL of the polymer/DMSO solution so prepared was then
added via syringe into vials containing lyophilized IgE or CD4
peptide immunogens (2,000 pg) or lyophilized immunostimulatory
complex (4:1 IgE:CpGl charge ratio or 2:1 CD4:CpG2 charge
ratio) derived from 2,000 pg of IgE peptides mixed.with 232 pg
of CpGl oligonucleotide (116 pL, 2.0 pg/ pl) or 2,000 pg of CD4
peptides mixed with 241 pg of CpG2 oligonucleotide (120.5 pL,
2.0 pg/pL). The final concentration of immunogen in solution

or in the form of an immunostimulatory complex in suspension
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were fully solubilized. After conplete dissolution the stock solutions
were filtered through a 0.45 gMorganic solvent stable mpghgangoki|ter
(Phenonenex, PTFE). The final weight percent of RG 504H and RG 503H

pol yner to DMSO sol vent was 20% and 25% respectively. [00218] 10 nL of the
pol ymer / DMSO sol ution so prepared was then added via syringe into vials
cont ai ni WOIXG}HA | | zed | gE or CD4 peptide i nmmunogeRSTARD}OGA pg) or

| yophilized i nmunostinmulatory conplex (4:1 IgE Cod@ charge ratio or 2:1
CD4: Cp&X charge ratio) derived from2,000 Itg of IgE peptides m xed.with
232 pg of CpGE oligonucleotide (116 pL, 2.0 gg/gL) or 2,000 ~Lg of CD4

peptides Jixegowh ém\LZ%eoqmqén&;é 09|1r&faﬂagémtlap&)£ Jc%ﬁp?ei'u”a’s 2. 0 pg/

gL) . The final concentration I mrunogen 1 n sol ution in the form of
an i mmunoStieRp BRI FeedRtHERt g 1§1u§pbﬁg+oanowu§nemmvgmst«um06 WD 031068169

PCT/ USOS/@A&LL mlagotcg%ghre mtbmnu?ﬁggﬁngr i mmunosti nul at ory conpl ex
was inmmediately reconstituted in solution or suspension with gentle

shaki ng t@o2nglrae capplaeatit Uiiskos i foy. ofm%lgbllﬂi@nappﬁé@&bdecﬁxom ties of
e Ponrtie BISRREECd LA ARS8 RUMIRE Sl oL Ve 3P 26000 SE1 BT N 1AL 00

were fou &°e8nhcentrati ons for
Resomer @RGs808H, 10[Qe1§3€m‘er((sé¢ riabke §D4HTéﬁdC¢2@§0he¢130R@ 66 for a solution

Vi scosi tyke%m@mw&d 5588, rﬂ%%omef@ &4 isbhfalng ReSHBEPRcREH0RH gnd Resomer @

RG 504H have much | ower inherent viscosities and both are derived from
- PLGA wi t FoairbE phaigcosiiar aét@rrounﬂhé@%matwerrsnomaleoﬁﬁmem@)n was around

0% D,L- deashigenand. 8009 ¥eokidlengJOGsEnTRiRA Shoc i d be expected 1o

degrade at a rate of 6-8 Wee for e po n vivo. Thus, the
encapsul atiggosbigsenand sPPO\*f\buélndE lfgveved thwom RBﬁAeElﬁDmmhrPMQse profile with

-gel s prepagedc{domResaner @ nl%ﬁoégf»lédaﬁ,ogi@@l%%@ RGo.al4H50458), 8- prepared

fromthese materlals woul d. be nost suited for short-term si ngle dose
lactide and 50% glycolide. These materials would be expecte

to degrade at a rate of 6-8 weeks for 50% of the polymer in
vivo. Thus, the encapsulated components would have a two-
three month release profile with gels prepared from Resomer®
RG 503H or Resomer® RG 504H. Gels prepared from these
materials would be most suited for short-term single-dose
controlled release applications. Conversely, Resomer® RG 756
is a more crystalline polymer composed of 75% D,L-lactide to
.25% glycolide residues. It may require from 4-6 months for
50% of the polymer to degrade in vivo and the release rate for
encapsulated components would consequently be more protracted.
Resomer® RG 756 would be expected to be more desirable for

long-term single-dose controlled release applications.

Example 7: The Immunogenicity of IgE and CD4 Peptide

Immunogens Formulated as Immunostimulatory complex or as W/O

Emulsion or in Combinations

[060220] This Example illustrates the immunogenicity of IgE and
CD4 peptide immunogens formulated as immunostiﬁulatory
complexes with CpGl or CpG2 oligonucleotides, as a w/o-
emulsion or as immunostimulatory complex dispersed in a w/o-

emulsion in guinea pigs, which were immunized intramuscularly.
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controlled rel ease applications. Conversely, Resoner@RG 756 is a nore
crystalline polymer conmposed of 75%D, L-lactide to 25% ¢ xgQlsi #@eresi dues.
It may require from4-6 nonths for 50% of the polynmer to degrade in vivo
and the release rate for encapsul ated conponents woul d consequently be
nore protracted. Resoner @RG 756 woul d be expected to be nore desirable
for | ongV®e¥e81ed ngl e- dose control |l ed rel ease appli eatoswesi7iiExanpl e 7: The
| mmunogenicity of IgE and CD4 Peptide | munogens Fornul ated as

| munostinul atory conplex or as WO Enul sion or in Conbinations [00220]
This Exanple illustrates the i nmunogenicity of I1gE and CD4 peptide

i Munogenshbos raHcahesi difs WaPdINQShbh il My0h¥nofdIRLEXSS Wi th Cpd or Cp&R
ol i gonucl eosti es, .as_a W/lO- e% sion or  as jm’runoati mu| at ory conpl ex

di sper sed PRI &7 FRILCoATI R §Gi Me &b OWAF PP BSS niflini zed

i nt ranmusdixerply .5ag3b14 August 2006 WO 03/068169 PCTI US03/ 04711 The

w o- emul si ons were prepared by honobgeni zation as described in Exanple

4al 4b or 19928k} FrRirsn odstieEser F o 8 Weelbeddpfends 5bind200288] Groups of

thr ee, 6 (covinieelsehe erBhe-tGUTRAER, WelSer ( CAYARES: RASER &y Products Inc.,
nver,

RPA weds%' ni(lzleﬁ intran}éscul arla/é]l .M) on week O, 3 and 6 with
the fol | oW hg" c&?‘rﬁ’é tilofs! Fbyeeert) d 37 thEiFyERefrttiErepa
i Mmunost icempeagidrignsonpllexg(df thehagheepaides/apd1ll: 1 charge ratio) prepared
as descri.glgﬁ in.Table 4 suspend %i n.a final . vol > of 250 pL PBS, pH 7.4,
CD4 pept i eg cép}éﬁlu%tor n6s Iiglerﬁﬁ 3 b1’ N RS ?@Jgﬁéhﬁ?@@er atio and 1:2
charge ratie) pyeppeeckdsadeslosibeflbbd Tahldablsesdended/5ngd Swspended in  a
final voluig,of,:250; 1Y BBS, 7744 6p4! ent g%li n75 ~tL PBS, pH 7.4
emul sified with | SA I\/dbﬂnt ani de@ 720 17%59}%3(1' / peptides in 75 RL
di St! | | edMpepGtiipa e yye compasxerf (2d wheabge [rSALMoTtdadt defarg20 (175 RL) | gE
peptide/ @@l o) prepared as described in Table 4 in 75 uL suspended in

a final volume of 250 pL PBS, pH 7.4;; IgE peptides in 75 pL

PBS, pH 7.4 emulsified with ISA Montanide® 720 (175 pL); CD4

peptides in 75 pL distilled deionized water emulsified with

ISA Montanide® 720 (175 plL); IQE peptide/CpGl

immunostimulatory complex in 75 puL PBS, pH 7.4 prepared as

described in Table 4 (4:1 charge ratio and 1:1 neutral charge

ratio) emulsified with ISA Montanide® 720 (175 uL), or CD4

'peptides/CpGZ immunostimulatory complexes prepared as

described in Table 4 in 75 pL distilled deionized water (2:1

charge ratic and 1:2 charge ratio) emulsified with ISA

Montanide® 720 (175 pL).

[00222] The guinea pigs showed no gross pathologies or
behavioral changes after receiving immunostimulatory
complexes, w/o emulsions containing peptide immunogens or w/o
emulsions containing the immunostimulatory complekes. Sera
were obtained on weeks .+3, +5, +9, +11 and +17 and were
evaluated for the presence of anti-IgE antibodies in the case
of IgE immunogens or anti-CD4 antibodies in the case of CD4

immunogens, by immunogen-specific ELISAs.
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i mmunostinulatory conplex in 75 ~LL PBS, pH 7.4 prepared as described in
Table 4 (4:1 charge ratio and 1:1 neutral charge ratio) wmué@ijdged W th
| SA Montani de@ 720 (175 jiL), or CD4 peptides/Cp& i mmunostinul atory
conpl exes prepared as described in Table 4 in 75 gL distilled deionized
water (2:1 charge ratio and 1:2 charge ratio) enmulsified with | SA

Mont ani de¥® FR@8169.75 gL). [00222] The gui nea pigs shecedsmosrgr oss

pat hol ogi es or behavioral changes after receiving i munosti nul atory
conpl exes, w o enul sions containing peptide i nmunogens or w o enul sions
containing the i mmunostinul atory conpl exes. Sera were obtained on weeks

+3, 45, +Hhashldmane cElineindqwespriveMabsiated for the presence of anti-IgE
anti bodies 1n € case o gE Tmunogens or anti-CD4 antibodies in the

case of (b22BMAROGEIES pebyiddiBOPE Areshedddrai Fdd $AS 198G ekt 1Agust 2006
WO 03/ 068162 PC:I& %S%%/S(gélgalcjti%@seusr %maﬂt of rant,] b E anti bodi es [00223]
Anti -1 gE pepti Aot tT8F s TETa Hetsr AP nad By g%é)yp g??‘HeIgEEE{‘%'and
Cross-reataptydei BisISAs Rowratet & oyE gy 1 b e ahgE- I BAptideéept i de ELI SAs for

det er mi natdaQ; 0f t Rleire! SRERLE 48 mi AR Y1 MRLE GANGUGE B¢l 3 i croti ter

pl ates coated withh the target antigen site 1peptlde w thout the T hel per

site, as TAfEEEr#HFB45 I FoPeRRIAS HiRERYORBf T d1RlPehuTRES- | BE cross-

reacti vi tdgschibadf! | gForl iSAs MRS €l 0Bl Uit dhiharliTgEOtidRy~ pl ates coated in
a likew f ' ' u |.gE. nyel otein (Anerican Bi osystens,

" Inc. cat .Sr%r?g. §£11€}§) \Mélt{“gé% g/ %]I’Bf.kAS[ 8‘6%5]03@%%%{ éd I&hﬁﬁ(oﬁgg%fi de or anti-IgE

ant i bodi &3 akef ecoaietiett et Ihyewhiores Ensitfiorhwph oxihdmse-Igibeyetbrant i - gui nea pi g

| 9G  goatp 3L HOodeer FLAPAbL ] Slchs, O3 €356d A5 heotp Qf 5|r§<g)nar.oca'

i'S

di lution, wer e cal cul ated based on |i near regression ana of _the
- absor banqegeziy thpEitel hnfiPRp8ele 3 Ind:-THRI SnGialls Wakue was rigorous,

as the vadl ues for diluted normal guinea
. etected by horseradish peroXidase-labeled anti-guinea pig IgG

goat antibody. ELISA titers, expressed as logiy of reciprocal
dilution, were calculated based on linear regression analysis
of the absorbances, with cutoff Z,9; set at 0.5, This cutoff
value was rigorous, as the values for diluted normal guinea
pig control samples run with each assay were less than 0.15.
Hyperimmune guinea pig anti-IgE peptide immunogen antiserum
was used as a positive control. Pre-immune sera were used as

negative controls.

Measurement of anti-CD4 Antibodies

[00225] ELISAs for binding to recombinant soluble CD4 were done
in 96 well microtiter plates coated with rsCD4 {(American Bio-
Technologies) at 0.25 pg/mL, using 100 pL per well in 10mM
NaHCO3; buffer, pH 9.5. Wells were blocked with 250 plL of 3%
gelatin, washed with 0.05% TWEEN 20 in phosphate-buffered-
saline (PBS) and dried. Test wells were reacted with 100 pL of
diluted immune sera for 1 hour at 37 C. Wells were washed
with 0.05% TWEEN 20 in PBS, reacted with 100 pL of horseradish
peroxidase-labeled goat anti-mouse IgG (Pierce} diluted 1:1000
in 1% goat serum, 0.05% TWEEN® 20 in PBS, and washed. 100 pL
'of_orthophenylenediamine-(OPD) substrate at 0.04% by weight
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pig control sanples run with each assay were less than 0.15. Hyperi mmne
guinea pig anti-IgE peptide i munogen antiserum was useg4 Asgat 08I tive
control. Pre-imune sera were used as negative controls. Measurenent of
anti-CD4 Antibodies [0022S] ELISAs for binding to reconbi nant sol uble CD4
were done in 96 well mcrotiter plates coated wwth rsCD4 (Anerican Bio-
Technol ogY@&3)eee69 0. 25 pg/ nmL, using 100 pL per well Pers@mziiNaHCO3 buf fer,
pH 9.5. Wells were blocked with 250 pL of 3% gelatin, washed with 0.05%
TWEEN 20 i n phosphate-buffered- saline (PBS) and dried. Test wells were
reacted with 100 pL of diluted imune sera for | hour at 37 C. Wlls were

Washedd \M(mhar&elﬁ)S%&r \AEFB% 2}?05 anP&s?alldnee@Eﬂ&é/wohhgé_?OFﬁbs Cln‘ 1gggseradll OS/h t
per oxi dase ed, goat anti - pouse erce) dilute in 1% goa
serum 0.9 %‘%&%\Eﬁ%( Sdohe ‘:(‘)'3 in ?"’E%loéfgdw‘%ﬁsﬁéa? othBY pddigson of

ort hophenwfém@-dﬂ-a@nmélﬁ@@)d Qubsdetimmiaed 0. Hy$dr ynunei ghinea9pld August 2006
VD 037068169 BET! 53404 6L £1L62) o8110h 012004202 1 Deagelpim ciLrate

buffer, pH 5.0, was added 15 m nutes eact 1 ons re stopped by
addi ti on GItTPde pEi_reIl’(‘Jm‘Rﬂel—IESEﬁ "o MATD AgePeIRiNEdSOHFPEr i mune gui nea pig
anti-CD4 peptide i munogen anti serum was used as a positive control.

Pre-i mmune sera were used as negative control. Measurement of Functional
AN GENT Gidalo U GUTRE! ot otk Hes JOBRAY Jo8cLOTRCEE e ELI SA
functiondl™ 2 o qua , ote py testing the
. evoked amu.zbeﬁilz%stﬁpg cfom @ﬁ%@lﬁxﬁstqo E&m%hé* V&thgé&@;!% t g functional
icity was for the CD4

nonocl onal antib whose known speci
?1

conpl ex oHePfet feélqzms&f‘“i“%en?h% 955hER9 Hie. eHfied anti-binding site
monocl onadntahbibed\forhaise tme@aczw@l koctaiattieivaaediiwipiict § high affinity for

oo (1 SRt B SR, E¥ngll OB el 60 L P01 UPT € TecombI nant

CD4 (rs "neut ral i'ze
‘ spec1flclty was for the CD4 complex on the host cell surface

that binds HIV. This anti-binding site monoclonal antibody
has been well characterized for its high affinity for the HIV
binding complex, for binding teoc domain 1 of soluble
recombinant CD4 (rsCD4), and for its ability to neutralize
HIV-1 primary isolates.®

[0001] The anti-binding site monoclonal antibody was purified
by protein A affinity chromatography and conjugated to
horseradish peroxidase. The mAb B4-HRP conjugate was used in
the assay as a tracer, at a concentration of 0.5 pg/ml. 96-
well microtiter plates were coated with recombinant soluble
CD4 protein, 1 pg/ml in 0.1 M sodium carbonate buffer, pH 9.5,
with overnight incubation. Reactions were done in the
microtiter wells in 100 pl total volume of PBS/goat

© serum/gelatin/TWEEN® 20, with serially diluted immune sérum
(guinea pig, swine, or baboon) and 30 pl of the mAb B4-HRP
working stock. Diluted serum and mAb B4-HRP were pre-
incubated priorrto adding the mixture to the well. The
positive control for the competition ELISA was 5 ul of
unlabelled-anti-binding site mAb at 0.5 pg/ml in normal serum,

the negative control is normal serum. The serum/antibody
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H V-1 primary isolates .65 [0001] The anti-binding site nonoclonal antibody
was purified by protein A affinity chromatography and ceppugatfmdet o

hor ser adi sh peroxi dase. The mAb B4- HRP conjugate was used in the assay as
a tracer, at a concentration of 0.5 gg/m. 96- well mcrotiter plates were
coated with reconbi nant soluble CD4 protein, 1 gg/m in 0.1 M sodium

car bonat eVB8¥46&62 pH 9.5, with overnight incubatioRCTReBOtIONS were done
inthe mcrotiter wells in 100 gl total volunme of PBS/ goat

.seruni gel atin/ TWEENO 20, with serially diluted i nmune serum (guinea pig,
swi ne, or baboon) and 30 gl of the mAb B4-HRP working stock. Diluted serum

aﬂd mAb Bélrnﬂlaﬁ’owiectlraf? ﬂomﬁuba«ia%daaaéd)rtotg asdicagui e amziX]EUfe to the well.
The p05|I|v tro or, the ¢ etition ELISA was 5

unl abel | €A a%ﬁal cgitrr‘fﬁi Ry fovs ?r’ﬂgﬁgt oLl PLgFeR werendridrds®idm  the

negat i ve woiredodnd dopod melb SérHRR wibedsercuad dant |rbad1yloTtDw14hAmgust 2006 WO
03/ 068169 RCHbLS03AATd dHobUA I b BT XLus 8 é@pﬁ Le{P,cadded,d 0 a coated

well and incu one “hour 370.""Th tes wer e ral ned and
washed anﬁ”"@(’)uﬁf&f]l r“n'&ﬁ WPWQ\QF’A’Wa%‘] d?é’f’é‘éﬁaet@ %S r FF@ﬁh aki Roa Zchronpgen. The

chr onogencardsra; ivh, bubve tvﬁbraml&tlhhﬁbbﬁtm Buperi TV mindeFMhound mb B4
at, A450. A brati on curve was obtained with

conj ugat e, el ect i

purified dnlﬁ§§% tireo?“i g IKP/mdi H1t% 8°F‘P%]msf6“r&g9fmth? MRPHRBFHaTe serum of the
appropri apecieperi as &0 chsalin abmab necﬁﬂva@&nequlwalm tual ue for the
diluti On%ﬁﬁti%%‘% %%‘E{E’ éﬁg @ﬁgﬁﬁéf’“hﬁ\éﬂ |1nhL tthgh bi ndi ng to human
reconbi nant so of IYru it FATi zati on Ass
[00228] FHEIMIY Tonherajp|rggaeb sy soebleafpd of bue md BaedRR. bed” except

t hat heatv-l nact i vat ed sera yer e serially diluted in 50% hi gh gl ucose DVEM
with 15% L | utam ne and bi carbonate buffer, and 50%

pool ed, d[%fobpéi ‘E]l% %-2 microplague assay was carried out as

described®® except that heat-inactivated sera were serially
diluted in 50% high glucose DMEM with 15% FBS, antibiotics, 2%
glutamine and bicarbonate buffer, and 50% pooled, defibrinated
normal human plasma. In this assay, diluted serum is
incubated with 20 pfu of HIV in microtiter wells. HIV-
sensitive MT-2 cells are added and formed into monolayers by
.centrifugal force under molten agarose. Residual virus
infectivity is detected by the presence of propidium iodide-
stained plagues one week later. The endpoint is the serum
dilution at which there was a 50% or 90% reduction in the

‘plaque count.

Immunogenicity Results

[00229] The serum antibody titers following immunization of IgE
immunogens are shown in Figure 7 (homogenized systems) and
Figure 9 (extruded systems) and for CD4 immunogens are shown
in Figure 8 (homogenized systems) and Figure 10 {extruded
systems). Table 6 compares the competitive inhibition of a B4
monoclonal antibody assayed on sera obtained from the CD4
. peptide study (homogenized and extruded w/o emulsion systems)
on.week 9, week 11 and week 17, respectively. Table 7
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normal human plasma. In this assay, diluted serumis incubated with 20 pfu
of HV in mcrotiter wells. H V- sensitive MI-2 cells are¢4adgdgthgapd forned
into nonol ayers by centrifugal force under nolten agarose. Residual virus
infectivity is detected by the presence of propidiumiodide- stained

pl agues one week later. The endpoint is the serum dilution at which there
was a 50MBPHEH6R r eduction in the plaque count. | nRONBYETH ty Results
100229] The serum anti body titers follow ng i muni zation of IgE inmunogens
are shown in Figure 7 (honogeni zed systens) and Figure 9 (extruded
systens) and for CD4 i mmunogens are shown in Figure 8 (honpbgenized

syst ens) a&ﬁbaﬁieguvﬂ:uboné&t(fd’]!i@@dioﬁ)é&i:@iﬂﬁ)y (50| £ndb 009 MBSt i

titi i bi onal ntlb dy ed .on sera
competitl VoL LN 2L B (Eask ol amtady cersavden sea L
syst ens) Sblrtplméékm@genmeﬁ drid andmw@eikwm enugspacisyeebys) babkeek 71 14
August 2096, Qu0B/ 068169, RCTLEIFITAAII S0P oVhibits SRyl Ll | zat i on

activity 0% and. 90% i nhi bi t.i on respecti vely) assayed on sera obtai ned
fromthe EPRF pEREiHENtet (RRPTELABNEREAPE e WREIFXKG Gdeteatily enul si on syst ens)
on week Smmnchgerbk ihlall espeetively. Control experinents denonstrated

t hat unadj uvant ed pepti de was non-i nmunogeni ¢ or weakly imunogenic in all
cases. [00Q@3P]1For botth IgEamhdEDdacdoesnedhe rheuktesolfts of i nmuni zati ons

i ndi cat edlrﬁrﬂﬁﬁtlzhmof%ﬁﬁmgt@dofﬂatgqm&%§m}ﬂ\ﬂ1§3ryagbﬁ1'gy@yeb ngeAnd titers by
week 9 were sllghtl | ess than or onparable to"those obtained with w o

enul si ons294YVEB ’p‘lﬁ:taflget”(ﬁrsvxﬁét‘f?&k Ph‘ée’"érrﬁi-lﬁlﬁﬁé’ were theapaF ed by
honogeni zecdnpatrabba(ttroudle«ﬂset ebhni e sias mowuldlolﬁlsguﬂ&sﬁe&&ve[ 00231] The

conbi nat i i munost i mul at or | ex ersed as w o
ﬂUlSIOnsggﬁé%gﬁéiFﬁg npﬁgpns ¥?% prepare& g omogem.zedl3

extruded technlques as shown in Figures 7-10.

[00231] The combination systems with immunostimulatory complex
dispersed as w/o emulsions prepared by either method
consistently provided the highest sustained immune responses.
As depicted in Figures 7-10, the antibody titers elicited
from week 11 through week 17, for both IgE and CD4 immunogens
were found to be on the order of a log unit or more higher
than antibody titers obtained with either the
immunostimulatory complex alecne or the w/o emulsions with
peptide alone. The sole exception to this being the CD4 w/o
emulsions prepared by homogenization, where this separation is

not found until week 17.

[00232] This observation is further supported by data obtained
from the CD4 peptide competitive inhibition and wvirus

neutralization studies highlighted in Tables 6 and 7, wherein

the immune sera to the w/o emulsion combination systems with
CD4 peptide/CpG oligonucleotides {(charge ratio CD4:CpGZ = 2:1)
competitively inhibited the highest level of B4 monoclonal
antibody compared to the immune sera to the simple w/o
emulsions or immunostimulatory complex with CD4 peptides

alone. Moreover, the same formulations are shown to be the
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consistently provided the highest sustained i nmune responses. As depicted
in Figures 7-10, the antibody titers elicited fromweekjdAyhli®Rudgh week
17, for both IgE and CD4 i nmmunogens were found to be on the order of a | og
unit or nore higher than antibody titers obtained with either the
|nnunost|nulatozy conpl ex alone or the wo enmulsions with peptide al one.
The sol e ¥®B1%n to this being the CD4 w o enul sPEHESHPEHar ed by
hoanenlzatlon where this separation is not found until week 17. [00232]
This observation is further supported by data obtained fromthe CH4

pepti de conpetitive inhibition and virus neutralization studies

hi ghl i ghtﬂ:ﬁbti rffablies GtadllicitivdelRtfal i0gl APBiREt§eiquihatt he w o emul sion
conblnathp steggnﬁ% h CD4 peptide/ CpG ol i gonucl eotides (charge ratio
CH: Cp&x = :%a f conpetitively inhibited the highest |evel of B4 nobnocl ona
ant | body  eRyHaan athal 9 &1l BLA a§grr?otteg BOS.TBhE ryefwe&mé'd%?ns or

|nnunost|nulatory conplex wth CD4 pepti al one. eover, the sane
f or nul at i &FfLU4Fa %’?ﬁﬂ%a’c:borb‘;eaf‘ﬁemﬁui‘ﬂ %ﬁé@em WG 31868169
PCT[ USO3/ O£kt spsditelif ectigeecatcml hﬁh&ﬂd@@n@%ﬁﬂa&hbaiﬁwm%ﬁ\ vity agai nst

|nfect|ou§EV|r erJe gSg&aﬁpal*hdlffeﬂenc%s are notﬁ L b geen t he
honogeni z&d of ~> &xtTu Pt 6par at i'one and FAel Ud&ERe” *afe %W t h which t he
titers el v t9édf@lo thgEe vt ruded wtmwnggwsgbahthmhbyh@du%tl%r e observed

to peak. Jmhlerrﬂwteonrs%m%ﬁe@%ego@@rd els8Ent {aM y9d ol Qb1 bh)e Rt ruded wo
enul si ons, "al t hou the duration of the responseS obtained are good

(essent i a"l’ele;}‘ éau"i‘%lséh?hw rGeREed bY ¥RFES LY Yht 1Trer BORAQIEUBY week 17). The
anal ogoushoregapiesd Bgdtsys:teente@%lmdtpe lliat bl e(deatker 1 wek 11) and provided

17 L0023t Thee Tuaar e eplet il odl B hbh VL ERE miBE FLeR™ "o

persisting at week 17.

[00234] This trend is also supported by data obtained from the
Cb4 peptide/mAb B4-HRP competitive inhibition assay and the

virus neutralization studies highlighted in Tables 6 and 7.

[00235] By week 9, assays on sera obtained from animals
immunized by the w/o emulsion system prepared from uncomplexed
CD4 peptides via homogenization (87.2%) or by extrusion
(88.6%) have been shown to competitively inhibit high levels
of B4 monoclonal antibody. These were found to be the same
‘order of magnitude (within experimental érror) as for sera
obtained from animals immunized with the w/o emulsion
combination systems of CD4 peptide/CpG2 oligonucleotides (2:1)
prepared via homogenization (70.1%) or by extrusion (94.9%).
By week 17, assays on sera obtained from animals immunized by

the w/o emulsion system prepared from uncomplexed CD4 peptides

via homogenization (11.2%) or by extrusion (42.6%)
competitively inhibited dramatically lower levels of B4
monoclonal antibody. The degree of inhibition were no longer
genérally comparable with that obtained for sera from animals
immunized with the w/o emulsion combination systems of CD4
peptide/CpG2 oligonucleotides (2:1) prepared via

homogenization (85.0%) or by extrusion (77.2%) processes.
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CD4 peptide/ mb B4-HRP conpetitive inhibition assay and the virus
neutralization studies highlighted in Tables 6 and 7. [ Q023alkt BpsWeek 9,
assays on sera obtained fromaninmals immunized by the w o enhul sion system
prepared from unconpl exed CD4 peptides via honogenization (87.2% or by
ext rusi on 88.6% have been shown to conpetitively inhibit high |evels of
B4 rmonoc|WAEYHM | body. These were found to be the BEMESOIB¥Her of magnitude
(within experinental error) as for sera obtained from aninmals inmunized
with the w o enmulsion conbination systens of CD4 peptide/ Cp&

ol i gonucl eotides (2:1) prepared via honogenization (70.1% or by extrusion
(94.9% . [0Bg3ekekrddyerastiy $afl S bt sHdadsrér aRr-anddliselMmuni zed by

the w o skon tem pr.e ed_from unconpl exe peptides via
hormogeni %ﬁo%gfnl@%g%’nsorc_)fb{‘;g‘{eﬁepgé| Bh w(’ﬁﬁ% ayego%%gti tively inhibited
dramat i cdleuprebigatibave] dnféctBpusnidHod] emaks.anti body. The degree of

inhibition were no longer generally conparable with that obtained for sera
from ani n@P€37] Rinufieked: it YE he? ifG2epRidneA EWorAEE1SN systens of CD4

pept i de/ Gafdn OtéoRUEheo/bdem 2ol ) s piepapsharea £hRANEgSMHAakKkean (85. 0% or
by extrusign 7. 29 r ses. .73 14 gust 2006, WO 03/ 068169

PCTI USO3/%(5)27Ei‘ﬁigt[1151(2?53}3}%il %r&z ?/nelrzézf%% (sé'r%feyﬁ esﬁd Y5"%hown for sera obtained
from f or MgLAEE biratédpn O 2peplidrd 88% vilienwsansutyred Lifarionpent rat i zati on of

infectiowktbhdch (BIYSEor] 9023AkuBYndiRek 19221390095 192 $&6F &bt ai ned from
animals _i.mmuni zed by the w o enul sion system Er epared from unconpl exed
CD4 pept i'dd8® v’?eé(‘tﬁéﬁ%ifetﬁio%iﬂeéﬁrf‘]?%@%df EPoSIRY LY Ude A#tR ral i zati on or 27%
for 90% wierasnteetr af | izdecoiusoHIDYL vaxts ugiianif el OmerBQ% Vi r us

casenti arly Lhe 254270 shr adfy bekali Beth Blbdfl fRha RO LALIRL |
exper i mefih&l W/ @rErglyionngemyinagaon es s tene ap h P4 f perhidai ®rRd% i mmuni zed with

oligonucleotides (2:1) prepared via homogenization (12% for
50% virus neutralization or < 10% for 90% virus
neutralization) or by extrusion {103% for 50% virus

. neutralization or 33% for 90% virus neutralization) has shown
that the homogenized system is significantly less effective at
"generating neutralizing antibedies against infectious HIV-1
virus at this time point. By week 11, assays on sera obtained
from animals immunized by the w/o emulsion system prepared
from uncomplexed CD4 peptides via homogenization (57% for 50%
virus neutralization or 17% for 90% virus neutralization) or
by extrusion (< 10% for 50% virus neutralization or < 10% for
20% virus neutralization) demonstrated that the capacity to
neutralize infectious HIV-1 virus is reduced or eliminated
(within experimental error). Assays on sera cbtained from
animals immunized with the w/o emulsion combination systems of
CD4 peptide/CpG oligonucleotides (2:1) prepared via
homogenization {40% for 50% virus neutralization or 30% for
90% virus neutralization) or by extrusion (120% for 50% virus
neutralization or 39% for 90% virus neutralizafion) has
clearly shown that both the homogenized and extruded systems
were now effective at eliciting neutralizing antibody
responses against infectious HIV. The response for the
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the w o enul sion conbination systens of CD4 peptide/ Co& oligonucl eotides
(2:1) prepared via honogeni zation (12%for 50% virus neyt hghlsZajpson or <
10% for 90% virus neutralization) or by extrusion (103% for 50% virus
neutralization or 33% for 90% virus neutralization) has shown that the
honogeni zed systemis significantly |less effective at generating

neut r al i 2VR8¥/%$169 bodi es agai nst infectious H V-1 viPcoEsepdtthis tinme point.
By week 11, assays on sera obtained fromanimls inmunized by the wo

enul si on system prepared from unconpl exed CD4 peptides via honpbgeni zati on
(57% for 50% virus neutralization or 17% for 90% virus neutralization) or

by extrusicaidgbsi AWl oterb ¥ vitdie BeUld kil Z@ld QB19¢Five 10%Hor 90% virus
neutral i zee}{ttirgggd dceglonsttr.at ed that the capacity to neutralize infectious
H V-1 vi rdsTe"Y e0088E ol i minated (within experinental error). Assays

on sera 0¢b‘o§ r ANl L i i | sj on conbi nati on
systens o ﬁgﬁéﬁééﬁ%%ﬁ?}é%& é%?it gtssg(%%d%@%%argﬁee h?flc a

honogeni 7410 6HUYHAEYS f BFePSO96 \iidud on eRReral | RIS RO IPIRGYE$@F ca®0% Vi r S
neutral i zZalte@Bdt ¥r Pyeil HSHAIRxEd20MINBHe D HoVE F4iSri Rt [@ldtzation or 39%
for 90% viruys nettutral iJ‘zB%ti gn). has %ﬁear g sgﬁwn that both the honogeni zed
and extrf&églg’g’/s PO e TR WP E B 5ArECh C%Rt-P ei T1ST§2Reths 98I ng ant i body
r esponsesnggay rismogafesttiionspidicyss Theovédporsecforurtilferd4 14 August 2006
WO 03/ 0684695 RGT 'a%éSQQs’e%Z%%J.J]%?Q?JH %eﬂagézf%ng@EJ‘.’\?rﬁ: ggg%é\g] t gne del ayed

relative to the extruded corfposition. | One p e explanation for
t hese tr SHBENFEAFSBRNEFRCL IS RY| SY8nE PYEFEr Bed4 &€l ow energy extrusi on
processeantadipdtRidetadie gelpfLsant worptexad neraIne@geasndmre efficiently at
earlier time points to i Mmune effector cells, whereas the high energy
honogeni Z&8023%] Procesbingirion désthe momeastiforanoeputsipdexaacd essential |y

acts as @e@&@aleulhgrhﬁ%%egeﬁﬂébttidggedispersed in w/o emulsions were
found to synergistically enhance the overall titers for both
the IgE and CD4 immunogens. The method of preparation can
influence the kinetics and duration of the responses, with
both homogenization and extrusion shown to be compatible for

preparing an efficacious vaccine.

- [00240] In addition, in a separate study we examined the effect
of CpG dose on immune responses. For both IgE and CD4
~immunogens, immunostimulatory complexes were prepared from
varying doses of CpGl or CpGZ oligonuclectides (i.e. IgE:CpGl
= 4:1 or 1:1 and CD4:CpG2 = 2:1 or 1:2) and administered in
either an aqueous buffer or dispersed in a w/o emulsion. All
compositions were found to be immunogenic, however, in both
studies the smaller relative dose of oligonuclecotide (excess
of synthetic peptide immunogen to oligonucleotide) elicited
the superior immune responses in terms of absolute titer and
of duration. In the case of IgE peptides/CpGl
oligonucleotides the ranking follows the order 4:1 charge
ratio > 1:1 neutral charge ratio whereas for CD4 peptides/CpG2
oligonucleotides the ranking follows the order 2:1 charge
ratic > 1:2 charge ratio. Most often improved adjuvanticity

can be correlated with increasing doses of adjuvants. In
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i mmune responses obtained by such a systemwould be anticipated to be

del ayed and potentially nore sustainable. [00239) The c gginaté]g of the

i mmunostinul atory conpl ex and residual unconpl exed pepti Uy 3 rsed in
w o emul sions were found to synergistically enhance the overall titers for
both the IgE and CD4 i nmunogens. The nethod of preparation can influence
t he ki netWe&/g§16P durati on of the responses, with bathusemogeni zati on and
extrusion shown to be conpatible for preparing an efficacious vacci ne.
[00240] In addition, in a separate study we exam ned the effect of CpG
dose on i mune responses. For both IgE and CD4 i nmunogens,

i Munost itk at EXanptesplex aavieifons eRakadt id Qiaslexy@éﬁednedd&&%%egf CpGL or

Cp& oligaqnucl eati de = 2:1 or 1:2)
and admi %)l%sf:erte gaélr&% ?bhgzegjbwoﬁﬁ?‘?ﬁﬁtﬁcya‘fqérlgcg%%%zn awo
enul si on.unADltﬂplQ?f@n}png@tlld@néomasmgmradanng@f rmunog erspondeewever, in both
studies the snmaller relative dose of oligonucleotide (excess of synthetic
pepti de iRREABYEMIT 0 18] FROMFCFRRtlivdey atc impenosthBukafsawi or i mune

r esp_OI’lSe&omplé;el‘;ﬁ&p@fecﬁtﬁ:alnuiﬁl birt €4 aRglundfendUaAtddRrihdy ike case of |gE
peptides/ GI ol i gonucl 6339?%’1“% nk| ng, follows the order 4:1 charge

ratio > IM°ndtitPaf cHa é'&% FOPUeBT R FER s &2
ol i gonuclveapl déthet h%pmlesn@oﬁa;hh@vas:et hemmrmiel e 2td thioae gioundati o > 1:2

char ge ref%!rothégtéstsar% tlﬁ&uhg@é&ve%g@as\g&a{ﬁ | fot x%]gsg%ng% £ 3§gat ed wth

i ncr easi ng .doses of uvan I'n /75 14 August 169
PCT/ USO3/: 4?alanttﬁ€éréat5@aﬁb%sfewm mowwr hewpst Heutthexpect ed

advant agegsudd feomf @sandrath@rust ahiduezad dﬁ@ﬂé@@&ilcﬁw atory conpl ex and

- unconpl exedmpo t|d for n w f ertgg of .l mrune responses. q [ 00241] Thus,
it can bé"conc uﬁlng T Hat PR o8 i POTHEDTS TRBHRIEY BP PE8% rom | gE or

cH4 i mmﬁgg@meazslm@mtbedm rmmbiggenExani/e@ emwl sifohect i vel y adj uvant

|mmne res onses in
' 00242] In this Example we have demonstrated that the delivery

of IgE or CD4 immunogens as immunostimulatory complexes in
‘combination with uncomplexed peptides dispersed within a
water-in-oil emulsion vehicle provided the most effective
presentation of immunogen to the immune system. The immune
responses obtained for the combined system are significantly
greater than the sum of the immune responses obtained for each

system independently.

~[00243] Furthermore, assays of sera obtained from animals
immunized with combinations of immunostimulatory complex of
CD4 immunogens and uncomplexed CD4 immunogens dispersed within
a water~in-oil emulsion vehicle were shown to be more
effective than simple w/0o emulsions of uncomplexed CD4
immunogens at competitively inhibiting B4 monoclonal antibody.
Moreover these same systems were shown to be the most

effective ‘at neutralizing infectious HIV-1 virus.-

[00244] In the gquinea pig model, the quantity and longevity of
the immune responses obtained indicated that immunostimulatory
‘complex derived from IgE/CpGl and CD4/CpG2 combinations were

preferred. It was experimentally determined that compositions
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vivo. The responses obtained are conparable to those found for these sane
i mmunogens di spersed in w o enul sions, however, i's agit%‘?ﬁu?&togg t hat
fewer reactogenicity issues would result from use of th ueous

di spersabl e inmunostimulatory conplex of synthetic i munogens as opposed
to di spersing synthetic i munogens as w o enul sions. [00242] In this

Exanpl e WEOPAEHenonstrated that the delivery of PGEUSZDA i mmunogens as
i mrunostinul atory conplexes in conbination with unconpl exed pepti des

di spersed within a water-in-oil enul sion vehicle provided the nost
effective presentation of immunogen to the inune system The imune

r esponsesdeditvabineghor cthetQﬁe&ﬁﬁrﬂmgaﬁyﬁtggnbarpgmgmfdr@a@bh @reater than

t he sum of_ t he i e _res S a for each systemindependently.
[00243] FUrtharid n'rraunq: a Sa&g@ﬁo*‘ ser% J(C)%tgﬁ *n&F™F Br8hi mal s i muni zed with

conbi natlmCDleh@*ry(g@ﬁtbll dyatfg;:yf P tﬁ QYyerCP4 i Munogens and

unconpl exed I nunogens di sperse *2 water-in-oil emulsion

vehi cl e WETBUERBHY 39 uBRnpase arpeBensy d st h&#%ﬁtﬁﬁ@msem si ons of

| uncorrpgex:mi;u@éf |]m‘ruﬁ9@§m$1eaé RQEpegdricielyid Qahbbbﬁléﬂgtﬁﬁ nonocl Onﬂ

- anti body reover these sane ens_we be the nost effective
at neutrall %g?ﬂagl n egﬁ%nﬁé’pﬁﬁ/ L?yék?ﬁgss 5612141_2?1 WEn éuaﬁ‘?’h]é%? fi g rmodel ,
~the quantimajlandvelomgeoT tqpubfion wéth mﬁméarewpcblngbsr devalsett | ndi cat ed t hat
i mrunost i indhabQEicie9pl ex derived from I gE/ Cpd and CD4/ Cp& conbi nati ons
were preferred. It was experinentally determ ned that conpositions 76 14
August 2(1@@24!1\1)3936%&369yP@Bh§JS@&{n@431sitﬁﬁ1@uye£hd°ll£:aﬂé§ h@eal ternative

t ,. alt h t toth
o ovt darehPob0as) AR SRt orBERPey ToPar e BRI ey fo 0

(i rrrrunogéhlvaélpmwm PSd@%’r‘E-CﬁegwsedssaE ifedmeat ed by these results. In cases

wher e react ogenl CI t is a problemthe
Example e Immunogenicity of IgE and CD4 Peptide

Immunogens Formulated as Tmmunostimulatory complex or as In-

gitu Gelling Polymer Solutions or in Combinations

[00247] This Example illustrates the immunogenicity of IgE and
CD4 peptide immunogens formulated as immunostimulatory complex
with CpGl or CpG2 oligonucleotides or as in-situ gelling
polymers and biocompatible solvents or as immunostimulatory
complex suspended in in-situ gelling polymers and
biocompatible solvents in guinea pigs, which were immunized
intramuscularly. Lyophilized peptide iﬁmunogens or
immunostimulatory complex derived from peptide immunogens and
CpG oligonucleotides were prepared as described in Example 3.
The in-situ gelling polymers were prepared as described in
Example 6a/6éb.

[00248] To examine the immunogenicity of IgE and CD4 peptide
immunogens formulated as in—éitu gelling polymers (Resomer® RG
504B) or as immunostimulatory complexes with CpGl or CpG2
oligonucleotides suspended in in-situ gelling polymers
(Resomer® RG 504H) formed in accordance with the présent
invention, groups of three, 6 to 8 week old female guinea pigs

(Covance Research Products Inc, Denver, PA) were immunized
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conbi nati on system opens up the possibility of adm nistering a smaller
vol une of enmulsion with simlar or higher levels of inmmypaggntsdoky. -
(00246] Specifically, this Exanple strongly indicates the potential of
t hese new conbi nati on based fornul ati ons for devel opnment as efficacious
dosage forns. Exanple 8: The Inmmunogenicity of IgE and CD4 Peptide
| mmunogen¥ ¥ at ed as | nmunostimul atory conpl ex SETESSA4IL situ Gel | ing
Pol ynmer Sol utions or in Conbinations [00247] This Exanple illustrates the
i mmunogenicity of IgE and CD4 peptide i munogens fornul ated as
i mmunostinulatory conplex wth Cpd or Cp& oligonucleotides or as in-situ
gel l'i ng ﬁﬁtydmfs&uaiﬂybi(ﬂ)cmmparﬁtmﬁeSleleS'ﬁi&goém&ﬁqtianﬂrlQ@hhﬂ'gé@t ory

[

conpl ex suspenge i n- si p ner s d,_ bioconpatible solvents
in gui nea®pi gseq( \%hi g% \kllgr%E lﬁﬁ{%ﬁiﬁ Jz’ez%d ?ﬁ’%’(rpaeﬁ‘ﬁég‘?ﬁ/&lpﬂi Lyophi | i zed pepti de
[ mnogen$mnostmmyntﬂ>r@tl©ky(Cﬂmhexgcde:raltY6ﬁ ﬁdcaﬁktﬁﬂiﬁtiedearhmnogens

and CpG 9 Pf&n%gl eotl es el .RLe §gdlsa§5%§s?ﬁ"{) :nnpr%é% e 3. The

in-situ gé g poly rrers wer e prepar € fe 6al6b.
[ 00248] Tes edemirhibed him Tamlmdgent ciooy pgfod g:lE4apk€bt€Béspﬁ:|mi de i nmunogens

formul ate i.n eI | i o] Resorrer@RG

i munost i gmrf' ar}osum%ioalricp Comp%l g %%gEGCE%’g &>+°% I5e§8ﬂfﬁ:ﬁg%f'sd%%£suspended
in in-si tauwnldledglrpd ymls VO(LResmfeQ@RG B3 HjpH ar. mEd prepaeedr dance with
the presept ,iny i i

(Covance ResSar cﬁb%# Eug ﬁ Big mbenvcragg ‘1‘52)19@&%"1* (I’)I: ge]:jegsl i4gXL85§t Pras
2006 WO esdc%&ie@tmwsa&/padaéd unﬂEO@.mIS@tﬂl Rédomet®. M )soumt h2okhe fol | ow ng
orounts Ol ETUISIE AT YRk, 0, 00,50, o Lyapll | reg, LaSopest des
in a finapeptaldeder&fon2@0tifledPBSi (Mdpénddd iRr 0@NRJ0f Resomer® RG

504H (20% by wt) dissolved in dimethyl sulfoxide (DMSQO) or 300

pg of lyophilized IgE peptides/CpGl immunostimulatory complex

(4:1 charge ratio), prepared as described in Table 4,

reconstituted and suspended in 200 plL of Resomer® RG 504H (20%

by wt) dissolved in dimethyl sulfoxide (DMSO) or 300 pg of

lyophilized CD4 peptides/CpG2 immunostimulatory complex (2:1

charge ratio), prepared as described in Table 4, reconstituted

and suspended in 200 pL of Resomer® RG 504H {20% by wt)

dissolved in dimethyl sulfoxide (DMSO).

{00249] The guinea pigs showed no gross pathologies or
behavioral changes after receiving immunostimulatory complex,
in-situ gelling polymers in DMSO containing peptide immunogens
or in-situ gelling polymers in DMSO containing
immunostimulatory complex. Sera were obtained on weeks +3,
+6, +5, +12 and were evaluated for the presence of anti-IgE
antibodies in the case of IgE immunogens or anti-Cbh4
antibodies in the case of CD4 immunogens, by immunogen-—
.specific ELISAs following the procedures described in Exampie
7.

.~ 178 -




as described in Table 4, or 300 Rg of CD4 peptides/Cp&x inmmunostinul atory
conplex (2: 1 charge ratio) reconstituted and suspended14nug113{gonal vol unme
of 200 gL PBS (pH 7.4), prepared as described in Table 4, or 300 (err)g of
| gE peptides reconstituted and suspended in 200 gL of Resoner @ RG 504H
(20% by wt) dissolved in dinethyl sulfoxide (DVSO or 300 gg of CM4

pepti des weeg@sdttd t ut ed and suspended in 200 gL of Resomsws/@BRG 504H (20% by
wt) dissolved in dinmethyl sulfoxide (DVMBO) or 300 gg of |yophilized IgE
pepti des/ CoGL i mmunosti nul atory conplex (4:1 charge ratio), prepared as
described in Table 4, reconstituted and suspended in 200 VL of Resonmer @RG

S504H (20%mNcdlni i M84gi n dimethyl sul foxide (DMSO) or 300 gg of

| yophi | i z%&*@%mridsgrﬁep%z i mmunostinul atory conplex (2:1 charge
ratio), p[ro@@%?@h@sseci%cgmbi%@dgntlmgeféllorw@ﬁgr@w tlgt&fke and suspended in
200 pL of, Resoner @ RG 504H (20% di sso di met hyl sul f oxi de

(DVBO) . [JB9adFating ‘@&W@a“ﬁ‘f“@’?%ﬂ%vﬁe@ ABOWR dé‘st%H%llégf‘%% f8* behavi or al
changes aibéeimmengeus Ngrd BAKWAOSHI FLG@ie01y . Camkex]l epdrshéatsgel | ing

pol ymer s DS n nin ens i n-situ. elllng pol ymer s
i n DVBO ggﬁ?al nlgl’il:égl %%utngn?dﬁuqﬁé#ggfewgg%és gg?almmuflgg%%]tgl fied on weeks
+3,  +6, weoklw 1Dmypdgsice inved ihgr eehfeor Ehéocrthesbm@sof thati- | gE

ant i bodi egsiint4 he @mquatigl?s IAAUAOGRNShAF idRbhoSiuantbhpdies in the case
of CD4 |m*run£)%e<n by |m*ru%g en- _specific ELI SAs follow ng the procedures
descri bed°IR PR vere madqnpataly R WIHBEI AN B/ 08s 165CFCT/ US03/ 04711

| munogemeeking Rysuedls 9.002abierhky s emammaldxedotiymiridgens f ol | owi ng
single- d%g% AdI 0k 224100, J,e,_nqﬁg | JELRRIE R Ar €1 80Uyt p Floure 11 and for

i mmunogens are shown 1 n experinents denonstrated
that unaéjdmv‘aaﬂt@é pétp |p&ékvmsmoﬁe$ mhsmég@chua@ week 12.

[00251] For both IgE and CD4 immunogens, the derived
immunostimulatdry complexes suspended as an in-situ gelling
polymer elicited the highest immune responses. These
responses were seen to peak around week 9 and were sustainable
through week 12. The quantity and duration of the immune
responses obtained were not found with either the
immunostimulatory complex alone or with uncomplexed immunogens
administered in a composition including in-situ gelling

polymer alone.

[00252] It is expected that small molecular welght immunogens
such as peptides can easily diffuse through polymer implants
and gels resulting in large quantities of burst release upon
injection. The physical factors that control gellation can be
adjusted to retard this process; however, the mass of peptide
so released is essentially unadjuvanted and subject to the
standard degradation processes that are normally experienced
in vivo. In addition, the small amounts of material remaining
encapsulated may not be expected to be sufficient for an
efficient boost once the polymer degrades, necéssitating much
larger doses of peptide. The residual DMSO trapped within the
matrix also presents stability issues, wherein sensitive amino

acids contained in the peptides could be oxidized.
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weakly inmmunogenic in either case. In both studies, the results of

i mruni zations indicated that inmmnostinulatory conplex adangsine
noderately adjuvanting with the titers peaking by week 9. Conversely,
unconpl exed i munogens suspended in in-situ gelling polymers were al so
weakly adjuvanted with peak responses observed at week 12. [00251] For
bot h | gE wanab/o@&dd | munogens, the derived i nmunosti pgtaiedoyriconpl exes
suspended as an in-situ gelling polynmer elicited the highest inmune
responses. These responses were seen to peak around week 9 and were
sust ai nabl e through week 12. The quantity and duration of the imune

esponsesr ahhatial Yene kel QWG Wi SLlDerlhe i minesti il atory | -
conpl ex al one or wi unconpl exed I MUNOQgeENs M AT &FRd in a conposi tion
i ncl udi nPENREsI%u tHere itRFerpol y mér valine. r{ oo ¥Rpendingsorxpect ed that snal |
nol ecul arvak@b@htracHBYS OGRAS as SHANmASr RRRbLSESy S 2P By Y di ffuse through
pol yner Hl Iaqiﬁy agd %gés res%gpingggn% arge quantities of burst rel ease
upon i nj ECtTONCAPREY PHRS CERPEFHCPOTS Tt hat VEGTt PEMEYATEE%i 91 can be

adj ust ed mag rietwirld phomotpr bubls iydhnolysier, , tiderimssdafrageptdrde so rel eased
'S _essentieahbil; 8L LA dn Ak A Glthol fud e spSARSIAr g, geor adat i on
processes that are nornal’ly experience nvivo. In addl%lon, t he snal
‘ampunt s §FORBERrASaknPEhdEiCnPAgRCcoenBapad by edravayinotodsé ekpected to be

suf L i c: emlaﬁ@%s,aﬂhi@f?fdaﬁﬂ eg&aerbﬁany q@@@gé h@%}éﬁ@rz %@gﬁaﬁde%ﬁen%ﬁssi tating
nmuc arger doses. 0 eptide.. The residua trapped within the matrix
al so presfgﬁ?sunsctogﬁil?’fei S!g’tslglffe]sl,ze TREASE iR PPSeb%rF{?CﬁBleda ds contained in
t he peptisdeR ao@hdibenmexitdi ametl th79 fiktAagulsimi2806he \WO:O3¢ 2A8 169

PCTI USO3/Qd4d Lo feHERbCr TR bieA2snDoant elsréaag%%ﬁ%!lgn%%g gk, pater can

penetrate these materials at varying ra on various factors
such as é@l oﬁﬁo%‘?%@FBB%mspOPVWHHOt be considered ideal.

Encapsulating a suspension of peptide immunogens in the form
of an immunostimulatory complex imparts a number of stability
and adjuvantation advantages for this system. Once the
injection of polymer gel is made, the small amounts of complex
not effectively encapsulated in the gel (presumably surface
located near the gelling front) can serve to initiate or prime
the immune response more effectively than uncomplexed peptide
immunogen alone. The CpG oligonucleotide remains in close
contact with peptide immunogen and in the form of a complex
particulate may further protect and stabilize the peptide
immunogen from enzymatic digestion in vivo or from chemical
instabilities which may be due to the DMSO solvent contained

within the matrizx.

[00253] Furthermore, the peptide immunogens remaining entrapped
in the matrix in a particulate form would be expected to be
better protected against the acidification process than free
uncomplexed peptides. Immunogens presented in this form can

be expected to provide a more efficient boost of immunogen to
the immune system eliciting stronger and longer lasting immune
responses than otherwise possible in a single-dose controlled '

release formulation.
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hydr ophobi city and crystallinity45 46. Water penetrating the matrix wll
pronote bul k hydrolysis, the prinme degradation nechani sm apgiset0oag on

PLG PLGA copolyners in vivo. This process is known to be acconpani ed by
dramatic | ocal pH changes, which can essentially reduce the pHto 2 or 367
The free unconpl exed sol ubilized peptides nmay not be stable to such an
envi ronmemo p3/@sids t his further limts the potential frorwusithase systens. Acid
buffering agents may be enployed to help to offset these problens, but
cannot be considered ideal. Encapsulating a suspension of peptide

i mmunogens in the form of an inmmunostinulatory conplex inparts a nunber of

stabl |11Yroqad) adl UAA! LOg ARNAN 2085 LOTadk i Ri pys LRIl Once the
injection of polyner gel 1s nade, the small anmounts of “conplex not
ef f ecti vetStusaeapsiH APEeFRisxed apslide pinmannaens ddaedlusd ihocated near the

gel l'ing fgRinkr Codnpeh ¥ Borts0 o Nkd is@UB OFoPbl,MPr) tiRepmsBTyae) &esponse nore
- effectivel .Eihan uncoggl exed ge tide ,imaﬁgen al ?ne. The CpG

ol i gonucl B8P dE TEHaPAZCTh 181 geE2CE ot Ut e P 5eBt i TR i mrunogen and in the
form of aSarempting ther s¢luiliahefmmay gélirihase Ponttbete axxshpdeabind ze t he
peptide |} fr i Lgestion_ | i _Cchem cal
ot abi | i TIay 2o o hﬁ?‘ﬁ%ﬁ% S A (Al R
Tmatrix. [489288) fRyeehed ndeg, siirebpepridatsnedinogenslexegapentigleent r apped i n

the matrix izn 8o-PARYI GitAlS-Eaa-weulk he gxpeehed to be Dbetter protected
agai nst the acidification process than free unconpl exed peptides.

| MunogenmoREEes eht ecbrivinbbich Ler A< afmubestaxpested tenfllcdvihde a nore
efficient_boos nogen lio t he_ i m’rug?e syst.em el i Ci ‘Uﬁr%l stronger and

of , i
| onger | a%'%cf’ﬁﬁi?’fﬁ%%p 1S pERYLI PR ST HEREF i Lo 1Postih P si ngl e- dose
cont r ol | explymetedswef beerulfatndrto 8PndrhiAtigustly?2@0bandADtB8/ 068169
PCTllJSOQRQ%Ziﬂ-titers for both the IgE and CD4 immuncogens in these

controlled release preparations.

[00256] A separate study examining the effect of CpG
eligonucleotide dose on immune responses was not conducted in
this study. It would be expected that further improvement in
the absolute titers may bhe obtained by employing
immunostimulatory complex prepared near electrical neutrality
or with an excess of negative charge supplied by either CpG

_ oligonucleotide or alternatively an additional compatible
exXcipient. In these compositions the majority of the peptide
immunogen is bound as an immunostimulatory complex and the
geliation process upon injecticn does not result in major
loses of unadjuvanted peptide by virtue of co-extraction in

the biocompatible solvent.

[00257] Thus, it can be concluded that immunostimulatory
.complex can both stabilize peéptide immunogens as
immunostimulatory complex and that these compositions when
combined with an in-situ gelling polymer can gffectively
adjuvant the immune responses in vivo. This is particularly
important for these polymer systems which are intended for
single-dose use. The delivery of immunogens as

-immunostimulatory complex suspended within an in-situ gelling
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[ 002541 In control experinents, it was determ ned that solutions of
unconpl exed peptide i nmunogens dissolved in polyner conppaigisor®sof RG
504H (20% by w) in DVBO gelled rapidly when placed in contact with
solutions of PBS. Separating the solution fromgel phase for these sanples
and anal yzing the solutions by ultraviolet spectroscopy (at X 280 nm
reveal ed YO&%¥EY eabl e anounts of unconpl exed pept i 86T/U$8/04011 50- 70% wer e
co-extracted with the DVMSO. [00255] The conbi nation of the

i mrunosti nul atory conpl ex and unconpl exed pepti de i mmunogens suspended in
in-situ gelling polyners have been found to synergistically enhance the
overal | tgdigmsr fwshiboe fpxbhﬁdéﬂ&h&nﬂo@%fbfﬂﬁlﬁ}ﬁd 0phgsdntathes e s C?Pt rol | ]ged

rel ease aratl ns Q02561 A separate stu exanini.ng the effect of CpG
ol i gonucﬁe G [ dosetl(q)in l%mm%%esyrsgs%ons ‘%‘8 ?r)[:]ﬁ g‘é 9 this study.
It woul d the ew;#@eteédsym:m e tmlmfncpﬁm\lenmﬂaten thdre thbsoluted titers may
be obtai ned Bym&P-e¥bdiHEek BRNATLETES ALAEY &;&@%%&ypgﬂ d#%ynear el ectrical
neutrality or with an excess of negative arge supplie y either CpG

ol i gonuc|®6t FER %ﬁSté’r‘Eaé%lﬁat?’?ﬂéik5? AR~ B?bﬁ&reENﬁngNbﬁéﬂp@(m pient. In

t hese comeeshttidnsivhefmehosmilexell pdiripepindfogéienitoegepoliekeund as an

i munost i. rrguk%gg%a%%rfé %)619&?: the gellation process upon injection does

not result In mjor 0sSes 0 unadjuvanted peptide by virtue of

co- extragtopegaj fin éﬂaegml%ogmatmeq s%éfefagnthgg Eaho %th to£an be

concl ude hat i mmunosSti nul at ory | ex” can sta pept| de

i mmunogerr EESR%ﬁﬁﬁo%tttlaﬁﬁ?%t%’td&cé%lté?t a’ﬁ'ﬂl‘uflﬁaiflnt‘ﬁé§@l”b0rrp03| tions when
conbi ned cenphesass uersvethfg@T]Ingmgcp@i ﬁerMpGﬁf&ﬁﬂdlﬁgtyon?%@gﬁnt theI

i mrune r 63, 1 vl Vo Thi.s i rt uar t ant ort ese pol yner
syst ens %% %éare ?F\twear?dgﬁp?mmeng?gf meéetharl't‘ﬁgo%?? ¥éPPSof i munogens
as |mmﬂ@gwﬁ?mlfa‘t?mrvl%éﬂrm@@tsusmdgwqmlIgEéEpGZnasdtﬁDég@bﬁi ng 81

were adjuvanting, although not to the same extent.

[00259] The possibility of a single-dose regimen is indicated
by these results. Specifically, this Example strongly

indicates the potential of these new instantly reconstituted
combination-based formulations for development as efficacious

controlled release dosage form.

Example 9: Preparation of Combination Immunostimulatory

~ Complex and Mineral Salt Suspensions

[00260] This Example illustrates the process of preparing a
mineral salt suspension from cationic peptides derived from
'LHRH peptide immuncgens (SEQ ID NOS: 7-9 in a 1:1:1 molar

- .ratio in solution) or an immunostimulatory complex derived
from LHRH immunogens and CpGl oligonucleotide in various
proportions. A flow diagram illustrating the process of
preparing a mixed suspension'as described herein is shown in

Figure 16.

[00261] ALl glassware, stir bars and pipette tips were
autoclaved for 40 minutes at 121°C prior to use. BAll reagents
were weighed, dispensed, transferred or added to reaction

vessels in a laminar flow hood to prevent contamination.
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---------- _ 14 August 2006 WO 03/068169 PCT/ US03/04711 pol ymer vehicle
provi des the nost efficient presentation of inmunogen tgA,_lih%stimne
system The responses obtained for the conbined systemare significantly
greater than the sumof the immune responses obtained for each system

i ndependently and are sustainable, unlike in-situ gels prepared by sinple
reconst i tWPP¥He816Y unconpl exed peptide i nmunogens fr ATEYBY4TEr s i n

bi oconpati bl e sol vents. [00258] In the guinea pig nodel, the quantity and
| ongevity of the responses obtained indicated that imunostinulatory
conpl exes derived fromIgE/ Co@ and CD4/ Cp& conbi nati ons were preferred.

I't was expriohmenbal |y, Odﬁte%msf%eGiéi‘%g%%E@P%ﬂﬁ ascidepdvedakrom the
alternative pairings of | Cp& and /C%)G wer e adj uvanti ng, although
not to tHEEINEOGHEeht0 ["'8@2%941 mERBEL L s th? 9] g 6834 H ndt®- dose reginen is
i ndi cat ethg/RY.) t S IBREESIPHIZe DRRGLEESSAIdi¥solFS iEXaRlRests ONgly indicates
the potenti.al .of these n%\é.\/ﬁlitlfstantl%{ reconstjtu i hati on-based

: ted co
formul at i BHEFSE- PRI O FPRAEESTS T RoREFRTT @4 F¥P ease dosage
form ExadplrgeFatRoepst at.i dnlofr Cohbl nateirerptapawadsitamulBRibry Conpl ex and

M ner al %thn%@&e@ﬁ&%bm[ 0928QLThhs; xanpl & ¢ick h vsd rc@fisgiégbe process of

preparing a mnineral salt suspension fromcationic peptides derived from
LHRH pept4{3¥&Tt nmunogens (SEQ ID NOS: 7-9 in a 1:1:1 nolar ratio in

sol ution) erived fromLHRH j nogens and
g

[ i mmunost i mul atory conpl ex
a ol 1 gSNBERL It PR b 1 DEP SOOI et & It COMP U hGrEM 100 ust rat ng
t he processoofl, gieparam@HRH Mredogarspenghiiedas . Blgerioirbeds Jeepgi n i s shown
in Figur 6..[002611 All .gl assware tir_bars and pipette tips were
AUt oc] aved PBF! A0 RPRirsstate tonbcrgmd thriies, B PReBRERTT Per o
wei ghed, oi spertsddcotplansfecned 600 @l dEdLERH rieactdégEns required ,
350.4 pg of CpGl oligonucleotide (2.0 mg/mL), respectively.

[00264] Table 2 shows the calculations employed to determine

the relative amount of CpGl oligonucleotide required for

complexation with LHRE peptide immunogens for a fixed final
-~ dosage of 25 pg/0.5 mL or 400 pg/0.5 mL with respect to the

specified charge ratios.

[00265] To a second 5.0 mL glass vial, was added 1.0 mL of
Alhydrogel® (3.2 mg Aluminum {Al)/mL) mineral salt suspension
in distilled deionized water. The Alhydrogel® stock
suspension employed was first pH adjusted to pH 7.1-7.4 by the
addition of 0.1 N.-NaOH. The pH measurements were made through

use of pH indicator strips with a resolution +/~ 0.3 pH units.

[00266] The mineral salt suspension was added to the vial
containing immunostimulatory complex and residual unbound

immunogens and equilibrated with stirring over 30 minutes.

[00601] To the mixture of Alhydrogel® and immunostimulatory
complex wés added 90 ulL of 20% NaCl for tonicity, 5.0 pL of 2~
phenoxy-ethanol (2-~PE} preservative (in select cases) and
additional distilled deionized water to ensure the final

. volume of the formulation equaled 2.0 mL.
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vessels in a lamnar flow hood to prevent contam nation. 82 14 August 2006
WO 03/ 068169 PCTI US03/ 04711 [0001] To a 5.0 nL gl ass vi alg gaisfied Wwith a
stir bar, was added 100 pg (250 pL, 0.4 ng/nmL) or 1,600 gg (534 gL, 3.0
ng/ m.) of LHRH peptide i nmunogens dissolved in an aqueous sol ution.

| munostinul atory conplexes with either of two charge ratios (i.e. 4:1 or
1.5:1) we¥ety9s#dePared from LHRH i nmunogens and Cpd PolUyyymaal eoti des in
distilled deionized water. [00263] Specifically, the preparation of a 4:1
conplex from100 Rg or 1,600 gg of LHRH i munogens required 7.3 gg or
116.8 gg of CpG3 oligonucleotide (2.0 ng/nlL), whereas the preparation of

a 1.5:1 cqupbéyy thOMiha0dneanefatibRHbi MHNAERNS bOMIdeflu1 A3 4 ttg of

CpdE ol igaonucl eoti de /L) pecti vel 00264] Table 9 shows the
ol cul at | GRsS HBEEIRHT 57 dUTBIE FUMIARGLY oTPloe SARAATS ot tepa

ol i gonucl edhexke. I‘E:G(I]tllar£def50f1be@0m}%\@(&h5025 Wg'(/b $ HRHopeqia gdg/0 nigrunogens for

a fixed final do of 2 g W th respect to the
speci fied™ (E:ha? g ra ?loys glb‘%%jéfal?' Coélcg%Ef)aﬁcdog %Prﬁg_ih@' 5L al, was added
1.0 L of préypdmedr @geldﬁp@Bd@lmnAtmatuapédme)s/ m.yomulet adnssal t suspensi on
in distill;gdegeiorbZed, R TQ@ I t ion enpl oyed
was first ' H adj ust ed teo B(%nts rA&gggP&fagjglpﬁénAzﬁ%e%iN NaCH. The pH
“measur emelf §r‘?ﬁé§r éoﬁ‘ﬁ‘d]eatﬂﬁ?%dg'ﬁenﬁ%% f@F PR iDHBPR RIGMSEEF iFEewi th a

resol uti oprepared 3tpHsaungtsL/0. EO@QGG]InTm HaBes adhesahhlmpenSI on was added

to the vial S ator res unbound
|m"runogeng anlgL e%ﬁ?%" erg'gtgguus% % st rPlnln%lt gB %%N%Mh d gH %01] To the
-m xture ofmpldyedr Sgel i@randnihwman astimabeatamnyaicetpl exewaadd@d 90 ~tL of
20% NaCl  fioro40ri/6i taLpg9.0 pL of 2- phenoxy-ethanol (2-PE) preservative (in
sel ect cases) and additional distilled deionized water to ensure the final

Example 10: The Immunogenicity of LHRH Peptide Immuncgens

Formulated as a Suspension of Immunostimulatory Complex with

Mineral Salt in Rodents

[00269] This Example illustrates the immunogenicity of LHRH
peptide immunogens formulated as immunostimulatory complexes
with CpGl oligonucleotides in combination with mineral salts,
which were immunized intramuscularly, in male rats. The
mineral salt suspensions were prepared as described in Example
9.

[0001] Groups of four, 6 to 8 week old Sprague-Dawley male
rats were immunized intramuscularly (I.M.) on week 0 4 and 8
with following compositions: 25 pg of LHRH peptides was
suspended in a volume of 500 pL distilled deionized water; 25
pg of LHRH peptides was suspended in a volume of 250 uL
distilled deionized water and 250 ul. of Alhydrogel® (1.6 mg
Al/mL) was added; 25 pg of LﬁRH peptides/CpGl
immunostimulatory complex (4:1 charge ratio) prepared as
described in Table 9 was suspended in a volume of 500 puL
distilled deionized water; 25 pug of LHRH peptides/CpGl
immunostimulatory complex (4:1 charge ratio) prepared as

described in Table 9 was suspended in a volume of 250 pL
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volume of the fornulation equaled 2.0 nL. 83 ---- - ------- 14 August 2006
WO 031068169 PCTf US03/04711 [002681 The final concentrat4 ageuef20ppmunogens
once formulated as a suspension of imunostinulatory conplex conbined with
m neral salt as described above was 25 ~tg/0.5 nL or 400 ~tg/0.5 niL
respectively. The final concentration of Al hydrogel @ prepared was
-dependentW@/06#%get speci es. Fornul ati ons i nt endedr€Busosime1r odent s were
prepared at 0.4 ng AI/0.5 nL whereas formnulations intended for non-hunman
primates were prepared at 0.8 ng AI/0.5 nL. In all cases the finished
formul ations were adjusted for tonicity (0.9% NaC ) and those enployed for
the non- hygpn RId MRESS: LA A ILAnd PIPHEr YALAIRGard L1850 W Yy 2- PE) . Exanpl e
10: The I nmunogenicity of LHRH Peptide I nmunogéns = For nul at dd as a

Suspensi éa/8%) |varuAdded rruFF'atQﬁqh Corpllstiontins Bidet 45 @aldf ian Rodent s
(00269 (23S EXALELIINSLIALAS b |ETHIROSILE ! dt B LM, pept | de

i mmunogens fornul ated as i Munost | atory conplexes "wWth

ol i gonucl &bei Bewl MobwrbicAagdain fokmktatiinereds daltrg;.  which Were i mruni zed

i ntranmuscul arl in male rats. The muneral salt suspensions were prepared
as descrileeaﬂﬁﬂes(anﬁﬁﬁesh@edm@cﬂﬂosaB@ﬁa‘@@gl%@rr bghavgogaheek ol d

Spr ague- Bamh@eys e er fe’ﬁe&vﬂ\/ﬂj’ auh@mmmaqulcﬁurftamyﬁwbaﬁh\/de(l I\/l) on week 0 4
and 8 huf ol | ovwongh1 SI i.ons: t Igg Lﬁ_%e@tl suspended
ina voI GIRUTP9E S0 ORI AEE I“olaL &= der's r?il?é V\té’teef‘mm 7Y% rll_’HRH pepti des .
was suspenrueted.n Sevalwere Qﬁtazﬁedﬂﬂ_ wegkstid,| ed, dei,onBzadl wder and 250 [LL
of Al hydnggelo-d Javgllﬁm:ed%éf% J.Se%@%dof 2ol L ErQf alﬂ%ﬂ%@t erS/ Cpd

i mmunostinul atory conplex (4:1 charge ratio) prepared scribed in
Table 9 M@“%%Ffﬁeﬁﬂ%‘alﬁlﬁ ELIR% and %r Sepuptestosterone by RIA

immunoas s5ay.

Measurement of anti-LHRH antibodies

[00272] Antibody activities were determined by ELISA using 96
well microtiter plates coated with the LHRH peptide® as

immunosorbent.

[00273] Aliqueots (100 pL} of the peptide immunogen solution at
a concentration of 5 pg/mL were incubated for 1 hour at 37°C.
Wells were subsequently blocked with a 3% gelatin/PBS solution
for 1 hour at 37°C. The plates were then dried and used for
the assay. Aliquots (100 pL) of the test immune sera, starting
with a 1:100 dilution in a sample dilution buffer and 10-fold
serial dilutions thereafter, were added to the peptide coated
plates. The plates were incubated for 1-1.5 hours at 37°C.
The plates were washed six times with 0.05% TWEEN 20 in PBS.
100 pL of horseradish peroxidase-labeled goat anti-rat IgG
{Cappel) for assays performed on rat sera, 100 plL of goat
anti-swine horseradish peroxidase-labeled IgG (Pierce) for
assays performed on swine sera or 100 pL of horseradish
peroxidase~labeled goat anti-human IgG (Bnogen) for assays
performed on baboon sera was added at the appropriate
‘dilutions in conjugate dilution buffer (PBS containing 0.5M

NaCl and normal goat serum}. The plates were incubated for 1
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distilled deionized water; 25 gg of LHRH peptides/ Cpd i munosti nul atory
conpl ex (4:1 charge ratio) prepared as described in Tablea@uwemosuspended
in a volune of 250 ~LL 84 -- - ------ 14 August 2006 WO 03/068169

PCT/ US03/ 04711 distilled deionized water and 250 gL of Al hydrogelo (1.6 ng
Al /m) was added. To each fornulation was added 45 RL of a 20% saline

sol uti on V¥AePE8® 0 pL of distilled deionized water. PCWE#®3A47Hal vol une of
each - fornmulation was 1.0 nL. [00271] The rats showed no gross pathol ogi es
or behavioral changes after receiving mneral salts containing peptide

i mmunogens or mneral salts containing the i munostinulatory conplex. Sera

were obt aiomeda@ravv@%@ wQsheJaﬁl,as+@esct§b@@dab’5¥2 %ﬂqq%w % vl ypf ed for the
nogen- speci f LI SA and for serum

presence | ti-LHRH ant.i bodi es

t est ost er n8r ﬁ\m’}ﬁ‘?ﬁﬁ‘ah%%a( PDK/@A’?&FE%F'CO? % 2 YLWhéntl bodi es

[ 00272] A(rmebmjy aadt 0 Vi3 8g),wen escdetier giitraede li;ufElekSApHJ$| og &6 wel |
m.crotit t | HRH et nosor bent .

[ 002731 ,%\Ididg{ijgfoqs%%%rﬁlq)ewof% g%fie ti 98 énn%ﬁgggbrf i'on ogt a

concent r 20 Bh B¥ Hssopg??ﬂ Gher Bas rﬁﬁﬁﬁ@ﬂ’étﬁdf é@r 1ea+¢éuwe3a1t 37OC Vel s were
subsequegt *)I ocked with a 3% gel at| n/ PBS solution for |I hour at 370C
"The pl at 3 eEhhén a6t "4n8 YLebed beped Lo dyneat it§E58ES4°M00 pL) of
the test anmhysics s€rehe stanthargeswi withacihtdf0 agi,} uddtoati .8 sanpl e dil ution
buffer a 0= r u fter r to the peptide
coat ed IFbﬂa%ecslftg#ﬁ &Ierll érc\g/\ueér etalg n%ﬁeb%? & $ft°g dJll ﬁoﬁ?’gﬂ%gt 370C. The

pl at es V\éPéW%]sﬁéHPJsﬁ%( rpp gkt hyiepph (958Y TRARERES® theanPBSi5. 100 pL of

hor ser adi sh perOX| dase- | abel ed oat anti-rat 1gG (Cappel) for assays
‘perfornmed on YeRgucenept e505¢ RHLSIGRA | - swi ne hor ser adi sh

per OXI-daﬁsoé?ﬂe{nﬁ%nggené Iz!e(?.:reCgf‘x)ralu(;a)nr:ed for efficacy by RIA for serum

testosterone values. Serum testosterone levels were measured

using a RIA kit from Diagnostic Products (Los Angeles, Calif.)
according to manufacturer’'s instructions. The lower detection
limit for testosterone ranged from 0.01 to 0.03 nMol/L. Each

sample was analyzed in duplicate.

[00276] Serum samples were scored as being at castration level
when the testosterone level was below limits of detection and

as “near castration” at < 0.1 nMol/L.

Immunogenicity Results

[00277] The serum antibody titers following immunization of
LHRH immunogens are shown in Figure 13a. The corresponding

serum testosterone levels are shown in Figure 13b.

{00278] The antibody titers determined from sera cbtained from
male rats in this study proved that neither the composition of

LHRH peptides in buffer nor LHRH peptides in combination with
the Alhydrogel® mineral salts were immunogenic. Conversely,
both compositions derived from the LHRH/CpGl immunostimulatory
complex alone or in combination with the Alhydrogel® mineral

salt were shown to be immunogenic as depicted in Figure 1l3a.
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assays perfornmed on swi ne sera or 100 pL of horseradi sh peroxidase-|abel ed
goat anti-human |1 gG (Anogen) for assays perfornmed on babpatgusEtas was added
at the appropriate dilutions in conjugate dilution buffer (PBS containing
0.5M NaCl and normal goat serum. The plates were incubated for |I 85 14
August 2006 WO 03/068169 PCTI US03/ 04711 hour at 370C and washed as

descri bedYABWGHE Al i quots (100 pL) of orthophenyl eREBTEHRN4IE ( OPD)
substrate at 0.04% by weight (Pierce) and 0.12% H202 in sodiumcitrate
buffer, pH 5.0, was added for 15 m nutes. Reactions were stopped by
addition of 50 pL 2N H2SO4 and the A492 determ ned for each well. [00274]
ELI SA ti t pog79ETRe Caltabbay eskdpasssk @F tﬂlé&aﬂaf@ﬂriﬁi@s?%ﬁpsa@@bx\/&i s of the

adsor bances,. ,wi.th cutoff_. 2, set at 0.5. This torf . ri gorous, as the
val ues fosﬁ%all?ﬁtoé" rn%ﬁ?raﬁl%go%twregﬁ(s’:,‘an%’l 33‘5]?[}]?12%%5?1 aé‘:}&ﬁlg‘i%say were | ess

~ than 0. 15:itexpafundnéor Wie SerhimeTesysismerbrigifH00RTS]osk imutmgens wer e

-eval uat edfi e £ CATHy D6BIA fiRLr SETUM $ &3 Qa1 LANGLRUPS. Serum

testosterone |evels were neasure using a Ri agnostic Products
(Los Angdiegser Calii-f:)~ &dcdrdivgted thasuthesudetesninest Focttihens. The | ower

det ect i onurki mﬁunfogfiﬁl@ﬁt@%eé&@%gaﬂgﬁg,f romO0.01 to 0.03 nMbl/L. Each
sanpl e was anal yzed in duplicate. [00276] Serum sanples were scored as

bei ng at [@agsohrhorcdreespondihgnsdim testoskesnnadveyeldavasmbpedow |imts of

detectio n " . €as Lon” _at. < 0.1.nMol /L. | ogenicity Results
[002771 5 gléer Fom ﬁ%%a‘{n"é’&?} of Ttr perfbi g g’ i%%%.r 20 B0 e
I mrunogepsPhidess howachlrinEitgom evitBatheTAdhgdraged fomidiengl sEtsm t est ost er one

Level's arenshoM) binf A8t Wher QORZL The 3K DOGY (1 A61 S8t or m ned from

sera obt ai neg m rats 1n this study prov t er the
conposi t iP6Rt¥ie VEHRHNRGFRL B3l AopuiiadiondrvareRFRpRpEi 88s in conbi nati on
W th achieving immunocastration in male rats.

[00281] Conversely, both the immunostimulatory complex derived

from LHRH peptides/CpGl alone and the combination of LHRH

peptides/CpGl oligonucleotide with Alhydrogel® mineral salt

effectively immunocastrated all rats in each group as shown in

Fiqure 13b.

[00282] Complete immunocastration for each rat in the
composition derived from the LHRH immunostimulatory complex
combined with the Alhydrogel® mineral salt was achieved by
week 6 (2 weeks after the first boost). A similar level of
immunocastration for the composition derived from the LHRH
immunostimulatory complex alone was not achieved until week 10

(2 weeks after the second boost).

[00283] In this Example we have demonstrated a novel
Vaccination-regimen to obtain effective immunocastration {(as
measured by serum testoste:oﬁe) with either a composition
prepared from LHRH immunostimulatory complex (in a 3-dose
immunization strategy) or a LHRH immunostimulatory complex in
combination with a mineral salt (in a two-dose immunization

strategy).
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t he Al hydrogele mneral salts were inmunogenic. Conversely, both
conpositions derived fromthe LHRH CoG i nmmunosti nmul at or ys A oe¥ al one or
in conbination with the Al hydrogel (err) mneral salt were shown to be

i rmunogeni ¢ as depicted in Figure 13a. 86 14 August 2006 WD 03/068169
PCTI US03/ 04711 [00279] The anti body responses of these |ater two groups
proved sSYOPYF6Hver the first 8 weeks. By week 12, PEFBSO¥pWitbody titers
found for the combi ned system of LHRH i nmunostimul atory conplex and

Al hydrogele mneral salt were only marginally better (i.e. - 0.5 log
units) than those determined for the LHRH innmunostinul atory conpl ex al one.
[00280] Tiww2e071 TS KINGHREISIEr WiRdre3t 9stteranen] avebs seierwined for the
conpositions of LHRH peptides in buffer and LHRH peptides in conbination
wi th t he ARHyBTRIGEr! ”Eﬁ' O&PS FH°VEd Q9 el af 1iredéRbister a BWakat neit her the
LHRH peptHottevany dnkiRHoprepttele wikhhthd neral ins@nbgéey nul elid aremwer e capabl e
of achiew i r.at | i l.e rats.. [ 00281]. nversely, both the

i mmunost ?J\r?uﬁgt %ﬁmggﬁ%ﬁ}elf%é!éﬂh\?%englgar%ﬁ %ﬂ%ﬁ%gﬁégd‘]else%é al one and the
combi nat isyRevgiTHRA Lyt deryrdpd refilgsnucTheomideradi shliipetbgel (err)

m neral skt be &fdt@ali Melthol AEREIQCaBL atiedr aldy bat S igto@ddd 9roup as shown
in Figure 13b %?20282% gorrgr!l{te i nocastration for _each rat in the
conposi t iS6R° et TFEAHOMPEE™HIREF THAAABEY | FRTPAEH I dBfpT e °Conbi ned wi t h
t he Al hydmigeti@miandredcopdly hyagseactiténgdsimcialbedd Gel2s weekbeaf t er t he
first boggtdne Aysich! @iche¥sl Qkia @Péngﬁé‘sﬁrregghig%ifo%rofhe conposi ti on
derived fromthe LHRH 1 munostinul atory conpl ex al one was not achi eved
until wedfmMIpOIgD tRelis 1gMes SYRES®econd boost). [00283] In this Exanple we
have deng[{aﬁéégt d a novel vaccination regi men ‘%o,ogt in effective

i munoca PoHCT A TR SERPE G BV 5s BP E LN O B MORB) et R & ther a

conposi t imheral salt, Adju-phos® (derived from Aluminum phosphate) and
full immunocastration in all rats was achieved by week 8
solely for the system derived from the LHRH immunostimulatory

complex in combination with the Adju-phos® mineral salt.

Example 11: The Immunogenicity of LHRH Peptide Immunogens

Formulated as a Suspension of Immunostimulatory Complex with

Mineral Salt in Baboons

[00286] This Example illustrates the immuncgenicity of LHRH

peptide immunogens formulated as immunostimulatory complexes
with CpGl oligonucleotides in various ratios in combination
with mineral salts, which were immunized intramuscularly, in
male baboons. The mineral salt suspensions were prepared as

described in Example 9,

[0001] Groups of two, 2 year old male baboons were immunized
intramuscularly (I.M.} on weeks 0, 4 and 8 with the following
compositions: 400 pg of LHRH ﬁeptides/CpGl immunostimulatory
complex {4:1 or 1.5:1 charge ratic) prepared as described in
Table 9 suspended in a volume of 500 plL distilled delonized

water; 400 pg of LHRH peptides/CpGl immunostimulatory complex
(4:1 or 1.5:1 charge ratio} prepared as described in Table 9

suspended in a volume of 250 pL distilled deicnized water and
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prepared from LHRH i munostimul atory conplex (in a 3-dose immunization
strategy) or a LHRH i nmunostinulatory conplex in conbi ngf ﬁg‘é& Wobd a
mneral salt (in a two-dose immuni zation strategy). 87 14 August 2006 WO
03/ 068169 PCT[US03/04711 [00284] The Al hydrogel' mneral salt adm nistered
alone with LHRH peptide i mmunogens proved to be an ineffective adjuvant.
However , YWA®616% nul ated with the LHRH i nmunogens i RCT/B®3A4GIM of an

i mrunostinul atory conpl ex the conbination yielded synergistically far
superior results. The mneral salt itself my be acting in two nodes. The
first may be to provide a depot |ocalizing the inmmnostimlatory conplex

at the sizse pf off ALRGAFRRIBNG. Qeﬁfrygl/m]png§gagé&| ng,spegi al i zed cells of
t he |mmne sgstem which can facilitate the presentation of inmunogen to

the i murf@*8ysitddr FRv2espdchhedr PEm 20%pertimensaluigrs, cdndwdt ed with
al t er nat igre 2 - PRSI e SBIba AH um@hgsl(Ler e) a{ danh xgdifitqm & um num phosphat e)

and full imunocastration in all rats was achieved by week 8 solely for
the syst &ft8eri V8§ fieh f"ﬁéUIFSI-IRlﬂ Pﬁ?ﬁurf@@ilhfml&ﬂovaﬁ lc8mplex in conbination
m neral salt. nple 11: The | munogenicity of LHRH

with the 0S
Pepti de I@ﬂ%ﬁ%@&% apgRT AGHed SR gSﬁ%?)é?%PBﬁo%]fesl AbRSSvE AR At ory Conpl ex
with M méeageSalfter nrBatobms Mﬁﬁ&ﬁilmﬁhhﬁoﬁxaaﬁﬂ:&x btusitaires the

| IUnOQeLeL} Yoo EEOLL U ch THNAGRDS, LR e sy ot |l atory

conpl exes onucl éo &8s Y var conbi nati on
Wi th nm néeak walet shtadnedhomereekismhini+ded+éntHBanusr undr Y4 {for nal e baboons.

The minergk $3:h é&mw&ﬁﬁe fa RfSRAL tﬁ%eddfostcrthnﬁé}rés%glééanpl e 9.

[ 0001] G oups of two, 2 year mal e baboons were
i nt r amus &l 2Rt LERE mr)tlaﬁdh?e'?e@ grmupogRa- A £ e tH SPorpdiiiong
conposi tisensn #80cgeehel bR Ipephmsles/sGRE | Munost i nul at ory

Immunogenicity Results

[00289] The serum antibody titers following immunization of
LHRH immunogens are shown in Figure l4a. The corresponding
serum testosterone levels for each baboon are shown in Figure

14b and 14c¢, respectively.

[00290) The antibody titers determined from sera obtained from
. male baboons immunized by LHRH immunostimulatory complexes
prepared in either a 4:1 or 1:5:1 charge ratio or a
combination of LHRH peptide immunostimulatory complexes and
Alhydrogel® mineral salt prepared in either a 4:1 or 1:5:1
charge ratio indicated that all compositions were immunogenic

as shown in Figure léa.

[00281] Marginally higher antibody titers were found for both
. systems prepared at the 4:1 charge ratio relative to the
antibody titers obtained for-the 1.5:1 system irrespective of

whether the Alhydrogel® mineral salt was present or not.

[00292] The corresponding serum testosterone levels determined
‘from sera obtained from male baboons immunized with LHRH

immunostimulatory complexes prepared at the 4:1 charge ratio
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conplex (4:1 or 1.5:1 charge ratio) prepared as described in Table 9
suspended in a volune of 500 ~LL distilled deionized waleaigdOidogg of LHRH
pepti des/ CpoE@ imunostinmul atory conplex (4:1 or 1.5:1 charge ratio)
prepared as described in Table 9 suspended in a volunme of 250 gL distilled
dei oni zed water and 88 14 August 2006 WD 03/068169 PCTI US03/04711 250 gL
of Al hydr'v@&¥e81¢3. 2 ng Al /nlL) was added. To each f 8€HLUSH47Un was added 45
gL of a 20% saline solution, 2.5 gL of 2-phenoxy-ethanol and 452.5 gL of
distilled deionized water. The final volume of each fornulation was 1.0
m.. [00288] The baboons showed no gross pathol ogi es or behavioral changes

after reGgicvbie Almguﬂsz;’%h l@%i@ﬁays&mk%&koﬁaifég linefALLQ QM 1N

conbination with t drogel e mneral salt ra were obtai ned on weeks
+0, +4, +B&r hgth pabogngy cmlar{aﬂoras g 18: Bigysgapl&xes only) and were

eval uat e he presenc of anti-LHRH antibodies b mrunogen- speci fic
ELI SA angwf)gf’sf dRy plﬁﬁ#@@t%ért“%‘rl%‘zeé By ORI A WM&9S¥¥%E%%n| city

Results [@@ﬁB&assTbeemadnnanthdoadﬁ 1 idhetge fradtlioww ighdummuni zat i on of LHRH

I nmunogens y, g @wnlner}afl w%gashoTpletganorr'gs%gged%n%il serumt est ost erone
| evel s for &ach baboon are SHown in urée 4b an ¢’ respectively.

[ 00290] Heenasgulsbddythd $@rsdetS¢pﬁt¢mef resposieeafabtoaenet] ttheom nal e

baboons Iszwaﬁgqq P¥e LR | m%}lmllamﬁaﬁoggg?we&%% wRLGRared in either a
“4:1 or 1:5:1 charge ratio or.a comnbination of LHRH peptide

i mmunost |aﬁﬁll%‘t"?5jr ;?Sc%tiﬁﬂnekgsﬁaﬁﬁ’&e N“hydr ogel " mineral salt prepared in

th 1 h t t re
"munogert 823 8LFh S FRRG G e FIRPoTOb35T MHBPnATTY R gher ant | body
titers wémmuieaiidulatodyothmplyrst(ént qheeparedial iheotbinahange ratio
relative i ont 6 adBhd oy 1 Il RkaLIEs (95 -5Nihed: & ¥gt em i rrespective

of
‘baboon by week 10 and was demonstrated to be sustainable

through week 14 as shown in Figure 14b. WNear castration
levels of serum testosterone were obtained in the other baboon
in this group, although this response proved transient as

shown in Figure 14b.

"{00295] For the composition prepared from a LHRH
immunostimulatory complex (1.5:1 charge ratio) in combination
with Alhydrogel® both baboons in the study were successfully
immunocastrated {(one baboon achieved this by week 8 and the
other bj week 10) and this effect proved sustainable through

week 14 as shown in Figure 1l4c.

[0001] For formulations derived from LHRH immunostimulatory

- complexes prepared at either a 4:1 or 1.5:1 charge ratio (LHRH
peptide concentration = 400 pg), the actual quantity of LHRH
peptide immunogens bound in the form of an immunostimulatory
complex varies significantly. Table 8 shows the proportion bf
LHRH immunocgen administered in this form as a function of
varying charge ratics. Approximately 16% (~ 63 pg) of the LHRH
immunogens in solution are bound in the form of an

immunostimulatory complex when prepared at a 4:1 charge ratio,
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whet her the Al hydrogel o mineral salt was present or not. [00292] The
correspondi ng serum testosterone |levels determ ned froni4aegsci®ai ned from
mal e baboons i mmuni zed with LHRH inmunostinul atory conpl exes prepared at
the 4:1 charge ratio 89 14 August 2006 WD 03/068169 PCTt US03/04711

wi t hout Al hydrogele mneral salt proved totally ineffective for both
baboons Y0 #¥%#H$% as shown in Figure 14b. [00293] TheCwyssestisf or nul ated from
the LHRH i nmunostinmul atory conpl exes prepared at the 1.5:1 charge ratio

wi t hout Al hydrogelo mneral salt was shown to nore effectively

downregul ate the serumtestosterone response for one of the baboons in the

trial, hQweyes L g ca. t.i in Figure
1l4c. 100294] F%r&ﬂ{plﬁg conpggl ?elg%(r)?l( p?g%é\?ifj}%rg%@?lﬁaéﬁdppegﬁggm

i mrunost i &l ét%f]y *é6hpl ex (4:1 charge ratio) in conbination with

Al hydr Og?@ﬁﬁ%i i munocastrati on was obtained in one baboon by week 10
and was } Fhe RFesgn bt 1$0s Phi Thsn PRI o e o B - Ree SRR AMGUneHRS i n Fi gure
14b. Nearincabé riatrmont dre\iminSnﬁtmetaunrtyesbmltear eseinvehe DiH:ai ned in the

ot her Q. éﬁst&ﬁ §T(g,rolgig§]l 5;&3 ﬁﬂhtn Shd €SReNse proved transient as

shown |n igure 1 osition prepared froma LHRH
i mrunost iYHEPEPEASErabhgl eRspanses] igatgent at i) hpwe cowsrireitGA YW t h

Al hydr og@eaeh@iﬂbdbabgprt?nel mﬁmogéw)ﬁm@f@l sHeeesffobl Yan | MMuUnocastrat ed
(one baboon achieved th ek and_the other by week 10) and this

ef fect pro¢ibadt éPﬁain éhﬁhﬁl‘c?ﬁgﬁnb%@lkLW AFTEAGHATS ANFFYITEOR4c. [ 0001]
For formmlpahlmtﬁtdeﬁlVEI(Hlufsl’D&nﬂsHEEkéWMH@StﬂH@ha&MrMsmCWﬁJrﬂ.&ﬁS prepared at
ei t her # 1.0 charge. rati Odt( LHRH ecptl e .concentr at lhon = 400 g9),

S Wi

the actua quanetmfL Sa]jft LRRH ©i5ept G5 e B AP A h & Br m of an
i nnunostlcﬁmbEnQﬂ’Vlth the immunostimulatory complex is probably linked

to indirect immunomodulatory effects.

[00258] Concurrent experiments were conducted with an
alternative mineral salt, Adju-phos® (derived from Aluminum
phosphate) and full immunocastration was demonstrated in one
baboon by week 10 whereas the other baboon on trial

_ demonstrated near castration levels of serum testosterone by

this time point.

[00299] In this Example we have demonstrated that a LHRH
immunostimulatory complex in combination with a mineral salt
is an effective vaccine to achieve immunocastration (as

measured by serum testosterone) in a non-human primate.

[00300] Furthermore we have shown that the formulation kinetics
of the immunocastration response is a function of the initial
charge ratio of LHRH immuncgens to CpGl oligonucleotide and

selection of mineral salt.

[00301] Specifically, this Example indicates the potential of
these new combination based formulations for the development
of safe vaccines useful for hormone ablationin animals or

humans.

[00302] Moreover, this Example strongly indicates the potential
of these new combination based fermulations for the
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conplex varies significantly. Table 8 shows the proportion of LHRH

i munogen adm nistered in this formas a function of var4Angscloasge

rati os. Approxinmately 16% (- 63 [ig) of the LHRH i mrunogens in solution

are bound in the formof an immunostinulatory conplex when prepared at a

4:1 charge ratio, 90 14 August 2006 WO 03/068169 PCT/ US03/ 04711 whereas

appr oxi mat @PIP-EY, 344pg) are bound when prepared at PCEB®347H: 1 rati o.

[ 00297] The presentation of the majority of the LHRH i munogens in the

formof an inmmunostinulatory conplex as in the 1.5:1 ratio system provided

| onger | asting and earlier imrunocastration responses in baboons. W have

exper i nendealellypmatat ef niared vhbdineshsuAldmydr pgeltaent Rekabnsalt adsorbs an

addi tion % Of re bound_ LHRH.i nogens in solution upon
g b e B SR b T R

addi tion. a by which the mneral salt

i's inpr OYE-x'&ﬂglge.lze.f f b%aﬂio& he *#&-%*%E%uggm%n%gcéd id} the
i nmunost i : nonodul at ory

ef f ect s. Momtianide®@ How,, Frawnostdnulageny Complex dexdved difowi LERMiNn al ternati ve

m neral  sala! pr&dlink=P5OSA 11084 ipLes
i munocas T Was_ JdemnD g T week 10 whereas the

ot her baheepipnrbri alo AenRRstiated n8ady Gashhald QR i@fﬁ#ﬁépﬁdiefum
testosterone by this tine point. [00299] In this Exanple we have
denonst r dBHREHAS ASEHRA N?ﬁhﬂﬁés%@ﬁvﬂaﬂéiymﬁéﬁpﬁﬁﬁﬂihnconbination with a
m neral salttiém ,anieddieeli ME avassh R rhioraGHBYEs ivIFEEPCaSIEpat i on (as
nmeasured by sefum,¢testosterone) . in a_non-human primate. [003001 Furthernore

we have $howh T B9 ™ FhE ForRth SEiorrualaelids tooPreRE S| Munocast rati on
response imfiuRodtifGl & ©dryotottiRxi m;.@jla'chaﬁﬁ@rrg@iéﬁtaro IQéOd—MBHo.EmTUnOgenS to

d oligonucl eatide and el ection of mneral salt.
Cp : %epggde(immunogens dfssolved in an appropriate agueous buffer

(2,500 pL, 0.4 mg/mL) plus a peptide derived from IL-1BR (SEQ
ID NO: 14, C*VQGEESNDKIPC*-COsH.HCl (where C* indicates
cyclization between two cysteines) in solution; or 1,000 pg of
peptide immunogens dissolved in an appropriate aqueous buffer
{2,500 pL, 0.4 mg/mL) was added to a mixture of CpGl and IL-18
peptide to prepare a combination of LHRH immunostimulatory
‘complex (16:1 charge ratio} and IL-1B peptide. Table 9 shows
the calculations employed to determine the relative amount of
CpGl oligonucleotide required for complexation with LHRH
peptide immunogens for a fixed final dosage of 100 pug/1.0 mL

- with respect to the specified charge ratio.

[00304] Peptide-based fragments derived from IL-1B are known to

possess adjuvanting properties.®

The IL-1B8 peptide employed
herein is relatively small (FW = 1421.5) and negatively

_ charged ﬁhen dissolved in standard physiological buffers.

' Employing the calculations described in Example 2; one nMol of
IL-1R peptide contributes 2 nMols of negative charge. As
such, this molecule would not be predicted to physically
interact with the LHRH immunogens and no evidence of

- complexation in the form of a precipitate was found upon

mixging.
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[ 00301] Specifically, this Exanple indicates the potential of these new
conbi nati on based fornul ations for the devel opnent of s# aumacicees usef ul
for hornone ablationin animals or humans. [00302] Moreover, this Exanple
strongly indicates the potential of these new conbination based

formul ations for the 91 14 August 2006 WD 03/068169 PCT/US03/04711

devel opmeH? 938681€%af e vacci nes suitable for the treat REHESOFP471L
androgen-sensitive prostate cancer in humans. Exanple 12: Preparation of
Water-in-O | Emulsions fromIlSA Mntani de@50v, |nmunostinul atory Conpl ex
Derived fromLHRH in the Presence of a IL-1B Derived Peptide Fragnen

[0001] Toroasdb) sbeveszaliy Was ?gfk%ielagoﬁuﬁgg%{iﬁygﬁ%ﬂﬁ%ggg?ﬁ iegwillﬂogﬁns

(SEQID . 7-9in a 1:1:.1 no ratiq. i

appr opr i al\?éma%%%b@?pgh%ﬁ SPERPASHG AL 360£4°hr?§59ﬁ1_’5ata1ﬁd° @ ol i gonucl eotide
to {)_rgpa_rléiRanCmeap&tuglrmbgl arly goouglleex idd 6912 cliar geor;gg/;n?)) or(%, ggg _g_gLof
peptide i nogens dissolved in_an,_apprap e_agueouys buffer : jiL,
-5 o/ el B php e veao e A PeliHR nirocsre

C* VQGEESNDKI P LICORH. HCELCWhET.@ 8, ihdi potds weyeladzlatli om dnet ween two
cystei ne i lL.ut Lon; . Qr 0 Pg. of tide i e di ssolved in an
appropri zsaangka %%5%55%%0 g’rb‘}?f%%oo@%ﬁ”,reéﬁgﬁeoﬁé‘/ gﬁu@\?ggggﬁ%}&rﬁb a mxture of
Cpd and oPrrigx fyept M perprdspameunpusofbithat Lonl sthakpRHdtheuadsti nul atory

conpl ex @EhRulcghiapdes rathp) #Nd Lk-dde1repiddisc1dable 99.8&1%%) the

cal cul ati ons enpl oyed to determ ne the relative anmount of a

ol i gonucl2e8t keEnly eaid rlddrg otl-dénperbisei 6h. Wikkh 249RMI/pebtiede | munogens f or
a fixed fjipal. dosage of 100 [tg/1.0 nL with respect to the specified
charge ratio. [00304] Peptide-based fragnments derived fromlL-18 are known

to possg9s306l wyaichngs AIRPeEsdaS. 88dihenkl-dBepePtiMqepapl oyed herein is
relatively, sl | (PGt 8852k B9 ASIRULVEIY of the agueous
phase was fixed at 5.0 mL for preparation of ISA Montanide®

50v w/o-emulsions respectively.

{00307] For the preparation of the placebo group, 5.0 mL of

- normal saline was employed for the aqueous phase.

[G0308] For the LERH peptide immunogens, normal saline was
found to be suitable for complexation. The calculated IP for
each peptide is greater than 9.0 (Table 1), far greater than

the pH of the aqueous solvent selected.

f00308] This example demcnstrates the advantages of stabilizing
immunogens in solution in the form of an immunostimulatory
‘complex., The complexation process has been shown to be-

- compatible in the presence of additional immunomodulators.

[00310] The diluted agueous suspensions of LHRH immunogens or

- placebo solution were then slowly added to a dry 25 mL
reaction vessel charged with ISA Montanide® 50v (5.0 mL). The
additions were made while homogenizing (High Shear Laboratory
'Mixer, Sealed Unit, Silverson} the mixture at low speeds
(2,000-3,000 rpm) to generate a coarse emulsion. This

- processing speed was maintained until the aqueous sample had
‘been completely added and was continued a full 2 minutes to
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charged when di ssolved in standard physiol ogi cal buffers. Enploying the
cal cul ations described in Exanple 2, one nnol of |L-1B pephgh@deooentri butes
2 nWbl s of negative charge. As such, this nolecule would not be predicted
to physically interact with the LHRH i nmunogens and no evi dence of
conplexation in the formof a precipitate was found upon mxing. 92 14
August 20¥8%0®#%3/ 068169 PCTI US03/ 04711 [00305] Sp&ETFI¥edHly to prepare
an i mmunostinul atory conplex from LHRH peptide i nmunogens at a 16:1 charge
ratio of LHRH Cpd, 18.3 gg Cpd oligonucleotide (9.2 gL, 2.0 gg/nL) were
used. To prepare a solution of LHRH peptide i mmunogens and IL-18, 10 gg

| L- 1 B( 5. @nghre i fggh nie-wek Enaddethd RgaBousiRROpLi ghasagueaus buffer. To

prepare i i tar lex from LHRH peptide i nggens at a

o D Chargao POt b TS AR oo TR ekt (0B 0c re pR8E0S

ol i gonucim@éptaigedo for girom 50te-(16r minytes) fwritherOr¢suitigglin therr) peptide
(5.0 pL, frRa@@b} Weidhoglhasidh EDQ36he TP fagh,&lq Ls-vessel s additional
aqueous sol yent diluent was added so that the final volume of the aqueous
phase wa?mP¥§%HLat 5.0 nL for preparation of |SA Mntani de@ 50v

w o- enul si r Lyel v. 07 r. the preparation of the placebo

or oup. 5 QORF A8 el Fbduent B0k SELmBafr e 3Rt Bnlat Enase. [ oos0s)
For the |@3sRkpsaptindeld remudof@rss 2s ndgswglibgd|dhogewess 06upayrlo be suitable
for conplexation. The calculated IP for each peptide is greater than 9.0

(Tabl e 1Exampke 3B¢a1¥he Ihnwnogendoply ahdt Greovkin y\Efffecte| ect ed.
[003091 BBl e 3Bk £ud) SURNSLI AP0t BON AN AM° PRt ARIIABLYY | TTLNOGENS
in solut » conpl exati on
process [¥98pia% orcWbiin Tl Peptide or as a Combination of an

Immunostimulatory Complex with IL-18 Peptide in a W/0 Emulsion

[00312] This Example illustrates the immunogenicity of LHRH
peptide immunogens formulated; as immunostimulatory complexes
with CpGl oligonucleotides in combination with a w/o emulsion
or with an immunomodulator (IL-18 peptide) in combination with
a w/o emulsions or as immunostimulatory complexes combined
with an additional immunomodulator (IL-1f peptide) in a w/o-
emulsion, which were immunized intramuscularly, in boars. The
w/o-emulsions were prepared by homogenization as described in

Example 4a and Example 12.

'[0001] Groups of five, 8 week old boars (30 Kg each) were
immunized intramuscularly (I.M.) on week 0 and 8 with

- following compositions: 100 pg of LHRH peptides/CpGl
immunostimulatory complex {16:1 charge ratio) prepared as
described in Table 9 suspended in a final volume of 500 pL
NaCl and dispersed with ISA Montanide® 50v (500 pL); LHRH
peptides/IL-1B peptide {1 pg) was suspended in a final volume
of 500 pL NaCl and dispersed with ISA Montanide® 50v (500 pL);
or LHRH peptides/{CpGl + IL-1B peptide (1 ug))‘
immunostimulatory complex (16:1 charge ratio) prepared as

described in Table 9 was suspended in a final volume of 500 pL
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conpatible in the presence of additional imunonodul ators. [00310] The
di | uted aqueous suspensions of LHRH i mmunogens or pl acebbAsgistdgoon were
then slowy added to a dry 25 nL reaction vessel charged with | SA

Mont ani de(R) 50v (5. 0 nL) . The additions were made whil e honopgeni zi ng
(H gh Shear Laboratory M xer, Sealed Unit, Silverson) the mxture at |ow
speeds (WOOMYE? 000 rpm) to generate a coarse enul SCHHSOIFHIL processi ng
speed was nmai ntained until the aqueous sanple had been conpletely added
and was continued a full 2 mnutes to 93 14 August 2006 WD 03/068169
PCTI US03/ 04711 ensure uniform pre-m xi ng of the aqueous and oil phases. The
honmogeni 2@id108; speadanascd eR MaRAda® $R» Q980 81900 X ik .apd mai ntai ned
for from5 to 10 minutes further resulting in the formation of a
hormogenedifdthRl t & FPnef o shaiafdddigrensed| sitdn ISA[ 008 20ida®e5Gy nal

concent r atgo@n,, £f da?wgggg%;%/% %%nteoﬁmnﬂx&lggedrﬁ%n}é‘%f#}'oﬂ' oi Il emul sions as

descri bed above wa nm.. Exanple nu oge%i city and Gowh
Pronot i ngtPEffded sin ghe | HRdyPept isgsieminogestsratednul at ed as an

Immnosti[;ﬁng i@or Conplex or with IL-1B Peptide or as a Conbination of an
| munost i FAY® nge CHRPeRNW AP LIS PRPERUCIE B LINPEREHATSon [ 00312]

]‘cl'hi S :Exan:pnlaegéds |aﬁ:telrates-3itvlilﬁgimﬁuB@ealﬂ‘icﬁiehﬁlﬁfonﬁHRHéa RERL & L d In’rrunogens
formul at ed; j i o] Wt ol i gonucl eotides in
conbi nat f\%ﬁt%?#g;g\%ﬁg}%%h@%ﬁ%ngr%ct%ﬁggrﬁaﬁlﬁ%‘ﬁ%ﬁb&&rg or (IL-1B peptide)
i n conbi PEPLbFe it M/ o eylgiensiconbatning 4ke i immunostimuibbexy y conpl exes
conbi ned cowpléx &t agdidds2aah1dderynesmsiehal Orcdnbka S RSPLiHe)i-n a W o-

enul si on, vahl ch. were_i nmuni ZE‘% intramuscul arly, in boars. The

W o- emul St oﬁ%pWedge pP A rEHS RPROABYEH 585D lastfresdry bt i38d Exanpl e 4a
and Exanpild 4 We@@O04dtalGmoupstaf thé res@nveele ahditiomus (30 Kg each) were
| muni zed b B S ABISEY! Aldhohobln MpkcfPs MRSk :Rs 2nd, i LN

testosterone by RIA immuncassay and for weight gain.

Immunogenicity Results

[00315] The serum antibody titers following immunization of
"LHRH immunogens are shown in Figure l5a. The corresponding
serum testostercone levels are shown in Figure 15b. The
effects of immunocastration following immunization of LHRH
immunogens versus surgical castration on the weight gain over
the trial period are shown in Figure 15c. Control experiments
- demonstrated that unadjuvanted peptide was non-immunogenic or

weakly immunogenic in all cases.

[00316] The antibody titers determined from sera obtained from
male boars immunized by LHRH immunostimulatory complexes, LHRH
peptides adjuvanted by a cytokine, or by an LHRH
immunostimulatory complex co-formulated with a cytokine
administered as w/o emulsions indicated all three compositions
were immuncgenic. The titers obtained at all timepoints over
-the trial period proved comparable. The Placebo and
surgically castrated negative control groups returned no titer

as shown in Figure 15a.
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foll ow ng conpositions: 100 gg of LHRH peptides/ Cpd i munostinul atory
conplex (16:1 charge ratio) prepared as described in Tab#auguss2¥pended in
a final volune of 500 ~tL NaC and dispersed with | SA Montani de@ 50v (500
gL); LHRH peptides/IL-18 peptide (1 gg) was suspended in a final volume
of 500 gL_NaC and di spersed with I SA Montani de@50v (500 gL); or LHRH
pepti des/TePYBIE || _18 peptide (1 gg)) immunosti mPSTERYOE8 I ex (16: 1
charge ratio) prepared as described in Table 9 was suspended in a final
volume of 500 RL 94 14 August 2006 WD 03/068169 PCTfUS03/ 04711 NaC

di spersed with | SA Montani de@50v (500 gL) A placebo control group of 500
pL NaCl dico3ensete WdrtebSthdiigt sshwe @ a0¥straR0 Rlve1vasedirapated and one
uni mmuni _Zrtﬁz%mC(s)QH %Ibtglrrtl)eu £ EMQ Ioléq:ed.i n _t.he Zktéug%vaas surgically castrated.

[ 003141 The boars “SROWEd no grEdeSpAP66R ey &7 " Behavi oral changes after
recei vi ng-mpluacebicuba bormgorb bees , inwk ow Amensl oiter ot oBHRH penyigept i de

| Munogensyjufa s LYAORLM & Noddei hB i PEPYLFd&nl sY.P &Yl Sk ons contai ni ng

t he i mmunost i nul ,ator%/ conpl ex or i mmunostinul atory conpfex in combinations
“with |L- SPERHRRIGet JARE WP SHERFHEPrYncodRE and thg Ik1lP +12 and +14
-and wer e peypal datemhifiostdree ps esRNeRuficanihdiddRbd anld hadé ascddy

‘I mmunogen- s L fi erum .testosterope RLA i noassay and
for wei gkrlitn Sgl‘ééné gg?%%u%%ﬁe%f%ct%ﬁvﬁ&ullmfngmffﬁf%fggedfﬁ% gg%#amnti body titers

fol | owi ng goRBNZAIHION e JolRbL1{TIAROGENS A £ AN 1udkd QuUre 15a. The

correspondi n serumtestosterone | evels are shown in Figure 15b. The
ef fects of'™H ARGt FORPIOT 1LBwR Yy A AEHT 108t ReR ©BFe L i Mmunogens
VEr sus sipegttads eastvaiteansprticherL vl ghbt gfd Mnoxe/o the1s1dml period are
shown in Fi.gure 15c. .Cantrol experiments enpnstrated that unadj uvant ed
pepti de V\fgaslgﬁ%ﬁt-oi %%tgjgng%l%ﬁegﬁ%a%efef%u %gﬁF%ﬂinﬁ-m Qy CHSEs.

14, serum testosterone levels from both groups were shown to

be rebounding and neither group would be described as

immunocastrated.

[{00319] The LHRH vaccine formulated as a combination of
immunostimulatory complex and IL-1# peptide as a w/o emulsion
proved more effective maintaining the same level of
immunocastration with no indication of early rebound as shown

in Figure 15b.

- [00320] The Placebc negative control group returned widely
fluctuating serum testosterone values at the various
timepoints evaluated in agreement with the expected variations

-in monthly hormone levels. The surgically castrated positive
control groups returned negative serum testosterone levels at

all timepoints over the trial period as shown in Figure 15b.

[00321] The serum testosterone level in boars prior to
slaughter has been directly correlated with the quality of the
meat produced. High levels of testostercne give rise to
products of unappealing taste (boar taint) and thus
controlling this property is an important market
consideration. The standard method for ensuring negligible
testosterone has been surgical castration., A viable vaccine

- approach must be proven effective over the interval of time
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-[00316] The antibody titers determ ned fromsera obtained from nale boars
i muni zed by LHRH i nmunosti mul atory conpl exes, LHRH pept4 duesisi@iptuivant ed by
a cytokine, or by an LHRH imrunostinulatory conplex co-fornmulated with a
cytokine admnistered as W enul sions indicated all three conpositions
wer e i nmun gjenic. The titers obtained at all tinmepoints over the trial
period proVv& ¥ mparabl e. The Placebo and surgi cal FTE#PYE: ed negati ve
control groups returned no titer as shown in Figure 15a. 95 14 August 2006
WO 03/ 068169 PCTIUSO' 4711 [00317] The correspondi ng serumtestosterone

| evel s determned from sera obtained fromboars i munized by LHRH

i mrunost ivngnaborns gonbd evorimalhy Weobemmghsi om rarkebRH e pbigiesat adj uvant ed by

the IL- 18Rt {4le phhra W @Q&%@?O?L%?w &tufeggb&f@-_tﬂafanKe; LHRH

i mrunosti mul atory conpl ex and t _ peptide adm nistered as wo
emul si on joadePRree JldathMedhoR98K Sof bPatdasRuET ADS VB R aEl gEti vel y

i nunocast r at ed_.hy ek 12. 003181 Not ably, the_conpositions derived from
the LHRH a%enﬁﬁg%%ltsi \é\rﬁ‘l“g‘{ &P E‘([)“H‘%Féxo‘f% 30 yde ks Shoo2RT ¢ he LHRH

pepti des adpoveartedtoy Hhehe LLHRB pepiricde il st owlyocemllesi bm a fwalbl ed to

mai ntai n i §1d:2\e! b T L@ Yo £ Loga AR %)bél‘é@gikbn% Yhe PEIUYM testosterone

levels from both groups were shown t e reboun and neither group
woul d be RFEEEHT HEd2a%/ © iSHADTRSOP BER Kol Ipd s ThE AtHRrF 3 ekedefle f or mul at ed

as a confyheabhwyically idatneséd rgibap Or rhesdieahaddor lvéBafeptiode as a w o
enmul si on roved rm@ effective _g,ai nt ailgi ng the sane |evel of
i

i munocastraty o owi th 3o SPRET At P3RSt 188ty rebound as shown in Figure

15, 1 00388hadNBnEl2ee0M NICGAL! Y00 Ml AE WP dr8! AP Gt iRl Y

fluctuati ng serum testosterone val ues at the various
formulated as a combination of the LHRH immunostimulatory
complex and IL-186 peptide in a w/0 emulsion proved
considerably mere effective. All boars within this group
responded rapidly reporting the highest average weight gains
at all timepoints evaluated in comparison to the other groups
on trial. Boars from this group attained an average weight
slightly below 120 KGs by week 12 and reached 130 KGs by week

14 as shown in Figure 15c.

[00324] The disparity between this group and the others on
trial may be due to a synergistic combination of effects
obtained when the immunostimulatory complex of LHRH/CpGl is
presented to the immune system in combination with the IL-1#

peptide and free uncomplexed LHRH peptide in a w/c emulsion.

[00325] The combination formulation proved effective with very
small amounts of LHRH/CpGl immunostimulatory complex present
in suspension. . In this EXample a LHRH:CpGl charge ratio of

lé:1 provided significant responses in all swine..

[00326] The Placebo control group proved poorest at promoting
growth over the trial period. The average weight gain for
this group was significantly reduced relative to all others as

shown in Figure 15c.
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ti mepoints evaluated in agreenment with the expected variations in nonthly
hormone | evels. The surgically castrated positive contr o4 Agasup®er et ur ned
negative serumtestosterone levels at all tinmepoints over the trial period
as shown in Figure 15b. [00321] The serumtestosterone | evel in boars
prior to slaughter has been directly correlated with the quality of the
meat prodUR&EWSEY gh 1 evel s of testosterone give ri sE@CTESOBPHduct s of
unappeal ing taste (boar taint) and.thus controlling this property is an
i nportant market consideration. The standard nethod for ensuring
negligible testosterone has been surgical castration. A viable vaccine
approach M#sSe7belapyinen iepf@cenes dvewel fte: igat gramla eénddqgwendé 14 August
2006 WO 03/ 0 ! e rs ul or | y be brought to
market. T elglg?%(?%asﬁg\%&c%gﬁl%og? até%\%gor%%nc ﬁggs }aﬁe%%%n bet ween 110- 130
KGs. [ OCFE2IVadelrg bt PR SSr onbeVeerotn bduiss Ekamphel wedhae 8 weeks of age in
LR | Moet L rel atory Pl oo v o e e oy by LERH pepti dos

i mmunostinmul atory conplex in a mul si ogn or by epti des
il uvant AATBBP RS ERD Lom SR EAS “Befe) (f PG a0t olan SPERLERd ver ght
gai ns, t r@ruparedtostedond)hend urhgiacadd ysupastsatgedwilt gupnofi@sgaseached on
average lflsukCe iy wsbale 14:R5 HB0Whd REL OUE 1830 003 agxpect edy,

the group_ i mmuni zéd by the RH vaccl ne ormulated as a ‘conbination of the

LHRH i nmif§sEFarfagdorsthadonipl 8 gafdt 1925t 3abkpti de in a w o enul sion proved

~consi der ghl e effective. All, boars within this grou responded rapidly
reporti ng(latoﬁégﬁﬁﬁﬁéﬁrm%%‘r gﬁgrﬁdwoﬁﬁ?%teatbyaltﬁet}r SRAtESval uated in
conpar i sdwrinelatesl eshercogbbnmsionoof tan dhmuBoarnsuf stamyt bésplgoup attai ned an

average welhobt_1sbibgbidy ;hel 1&? b %ﬁp h 30 KGs by
week 14 as _shownlpi% Fc% gdre cl%g '610@%21)5 e g?ég%r%{;%{g%gv@gﬁgt hi s group
and t he GRRLERYE ghan male boars immunized by either alternative

' formulation, or the present method of preference, surgical

castration.

[00329] Specifically, the monetary savings in terms of avoiding
losses due to surgical trauma, reduced feed and housing costs
and improved turnover in terms of time to market would be
significant, demonstrating the advantages of this improved

method of immunocastration and growth promotion.

Example 14: Preparation of Water-in-0il Emulsions from ISA

Montanide® 50v and Immunostimulatory Complexes Derived from
FMD

[00330] To a 20 mL vessel, was added 4,000 pg of FMD peptide
immunogens (SEQ ID NOS: 12-13 in solution), dissolved in an

. appropriate aqueous buffer (2,000 B, 2.0 mg/mL) or was added
4,000 pg of peptide immunogens dissolved in an appropriate
aqueous buffer (2,000 pL, 2.0 mg/mL) and CpGl oligonucleotide
to prepare an immunostimulatory complex (4:1 charge ratio).
Table 9 shows the calculations employed to determine the
relative amount of CpGl oligonucleotide required for

complexation with the FMD peptide immunogens for a fixed final
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trial may be due to a synergistic conbination of effects obtained when the
i mmunostinul atory conplex of LHRH/ CpG is presented to tdhaugusnpode System
in conbination with the I1L-18 peptide and free unconpl exed LHRH peptide in
a wo emulsion. [00325] The combination formnulation proved effective with
very small anmounts of LHRH Cpd i nmmunostinulatory conplex present in
suspensi oh® "Y¥1hi s Exanpl e a LHRH: Cp@ charge rat i BCHEPS®346111 provi ded
significant responses in all swi ne. [00326] The Pl acebo control group
proved poorest at pronoting growth over the trial period. The average

wei ght gain for this group was significantly reduced relative to all

ot hers asdosshewnt i200Figilr.© ABOwith7 rdgpeditgus tthd086ec MDeA3LRHSECO

PCT/ USOS/r%ATt_E%l [ 00327] Marginal inprovenents in weight gain as a
consequence ™ Of imrunocastration relative to placebo controls have been

observed jopashP sBaciEd1yy NAWCKELLIN LA SufXBIPLG U NAYE dgponst rated a
novel nethod to obtain e Yecti be T i mminoCastration tor (HhePrefoval of boar
tai nt (astheEalitP agpbide dBpupeEst a5t @richeyhanug obtid wEdF¥RIE®GLler gr owt h

pronot i onzGagy ¢PASHLAchiRY1 ¥eHiGR! (881 NLLOVEl LhfnlY kake PgIdLd With respect
to the standard nethod of surgical castration. [00328] Furthernore, boars

i mTUnoca_S[tOIolaBBﬂTbyeatdhelot:Fﬂﬂé %éﬁfélrf%ddiﬂdﬁghaécﬁﬁoﬂéléof%@ml i nation F‘:j an
i munost i atory co X an -18 peptide in_a w o enmulsion could go to
‘market 2 J\%reglelﬁ%t a5 ?g‘gerdetsﬁaﬂ’agaltbe b‘gﬁ"%z TG 9By 28PENET al ternati ve
formul at ipbase orad exed esend . (retthddr gfrepaediciiodnce, ISUMghEalide®ast rat i on.

[[003291 cifical the nonet.ary savings in terns of avoiding |osses due
to surgi ?’g% ‘f’%%ue%lélw%oen ué%%"?cg%&e%}ﬁu housi ng costs and inproved turnover

in terms @bss3Pof ALK AP e ehe placebo group, 10.0 mL of

normal saline was employed for the aqueous phase,

[00334] For the library of FMD peptide immunogens normal saline
was found to be suitable for complexation. The average
calculated IP for each peptide derived from a positional
analog in the library is greater than 9.0 (Table 1), far

greater than the pH of the aquecus solvent selected.

[00335] The diluted agueous suspensions of FMD immunogens or
placebo solution were then slowly added to a dry 25 mL
reaction vessel charged with ISA Montanide® 50v (10.0 mL}).
The additions were made while homogenizing (High Shear
Laboratory Mixer, Sealed Unit, Silverson) the mixture at low
speeds (2,000-3,000 rpm) to generate a coarse emulsion. This
processing speed was maintained until the aqueous sample had
been completely added and was continued a full 2 minutes to
‘ensure uniform pre-mixing of the agueous and oil phases. The
homogenization speed was then ramped up {5,000-8,000 rpm) and
‘maintained for from 5 to 10 minutes further resulting in the
formation of a homogeneous white finely dispersed w/o-

emulsion.

[00336] The final concentration of immunogens once formulated

- as water-in-oil emulsions as described above.was 200 pg/mL.
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significant, denonstrating the advantages of this inproved nethod of

i mmunocastration and growth pronotion. Exanple 14: Prepaiaph@i: mhe
Water-in-O | Emulsions fromI|SA Montani de@50v and | munosti nmul atory

Conpl exes Derived from FMD 100330] To a 20 nlL vessel, was added 4,000 jig
of FMD peptide immunogens (SEQ ID NOS: 12-13 in solution), dissolved in an
appr opr i @V Eus buffer (2,000 [LL, 2.0 ng/nlL) oPCWESAItled 4,000 gg of
pepti de i nmunogens dissolved in an appropriate aqueous buffer (2,000 pL,
2.0 mg/m.) and Cpd oligonucleotide to prepare an imunosti nul atory
conplex (4:1 charge ratio). Table 9 shows the cal cul ati ons enpl oyed to
det br mi neexdahifle r¥y:at ene MH&%erﬁEL@Qnd)bEQ@Bﬁbﬁoéf Gem! pawkied for

conpl exation wih the FVD peptide_I munogens 1or a 11 xeu TI nal 98 14 August
2006 WO FEEBRgansg Formuladed) s A Tppungsdimplakegy Con 2 H WA respect to
t he specigmugdiebar ge ratio. [ 00331] Specifically, to pr epare an

i munostimul atory conplex from FMD peptide i nmunogens at a 4:1 charge

rati o of [EREB3TPEhis EkAbplhg iANGEt tdtegonhe | apihoeer(i@2td A Fud. O pg/ L) were
used fch e i.tional ueQus | vent dil uent
was addegj%g)%g%%aﬁ%n}%ﬁg%nl%ng Ay aE:%rré i‘T;S %2°aem%q8ﬁgr?ao aseﬂ?/\gs fixed at 10.0
m. for prlé'ﬁaﬁ‘aﬁlﬁwlétmns#&owﬁlﬂ?@m a@@orr@@vaww éw\aﬂlsﬂ oMs respectively.

[00333] a1k hén prwﬁpamaiérenlﬁﬁuntllascipira&slaescgﬂ@gpy c@tﬂle of pppor mal sal i ne
was enpl a 00334] Fqr the ]ibr of FMD pepti de

oyed for the ueous
i mmnoger’i%on%??f]ﬁlogﬁl‘f%ﬁ pﬁE\%aBi‘eguHH 1{0(5“088“ R8BI 2 fdﬁrsc’é ékation. The
-aver age Eczahple dtzedndl Efaopledch peptide derived froma positional anal og
inthe library is greater than 9.0 (Table 1), far greater than the pH of
" the aqued@933%] Geeurssefedhineg, $OO3I3SptTIRe wake Uimaynagedous suspensi ons of

FMD | mmunegeas,larly (I.M.) on week 0 and 3 with the following
compositions: 400 pg of FMD peptides suspended in a final

volume of 1,000 ul. NaCl and dispersed with ISA Montanide® 50v
{1,000 pL); or FMD peptides/CpGl immunostimulatory complex
{4:1 charge ratio) prepared as described in Table 9 suspended
in a final volume of 1,000 uL NaCl and dispersed with ISa

‘Montanide® 50v (1,000 pL}. A placebo control group of 1,000
UL NaCl emulsified with ISA Montanide® 50v (1,000 uL) was

prepared.

[00339] The cattle showed no gross pathologies or behavioral
changes after receiving placebo w/o emulsions or w/o emulsions
containing FMD peptide immunogens or FMD immunostimulatory
complexes. Sera obtained on week +5 were evaluated for the
presence of FMD neutralizing antibodies and on week +6 the

- cattle were challenged with live virus to determine the level

of protection in a trial lasting 14 days.

Measurement of anti-FMD Antibodies - Neutralization Assay

[00340] The quantitative neutralization assay (NA) for FMD
antibody was performed with BHK-21 cells in flat-bottomed
tissue-culture grade microtiter plates. The test is an egual

volume test in 50 pL amounts. Starting from a 1:4 dilution,
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pl acebo solution were then slowy added to a dry 25 nL reaction vessel
‘charged with | SA Montani de@50v (10.0 nL). The additiongsWehi Jade while
honogeni zi ng (Hi gh Shear Laboratory M xer, Sealed Unit, Silverson) the

m xture at |ow speeds (2,000-3,000 rpm) to generate a coarse emul sion.
This processing speed was mai ntained until the aqueous sanple had been
conpl et el WO &P§HeP and was continued a full 2 m nutesPCHUSBMSUr e uni f orm
pre-m xi ng of the aqueous and oil phases. The honbgenization speed was

t hen ranped up (5,000-8,000 rpn) and maintained for from5 to 10 m nutes
further resulting in the formation of a honbgeneous white finely dispersed

‘W o- emulsiranwefd@336ded e bi Aal-reoRcaNEaLA Q2 9EsT IANINRYENS QNCce
f or mul at e%&ras wat er-i enul si ons gs descri bed above was 200 ~Lg/ ni.

n- Qi | !
99 14 AugUStUBoTEP %%%6%&%‘?%@?{%%%64‘%@ ER P PRlummet
| mmunogertibei FYD\aGLR: 0¢esttiypa (00FRCXRef.i0denl) mmdnoganatkarfad ated as an
1 munost iRl BLAK e CRARY. XAl 818 WO AU SR o Q033 L) e T8 Exampl €
illustrates the imunogenicity of peptide 1Tmunogens formul ated as a
w o ermul $1¥6R25%d d& ENPRdiumaRRIEnADg ai08r Yociditplsexes- | A Eehdienati on with a

“Wo  enulsyi gn, otMieCh MWaRRnsIBAIRILZeshddl kanRGUla11 Y HiRcEatid,R The

w o-enul si ons were prepared by honpgenization as described in Exanple 4a

and Exanpi®dle%.2qdpénsiatefodbs3’of 4% a3 Hd8kt cattle were i muni zed

i ntranus I.M) on week 0 .and 3 with . the follown conpositions:

400 Ag oﬁ“kﬁlﬁ){%%ﬁoﬁggpéﬁs‘?fé"ﬁ‘ﬂi%“ioﬁ‘ %23 %‘?ﬁ‘?lb{k)la&%ﬁro& f‘%ﬁﬁ?)' gL Nad and

di sper sediwiktirn SAs Meffearted e@tBOU0% (fbr@OD/ §dlline Hor RVDmpeptdsdes/ Cpd

i munost iggyl &t By 4: h ti ribed in

~Table 9 sus endedngioflﬂga?‘ifﬁéé %5&%%#%%8?'%ﬁ%@?l%?ﬁ%g‘?gper sed with
| SA  Mont@nt Y @&esnelin fogosl giiputen pPaesbiyecsalivl (WhesRpigns1, 000

had been neutralized and cells remained intact) were seen to
contain blue-stained cells. ©Negative wells are empty. Titers
were expressed as the final dilution of serum present in

serum/virus mixture at the 50% end-point.

Cattle Challenge Trial Protocol

[00342] On day 35, all cattle, which received wvaccine or
placebo contreols on day 0 and day 21 were separated by groups
into separate containment rooms. O©On day 42, each animal was
challenged intradermolingually (IDL) with a total of 10% BIDsq
FMDV O injected in two sites on the dorsal surface of the
tongue.

[00343] After challenge, the cattle were observed for
development of clinical signs of FMD for 14 days and body
temperature was recorded daily. Unprotected animals show
lesions at sites other than the tongue. Control animals must
‘develop a generalized infection as shown by lesions on at
least three feet for the virus challenge to be considered

valid.™
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RL NaCl enulsified with | SA Montani de@50v (1,000 gL) was prepared.

- [003391 The cattle showed no gross pathol ogi es or behavi @1 ahgusthgges after
recei ving placebo w o ermul sions or w o enul sions containing FNMD peptide

i mmunogens or FMD i mmunosti nul atory conpl exes. Sera obtai ned on week +5

. were evaluated for the presence of FMD neutralizing antibodies and on week
+6 the CO¥@¥¥81¢kere chal l enged with live virus to decevssmmet he | evel of
protection in a trial lasting 14 days. Measurenent of anti-FMD Anti bodies -
Neutralization Ass [003401 The quantitative neutralization assay (NA) for
FMD antibody was perfornmed with BHK-21 cells in flat-bottoned

tissue-cul tur g QR8NP RLES Pl ates. The test is an equal vol une test
in 50 pL anou 1:4 dilution, 100 14 August 2006 WO

03/ 06816%@@1&}@93/%}%&@@{@ \A@{&O@yl e &d i @l@e%g\qog%ﬁngl lution series in

duplicate. Serum sanples to be tested were m xe an equal vol une of

t he FMDV lﬁmunfzat?é‘r?) Ve ABBHCEEP PRI LhS Y egREN Y iCubat ed for one hour
at 370C. phxotetticguspenbisonratsHe teldladigliowas prepared i n-a nmedi um

cont ai ni ng 10% bovi ne serum A volune of 50 gL of cell suspension was
added t o I®98A5SINER¢ N.P. ot ensedetegdabe of momd sene uibdhédedtfr8M0C f or 2- 3 days.

[00341] Magt0sCQREE £XANIRAGA] Y %Sbefﬁﬂéb@i@e %ﬁ&ﬁogﬂé%sheyr@ ub! Xation was

effected with 10%Eorm)llsallnef 30 mnutes. For salnlngthe pl at es
vere i nerSREeTtHHLBERSOIpTRES BEUSLSERTIDRS BIAATMUASEH® 30 ni nut es.
Posi ti ve ingitstednhbae huthusompad t been waeut-_rna{UnzagdndeBelﬂls:eﬁ:erral ned

intact) WeteiSeeRtt Pne %glk?%nu% ﬁg’[’ﬁl %I .C%Jl& varlagiltl Ve L vvel | s are enpty.

Titers were expressed a L8 i pt esent i n
serunt vi Pdd Fis@sureratshore E@%eeﬁae%rntharcd{ﬁt I eTﬁmlhmg@ Trial Protocol

[00342]1 GQaglapemddr Bt prdbtlss pwbbedy #8eeh VR ARG R LA disease
vaccine as established by the Office International des
Epizooties (OIE) is a N.A. titer of 16."' Each steer in the

Placebo negative control group returned negligible N.A.

"titers, all of which were less than 16 as shown in Table 10.

[00346] Conclusive proof for protection must be obtained by
challenge of the immunized groups with live virus of specified
titer. Live virus was administered intradermolingually (IDL)
with a total of 10° BIDs; FMDV O injected in two sites on the

dorsal surface of the tongue.

[00347] The challenge protocol was initiated on week 6, one
week after the N.A, titers were established for all groups and
the results in Table 10 prove that the formulation derived
from FMD peptides/CpGl immunostimulatory complexes in
combination with unbound FMD peptides administered as a w/o
emulsion was superior {3/3 protected) to the formulation

~ derived from FMD peptides administered as a w/o emulsion alone
(1/3 protected).

[00348] The placebo control group confirmed that the live virus
employed for the challenge was sufficiently virulent as all

three cattle in this group were infected and showing signs of
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pl acebo controls on day 0 and day 21 were separated by groups into
separate contai nment roonms. On day 42, each aninmal was c¢chabhsnzed
intradernolingually (IDL) with a total of 10" BID,~ FMDV O injected in two
sites on the dorsal surface of the tongue. [00343] After challenge, the
cattle were observed for devel opnment of clinical signs of FVD for 14 days
and body W® &¥pe¥f%t ure was recorded daily. Unprotect 8T/ES#/MEIS show | esions
at sites other than the tongue. Control aninmals nust develop a generalized
i nfection as shown by lesions on at |east three feet for the virus

chal l enge to be considered valid .71 101 14 August 2006 WO 03/068169

PCTI USO3134¢i4de Imm@gﬂm@yg Yaﬂ%&ublﬁﬁﬂe‘ﬁgg%’(ﬂ/ﬂﬁ@of@iﬂeﬁw aging anti body
(N A) tlfﬁﬁers foﬁggy nfo i mruni zati on of FMD i mmunogens and the
cor r esporidi®ig * €tTon results are shown in Table 10. [00345] The N. A.

titers dg :9%5%{'%91:1{ o%ﬁgr%ogg%g&%qlg\{eodnw1%§tkt §l&}ﬁ§no§pn ok MJNi zed by

FMD peptide i nmunogens or stimul a 8x8s Adnmi ni st er ed
as W o erfifPs igmmnosit g kedosd @cntwtlelsoxm acgrpoyinlisdns aktrénédmunogeni c. The

titers qhyainadnat NiAE Meekod, th FEROILY w¥&F ashi ghly variable, but in all
cases were shown to be greater than 16. The m ninum requirenment for proof

of pot endyoBbe] avfmdisi agty mabthcidildeage stwud@Cidnadsresdaahhashad by the

ol ber ) 1 TPERNR AR be dederFhl 200118 LELRCI el Bhdy chil ol Of 1O . 7L Fach

steer in t ace rve con group returne negI|g| bl e N A,
titers, afprm@xat\mncﬁomwléln@stélet AP lmuagsts:mmtbw TapbtexlGn [ 00346]

Concl usi \tﬁepmpfemt@h&f ot ectiONiRuS A8t OBt Bedpddicichal | enge of the
i mmuni zed arou ill |ive virus of specified tjter. Live virus was
admi ni st &P 8“‘7’%“:’: JetHOOVRGUDS Y- 21 BISFPOIFEh a&dtbﬁ: AT SHFCLBFPE0 FMDV 0

i nj ect edatnupmgudat sy @nspbeific kind of immune response important
for combating viral infections.

[00351] Specifically, the immunostimulatory complex derived
from FMD and CpGl presented in the form of a w/o emulsion may
effectively augment the Th; arm of the immune response (e.g.
IFN-gamma). This role for CpG oligonucleotides has been well
established in other models and IFN-gamma itself has been
shown to be an effective immunomodulator achieving immune

. protection against influenza virus.™

[00352] The control of foot-and-mouth disease, once an outbreak
has been identified is often managed by culling infected and
neighboring herds. The economic loss of important commodities
like cattle, pork and sheep is often significant. The
existing vaccine strategies employ killed virus, which are in
-some cases locally produced and of inferior gquality. The
manufacturing from live virus has various issues relating to
production associated with it and the products themselves
represent a potential safety risk. A strategy based on
immuncgens derived' from synthetic peptides represents an
improved method for effective immunization, and should be

considered low risk.
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dorsal surface of the tongue. [00347] The chall enge protocol was initiated
on week 6,- one week after the N.A titers were establispegduh@r208b! 9groups
and the results in Table 10 prove that the fornulation derived from FMD
pepti des/ CoG@ i munostimul atory conplexes in conbination with unbound FMD
pepti des adm ni stered as a w o enulsion was superior (3/3 protected) to

t he for mWa#¥06H6® deri ved from FMD pepti des admi ni st @wuseaseras W o enul si on
alone (1/3 protected). [00348] The placebo control group confirmed that
the live virus enployed for the challenge was sufficiently virulent as all
three cattle in this group were infected and showi ng signs of 102 14 August
2006 V\D[@369§ﬁ§;§@cﬁ@&i§03/tﬂﬂ@xﬂ?&@%a%%ﬂﬂ&sléhgéyas after challenge
(0/ 3-protected i n. Tabl 00349] Both of the groups

f or mul at &4 WP¢ CFHB"HH%S@%% VaGFiah StFWBe?WHo%ﬁerﬁXI aP8ry conplex in a

w o0 emnul sifdacobiediynprbtesicgoatfileantamsh raotidmepotitd eisebye week +5. [00350]
Surprisingly, the chall enge study denonstrated that the formnulation of
superi or [@PBPEREYribegmeles.i rods fBxampl hefuftpemudatonsnrgorprthsi ng the FMVD

| nmunost vk 8¢ P eRIPhE%c Ak atpaﬁox\érp f%!awcﬁé Q@netdy | olcélé&&ﬁ teat this
conmposi tion concurrently inproves the N A respons and 1s nore effective

at upr egdfBPF FRfta dSpRRIF ?:“f&sﬁ&CSfS‘F%ﬁ?ﬁﬁéb¥%§ﬁoﬁ§%t1ar¥ﬁo¥1{”af?ﬂ for combating
~viral infdestaens. [00351] Specifically, the imunostinulatory conpl ex
derived from FMD and Cpd presented in the formof a w o enul sion may
effectively augnent the Th, arm of the i mune response (e.g. |FN gammm).
This role for CpG oligonucl eotides has been well established in other

nodel s and | FN-gamma itself has been shown to be an effective

i mrunonodul at or achi eving i nmune protection against influenza virus .72

- 104 -




[ 003521 The control of foot-and-nouth di sease, once an outbreak has been
identified is often managed by culling infected and nei ghlesisn@oberds. The
econonmc loss of inportant commodities |ike cattle, pork and sheep is
often significant. The existing vaccine strategies enploy killed virus,
which are in sone cases locally produced and of inferior quality. The
manuf act W@ #@efiedom | i ve virus has various issues rebkat/usagiern  producti on
associated with it and the products thenselves represent a potenti al
safety risk. A strategy based on immunogens derived fromsynthetic

pepti des represents an inproved nethod for effective inmunization, and
shoul d be considered |ow risk. 103 14 August 2006 WD 03/068169

PCT/ US03/ 04711 [00353] Specifically, this Exanple denonstrates that a

synt heti c pepti de-based vaccine strategy can safely and effectively
protect cattle against foot-and-nmouth di sease. [00354] Furthernore, this
Exanpl e further denonstrates the wutility of this vaccine approach for the

general proteftijpn of "Tnpdrtant dqmestid,Trvestpgk suskceptible to
foot-and-mout [ & segse. A04 1 Audgst £90@ g:ﬁo@lag PCTI US03/ 04711 m
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Table 2
Molar Charge Calculations
Synthetic Peptide Inmunogens And Oligonucleotides
Vaccine | SEQ Net % Molar Peptide | Avg. Total Molar FW Avg.
ID Calculated | Contribution In Equivalents Total
No: Charge' Vaccine +'ve Charge® Pe%igie
’ F
GD4 4 4 +'ve 50% 1 nmol = 4.3 nmol 5646 5280.6
Vaccine 5 74+'ve 25% +'ve charge 5659
X 6 2 +'ve 25% 3493
IgE 10 7 +'ve 66.6% 1 nmol = 7.7 nmol 5068 51321
Vaccine 11 9 +'ve 33.3% +'ve charge 5165
LHRH 7 4 +'ve 33.3% 1 nmol = 4.3 nmol 3164 4543.9
Vaccine 8 5 +'ve 33.3% +ve charge 5052
9 4 +'ve 33.3% 4910
FMD 12 ~3.5+'ve | Library Peptide® 1 nmol~ 3.5 6759~ 6805°
Vaccine nmol+'ve charge 6851

1) Net charge: Calculated by assigning a +1 charge for each lysine (K}, arginine (R) or histidine (H),
a ~1 charge for each aspartic acid {D) or glutamic acid (E) and a charge of 0 for every other amino
acid within the sequence. The charges are summed for each peptide and expressed as the net
average charge.

2) Average Total Molar Equivalents Of +'ve Charge From Peptides: Estimates for the average
charge of the combined peptide mixture are calculated by summing the overall mofar charge
contribution for each component within the mixture and taking the mean.

3) Average Total Peptide Formula Weight (FW): Estimates for the average Total peptide FW are
calculated by summing the overall molar mass contribution for each component within the mixture and
faking the mean.

4) The FMD vaccine is derived from a tibrary of peptides. The molar contribution of each component
‘is assumed equivalent and the average total molar equivalents of +'ve charge is similarly calculated,

" 5) For the FMD vaccine the average total peptide formula weight is obtained by summing the lowest
and highest FW found for the various FMD peptides in the library and taking the mean.

Molar Equivalents Of -‘ve charge From CpG Oligonucleotides: Each phosphorothioate group
contributes ~1 charge.

CpG1 (32 base oligomer) - 1 nmol CpG1 = 31.0 nmol -'ve charge

CpG2 (24 base oligomer + phosphorothioate). - 1 nmol CpG2 = 24.0 nmol -'ve charge
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c(ag 3040cHH cy Ut) 0aF4rA 105 14 August 2006 WO

03/ 068169 PCTI US03/ 04711 Table 2 Ml ar Charge Cal cul ati o ﬂ@

- Peptide I mMmunogens And O i gonucl eoti des Vacci ne SEQ Net ept i de
Avg. Total Molar FWAvg. 10 Calculated Contribution In EqU| vaI ents Tot al
No: Charge Vaccine +' ve Charge Peptide FWB CD4 4 4 +'ve 50% 1 nnol = 4.3
nnol 5646VE9¥E8162 Vaccine 5 7 +' ve 25% +' ve charge B6FBswBo1+ ve 25% 3493
IgE 10 7 We 66.6% 1 nnol = 7.7 nnol 5068 5132.1 Vaccine 11 9 We 33. 3%
+'ve charge 5165 LHRH 7 4 +' ve 33.3% 1 nnol = 4.3 nnol 3164 4543.9 Vacci ne
8 5 +'ve 33.3% +' ve charge 5052 9 4 +ve 33.3% 4910 FMD 12 3.5 We Library
Peptlde4 1 nnol - 3.5 6759. 6805 Vacci ne nnol +2ve charge 6851 1) Net
charge: Cal cul ated by assigning a +1 charge for @ach |ysine (K), arginine
(R or histidine (H . v ge for each aspaﬁ‘tlc acid (D) or glutamc
acid (E) and a cha ge:,Qf 0 for gvery other amingd acid within the sequence.
The charges are sumfgdzfpr each |peptide and expr'%s%d as the net average

charge. 2) Average g&tﬁl el Zrqui val ents OV arge From Pepti des:
Estimates for the %rcag g:g e of the combin peptide m xture are
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What we claim is:

1.

A stabilized immunostimulatory complex comprising a
cationic peptide immunogen and anionic CpG
oligonucleotide wherein the cationic peptide immunogen
has a net positive charge at a pH in the range of 5.0 to
8.0 calculated by assigning a +1 charge for each lysine
(K), arginine (R) or histidine (H), a -1 charge for each
aspartic acid (D) or glutamic acid (E} and a charge of 0
for all other amino acids in the peptide immunogen and
wherein the anionic CpG oligonucleotide has a net
negative charge at a pH in the range of 5.0-8.0 and is a
single-stranded DNA comprising 8 to 64 nuclectide bases
with a repeat of a cytosine-guanidine motif and the
number of repeats of the CpG motif is in the range of 1
to 10.

The immunostimulatory complex of claim 1, wherein the

cationic peptide immunogen is a synthetic peptide.

The immunostimulatory complex of claim 2, wherein the
peptide immunogen comprises a target B cell or a CTL

epitope, and a T helper cell epitope.

The immunostimulatory complex of claim 1, wherein the net
positive charge of the cationic synthetic peptide

immunogen is at least +2.

The immunostimulatory complex of claim 1, wherein the net
negative charge of the aniocnic cligonucleotide is at
least -2. ' '

The immunostimulatory complex of claim 1, wherein the CpG

oligonucleotide is a single—stranded'DNA molecules with
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stabilized i nmunostimul atory conpl ex conprising a cationic peptide

i mmunogen and ani onic CpG oligonucl eotide wherein the cationic peptide

i mmuunogen has a net positive charge at a pHin the range of 5.0 to 8.0
cal cul at eslompssssi gni ng a +1 charge for each |ysinepcti3osnaigi nine (R or
histidine (H, a -1 charge for each aspartic acid (D) or glutamc acid (E)
and a charge of O for all other am no acids in the peptide i Mmunogen and
wherein the anionic CpG oligonucl eotide has a net negative charge at a pH
in the range of 5.0-8.0 and is a single-stranded DNA conprising 8 to 64

nucl eoti de basessg wuthestidepBades0bind O AShAG G¥apbsiing BPtdds and the
nunber of repeats if isin the range of 1 to 10. 2. The

o (%g th:en ® Gtrmt |af LS
i munost i mul alBFY FORPTEX 16f o &°APE, OfwiieFRi%r the cationic pepti de
i mmunogen is a synthetic peptide. 3. The inmunostimlatory conplex of claim
2, wherein thene RERLLIS: iHPOLLRAITIY bies1 AL 31 IffeBiG0 e ¥ps? CTL
oligonucleotide has the formula: 5' X'CGX® 3' wherein C
and G are unmethylated; and X! is selected from the group
consisting of A (adenine), G (guanine) and T (thymine):;

. and X% is C (cytosine) or T (thymine).

B. The immunostimulatory complex of claim 1, wherein the CpG
oligonucleotide has the formula:5' (X°).CG(X*), 3' wherein
C and G are unmethylated; and X® is selected from the

group consisting of A, T or G, and X' is C or T.

9. The immunostimulatory complex of claim 1, wherein the CpG

oligonucleotide is modified with a phosphorothiocate.

10. The immunostimulatory complex of claim 9, wherein CpG
oligonucleotide is selected from a group consisting of 5'
TCG TCG TTT TGT CGT TTT GTC GIT TTG TCG TT 3* (CpGl) SEQ
ID NO: 1, a 32 base length oligomef, and 5'nTC GTC GTT
TTG TCG TTT TGT CGT T 3" (CpG2) SEQ ID NO: 2, a 24 base
length oligomer plus an phosphorothioate group designated

as n.

1i. The immunostimulatory complex of claim 10, wherein CpG
oligonucleotide is 5’ TCG TCG TTT TGT CGT TTT GTC GTT TTG
TCG TT 3 (CpGl) SEQ ID NO: 1.

12. The immunostimulatory complex of c¢laim 10, wherein CpG
oligonucleotide is 5'nTC GFC GTT TTG TCG TTT TGT CGT T 3’
(CpGZ2) SEQ ID NO: 2, a 24 base length oligomer plus an

phosphorothicate group designated as n.
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epitope, and a T hel per cell epitope. 4. The imunostinul atory conpl ex of
claim1, wherein the net positive charge of the cationiQ4gM?kh§mgc pepti de
i mmunogen is at |east +2. 5. The immunostinul atory conplex of claim1,
wherein the net negative charge of the anionic oligonucleotide is at

| east -2. 6. The immunostinulatory conplex of claim1, wherein the CpG

ol i gonuc|¥@¥%¥6Y s a singl e-stranded DNA nol ecul es wCTaso3ads 14 August 2006
WO 03/ 068169 PCTI US03/ 04711 18-48 nucl eoti de bases and t he nunber of
repeats of CpG notif therein in the range of 3 to 8. 7. The

i mmunost i nul atory conplex of claim1, wherein the CpG oligonucleotide has
the formula: 51 X CGX2 31 wherein C and G are unnethylated; and X1 is
selected fromthe group consisting of A (adenine), G (guanine) and T

(thymne);-» apd X2 is C.(cytpsine) or T (thynin B.. The i nosti mul atory
conpl ex C%B'clgﬁ%n ,uﬁﬂéﬁégﬁ%a§§ﬁ¥ &9 © o?%hﬁmegbicﬁ9ﬁ¥§ént f or mul a: 5'

(X3) 2CGE X4 ) 2catiogier péntide dmehnGoar el uaneyiheat edpersride X3etisregel ect ed from
the group copgistyRgdcef. A, T or G and X4 is Cor T. 9. The

i mmunostinul atory conplex of claim1, wherein the CpG oligonucleotide is
nodi fied with a phosphorothioate. 10. The i nmmunostinul atory conpl ex of

cl ai m 9, Mher the i@Grost iimpdatiedyeobinsleed 8fselAdat ed, furFedn giHRUP consi sting

2 3 base | engl R G G AP e rid B OO ers ST R oor 7 5

(CPR) SEQ‘I Eﬁmgrﬂpapozlé’ib‘é%@ ofefEl HDoNPgomdr prdi$ andphosphor ot hi oat e
group desi gnahg8duraStikrebt. The i mrunostinul atory conpl ex of claim 10,
wherein CpG oligonucleotide is 5 TCG TCG TTT TGT CGI TTT GIC GIT TTG

15. The immunostimulatory complex of claim 14, wherein the

mixture is a mixture of SEQ ID NO:4, 5, and 6.

le. The immunostimulatory complex of claim 10, wherein the
cationic peptide immunogen is a synthetic peptide derived
from LHRH.

~17. The immunostimulatory complex of claim 16, wherein the
synthetic peptide derived from LHRH is selected from the
group consisting of SEQ ID NC:7, 8 and 9 and a mixture

thereof.

18. The immunostimulatory complex of claim 17, wherein the

mixture is a mixture of SEQ ID NO:7, 8, and 9.

- 19. .The immunostimulatory complex of claim 10, wherein the
cationic éeptide immunogen is a synthetic peptide derived

from IgE.

20. The immunostimulatory complex of claim 19, wherein the
synthetic peptide derived from IgE is selected from the
group consisting of SEQ ID NO:10 and 11 and a mixture

~+ thereof.
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TCG TT 3' (Cpd) SEQID NO 1. 12. The i munostinul atory conplex of claim
10, wherein CpG oligonucleotide is 51nTC GIC GIT TTG TC{z Xddusd£abe CGT T 31
(CpR) SEQ ID NO 2, a 24 base length oligonmer plus an phosphorothioate
group designated as n. 116 14 August 2006 WO 031068169 PCT[US03104711 13.
The i mmunosti nmul atory conpl ex of claim 10, wherein the cationic peptide

i MunogerVP 83/44816Y nt heti ¢ peptide derived from H V @D#usedd4riiThe

i mrunostinul atory conplex of claim 13, wherein the synthetic peptide
derived fromHYV CD4 is selected from the group consisting of SEQ ID NG 4,
5, and 6 and a mxture thereof. 15. The i mmunostinul atory conplex of claim
14, wherein the mxture is a mxture of SEQID NO 4, 5, and 6. 16. The

i mrunostinul atory conpl ex of claim 10, wherein the cationic peptide

i mMmunogen4i S Vi I.C ‘ j V. fromLHRH., 17. The
i mmunost rbr%ul a?%?yl%gﬁ%%g&&gg %ﬁqgicmﬁéj(f’?\%ﬁe%?lﬁ‘ {2 ﬁé whsefﬁtlﬂettql’ec pepti de

- derived from EHRHrGtE cseentdde ddgrigreit fieom goBubs @onsiwtriengf BJECSEQ | D NO 7, 8

and 9 and a myxiw,eantihereof. 18. The immunostinul atory conplex of claim

17, wherein the mxture is a mxture of SEQID NGO 7, 8, and 9. 19. The

i mmunosti nul atory conpl ex of claim 10, wherein the cationic peptide

i Munoger?d.s ahsyimmoebsitirpéptige cdepliasedt £Xam LQE whe@eid hthe

i mmunost i mul at.ory,.G ¢ 4Qf i , i et c peptide

dor ved f1om [gE e epraar ol ety de W?%%‘Sédééﬁé‘ﬁsﬁ@%g%&géq 'D NO 10 and

11 and a mi'xt f¥& thRefeype cqnsisting of SEQ ID NO:12 and 13.

23. The immunostimulatory complex of claim 11, wherein the
‘peptide immunogen derived from FMP is a mixture of SEQ ID
NO:12 and 13.

24. A process for preparing a stabilized immunostimulatory
complex according to claim 1 comprising the steps of:

(a) dissolving or dispersing the cationic peptide
immunogen in an aqueous phase selected from the
group consisting of distilled deionized water,
saline, PBS and a mixture thereof with the proviso
that the pH of the agueous phase is lower than the
ionization point of the peptide immunogen;

(b} Dissolving the anionic CpG oiigonucleotide in an
aqueous phase selected from the group consisting of

' distilled deionized water, saline, PBS and a mixture
thereof;

{c) . Adding the CpG oligonucleotide in the aqueous phase
dropwise to the sclution or dispersion of the
cationic peptide iﬁmunogen in an amount to form a
stabilized immunostimulatory complex of the peptide
immunogen and the CpG oligenucleotide in a charge
ratio of the cationic immuncgen peptide to the CpG
oligonucleotide in the range of 16:1 to 1:1.
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14 August 2006 WD 03/068169 PCT/ US03/04711 21. The imunostinul atory
conpl ex of claim 20, wherein the synthetic peptide derivygdufisookgE is a
m xture of SEQ ID NGO 10, and 11. 22. The i munosti nul atory conpl ex of
claim 10, wherein the «cationic peptide immunogen is derived from FNMD
selected fromthe group consisting of SEQ ID NO 12 and 13. 23. The

i munost iMAPHSHEY conpl ex of claim 11, wherein the pEEpsBOg1i Munogen
derived fromFMD is a mxture of SEQID NO 12 and 13. 24. A process for
preparing a stabilized i munostinulatory conplex according to claim1l
conprising the steps of; (a) dissolving or dispersing the cationic peptide
i nmunogen i n an aqueous phase selected fromthe group consisting of

di still eddei 8m zatceas af, clamt i2de, fPBBeandorprikkiigiredet Begeaff wWith t he

proviso that fhe RH ofe LRGeQARU R [ than_f he ionization
poi nt of the J|g";ept ildg_i n?ru%oaen; ?’ggfe éfggﬁv%néﬁgﬁﬁgona%?oﬁég CpG

ol i gonucl eot | FEMYRSEAMULIEGED LCTPREE eOt@iieeded from the group consisting of
distilled deionized water, saline, PBS and a m xture thereof; (c) Adding

t he CpG oJd gopucl Lde i.n_the uegus phase dropwi se to the solution or
di sper si ?r?l'of ?15%%3% SAi Ei%lé“p gdewlerﬁ*erﬁﬂoéﬁ aﬁﬁe‘gﬁ Eﬁﬁﬁ‘ﬁtlst o forma
stabilized i nhereysti hvllaephyligenpbex af sphayepingle i mmunogen and the CpG
ol i gonucl eotide in a charge ratio of the cationic i munogen peptide to the
CpG oli qnucleotide in the range of 16:1 to 1:1. 14 August 2006 WO

03/ 068169 'PCTI 155&35PB%AL P28l 21 4pr‘8t?é§éno‘%hecﬂawﬁ°f&,lm'ﬁﬂ¢ttq¥éfr conpri si ng

the step of cemiekngad he agiregusppitaseeofiddenStEPeasioOLOf the
50 M.

. 28. The process according to claim 24 wherein the amount of
- the immunogen peptide and the CpG oligonucleotide added
is in a charge ratio in the range of 16:1 of the cationic

immunogen peptide to the CpG nucleotide.

29. The process according to claim 25 wherein the amount of
the immunogen peptide and the CpG oligonucleotide added
is in a charge ratio in the range of 16:1 of the catienic

immunogen peptide to the CpG nucleotide.

30. The process according to claim 24 wherein the amount of
the immunogen peptide and the CpG oligonucleotide added
is in a charge ratio in the range of 4:1 of the cationic

immunogen peptide to the CpG nucleotide.

31. The process according to claim 25 wherein the amount of
the immunogen peptide and the CpG oligonucleotide added
is in a charge ratio in the range of 4:1 of the cationic

immunogen peptide to the CpG nucleotide. |,

32. The process according to claim 24 wherein the amount of

-the immunogen peptide and the CpG oligonucleotide added
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i mmunost i nul atory conpl ex obtained. 26. The process of claim25, wherein

t he agueous phase is renoved by |yophilization, or spray4dopmistEnos27., The
process of claim 24, wherein the i mmunostinulatory conplex has an average
particle size in the range of 1 to 50 pM 28. The process according to

cl aim 24 wherein the anmount of the immunogen peptide and the CpG

ol i gonucI¥Q¢¥d¥ dded is in a charge ratio in the Pany®sef1l6: 1 of the
cationic imunogen peptide to the CpG nucl eotide. 29. The process
according to claim25 wherein the amount of the i mMmunogen peptide and the
CpG ol i gonucl eotide added is in a charge ratio in the range of 16:1 of the
cationic inmunogen peptide to the CpG nucl eotide. 30. The process
according to ©d dinma2éharuer eatid ha aduahgefor bhe bmanaogsn pepti de and the

CpG OlIgOHUC|E&&5Qﬁa?g%%qée %xg@ﬁe(%%% gu%?g;lo in the range of 4:1 of the

cationic inmmunoge to Fde. 31. The process
according to cIa|n125 mhereln t he anobunt of the |nnunogen peptide and the

CpG ol i g@rsuclf;—m bg8c@ém%@coiﬂc§1dgnta &hahgdss r@ﬁelrelmﬁéﬁsmé ggof 4:1 of the
cationic i lﬁrg)eg%ﬁlde to the CpG nucl eoti rocess
according to eP%?H“Fh@n%ﬁﬁﬁan%FHJﬂﬁBu?Mﬁﬁhéﬁéﬁkgéptide and the

CpG O|Ig0ﬂUC|HDUhd&¢ﬂﬂdgd rddi® 14 teguahgd (62 : W 03Ihe68H6InRPET/ US03104711
isin a chargﬁm&gg?ﬁlbgggb&%gﬁpggeqi n&eﬂ&;éﬁg cationic imunogen peptide
e

to the CpG nucl eot he proceéss accordrng to claim25 wherein the
amount of the inmmunogen peptide and the CpG oligonucleotide added is in a

charge ratio e ph&:a"s%ng@c&tdl%glt@fcmﬁ @@%@Béﬁl HHETHRQGRN opept i de to the
CpG nucleoth%_ . _The_process agfo%dln % claim 24 wherein the amount of
e 1mmunogen peptide an oligonucleotide added
is in a charge ratio in the range of 1.5:1 of the

cationic immunogen peptide to the CpG nucleotide.

35. The process according to claim 25 wherein the amount of
the immunogen peptide and the CpG oligonucleotide added
is in a charge ratio in the range of 1.5:1 of the

cationic immunogen peptide to the CpG nucleotide.

36. The process according to c¢laim 24 wherein the amount of
the immunogen peptide and the CpG oligonucleotide added
is in a charge ratio in the range of 1:1 of the cationic

immunogen peptide to the CpG nucleotide.

37. The process according to claim 25 wherein the amount of
‘the immunogen peptide and the CpG oligonucleotide added
is in a charge ratio in the range of 1:1 of the cationic

immunogen peptide to the CpG nucleotide.

38. A process for preparing a water-in-oil emulsion
comprising an immunostimulatory complex of claim 1,
comprising the steps of:
~(a) Preparing an immunostimulatory complex in agqueous

phase selected from the group consisting of
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the i munogen peptide and the CpG ol igonucl eotide added is in a charge
ratio in the range of 1.5:1 of the cationic imunogen pepjagg:;stmokhe CpG
nucl eotide. 35. The process according to claim25 wherein the anount of

t he i mmunogen peptide and the CpG oligonucl eotide added is in a charge
ratio in the range of 1.5:1 of the cationic imunogen peptide to the CpG
nucl eot i O 0BB8169The process accordi ng to clai m 24 whrereksnnie anount of

t he i munogen peptide and the CpG oligonucleotide added is in a charge
ratio in the range of 1:1 of the cationic imunogen peptide to the CpG
nucl eoti de. 37. The process according to claim25 wherein the anount of

t he i nmunogen peptide and the CpG ol i gonucl eotide added is in a charge
ratio in the rangez;._@hmeh @fei&zkne;eaamm,csaimwraage;shd@@a&wle to the CpG
_nucl eoti de. 38. ARl CESS o er_m%)_r eparing a water-in-oil enulsion conprising
an i munosti nul at Ory TonpI°8x ™t claim 1, conprising the steps of: (a)
Preparing an (bmmrﬁddumnﬂh&t oryuresihphwbe tiomy acpredes iphaseagedoest ed fromt he

Gr oUp consi St ng 6hal20: ok AUIE2005 o YOA0GR1N ACELLARLOA 711

distilled deionized water, saline and glate buffered saline; (b)
‘Addi ng the i mnogFP%I%ﬂ“&WtE&’rﬁFﬁe% %Yﬁ‘tflﬁ Aqidous V§IREERY nto a
continuous oil phase, selrdakes) faiam 4 hetagodigabaenshBtdingidfana aynt heti c
~oil, a vegetable | oil, a nmetabolizable aninmal oil and a
m xture thereof; F%‘Jcﬁéﬁ_'??g%n% under mechani cal shear the

i mmunost i mul at@ry%éﬁﬂ%@m mdgremgefipndgs lpthese theo the continuous oil

phase to form a henRGNRQWS1avalCEohdle®! kn &/AY 84088bus phase into

the continuous oil phase to form a homogeneous

water—-in-oil emulsion

39. A process for preparing a water-in-oil emulsion according
to claim 38, wherein step (c} comprises:

(a) Loading a first syringe with the agueous phase
centaining an immunostimulatory complex;

{b) Loading a second syringe with the o¢il phase having
an inherent viscosity of less than 1,500 mPa;

{c} Connecting the first and second syringes through a
narrow bore tube to a membrane support housing a
membrane of contreolled pore size (0.05-20 uM);

(d} Extruding the agqueous phase into the oil phase by

' repeated exchanges through the membrane until the

homogeneous w/o-emulsion is formed.

40. The process of claim 38, wherein the o0il phase is

| selected from the group consisting of a metabolizable or
nen-metabolizable oil selected from the group consisting
of Montanide® ISA 720, Montanide® ISA 51, Montanide® ISA

50v or a mixture thereof..

41. The process of claim 39, wherein the oil phase is

selected from the group consisting of a metabolizable or
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39. A process for preparing a water-in-oil enulsion according to claim 38,
wherein step (c) conprises: (a) Loading a first syringe ‘ME\G tspfoogqueous
phase containing an i munostinul atory conplex; (b) Loading g second
syringe with the oil phase having an inherent viscosity of |less than 1,500
nmPa; (c) Connecting the first and second syringes through a narrow bore
tube to aVABMisBIa&he support housing a nenbrane of cectusisheth pore size
(0.05-20 ~W; (d) Extruding the aqueous phase into the oil phase by

repeat ed exchanges through the nenbrane until the honbgeneous w o-emnul sion
is formed. 40. The process of claim38, wherein the oil phase is selected
fromthe group consisting of a netabolizable or non-netabolizable oil

sel ected frombirencgabupi eosi 511 ngleofediTrbanimie @ bSA 6301t ani de(g) | SA

51, Montani de@l SA, 50 r Lxtyre.the f. . . .The process of claim 39,
wherein the o% ”g'nécsaél‘?{%@ ISSZ‘I Z%?’eyof"%ﬂ*%% Iﬁ’f‘oé%’ &S’HH“EW%% o a

nmet abol i zabl eSS0y orlalmiuvAegtisdr<2@06 WO 03/ 068169 PCT/ US03/ 04711

non- net abol i zabl e oil selected fromthe group consisting of Mntani de@]| SA
720, Montanide@ | SA 51, Montanide@ |SA 50v or a mxture thereof.. 42. The
process df-cl BRenEIgCceqihferhaim S8aquesned nphias @aragus faeshenasconpri se a

surfactant, apueiRdrStipSkabild@eactMt, anCamishahi Qnphhessof o 43. The
process - of clgicngm%Qham{ler%hn tl}e aqueous phase nmay further conprise a
surfactant, an emureron st8Bf¥9%zer, or a conbination thereof. 44. The
process of claim42 wherein the enulsion stabilizer 1is selected fromthe

-group congi st4ig Rhcas MRENLHLHPL8at $he R0 ArdaLLYAL WRaLOGLEOT -
further comprise a surfactant, an emulsion stabilizer, or

a combination thereof.

44. The process of claim 42 wherein the emulsion stabilizer
"is selected from the group consisting of a mannide-ocleate

and a derivative thereof.

45. The process of claim 43 wherein the emulsion stabilizer
selected from the group consisting of a mannide-oleate

and a derivative thereof,.

46. The process of claim 38 wherein the oil phase further
comprises an adjuvant selected from the group consisting
of MPL, MDP, DDA, Avridine, BAY-1005, DC-Chol,
Murapalmitine and a derivative thereof.

47. ~The process of claim 39 wherein the oil5ghase further

~ comprises an adjuvant selected from the group consisting
of MPL, MDP, DDA, Avridine, BAY-1005, DC-Chol,
Murapalmitine and and a derivative thereof.
\

-48.. The process of claim 38, wherein the agueous phase

further comprises an aqueous soluble adjuvant selected

from the group consisting of PCPP, a saponin, a Cholera
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45. The process of claim43 wherein the emul sion stabilizer selected from
the group consisting of a nmannide-oleate and a derivatingLh%{ . 46. The
process of claim 38 wherein the oil phase further conprisesghn adj uvant
selected fromthe group consisting of MPL, MDP, DDA, Avridine, BAY-1005,
DC-Chol, Mirapalmtine and a derivative thereof. 47. The process of claim
39 wher eiMO#ME316Y i | phase further conprises an adj remnsossekiected fromthe
group consisting of MPL, MDP, DDA, Avridine, BAY-1005, DC- Chol,

Murapal mtine and and a derivative thereof. %1 48. The process of claim
38, wherein the aqueous phase further conprises an agueous sol uble

adj uvant selected fromthe group consisting of PCPP, a saponin, a Cholera
122 14 August T@006 aWe3/166816FEnPEFItdS03/ Odohil E. ToxiN,angd Reat | abile

Enterotoxin f - Col i i sel ected fr he, gr oup ,
consi sting of E?{IP]% ?' ‘Jlsél_l-e%?g?ﬁrfgkﬁéﬁugn?nﬁlagﬁ%é’t%i”:I/%_ﬁ?‘{er eof. 49. The
process of cl &FmdA48L-TheldENny t3red eytdekivasidertiheaeofe is an |L-18 derived
peptide fragment, SEQ ID NO 14. 50., The process of claim 39, wherein the
aqueous phase further conprises an aqueous sol ubl e adjuvant selected from
the group“conSPSHEIARGEDT WBCPPaimy 48apdhfneinatichsyepkineTdrrhvatdvigeat | abil e
Enterot oxi n fiomrEILAH idegbted pepyiakimagasigCed fo @ ihe group consisting
of IL-18, IL- 2, IL-12, IFN-yand a derivative thereof. 51. The process of
~claim50, wherein the cytokine derivative is IL-12 derived peptide

- fragnment S0SEGheDPNOrdsE 052¢c13inpRdcedwrefin ctle an@Scdsuphhse conprising t he

‘steps: (a) Prﬂﬂ%@@gc&.p&@ggéiaqpaeﬁe@d% sB1 S eH 285k dRO s RPL WY sel ected

fromthe group con i sting of gp,oIX-D, -
- rom the group consisting of PCPP, a saponin, a Cholera

Toxin, & heat labile Enterotoxin from E. Coli and a
cytokine selected from the group consisting of IL-18, IL-
2, IL-12, IFN-yand a derivative thereof.

51. The process of claim 50, wherein the cytokine derivative
is IL-1R8 derived peptide fragment, SEQ ID NO:14.

52. A process of claim 25 further comprising the steps:

(a) Preparing a solution of an in-situ gelling polymer
selected from the group consisting of poly-D,L-
lactide-coglycolide copolymer, poly-D,L-lactic acid-
co-glycolic acid copolymer, polycaprolactone,
polyanhydride, polyorthoester, and poly(o-
hydroxybutyric acid) in a biocompatible solvent
selected from the group consisting of dimethyl
sulfoxide (DMSO), N-methyl pyrreolidine (NMP),
triacetin and glycerin;

{b) Reconstituting the immunostimulatory complex in dry
form in the solution of the in-situ gelling polymer
in the biocompatible solvent.

53. The process of claim 52 wherein in step (b} the

immunostimulatory complex in dry form used was obtained
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| acti de-cogl ycol i de copol yner, poly-D, L-lactic acid- co-glycolic acid

copol yner, pol ycaprol actone, polyanhydride, polyort hoesua%‘u%g{\#m@ol y(a-
hydr oxybutyric acid) in a bioconpatible solvent selected fromthe group
consi sting of dinmethyl sulfoxide (DVBO), N-nmethyl pyrrolidine (NW),
triacetin and glycerin; (b) Reconstituting the immunostinulatory conplex in
dry fornWw@ps/6$é® sol uti on of the in-situ gelling polrgmesesdrn t he

bi oconpati bl e sol vent. 53. The process of claimb52 wherein in step (b) the
i mrunostinulatory conplex in dry formused was obtained 123 14 August 2006
WO 03/ 068169 PCTfUS03/ 04711 by |yophilization. 54. The process of claim52
wherein the biodegradable polyner is 0O R2 Rl YO+tX ~0+y CH3 0 Rl = QAIW
(PLG or OH (P:GApphiRPizatiionherein R is OR or al koxy having 1 to 5 carbons
and R2 is H x:y is the ratio of each nononer unit of the copolynmer with
x+y=l . 55. The process of claim54 wherein said biodegradable polynmer is O
[ro+R2 RM4RYh« proceys of claim 52 wherein the biodegradable polymer

is

| 0
o) R2
R ) o7,
: CH, 0
R1 = OAlky! (PLG) or OH (PLGA)
R2=H

wherein R1 is OH or alkoxy having 1 te 5 carbons and R2
is H; %x:y is the ratio of each monomer unit of the

copelymer with x+y=1.

55. The process of claim 54 wherein said biodegradable

polymer is
| O
| 0 %/RZ
R1 ) o7,
o CH, o)
R1 = OAlkyl (PLG) or OH (PLGA)
R2=H

wherein R1 is OH or alkoxy having 1 to 5 carbons and R2
~ is H; x:y is the ratio of each monomer unit of the

copolymer with x+ty=1.
56. The process of claim 55 wherein the copolyfner has a
-molecular weight in the range of 2,000-100,000 daltons

and an inherent viscosity of 0.1-1.0 dl/g.
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Rl = OAlkyl (PLG or OH (PLGA) R2=H wherein R is OR or al koxy havi ng lto
5 carbons and R2 is H x:y is the ratio of each nononer Jru{&

copol ymer with x+y=I. 56. The process of claim55 wherein e copol yrrer has
a nolecular weight in the range of 2,000-100,000 daltons and an inherent
viscosity of 0.1-1.0 dl/g. 124 14 August 2006 WD 03/068169 PCTI US03/ 04711
57. The pFroes¥sHf cl ai m 56 wherein the copol ymer hastasesmoiiecul ar wei ght
in the range of 2,000-100,000 daltons and an inherent viscosity of 0.1-1.0
dl /g. 58. The process of claimb52 wherein the weight of the biodegradable
in situ gelling polyner dissolved in the bioconpatible solvent is in the
range of 5 wwhto 50 wwh 59. The process of claimb53 wherein the weight
of the WilodeGhadalyicess misiclaigeld ivhgrgiol }Zl‘rercdibio$§r®éﬁ/6hdsiﬁl t he

bi oconpati bl emépéé{ﬂ%m% i ghid methrea?gl?g%o c)f5 6’6%156’ A QM W 60. The

process of claim5b erein st nprises S50l vi ng an oil
sol ubl e adj uvapt aefaberant F%%ﬁﬁstlﬁé ‘gfr(?ué éochsﬁlégr ng of 3- 0 desacyl - 41-
m)nophosphoryl lipid A (MPL), N-acetyl-nuranyl-L-al anyl- D-isogl utam ne

VDP | di aoct adec m
(NN- dl) octa ecy heAl'ﬁroﬁ TR &Q ydr%xylg?rheﬁl gh%&”ﬁﬁ%‘éa‘?faﬁf]ﬁe (Avri di ne),
N- ( 2- Deoxy- 2- b.1¢<tamﬁahfﬁmonos.1® gbllbnwylpahxmqﬁd ¥4 dbaotedd e yihedodecanoyl am de

hyd t at o P\ I 1Qe car banoyl
CKO{ ggtcgr gl e(wpaem;@ggﬁal Sgl&&tt- Q-nghrlr\l-t[ril g%@nggngg /r);cerr:gla%gl) pal m toyIy !

(Murapal mtin "4nd a cyt oki ne selected fromthe group

59. The process of claim 53 wherein the weight of the
biodegradable in situ gelling polymer dissolved in the
biocompatible solvent is in the range of 5 w/w% to 50

w/ws.

60. The process of claim 52, wherein step (c) further
comprises dissolving an oil soluble adjuvant selected
from the group consisting of 3-0O-desacyl-4’-
monophosphoryl lipid A (MPL), MN-acetyl-muramyl-L-alanyl-
D-isoglutamine (MDP), Dimethyldioctadecylammonium bromide
{DDA), N,N-dioctadecyl-N', N’ -bis(2-hydroxyethyl)
propanediamine (Avridine), N-(2-Deoxy-2-1-leucylamino-jB-

'D-glucopyranosyl) ~N-octadecyl-dodecanoylamide
hydroacetate (BAY-1005), 3B -[N-(N,N -
dimethylaminoethane)-carbamoyl] cholesterol (DC-Chol),
NAc-Mur-L-Thr-D-isoGln-sn~glycerol dipalmitoyl
(Murapalmitine) and a cytokine selected from the group
consisting of IL-18, IL-2, IL-12, IFN-yand a derivative

thereof in the biocompatible solvent.

61. The process of claim 53, wherein step (c) further
comprises dissolving an oil soluble adjuvant selected
from the group consisting of 3-0O-desacyl-4‘-
monophosphoryl lipid A (MPL), N-acetyl-muramyl-L-alanyl-
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consisting of I1L-18, IL-2, IL-12, IFN-yand a derivative thereof in the
bi oconpati bl e solvent. 61. The process of claim 53, whergj Ru%ﬁ £5006C)
further conprises dissolving an oil sol ubl e adjuvant sel ect d from the
~group consi sting of 3-0-desacyl -4'- nonophosphoryl lipid A (ML),
N-acetyl - nuranyl -L-al anyl 125 14 August 2006 WO 03/068169 PCTI US03/04711
D-i sogl ut¥ePHEs16NVOP) Di et hyl di oct adecyl anmoni um br @aaisese47DDA)
N, N- di oct adecyl - N , N - bi s(2- hydroxyethyl) propanedi am ne (Avridine),
N- ( 2- Deoxy- 2- 1- | eucyl am no- p- D-gl ucopyranosyl)-N-oct adecyl - dodecanoyl am de
hydr oacet ate (BAY-1005), 30 -[N- (NN - dinethyl am noet hane) - car banoyl ]
chol esterol (DC-Chol), NAc-Mir-L-Thr-D-isod n-sn-glycerol dipal mtoyl
f't/url gpa: E] t2 i n?}i@d}duaaﬁ}ﬂ@kgﬁﬂ_ ,S@iﬁ§£IQQd26@£@&éaﬁl%@%ﬁ_ umﬁﬂbﬁﬁ'i?tai ng ﬁf

-18, -2, =12, N-yand . mi xt uyes, an erjvatives thereof in the
bi oconpat i bl e(é% \/erI}'{’%'5 W.Ctid%‘?yéégésﬁf%mé?" SFPREE Y dspensi on conpri si ng
an i mmunost i rdEEredyacionpl(Bxricdmpl | SIHE-Daexysepslaicylé@ind2pepari ng an
i mmunost i nmul at,or.y ex of claim.l in  gn agueous phase selected fromthe
group consi st}:')n luc%ggg%%oﬁyﬂ elgl 053?8?1?3%30&5? ¥18819%e and phosphat e
buf f ered sal i hedro@gptFreeg@8REAP0&E) susPenti-aw, f- a m neral salt sel ected
fromthe group. hSti | um . num hydroxi d | um num phosphate, and

phosphufamsLab e fon D AL B Y OB are f TS

cal ci um phosphat e, aqueous sélecte roup consi sting
of distill ed"¥EtEarethondr t3oClaarnTelyandophisphatteylbuf fered saline; (c)
“Adding the | muephiLmdidedr ¥nd ANBLEXKinR 5D AYHEPHS tHQa&Fodp”t 0 an aqueous
phase contai ni ngs‘t he m neral .
consisting of IL-1R, IL-2, IL-12, IFN-yand mixtures and

derivatives thereof in the biocompatible solvent.

62. A process for preparing a suspension comprising an
immunostimulatory complex comprising the steps of:

(a)} Preparing an immunostimulatory complex of claim 1 in
an agueous phqse selected from the group consisting
of distilled deionized water, saline and phosphate
buffered saline;

(b} Preparing a suspension of a mineral salt selected
from the group consisting of aluminum hydroxide,
aluminum phosphate, and calcium phosphate, in an
aqueous phase selected from the group consisting of
distilled deionized water, saline and phosphate
buffered saline;

(¢) Adding the immunostimulatory complex in the aqueous
phase into an agqueous phase containing the mineral
salt suspension;

(d) Mixing the immunostimulatqry complex with the

mineral 'salt suspension to form a mixed suspension.

63. A process for preparing a suspension comprising an
immunostimulatory complex comprising the steps of:
- (@) Preparing a solution of a peptide immunogen selected

from the group consisting of SEQ ID NOs: 3-13 in
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salt suspension; (d) Mxing the i munostinmulatory conplex with the -m neral
sal t suspensi'on to forma m xed suspension. 63. A proce?i for ﬁd'gpari ng a
suspensi on. conprising an i munostinulatory conplex conpri f 9 steps of:
(a) Preparing a sol ution of a peptide inmmnogen sel ected fromthe gr oup
consi sti ng %}, (I D Nos: 3-13 in 126 14 August 2006 WO 03/ 068169

PCTf US03/ 04711 an aqueous phase selected fromthe gr§dFS*%¥¥Hsi sting of
distilled deionized water, saline and phosphate buffered saline; buffered
saline; (b) Preparing a suspensi on of a mneral salt selected fromthe

group consi sting ¢fy al du18 hydk oxi de, nu hosphat e _and cal ci um
phosphate in an é:g)ueoatjﬁé:ﬂ phase ﬁ%e%:t edejfé;j“lc:)%&]ti hepggoupgg(?jns%?\lﬂg of
di'stilled deioniz Hrin%al Phe oMestphosphat deiloufifzered waténe; (c)

Addi ng the pepti deadding iaord tghddigh St pROSt e @f s Denem neral salt with
m xi ng; (d) Addi n%i’:%f%%% gtl de selected fromthe group consisting of

SEQ ID NO 1 and With mixing to forma m xed suspensi on of an
i munost i nul at'Bt y REGRPFENG anduepsrisienadt samined. sThe gmlecesd of claim 62,

wherein the miner aﬂro&atﬁe Ig&ouﬁeé&&&e@lntd QR Si\ﬁulgmuﬂyr &UIShst i ng of
Al hydrogel @ Adj u- % alg ture thereof he process of claim
63, wherein the nith ﬁhf’s? tes@P%c‘faéL&”f“F&ﬂOFﬁBaB? odp2Bonsi sting of

Al hydrogel (E), Adj&%ueplbms(@haﬂdsalem:xd uiremt tiex eaboup 6fonsiikeipg agess of claim
62, wherein the agygpip)RNasEolBlq Lé‘{etzhegaf‘q{ép éepr%s%%ﬁém ant, a

tonifier, a preservative
buffered saline;
(c) Adding the peptide solution to the suspension of the
mineral salt with mixing;
(d) Adding a CpG nucleotide selected from the group
consisting of SEQ ID NO: 1 and SEQ ID NO: 2 with
mixing to form a mixed suspension of an

immunostimulatory complex and a mineral salt.

64. The process of claim 62, wherein the mineral salt is
selected from the group consisting of Alhydrogel®, Adju-

phos® and a mixture thereof.

65.  The process of claim 63, wherein the mineral salt is
selected from the group consisting of Alhydrogel®, Adju-

phos® and a mixture thereof.

66. The process of claim 62, wherein the agueous phase may
further comprise a surfactant, a tonifier, a preservative

or any combination thereof.

67. The process of claim 63, wherein the aqueous phase may
further comprise a surfactant, a tonifier, a preservative

or any combination thereof.

68. The process of claim 66 wherein the aqueous phase
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or any conbi nation thereof. 67. The process of claim63, wherein the
aqueous phase may further conprise a surfactant, a toni fmg 2006
~preservative or any conbination thereof. 68. The process o alm 66
wherei n the aqueous phase 127 14 August 2006 WD 03/068169 PCTf US03/ 04711
conprises a tonifier selected fromthe group consisting of a PBS or saline
and a mi xVOPE3KLr eof . 69. The process of claim 67 RAEUSIMThe aqueous
phase conprises a tonifier selected fromthe group consisting of a PBS or
saline and a m xture thereof. 70~ The process of claim66 further
conprising adding to the aqueous phase a preservative selected fromthe
group consisting of 2-phenoxy-ethanol and a derivative thereof. 71. The
process of cl apmpiisebuatteriftonpeilsttegl dFddnnghd arbhe coagiieolsy phase a

preser vative sel Seadolr ooy QUR,RORSLRLIAG Of 2 phenoxy: ethanol, and a

derivative thereof rocess clrarm urther conprising adding
to the aqueous phase an adj uvant sel ected fromthe group consisting of

MPL, MDP,69DDAThAWriodeBE, 0 BAYa iWQT, wh¥rddhokhe MueapalgHalskne, PCPP, a
saponin, a Chol era Toxi Enterotoxin fromE Coli and a

cyt oki ne sel e€T8d 5FF ofn qjt%éfb‘?lblfﬁlﬁ%hesol %ﬂ’?‘ﬂg IFPUR EONFLSBING | L 12 |FN-y
and a deri va¢f e PBRerecfalifg anfhe mhgoesstiodrepifai m 63 furt her corrpri si ng
adding to the aqueous phase an adjuvant selected fromthe group
consisting of MPL, MDP, DDA, Avridine, BAY-1005, DC-Chol, Murapalmtine,
PCPP, a s”gpon?"?i9 PLOBRST AfaCTOW §6 EUHOSE COmRKisdnEmaskiesdsa rherom E. Col |
and a cyt oki naeqlmluecpleajse far pre delt@a O AU R LOMSICS i B 1_m‘e lgkoﬂ{ﬁ IL-2, IL-12,
LPNY and 2 GelJaBLLY & o BehRGlony [dendnoR NBATC BUEL SRl vEOMRARLEL O

conprising a suspensi

71. The process of claim 67 further comprising adding to the
aqueous phase a preservative selected from the group

consisting of 2-phenoxy-ethanol and a derivative thereof.

- 72. The process of claim 62 further comprising adding to the
aqueous phase an adjuvant selected from the group
consisting of MPL, MDP, DDA, Avridine, BAY-1005, DC-Chol,
Murapalmitine, PCPP, a saponin, a Cholera Toxin, a heat
labile Enterotoxin from E. Coli and a cytokine selected
from the group consisting of IL-1B, IL-2, IL-12, IFN-y and

a derivative thereof.

73. The process of claim 63 further comprising adding to the
aguecus phase an adjuvant selected from the group
consisting of MPL, MDP, DDA, Avridine, BAY~1005, DC-Chol,
Murapalmitine, PCPP, a saponin, a Cholera Toxin, a heat
labile Enterotoxin from E. Coli and a cytokine selected
from the group consisting of IL-13, IL-2, IL-12, IFN-y and

a derivative thereof.

74. A pharmaceutical composition comprising a suspension of

an immunostimulatory complex of any one of claim 1 to 23
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an imunostinul atory conplex of any one of claim1 to 23 128 14 August
2006 WO 03/068169 PCT/ US03/ 04711 in an aqueous sol vent §$Aﬁ%§ gqh%rom t he
group consisting of distilled deionized water, saline and pho ate
buffered saline. 75. A pharmaceutical conposi tion conprising a water-in-oil
enmul sion of an inmmunostinulatory conplex of any one of claiml to 23. 76.
A phar mac¥@ Y% conpositi on according to clai m 74 PEUESe471conpri si ng an
adj uvant selected fromthe group consisting of MPL, MDP, DDA, Avridine,
BAY- 1005, DC-Chol, Murapalmtine, PCPP, a saponin, a Cholera Toxin, a heat
| abil e Enterotoxin fromE. Coli and a cytokine selected fromthe group
consisting of IL-18, IL-2, IL-12, IFN-yand a derivative thereof. 77. A
phar naceut i cain conpgséduisonotonr selagtedl gebn aheagrougmeunesdd gl at ory

conpl ex of anye aiie.0f14d Qefdi A e MNSLELL LG GRlodhg Lormed I situ by
I‘I ed?l (0] m%p

addi ng the imunosti atory conplex ‘in a solution of an
in-situ gell |1P|‘gfftﬁr8€o’h§¥d-tﬁiebl e poI ymer selected from the group consisting
of poly-D, L-Ilactide-cogl ycoI i de copol yner, poly-D, L-I actl C
~acid-co cho aC|d capr o] act one, anhydri de,

pol yort hgest e}?‘ H‘aﬁ%qtl(cgi)h °(5“|p8 ucf FEEP P P aa‘P ¥ SHripat i bl e sol vent
selected f romm&i@lgnoub a@ommloshgnulﬁtocwrmmwlexsm famyi dee (AVSO), N- net hyl
pyrrolidine (NVRm 1 tgisdcetin and glycerin. 78. The pharnmaceuti cal
conposition of claim77 wherein the biodegradable polymer is 129 14 August
2006 WD 03/068169 PCTI US03/ 04711

76. - A pharmaceutical composition according to claim 74
- further comprising an adjuvant selected from the group
" consisting of MPL, MDP, DDA, Avridine, BAY-1005, DC-Chol,
Murapalmitine, PCPP, a saponin, a Cholera Toxin, a heat
labile Enterotoxin from E. Coli and a cyteokine selected
trom the group consisting of IL-1B, IL-2, IL-12, IFN-yand

a derivative thereof.

77. A pharmaceutical composition comprising a gel of an
immunostimulatory complex of any cone of claim 1 to 23
wherein the gel is formed in situ by adding the
immuncstimulatory complex in dried form to a solution of
an in-situ gelling biocompatible polymer selected from
‘the group consisting of poly-D,L-lactide-coglycolide
copolymer, poly-D,L-lactic acid-co-glycolic. acid
copolymer, polycaprolactone, polyanhydride,

"polyorthoester, and poly(a-hydroxybutyric acid) in a
‘biocompatible solvent selected from the group consisting
of dimethyl sulfoxide (DMSO}, N-methyl pyrrolidine (NMP),

triacetin and glycerin.

78.  The pharmaceutical composition of claim ‘77 wherein the

biodegradable polymer is
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0 YO COtR2 xy R-'" CH3 0 R = QAlkyl (PLG or OH (PLGA) R2 = H wherein
Rl is OH or alkoxy having 1 to 5 carbons and R2 is H, Xi.AQ%gfﬂﬁ rati o of
each nonomer unit of the copolyner with x+y=l. 79. The phar ceu?ical
conposition of claim 78 wherein the biodegradable polyner has a nol ecul ar
wei ght in the range of 2,000-100,000 daltons and an inherent viscosity of
0.1-1.0 d¥PB68EP A pharnmaceutical conposition conpPCEHUSKFMAN aqueous
suspensi on of a mineral salt and an i munostinulatory conplex of any one
of claiml1l to 23 wherein the mneral salt is selected from group
consi sting of alum num hydroxide, alum num phosphate, alum num sul phat e,
cal cium phosphate. 81. The pharnmaceutical conposition of claima80 wherein
the alum num hydroxi deds selected fromthe group consisting of
Al hydr ogel @ and Adj u-phgsg. 82. The pharmaceuti cal conposition of claim80
wherein the aqueous p [ R@r oup consi sting of
distilled deionize@R m xture thereof. 83. The
phar maceuti cal conposi ti 80 furthér 130 14 August 2006 WO
03/ 068169 PCUUS03104711 cofght sing & preservative selected fromthe group
consi sting of 2-phenoxy-ﬁﬁQﬂﬂﬂkyﬂpeﬁoopsﬁkﬁngwe thereof in the aqueous
R2=H

phase.

wherein Rl is OH or alkoxy having 1 to 5 carbons and R2
is H; x:y is the ratio of each monomer unit of the

copolymer with x+y=1.

7%9. The pharmaceutical composition of claim 78 wherein the
biodegradable polymer has a molecular weight in the range
of 2,000-100,000 daltons and an inherent viscosity of
0.1-1.0 dl/gqg.

80. A pharmaceutical composition comprising an aqueous
suspension of a mineral salt and an immunostimulatory
compléx of any one of claim 1 to 23 wherein the mineral
salt is selected from group consisting of aluminum
hydroxide, aluminum phosphate, aluminum sulphate, calcium

phosphate,

8l. The pharmaceutical composition of claim 80 wherein the
aluminum hydroxide is selected from the group consisting
of Alhydrogel® and Adju-phos®.

82. The pharmaceutical composition of ¢laim 80 wherein the
agueous phase is selected from the group consisting of
distilled deionized water, saline, PBS and a mixture

thereof.

83. The pharmaceutical composition of claim 80 further
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131 14 August 2006 WD 031068169 PCTI US03/ 04711 SEQUENCE LI STING <110>
Sokol |, Kenneth K. Sokoll, Kenneth K. <120> Stabilized Sy@%g%%%%)bnnunogen
Del ivery System <130> |nmunogen Delivery System <150> US 8 4 <151>
2002-02-14 <160> 13 <170> Patentln version 3.1 <210> 1 <211> 32 <212>
DNA <213> A«}ificial Sequence <220> <223> synthetic oligonucl eotide <400>
1 tcgt cgtrPGi%gtttt gt cgttttgtcg tt 32 <210> 2 BOWESIGAIL <212> DNA
<213> Artificial Sequence <220> <223> synthetic oligonucleotide <220>
<221> msc feature <222> (1)..(l) <223> n indicates phosphorothioate group
-<400> 2 tcgtcgtttt gtcgttttgt cgtt 24

comprising a preservative selected from the group
consisting of Z-phenoxy-ethanol and a derivative thereof

in the agqueous phase.
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ih ---------- 14 August 2006 WO 03/068169 PCTI US03/04711 <210> 3 <211> 24
<212> DNA <213> Artificial Sequence <220> <223> synthetic oligonucleotide
<400> 3 tcgtcgtttt gtcgttttgt cgtt 24 <210> 4 <211> 50 q%;%§F536m3<213>
Human <220> <221> misc feature <222> (20)..(20) <223> Xaa indicates

epsi | on- <400> 4 |le Ser Ile Thr Qu Ile Lys Ay Val Ile Val Hs Arg
lle Au #%ﬁ"y 8]gé)lo 15 Ile Lau Phe Xaa Cys Asn G n P&I¥S8@¢471bhe Leu Thr Lys
Gy Pro Ser 20 25 30 Lys Leu Asn Asp Arg Ala Asp Ser Arg Arg Ser Leu Trp
Asp Gn dy 35 40 45 Asn Cys 50 <210> 5 <211> 50 <212> PRT <213>

Human'. SEQUENCE LISTING

- <110> Sokoll, Kenneth K.
Sokoll, Kenneth K.

<120> Stabilized Synthetic Immunogen Delivery System
<130> Immunogen Delivery System

<150> Us 10/076674
<151> 2002-02-14

<160> 13
<170> PatentIn version 3.1

<210> 1

<211> 32

<212> DNA

<213> Artificial Sequence

<220>
<223> synthetic oligonucleotide

<400> 1
tegtegtttt gtegttttgt cgttttgteg tt
32

<210> 2

<211> 24

<212> DNA

<213> Artificial Sequence

<220>
<223> synthetic oligonucleotide

C<220>

<221> wmisc_feature

<222> (1)..{1)

<223> n indicates phosphorothicate group

<400> 2
tecgtegtttt gtegttttgt cgtt
24

1/7




<220> 2/7 14 August 2006 WD 03/068169 PCT/ US03/04711 <221> misc feature
<222> (20) (20) <223> Xaa indicates epsilon-Lys <400> 5 Lys Lys Lys Thr
Asp Arg Val Ile- GQu Val Leu dn Arg Ala Gy Arg 15 10 154, y@ﬁzdoke Leu Xaa
Cys Asn A n Ay Ser Phe Leu Thr Lys Ay Pro Ser 20 25 30 1['_\ Asn Asp
.Arg Ala Asp Ser. Arg Arg Ser Leu Trp Asp An Gy 35 40 45 Asn Cys 50
<210> 6 <‘8i3i°§ 811 "<212> PRT <213> Human <220> <2B4BUWREIfeature <222>

(20)..(20) <223> Xaa indicates epsilon-Lys <400> 6 Ile Ser Ile Thr Gu Ile
Lys Ay Val Ile Val Hs Arglle u Thr 1 5 10 15 Ile Leu Phe Xaa Cys H s
Al a Sekzibe Tyr Asp Phe Ay Ser Cys 20 25 30 <210> 7 <211> 27 <212> PRT
<213> Kambn /47

<212> DNA

<213> Artificial Sequence

<220>
<223> synthetic oligonucleotide

<400> 3
tegtegttit gtcgttttgt cgtt
24

<210> 4
<211> 50
<212> PRT
<213> Human

<220>

<221> misc_feature

<222>  {20)..(20)

<223> Xaa indicates epsilon-Lys

<400> 4
Ile Ser Ile Thr Glu Ile Lys Gly Val Ile Val His Arg Ile Glu Thr

1 5 10 15

Ile Leu Phe Xaa Cys Asn Gln Gly Ser Phe Leu Thr Lys Gly Pro Ser
20 25 30

Lys Leu Asn Asp Arg Ala Asp Ser Arg Arg Ser Leu Trp Asp Gln Gly
35 40 45

Asn Cys
50

<210> 5
<211> 50
<212> PRT
<213> Human

<220>
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14 August 2006 WD 03/068169 PCT[US03/04711 <400> 7 Lys Lys A n Tyr Ile Lys
Ala Asn Ser Lys Phe Ile Ay Ile Thr Qu 15 10 15 Leu Qu H's Trp Ser Tyr
Ay Leu Arg Pro Ay 20 25 <210> 8 <211> 45 <212> PRT iaé?ff gﬁ&%n <400>
8 Thr Ala Lys Ser Lys Lys Phe Pro Ser Tyr Thr Ala Thr Tyr fPhe” 1 5 10
15 dy @y Phe Phe Leu Leu Thr Arg Ile Leu Thr Ile Pro A n Ser Leu 20 25
30 Qu c‘!@/“@“?% uHis Trp Ser Tyr Gy Leu Arg ProP€Iysesasiigg 45 <210> 9
<211> 45 <212> PRT <213> Human <400> 9 Thr Ala Lys Ser Lys Lys Phe Pro
Ser Tyr Thr Ala Thr Tyr Gn Phe 15 10 15 Gy Gy Leu Ser Qu Ile Lys Ay
Val |l ez2Yal HiscArdhthed Gu Ay 20 25 30 Val Ay Ay Qu H's Trp Ser Tyr
Ay Lew2frg Rro)d 2035 40 45 4/7 14 August 2006 WO 03/068169

PCT[ USG2£8A7 Kha<Pidirat@s eplillanddys

<400> 5

Lys Lys Lys Thr Asp Arg Val Ile Glu Val Leu Gln Arg Ala Gly Arg
1 5 10 15

Ala Ile Leu Xaa Cys Asn Gln Gly Ser Phe Leu Thr Lys Gly Pro Ser
20 25 30

‘Lys Leu Asn Asp Arg Ala Asp Ser Arg Arg Ser Leu Trp Asp Gln Gly
35 40 45

Asn Cys
50

<210> 6
<211> 31
<212> PRT
<213> Human

<220>

<221> misc feature

<222> (20}..(20)

<223> Xaa indicates epsilon-Lys

<400> 6
Ile Ser Ile Thr Glu Ile Lys Gly Val Ile Val His Arg Ile Glu Thr

1 5 10 15

Ile Leu Phe Xaa Cys His Ala Ser Ile Tyr Asp Phe Gly Ser Cys
20 25 30

<210> 17
<211> 27
<212> PRT
<213> Human

3/7




<212> PRT <213> Human <220> <221> m sc feature <222> (19)..(19) <223>
Xaa indicates epsilon-Lys <400> 10 Lys Lys Lys Ile Ile Thr Ile Thr Arg lle
Ile Thr Ile Ile Thr Thr 1 5 10 15 Ile Asp Xaa Cys Gy G%\A'Eh G n Ser
Arg Val Thr Hi's Pro Hs 20 25 30 Leu Pro Arg Ala Leu Met r Thr
Lys Cys 35 40 <210> 11 <211> 45 <212> PRT <213> Human <220> <221> m sc
feature YQOPFBIH0)  (20) <223> xaa indicates epsil BRII§S04THL00> 11 [l e Ser
Ile Thr Qu lle Lys Ay Val Ile Val Hs Arglle Qu Thr 15 10 is Ile Leu
Phe Xaa Cys Ay Gu Thr Tyr Gn Ser Arg Val Thr H's Pro 20 25 30 His Leu
Pro Arg Ala Leu Met Arg Ser Thr Thr Lys Cys 517 14 August 2006 WD

- 03/ 068%@890PCT1 US03/ 04711 35 40 45 <210> 12 <211> 65 <212> PRT

‘Lys Lys Gln Tyr Ile Lys Ala Asn Ser Lys Phe Ile Gly Ile Thr Glu
1 5 10 15

Leu Glu His Trp Ser Tyr Gly Leu Arg Pro Gly
20 25

<210> 8
<211> 45
<212> PRT
<213> Human

<400> 8
Thr Ala Lys Ser Lys Lys Phe Pro Ser Tyr Thr Ala Thr Tyr Gln Phe
1 5 10 15

Gly Gly Phe Phe Leu Leu Thr Arg Ile Leu Thr Ile Pro Gln Ser Leu
20 25 30

Glu Gly Gly Glu His Trp Ser Tyr Gly Leu Arg Pro Gly
35 40 45

<210> ©
<211> 45
<212> PRT
<213> Human

<400> 9
Thr Ala Lys Ser Lys Lys Phe Pro Ser Tyr Thr Ala Thr Tyr Gln Phe
1 5 10 15

Gly Gly Leu Ser Glu Ile Lys Gly Val Ile Val His Arg Leu Glu Gly
' 20 25 30

Val Gly Gly Glu His Trp Ser Tyr Gly Leu Arg Pro Gly
35 40 45

47




<213> Foot - and-nmout h di sease virus <400> 12 Ile Ser Ile Ser u Ile Lys
Gy val Ile Val Hs Lys Ile Qu Thr 15 10 15 1Ile Leu Phe Lys Tyr Asn Ay
Ser Cys Lys Tyr Ser Asp Ala Arg Val 20 25 30 Ser Asn CV51€?E Yoohsp Leu
Gn Arg Ay Asp Leu dn Val Leu Ala 35 40 45 @ n Lys Ala ugurg s Leu
Pro Ser Ser Phe Asn Tyr Ay Ala lle 50 55 60 Lys 65 <210> 13 <211> 65
<212> PRTV2PH%¥6t00t - and- mout h di sease virus <400>PEHUBBE4TSer || e Thr G u
Ile Lys Ay Val Ile Val Hs Lys Ile Qu Thr 1 5 10 15 1Ile Leu Phe Lys Tyr
Asn Ay Ser Cys Lys Tyr Ser Asp Ala Arg Val 20 25 30 Ser Asn Val Arg Ay
Asp Leu A n Arg Gy Asp Leu Adn Val Leu Ala 35 40 45 6/7 14 August 2006
WO 03/ 688869 RCTI USO3/ 04711 A n Lys Ala Au Arg Cys Leu Pro Thr Ser Phe Asn
Tyr G w2ALa |44 50 55 60 Lys 65 7/7

<212> PRT

<213> Human

<220>

<221> misc_feature

<222> (19)..(19)

<223> Xaa indicates epsilon-Lys

<400> 10
Lys Lys Lys Ile Ile Thr Ile Thr Arg Ile Ile Thr Ile Ile Thr Thr
1

5 10 15

Ile Asp Xaa Cys Gly Glu Thr Tyr Gln Ser Arg Val Thr His Pro His
20 25 30

Leu Pro Arg Ala Leu Met Arg Ser Thr Thr Lys Cys
35 40

<210> 11
<211> 45
<212> PRT
<213> Human

<220>

<221> misc_feature

<222> (20)..{20)

<223> Xaa indicates epsilon-Lys

<400> 11

Ile Ser Ile Thr Glu Ile Lys Gly Val Ile Val His Arg Ile Glu Thr
1 5 10 15

Ile Leu Phe Xaa Cys Gly Glu Thr Tyr Gln Ser Arg Val Thr His Pro
20 25 30

His Leu Pro Arg Ala Leu Met Arg Ser Thr Thr Lys Cys

517




WO 03/068169
35

<210> 12
<211> 65
<212> PRT
<213> Foot-
<400> 12
Ile Ser Ile
1
Ile Leu Phe

' Ser Asn Cys

35
Gln Lys Ala
50
Lys
65
<210> 13
<211> 65
~ <212> PRT
<213> Foot-
_<400> 13
Ile Ser Ile
1
Ile Leu Phe
Ser Asn Val

35

40

and-mocuth disease virus

Ser Glu Ile Lys Gly Val
5

Lys Tyr Asn Gly Ser Cys
20 25

Arg Gly Asp Leu Gln Arg
40

Glu Arg Cys Leu Pro Ser
55

and-mouth disease virus

Thr Glu Ile Lys Gly Val
5

Lys Tyr Asn Gly Ser Cys
20 25

Arg Gly Asp Leu Gln Arg
40

6/7

14 August 2006

PCT/US03/04711

45

Ile Val His Lys Ile Glu Thr
10 15

Lys Tyr Ser Asp Ala Arg Val
30

Gly Asp Leu Gln Val Leu Ala
45

Ser Phe Asn Tyr Gly Ala Ile
60

Ile Val His Lys Ile Glu Thr
10 15

Lys Tyr Ser Asp Ala Arg Val
30

Gly Asp Leu Gln Val Leu Ala
45




14 August 2006

WO 03/068169 PCT/US03/04711

Gln Lys Ala Glu Arg Cys Leu Pro Thr Ser Phe Asn Tyr Gly Ala Ile
50 55 60

Lys
65

7




