WO 03/068169 PCT/ US03/04711 Stabilized Synthetic I munogen Delivery
Systens FIELD OF THE | NVENTI ON [ 0001] The present invention relates to a
stabi |l i zewo o3vaIRDSt i mul at ory conpl ex and a met hod for pregarisasjo47ne
stabilized i nmunostimul atory conpl ex. More specifically, the present

i nvention provides stabilized synthetic inmunostinmulatory conpl exes that
are useful in vaccine delivery systens with inproved i mune responses in
vivo. These imunostinmulatory conpl exes are al so useful for preparing
vacci ne formul ati ons designed to function as a depot for controlled

rel ease of the inmunostinmul atory conpl ex. The inmunostinulatory conpl ex
may al so be i ncoroabibiizéd) Syntheitte | Fmme en  Rellivery SEstamscific cel
types to synergistically inprove the quality of the inmune responses
elicited. BACKGROUND OF THE | NVENTI ON [ 0002] Vacci nes have been

successf UFIRLRNRFOVBE IBVERERONyears in prophylactic conpositions for the
prevention of infectious disease and nore recently in therapeutic
conposi ti pasoipr THee prasattmemtveoft ican cerls tard teore- istfeddtliiges di seases.

[0003] Traditionally.vaccines have n_der] t or killed
viral or bﬁ@?@??g?mﬁéﬁﬁ8§¥ngogﬁge a%gg %r%%%¥8€0£%gn%%?égg?#gc?HSe agai nst
di seases stgbiaszpal inmunbstsmahdtBoydeteplaxpertossi spethfspetéyof thhese
successes, there are grow ng concern ver e . Qf such vacci nes.
This has PEGSFBttHEVSBgéPBpﬁgﬂYlg?ssﬁ%ﬁﬁ%?leégc? ggﬁ %%?ved from

conponent srRfinbBesaupatbegeasmpiekuakl yhaynthet isepept idevacaimaogens.

[ 0004] ExanELes of subunit vaﬁclnes inﬁlude Tetanusotgéoid a?g hegﬂgggis B
surface afELg¥RIYTRYSESHAL yERsHPECEPEe™BEBYI §°P°1> W0 03/ 08816

PCT/ US03/ @4l osk ipunageriyccangleeqsi becadlsgansstud foprpvepthéngmune

responses obtained. Well-characterized biologically activye
P vaccine formulations designeg to fugcglonyas a deépot for

controlled release of the immunostimulatory complex. The
immunostimulatory complex may also be incorporated in
formulations designed to target specific cell types to
synergistically improve the quality of the immune responses

elicited.

BACKGROUND 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] Traditionally vaccines have been derived from
attenuated or killed viral or bacterial pathogens and have
proven to be very effective against 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
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conpounds such as synthetic peptides are preferred substrates for inducing
bi ol ogi cal responses, for safety and regulatory purposes. However, these

i mmunogern®oaBm®es1ed optimal, and induce partial or negligipoirasps/et7ect i ve
responses in aninmal nodels. The synthetic peptides require both
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 agai nst degradation in vitro and in vivo,

nedi at ed B{OURO06HS Sprdce 3868 ke PAdMNGNERe Foc &MPERY SphiASi BMUNBat hways. '

(The super3aGhipls RUNRRILS nekf er Wil -ruBhraéakiraned pwdielivane yf ukky vdescri be
the state of 'the art to which this invention pertains. The di scl osures of
t hese ref eoapeesdgr &udhe @shy INEGLAST RESY 1BY Sr 8L 8r @ACECTTRE EVPELTSIY O6f

each ref %%n%dh%iﬁl%u i Al ik 169d sPhnlsRisS $86t isaRkt vl 3006k YaniaRWsy

met hods have been enpl oyed t'o i nprove peptide SO|UbIFIty'OF protect "a
pepti de agairpssedegr APAEver /i rrhgEisgo ipmuTipgeasgenéer Aty opiémgde SNl e
procedures |4 M AVARY 152l 1eoncentratien and ek 5he npHLaf Jhhe
soIution.iBgE%%HEEQRﬁf&éggfg%gbegﬁ che%%cgﬁly.nndffigé gﬁ qo%juaatﬁon with
wat er  soliled sconten gy nitined igo lpgetthdiesnaegiyiesl bORBEGE tab1lpakfFdrhy laawe
oxi de (PEQ),.- i_nprove ei.r S »£SQlURIdA LY ;3Rd sl feul ation tinme
in vivo.SQ%PQ&%Et%géﬁgpég%hﬁ%%%égd?%gﬁggdfgvgnt% ggri&e %ron1PEG or PEO
can down resgenate itrhezivovune system 4 Thus, PEG or PEO nodified peptides
woul d not be expected to function effectively as adjuvants. The addition
of multi pl[@O0OE]i nésriouaddethadgehdve lbepeptnpkoyvean foppoveedt ss prtlreotusc

solubility b tépoes not eneral.ly. result in.inprove iqpu geni ¢j.ty.
[ 0007] Théeé%jl &t iwu&rogte%& eag\?éﬁl?é&u?e&rra&taetglioes s thé:ri rrpggvg% g’:lﬁ)cédl ati on
time in vineaiGred miyhivae ieuselpmiceatses- i2c1VOi0Y 068168 aPCEhUSPBAE4 ERI
i nmmunogeni Ci prohl e associated.wth the physical . conditions.(e.qg.
e o e R
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.?
These generally include simple procedures like modifying the
salt concentration and/or the pH of the solution. Peptides
have also been chemically modified by conjugation with water
soluble compounds like polyethylene glycol (PEG) or
polyethylene oxide (PEO) both to improve their aqueous
solubility and circulation time in vivo.? It has been
documented that adjuvants derived from PEG or PEO 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 objective of these various strategies is to improve

circulation time in vivo or minimize or eliminate
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chem cal inconpatibilities when peptides are enployed in a vaccine
formul ati on. [0008] Pol yether bl ock copol yners, conprising polycationic

pol ymer s, woassmeslbscl osed by Kabanov et al., U S. Patent NeCcT/(Bp§6616115 for
stabilizing pol ynucl eoti des or oligonucl eotides. The pol yet her bl ock

copol yrer - 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 activity. However, these pol ynucl eoti de-pol yet her bl ock

copol yrer ¢ TEUEOURSE Gl REGEtCRSaRd Sard ak6e ¥ithabhe REY$acdilnes. [0009]

Al cock etcodly; tY3nRat@nly Naa13, 562, 9Q%§p@%§%hkgesbﬁ@fe&”%%@%@dhﬂﬁagk
derived fron1phosphazene polyelectrol tes. The i nmunoadj dvant was adm xed

di rect |y wheRigaladnicgewaitdbidditdeisom &ﬁdPﬁﬁ?lﬁésp@éﬁaﬁéﬁléyeﬁléﬁoéartlcles

by spray @Eﬂdﬁle Fosphutiranof the polymer and the antigen or by a process
descri bed by Cohen in US patent No. 5, 149, 543. Although i ncreased

adj uvant i o 4aseSTONRL 011 | DEREC SYSH AllBrs 1 NERo A&t ngll L1 gLl 651 41

preparing the mcroparticular conposit ersone
mechani calpogrvoesss eyeggplddyped oseldi by Weblkdovbetdiphf-i, cUl-€ .t #agealteNgp f or

connerc'al ili t he.
complex o8 Faraad 1 Lo SHF bt Reathdone [EniL ot Lade Shr  OF AOMIERLoRTALGEN
condi ti ons Thi0@DA)y eAhgirf fdoeit capploach pgldeycdbbéddﬁnCW@@éGGESaBre

91/ 0405\%%;;31‘9!‘}%%%% %a%‘l'l'l‘% g%ccc'h%e t%%%ﬁ%%' Fd ltﬁep @1eoftgrc§‘ea”

anti gen, a saponin and a onlc adj uvant
such as DEAEO@@XBra&llvaembmeae ﬁ@mnuh@t@deﬂrbnpﬂhgscadnbwmawucw provided

oo RIS Y n TR U CRTRLNAN 0RS na Y LARLE LOboiFhied HOR aNts.

However , e antlgen mus be C conj uga carrier
nmol ecul e awod exhans@em&byap@ra&ee@otThelpabﬂbled vag8civ®s03/ 068169
PCT/ US03/ 04711 antigen-carrier was then conbined with a saponin and a
pol ycat i orio00a]j Whhtotlo ¢t oxvl deUs satémt dbnposi 1600 Thidescribes 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." 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.
W091/040528, 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. Vaccines
formulated from this combination provided improved longevity,
making such combinations suitable for use as implants.
However, the antigen must first be chemically conjugated to a

carrier molecule and exhaustively purified. The purified
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process provides no control over the physical properties, such as particle
size, of the product. [0011] Numerous adjuvants and/or depot-based

par ent er aWp o3neg16sal or transdermal delivery systens destipngdiShoo47use Wit h
human or veterinary vacci nes have been devel oped to enhance the inmune
response. These include the use of mneral salts, water-in-oi

(w o) -enul sions, |iposones, polyneric mcroparticles, nanoparticles and
gel s/ hydrogels.9 A Iarge nunber of cIini&aI.triaIs engloyiqg vari ous
(W 0) - enmuf 3 OHENCORPHETT i BAS hAGR BRBRILSAULERE FR02IM 1A Spite of this

vast bodypefyehinbgat &856a86H, tot ypbeade par el 4 atohPs St 8bh ONSThis
adm ni st ered subcut anequsly or intianuscularl , are ﬁLﬁfared wth

adj uvant sPHeFEYRIPFPBHTCEI Ui AORT EaT t Ve ubhe s %P Hind FoEphate BFCh

al um num hydpexi dei1e Abupr sabtstreéepsydt@bl e and effective for many
vacci nes based on attenuated pathogens, killed pathogens and subunit

anti gens ge6iyed NP 000 62N R0 eMY o rHARR-balskel palrentryEIbased
adjuvants are often totally ineffective for synthetic peptide-based
i munogen8upgeabiser of reRadeargL ddseveny peptele Feduired 5pH ¥He ¥ekd of

much stropggein &M WWadkahhey. v1Bei £OBDLARE | 98 0f dévé BE 98] dos e fhahsBUNOgEN
wth a weakly adjuvanting alumin a vaccine conposition is not. ideal as it

can | ead tbei hipegehetpPRFanceThnge teatidgehiei ¢ PLeninghykstEbSsi de

reaCtiOnswa§thi§50i§m@%yEPgeﬁﬂgsigggﬁsﬁiﬁéséﬁ@s§i%@l erpgection. [0013]
Freund's conplete adjuvant (FCA), a suspension of heat- kl%led M

t uber cul OBiSrapebbhetefi anpRChRABEAICSi N oBEhF M YFGrodessr f adt dttI%has been

recogni zegy, a5 ONGr Of 1 L AE-HPSE r PAYET Ettb1 o Rh 4 VARE SoubOYRYES ~ertEY 81 6n adver se
reactions, ranging from mnor irritation to |lesions and sterile abscesses

at the sitempesitnpeetharehhgenpeenddeeedent ed. Due to these adverse - 4

WO 03/ 068169 PCT/ US03/ 04711 reactions, FCA has been banned from human and
vet eri nar y003dpl ilpatspdte of this vast body of clinical research,

typical parenteral formulations, 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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[0014] Thus, there is a clear need to devel op adjuvants which are safe

w t hout the toxicol ogical and/or reactogenic problens associated with alum
or FCA amaomanesabd ecti vel y enhance i nmunogenicity and prolpemgisohies711

ef fecti veness of peptide inmmunogens to avoid the problem of tol erance
associated with alum It is also nost desirable to devel op conpositions
and net hods, which can both stabilize a peptide i mmunogen and adj uvant

t he i mmune responses _in ggle %onﬁo i%ion. 50015 Jones et al .10 have
di scl osed FER6 t<pBEY f FCA és £HoRae §§t'58@ PH ?nnﬁbdbgegSFéBﬁfﬁistered
wth a pe@bFQQCaQQ@g@ mal ari a vaccine in Aotus nonkeys to enhance i mune
responses n the Jones study, the ionization point (I1P) of the peptide

used is 5[80614ThiBhEor r@%‘dﬁs t ¢heaPhhadd Wi cdevdhsp paplidenwd lwnhave a
t heoretical zero charge. 11 virtue_ of its am no acid conposition, the

pepti de ud&q wedEdvBE OéFfééﬁl§8F§C8ﬁ8HéF6éda&P/Bﬁy§P8F6§9€8FC RTPRLEAS

aqueous  sakventregl @gkada1thusr MEACARBI exat k@fiecdivbakeephageewi th the
two CpG oligoners. The resultant m xture when fornulated in a w o-enulsion

i s expect dBUHOPENEFARY] BREl Pradpivatiiede I T6CAEHPREESaChsBERIF 1FBvel of

i munogeni; ginto %H%th|§vohBJ%ﬁE'9@%b§@Q arl abgergdaat bk¥oef aadjuyant, woul d
be required. Further th g termstability of such a conposition is

quest i onaBllam.| n Iftads, aééﬁe§0§ gesigpbdprosedieNgt OPt CRAROSAELRESarY o

enpl oy a h@%ﬂ%dgos%hQEhCeghobbgﬁnugk%%&uQ%e 30@ep@iBer inflgehkaNand
Furt hernore, the methods, enployéed to prepare the w o-enul sions, cannot be

easily scaﬁé@V@ﬁtf@he é@ﬁ#@ﬁcﬁ&ﬁpéﬁﬁﬁﬁcéplén§ln9@el§0@605éth§Ped t hat Jones
et al. taught that different CpG oligoners are useful for different
nannallan[§9é§0e5J0¢%$ ekarhl 6, havepdlerlgentr tWvepEPePRE1826PGi s i t ogeni ¢

for mce b n L S h _the
Lot oot 1 s oma R B B B s B B R et

al:, u S. bpa@@nmamarla v94c388 BDlQO@@§CmpDé§YSUﬁ@e?ﬁ@ﬁﬁ?@dl@ﬂgﬂe
O|IgOHUC|?%E%Q%%egqrtﬁ%ukﬁrlﬁbﬂﬁgfgkuggn the ionization point (IP) of

the peptide used is 5.96. This corresponds to the pH at which

11 By virtue

the peptide will have a theoretical zero charge.
of its amino acid composition, the peptide used would be
effectively uncharged at physiological 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/o-emulsion is expected to be transiently adjuvanted.
To achieve a useful level of immunogenicity, multiple
injections and a large quantity of adjuvant would be required.
Further, the long-term stability of such a composition is
guestionable. In fact, Jones et al. disclosed that it was
necessary to employ a large dose of CpG oligonucleotide, 500
Mg 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
is mitogenic for mice and a lower primate, but not for

chimpanzees or humans and the effect is not predictable.
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t herapeutic applications based on their ability to stinulate inmune
responses when mxed with an antigen. Krieg et al., US 6,207,646 B113
further dweasiotdsy t he use of unnethyl ated CpG ol i gonucl eecirdmsses/o4ir edi r ect
a Th2 response to a Thl response. In both, the effectiveness of the CpG

ol i goners were shown by B-cell stinulation wherein B-cells were cultured
with phosphorothioate nodified CpG oligoners. There is no disclosure or
suggestion on how the CpG oligomers can be used to provide g stabilized

i munost i AP36dr Kreigml ek k- a Uvacdraieeny dm-7]6rﬂn9ffrh%38 Hlea desrribAsSe

interest ap 8&%@@@&%@ Egg ggggonh%qg%%qdee gs&@géﬁlgelgoggg&a&eféxnthetic

i nmmunogens alternate i'very routes, such as nucosally,
t r ansder mgheyapeort ior abby ichti¢osal besedniony theiedbatedybyot REimndasei on of

sect eLory shiR0gLARULL S 3haf) nfiad iRneXheaRRl J3RCT ekhoRs cbead., us
intestinal, bronchial or nasal washings). It Is ge i eved that transdermal
or nucosalé, @i, diby Bat’ iardihres demoutidbdse téfef extd \af agaiatdtylates ¢indy of
pat hogeni ¢, g1 %%ﬂ!cﬁrer%tig | ¢h galn . entry %3 g@%%ﬁﬁ' SHLf acesq Fag exaupl e,
an orally “adm ni'steréd chol'era vaccine has bee SRown t6 be far guperlor
to the parént eoahl y thenefifsceicenasasl of. the] 00E8p lEghmee setveak. shown by

Y099/ 5254915 tgaches, {8t yagglne. CaTRAsHL A3 Rhended f or pucosal use
can be deri&e& froma~ conbi nation of an antigen w fh a polyoxyethyl ene
et her or ppholkspboyethybene esterfiasl Cp€ pligemgrad) ufaetre hts was suggest ed

that the target antigen _m ght be a syntheti pti.de.  Friede_et al_._al so
suggests FﬁS%EEEFFFO%roFu 68t&PPg8ﬁu@Pgo%hgegggn%%qgﬁge5§cggﬁeggokgggition
to provi deo iprprvavded ar espbridesedTHeynusiocnadutlhabry compileat ioonaof a
ponoxyetoIene et her or pol yoxyethylene ester with a CoG oligonucl eoti de
coul d i mpr'6v&*Micosal responses when co - 6 WD 03/068169 PCT/ US03/ 04711

Zgjmuclaflz ?&?’g}\%ﬁ %@?%}% iezgﬁ?né(t% \gljgr\/tg?rﬁ%%g?n{eegeuég Sar?ct{my\gsdeaarckll %’?alfs Ok];egqu
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 immunoglobulin (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 mucosal 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
compositions intended for mucosal use can be derived from a
combination of an antigen with a polyoxyethylene ether or
polyoxyethylene ester as the primary adjuvant. It was
suggested that the target antigen might be a synthetic
peptide. Friede et al. also suggests the addition of CpG
oligonucleotides into 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-



ol i gonucl eotides with antigen described. [0019] Transdernmally adm nistered

vacci nes represent an area of recent interest. ldeally, devices, i.e.,
pat ches owo oseexlbe-free jet injectors can be enpl oyed to trargsn3o41el
i ntradernmal Langerhan cells, i.e., dendritic cells. These specialized

cells are responsible for the effective processing and presentation of an
i mmunogen and can be used to directly induce system c hunoral and cell ul ar
responses. In sonme cases, intramuscular immnization was achi eved by

t r ansder maldmimgtshieded @/ itdr agx ampligera r dowelvegapdheda@sstillsed shodiest Rer i a

vaccine adgicyi e, ax hpakalt: 1Y Shem ¢ iaphibadies ke 4 piheria toxoid
were foun or avalet)?of conpositions when co-adm nister wth

adj uvant s 011 pdrCAGc tAldeFo WG It e tpidiesr destcriidedi.| | ustrated the potenti al
of various vaccine fornulations, there are a nunber of practical

limtati o901®] tHeadevelpphentadhiisyntéeedcvpepiiee- baseesevacei nerea

formul ati g faor o I tr Al ivery.. _The incl.ude: 1)
i nmunogen e&regfﬁ@&%%gefe%u&dosilr&% %d"&gs d%slllc\sé%ér ét'iedhsﬁgr%g?%rs %(riot eol ytic
enzynes amneehd enfoesal]etsunmrfiacecors wanhibe e lioyedader tiegge®) thegl i gi bl e

adsor ption _across the_nucosal_ epithelium_ or r t ihnt r ader mal

| ayers; aﬁél%f)a (ﬁrlmuq‘l ST HRE icﬁ%lrjlﬁc’dgéﬁ %4 éjterég%ggﬁtcr gt%il&%'beﬁglv%%%t hat
requi red tspdaidiideeal susltlablaerd enesipoofsibhrudfer téspedfdest ive0ptpdeswing
strategi es exi st which .baoth stabi.lize and adjuvant , a theti

pept i de- b&SEY AHHRMDT 25 9 Oatséainn@ménu\?é) &nn%ddég%glosﬁet iu%}r%31 %E)cﬁﬁé:ecuy
conposi ti dmduad & e eesisenturalrafloancheel 101 W0 r@3p088E69 PCH US0E 04711
devel opnent_ of hbg]l ef fi aaci Qus parent.eral , micosal el t ransder na

|
pept i de- b&SEFVa ety ] TS 29SS Td S S5 S Pl (J)Cﬁﬁmtsﬁjréer Frat i on
of i Munegeniceis.€Sponsesexamperdera t vedcatticeapde desdreibef a diptheria
vaccine administered as a patch. Systemic antibodies to
diptheria toxoid 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 mucosal 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 through 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



adm nistrations required. This would result in inproved conpliance and
reduce the overall cost for vaccination. [0023] Various nethods may be
enpl oyed wo oaggsigant synthetic peptide-based i nmunogens, Pomtusndo4mai |y a
carrier or depot systemis required for effective | ong-terminmunogenic
responses. Not abl e exanpl es i nclude adsorbing the i nmunogen onto a m neral
salt or gel. For exanple, encapsulating a peptide i munogen within a
polymeric matrix (nonolithic matrix) or gel, or layering a polyneric

mat eri al aeyeddrmengemt dd dhdvuedddraCdons- Phaeintemay  baugeseflf eat i ve

strategy. /G, ’sd%’}ﬂa@:ﬁé?%%{&ﬁ@%s%% iAcenparated in a liposome or vesicul ar

type of fornulation, e 1 mmunogen either enbedded in the lipid

matrix or phwsically;gn p i i agiieo .~ Anot her
strategy r#ay er;pl %ch/ Jég %niggrg%%ggég? 5% eite% ?xlég basedﬁl\g]?é)g%?ﬁa fiAbased oil,
with an dgueowsesclaitiesposisetsheé ni wmdieggde iredvage ¢he puopert iodns, to
prepare a t.er.-J.n-qi.l__(w._q)- | sio r r - il-0n- r

(W ol w) - dg\l%\le lebJr%r}:Iag_‘:lé)ﬁlf&r%g%ds'Di @ggge%gﬁid?gleg%%?zelg, q%\ré%h%ldogi es,
surface hydpdphotuieciangd ardiucesitdgalovenefldc eostiarfge arecposgiilbing

fornul ati on dependent variables for consideration. Control of these

par anet er 4002 3Jnoar i oubemenipods andy floe ¢hpl phagocytadi svant sycrletsczed

parti cul ates vi arenteral admnistratiaon ' faor th ake of
parti cul atpeegtétdaespeacsleacf ilzméndmﬁ%crgg%’stb&% nt%ﬁénjag’elyg%s C%%?&ﬁ%s O\t/rvi t%ﬁ' nttt he
i nt esti nalsvistaat 2% 22duwrrear dor ddfievgriywe Siomg-arly, imhesegearianet ers have

been shown to be inpqrtant, for access.to.the nasal ;associ te%ﬂJ Qi d
tissue of FHEWASA pﬁ\g)rtyﬁr?&éealeﬁarm gTe,s alr]tcalrllgcl:et o Oirrhl)tlrngngsh%l ~rgel :Sge%rny. 23"
24 8 WO @368l 66 mCHIUSGI/0441Hel[.00FDr Kxanmplet, ahcapdulSatRaigermt No.
5, 700, 45925 descri.bes ntohe usg af pol Ie%trr.%l ﬁ?grg& I%ﬁ% iitli']lic
m cr opar t PER G PO Ved From FoVAS S pol yoases ™ i mwhi ch the
conpl exi nghatagent drs gelpolopmdarayeVfdamcous pudemefrdic traese iadnplrexesl ar e
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
agueous solution of the immunogen in various proportions, to
prepare a water-in-oil (w/o)-emulsion or a water-in-oil-in-

water (w/o/w)-double emulsion'®.

[0024] Diverse particle sizes, morphologies, 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®® 2°
and for the uptake of particulates at specialized M-cells of
the Peyers Patches within the intestinal tract?? ?? for oral
delivery. Similarly, these parameters have been shown to be
important for access to the nasal-associated lymphoid tissue
of the nasalpharyngeal tract, a target of intranasal

delivery.”’24



described and include vaccine conpositions conprising antigens or
antigenic peptides. Sone of the conpositions are controlled rel ease

f or mul at iwol3@eg1bdyi ng potentially bi odegradabl e nat eri alPsT/USn3/ot1e1 of t he
exanpl es, a nmethod of incorporating an antigen in polyelectrolyte conpl ex
m croparticles is described. However, the nechanical process described for
preparing mcroparticles by grinding the mxture of 100 M size particles
to about 1-4 M is cunbersone. This would not be easily scaled up for
commer ci all0§R8duckrome §00256], BV d¥ i dyetent afo 265 dEd) bp¥d gesgnibes the

bi odegr adghle, m.gn 93Rek ¢ 1TRAUIAGEILE ! EAMRALYR k3 LAGLEderag; 0l yeol i de
copol yners tor the controlled release of an antlgeﬁ in vivo. e pol yners
di scl osed dea ivedusefonl piodiyaericapsudarpagbareant igemhiipho tiveccopalekdhgs

i ncl ude paqly-D, L-|acti ol yal i pel.ycapral a I hydri des,
polyortho%§¥ggglgn% %8ﬁ§?§?ﬂyd&%%§%ﬁﬁygsgSagfﬁ)?RFSSZ%%RﬁﬁFﬁgggé§ghe
cont r ol | edieselréedsel ahdan nadtidge vawas neackmpeed tiipnsheoppirasiagt antigens

difficulties r.e _encount er.ed whe nm croparti I factured by
met hods dé%b?%%é&?”fﬁepeﬁﬁﬁﬁ%ﬁs dgggfiBgdggFeC%%%?F?ﬁﬁgngggggale-up.
Mor eover , cohe roéipals uied eafs ebifolrogilaali omat empdbyihg poganitdaddlvents and

mechani cal_.pr.ocessi can.l ead. to denaturation,and_|ow,tqo node
encapsulak?@ﬁegffﬁgggﬁcF@gsrﬁﬁgfherﬁgrgPehﬁgrggﬁiFﬁgmpéﬁffggngegbgd of

i nef fi ci edtlcy rppecapdungataed ant igke pnopedyesdecdesdyitbedomp0@28] Henry, et
al., US. Pat. No%” %,126,141 and.5,135,75127' %g}deSCﬁiged quequs,

t her mal | y PETEPSTEIEGE 1oMSSSTErsNs  PoPREa s r ST FSI 0% yal kYT arE®

pol ymer an@safriberi &orp@rgpacdhar mderbparapplliesabyogrtiadingutbd aieasref
the body to - 9 WO 03/068169 PCT/ US03/0471 prevent adhesi on. Rosenberg,
ol pGal§ho8os desRrThad | SenEoustobl thd" Liine by BENGR RO oxy SRS ohe

pol ymers f0f11he ot @edleadghiveykil apt iFsensenrkir-genucheshidesoho _
surgically exposed surface of blood vessels for treatnent of restenosis.

[0026] Eldridge et al.?® developed polymeric biodegradable
microspheres manuféctured from poly-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 5,135,7512%
28 described aqueous, thermally reversible gel compositions
formed from a polyoxyalkylene polymer and an ionic

polysaccharide for application to injured areas of the body to
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Nei ther Henry et al. nor Rosenberg et al. taught or suggest the use of a
gel conposition as a vaccine. [0029] Dunn et al., U S Patent Nos.

4,938, 763wearnd/068169D2, 71630 31 descri be pol ynmeric conposi tcorssosiegiul  f or
the controlled release of biologically active materials. A bioconpatible
sol vent was used to prepare solutions or suspensions of antigen for direct
parenteral injection, whereupon in-situ gelling results in inplant
formation. Utility for a variety of antigens including snall synthetic

pept i de- b&FEY SFmatfsion waRaseaoesd, Méwaler, WO 042847  dasgeribed

5,702, 71631, t trall Itk r-equi.re up to
15% by V\gti:l‘léeht%% %;k gt!t’ahlaet rszftIr{é]e-Gr ar ?Jng%ga’g’%ﬁﬁﬁé%?’gg’?’&?’h%%gﬁ?s th\%er e
added t o g latce tilve ryelds g trigtea sgnd ligioausdedéd desr tohisgiver cedtliyapnment

ef fi ci encigs, Jry anki@ens o shich Are Lasid o LXLIacted d b viva, As fihe
é)l p

sol vent extraction 1I's governe l'argel'y by ffusion, this presents nore of
a probl em fNerithemalHersyntatetdlc inoruRogendetrigartf el .| degghts wh- $nigy esrt

pr ot ei n- bac%eéduasrgio%e%s.sgye[p% ither US_4,938,.763 3 0 nor US 5,702,716 31

taught nor  suggeste nthetﬁg)peptide-base i mrunogen stabilized as an

I runost i (ﬁﬁﬂry x_suspgnded,w i hi bi pc at i bl sol toq 230,
Furt hernore, n itﬁgggﬁé€4?§38,@6%30P%%%Htgyﬁ?7o C§§%3§é?t§%%h$’z§$’7l6
suggested3bom@@siib©ngoMhhﬁhi@f@pmnnéit%?nﬂmuﬂéfqﬂ o Wen apregd ke

i mrune respgnses. i oth the prim : ti.ng pha . 1]..lt is an
obj ect ofr%hﬁ?%%nﬁ%éﬁ%é%%%%%ﬁ%ﬁ%(%?%%%%ﬁ%§§¥§%ﬁgbst?h%ﬁ%?grggg&#ﬁﬁexes

fr om synt etlive ne pta =d e1 sednireo gerep a ren ¢ odudbionisz iomg susipecsliesns wii ch possess

sel f-adj uvant.in roperties in vivo. .t i.s a.further object .of the present
2710 VIO G3rO88T6d BCHUSSY FEFEL et 18 or SVedE TR D A& 4dt hod ¢ o
st abi | i ze gg@19yimdhetds 1 tpeptn denglaamitn dgemaitd owni.t r Otdad tiyn feirva. via@Qd2ly It is

2 Still Tt her obi-ect; of) Lhie, Present JVGILION o Lo BoVLIe SUStASd
was claimed. However, Dunn et al., US 5,702,716“y 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
solvent. Furthermore, neither US 4,938,76330 nor US 5,702,71631
taught nor suggested compositions which are self-adjuvanting
and can upregulate immune responses 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

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

- 10 -



conpatible wth these stabilized synthetic peptide-based imunostinulatory
conplexes. [0033] It is a still further object of the invention to develop
formul at iwo93weding a conbi nati on of stabilized syntheticPpeatSosier/based

i mrunosti nul at ory conpl exes and unconpl exed i nmmunogens in a controlled

rel ease delivery system to achieve a synergistic enhancenent of the imune
response including protective responses. References Cited 1. Manni ng M,

et al. Pharmaceutical Research, 1989, 6:903- 918. 2. Mnfardini C et al.,
Bi oconj ugatneegiamn, t@9@8ovgd$18—845@163mepb@§r¢9 prabafligle a $yPihhemisci,

1998, 87: #%Q %1%4§mﬁ‘111§g'é'§ gg%tvé@? She@lin NMaeci ne, 1999, 17:1065-1073. 5.

Kabanov A t al I | cock HR et aI , U S

P NO.r 5562, 9

B B o Ll St e PP, D >
éggrl &FS§¢E§25§;dFOsu$?ga$éﬁRoretoakroledcmﬁéea$99@eliwe3®65e3@?3fsliM
or Sal ' Dloghea ikl Na e T b Egs B ighoh Syt get i psbiitesbiset o 2

Pat ent No;nﬁWZ@ﬁxamﬁlBtor&OQbmpiekks VD 03/ 068169 PCT/ US03/ 04711 14
Suharyono, et al. Lancet, 1992, 340:689-694. 15. Freide M Hermand P., WO
99/ 52549, [DO33] 16t ﬁ@uimtﬂm émr‘alher\tm:j:écnte o201 32t®v®715i®80to 17.

Schar t on- %Fr%h WE ul ions 0s Wgu%om O%0t16% %% sta 1ze%8 Powel |
MF, et al aPmacélt @alo§iote&ﬁﬁblogy, VOr-t8! “Pl éndm PréSs, New YorKk,
1995. 19. siykadetYc @EQMldeﬁbd&@@ﬁ&hﬂMﬁO@ﬂﬂW&ﬂaEOkyﬁpoM@&@xeb:3ﬁd46

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

including protective responses.
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ani oni ¢ nol ecul e or oligonucleotide or polynucleotide and a nethod for
stabilizing a cationic peptide by conplexation with an anionic nolecule or
ol i gonuclwotm@esier pol ynucl eotide via electrostatic assoecatisono47The
stabilized i nmunostimnmulatory conplex nay be incorporated into a
pharmaceutical conposition as an i munogen delivery system - 14 WO

03/ 068169 PCT/US03/04711 [0035] A "cationic peptide" as described herein
refers to a peptide, which is positively charged at a pH in the range of
5.0 to 8. ®0-Th¥apst C¢haf§e 99 696 Opept?®de or peptide cocktails is
cal cul ated by assigning a +1 charge for each_ [|ysine (6), argi nine (R or
hi stidi ne 5tH) , Mascrtihalfe Rér 2leacRraspleti Acasi $cip) USA glldPlmi ¢ acid (E)
and a charge 39f,031H@¢r the other am no acid within the sequence. The charge
contributions fromthe Nterm nal amne (+1) and C-term nal carboxylate
(-1) end ghroupx.ehnerchvperti da ef fa%tcbyl?hg earael 198a@chgothep when
unsubstituted. The charges are su each peptide and expressed as
the net average-ehadngad Ac,skditt ahl.e pepthde bBIBYROEERARas aonet average
positive charge of +1. Preferably, the peptide i mmunogen has a net
positive 10Rarge’irs%he range that is larger than +2. [0036] The peptide

i nmunogens conpri se B-cell epitopes and Th epitopes. The Th epitopes nay
be intrindi‘c t &heRe Fpefiti dd -or Vasddag t R€PEr 0 1ds 3§69cP0B@d in the prior
art. Suitable peptide imunogens are described herein below_[0037] An
"ani oni ¢ #ol-ecP®9 &9 déScrilbed BEOCei Nafkef 8890 SCpleUiPes 19 ch are
negati vel yechangedatz72 pH in the range of 5.0-8.0. The net negative
charge on the oligoner or polymer is calculated by assigning a -1 charge
for each gghosphodicester, @t RhosSphor etthioatie gHaun ,i nobhe olsi:genero0A4.

sui tabl e ani onic oligonucleotide isTa single-stranded DNA nolecule with 8

to 64 nuclggoti dghases, M h .the nurkeb19bq rRepeaks,ofi dbie GeGomatihoi.n the
range of 1 to 10. Preferably, the CpG immunostinul atory single-stranded

DNA nol eciglges www.expasy.ch/tools/pi_tool.html

69. Hakim, I, et al. J Immunol, 1996, 157:5503-5511.

70. Zeng, XY, et al., Theriogenology, 2002, 58:1315-1326.

71. Office International des epizooties (OIE). Foot-in-mouth
disease. Manual of standards for diagnostic tests and
vaccines. Paris(France): OIE, 1996, p. 47-56 [chapter
2.1.1]

72. Proietti, E, et al., J. of Immunol, 2002, 375-383.

SUMMARY OF THE INVENTION

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

as an immunogen delivery system.
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contain 18-48 nucl eoti de bases, with the nunber of repeats of CpG notif in
the range of 3 to 8. [0038] Mire preferably the anionic oligonucleotide is
representwo obpesihe fornula: 5 XICGX2 3' wherein C and G ace/usosiogihyl at ed;
and X1 is selected fromthe group consisting of A (adenine), G (guanine)
and T (thymne); and X2 is C (cytosine) - 15 WD 03/068169 PCT/US03/ 04711
or T (thymne). O, the anionic oligonucleotide is represented by the
formula: 5 (XS)ZCG(X4)2 3' wherein Cand G are unnethylated; and X3 is
sel ect ed flOOASIheAgr eapiennsi BePhgdedfan, dgseriled dpeiroyniseos o §0039]
Most pref I t g RG Y igenycheaqt dg J.s selgcte oma g

consi sti n?%’bE &3 TOE TIT Tor CGTtyiTTT é?cef GET taT%G f‘lh G %a?l?%p&f) SEQ
| D NO. 1, 5a 03Zchdsd | eﬁ@t% nsiti ghagge candhs PRELEHE GFTPFPGITEG TTT TGT CGT
T3 (O 2 9QHEL

phosphor c()Et%)r?l c%gt%llggr oup a?fggag%g?%éﬁgg%g%gﬂnghg 5' en rﬂ% g(%O]eafhe

resul ti ng livemmeosti) rulaatgomi neonR) exori siiisit itiaef dim, of —piarCthla(rlg@s fwirt h a
size typi¢al fr m [0 ng gi s funct.i of, RNy
factors i %%Iétﬁlar%aﬁgcra%qgtl \ (:O#ar éltrsytmg'l ch%%(%?rlegrla 3 3 lr%n%ﬁejggl ar Wei ght
of the i rerddtd g hspeeimgsio32 Clive wgarhtuncalh@t @@qlu@msmost Timgl s&hemye conpl ex
has the added,aqdyqntage «f,py %‘é‘ -'%%Kgﬂ.n%‘ia% a '0'}+% a{*l'zﬁgrce@él gﬁ'n%'l of
speci fic i'mmune Tesponses Tn ition ilize

i mmunost i matlraatom%lact@rrm—eln mid s;motu@bl off @racplr @]&@I‘Cllldg? eétfelcmevemymsda@tqedns
by variou r e cl ydi n I
suspensi o%s C@n% %%?r@rel%c ué%lu%%t\f\%é)%ﬁd Thglht e‘r%ﬁ%‘rg ab?ﬁ zer&%% use& herein
may be aceamybl p@kp&d_deb;artdl@mp&es@fechrays rhteemiedll avelragk phetrget.s the

synt het i C . ReR i en_agai nst degr ad in _vitr iva. This
may be ac &0 rﬁ%atb eeé)el? vd?e?tlt%nuo nerkﬁacsal %5 ?alvgartal gnpoangllgre ﬁhy5| 9al

associ at i @f. +A .st &tnelﬁezrelbhyay tanegmmpttltdlaae impluyeigenofiecalk preapeoisiiesvef a

synthethc%?@%kF%quﬁ%Po %%b at is larger than +2.

[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
phosphodiester or phosphorothiocate group in the oligomer. A
suitable anionic oligonucleotide is a single-stranded DNA
molecule with 8 to 64 nucleotide bases, with the number of
repeats of the CpG motif in the range of 1 to 10. Preferably,
the CpG immunostimulatory single-stranded DNA molecules
contain 18-48 nucleotide bases, with the number of repeats of

CpG motif in the range of 3 to 8.

[0038] More 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)
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ol i gosacchari de-nodi fied gl ycopeptide or a |ipidated peptide to provide a
nore efficacious formulation. [0042] The term "adjuvant"” as descri bed
her ei n r everos/ossa6any nmaterial, which can enhance or upre@alratses/o41el i mmune
responses - 16 WD 03/068169 PCT/US03/04711 elicited by an inmunogen in
humans or aninmals. The adjuvant itself may or may not induce an

i nmunogeni ¢ response. [0043] The stabilizer may al so preferably function in
a vaccine as an adjuvant, effectively upregulating the inmmune responses.
The stabi irz&r (FRyMa&e)as Qﬁra&ﬁﬁvéﬁﬂoﬁ}ca@gﬂﬁépvc faEildet 46i ng t he .

present at iR, Qfs e d BIURAGE™ e ABOf @ssi Qﬁg;JCG prgcessi e el hscofinking
i mmune system such as macrophagegs and endritic cells. In the present
i nvent i onarehenseabiviliered: i@mfurfost fnBfheeFsd chbrphekhedeaPly ¢endipsinag an

integral Wity i solution when adpinigstered. [0044] The stabilized
i munosti mul at’ory conplex may al so be formulated for controlled rel ease

and renai a §oup! eX. kO 1137 Soncent k at egh £ & I deppt " éf@%té@e site
of adm nirt?totgx}t]i on(.%ghigs@é ?%arl ryufbﬁ?ons %nerbﬁﬂ cg?%l co %nse t he
benefits dfrom st agiovicz ednsdjstvast ed SImTREgERGcATRI 8&TwWCER TaATsGICaicAdd

| ocal rel%?%p fr i no tHQ | f.egt oy, seell I e L.tions
the role o tggGa&FEEEng%?Fgglégﬁﬁg? gpgogrn%olvekggﬁrégpﬁﬁg Sg?gg%%f'the
i mune systemYt’ @ TCh&TOVIGEINITNE GG RETI ARIn6§&N Tdépot(Cakd ) s SERUILEt E0such
Pells to 2?'%??% %%s%”ﬁ%%?t%?%ﬁ%%% er[%?%g]al h%s?%%QQQha%%%%tggEu h'?
invention, ‘there i's provided a nethod for preparing a vacci ne-conposition
cont ai ni ng darsidnanedostsi muladt gy Gdnpine.- | n a preferred enbodi nent the

i mrunosti nul atory conpl ex has the added advantage of being a stabilized
synt het i ¢ [0@@0i1d et hasess i hirimg gemmimo i imel anelr at conpke sah® in nehe sform

Pobler] SRS L YRS B 00 SSG) G LTVIRCSRORETESED Vo,
prepari ngnd crats rRededrpesiftunat ifonomft meny 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
physiological 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

- 16 -



i mmunosti nmul atory conpl ex. The immunostinulatory conplex or a m xture of
the i nmunostinmul atory conplex with the unconpl exed i nmunogen nay be

f or mul at ewloas/ne81suspensi on in solution, a water-in-oil emraraiSosy47al
suspension in conbination with a - 17 W) 03/068169 PCT/US03/04711 mnera
salt suspension or a reconstituted suspension in a bioconpatible solution.
The i munostinul atory conplex alone or in a mxture with unconpl exed

i mmunogens nmay al so be co- formulated in a bioconpatible solvent in a

pol yner i ¢ &géICi L ia7aMTHME YNRESH iieh ugangr Chepndimedét-ed The 8RE Wyedduct i on

of useful; fisunagen HeldMembS s Her iadiindigehnat i-eRpRY; sevari ous
routes, including parenteral, oral, intranasal, rectal, Eﬁccal vagi nal and

tr ansder mloga4t opne SRLEF) DESCRAET! SN EF, TiF. DRAV NG5, 00481, The present

invention is further understood w reference to the draw ngs. [0049]
Figure 1 iv@&cgisehamwatdnc ashioviang /t ﬁ?éf@@r?}él"@)lé{t Upreopletasy dhecampamiec

peptide i pgun g&%@% an%gog-ta@llg%qch%@,t 4 &S o sl QAOQL5EvANe g %la%%etﬂye

typi cal size stribution for the stabil |zed i mmunosti nul atory conpl éxes
prepar ed fleemlifRY inge fthed @ Hiapaniciems gid tmmmum@@ﬁ@crteomr@éeasnomm ous

proporti 0%%0%%5%%%%“ mnad Ry kager bl ackican, Mgy %@Ema%rop%]‘%%%%] ahlgure

3 is a schematic of” the process for preparing a water-in-oil
enul si on eeplda\iitig h@ﬁdgen|z%nrQh¢ oresexitr dsiven tieahnitdgestapdd32edri gure 4

shows a t I n _prepar
hoanenlzggk%%Qﬁrm%qﬁg tan| e%r) %ﬁqghggﬁﬂ%h% %Igﬁn%ﬁggékgéuﬁ&ﬁﬁ
conpl exes,inwserleitd doHRe@p@dmiing s4ereat. a fi xed flnal total peptide

concentration of 100 pg/nL. [0053] Figure 5 shows a typical
phot om cr d@Odd] fDhe astabileped sivnupeepaneth voay exempbseomdy cm $She

Eﬂghagbggg%&mu%%t%n fo H%%H%%%llégﬂ%%a% s%ug%%p&%ngqgglgée%’c Eﬁ%&nln

a concentrated form in a “depot” near the site of
administration. These formulations synergistically combine
the benefits of a stabilized adjuvanted immunogen coupled with
a sustained local release of immunogen to immune effector
cells. In 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.

[0045] In a second aspect of this invention, there is provided
a method for preparing a vaccine composition containing an
immunostimulatory complex. In a preferred embodiment the
immunostimulatory complex has the added advantage of being a
stabilized synthetic peptide-based immunogen in vitro and at
the same time is self-adjuvanting with upregulation of

specific immune responses in vivo.

[0046] In a third aspect of this invention, there is provided
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 solution, a
water—-in-oil emulsion, a suspension in combination with a

- 17 -



4:1, at a fixed final LHRH peptide concentration of 200 pg/nL. - 18 WO
03/ 068169 PCT/US03/04711 [0054] Figure 6 is a schematic detailing the
i n-situ pabyawesicgel process enpl oyi ng reconstitution. [O0@8FJUSE/guIIE 7
shows the serum 1 gG responses in guinea pigs inmunized intramuscularly
(I.M) in accordance with the inmmunization protocols described in Exanple
7. [0056] Figure 8 shows the serum I gG responses in guinea pigs inmunized
intramuscularly (1.M) in accordance with the inmmunization protocols
descri bed mlrlile@@dmﬂaelt? SUNPeseienwere 2 @iscanséd tigedt Baspengdlos iLmmani zed
with the i Eﬁ; dﬁ@%%ﬂutﬁ%%ple&h%e h%%QOSQQ%MQQ%OQ?p%b%gie§n%lg9@2 on
week 17. This |s I ndi cat ed an asterisk in Figure 8 7] Figure 9
shovvs t he oeriomal g@&teg@owgéél iU COUPAEH el ggmumﬂﬁnﬁzé\@y i atlsampsc ¢loar | y
aeondance i LN e or IR 236LaRREOLAC! $odgRe, léeg, e Exanpl e

in
7. [0058] f% gure 10 shows the serum1gG responses in guinea pi i mmuni zed
i ntramuscylagil ) danc t

descri bedU[O% arrplidé/é lhﬁ%ﬁgg% Jg\ger]guy\%}tﬁ%l @njgrde %grw%ea%}lﬁ%}ﬁpé&é%éﬁz%%
with the jusmfnds timmrageny deddmplrax s¢eitieved foromdoba ipspeitdes &yd CpG2 on
ek L e VAsi s AUHGat e M ARCASLELhTL 1o Flaune 10:-LAGRdh Fioure 11
shows t he 'Serdml 8 responses i 8u mmuni’ zed T ntranuscul arly
(1.M) i nraa(o(t@rldammk,h Vtalqenallnmnm zcartam@nlepm@tlomhgedescn bed i n Exanpl e
8. [0060] Figure 12 shows the serum | gG responses in guinea pigs immunized
i nt r anus c BRIEF DESORIPTIONa OF0 THENDRAWINGSt he i nmuni zati on protocol s
described in Exanple 8. [0061] Figure 13a shows the serum | gG responses and
13b shows [O0HB ]t OTlad sesswmt esthostef omel $ Nfuet lee r alisdé e d edi th

i ntranuscul ccor.dance with inmunization protocols as
descri bed & F?freé?/?&ﬁg‘ﬁﬁ gl%d‘he 6™ i{iB%03/ 068169 PCT/ US03/ 04711

[0049] Figure 1 is a schematic showing the complexation

process of cationic peptide immunogens and CpG

oligonucleotides.

[0050] Figure 2 shows the typical size distribution for the
stabilized immunostimulatory complexes prepared from LHRH
peptide immunogens and CpGl oligonucleotides in various

proportions as determined by laser diffraction measurements.

[0051] Figure 3 is a schematic of the process for preparing a
water-in-oil (w/o) emulsion employing homogenization or

extrusion techniques.

[0052] Figure 4 shows a typical photomicrograph for a w/o
emulsion prepared via homogenization from ISA Montanide® 51
and LHRH:CpGl immunostimulatory complexes, wherein LHRH:CpGl

is 4:1 at a fixed final total peptide concentration of 100

pg/mL.

[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 ug/mL.
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[0062] Figure 14a shows the serum | gG responses and 14b and 14c shows the
total serumtestosterone in nmale baboons imunized intramuscularly (I1.M)
i n accor dapma/oedibh | mruni zati on protocols as described | RCEABIpOILL.

[ 0063] Figure 15a shows the serum | gG response, 15b shows the total serum
testosterone and 15c shows the average weight gain per group in boars

i muni zed intramuscularly (1.M) over the trial period in accordance with
i mruni zation protocols as described in Exanple 13. [0064] Figure 16 is a

schemat i c [@@54]l | Figgehe prdeedssohempl bpade iyl himy xele sigpehti opobymer

i nmunost i n,a ' I 34k, DETAI LED DESCRI PTI ON OF THE
' : ’%Q&O?g&é e%%”'%lxr@?ri é)?/nlgl g e}:e@o@l%rt%t utdidh,

| NVENTI ON I'n acc wth a rst aspect of the invention, a
cationic ide i gengi o} e i Lonic . Si - st ed
oA to T one0ssr BT ehd Eu e crpt ilords e A0uBReT 1R SELfe e
peptide i rmmmogerd dnd geepmscdd asilvh @ -Met) iposicciovelaciesr gé tat thepH in a
range of gmgnurrﬁz%'tQ'onTE;SrogeoE:fl%@e%%rﬁ%e%hgnp%g%h § 0K peptide cocktails is

cal cul ated by "assi gni arge for each sine (K), arginine (R or

hi sti di ne a = rge r.e t4 r..g ] C i1d (E)
and a char[(é)gpsc?f] OF%%lrgP?hg %IE oF g}?ngnggg%ﬁ di'rsé:G ?fr;]é é%ee%ule%c@ﬁ% %ﬁ% ge
cont ri but iiomsirfirzed time ddnuescnlzally df.Ne ) (+h) aacd rGaneenividah cheboxyl at e

(-1) end groups of .each epti.de ef fectivel. a |, each qt her when
nsubsti t COOHT Hd i A SBOtate Shmred For HalholEBe: de and Sxprosas as
the net arerdagedcfargehePragfiaradld yinmrung zeelt wavér age dhaugesafimuietopgpti de

i nmunogen is at |east. +2. [10067]. .The catjonic p i.de i nmmunogen :

i ntrinsi céﬂ"&p{iﬁéﬂ/ eLivgs f[ﬁé’gl tc|]D epgﬁgﬁggsagngaﬁgﬁlzaf)@d wgl%vg%barsrgélgn its
am no aciié sequenrced Ky may daearade tio lFayara Bositive charge by - 20 WO
03/ 068169 PCT/US03/04711 the addition of a lysine, an arginine or a

hi stidi ne [@5%] 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] Figure 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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m xture of these amno acids to the N-termnal or Ctermnal of the
pepti de i munogen. Qther synthetic noieties, such as polyethyl eneimne or
pol yam ne®p oato6sabo provi de a positive charge to the pepti @eTiusosioMIgen in
aqueous solution, may also be added. [0068] The cationic peptide i mmunogen
conprises a Th epitope and a target B-cell epitope. The Th epitope may be
intrinsic to the peptide or nay be synthetically added to a peptide,
whi ch functions as a target B-cell epitope. Suitable peptide inmunogens
i ncl ude pdP0i6dds Fhaurel [éatshews cEe vechum Igerapepenees mtel tlesporises
and are danicy o d/OBRAIAGANS Bl ReQigishe Ao o fdauserdicgeases. These
i ncl ude: hunan or animal |gE peptides for the i mmunot herapy of allergies,
e.g., thémmﬂgqﬂﬁﬁ|Mﬁ§ﬁqmﬂﬁﬂm&@ﬁ§Ydé§cM Bedni ROAOTIGNER2935D; HIV pepti des
for proteq t her. for +H fectjihon described in

P (&)rb&gxgl z(’%'&l %tx%(}%do@’é“%% R Hedl i ¥xanph8ChHO

US 5, 763, es for protectlve immunity fromH V and
|nnunothe f nig A5 & N&n dt 5687 d

6, 090, 388 gkjﬁut§$%;z%ng %none e ea3|ng F%?ngﬁéé?gﬁg&biggp?¢§%%1 he

i mmunot hertaryg lofs canvady dgert cate reder ageh-ldep shderst tﬁl@rr@r\@rageomen@@éptglaom and
i mrunocas ti a val, of r i1} rihed in 9 5154
and US 6, %f%l %ggg%qqt§%@%% (o]} ud%g%% %t %mugE$QV§ﬁ |o% gﬁi ?n%énoté%rapy
of AIzhelnaaai gaﬁmw$emdesmmnbe@qenWUSSN1®@m&65a29¢56prbaocoaﬁdawouth

di sease I us o ratective immunity agai nst foot-and-nouth

di sease de§f¥?b (ﬁj§%§%ﬁy% 33157 pepti des fron1bacteria| pili for
protectiv ni fro ripary tract i nf on. de |€ i n. USSN
09/747802§§P%gﬁas%% Pﬁ%?%gpfldes %?ma%}%t§%¥+vgl? tS}%t oM mat ari a
descri bed prepADi99 G6IE XD suapdnsdont @St dimmunpeptindds toary gbmytltexpramm)ti on
in Ilvestock deééilb % in WD 99/66950. 60 The specific peptide i nmunogens
naned her & QF aifpies for purposes of illustration only - 21 WO

03/ 068169DIE(;£ lﬁ%% %&JIP&%% %reT%%t IWE%%I%%nst rued as limting the scope

of the

[0065] In accordance with a first aspect of the invention, a
cationic peptide immunogen 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 expressed 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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invention in any manner. [0069] The "anionic single stranded DNA" is a
pol ynucl eotide or oligonucleotide that is negatively charged at a pHin
the rangwooB/o&1® 8. 0. The net negative charge on the pol yomaiSesnod7de or
ol i gonucl eotide is calculated by assigning a -1 charge for each
phosphodi est er or phosphorothioate group in the oligoner. A suitable
anionic oligonucleotide is a single- stranded DNA nolecule with 8 to 64
nucl eoti de bases, with a repeated CpoG notif and the nunber of repeats of
the CpG mitief addg- tilery Ieé Banyes iofe, 1 ano arginpnef erapl yistheigsGor a

i nunost i E}ﬁ'x%wey i r%_gl'e% ta&a@l%e%% %' Ul ﬁstgqmlﬁ'ari 18- @tfe%hq'n%qt' de

bases, he nunb repeats of CpG notif in the range o
[ 0070] Pr offe rtdis! yoeptth@leamrr@mn@g@lm goRidlegosivié hes icepodsenesd sght e

f or mul a: g@%g rei re h ad sel ected
fromthe g}o§% C n5|st|n§ OPQ.E%%a%ﬁ&E%) é%q?gu ﬁ?kggeand%$sﬁﬁh;%|ne) and
X2 is C (cyggiend)p ctrheTp(eprb;ymene)muoogemhenamqaﬁp@%Blog@m@rneoma@e ailso

represent?g %%d the formula: 5 ' (X3) 2CG (X4) 2 3' wherein C and G are
unmet hyl at'e g‘XB is selected fromthe group consisting of A Tor G

and X4 is : e G t e nd
wth a ph& hgpotﬁggra e1%$1é9§%§€+§8a%§ﬁgﬂﬁ% o O yCcopo ynera@ﬁ %%bg ngst
preferablppdtbet@pGealBg@@ddle@ﬂt@@ets §®be&he&pltp9ﬁ1wagr@@pl@@msmgumng of
5" TCG TCG T TTT T_.T ih%@ 1, a 32
base Ienggﬁ gﬁfbéhéﬁ a8 gggéggcfén£$%¥$$éﬁ156a é% gG$e?Q§§%%CpG2)
SEQ I D NOwhizZh &u&@tb@me ben@tmambegomeceﬂﬂuspamOphospﬁonmﬁbﬂ@apepmnw@glng
group (designated as. the 5' .end Q reqver IS knomm t hat
the DNA sé @ﬁ@@?nﬁeﬁmﬁg&def @Flﬁngzhgﬁgteéhcytoglﬁg ﬁﬁéﬁﬁne (CpG)
d|nucleotw@e&ap@mtumahﬁmmW@ph@@pbaseandn@aarenuamaeea imbpepbtﬁdg@mwn@r= 22
WO 03/ 068169 PCT/ US03/ 04711 responses, |ncl%%|n% ? TNF a, |L- 12,
IFN—yresp§H§g§§§ nown to cause diseases ese includ hihan 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°"; 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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These nol ecul es represent preferred conplenentary substrates that can both
stabilize the synthetic cationic peptide inmmunogens and provide a novel

i mmunogerwoaBiogsary system based on these findings. The ecahiShs/ed7my

i mrunostinul atory conpl exes of the present invention also provide self-

adj uvantation of the i ”mune responses in vivo without significant dilution
at the site of injection. [0073] The formation of discrete

i mrunostinmul atory conpl exes derived fromcationic peptide inmunogens is
pri nci pal BpdaarruReti 69 6F CRAS§EUREuLSaliPaLtiog. the issoegpedét E8et hat

stabl e cqopRlexesnmay he.f amed £, rom CpG contai ning i munostimulatory DNA
nol ecul es derived fromboth natural or synthetically nodified nucleotide

sequences.[olpgll heF DI €11 SRLOVEIBHLS raddieq Shedr | 14 Ya Qo BPhucleotide
i mmunost i nul atory conplex may be realized by increasing the cationic

charge re$rdicAd IeRUCREOFERE ddati ifuncgel i VERes €hangedde tert BHdAg thite
pepti des %%h@e addist inapaly | ygihRe ncar gleghie ver chlhshiedine t@k ot her synthetic
nmoi eties, which provides a positive charge to the nodified peptide in an
aqueous s®ldvNuslastdesecrirbed igbouesleptons] 1t Crd cetpéerebyt RaS1ABANGNE
containingy IAIYRASERULBLEN Yr3SHeRCEs bk STl Whblphe bdeabhteed 800 in
contenpl ated that these single-stranded DNA substrates would prove to be
usef ul natéei alldgomefror mAi Tmitedtliecmanaroiy odegphexdsotidm wher sdmbilied

W th synt i ti~QRl ihde . i nage i [
solvengs.gﬁgsgg%awg@?f%gg%%%égngﬁiEg%agg g?sgﬂgﬁgggggﬁegggﬁ%grgggﬁaa
defi ned amiepriatesi Agicemsttridnded DN& hagbbaepichewecedls| pf torj Ggat mdttid

anot her bﬁglqgigﬁglxa%égc%%oqak mylecule, fguch, . as hactips, sugars or
| i pids for "enhancing c II-speciPic 'uptaEe an yérgetins, or polyners,
copol yner s mamdogrtafiulacopyl priwod esschraadeBEGNRomoilgprdesd contedhatiBord 8i n

031 058160 BEH DSORFORFLE S S IR aUant [y BE e Supl SR8 i O 5 SarPbate pepti de

i mmunogenthe range of 3 to 8.

[0070] Preferably, the anionic oligonucleotide is represented
by the formula: 5' X'CcGx? 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' (X3),CG(X*), 3' wherein C and G are
unmethylated; and %3 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 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 phosphorothiocate 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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provi de a nodified i nmunostinulatory conplex with potentially novel

physi cal or biological properties. 34, 35 [0076] It is contenpl ated that

bl ock andwg@roaf6si6od- pol ynmers derived from pol yani oni ¢ ol i @gowarss3/eutdi

pol yet hyl ene gl ycol represent another class of anionic nolecules, which

may al so provide inproved stability and i nproved adjuvanticity. [0077] In

anot her aspect of this invention an i nmmunostinulatory conplex may be

prepared froma nodified CoG oligonucl eotide, wherein an additiagnal

phosphor otteispatrsesy, iadtissmdlildd nGNgr-oup Head DhediNaddedamnsds’s' end of
Pr.ef er abl

the olig r_for .inproved conpl exatio 00,78 t he

i munost i ﬁ‘gﬁ%zfteoﬂ? lceorpr%legxgse%é?%g n)én przgl\r/}éerrlar S zflé)a\pé‘fg]te %ﬁ 't isr'fgg terées
di stri but ittiat rdrhéat@angs a0fi 1 iaeouthel styoth@tid dirienprefoeicallae t he

i nmunost i nul at or co exes .,have an_aver.age aggre e _particle size

G St 11 but POFCRR A0 i o G Gy for o T o R SYSF ST he

i Munost i malsalddron aonplexasidiavs .an Theersagd iddgriegatiempactsitdng 1 asicze,

distribution in the range of about .1 to 15 pM, [0079] ,There .is evi dence
that the FOMBEEXGFS t??ﬁiﬂ‘rersﬁﬁ‘é:at@vqnﬁﬁoﬁleﬁ&e% PHEVdEGr 8815 intrinsic

adj uvant i Gidsyavand 4t e £ dHeMildtur@n, r tigidh s@ it R wiTheouef CpG repeat s
being required. Mreover, there is strong evidence that the selection of
f1 anki ng md@Nedtlicfe thabdd tddracdntt o Siité &FGLY ek -i nportant, as this
appears to direct I%/ i npact the adjuvanticity in a species-specific manner.
10, 36 For [&Pddl eThej format enonst faterehy KPByEOet1BY1aBOFRatoBRhanERd

i munost i el aty Bl \ddoh i et i6Rl lismReddenad i\é/ﬂ%&in@ci:igqfl lseot i des
containing CpG notifs are represented by the fornula X1X2 3X4 where C
and G wer & Uiy [t &dha rgfd neukr a higed 198 -ec tldd 1fSr SPERE oGt &igs G@FRPlSG,

A and ApAand Qs bV B e GG Bt iglri(?lép%nﬂﬁ@-ﬁo seRfuARE T -
24 WD 03/068169 PCT/ US03/04711 [0080] Although CpG oligonucl eoti des can

functi on &ABmedidculifs slyernsBE fx@raks tlis dRurad) @rastyd thiet igad tyeen shown

that the 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 aqueous 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 agueous solvents.

[0075] Modified CpG motifs are also envisioned, wherein a
defined anionic single-stranded DNA has been chemically
conjugated to another biologically functional molecule, such
as lectins, sugars or lipids for enhancing cell-specific
uptake and targeting, or polymers, copolymers and graft
copolymers such as PEG for improved circulation in vivo. The

chemically conjugated DNA may be polyanionic and may
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i mmune responses generally peak 2 weeks after administration for an
antigen mxed with CpG oligonucleotides in a soluble form This
necessi t aWe3nGH169 pl e repeat injections to naintain hi ghpramttisopeyrititers
to ensure protection.38 Thus, a nethod for effectively delivering
constructs with these oligonucleotides in a controlled release fornul ation
is strongly desired. [0081] Wth respect to stability, the phosphodi ester
bonds in the CpG backbone are sensitive to degradation by nucleases in

vi vo39. THuPsesvemslov @ kempdeason 16 hetiriie PepydiiSe IMmupeIsRosShat e

groups may, e inRdisf ied it NASRRAHAhIRALE o rg" @¥RD1ek0982h p&% entially

i munostinul atory conpl ex of the present invéntionq y be fornul ated™for
del i very Bpviednehoigd gt Wayps oledigdiingropsréiesral’, nucosal and
transdermal . The i mmunostinmulatory conplex of the present invention is
particul arllOP7édsi Fabi e ¢ortenpéaiae toruPbR¢Hmnd rOrdbE ¢herThEers

ol i gonucl eQt;: if&o%h?ol%mlo%caroqi%ﬁa‘e% %%%@rig%twle%@r §gylcahi ng both
parenteral and nucosal résponses in Vvivo.40" 41°[0083] "The reésults of our
exper i menttepsieaenthamnothe ragdesgatod aparoniie acdiegalers t Walckniayseilsd at ory

conpl ex vari t hatiis . tsh i.de i : t he G
mp Z%'toi g%a?,ﬁ%r%ed he JiAtiiq anby‘?.(r)n%‘%%tv'egl a'd’j‘ﬁ%%&%ﬁt?;d Cp

ol i gonucl intrinsic stabilit the 1 nminostinul atory conpl ex

and the a[f*b‘o'ﬁy 10 SOOELOL ébgeéjcz&‘fo{hi ei&&é??@g' I 90 increases the
potential for dhagocyt05|s by parenteral route. cosal i nmmuni zation
by t ar get iimgusyediifiud aceldys cospdiexamam beelplreplaeat édoon aPaweri'td ePaCples
via oral rgqute r nasal - SQCI l. ol i NA| ia
intranasapi%%ﬁﬁééiﬁéyyaﬁ’ﬁ%ﬁﬁﬁ%} %%i%%?gFéﬁggg F%8%§§§%§F%#ﬁ§¥§t§6i|ized
i Munogen anoft htehre priegiemty ignwept ibers. bee2b add@ed03L068E69 ' PENKUSE3 /04711

[ 0084] The ,i.nmunastd mul. r I f .t present invention is prepared
by a contf&ﬁ@g e%éFFFééggﬁb Fﬁg%%Fgﬁégﬁt%ﬁgrein the anionic CpG

oIigonucl%%Ui%q igrggggggfyfokH i?ﬂm&éo@@ﬂ%&latory complexes have an
average aggregate particle size distribution in the range of
about 1 to 50 uM. More preferably, the immunostimulatory
complexes have an average aggregate particle size distribution
in the range of about 1 to 30 uM. Most preferably, the
immunostimulatory complexes have an average aggregate particle

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

[0079] There 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 1is
very important, as this appears to directly impact the

36 Fpor 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'X?CGX’X* where C and G were unmethylated, and 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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to an aqueous solution of the cationic peptide inmunogen. Suitable aqgueous
solutions for the preparation of an inmmunostimnmulatory conplex is selected
from t he womapesiednsi sting of distilled deionized water (PDWuSosior7mal
saline (NS) or phosphate buffered saline (PBS). Distilled deionized water
and normal saline typically exhibit a pH of about 5.5, whereas in PBS, the
pHis controlled in a range of 7.2-7.4. The conplexation process is a
function of the charge ratios, _the nolecular weight of the interacting

el ect r ol y19980TH ARENOYBR EDS1 pbHGERIOF @ HEATE dF & 590 EHBB] 2 MATFRH Y

charged api;@Rigen¥Bl egilh eSre SWsdr@s ddpudinnd, ﬁ)cﬁ&i | OEUTRT $h S SaSsc et
negative charge when the pHis in_the range 5.5-7.4 in agueous sol utions.

The net cRAFEEEoR ISHON SFEptISde Gehn &§er i%s W&@ﬁfén@émeroﬁ%@l&mrﬁ&l@a d

conposi ti gRr Qh Lhe iRRR! &N, iRy B @flfl%%%fél@bttlﬁ%spHnof Lbe uBqueous
solution. Thus, the aqueous nmediumis selected to ensure a net positive

char ge f o O&TH. ciTASS AGRSISEHIAETES. TaA t i gnitRRERSN 160 SChd ONGnitPat i on poi nt
(1P) or pintcQfi 2 &fiQh %bﬁrl%éyortltt%%sl R ehdual @%tt'e@%%o%ams guirdes the

sel ection process. I'n general, the IP is determ ned by the notion of the
nol ecul e MEtdegh f@rpl'%fgﬁea?dllé’tﬁlyi ledA viegdide €oNSE rugEgs vagh &kgéei nent. " To

ensure a_panLde s RN vl 1 ChRfgedicthge10sa shfusgkaehed ;aaueous

medi um shoul | ess t an I soelectric point for the peptide in
quest i on. SLOOBGL yTalesriggdt-e an i munostinul atory conpl ex the fol |l ow ng
steps are followed. Firstly, the average nolar positive charge

contri but il0981d déiehniaspetbrta @I@@bibﬁtpepw@epmmig@ﬁt@w Bords in

cocktal | b %ﬁid 18 dppodens ased 10R e JXl-akkabhos, of ReaLisdes ;i xed

t oget her arge contribu ion from each pepti de orrponent °n the
final vacoiine® - 2ZBhus\3 O3 MG8I6 PET/AUSOSY B4V Kkif Wenpositnome sfenew] v,

t he nol ar egaillo\ég%% ar erﬂ(il(?gnst [’r%'lbu ion dl%l_F%t 8%%%p§1%%otcﬁloa%rrpl exi ng
9

ol i gonucl &OF r &t e charge

contri but igawufprsam t hi s
[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.%

[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 oligonucleotide.
The intrinsic stability of the immunostimulatory complex and
the ability to control the size of the composition increases
the potential for phagothosis 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

of the present invention.
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conponent in the final vaccine conmposition. Thirdly, the anount of peptide
i munogen, based on total average nolar positive charge, is dependent on

t he amounwoaB/oedisgonucl eoti de enpl oyed for conpl exati on @ad/ushgo47ot al

nol ar negative charge thereof. This relationship is used to define the
relative amounts of peptide i munogens and ol i gonucl eotides to be

conbi ned in an aqueous solvent to forman i munostinul atory conplex. An
excess of the cationic inmmunogen peptide may be enployed to provide a

m xt ure ofl G084 ]i nHuRosTNRLe 2 bRyl 2bpHY exomahek apf et S2r @F et hel niyRdRpPexed

peptide. Qx, 20 gg&%%e $Pfa o rehiigenucheatisde Ay ngl $2oke seMheyed it 0

provide an e s of the oligonucleotide. The relative anounts of the
peptide itheurogemiandrthe lélbogardeloddricde nseleerad ardusasad ion adhed
vaccine f il At on it sA08E RNl onlibe pedkcukatatharpual of
anionic oligonucleotide in a conpatible aqueous solvent 1's added with

m Xi ng t o Stuhie addlec Wateadi sasouuits oofs datri dhiec pyeprirds Lonmainegens sinilarly

di ssol ved 4,2 SATRANINE AUARNR, 90! WeNbc The ARRURhS! B of fhe
cationic peptide Tnmminoge us is generally in arange“to provide 8
positive clarsges itng oF Slipdsiltliede dehange edo wialte rarfdRivd ,i nommell ofaltihe

ani oni c li,gonucl ot | t 0, PrQvi .negat char.ge.. 1S Al r.ef erred
fo a5 the Wer gb LR e PR ST 3R 4 O T s B 8B B cedon LB |
excess of waltepeptd dernmatusedene Wyeriea ltllye exhalogé rapHooifs aboRt therne is a

noder at e excess of. t ani_oni ¢, ol_i gonucl eqt.i d h | ex f gr_
spontaneo&éef%aﬁ lfhg> dr%ﬁgfég éﬁs%gﬁgﬁgﬁgfﬁ ggl%tggﬁggggﬁi%ﬁ?igﬁ4df t he
resi dual ameunicsnpdfe qaeptond @ rioaszodens dungltiigonwdl ¢bei dbsrgan ralie osade by

separating.the conpl.ex fraoamthe | uti.on and, .assaying_the pernatant
sol uti ons%w G\qﬁ?earé{})ﬁlglretwe-l%‘; (\F\ls)%gf/ G55 £66 BT, PU§%§F 857%&%%’ SR
spect r ophatoeiet ret rdddt horo foy: heewerxdd@mphase hi gh performance chromat ogr aphy

(RP-HPLC). [0088] The i mrunostinulatory conplex as prepared as a
[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 aqueous
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.11 To ensure a peptide is positively charged, the
pH of the selected aqueous medium should be less than the

isoelectric point for the peptide in question.

[0086] To prepare an immunostimulatory complex the following
steps are followed. Firstly, the average molar positive
charge contribution is determined for a desired peptide
immunogen or for a cocktail of peptide immunogens 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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suspensi on may be used as a vaccine conposition. If the inmmunostinulatory
conplex is to be injected parenterally, the aqueous solvents are sel ected
such t hatwoDhe/édipml vaccine conposition is isotonic and airtsbs/es7ior such
a purpose. In cases where the conplex is first fornmed in distilled

dei oni zed water, aqueous buffers of suitable salt concentration are added
to ensure the final vaccine conposition is isotonic. [0089] The

i mmunosti mul atory conpl ex prepared as a suspension or solution nay he

| yophi | i zE@MPRFE tLPEphi ISeFQRdohpddiet Med 2 InB¢Ipkd i ShEPREGEn SOPLGLEY AR

i ncor por atjed JdMe@rdinffe Mt tnNeacoPa ckahglbat GeAsch B 26 6Rr $aRe8 Wnt knkhe
desired node of delivery. The inmmnostinulatory conplex of the present

i nvent i onMeep ralréd ive offoorhilgamed asda thgt ebharacoicrnémibsitéen firgm this

combi nat i i, potn@n% mhneral 8@l %%ra%%l %mgbsau@hocomatr@@ e pakymeric
gel. [0090] I'n accordance with a further aspect of the inven ion, the

i nvent i on a8esEr I9ds PEDFACCe TBOYES0| REISRE PRe totabi Rives@ge molar
| munosti 'saittq g:ﬁg&lsg%geasa% §te%®|e%tp%t ‘tﬁlee%m\é'uﬁt bxfoghlltgbmm%ude _

Reconsti t Gtion of Ii zed i nmunostinul atory conplex as a suspension
in aqueou§ﬂ$dkw@ﬁt§Oroﬁobmd@®@¢apmb6@ds@b@eﬁp§a§h@@éaés§@@ﬁ¢awﬁyCh@r@ﬁanges

in the partiele size,d sLhihutian;or ;kn Kby BokERshe i rofigRrgsents an

i mport ant ‘advant age over fornmulati ons reqU|r|ng refrigeration to maintain
ef fi cacy, asweintss oAl pepidsed ivaveiogensc emgosiltigonyclEhitd desatar beext ends

the pot entiggh 4ldd ity of ad2eos SYSLeMR 0 irBehude dikeshokeranstibLytion

prior to ‘immunizafion an ternative nD el ivery which requ
st abl e soldothpdteat.e dms&g@eﬁ@rné tdgclvagd caidr ympondeenapepsode oey be

nebul | 22t LR EQlcPuLTIaY o o furanasal delvery, 421138, o10. 931008109

PCT/ US03/ n accor dance wi th er aspect o he present
inventionaﬂwherl@W@RSBO@fpm@WI@@SOW@ﬂEQQQ peptésises Dmn apr epaeissggost abl e

wat er - i n- Qi | | si ons43.co th i.zed i i qul r

conpl ex 0% ehg 6 gggﬁﬁeoﬁ&éht a§IEQSo Be %h%? § 4 qO E@BQ&%& oy ateEY ¢
of the oligonucleotide. The relative amounts of the peptide
immunogen and the oligonucleotide selected are based on the

vaccine formulation desired.

[0087] Finally, the calculated amount of anionic
oligonucleotide in a compatible aqueous solvent is added with
mixing to the calculated amounts of cationic peptide
immunogens similarly dissolved in a compatible aqueous
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
oligonucleotide 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 solution. 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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In such an emul sion, preferably the aqueous phase conprises the

i munostimul atory conplex or a mxture of the imunostinul atory conpl ex

wi th the wooonsdiexed peptide i mrunogen; and the conti nuoRETaiISH3/PITaAEE
conprises a synthetic, mneral, animal or vegetable oil. Additionally, the
oil phase may also conprise an imunostinulatory emulsifier, a

bi oconpatible or a metabolizable conponent. [0092] In particular, the oils
useful for prepari n% the water- in-oil enulsions of the present invention
incl ude, SBECArEOPRGCOMSTHY ddWo Ors At REVPE S6i PR ace. §1lahsesrépymance

nyristat e}y r HeFelaRe Ol (RP-@1@) .peanut oil), mneral oils (e.g. Drake
QJTM or Marcol TV, iret abol i zabl e animal oils (e.g. squal ene or squal ane),

and a m x %b%8t]hﬁﬁ€flnﬂhﬁo£&ﬂﬁuﬁét@fl sc@}ﬁﬁle)pré% egsf@&arg@eam based

enul sifiers usef or stabilizing the enulsions include, but are not
limted teuspleasiam mayoﬂoe SIS éé 8l ¥aces nangonerstationes Thetssf . [ 0093]

The rel ati; o equicted.l C R
hydr ophi | e- |u%§%;§:1 qt%cﬁ)a ¥ }TI LB g%dlt?hge ?r??ﬁcﬁg:acbs?%t??felr%§qgf' the

wat er - i n- aigueems| §|Odl’1’€[§1rt@d@c?@d se&ﬁ@éuedsp'el@hf thatconei £iond. VREChOEs for
select|Ng B <A ori® ﬁgb d@%te At ahLUUiShELe! $oar Sulhl b KonBsko ! hase

skilled in he a oerru sion may conprise between 10 v/v%
and 80 v/icaEewatvéne rien tihiee qon@éﬁtxallsaciuei@@s folrase. lIﬁoFilmﬁstllsdr Q@SQQ,lze@he

OpLi Ml WGLEL ,CONGENLLAL ks J Bet hekange ol 30cuhuiand. 80 W The

i nt ernal aqueous IS characteristicall nprise very “fine
droplets wdtiledsmpesntsymecalkﬂey fiimatlhgacc2ge VX@H@@/SO@S@@ 19CI/SUS©3/104711
range of 1-10 M preferably 1-5 M The preparations are stable when

mai nt ai ned 0818 9oohn¢ epenRd st Emelatefy i genpt @d. pre¢P9sd @& herssspdisigmnng

O fact antE ST B AVeE "L L3P re: nd Sand Ban 1581 SAFCSii5d

stabi | i zi mgyagérths bdenoweontst itthdisel skndl liedoirpotrhéedr tinto 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

biocompatible polymeric gel.

[0090] 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 dry powder aerosol

or nebulization for pulmonary or intranasal delivery.*?
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[ 0001] The w o-enmul sion may further conprise at |east one oil- soluble

| i pophilic adjuvant such as 3-0-desacyl -4'- nonophosphoryl lipid A (MPL),

N- acet yl -woroanydi6d- al anyl - D- i sogl ut am ne ( MDP), PCT/US03/04711

Di net hyl di oct adecyl ammoni um br om de ( DDA),

N, N- di oct adecyl - N , N - bi s(2- hydroxyet hyl) propanedi ami ne (Avridine),

N- ( 2- Deoxy- 2-1 -1 eucyl am no- p- D- gl ucopyr anosyl )-N- oct adecyl - dodecanoyl am de
hydr oacet ate (BAY-1005), 3(3 -[N (N, N -di net hyl am noet hane) - car banoyl ]

chol est er ol 0Q¥53 CABI RCCORAGNNEr WL LThA- Bursbernasnegty eér shedppabantoy|

(Wrapa'mfaxpeeatlggd A XUHE &S OF 0168 4 YAt d S, 4 e80T, r Jhes W 0- gl si on may

al so conprise in e di spersed phase at |east one vvater- sol ubI e adj uvant,

e.g., pol yﬁmm@mmwﬁaﬁkﬁm@tﬁwi]““?ﬂh]osﬁmdzfe]r@'(ﬂﬁé@mp@ﬁlingj wheaponi n

21
|($I I e) En%?%}?%%%gé ?frlgmrg?s%bﬁalﬁT&or igag ﬁes nt er ot oxF)n B su rllJ'ni t
fromE  Coli itLdTB)ararﬂjnmm@,nasr%fﬁmkaly Itrheteracmﬂ@uﬁ K3 ge lcaa@)ises
I nterl eukin- dgdl(erl (%Stl 4 5A22) )&tbqagg erony. (IFN-y) and

m xtures an |ves e water- sol adj uvant may be
synthetic nmnmrmsutrnahulélﬁrer}prcamw ofith vigteerunsoinis e ddjenaine wi t h film

form ng pro C s a | r..of Ro J serve
to stabili zr%ufrllléger1 thcipotflh oem%/)v %&g%l%lﬁor&a!aynéféocr?@tnsa{% ésen a |on of
the imunogensalo drignd Imunevesysstam & anlrovﬂtbb:l:a:maellesf,f itjfmzlcvluls phase

vacci ne. [009741A \A@&ﬁar isne ol I Sﬁd%sac exed&} ng, AN |f’g@post| mul at ory

conpl ex, or % X ur e et eo unco | mrunogen may - 30 WO
03/ 068169 ¥¢ WGl DI/ lohen pneet;rawcehﬁmolfe)ldmmnﬂtrst ly, an

i mrunostinulatory conplex is prepared froma peptide i munogen and an
ol i gonucl epa0®Z] i An @an:atLicultam engar eiﬂheufsef[rmt fom pﬁ:epheing the water-
i mmunosti nul at o e of i m xtur vm t h C buec5| dual

y 0
pepti de iThifoger "t sjacfpsaq%% s%lﬁﬁ?rb r§"eecnotn e ac{ueous TSI on

is mxed wiiritedoid, coniaiat g cemﬂs(efjgarasamto;fwmwszmtet o, provi de a

wat er-i n-oi | erruI5|on wherein the
vegetable oils (e.g. peanut o0il), 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-o0il 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 80
v/v% water in the internal aqueous 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 characteristically

comprised of very fine droplets with sizes typically in the
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aqueous phase is dispersed in a continuous oil phase. The water-in-oi
enul sion as such is suitable for parenteral injection. [0098]

Erul si fi cwbioonesabs t he aqueous and oil phases can be accomplricsh&a7iby
honogeni zati on or by transfer between two syringes or by extruding the
conponents through a nenbrane filter of a controlled pore size. The

| ow- energy sem -manual nethods are rapid. However, because there is

considerably |ess shear than other processes, the emul sion produced is not
as fine agangst ofr daddedMusPigiirgR lehdar Al¥chadh€aPrepsitéid ONEXaFFl es of

high'Shea%t%%ﬁ%?ﬁ?ﬁ%?%%%%%gﬁ%§§kﬁiQ% ﬁ t@h,%%%kﬁ&%i%%f§equ e?%%%%hers'

QG her devices si o these high-shear Systens that are known for
emul si fi cglyodyy,may, Al 505 gy, e1pL oyed &9«959%'na?%%éia@g@dwcégaﬁe%mher
aspect of the dresen I nvention, t%% i hivent1 on provi des vari ous processes

for prepahiengmphysionl.ogiTé@isley iacdapicalsive fagspansi ors 1doiniade palrt isdletss
conpri sing.t .St.abi_| i i .yl r onpl f . th e
B R
conbi nati ar shepensikdd lefd mimerha agdl.t and i mmunostinul atory conpl ex,
whi ch may additionally contain residual, unbound peptide inmunogens in
sol uti on. [0@@1Q0]The paotéemul aionthay nfmertadr sadnpr usefat Iexsprepardony-

the full aqueoys-hased.suspensj.ons of the present jinventign include, but
are not | CRES 4 R m R S D, B R RTAPSaaT (r Y, Rehydr agel
HPA(T ), RedydipagebhloW) 1.ipAldul nwpL) ,3V-avet§3/-6682:69 1PCHaUSHI100711

phosphate (e.q., Adju-phos(r) ar Rehyraphos(r)) .or cal.ciu hosp

oo o SRR i P e P e OB R R oS TPaP LCB A LPing

m ner al sal, s dard téeteyy -V Q' t-he s (Prefarbes etdRtenprapapeddbmineer al sal t
to enploy or conbinations thereof are well kno to those skilled in the

art. [00102rackee)st A (4-Pangvadert< emsy 1ardgopé-Ds8duceryrapasyl) —N-
octadecyl-dodecanoylamide hydroacetate (BAY-1005), 3B -[N-
(N,N’—dimethylaminoethane)—éarbamoyl] cholesterol (DC-Chol),
NAc-Mur-L-Thr-D-isoGln-sn-glycerol 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 (QS-21), Cholera Holotoxin
(CT) or Cholera Toxin B subunit (CTB), heat labile Enterotoxin
from E. Coli (LT) or heat labile Enterotoxin B subunit from E.
Coli (LTB) and cytokines such as Interleukin-1f (IL-1B),
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-o0il emulsion comprising an immunostimulatory

complex, or a mixture thereof with uncomplexed immunogen may
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the m neral salt suspension. These include surfactants, anti- oxidants,
physi ol ogi cal acceptable buffers, tonifiers, preservatives and other
agents krwanswmeishose skilled in the art. [0001] The m necalussab4711
suspension may further conprise at |east one additional adjuvant (e.g.
MPL, NMDP, DDA, N, N- Avridine, BAY-1005, DC-Chol, Mirapal mtine, PCPP,
@S-21, CT or CTB, LT or LTB and cytokines such as IL-113, IL-2, IL-12,

| FN- yand m xtures and derivatives thereof). The mneral salt can

facilitat @pPESERTad 61F LR Si-mindgens -t 61t HETURRSE T8y SEORY SPMPHES or m
of a depot; 0h,  AtJARCt FSRACIH eptaldes i@fnulnd nMMEHRE anS B3t HnkY: 13 RHAELIH
known as chenotaxis. [00104] A mneral salt suspension conprising an

i Munost i RuIFateoy tCompIseie dhea IfrRetiorot fen dEMUREISALEY Y- 2tE&Ypl ex in

conbi nat i @RIt AUy URCANRIieXed d IIHROGSRS s SMBE sReRNERRRA RS
follows. Firstly an imunostinmulatory conplex is prepared froma peptide
i mrunogen 1&H N o |iing Giu AWEOUGe Siod Uk 10Rar g SCRNA3 Y o tEfs @B SORS conpl et e

conpl exat ison @f; B |; Peptdde JiFReIeNs 2R6thNe 19ly 3anusieqlirde anign
solution. Alternatively, an inmmunostinulatory conplex is prepared froma
pepti de i MemesEen z@sd ten PBlOVgSRUEl @ttiede 1inmoa 1 eRarlgé onatihe red nertdier e
partial conplxal i itheiReRlide jiHMURAGRNS ARG Qlihgpmuckeotidle
conponents in solution; Secondly, the aqueous suspension is conbined wth
a m ner al vaggin-igusydnsimen siionh agi Biusy tie pudtiadd ea fogl Paggunéersl- 32 WO
03/0681691%9IQH§Q§{04711 suspensi on of all conponents. The suspension
conbi nati on-as’ ‘such is suitable for parenteral injection. [00105] In a

copl ementingiet g < aeNLAETAL SR nSUsPEOshONung OUPT | SA0%e 8N a0 b

i mmunost i y conplex, or a mxture ereof w conpl exed pepti de
i Munogens arynpdd shresh drve drcaw gehndlzagion Rirr St . rapeFeird@sitmeenoder® i s m xed

wth a m %gfr%'nge%a'otr Nevs %%?u%QngD%ﬁ)l%n@o%@)o%%ntt@e tﬁ’l*}%éfn' $2ly RAReLies of
the mneral "salt, peptide i munogens and aqueous bu r vari ous
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 rotostators,
microfluidizers, and sonifiers. Other devices similar to

these high-shear systems that are well known for

emulsification may also be employed.

[0099] 1In accordance with a further aspect of the present
invention, the invention provides various processes for
preparing physiologically acceptable suspensions of mineral
salts comprising the stabilized immunostimulatory complex of
the present invention. In such a mixed system, the aqueous
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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proportions of inmmunogen may be absorbed directly by the mneral salt at
this stage; Secondly, to this suspension is added an oligonucleotide with
stirring.wBaswesabs or full conplexation of the residual umowoarsds/pepti de

i rmunogens in solution results. The suspension conbi nati on as such is
suitable for parenteral injection. In Figure 16, both nethods of
preparation are shown. [00106] In accordance wth another aspect of this
invention, there is provided a process for pre arlng an in-situ gelling
blodegradaﬁK§F¢@W¢ndﬁ ign WA —Phetsabiki Rebyi ﬁéstlﬁnI©@b¢yumconplex or a

m xture of _.a s |I| ed | ostiwul atory conpl ex unconpl exed
i munogen Bhe &’ é?s ngﬂﬂﬁ%ﬁﬁ@gflﬁﬂpa96?g8r88 ﬂgy be di spersed
either in solution or as a suspension wthin_ a bloconpatlble sol vent. The

bi oconpat i (% 03d Vehbormyt oF upt hert towpPaeral st b e d] Avamtmt hakJi ghe

synt heti ¢ (ife Fellatddr q’tionclélmr%@ll@td QT AinSUSPERSIAN ton chipe oY edegr adabl e
gelling polyner is designed for the delivery of the immnogen to a host.
%%%éﬁ

The i n- si tC@P§EN&tHE ol 9fs agiodedriadBer® &Rd thrses skddernern he
pol y- D, L- |36t de-co-gl ycolide (PLG and poly-D, L-lactic acid-co-glycolic
acid (PLGA) wth a nolecular weight in the range of about 2,000 to about

100, 000 dgldoame ] @aﬁeﬁnstmﬂﬁmn | 8608t & Y& émytb& 254@ o Opflbpgre The
formula of the in-site %R ing polyner is: - WO 03/ 068169
alyy

PCT/ US03/ (4re1 1ingre IRz syspapsicns OTRese eqpl%ylfie( Pye)fa@rta@qsqp@e&)l

R2=H wher ¢j,n Rndss GH @1 Aldenihawrgchhe pugaehans tapd fRdss H xiy is
the ratio of each nononmer unit of the copol yner with x+y=1. In the case of

PLG Rl i Prseewptdi@st Radneideer agents newn to those skilled in the
art.

[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-
vy and 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 complex is
prepared from a peptide immunogen and an oligonucleotide 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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| actide and glycolide and in the case of PLGA, R is OH and the nononer
units are lactic acid and glycolic acid. [00107] The stabilized

i mrunost iwnloabes1yy conpl ex or a mixture thereof with the eaTarspd/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 oconpati bl e sol vent useful in the present invention is selected fromthe
group consisting of dinmethyl sulfoxide %DWBC», N- et hyl pyrrolidine (NWP),
triacetinsas@ergiipdein 2 IBVEOMPENSIEFer r €8S DVSOSREL C& KGR 18abdent ¢ Sf or

sol ubi |'i zisp@na ilAIQE tFYARL ifk id reRight 1pergent jof the polymer. It has been
w dely used as a solvent for in-situ gelling of polynmers. DVSO may be al so

be used tQoRAYRA’ Bnda SURPEOSELPaP) hdiensd abi | zedyd mmynpstd el of yn
conpl ex of the “present invention.” [00109] Inportantly, it has been
denonst r aCEMPInE sdmigman AFERINS S tiifwtl atREe COFP Sk, gl 1t 6l Bighgeef shepkBd when

used in spAll, dﬂ@aﬂﬂf%xﬁgag del PhTnlYeFRNGRLNS A LE PaefBhL swhen

conposi tions conprising O are adm nistered via a parenteral route. - 34
WO 03/ 068169 1p@H-USH3/G4AYL HePGLog] imnenpdedegsadakied palthnmer iggireabl e
for the pr n [ j-on i Wt t I

famly oﬁgggl%g€f§¥§£k#'eséﬂ%%%ggngghcgggbghgkgggﬁvggo%gggg%éogg EheA

bi oconpat iMbine red! wedtts erd idendamunagiess inda adarge sobus few Weer30us/ Woo
Several p [ T act ars - [ u eth r i gal nt..,0 ol ymer,

whi ch naygﬁékgﬁgééﬁgkgﬁ?ﬁﬁ?ﬁgog%koggﬁpgki%Fggggﬁée%?Fe%gggebyngﬁgde t he
const it ut mameraiplsedal @t weiightstaigetr Sesoodtiyscdsi tyignduspgssabhi aisty of

the polyner,. . Faor t .Ser i of, mer e fa RS are

hi ghl y VoS eFe%“Fé’ileii’g‘gpﬁFﬂ& lo%%olﬁ’gﬁ%értg(}%?l“édl y%B,rtLt?%ﬁagtEi %hg%i d (PLA)

or poly Dclnipdetiade rPIOf dme cepdlduadr sinbbundl Geprt iRfeGAmmiunkglosg ibl ocks  of

e ¢ 2ol Soaeld TP IR e ORI AR LB Lt BRI 8 STBLER 3ks Wt
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 solvent. 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-glycolic acid (PLGA) with a molecular
weight in the range of about 2,000 to about 100,000 daltons
and an inherent viscosity of about 0.2 to 1.0 dl/g. The

formula of the in-site gelling polymer is:
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high intrinsic viscosities. [00111] The rel ative weight percentage of these
crystalline materials which can be solubilized is distinctly |ower than

t he anor pows/0816® or PLGA anal ogs, wherein the ratio of tireT/USa®047¢1 acid to
glycolic acid conponents are approxinmately equal, 1:1. It is contenplated
that the difference in the total anmount of polyner, which may be

adm nistered by injection, will have a dramatic inpact on the matrix
degradation rate and affect the rel ease kinetics for encapsul ated

i mmunogens. It is envisioned that it is possible to vary the blends of
physical 'y conpatible polyners and copolyners with varying physical
properties in bioconpatibl & solvents to achi eve novel biological effects.
[00112] O her bi odegradab pol ymer sysyi tabl e forqthe_present invention
are contenpl ated and i ncl ted Zxﬂycaprolactones,
pol yanhydri des, pol ydRhogsters and butyric acid). These

pol yners can be solubilized in| bi oconpatlilbl e solve ts at useful weight

per cent ages and provi de usequ) trix-fdonmng substrates. - 35 WO
03/068169 PCT/ US03/ 04711 9% 1 k corda Eﬁ t he present invention,
a controlled or delayed reI Alkyt § in stable formis

provi ded together with a metHo f maki ng such a vaccine preparation. The
gel matrix of the controlled or del ayed rel ease vacci ne conposition
conprise a biodegradabl e polymer selected fromthe group consisting of

pol y- D, Lwh&akﬁdefﬁbdégKyb@ki@ék@ﬁNGbaan@GDdI¢OD5 Eaka@nﬁcaadi@2cngﬁycolic
At g (PRl RO GARQAC N S P HIANIIIRS o sDIRLOLLARITHEL S AN
pol y( (x-hyd oxy utyric ac 63 i ocompati bl e sol vent an Stabilized

i mrunost i milyatlory conpl ex. [00114] The polymeric gel may further conprise
at |l east one additional adjuvant, e.g., MPL, NDP, DDA, N, N Avridine, BAY-
1005, DC- CholtheMaoea@alafi tHlte, RRCRR, alB®oXYy, aGf a¢heCFBnoErounit¥Bage a

cyt oki ne %% Qf%% Jﬁ&ialgébf%delEn%?inlﬁuéyc%%% 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 immunogen 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
solubilizing 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] Importantly, 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 DMSO are administered via a parenteral

route.

- 34 -



m xtures and a derivative thereof. [00115] Advantages of the controlled
rel eased conposition of the present invention include: (a) a. fully

bi odegr adabloa/oes1a bi oconpati bl e gel fornulation; (b) a sesraiSogwtt7nel ease
of the i mmunogen for presentation to the immune effector cells resulting
in inproved i munogenicity; (c) a high |loading of the gel with a desired
i munogen in a stable conposition; and (d) a flexible node of delivery

i ncluding a suspension, of a stabilized i munostinulatory conplex that is
sel f - adj u/LL0d. ThooriefeThad At @ ciP bYmee? ghit L bRl @ r {_¥ af 1e P ESSHRt t he

pol yner  digwReidibd MRrAtEd, heentiap et telf itel, erey ipaviowo pL.ERE £Fap@lIYMEri C
gelling material is mscible in polar aprotic_ solvents such as DVSO.
However, @foRolmesdprscul dhese Mader IpdS03,068E6 9 i PEPAUSORADM YR 1oUS

subcut ane@ys, dRiRGliIAR IRQAHS X Hackedanttatibe SW royRdiyag o bedy _
tissues with water reversibly penetrating the polymer rich solution. This
process seérvés 58s W/ -pr iSeaey e dhaSiledm! &GS icag itAfdivemcgelthPor mat i on

The rate afyphiich 1t Ringyur %e?]}%lﬂﬁrfé%@e%i@hr a6l Yealfieals vihe ihnichieal bur st
of release of the immnogen during the tinme interval when the
bi oconpat iBloscswiardile $ nfel y Teeseadned Vdst $iso@prsitddyé ioand exchanged

wi th physioliQgigal, %@il@ltﬂtngﬁ&qn%qfcowstc@%it@ntah@pr&%t%fl1tﬁha%tiymfn%%n by

the formation of the ge I's known that “controlling the

crystal | i Zetliyoepr odess tihe FhG/iBhsdy sgrt e p Incopadivawmrisy WwWhicsk tflaetors
retention gf iIMYAGOENS i M1t N fie g8k pGaN BeroPRINRd A8 rThbS i $, 1-
intinatelf gonﬁ%%&@% t&athe interngl ngrphqlogf%%fgthesgel ?or%%d'mhich
limits thdacdiiff esiishalPLgat lewayrs Ly Dwbi-dlr Gtimiendgéns amay coporlereasedt
[00117] Thg centrapped u@rthr qtoqun%q]aamu RES L ateny: COTR GX83medr €
subsequently released fromthe gel I1n limting anounts in

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 i1s 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 biological effects.

[00112] Other biodegradable polymers suitable for the present
invention are contemplated and include, but are not limited
to, polycaprolactones, polyanhydrides, polyorthoesters and
poly (a-hydroxybutyric acid). These polymers can be
solubilized in biocompatible solvents at useful weight

percentages and provide useful matrix-forming substrates.
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a sustained fashion with a | arger boost rel eased when the bulk of the
matrix formng polyner is eroded. This varies depending on nany of the
same condwbiosnesibhat i nfluence gellation, such as nol eculpam/uvses/gitiy degree
of crystallinity, <constitution, hydrophobicity, and the presence of
additives. [00118] The potential for an adverse toxicol ogical response to
t he sol vent DMSO has been addressed in a recent study44 wherein a device
contai ning_a peptide hornone suspended in DMSO was surgically inplanted
subcutaneoﬂgpglghRﬁcﬁﬁf%ﬁﬁPHQ?eyuﬁhn%ﬂe Pres aind! e et iIDVB0 sergsindyed- 1isd t he

study was 150Le1Theq LOPLaBE Vas-dgsi gpedatorisheasesthgpepsige;over the

course of 1 year~and surglca[lg renoved at the end of the study. In
nei t her therdvgded thechhAatnwheneaangthddepSemeksngesvuehctdi vasCindser ved.

The Controgéggsaisk?aﬁ? Obpth 3%95&9@&%0?@%35@@119@ &Pedéfg%,légt into

physi ol ogi tissues is use as a nodel for evaluating poten I
toxicity coatepns vercantubtypropibienracmbresenashiedgaridapleobghenege

composi L] ogy Lebs =37 <O 034085169 PCTL LS03£ 04211 pcoplefp aligdcpbat the

anount of usefu ent 1nven ion I's essentially e same as
that used ghythéideudylG)[80d10plytDi sLekpetiedachatcohetecobianachilti al

extraction he_ | i y L. O J | e
bof ore | tniPLGhlorPPTVERBEbALLBhRLY BRTPLANYARLINED ba1PoEfe b 8L Pand
t akes pl aceplyétiahgidngxyhetyelieaseidi, t hebistabpat tletei splmesti antlatory

conpl ex. Subsequently, the stabilijzed i munostinulatory conplex is
rergased aFBﬁBgiEFﬁdyEW@%PB§tHF?#ﬁEPBH-EBWPr%fred pathmgys g? retained in

the gel w a release rate that is a function of the pol r _properties.
0 S appat B S R Tt et THY (P R GE A MR TP el 1 &
governed byggeveraklfaatavsntsuehg. asubhe upberpeh, ) NAoAPHOH 08y, apdy-
porosity, the degree of enetration by water into the gel and the

hydr ol ysi s18P 5t hBC-BUPKk- of!ur AB2 bBL iBF: 45CFB0199T21n theCtaSEBof LT her

stabi | i zedp ¢gmypogt LPULRE REYsGOAPLEXTL-18, 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
presentation 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.

[00116] 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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of the present invention, which is dispersed as a suspension throughout
the gel, the initial extraction is largely that of DVMSO with a snal
gquantity wbD oBlesibemrunosti nul at ory conplex | ocated near treTgsbs/oatgl front.
Thus, the small anobunt of the inmmunostinulatory conplex, not effectively
entrapped during the initial gelling phase, would be responsible for the
initial primng of the imune response in vivo. Thereafter, it is expected
that DVSO woul d continuye to bhe released by . diffusiogn, with the bul k of the
innunostiﬁ%&&?&@FeSHﬁpPQQecFéﬁQVnpﬁéoeﬁFr&ﬁﬁé&cﬁﬁdtHét@thﬁaFPF%O&HFPPche
bul k of tRkedypelikeelshas tauihiteireteh rideen yhypdhekyzed nigo thespbll yinera ful |
rel ease of the encapsul ated i munosti mul atory conpl ex. [00121]

y .
Speci fi calfifh polyrerRe gdihd St BERFeISedSEVEm RPghEF PhdMecyl BRChérdst and

nore crystahliRa 180l 18-S jd8f igead thraaonhydraxsy racdstdegriade tpver a
| onger period of time than | ower nol ecul ar wei ght annrghous analogs. Thi s
phenomeno®Xocs Sgn B ceedse diwechiroed festrCthresesitarti bursthetr &rdreget o

the accesgimichiel ¥ rfund@edl d@ihke chdy dnalkyt heakhy1unstablgeest er bonds. 46
[00122] It has been established that random anorphous copol yners conposed

of 50% D, bicgempgéitie 50%Vgnfcdlsi GETWVERY &xBPEEEFar Nkl §REYI & iSKEer ange
of from 800052300 Hallions prexhicticyithe Bbahesbrdegradaliagner ahes. 50% by
weight or less of the polymer remains after approximately 6-8 weeks, when
i mer sed iR ta apRSNbuPLeths7 IMOOD2gEN PYi §hgediorablté ono hpdinfy Jehe 1T
paramet er § CoRhal khag doReauenaf 1ael kalkens theckinebieecat kamupogen
rel ease an the internal gel norphology. "Specifically, use of various

por e for nitigoagemts kepyl aecheinisrs byaniishalbnei zetsnsaoh &f imnuhegeant s,

sugars, p"w‘ltt%ii'?lsrt[hgo' YHers napd %?%v%?d‘*@i I 1 KNOWN 0 4o %‘orﬁl@éé&g in
the art are useful for this pur pose. 00124] The preparations are stable
when ref ritgerticed ngeragl mogphcdwger atfutbe Thd Factiede wbagposdiimiiss &het he

present i1yl an.§MBLRYLAGDUGOM: b fRERAE MRS nEG  HLogkaked g nce

[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 toxicological 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 150pL. The
implant was designed to release 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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the freezing point of DMSO is about 18C. It has been found that thaw ng
does not cause a change in the efficacy of the vaccine in vivo. [00125] In
accor dancwowsiésibhe present invention, the in-situ gelli mgrhiSosiegiadabl e
pol ymer and the stabilized inmunostimulatory conplex may be fornul at ed
separately. The in-situ gelling polynmer may be solubilized in a

bi oconpati ble solvent in one vial, and the stabilized i mmunostinul atory
conplex in dry formin a separate vial. The inmmunostinulatory conplex in
dry form gaypteeprpeéssr éhasy thsr ayodryi /g, PYEO peefadabhny the present

l'yophi | i zahi,@R 48149 sThe sehitqd 11yMdRaskhAMl akorkhatCcorrLEAES t6an skthey be
reconstituted in a bioconpatible” solvent, and di spensed by syringe“either

as a sol utheR19] AS fs SHSPENsh ofhd Nthdhe Pl odearadabl £ Dol yawer; $ol UEi on.
The - 39 WD 037068169 PCT/ US03/04711 mxture is then used 1 nmediately or

soon t her &&ft énmusestiimwalAitrali 6aMPLeG126] DEFRI apitAgbseyataseuei Reolgs an
added advaptage Qb 1My A4 3NY HBOLEALIAk $kalkbikyeRr obl ens. These
include polyner degradation in the presénce of the peptide i munogen,

whi ch may Skavdifésetiive fakesi pakesi detenaing, tachedsastr @& tasi ne groups
or Carb°¥¥k§E§&QE%HP§ %n%%t&%%l%%b@%tEB@EQEX.SGEQBEE&%eQQHQQ @plds, such
as cysteine and tryptophan in the pepti I’ munogen i'n the presence of
DMVBO. 1 Epexab]llm_epi_r ep@w@oatrlgwdﬁfplrwrp@mpéeknw: tcelgébleanglpagyw_efchl t
conposi ti ont aiyni i [ e nasti atory
conp|¢x_i?géﬁeggr83f§§53§§cggﬁgg%éégéeggg?ﬁéggnpﬁggeéggégﬁgggpﬁﬁ%gg%lis

| yophi | i zedtht @ frelmasedriagg thetpdsi ti dnncThenderifedheowpdyineiron is then

reconstit . suspensi i b i hl; l.ve ntaining a
Cal cur at i ST TiBoser Shnt Sod bR L i Sag RAsDre AoiT Y Ry paty SaE e
final vacoonecodrposiittiham rtépr geéntis govemnsdt bygekviemgl fekymes, asdchs

sui table for parenteral i Yesoh2Bnoh 89328haThe 62TRYST Lhenaeghethg ePr esent
penetration by water into 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 quantity 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 vivo. 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 oa-

hydroxy acids degrade over a longer period of time than lower

molecular weight amorphous analogs. This phenomenon, is known
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contenpl ated to be useful as vaccines or for therapeutic purposes. O her
bi ol ogical materials which may be nodified to possess cationic charge at
pH s genewaloByesiangi ng from 4.0-8.0 for efficient conplerariusnz/7ih CpG
ol i gonucl eoti des, may include proteins, protein mnetics, bacteria,

bacterial |ysates, viruses, virus-infected cell |ysates, antigens,
anti bodi es, pharmacol ogi cal agents, antibiotics, carbohydrates, I|ipids,
cyt oki nes, chenoki_nes, |ipidated am no  _acids, )écol i pi ds, hapt ens and

conbi nat | 6Rs PEnd eHiateG €8 thRePESLSSLEGL2SY “?I#e§’é €6npBsitti®ons can be

adm ni st egd RarRNt@naly inktap1sURGHANRWSIsQre i ntramuscul ar i nj ecti on.
When adm nistered, parenterally, the i mmune response may be a

cell-nmedi g To%(izzgeﬁﬂoﬁ'é@ e &OCAH1 DENSET HHA ant A hasly &ﬁ@mm@@sto provide -
40 WD 03/068169 PCT/US03/04711 neutralizing antibodies. For conpositions

adni ni st eCOPO LYIEESalAPRE S RO % Bs portecs 1suPadadditt PeNErLy dendifde a

| ocal secretRnRNtEHLN ghesponste RAL30L  tr el 8, beoreadioly appacert to
those skilled in the art = that inmunostinul atory corrpl exes nmay al so be

adni xed i #¥&illolt Fhgatdghestwiesgssd tdem $irdss.- Q5IQer byo¥&iFhTti Cited SiS¥cl ude

encapsul aijiron of p%tl%féﬂ zf%allmuaqstfelrmé r@EY re@ERE%ES Welklis) when
water-in-oil-in-water (wo/w double sions, biodegradable polyneric

mi cropar t LEMes sed gind a\/é’@lsclbélsff@rr ) | posone structures. Mst of these

delivery systens are attractive for the devel opnent of sustained rel ease
fornul ati d89123]0181}s Pies eralbly, te heopiby i bee | PRAATERES PRIl AROF§OLbRPY ex of

the preseq th]' PRRL Ign gféwat&%o%”p't%e%n%twfc% %%s%mﬁmlg%hoa%le%%l QKNG

SEPPI C s oil-based adjuvants, in conbination with mneral salts such as
Al um num hyer dxitgenadl @mlnmmrpﬂil@dp@aft e Sml@alc@ll&mrphl@§pl@ét Faghous a

si ngl e-do 0 | ease 4i i | 1y Lol ati d_an
bi ogegr ad?gjlr% @Or%lﬂ%d f%él?t@’ i & l@% %C;l%gl%%de ?’ %Lcsaqaglri lgtgleggDQ%%ﬁag% iC

aci d- co- glsymflaqtanet(a d stRl@s) copdleims:spolymers 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 DMSO 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
solvent 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

48, 49 The dried immunostimulatory

preferably, lyophilization.
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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[ 00132] Most preferably, the vaccine conpositions of the present invention
conprise a stabilized i nmunostinmulatory conplex of the peptide inmunogen
wi th a Cp@oaeBiogganucl eoti de adm xed with the unconpl exed peptisdgo47mrmunogen.
[00133] It is clearly apparent to one skilled in the art, that the various
enbodi nents of the present invention have many applications in the fields
of nmedicine and in particular vaccination, diagnosis and treatment of
infections with pathogens including bacteria and viruses. Further uses of
t he pres@ﬁ#tpﬁ@eﬁﬁlGﬁe§réS&QSéPWSQ&aﬁéPwarV§8€PnéhPF§ﬁ§F§Fl5ﬁr[00134]

| mmunogeni; gnGaRARasibhons, suitable to be used as vaccines, may be prepared
froman i mmunostinulatory conplex of - 41 WD 03/068169 PCT/USO3/04711

the preseroohB¥gHhOlby Ay s Lr £ B DM 18Ss 3 S USRENS | At a O nat i on
with a mneral salt suspension or as an_in-situ _gelling polyner _or a

conbi nat i BAnéMighasge agysPOFSAd adi SERBIédTtYhBrePASTShe ('RGRoGBAILEAS

CO”DOS't'B%l?ﬁ@&aﬁgb@%d%ngn'EEUQQ%thHE%BeéyOQOEHEe? E%lﬁéeﬁﬂhuﬁgben,
eliciting an”inmune ” response by the host to been

adni ni st eWddchTRey haiven&epesparséunaéignas chdepebaaasi osush afiti B&Gfes by
the host am[l%l{"g?};%@e 'rmzr,la\%g%@;'l%tgomeeaby on Jyay e &{l%%acrl% ¥¥

i nj ect abl es, solutionS or suspensions, as |yophilized or
spray- dr|éé1§§%d§ﬁsamﬁn@nﬁpsd§nsSu¢heaScéwﬁ§§ﬂﬂﬁoﬁnéoﬁﬁVP§Pﬁ§aﬂhén the

i munost i 2L ALY ; eARLEE NTBY Qgemg&éggng%tgprMgbohoglcalIy accept abl e

buffers of éxcipients, such as saline, dextrose, glycerol, ethanol

and conbi T, I f e tda0na
subst ance B?E?ﬁ??s‘g E{%S’ére é/&ﬁ? ‘?liﬁ ng algéjenj%lgs.| él&lg—)lrﬁoéajf (fg% a%ent s, or
adj uvant s coopberithen enh&a&@lmneaneﬂm@cnpeemmgéatheveGﬁmpThé,vaOC|ne may

further C?%ﬁh%gt?&ﬂ'l%‘tgs’}?'t Bl 3%5‘93‘1“5' E# ubgt Qgcﬁéscg%‘éhf bﬁé"vky in

conjunction Wt ug II|n Fers such as
Then, this aqueous solutlon 1s lyophlllzed‘to form a dried

composition. The dried composition 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 suitable for parenteral injection.

[00128] The compositions of the present invention are
contemplated to be useful as vaccines or for therapeutic
purposes. Other biological 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, glycolipids, 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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sul foxide (DVSO), N-nmethyl pyrrolidine (NW), triacetin, glycerin, and
poly vinyl pyrrolidone (PVP). [00136] The vacci ne of the present invention
may be awloiogioetiey ed parenterally, e.g., by injection subeararsesusiy,
intranmuscularly or transdernmally. The vaccines of the present invention
may be adm nistered nucosally via oral, intranasal, rectal, vaginal or

ocul ar routes. [00137] The vaccines are adm nistered in a nmanner conpatible
with the formulation, and in such anbunt as to be therapeutically

ef f ect i ve, NProtacta A i iladifegenifCT AP ARIdHINSY 30T i SE@HSS st er ed

depends onyfhes Subj adle QnfRRCH RS pdris 28 Wit edidiitnenidiing i farexanml e,
the capacity of the - 42 WD 03/ 0&38169 PCT/ US03/ 04711 subject's or

speci es' ilfifitle SSEtedAtY0 BYREIREST Z8 S iFodi es, and if needed, to produce
cel | -medi at ed i nmune responses. ,&)00138] Preci se amounts of enul sifying

oi l's, mnePA130 €8 gillgee| ragdpoyyABPITant hatehPas mhvihgdbindl BgPcart

activity equiingd {1 e AdRIYSIemA JQs efdech sdepend i Lhe ididganent
of the practitioner or veterinarian. However, suitable dosage ranges are

readi |y déteriditifdbl @/ e askiqmEFianThOtdar Regsikdy ifd ot ined uslader of
m crogr aﬁ%ﬁcoaﬁgdﬂaaﬁmf %_’Uatﬁtlliezaed GBS frammu 1t R 2P IRLSd 3tion fnd

boost er doses "are o vari abl e, ut may include an irnitial adm nistration

fol | owed WAL ssigeieti redvd tfi i t (vatd /ons dorkd ed esage ion sy héd hnsdeg mealabdye
al so depegjqJl e rw g styadi o and thus vany Sde  one host or
species t a(r)?g%%er. LI:‘IStal 0013 EHTlhe fl?c}ve i scl osure generally
descri bes stheiqpresent Mastertfi ghesk wwrle veoyplsetsé emsderrst atdinagtéare e
obtained o rEferense o dhe. f9l) o ng sheald 6 Fxatliey, These Exanpl es
are described sole or  purposes of 1lTustration and are not intended to
limt the @Cdi%]ogr%?gr%ag¥gm{:gg'}8 E‘Egssil’nﬂuw?timw’cé‘?? é&'RéiéJz“&‘fO” of
equi val ent’s are ‘contenplatel as I'Tcunstances may suggest It as necessary
to achi evel®e 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 biodegradable 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 immunostimulatory
complex of the peptide immunogen with a CpG oligonucleotide

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] Immunogenic compositions, suitable to be used as

vaccines, may be prepared from an immunostimulatory complex of
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particul ar goal. Al though specific terns have been enployed herein, such
terns are intended in a descriptive sense and not for purposes of

limtati owne.03/0e€8910] Met hods of chem stry, organic chem stPCy/USpob47Er

chem stry, protein biochem stry and i mmunol ogy used but not explicitly
described in this disclosure and these Exanples are anply reported in the
scientific literature and are well wthin the ability of those skilled in
the art. Preparation of Inmmunostinulatory conplex [00141] In general, an

i munost i rAlleatrsrep EENPINSE IS od s yft Reti/© SpeBtied i mPuRoGerFPand i&nNCHG

ol | gonuc! eapifle, Jin FANARYS & rfthe WD Q3F6RLEDRCTLSOY QA7LL sslteypns s

prepared by the dropw se addition of a stock peptide solution in an

appr opr i atee ldduso s lgoleve®tr iantceM® iviadlione @t &hwiseg sy sgemsl yssdilscdg@ssidock
sol ution qf oldgonuel etdeds dissowed ik an RRALIRK aqueous

sol vent . rgi?éverfg% node oyeaggidt i.ogJOi S éc?ual I ;r/1 e??ect?: (;/Etg% Compati bl e
aqueous sdimmarmos tiimslleder yowomprlendts lviseifudd fiog, ediistitliingd andémawinged

wat er, nor i ( = Q.99 D10 P p f.fer lin PBS =
10 mM Phosp ftozlaébelu?) sjert!N%O.ﬁé)(’%/otl\la{D&N)%géac rjﬁtx{fll %r%eg%{eﬁera gglfl Trﬁfﬁcgrggfrpl gﬂilz(;ti on
process i simmargelnespemsfef decddideys fings icaloggict baf oér entpbodigisngy the
flexibilit [, Jphen sel ecting a conpatible solvent systemfor both the

synt heti c peptide i mmunogen and the CpG ol i gonucl eotide. [00142] The

conpl ex f dgﬁj’ﬁia I n ' Lfi LS e
observati % 0 ﬁ%eirglp%%?gg?g ecgﬁ%%gﬁg}é%&irﬁgy s}# L#?éoégr%eé%uanti ty of
suspensi ongjedtalied ,i s1sa Ifiyndtd e 1udfi onise orelsatsipea samosnt ssof t he CpG

ol i gonucl eotide .t.0o the cationic, peptide in _solution. .The precipitation
process i glyoc?g‘rﬁlrloaq ed oy e edlrglc d§ ESUSEESE ﬁgufpg{iis%g °on ? Sopposi tely
char ged nulcagdlsas i dmn camphrarsimdy nde daimuy oisavoudalioe yproogdex malye bei ghl y

cati oni o DRSS A T ge 158 FO01HaF CHTe ChaooraoRie 2Bt ri6 e bect ad
froma greuwgh 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 thereof. The vaccine may further contain
additional biocompatible substances, specifically in
conjunction with the in-situ gelling polymers such as dimethyl
sulfoxide (DMSO), 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 immunogenic. 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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consisting of 5 TCG TCG TTT TGI CGI TTT GIC GIT TTG TCG TT 3' (Cpd) SEQ
ID NO 1, a 32 base length oligoner, and 5 nTC GIC GIT TTG TCG TTT TGTI CGI
T 3 (CpQRp osE316D NO 2, a 24 base |ength oligomer pluspPam/uso3/n4711
phosphor ot hi oate group (designated as n at the 5 end). The CpG

ol i gonucl eoti des were synthesized by Adigo' s Etc. (Wlsonville, O egon),
and are obtained in a |yophilized dry state. These materials were

reconstituted in the appropriate aqueous solvent prior to use. Cpd
possesses SUPIGHE Mot SREGUES el @S FYiF TS éQuENEE heB 18 en@eItddrd€ S shases

and may proy de SidRRIEr fjgianial icn 1-meWike edNd mmiuhiRr eedosisaki ity by
bi ndi ng cationic pepti des with hi gher - 44 WD 03/068169 PCT/ US03/ 04711

affinitiegg otl%%] §PQ&£§£ QIlanHE'é'CJJPO&hQF§1fﬁ‘lrﬁ’(f'oépf@r%m&?‘éf s&pdified
group at the 5' Cp& I ncreases the | ar negative charge density
and pot entg’eémlquomﬁ rm‘{domermarid#‘ﬁg’ln[gomlﬂ?zl]og'ltﬁ@1pél}§tt|lérét|}’mrunogens
were synt g%qua%oa% tae ac@rﬂQ{J]%FEre'r%tcje f%t}ueeq%cteufdfe%renlas% @ LNl
the pepti cationic in solution. This is an Inportant consideration in
vacci nes \Mfertélecmcetﬂatthmrofort W@t@égﬂadéalnmm#@g’éwetro tshléta@p}@ dosage

ol i gonucl i.s.d o fic0 IRt s@r1hR r c e e

i mmnogen%%ﬁ? %héasfqu:(%‘aoﬁhg Hégl lf%ﬂiné%&seg)yp%n%gg% ellter?e lge tgl%t :égl% %I‘doftjhe
appr opr i atve ybipfef @rf thee qpidefrorofamicapegeens rroxmidd igiramsst oSk ipeptliede

sol ution di e st | i r.ar rgy i was
appr oxi mat eeﬁiﬂlae c%d\ﬁelrncelfgfL a:ln %ﬁu&?ﬁ;&{}' gztg%fn :‘N%?lgd b§<’§13lsltE (r%e n?ﬁgg%)% ai}% (awg)oof

t he st ock veeptabde ,sduit imens :hmdusiegmnf ilodntial Ridgher stae taepr @f)@llri@t\@lw 7. 2.
Careful s Iectlon of que I Sy e

ot onat | G O Dot g e e o a0 LSS RgE it 1o dRry BEs s de
chai ns, radtS&bldﬁpélrEi icohi ridne [r@@EAS o fTalolime ni sltirstt itohe apldy Sihcsl Vprr(ypémqnes of

the syntheti Cy pt| de | mmno ens ncqleng ol i gonucl eoti des used to form
i munost i MiS at or corrp s, ree exenpl ary peptide
EXAMPLES

[00139] 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 chemistry, 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
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i rmunogen targets are depicted in Table 1. A cocktail of two or three
pepti de i mmunogens or in one case a conbinatorial |I|ibrary of peptides
cont ai ni moanaésaigs of the peptide have been enployed to pcepsosogach
vacci ne. Each peptide i nmmunogen conprises two segnents, a B-cell target
epitope and a T-helper epitope. The Th epitope is included to inprove the
i nmunogenicity of the peptide i nmunogen. [00146] The B-cell and T-help
epitopes were selected after screening libraries of peptides in the

appr opri at®latilpls ifpdeieparest By &éde fropiaticonddé§arai fd fhetock

identificaldsen RN o16ANReSIiH AR %%Ftr%giﬁaQ%n%hh%%h§ canvhatf 9urRd By vial
referring'to - 45 WD 03/068169 PCI/ US03/04711 US patent Nos. 6,090, 38

853, US p&oakeingns a7mendsdvistizggd wWogke #2984 ioan@fusSrE, 107, 021. 57 SEQ

I'D NGS: 7+ jigon[alle th 4L RISI & elbhe nl HRHaupeger cpapticdes abdang usef ul
in a vaccine for prostate cancer inmmunotherapy, designed for hornone

abl ati on fiheatnesiarsesPQAeDOOgddidier dre cavefldly iFhfealiyfti Crgpatible

| mmunot he%@;i&%%sc SAGRIS figbatle b 1eat neat ok 13kl 8kgy £ oPEQi LR NSy 4- 6
are useful 1n an anti-CD4 immunotherapeutic vaccine for the treatnent of
H V i nf ectdedonizSEQwap eNeSnormal3 sgdipei S&Sa=c Oniicnde6di alorl pbegpagte FMD

pepti des r ful - J anti ( f t egt ig¥e y ity
Bgai NSt O ARG SEae . [0 La T The T aunetr il of ory Sl Gk of
t he presemtixitmosst itdreravdy b&her epared xa@ittllony @rioggs sr asi dargklyat i oni c

pepti des | I i t r-avi.de diff.erent Lcal: pr rties,
Choh s thOaETRetar! HRe B BTSIAEY o Bl s s o A, SR b s, et
cal cul at ededeertdgy rolcamppdsittliev s odivange sysd eav goageothottimgl & ywsihghitl cf or

t he pepthgﬁgkqg&pqgﬁ&do §%h%n@ﬁ{%%r%PgT%Hhﬁoﬁyggg%sgpgvides t he cal cul ated

aver age r-negati ve arge contrrbutio (SEQ ID NO 1) and

e SEp Rl 8L s BRESF LB PRATEAERY R B 5487 e
visually by the observation of a fine precipitate suspended in
solution. The quantity of suspension so formed is a function
of the relative amounts of the CpG oligonucleotide to the
cationic peptide in solution. The precipitation process 1is
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 aqueous solvent prior to use. CpGl possesses
a CpG motif sequestered within a sequence of 8 nucleotide
bases and may provide stronger adjuvantation in vivo and

improved stability by binding cationic peptides with higher

- 44 -



[00148] This Exanple illustrates the preparation of imunostinulatory
conpl ex from LHRH peptide i mmunogens and Cpd oligonucleotides in various
proporti owe.03Mef1bow di agram of the process of conpl ex forPeaitiSoRn€$1
described herein is shown in Figure 1. [00149] Al glassware, stir bars
and pipette tips were autoclaved for 40 mnutes at 121C prior to use. A
reagents were wei ghed, dispensed, transferred or added to reaction

vessels in | am nar f] ow hood to event contam nation. - 46 WD 03/068169
PCT/USOB/Bﬁ%&&ltf%601T %PLFPPFE%Btgébg?%ﬂﬁﬁ%%Ehd%§ockAsBPHFP%%r%%%lB?EEared

by mixingoai#idalgpehpratathe of peptodespof SEQ-EBNESihd-RoBhra
concentration of 3 ng/nmL in distilled deionized water. 33 L of the stock
sol ution F?@@tbv%fC?ﬁég%eﬁ?PaétVnﬁﬁﬂo@%ﬁ%?th%% Y ABRBOE RS e HBRC @Y seri es
of 2 nmL vbghélﬁﬁulpped wWth mcro stir bars. To this solution was added
0.5 mL of distilled deionized water as a diluent. A stock solution of 2.0

g/L of Cpéb1skiaonug iidte WatirRPal 6@ reh sdintthiddied deirenitzed water.
Vari ous anount of the G oligonucl eotide stock solution was added to

each vi al 2PRrPRE kR ERe2ARRDHOSPRATPAL PG tonpRexre TheabnbftPopt fperis

0|'90nUC|§9£i9§1édﬂ§ds59uﬁﬁgﬁ Yhab M@saﬁeiﬁﬁalasgtbaoﬁgi&gké%igﬁ iR
provide a charge ratio HRH: CpGl ranging from8:1, with a |arge excess

of LHRH, Y@CC{HQSmﬂbﬁranC@%Eé§§a6¥oﬁp@f thhePeRE bRt 1BURABEMt 5° ofhepd

used to p&ﬁ@a6§1§53§8189998é'RboﬁésﬁfédShO%He'DOJ?P£€1§n bbint Sof orpe noted
that the ratio o RH: Cod are represented as nolar charge ratios and is

based on tpe eafburaptofs smowRCUAN JR®| s, pif 001 50he Thedhddi i$ onsedete
made at ﬁﬂaéeapgréeyéetmb hogCcoRLi Q%Q %éﬁ%'@@f?@g eq@hé §ﬁa%§9 fQr 30
ng o t he reactl u

mn. In a cases! an I medl ate ¢ . on re was
observed agepcaddinikbnrefofhe €p@pblPg@hu@¢e@@l@@l@mo@kSSQbV%@|bm. After

conpl et'e add;{ i p0yofietHE: COF wOLbGOBHCERhE Hesa i fL NEyENI 485 Par ti cul at e

suspenst on 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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observed. The particles gradually settled and could be easily resuspended
with gentle shaking. [0001] The solid mcroparticul ate conpl exes can be
essenti alwg o3nestoved after settling and all ows t he separ ared/usopernat ant
solutions to be analyzed by ultraviol et spectroscopy for residual

unconpl exed peptide i mmunogens (at 2. = 280 nm or for residual Cpd
oligonucleotide (at X = 260 nm. For the inmunostinulatory conplexes
prepared u5|ng an excess of LHRH .; 47 WO 03/068169 PCT/USQ§/04711

wher ei n LHRHPES@Nt= N9y 94:090538871, U el iindimt 5 of > Pedtd deahder e

det ect ed. wW¥Ble32oBe sesubs obt@l e BY uktpaypoket:spest [SeQRYei $ an
estimate and may be 20% of t he number obtai ned for the fol |.owi ng reasons.
The pept i GOTERGROFHGT 4R iETINgSR P ePdisieiSe A Nek Bilifc 9SGt Udoéff ifci ent s as
conpar ed QNG Cf'drg%llB%It%Qté tieaslc%&d lwﬁnmvl%lr%@;g,t h q@igRquged to detect

the peptides and Cpd are fairly close to each other. Thus, the estinmates

for free NESTOmE apdsthidd rEPasassitl y S5 Idxdgger d0edl raer weefud swal |

amount  of ,pARERAT G §SiRino PRGNS tERGVeMIHEX FIRY the F&&%%%%nltn dehe
supernatant. The interpretation of these results is further conplicated by

t he obseﬁ&éﬁﬁ@ﬂ'théﬁxlﬁé}éﬁ§ind‘@héI@x@é§§uénéﬁnﬁnoﬁn¢hecﬁﬁpt|de
I munogen ;L el Al e 19 e@&@ o) %%rtﬂl[nley £oeS WhieS +ird a‘%%lte)é f ?ﬁg’r 293Les 1 W

smal | er average particle sizes 0001] It is observable fromFigure 2 that
the ranki 8§QfID NARH GFAl X eopicades \m clembdspderied dvibragy aggrddat e

particle g%'pzteid%' Starrfcpléfr' Crlhée%dlnfltnh%nora(}iﬁr -lEHBvalen% Yoz fir%teé:%ﬂve It

i's expect hat the ef iency of the conplexation process vary
based on tihewphysi eala igrsdp gradtes nof-movg hpelgisieds e -i mmunogens and CpG

ol i gonucl eoti des selected and the relative ratio of each in the vaccine
conposi ti d901RAG] The LRk CpE mubyseem compeleesdiuahe | presenofinnennpbexed

pept i de oy Bermed by [N SRecigaceny rangs (LATATOTACLHRE Q=
CpG ollgonucleotldes to provide dlfferent 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 (SEQ ID NO: 1) and CpG2 (SEQ ID
NO: 2), respectively.

Example 1: Preparation 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 weighed, dispensed, transferred or added to reaction

vessels in a laminar flow hood to prevent contamination.
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over the background, respectively. For the LHRH Cpd conplex prepared at a
1:1 charge ratio there was very little detectable concentration of

resi dual wepsioekéd mmunogen, -3% or residual CpG ol i gonuelceatsosiei71t ' 2%
The large increase in the aggregate size of this conplex coupled with the
essentially conplete conplexation of inmunogen is consistent wth expected
pol yel ectrol yte behavi or at neutral charge. For the imunostinul atory
complex LHRH: Cpd = 1:2 charge ratio, an - 48 WD 03/068169 PCT/ US03/04711
excess of [BPRT] A896HRES RARELdevigiupodgsGs tRek fSodid igin 2/as PrEpaned Dihi s

anount 0fm£§§h§“§|1cﬁci ﬁ@PékaEER§50§hﬁeﬂﬁﬁ@éétafoéEépfb ﬁé@EC?Eg 5f ghe
first equival ent of Cpd fully conplexed with the peptide i nmunogen in

sol uti on. copoem55¢trhe @és&lmg/mL thedint bl tdddeepphsedavetehat 33 plL

|nnunost| onpo ons epar th a. hi eXCcess o

Dont ge t BPorh e rar Rhe s KuCPRRe TAbbas BEFBRE S5abt L dle Mo s XS P otaft s 11
a Slgn'f'§§8édaH@U@éch pe@tséelége@f 2nm§0$yélgneqé&ﬁpé@r%th micro

i mmunost i nul atory conpl exes prepared from a noderate exces

ol i gonucl 8btF dB2td- pepPi HelfeSglutipmyTpEdded: 9. %h%?g%fr%%?%}l¥%§ult in

conposi ti gas Mk thy §x£€5SaErgeqoliiggpucl gofidex Ihe,pLeseneer of RS
ol i gonucl eoti1de can serve to stabilize snmaller aggregates as shown in

Fi gure 2.0f00068] o Thgsnexaapt eddewaasprapesed han dhetelhayg deionizedacti cal
adva”taggﬁﬁggﬁfr§@§£i8gﬁ;r 8§tb?“%ﬁéoégcfogPlgénu¥}éQt bigh,e Cess of

LHRH, LH ratro |can anoun
pepti de reuﬁhnsomr@esiaddSOIuoleacthnalat@yformethelsmmonpsanmubatory

advant agec Lolyek TTUAGSt LALAL OLY E8AP! ¥, PLARAT £ YALD,AqImdpr 2L g grcess of

CpGl, LHRH: arge rati o IS reasonable "to assune
t hat afteviabnphet@etenmi&aatbpncalcuhetp@mntooproeieetalch&r@euraaioty,

T Fgur et s, PHRECRRECrEROuBE  Faloar it B SRt Fif o PSP BR P ner eI B
and/ or polypewsth 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
molar 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 supernatant
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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may be sequentially added to a prefornmed 1:1 electrically neutral conplex
in order to reduce the effective particle size of the conposition. This
present s wWonemediest rat egy for conpl ete i mrunosti nul at ory Pcomgsh®edti on
coupled with particle size control. [00157] It is an object of this
invention to effectively bind the peptide i nmunogens in solution for
certain applications to mnmaximze the stability of the vaccine in vivo.
Thus - 49 WD 03/068169 PCT/US03/04711 immunostinul atory conpl ex prepared
wi th char yeergino&HdH : Cpspt mdé ‘ilmmidndgens 2t & - CBECEEISg8RAENESt PdeBePAaAErng
froma4:1 @, clgligspgctively are preferred. It is another object of this
invention to nmaximze the adjuvanticity of the inmmunostinulatory conpl ex

in vivo byodgsRg SARILELL TOT &t 4 50 812 PALdF B - s JO- MBS QNS Of 5 | £55)
for presentation to the immune system [00158] It has been found that the
presence ebtimsitduandf mey bandZdficofptbgedupkptri dethrisnadr éodesheabl e for

nore conpl_e vacci ne _fornul ations such as,watersin-oil _enulsions.or
RS0t bt 1 OFCSACVETR AEPAPTaal ¢ 7S] RePheSs PO MUCRIPERS. "Sh GyARERt Yon of

t he | mMunemaesdpensees imay ioes ubk fffdiatentsmasogenpalbedndoaSpGnmunost i nmul at ory
conplex and.al so from, unconpl exed i no s_dispersed within th 0

enul si on 8&1988§8}88518ﬁstﬁg%ngﬁgrgﬁgg;Fpgggrgéfﬂ a ?ﬁﬁg,tPhgetecg the

i mmunost i pebatdey eodplexas apreganed ywclbsehabgeatat badeafl papki dehe

i rmunogens to G oligo ucl eoti des rangi from8:1 to are found to be

c

2.
usef ul foFSthBESppHP FF&n§?sﬁgﬁf%gfgﬁgggeppéVePSB?%PIX éSnbination of

maxi mal dp@gbb@@ra@@a{pl exatritoe rf,on shabill elypuandosmabhopattielessbze for

i mproved adjuvanticity is _found for imunosti nmul ator conpl exes epar ed

Wi th char BEPFARPoSBET CRBRLEde TPHEROBERESPE EPGEOFi GUREEPEbE s FARGI ng

froma:1 tatdrprek@@168] ocEheneest rpsafiesr ed ifuruRest cotbateryea0Bpl exear e

those prepared tqQ possess physical properties, which make Lhen1 ,
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 oligonucleotides 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 spectrdscopy 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%,
or 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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suitable for alternative delivery nodalities. Specifically, average
particle sizes on the order of 10 mcrons or less are desirable in

parti cul awofoawesiect al , vagi nal, oral and nasal delivery. PCTAG03AODI1

03/ 068169 PCT/ US03/ 04711 Exanple 2: Quantitation of Peptide |Inmunogen and
A i gonucl eoti de Conpl exation Efficiency by RP-HPLC [0001] This Exanple
illustrates a preferable nethod for determ ning the conplexation
efficiency with respect to the pe t| de i m’run(%gen and ol i onucl eoti de

vacci ne caissfente @plroyiSy 9 iaduird

chr omat ogr q_gg} on of each
r esi dual uzf]@(;rrp exe;irH ?m ugpéa%épeptl gpep &%%ngr%{géaslt IEEthl mxture to
be separ atewrand v dentdefGledyrctzd 1226 izgsd mmvt@é.emge@ft &pedr ivias f ul |
conpl exat | gn Qf JA %&%goulgcwg!ee%gdade@ okl #Meo1The 301 1

m croparti C te C exes can arate e super nat ant sol ution

by cent gk £ 'gggglpx ék'gﬁgtbgymeif 1548 AbALE.REs LG programs are

run on s sanples to i denti guantritate resrdual LHRH
peptide i mmnngmt&nmich@@tl aﬁmp@mwcdomiqsd&sqnm golegairgdl wift®0 B6 21 gFhe

tid | f I d h HPLC
e ng tho KGR £ 1o BELISs i B G ot (Wiel SUGTRA. Wtk & @

gr adi ent fcrrmncﬁS%aﬁio )S detdtu lors Ar( (h (ﬁ%n'EEAqamltl-llakI@L@rtacbe? weeperid earfa- €5%

solution B % TFA i HPLC .gr ade _acetonitril.e) to 24% of sol uti_an
oo T60s sorLEEF R T 46 Y A Rt A Dy St fiies SRR
wavel engt ht rados or e anas e"fmustsorce‘i:l cﬂhgb&‘ﬁmhmtﬂ%pttnod@epctmde t(e.was

ol 1 qonuc S0THES) viers ¥ GUTH TR 05 W gr e et QPR T il i St ogr aphy

(HPLC) usm@dshae ﬂ%‘é&ﬂlﬂgtﬁmcﬂle&ﬁt}d&ieem Z: e 3 >pr]e@a@zmm af md@&scol um, Cat

nunmber 050 M radi ent from 95% sol uti.an

HPLC gra M 5556 (9 os??aé Pl %[g(ﬁ?gtarbé:el )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 ratio,
wherein a significant amount of peptide remains free in
solution. Similarly, there is no practical advantage for
immunostimulatory complex prepared with a moderate 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 1:1 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 vivo. Thus
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to 24% of solution A and 76% solution Bin 40 mnutes at the flowrate of
1 mL/mnute. The UV wavel ength absorbance was - 51 WD 03/068169

PCT/ US03/Wontaesinpni tored at 260 nm Peptide identity wasPdeEtisosi4ated by
retention tinme, using standard oligonucl eotide. [00164] | nmmunostinul atory
conpl exes of LHRH and Cpd ranging from8:1 to 1:1 were prepared for this
study as described in Exanple 1 and Exanple 11. The respective anounts of

CpE used  to prepare these conpositions are shown in Table 3 and Table 9.
It is to BETWGOSE iMyde tofy FQHR&@ﬁ:HEﬁRﬁrGEGﬁlépeChﬁéﬁﬁe§§ﬁﬂ€§ 8¢ nol ar

char ge ra?k%&l%@dﬂm&dﬁ@@@%§N%dW®%G ealigunall et iskawrang i hablreod and fable

9. [00165 or the immunostinulatory conpl exes prepared using an _ excess of
LHRH, whereiln nasRecti@ely are pz¥€1feérre§ -1, IhoRs egaithgrenbigrburts this

resi dual H%the'n(iﬁo\ﬁeft% %&%&%@ by RBu jHRkG iR ik Re ocgup@Enat ant sol utions
indicating that the conplexation process is selective. This technique

enabl es a lmmaydsig el atiaRy FOPRLEE iImYHogeRy WSERIpsERALEAcBSTFor CpG

ol i gonucl in I ased ding iy i es ,No
Fesidual ncomml o G 0! i ganua Gty de eotrd be ohePaered By PR HLG

i ndi cat i nghfeulimmeymeplseedeiron of this conponent. [00166] For the
i mrunostinul atory conpl ex prepared using an equival ent anount of LHRH to
CpGA ol i gdP93I5&8dt T dehdpaseeennioehdr geat athe FiFBNPA@L rgsiduakskesrial |y

no peptld%'%p nQ pggge@ﬁﬁégqu%CF%oT%% R@egpkgbﬁ@dkg§thggefgbhglex

conplexatlon o] nts he conpl ete set of ul'ts for
t hese anawﬂga;na;fqﬂmmhmnywmsnsﬁ@bl@sswaterrsncbeéremﬁéﬁlpné birndi ng of

LR PoPLde Juminogens anth (i@ ahigonugheatids mmyqsatanked as  pOOTE

> p667 > hree pepti des have near entical ionizatiobn points
and al | t lwdgevarng gt iofelthecHanged asspoalsegl apgd resulgblfgon. The

preferenC%Jég 48%%#5”6&%%%”%EGQE&ﬁkﬁoé%R%uﬂéQ%ﬁy E%m§5%&9%%d9%§%0p§§énﬁ+5
har ge) bot i'chare
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.

[00159] 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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preferred to p500 (+4 charge) is likely related to the - 52 WD 03/068169
PCT/ US03/ 04711 nol ecul ar wei ght and the distribution of charges within

t hese pepDidessieExanpl e 3: Preparation of Dried | nmunost ipeolensndriConpl ex
[00168] This Exanple illustrates the procedure used to prepare an

i mmunostinulatory conplex in a dry state. [00169] Suspensions of LHRH CpQd
conpl exes, prepared as described in Exanple 1, in 0.5-1.0 nL in agueous
solvent, distilled deionized water norgal sal i ne or phosphate buffered

Peptide hmmanogen cand

sali ne, vBxamplec2s |Quantitatien of: or 15 ninutes.

The frozeg, 5o0RLEFLEL8e | B PLRASELREAs {LEE4S; B ViRE-dRfeEL TS 25LEZ) and
the water ys. This
procedur e

| ded . r .tra I | as fi_ni d ct. in the vial
e “appeb oL i B Bt AL e 8 B e dab Bt e qucous
sol vent udeteaniintag thageohpbaxat hemreffonspacentitlyl asspeot acahithe fluffy

solid. [00170] .Reconstitution.of,.the drjed erials in the sane vol une of
aqueous s%?%%%?er%ﬁ%%%?%?%da%QS%%h %%?%%e% fgls%?% %Perﬁﬁm?%ﬁ%%FsThe
particl e smgeodisyrrbutreasphaet e ignegoe atormascs | beguid Examd oy ashpwed
essentially_n nge 0017 This d nstrated that, the dryin nd
Feauspensi SR BEOEaaaTAbss Hatn LBt L1 TES bl 41 bt bpere cif ofafhe
prepar ed tawidasl i obtanplyxednphexesdudhussepiai dacin ne pepnpdsi dooktail
conprising, the i nmunostinul atory conpl exes, of th rese i nventi on may be
provi ded THXtRESf bPnPBf SEPItLpR s‘?’b‘ﬁ,}g%msjof’_r%‘% of“f”g r en%tizé)ormera.m XaHpl e
4a: Prepapat9040f VLRI £ Nr @1 ESb 840081481 88 HhOhcpSher! g DeRt Zaki on
[00172] This Exanple illustrates the process of preparing a water-in-oi
(W o) - enulat ok fropd caml onTlee peptidiesl derpaeidl cHrars LHRIPPEPS deal rRinogens
(SEQ ID hgé%agégeanf§o%:%hé g@ﬁ@%nétgﬁ% 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 Cpleoligonucleotides in solution.

[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 oligonucleotide(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% solution B (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
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WD 03/ 068169 PCT/US03/04711 ratio in solution), |gE peptide inmunogens
(SEQID NO 10-11 in a 2:1 nolar ratio in solution) CD4 peptide i nmunogens
(SEQ 1D Wo:0346869n a 2:1:1 nolar ratio in solution) or ipemUrso¥b47mul at ory
conpl ex derived fromLHRH, I1gE or CD4 imunogens and Cpd or Cp&

ol i gonucl eotides in various proportions using honogeni zation techniques. A
flow diagram illustrating the process of enulsion formation via

honogeni zati on as described herein is shown in Figure 3. [00173] All
gl asswar €0t FPredrat anfl pipet FPEIPR et hut vt A Ftned B nut es at

121C priofetOntissn Hlhe! QUM SstaRdLr e Oheshudi spensed, transferred or
added to reaction vessels in a [amnar flow hood to prevent contam nation.

[00174] Theoyé8] %Hu%%&%m\a%%o%t ihead <bar o3t abiRki EXdWchiz1 K85REGY to the
volume rati o of the aqueous to oil phases required. For conpositions

enpl oyi ngf Mynt &nl de¢r}: 1 Seeremrerareq SEppI this neudher§ AT PRI ER to
oi | was 3@x2 Pg y0£HaEExaIE§IeCpﬂposrﬁé0f@s§é@&pyé Nghnd 3 Mot afhete(fde®l Or

| SA Mont ani 50v oils (SEPPIC, Inc.) the ratio of water to oil was
50: 50 by thHDUﬁEarEx’amﬁ@ Q@ﬂp@bfpia@%fﬁl%ﬁleo?rhWeml?ﬁlﬁeF Emndi bBrelerom

I SA  Mont@ni defr) 5729 @@dnwgampﬁét%@tpwl&%rplmfﬁ%i doea 10
vessel , mas added 3, 333 g of peptid I mmunogens di ssol'ved in an

approprlaI@Paqa@@DSdb@$f@®l¥4 qnérgQ r 3t hy? ndnd ok s G 3 eineosthel at ory

complex p pt i [ ggns di ssolved in an
approprla%%PS%ggggégghag S %g ﬁ%ﬂpf ﬁSQﬁ%/ﬂ%?ﬂgn% ei ther CpGl or CpGQ

ol | gonue! ph1 487 eclanle 3 A0 oLable decs 30WnENE, 68l QULALIARS 1ol an

det er mi ni refative amounts o rea
Speci fi caékgessoopr BRH e Emeranmnb&RMnQW%ﬁOTyBCbnp4ek OEr%hﬂLHﬁ@npeptide

L Coa SoaaRy g FHah e oL | Pl B T 7 5T ert e
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. 1In 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 oligonucleotide 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
p607E > p667 > p500. The three peptides have near identical
ionization points and all three are positively charged as
calculated in Table 1. The preference of CpGl oligonucleotide
for p607E (+4 charge) over p667 (+5 charge) both of which are
preferred to p500 (+4 charge) is likely related to the
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[00177] Specifically, to prepare an inmmunostinulatory conplex of IgE
peptide i mmunogens at a 4:1 charge ratio of IgE Cpd, 387 g of Cpd

ol i gonuclwotmBdes16493.5 L, 2.0 g/gL) were used. To form aPCTASNBW7IRI
conplex of IgECpd, 1,548 g of Cpd oligonucleotide (774.0 L, 2.0 g/L)
were used. [00178] Specifically, to prepare an inmunostimulatory conpl ex
of CD4 peptide i munogens at a 2:1 charge ratio of C4: Cp&x, 402 gg of
Cp& oligonucleotide (201 L, 2.0 g/l) were used. To forma 1;2 charg
rati o of CP4SEH&RT Y@G@hﬁ épdcﬁéﬁ 8P?§6ﬁﬁBFé8P|8é CBeXIES ?1®hﬁ§/EPeﬁ€re
used. [00}28kikaseach of the vessels additional diluent aqueous sol vent
was added so that the final volune of the aqueous phase was fixed at 3.0

L for preRamdhieon :0prdeArMtibanbde i) ed’ 2AmineseihuiaeBsy eshpakkvel V.
[00180] FOT- CHRA Or TQE peptides nornmal saline or PBS was round to be

sui tabl e rjhen %@%fgaﬁk%ﬂ hﬁﬁ?é@fg@é@du{& Sceache pepiids braynpgen
i's greater than 9.0 (Tabl far greater than the pH of the aqueous

sol vent séheem@@nOPGGI@iFtpﬁYtﬁ@m@é§é éh eDdryeptdés the choi ce of aqueous
solvent proved inportant. Upon dilution with either normal saline or PBS a
solid predpﬁﬂﬁéﬂeSWEBe@®8@m$e@ftkﬁ%ﬁﬁ@ﬁ@&'@QWH&GX¢§SCHIRE%W?d1&ﬁs

| nstabi 1 by weubdphecludeyse 10f 1hhgs s 1MBURRJER GamBbRat kel ayhar ent eral
routes. An exam nation o pepti de’i munogens reveal ed that pepti de
sequence d@smll@d CEaloné zepd wastea,capmlaét edliosi 2at pbaspbihe bbféeged |n
PBS  (PH 5afak, | tw@'r% RaBdde spoul d.teadela aganeogte aanggro xRe¢ed to
exhibit insta A“solution to this problem was foun I'rst
preparinglﬁhmlmmWﬁﬁostﬂm@IéK@EFDCQHWPéxslWerél§behl€daéédonnZéde@E@ﬁ-
Fol lowed byl yiian 4 Liassah e otue 35 oVO.03:008169 ECE:USIBLAATLL PBS
of sufficient ionic strén to ensure that the suspension was Isoton
and suit aBloé madlumpectwwﬁr toae82Ha¥hi.-s @haﬁppeOdedumgtpapesdedea near
advant ages _of _st.ahi li zin s ut.i.o fo of an
IﬁﬂUﬂOStI%UFgfgﬁrent gl&%sy FIAIQEER p&gdﬁgk Eh @h v&g% Tk

appearance of the residual solid recovered depends on the

aqueous 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 demonstrated that the drying and resuspension
process does not effect the physical properties of the
prepared immunostimulatory complexes. Thus, a vaccine
composition comprising 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-Oil 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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conpl ex of LHRH, IgE or CD4 peptides. [00183] The dil uted aqueous sol utions
or suspensions were then slowy added to a dry 25 nL reaction vessel

char ged vwoDh3/MB6K369 L. of | SA Mont ani de(r) 720. The additi omsTso®o4Tade whil e
honogeni zi ng (H 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 maintained until the agueous sanpl e had been
conpletely added and was continued a full 2 mnutes to ensure unifaorm pre-

m xi ng of Tefkd Cadiie $93 Udi@Tdirl 19Fa®eP L 1tRe IABNEGSRISat(SER 1&pd&d ds ltthen

ranped up ;(5500048,Q4Q + REk 12304 iMalntalived o phperus bemb@ et aSEQ
further resulting in the formation of a honogeneous white finely dispersed

w o- emul st NI:080F ithe RitAdll &eAéentP&ticon NoEoilnirdde®S once fornul ated

as SUSpe”Si'n&'&%o%rtl'n{&l‘é{%to%r 'crc‘)m?)'ll e gihers rfagrdesRil bedrabovepmas 200
g/m.. Exanple 4c: Stabil |ty Eval uation for Water-in-QO || "Enul sions Prepared

by HonpgeRrFamicme e EmsHSPl0PT8SPCPhe ligrsiustenty dand 1ot BIILOMF of the

w’ o- enul S?(}%%orﬁr Sl ed 1By ﬁ\%m%%wlzz%tﬂl% W@%hﬁfi‘a%%d by, g1%ar 'dez'.ta)ér%fm
met hods. rove that the enulsion was water-in-oil (wo) and not

oi l-in- watlérlU(S(i/r\ﬁ/)tl@rg witee priogegisl oifn efgded opwterwpt ign dddpl et of the
conposi t| 3%\6%%&%%%&10 a3 @%%%%Pb%@n%@r@ﬁg isdisphl/hl 6d ggipniczed water. A

droplet o enmul sion w | on the surface and not disperse into

oL Comomnsaliny oS8R hel oM e oLy e shobudlisignt s 0 5pers:

into water a rom a o/ w dou di sperse both
on the sueldoelaved oy tiRe Ml esf atthéZéq@eDQSOph‘a@euse 56A11/\Dr@3g@68§69

Pey USO8/ QR IARIEL Byilckamsthe efllal-a9s.hr spacadely o sachntani de(r)

720 were obser: o'flo e sur ace wi'th mnimal dispersal and
dropl et s fresmetlise iemal Sicorisapr édamedhoodorhol BAeMentanocdegminasiosi.l s were
observed to float on the surface with essentially no dispersal. These
resul ts i M@0da4ddThbat/ohenehsl shongenereptimized 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 ratioc 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 pg of peptide
immunogens dissolved in an appropriate aqueous buffer (1,111
pL, 3 mg/mL) or an immunostimulatory complex prepared from
3,333 pg of peptide immunogens dissolved in an appropriate
aqueous buffer (1,111 pL, 3 mg/mL) and either CpGl or CpG2
oligonucleotides. Table 3 and Table 4, shows the calculations

for determining relative amounts of each reagent employed.

[00176] Specifically, to prepare an immunostimulatory complex

from LHRH peptide immunogens at a 4:1 charge ratio of
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w o and further that the tendency towards dispersal was higher for the

w o-emul sion prepared from | SA Montanide(r) 720. This is related to the
initial wWememsetlyy of the oils thensel ves and the viscosirgTafSoy/mgil
resultant enulsions. This is an inportant consideration for maxim zing the
depot potential of the resultant vaccine fornulation. [00186] The apparent
viscosity of the finished emul sions and oils were checked (Brookfield
DV-1+ rotational visconeter) for Jlot to |ot consistency and for |long-term
stabi | it yLERHaCBGL] SAL Abing avpde () igonunkeio bl d¢ s€bs? tylof2 -Augiel at 25C
whereas the wo gnulsion prepared from | SA Montanide(r) 720 had a
viscosityw%fe-ﬁ%? 0 nPa at 25C. This provided a fairly fluid product,

whi ch i i le f facilitati t he handl.i ng, d i i f th
Vacel ne il S5 Ly Ferge L Ca0LaT] o WSSl TERTGRTC AN GOEr) SPRaE s
Vi scosi t yodof 1gbOpepPadat iZ@thabhensast t hed Wl ocleandsi oasiprepal ed: Ep®) | SA
Mont ani d had i It f - 1,500- 0. nP 5C. | T i d
vapig?:oﬁ %% H&s% sé%@fagilg%ﬁﬁﬁl?%tﬁgea?%%%c?i%ﬁ'g%' Hﬁ?f%ﬁﬁ§@$%%?ion.
(PBS = -2,900 P, NSr7 2,500 nAba-pad cahstik!sf dehonbaed yates ryl, P00

nmPa) Material of this high viscosity can present Some difficulties wth
respect topGlrahsfenuchgoandedi3pensimh, W th (a9 4yL) ngere Hoswver, the
|l ong-term stability of these conpositions was inproved. The |ong-term

stabilityrob1v8p 1Fia MRS evalgiaiped ebwnplig&iun® st intll adfo réacimpmaxsi on
inalb5n eg endorf vial and centrifuging the contents gnder_hig? speed
(5,000 rpfy $BF REPtHARAUIBRUNGHRRE 2bndifi dnSPAbIRot 26t uPht EPAttRES -

storage -487 pY\Q B3¢PE8169; FSTLYEO3L P4 120t ond] t2 oMSudiL Care ke wsedl. to

predict the reSistance of the enmulsion to separation. In the case of |SA
Mont ani de(Ty 7@Om & 10% ofiathe vat loeofepld afe@E2 out 6B thg ac Ll @@E2 or straw

yel low oil  phase_observed on the surface. In the case of |ISA Montanide(r)
51, 0-2@6%%lGﬁ%uQ%?%ﬁéd%ebgﬁét%ﬁ'ogtévW?£p%ﬁ(W%%ﬁ u%ﬁgstrawyellow oi

phase observed on the surface. The higher _
[00179] To each of the vessels additional diluent aqueous

solvent was added so that the final volume of the aqueous
phase was fixed at 3.0 mL for preparation of ISA Montanide®

720 w/o-emulsions respectively.

[00180] For LHRH or IgE 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 aqueous 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 immunostimulatory complex in

distilled deionized water followed by dilution with saline or
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viscosity of the I SA Montanide(r) 51 emul sion products accounts for the
greater stability to sedinentation and resistance to separation. [00188]
The partiwbasmssaed and di stribution for the w o-enul sion waz/usas/odrer
characterized by optical mcroscopy (N kon DI APHOT 200). A photom crograph
of each conposition was obtained and an estimate of the size range of
particles was made using a conputer-generated scale. The scale itself is
externally referenced against standards of known particle sizes (N ST

t raceabl e PfiSciodpanxfifcicdsnt Dule cSéEtarmniditing -0 Rars Uk tharultdico v spregsarcsd
from ei t her J SAVRLANIAR( Ty 42019 Fo9A 1 ifRRkanide(r) S1 and pepti de

i munogens, the particles sizes were essentially the sanme (c.a. 1-2

m crons) - Yiglo g Al 00n OF  £02L esLENcey 05 LPPS, ;

pr epar ed :‘/tirotg%&e]i ?ﬁg% ?%%g‘%g%t anrﬁ_d%%rf 720 or I%A a_ll\/lg{f)l%%m d%%r Eii)g%émg

i mMmunost i FAmranegEnsonpl e lttha oparini ¢hhe giozas ofera smngimolsy imudedgery( c. a.
1-3 mcro i 1 R aiggf iQn : | escence. Figure 4 is a

phot om cr%%%ng\gﬁ&ggﬁa{l@’fr m a(;(\f(‘}avt?/I o- g%%)ltsl;a%%'prepar ed via honpgeni zati on
fromI SA idel(r) 4: d.an.i i tory ri 100
g of | LRIOAEIGEhE e R e B P RE D &, OF Lo By S Cha B LRE S
4:1. [00189pwllye aiddetd dlo avelrage Spadt irclas tdiore Wess edn chles geddevd tof 7 .10

m crons. The sg, of _ha j.Zi ng agueous suspensi on. of, .

i munost i MU g{%{)ﬁ%ﬁcia%tg)?el?eﬁye%d hi gﬂ{]@sh%ﬁaicflotrle%rhﬁ tvge (?r{naade swrpa %®r aver age
agglr egate hl@)@ir']dgic?fﬂi&li&igz G(-Hii‘éj})?]t%aQ Wa®or 2% r WR1i3/r()68L69 eBCTHWSQ3/ 04711

enmul sion wt roplets in the size in the range _of 1- i Crons  was

obt ai ned. SE)%é[ﬁﬁ]s_é’r‘E?a:th&ﬂ&xé:luﬁﬁr Ehart& SRS s\/\éﬁzep-oijoﬁ%@rg:o EFdi &% Usi ng
Low Shear gtraicon [QREAY chtils iBxanplmaild bisidealsandt hpepdosass of

w o-enmul sion formation fromcationic peptides derived fromLHRH |gE or
CD4 i muAGderSioed Mitids tihfulrUEAy Sc S/pPee déd PEGTF FOmPLARALY| gigded

and was continued a full 2 minutes to ensure uniform pre-
mixing of the aqueous 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.

[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-0Oil 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-oil-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 droplet from a w/o/w double emulsion will disperse

both on the surface and into the bulk of the aqueocus phase.
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or CD4 i mmunogens and CpGlL or CpQ& oligonucl eotides in various proportions
usi ng extrusion techniques. Table 3 and Table 4, shows the general

cal cul at iwp3feriedet erm ning the relative anounts of eaclrCrasgeil
enployed. A flow diagramillustrating the process of emulsion formation
via extrusion as described herein is shown in Figure 3. [00191] All

gl assware, stir bars and pipette tips and the entire extruder nechani sm
were autoclaved for 40 mnutes at 121C prior to use. Al reagents were

wei ghed, diropdreded frony ahsf emude ionsagddeparedr dxom d8AvHonsks1de® 124 nar
flow hood to prevent contamnation..[001 The .extrusi.on.pr i_qvol ves
repeatedlyeﬁgh§%ﬁ§r§ﬁd %&Uggbg%pﬁﬁégh%o% %% n gﬁgﬁsgﬁ?ﬁggliﬁ?§%§ﬁsgﬁ|
phase | caded drdpde2&Ca@dns thiengautlkiongh paeparcawtiremne ISabelopaianing® he
two syringes. Emulsification occurs as the fluids are driven through the
narrow bord Gidér WsEEs servVeghitCalfilpatogrpsine ByrféGEtWé§P,e3568ﬁ6§gﬁW2er

system t ypiC@ilspeaRanat egnals e re@i@ssuhigdibkat elds tapeatae han siode0 vl
The nunber of return passages necessary for the above extrusion process
often exddedergo g thg hébdite tA Sy itsRALNY YuRPeE RS wWAd SeRESSiloaSs higher

gener at ed. [hics, SRRl @IS M RQeeSEroaniah genesatigeesi@n ficants shear
and the nunber of exchanges required to efficiently produce a w o-enul sion

i s highly isaniedblited The thehyisiicdlalprvipersiicy off the widserblesisedyesr end

i nconsi stent and _ the ov L1 stabili quenrt .y I Lvo potency
are - 59 J3r66816d ﬁgr/a‘%o%/e%g"}ff%t %%ﬁ%%ﬁ:agl%hi gﬁh}%i rl;ge\élr“oduci ble. In
spite of timgse tpmablcens,idetrhé¢rienarferamaxiber iof pbesidebetappltecatirdns f or

products roduced by .this process. [% To address these shortcom ngs an
ext ruder ﬁ%ﬁ%éﬁ?%ﬂ$ ég Vﬁé@ﬁ“%egifgﬁé gﬁgdsoFastTM Basic, Avestin, Inc.

O toue: SRR SR SRY S8 TP B0 o L OIE IR O T s Ty
wi th a polojdar bhenat ehrerecan®rofo kf iddid D&d lporetational 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. However, 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 wvial and
centrifuging the contents under high speed (5,000 rpm) for 10

minutes. These conditions do not simulate actual storage
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size placed in between the two syringes. The device as originally designed
was for the preparation of |iposones of a controlled size.63 The

appl i cat iwp oefoéaech a device with a conpati bl e oil - basedPprasogo47ior t he
preparation of w o enulsions appears not to have been contenpl ated. The
menbrane pore size can be sel ected (Watman Nucl eopore, 0.05 M- 10 M.
The snmal |l er pore size allows for the extrusion of dispersions under

i ncreased shear. The larger pore size can be selected for fornulating

wher ei n t Ot g Rs Gt P9 A gt &3 AR e Hes iddAnee, afhdhe

ef ficiency.nf) s &l sl fdGation grs inereased s FyRr eyt RASRAICH Yer &
required to provide a nore uniformand stable product. The In vivo potency
of such a lfrepsaf athenvalwta depgradicted twithe a ndrear epr cdueivblye1 lHowever ,
there are still limtations due. .to the snall ihmumvol une,_ c.a. 1.0 ni,
whi ch can e A i CATY Shpi byt ésﬁld:eft e pr afg}ai & & rcjlrggtli hs on the
choi ce fomdrheartide®osppnents ¢H08194] vdhemdr ocessaved ksutvellti of ¢hear
preparation of w o- enmulsions derived from|SA Mntanide(r) 720. However,

the hi ghé¥r Vi8I XS ECHO MR h LRAGEYAH 9 Fhe SA NS RCani d&(& risher

results i s fdcant HackpiRsH G RS sdi agut HEoMSErSuctdi ScextAsi on
devi ce. As such, t'his nmethod can be best viewed as a process for preparing

i nstant wivrnisiomafeomtolisl ity the gephmemnt atisgosind e gfstagsss tthman
1,500 nPa. . 60 . WO 03/068169 PCT/US03/04711 [00195] In particular, where
the costs Associated with stor age and stability of vaccines are of concern

or where I onplian IS LSSuUg. i cat | I_%' I

medi ¢ ne 9T T8GBa RIS e fid SRSdd PLaTBRLLER, EOR BRey PECoRGLLLE

practi cal .waddealttyhet raiaet raEictad ign et isudh mas mbectogys (VL koph ATAEH ST s

can be relj upaonh for,_ preparing.instant w o- faor.qul ations -site far

gener al uggéoq['oo%géih%cﬁl%e?ﬁrcag)har? per‘_iocthoccoclmpnonsyl e uded gj?catlﬁleed and

prepar at i agm ofstinsttentahedies lag rarthenv/ocd Wwarticrleenwias arsle 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

ratio of 4:1.

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

smaller average aggregate particle size. A stable w/o-
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for which controlled shear and extrusion are required, or for the
preparation of refined products. Exanple 5b: Preparation of Water-in-Q |l
Ermul si onswOroensd18A Mont ani de(r) 720 [0001] To a 1.0 nlL glrazaissyed7mge ( gas
tight), was added 333 g of LHRH, I1gE or CD4 peptide inmunogens dissol ved
in an appropriate aqueous buffer (111 uL, 3 ng/nL) or an
i mmunosti mul atory conplex (with a 4:1 charge ratio) prepared from333 g of
LHRH or 1 gE peptlde i munogens or. an |nnunost|nulatory c lex (with a 2:1
char ge ratSMl Sgrdpatidd drophed3n ig dhecsd Z5ept dde m@@ﬂ@g@? 3s SGIOFEMS n
an appropgfd ot agyreus solvent (111 L, 3 ng/nL) and Cpd or CpG2
ollgonucleotldes In appropriate ratios as described in Tables 3 and Table
4, respectgygl phe e (Y11 RnRAC ipirlefdlrabi dnd o MAdE - HTHAAS il s bRy compl ex
from LHR tTde TTMunogens at_ a charge ratro of CHARACpG—of 471, 24.3
g Cpd ol iVzume |Ieot iShear] Extriusidn) g/ nl) were added. [00199] To prepare
i munostimul atory conplex fromIgE peptide imunogens at a charge ratio of
| gE: Cpd dfooaon] BBig @x@mpl€p£110$tg@neslen¢iQEOQQQB4o£,WQ066mglpL¢nmere
added or t

farma l: I Q.. 15 f CpGl

o1 | gonue dormed 177 e By fiy Wl s it v R ey Guffoe 1 B oo
PCT/ US03/ &4(17(&1110@@();2@111 ﬂ?mupmroesptamelhammryos:tom;nllea;t aey ivenplfexorf LHRHCDA gE
peptide i 0gens at _a char

b P gonuc! &t sk (g o grts e SaaGET 0P B ParneR it ey TAe g oS
charge r atgropefr tAhCpEA nef ektZuslieh §eohnGoG2s. olmg@necBeamudeabm@ lg,, 2.0
g/L) were dded 00201] Addi tii onal_.dil uent eous solvent wa dded SO
that the Rﬁﬂ %ﬁa%lﬁg & @&&?nﬁhggg %% 306 LR @foffﬁ? & Ssecond
1.0 mL gl %ﬁEDLﬁ’WEI ROUE agas rdaghin)t, e\mo@@died A7GQow afi abSAmMaNt anitde(tring? 20.
The syringﬁgamere connﬁﬁted vi,a Aer | acks t.o an extru5|on ousing unit

containin §ﬁ5§59@“f8?atﬁé BOPFEEr BEn&EE ST

filter. herein is shown in Figure 3.

[00191] A1l glassware, stir bars and pipette tips and the
entire extruder mechanism were autoclaved for 40 minutes at
121°C prior to use. All 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 loaded
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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Menbrane filters with pore sizes 3 Mor 5 Mwere selected for

w o-emul sions to be prepared with peptide i munogens in the aqueous phase.
Wher eas, wormbnesied filters with pore sizes 5 Mor 10 M wereTdshsetred f or
the preparation of wo enulsions with i munostimulatory conpl ex suspended
in the aqueous phase. The aqueous phase was then first passed through the
menbrane into the oil phase, typically with great ease. The subsequent
exchanges require additional pressure wth the increased backpressure
gener at ed tdpdiasg tvhé ierhdl s iigrreprosiied S leaf t dn SpiXepadfsadgese paoblems,

backpr essuie P L ko diad sl el AN A haTogeneQus e erul si on

was typica tai ned. [00203] The final concentration nmunogens once
f or nul at edproaicsgl Uy drist o resCEsAyunosti nul atory conplex in water-in-oil
enul sions as described above was 200 g/ ni. Exanple 5c: Stability Eval uation
for Wat er-0080Q]l Enubdiivass PheparshobycEringsi an ¢R001jeStadihaniysmekas

simlar tgthose cond %{&td | L ARk e, JC. PAeRALed by, Lhe 8&5»5‘%; on
processes confirne that' these conposi t1ohs wer e W o- enuf si on: opl ets
gl aced 03 dadteda )62 T\A@b@ﬂﬁﬁ%l%rﬁ@%/tusw Glf:?:lkyr’iumlrgfeaace( oafs d\:Lstoiﬂhlled)

ei oni zed water, were observed to oat . wth mnina i spersal. The

vi scosi ti 8L)off {HEG §5@ tHRT TOaHSI"IE Rel@ FSh X E Pﬁ‘%&é‘gler SRPDES RS
nmPa, a slitghta Headuat i WeepAGRaREtate kedtagh erfelgy diamnege piczed
system in Exanple 4c. The size distribution of the %rrul sign droplets was
| arger t hart %h& 1@58bdduLasifsTe e d WSy Y&t IRoout’ PE- S ViHCEr 8Fs for w o

emul si ons qarigpa=Ad f BiRARId dand MEMegRND rehard+td ol &FoNs fo@omndso of a
enmul sions prepared fromingunostinulatory conplex. For copparison, Figure
5 is a phGGRESH G 2%Dbt ai et IPRM G2 WP ul SHTh BT EEDreddt el vi a

ext rusi on o3 Mant-a e i oER: takd ra ik NN Srafd ot QFfY wynpl ex _
derived from 200 g of LHRH peptide i munogens and Cpd ol i gfonucl eotides in
a final clageoAS GRICANIRIEEC SRS peen contemplated. The membrane

pore size can be selected (Whatman Nucleopore, 0.05 puM - 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 particulates 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 o0il 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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[ 00205] In general, the size of the droplets obtained by the |ow energy
extrusion process as shown in Figure 5 were larger and nore highly
aggr egat eaotobassishe hi gh energy honogeni zed droplets as ®aowusos/u7Fi gure 4.

Overall, these instant w o enulsions are sufficiently stable for immedi ate
or sanme day use. Exanple 6a: Preparation of In-situ Polyneric CGels [00206]
This Exanple illustrates the process of in-situ gel matrix formation and

encapsul ati on of inmunostinmulatory conplex derived fromIgE or CD4

i munogenbO@hPda P tasEd arol WEGAECILESt CEES Si ASPRFEEGS e pbr FLERS9si ng
direct reconstiftyiiep sechniauess 4yd | ow diagsam shawdss the precess  of
preparing an in-situ gel fornulation with ejther peptide inmunogens or

I mrunost | et bryceohpl @% vFaue e@@mp}emawrasas d%_s@é‘lb%%lth‘éﬁ* eredigiRPown
in Fi gureidé-irL\QQ%\OJé, AL 9 ASSHEY Cor ShidT1iP&F 5 RO 1l RES4€ d ASCMBYE and
autoclaved for 40 mnutes at 121C prior to use. ‘All reagents were weighed,
di spensedpra¢iahet br r elidor 1 hvidedra bne @ aed ol € @REs SSUEh 2% R PP $ | % hood
to preve Lpation. pe 531 : W Q3496816% PLTLUSAR/ D47 [99208] In
general , %ar?%?éngfév\g?g t pe?cent%geslpgof PLG gE? %I;__GA copol yners %)Boehri nger
| ngel hei joxmpbatierdl grusihe bibcowmparablessol vents such as anhydrous

di met hyl sul foxide (DMSO, Aldrich). The solubilization process required

vi gorous [@Q} 261 iTdvi sf sleviiicghendnplreswicarl weivghe pekeynmérg wWheh conti nuous

stirring ' f 4- S e r I ' ion. The

pol yrer SOTUT BH wR ThehFrT T Bt i T G A LG AP e T ¢

menbr ane Oér peneclsi centrdbledi shems {Rheronenekon RIRE)reJol tdd s wasfadded a

sol uti on_é)[g cat}%/ggggi?gpg%dge%m@goggfggu [ hore preferably a suspension of
conp

i munost i T &t or €x T n an appropriat & bi oconpati ble solvent. The

pepti de iﬂmnoggn of pep igae{___ C e 803 : o f171St
|y0phi|izeea—’(n-%e—d%6-'er—n-%eé3t—n—' in 0il Emuls fFrom fSA’

r esuspendesh tan dde@PEROPr i at e

[0001] To a 1.0 mL glass syringe (gas tight), was added 333 ug
of LHRH, IgE or CD4 peptide immunogens dissolved in an
appropriate aqueous buffer (111 uL, 3 mg/mL) or an
immunostimulatory complex (with a 4:1 charge ratio) prepared
from 333 pg of LHRH or IgE peptide immunogens or an
immunostimulatory complex (with a 2:1 charge ratio) prepared
from 333 pg of CD4 peptide immunogens dissolved in an
appropriate aqueous solvent (111 pL, 3 mg/mL) and CpGl or CpGZ
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 pL, 2.0 pg/mL) were added.

[00199] To prepare immunostimulatory complex from IgE peptide
immunogens at a charge ratio of IgE:CpGl of 4:1, 38.7 pg of
CpGl oligonucleotide (19.4 pL, 2.0 pg/pL) were added or to
form a 1:1 neutral complex of IgE:CpGl, 154.8 pg of CpGl
oligonucleotide (77.4 pL, 2.0 pg/pL) were added.
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bi oconpati bl e sol vent, such as DMSO. [00209] The use of polar aprotic

sol vents, such as DMSO, may present sone problens wth respect to

| ong-t er wpaphesded stability. DVSO is known as a powerful poxiusozo41gl agent
and peptides containing sensitive am no acids such as cysteine and
tryptophan may be chem cally inconpatible in these solutions. Thus, peptide
i nmunogens contai ni ng these residues nay have to be reconstituted on site

for immedi ate use. [00210] The |yophilized peptide i nmunogens or '

i munost i FRPAPBE o ExaFade dmmunasHiid ativaye sompds ¥y deeis Gdueptdideect | y
in the vi i | yt | i t . the. ti of ,use,

t her eby a%@%%#ﬁ Qﬁso%gngegggigésggéyg$égthpép |%eo%n%ﬂ%bgg%spgt§gt%ggf The
di ssol uti ebigbntibeepepiiede2 0 nuUnoYed g/ ihe wéesuspeansi on 66 form a

i mmunostinmul atory conplex or a mxture of the immunostinulatory conpl ex

wi th peptfeBPiauabganshanger aplréo of eglif  FRE2 geht 1 e2 shakP nigd t of efRBf e

S e PRS0 QA ot

i ssues expe ons. e polymer solutions in

anhydr ous re not, as susceptible to - 64. WD 03/068169 PCT/ US03/ 04711
vy ol yi1 E00ERH RaRd g e et A g S RS S es S A o
suspendedt h8 AUHEDUSo BOhEL bONShe TAGUOSLY NMBasSOkas | 900 MRy . be frozen (DVBO
freezes at c.a. 18C) with no detectable changes in the physical properties

upon t haw pg- eptd rL igmynestiswul LY C l.ex :i.5qlat '
IyophiIi?%ggﬁ?ﬁigﬁhgégﬁ%gﬁl éTso beegffggfggqp§eé3%Pfi#ﬂ£?ﬁ8fe§%§h%daga
stability700 pheofbs®hcdontanade®. 7L0021ZheThgranygear geok pohymetedndia
pepti de ignunogeng o% innunostinulg%or . conpl ex as éuch.constit tes_a
si ngl e- phal8’ $8F6fi bR 9P S*EHEPERST R St abT & f 6P sebltt dnd g™t ane
i ntranmuschbatiernprdt s@PpofO0233] tEE poppcs aivceat orm@nbheresysiearis the
viscosity of the solution or suspensjion. This dirgctly i nfl uences the

ability YemeyrPfgelAharfnyetl PRES cHNPRSiTihsOby” HEubeht afettist o
for w/o-emulsions to be prepared with peptide immunogens in
the aqueous phase. Whereas, membrane filters with pore sizes
5 uM or 10 puM were selected for the preparation of w/o
emulsions with immunostimulatory 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 5c: Stability Evaluation for Water-in-0Oil Emulsions

Prepared by Extrusion

[0001] Stability tests similar to those conducted in Example
4c, prepared by the extrusion processes confirmed that these

compositions were w/o-emulsion. Droplets placed on the
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i ntranuscul ar route. [00214] The apparent viscosity of these systens is a
function of various factors including the constitution, nolecular weight,
crystal | iwpDtog/oesiad i ntrinsic viscosity of the PLG or PLGAPcopshymeis. These
factors delimt the useful anobunt by weight for each polyner that can be
di ssol ved while nmaintaining practical flow characteristics. Table 5 shows
the physical properties for selected PLG or PLGA polymers and the
corresponding anount in weight percentages that nay be dissolved in DVSO
to obtai n%b ﬁ@?oﬁfvﬁééBéi%?ﬁsd%%ob+é%@l%%ﬁeru%%reT%%S%bb%?e%? fiekbsity

for theseysehUhi9Na Vegisget8L I nethbyy s B 90ki & &l 8f Dvhd +r& Ol Bt dppal
visconeter. _[00215] 100 nPa was arbitrarily chosen as the upper desired

linit forefRdSEORDIPOEFt fOREd TR HBRTS cRERE u320f UtTRr of S5t&pensi on

formul at ed h gk UcgRbh -89 99"&’1@8%3? UL & Ho G800 APORT &P
Vi scosity ?ggggg%an 200 %Pébcan be unif ﬁ?$ dgﬂgxered ?Q?ou Spstem

convent i obhal Exgnphgedc- - Bhe vmr%s¢e%9&%@u¢%9mLE®3V@a7qmulfe@@1@qom@ets

pol ymer / OVBO $9} 4+ oahwbh@%ﬂg%?&@s 51%11‘(&5@ni£‘ed ex¢essn®f tAwbu¢ eguired
to provi de an apparent viscosit mPa_woul d be of value for delivery

by an al trema@weform@é@uwulﬁh@madpﬁgp%ﬁh@eﬁr%rmp%yw nfEyROge MR el el ess
met hod. Thes gl LiHgs b@@gv\»% YRQDs i B £Ch1 85, RO %ﬁtlﬁrﬁ&ﬁ%@lmlﬁ)iaﬁgf%l e

i mmunogen is in part ated to the concentration of the polyner in
conposi t i opMp Bens efeentdppa rasehi zZFhguihed iate piogeniaregrrind reduci ng

he b
the burst d%@é?ﬁé& Péoﬂngg:ﬂ 2gepy,, yould 9 %%Qogpg%%‘g@%lge&gp%@%ﬁm ers

for consideration 1n devel opnent o si ngl e- e controlled
rel ease frompdSitiontakkdePl €26banBr epaimtnuonsbfimRobhyoeys cGrpdekr om PLGA

Resomer (r) RG 503H or RG 504H [ 0001] To, two separate 25 niL flfsks
equi pped GPERVEE| FrBRr 200 S GfiGERD . R hee %EWQ%PSZaW%GQﬁﬁ RG 503H

rgﬁ?ﬁﬁf“ V&l YgondO188€0atbask waaﬁggeéhalpgé) Phe 05 SphyEROUS,EMVEGE (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
immunogens or immunostimulatory complex via reconstitution as

described herein is shown in Figure 6.

[00207] A1l glassware, stir bars and pipette tips were
autoclaved for 40 minutes at 121°C prior to use. All reagents
were weighed, dispensed, transferred or added to reaction

vessels in a laminar flow hood to prevent contamination.
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by transfer pipette. The m xtures were vigorously stirred for c.a. 2-3
hours at roomtenperature after which the copolyners were fully

sol ubi | i zw0.03A6%169 conpl et e di ssolution the stock sol uti @a3/uses/es7iiltered
through a 0.45 Morganic solvent stable nenbrane filter (Phenonenex,
PTFE). The final weight percent of RG 504H and RG 503H pol yner to DVSO
sol vent was 20% and 25%respectively. [00218] 10 nmL of the pol yner/DVSO

solution so Er ared was then added via syringe into vi aI s _cont ai_ni ng
| yophi | | zEQO2Q®! dn GBRerFdpt VA& YilAuNEGOnS P2Io60tgPesT Oty Epfi oz EFCA

| munost i @1 YrsCOBREXihded 8GN nrhage daddo 9sq2id CDA: Cp&2
char ge ra(??lﬂc))) grgrﬁ/ed froml é%oo Igg%f IgnIIEPpeptl des m xed V\ith 232

Cpd ol i goheermRetHele 195l yenps osxgsch L3S RNy @Ry SFneHy p%‘fﬁf%%g?n xed
with 241 gr080 Qoﬂdﬂagpnuof@@té&§u$ﬂ29z§t£@n @r&c@éé)re@fréa N@l gorous

concentration of 1nmrmunogen in solution or inthe formo .
i nmunost i WHQ@E)JEQH c@@r’f’)l Righer spebersl ah webght Iy DEROEB 169 PCIPUSDB @47 11

was 200 glgdr T OG0 O o+ NPEARSE L 51U &1 PF Vi & OITpL €Xe VBSmp 1 aredi at el y
reconstituted |n so ution or suspension with gentle shaking to ensure

content udi$eehittion| OMQ]pqhm%pp%@bwuv/n sedsi thes bilieeed ot urdens
pr epar ed éaogﬁ%%ﬁﬁges& S%Ig@fré%rﬁ}g 1 SPEGhE L & Wef ght L al{os yese found to

be close to The concentrations for Resoner(r) RG
503H, Reswher¢ny RehSOARE e, I%%%Erbr(r?o RGlﬂ%Gﬂa%ra@ie@oﬁ* 3P ot VPR cPSi ty of

oun, OBy T L4 Sl SR Koo P A0 Sorospela g S

have chh ower ent i scos ties an rom LGA w th
anor phousmlmhma‘ciramlavmey et omp hex mo@@ram@mmaw)rbmowa)WQO% D, L-

act1 de_ang, 0% ol VEgL g TESEARSaLA 5. WU B/ QARESLgh o 0, ogr ade ot

a rate of weeks Vi vo e encapsul at ed
corrponentrmxxbwrel tﬂaweeaftwms fhree kmpkhlleiée@séamrdﬁwmlmm higelsamp epar ed

from Reso ?% %595503§n@£f<§fgm & &tégél é%"c{léd d{rgg;ﬂegpg;@&w@ée

mat eri al s sul erm o1

biocompatible solvent, such as DMSO.

[00209] The use of polar aprotic solvents, such as DMSO, 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 lyophilized 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 immunostimulatory 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
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controll ed rel ease applications. Conversely, Resoner(r) RG 756 is a nore
crystalline polynmer conposed of 75% D, L-lactide to 25% gl ycolide residues.
It may rewoimseefisom 4-6 nonths for 50% of the pol ymer topdegrsasiet7in vi vo
and the release rate for encapsul ated conponents woul d consequently be
nore protracted. Resoner(r) RG 756 woul d be expected to be nore desirable
for long-term single-dose controlled rel ease applications. Exanple 7: The
| mmunogenicity of 1gE and CD4 Peptide |Inmmunogens Formnul ated as

| mrunost i RYPEPYY i€0REPERIGE 188 WEOCORRAESHON16P PRPEAABI ARMHBRISLS0220]

This Exaﬂehgsbhbg@teét%asb@%db@wuﬂoganbeugyseﬁukggnénd TR B%?hbge
i munogens formulated as i munostinulatory conplexes with

ol i gonucl eetivgésn @§Yabﬂ¢éroéﬁﬂléPHﬁOoﬁr§§ZPﬁnﬁﬁo§tﬁnuﬂﬁt%}ywbepm%x

di sper sed n:i,n i e
|ntranuscgkg$?§gkﬁe £y b%3f86§%%9B§ ?5%33?049%?tmgﬁeuaﬁgughéggpons wer e

pr epar ed Eyeh@ﬁﬁgedezatl@mmagoééswﬂﬂbéérwnCE%Q&?Kelaaﬂabeérlbyté%tru5|on as
descri bed, hﬁﬁaqehe 39/ 0acL002EIL GHQUPBOL.bOECR ol B.dliaek ol d
SR g gs - ( Cova

femal e gUI nce Research Products Denver, PA) were
|nnun|zedlnmeaaﬁdS@mBanﬂytyl;Wlﬁh@nah@ence,og aﬂaeﬁ with the fol | owi ng
conpositions: 100 g of the IgE peptides/Cpd inmmunostinulatory conpl ex
(4:1 char deoraeidriamdnilxtiuchay Hepo g n)ant aprtediasinestrdded ¢m Table 4

suspended i fin I 0 B 4, e L
inost AITATSeY RUAEY Brde co I e g i o SR E D cRar e aT ey
pr epar ed asldesonlbedaiBuﬁ@bhei¢n|BuZSablsuépendedcunanaOﬁsnat vol une of

250 L PBS H 7.4 Re%tldes in 75 L PBS, pH 7.4 enulsified with | SA

E.
Nont ani de(F) r??ﬁsff}gg i "Septides in 75 L distilled deionized water
enul sifie A Mont ani de( 720 175 L I tide
i nmunost i iﬂﬁgﬁgﬂy olr{lﬂﬁ’%&t?nc%é% e’i—| siy%te& glgsapc:}p ‘glé %;scr b%fd the
Tabl e 4 (4oluthangerr atispeasdoh:. 1 ﬂhuBrdhrebaﬂgelnfluences the ablllty
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
PLGA 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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ratio) enmulsified with | SA Montanide(r) 720 (175 L), or CD4 peptides/ Cp&x
i munostinmul atory conpl exes prepared as described in Table 4 in 75 pL
distill edwoasossized water (2:1 charge ratio and 1:2 char @ETIE0s/0d711

enul sified wwth I SA Mntanide(r) 720 (175 L). [00222] The gui nea pigs
showed no gross pathol ogies or behavioral changes after receiving

i munostinmul atory conpl exes, w o emnul sions containing peptide inmunogens

or wo enulsions containigglthe i mrunostinul atory conpl exes. Sera were

obt ai ned bA0%REkS PRlymsr /IS0 pplatd or1 Widhd PRAVECTeFSl S&IEG oAt he
presence of -antiskoE,ant 1 bQEl £8di Aot PEoGLSE aRfap@rdMAURDgENS: O anti - CD4
anti bodies in the case of i munogens, by i munogen-specific ELI SAs. -
68 WD 03108818 PorT!ddes/ 9471l unehetrérehicBY intdn | Y ARt bbdF es [ 00223]
Anti -1 gE pephide,tiigESudehE deheEM DEsaDYsy BEpepst de n&dd A and
cross-reactivities to human™ | gE by human IdﬁlEL SA. Peptide ELISAs for

det er mi nan¢bROdf aRRe- gGEL pept PeeaVi@BCEPYR t N IRFRICOMARZRE Th R EPaEFt er
plates cogkeg,ul %ﬁamsgeﬂaweinaﬁgtgefleﬁéwd Peptinle vbihapt riheod bel per
site, as described 697 For determ nation of anti-human IgE cross-
reactivityhe hpohyingé yELELTISAsCoRPes tbheuct edPngeaienrolyt eraxphhi kg cated in
a likews shio fth. a h n I ] r &€ i ens,
e, et Fhoe AL13y ke PO B 8GN AR RPEY ant S pept T e mr Lo Lo
ant i bodi esownkd ebe devecsad! byohal sée 2t o perroxt efas et nbedrel dera t yom nda pi g
| gG goat t] iter S _ 0 | DE O
diIution,tﬁgr%ggg % ﬁ%%ggb a%@dé%%§§?%Ea$Pg%g§é%%%%ﬁcgi%fﬁg}éﬁ %?d?%%e
absor bancespposihicont of f A492 set at 0.5. This cutoff value was rigorous,
as the values for diluted normal guinea pig control sanples run with each
assay werBxamplet 6lan PrdparatiperofimBobymersec@ebs of xom | PLGE Reptnee® -

i nmunogen_antiserum _was_used as a positive control. Pre-inmune sera were
used as 5%9293ﬂn°rn39r504H

[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 sblvent 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 ug of IgE peptides mixed . with 232 pg
of CpGl oligonucleotide (116 pL, 2.0 upg/pL) or 2,000 pg of CD4
peptides mixed with 241 pg of CpG2 oligonucleotide (120.5 UL,
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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Measurenent of anti-CD4 Antibodies [00225] ELISAs for binding to

reconbi nant soluble CD4 were done in 96 well mcrotiter plates coated with
rsCh4 (AmnwoiosaesiB o- Technol ogi es) at 0.25 pg/nL, using l@OTaiSoper7inel | in
10mM NaHCO3 buffer, pH 9.5. Wells were bl ocked with 250 pL of 3% gelatin,
washed wi th 0.05% TWEEN 20 i n phosphate-buffered- saline (PBS) and dri ed.
Test wells were reacted with 100 pL of diluted imune sera for 1 hour at
37 C. Wells were washed with 0.05% TWEEN 20 in PBS, reacted with 100 pL of
hor ser adi s&s pePoke dabe- Th%el@@ugga@naﬁrulm®®@@st§MP¥¢¢@¥ze§om@l@¥e@aa 1000

in 1% goa gLy 0 0.1n f

ort hophen£ eneag%QXe§{%F %a Ilé a?P‘gtb%&%%\a%l%%nggg%Q l% 03/ 068169
PCT/ US03/ §dritt1e (sﬁ’aémg)taneln@ufté%mﬂént msofoomicytrate buffer, pH 5.0,
was added for 15 minutes. Reactions were stopped by addition of 100 pL

1.0 M H2S(d0214d] AerﬁaZ adg:tae:retﬁtn@dsd@spﬂ:rjjersrnmrfet@m r@d uiign samiriepG4 Jefrtarde
i mmunogen_ant i ser e itive .contro a yere
used o  NERREFVELEHE T ol AT NBASTPRRENt SO TEARE | BRal ONILT Bent Sreg by Be
Conpetitiveokkl 8A 1p00R28] kaethTsbtenpetitThve EhSHtfancononddr
antigenicity was uantitated for (A i no t est e oked
ant i bodi e@e Wefﬁe%@ EQ(?’lHt 'y RE§OREHeti4 i ﬁwgﬂnﬁi pt%stomzf éu&%t?ﬁ%

monocl Onagoﬁﬁugﬁdylsgﬁg ?%95%@1;%&0%@0 RPLCLE LT Ly WRSaf OrRd DMLY
conpl ex on t ost celT strface that binds HV. This anti-binding site

nmonocl onaRGaBOBbodyd Rasobee® wel I50dHahavkemuzedlbeeri tahkrghtaffinity for
the H V  bi ndi ng npl ex, . for bindi ngét o.domai n_1 of soluble reconbinant

rsC[)‘ﬁ}scaﬁéltPé? apd’ BBFR| eyt dehtlefat T2B PHFR- Y10 | B TPTQGP at es. 65

[0001] Th@h@ﬂétt@kndWngéhﬁetH@“ﬂ@h@ﬂ@f @6&%@9ﬂﬂ1@@5w@§réf®ﬁﬁh ®w°prLeln A
affinity chromatogra é and conjugated to orseradi sh peroxi dase. (g mADb
B4- HRP cohftigafie #ad tri 8094 KCO{ heCasshpess BAtRERS APULd oRceRFatEdn of

0.5 g/m.+86eyehbemher ot thee prabes WeERsCHaEesoyidh fiee0pbi paat spl uble
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

[00220] This Example illustrates the immunogenicity of IgE and
CD4 peptide immunogens formulated as immunostimulatory
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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CD4 protein, 1 g/m in 0.1 Msodiumcarbonate buffer, pH 9.5  wth

overni ght incubation. Reactions were done in the mcrotiter wells in 100 |
total volwoe3nbsiPBS/ goat serunigelatin/ TWEEN(r) 20, w thpsarisasb4ridi | ut ed
i mmune serum (guinea pig, sw ne, or baboon) and 30 | of the mAb B4- HRP
wor ki ng stock. Diluted serum and mAb B4-HRP were pre- incubated prior to
adding the mxture to the well. The positive control for the conpetition
ELI SA was 5 | of unlabelled-anti-binding site mdb at 0.5 g/m in normal
serum th”éh%e‘gé?T%u%%h?lﬁ'%lw‘?ge n%?‘?ﬁﬁ’r%%r%hqfﬁ%g%%ﬁﬁﬁla?ﬁi%dy - 70 WO

03/ 06816948+ SO/ P 7 damPl & Ul & P M XTRK Eox 00 Pbn Wos dsldled gy & goat ed
8

well and incubated for one hour at 37. The plates were drained and washed
and boundEx®peBa- MRDRes detected by reaction with a chronpgen. The
chronogen was 3, 3',5,5"-tetranet hyl benzi di ne (lTI\/E) and TMB-bound mAb B4
conj ugat el Q@22 Geores &f AP3Ee A6 &8l Bbivgekor leufeBakgs JOBNERNEd 9% t h

purified rb,B-segsablycn dblobede d oM 10 Gl NOANOIRL HEHUNM Higthe

appropriate species so as to obtain an mAb equival ent value for the
di | uti onsinfrappedelseta Whilh) conpetekiVel y 3ndhi ivithetheifrl kg ing human

reconbi na e, b, B4: s-g?P Vj &lgéxf ralization Assay
[ 00228] Tﬁ%miﬁ%gpjmg%%}gg&ga%say é\i’é&s caﬁerpftei %%4 as descri bed" except
t hat heatimmacdsvahetasera aetelser (41 ychatdetegdtic &% hi ghelgd tigose DVEM

with 15% FBS, anti biotics, 29 | ut am ne bi car bonat uf fer, _and, 50%
ol ed T i Pt e e e B AT 08 AN O FALPGR S Ul H ey 00
i ncubat edvyi &ifle 20£ P£ 810 OAL HPBS ) oM Trof id®s &bt BaedfidpcBensitive MI-2 cells

are added and fornmed into nonol ayers bz centrifugal force under nolten
agar ose. FesyeRalinplasory nferelerey (< Hetlerier Btihe i esehcd dfge

D Pt a4 6L 5 30400051 BUEEL 08 MOl AL S T SR Ny s
a final volume of 250 puL 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 pL); IgE peptide/CpGl
immunostimulatory complex in 75 pL 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/CpG2 immunostimulatory complexes prepared as
described in Table 4 in 75 pL distilled deionized water (2:1
charge ratio and 1:2 charge ratio) emulsified with ISA

Montanide® 720 (175 uL).

[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 complexes. 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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| mmunogenicity Results [00229] The serum anti body titers follow ng

i muni zation of IgE i nmunogens are shown in Figure 7 (honobgeni zed systens)
and Fi guwe d/0¢5xe r uded systens) and for CD4 i mmunogens aP€TAso$wu71i n
Figure 8 (honogeni zed systens) and Figure 10 (extruded systens). Table 6
conpares the conpetitive inhibition of a B4 nonoclonal antibody assayed on
sera obtained fromthe CD4 peptide study (honogenized and extruded w o
enul sion systens) on week 9, week 11 and week 17, respectively. Table 7 -
71 v odeasurement; ofoanka7IgE ankibediesi rus neutral i zation activity
(50% and 90% i nhi bition respectively) assayed on sera obtained fromthe

CD4 pept i 8802381\ {ihdidgaifiriddeantd t&4s ude® Wed semiingido i vs yisiFe et sne ek
9 and weekr 1da LASPESbENELYacCPRLE ObseXPERLNBA BoHeBDPNStAAL edgrt BRESA
unadj uvanted peptide was non-inmunogeni c or weak ? | munogenic in al

cases. [OBQBG}dFoELﬁéﬁﬁ FQE dpbieomanghten nes, a@hb‘?@%u@@ﬁtbﬁe |nnun|zat|ons
| ndi cat edrég@{: n@é}sénybﬂaewea‘om REESOVEE & ?ﬁéH@éngstQeén\gl{:ht h

week 9 were slig t l'ess than or conparable to those obtalned wth MIO
enul si onstarge‘@spe‘éwe@ Séiev\h@PheqﬂetWétléwtst}@ﬁsTV\bﬁibp%re?)h‘?@d by

homogeni 2605 0F 5 p€xtr Uded, ! eEhRLGUGS a8 rshewasn Flaupes of- 19.5£00231) The
conbi nati on systenms w th i mmunostinmul atory conpl ex |58erse8
enulS|onsr©aepavedybyhemahelgﬁeEhbﬂASc@ﬁ3¢s@@h@mytﬁdovmdedcrhelhﬁghest

sust ai ne e NSES t S t i

titers ed?0|te§ ?ggggmggk 1§§k%§gﬁgh?%%%£ §799§ﬁ ﬁ&ﬂan Eg ﬁ@§%£§9¥

i nmunogengroweie ﬂamaditanbéloayshemsrdbmcofcatlogounAllbr aorg hygher

than anti body titers obtained with either the imrunostinulatory conplex
gl one OL the224p (ﬁﬁﬂl.&:éﬂlsaﬂfdlt—fpeprta@teld' %e: ﬁlrﬁrie—.lgmens:qlbed\%hmepﬁeiﬂﬁw to this
eing the enul si ons prepare 0 enj zati on ere t
sepa?atloﬂeF§Ctﬁ3tbyoﬁﬂﬁsﬁﬁ??$ Qgﬁﬁrﬁﬁl gg%Te#ﬁg a%%%e?@b??%ong f8Ft her
suppor t edgbyt dahaipbtal negLIsa titers, expressed as logiy of reciprocal

dilution, were calculated based on linear regression analysis
of the absorbances, with cutoff Auy 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
NaHCOs; buffer, pH 9.5. Wells were blocked with 250 uL 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

_69_



fromthe CD4 peptide conpetitive inhibition and virus neutralization
studies highlighted in Tables 6 and 7, wherein the immune sera to the wo
enul si on woribioesat® on systenms with CD4 pepti de/ CpG ol i gonecirasvd/adest (char ge
ratio CD4: Cp& = 2:1) conpetitively inhibited the highest |evel of B4
nonocl onal anti body conpared to the immune sera to the sinple wo

emul sions or inmmunostinulatory conplex with CD4 peptides alone. Mreover,
the same fornul ations are _shown to be the - 72 WO 03/068169 PCT/US03/ 04711
most ef f edfii¢& &Y é‘inidci%t-ilr?g6 ele rlé}isz?%%c%’%ﬁ%‘gﬁ Y IR Bhiedti RS
virus. [00333h $eml I sdinfifnertences rake tiohed wRelwee ke Bymdgenicaed o
extruded preparations and include the rate with which the titers elicited
to | gE or 1884 WimduRodekisSBbt ittt oby G R N&r d1REVEING FPae IHe

i mrune r egpeRsesPeRigRd Rarinn®hogek a®k i@ ulh & aeX tusuded w0 peylsivens,

al t hough the duration of the responses obtained are good (essentially

equi val enoB¥ ek PrE-AHIUEIS FftRy "eeGuse§hy swesratzrye TRataral-ogous
honogeni zed system peaked a little |ater (week 11) and provided sustai ned
responses as can be seen by the high titers persisting at week 17. [00234]
This trend is also supported by data obtained fromthe CD4 peptide/ mAb

B4- HRP colMgasugement, gifyFunctionaldy Aatdgendcity,y by gompeiitive BLISA d| es
highlighted in Tables 6 and 7. [00235] By week 9, assays on sera obtained
from ani ndP8922i6dnlimi Lletls bgorpet i bventl 5$dn Syreehep bpatedd¢nionity was
unconpl ex ti 42 ; D I-zati,0 9 r trusion

(88. 6% hgiggnge%ﬁlggﬁomf%%tsg\ﬁéo#peti tgi%\%gléyto:ynﬁie%iﬁg nﬁi%ﬁgl ee%kg)& of B4

nmonocl onaknaabolddey. fPresdensa@aicdlivd tico chapeid tdamey andébisf amagni t ude
(within e rl | _erran) f.oL -ser aimned . f.r i~oal s i nmuni zed
Wth the aracaaretontrioderad, PO iE0E  BRbr g, st Rl

ol i gonucl epeicdds cizylwasprifepartdg ¢P4d lbompderi zat itbe (P6L1%eldr sy fexter usi on

(94.90) . (BYWegK oL/ n1R8S %% QN 5212903 NhEed i EOMARTRLS 1 TRHALZRT by

has been well characterized for its high affinity for the HIV

binding complex, for binding to 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 serum
(guinea pig, swine, or baboon) and 30 pl of the mAb B4-HRP
working stock. Diluted serum and mAb B4-HRP were pre-
incubated prior to adding the mixture to the well. The
positive control for the competition ELISA was 5 pl 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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the w o enul sion system prepared from unconpl exed CD4 peptides via

honogeni zation (11.2% or by extrusion (42.6% conpetitively inhibited

dr amat i cawloysloggwey | evel s of B4 nonocl onal anti body. The pdagrse®o4rii1
inhibition were no |l onger generally conparable with that obtained for sera
fromanimals immunized with the w o emul sion conbi nati on systens of CD4
pepti de/ Cp& ol igonucl eotides (2:1) prepared via honogenization (85.0% or
by extrusion (77.2% processes. 73 WO 03/068169 PCT/ US03/ 04711 [00236]
Nor eover , i het sament xeRESi s18Poh YoF a@fed obe af neerted ot braidlati ons of

CD4 pept i des, whegy a8sayedef RbuBeNET 3hF Zat 7108 latofegbtougrilYed yhgus.
[ 00237] By week 9, assays on sera obtained fromaninmals immunized by the

w 0 enulsW@ﬁh%?s@@ﬁ1%@@b@r@ﬁbfﬁénﬂﬁﬁcﬁﬁﬁl@&%@Ct%ﬂmbbeﬁ$@ﬁésovl%}th a
honvgenll@ﬁfgmo&gﬁ@bfﬁé SRV ¥bEYS WQ§U§r§J'gaélD@eefaﬁgﬁﬁypﬁeQQ%ayﬁéus

neutralization) or by extrusion (31%for 50%virus neutralization or 12%
for 90% VF¥Bls ardtFyUPreaenenyrhelt radnrespessenti atgctee shniuse. A

per cent ag§§l%ré€'¥§§t EQHye leé/s LoMEEYSed V‘dzi@t'l “p@f‘PP{écﬁfExﬂA@ B4 eééP{%T;blﬁssays

on sera obtalned fromaninmals i munized wt the w o enul sion conbination

syst ens otﬂlDDZIe@eﬁrmdel@:pl@z/mbl Lgmmml d@@rlm 4§ prepapredopimate

honmogeni zation (12% for virus neutralizatjon or < 10% for, 90% virus
0

09
neut ral i zZa¥Fohy ?obflse‘%?rﬁg%%hn(i% or 5088 1T sV A haut F&F i YAt i on or 33%
for 90% vitust hews raf i zahung) sbas \shm\m cérhad t 1 hevabyrogemi Zed slystem i s

significantly. less effective at ener at neyt r al n agai nst
i nfecti 031515‘—@{@(1 CQi pydany r?ﬁ?@bﬁg‘?@t p%?Jn@gleBy e‘# 1{-111(9&;@78%5/}28%#?@9 :
obtained _fromanipals.i ni zed by the w o enul sion system prepared from
unconpl ex¥b%&%€%—éb§%—l£ﬁé§%ni zation (57%for 50% virus
neutralization or 17%for 90% virus neutralization) or by extrusion (< 10%

for 50% vE?PUR2REdeal{ Tt M iP L HRUAESRY 6% Fordd Sfe @talfiSzat i on)
denonst r ajeg-t hetqahexeapacichutt Beafeyhbakizackenl gekhousrbl YetiMinys is

reduced or  elimnated
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 plaques one week later. The endpoint is the serum

dilution at which there was a 50% or 90% reduction in the

plague 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 showh
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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(wmthin experinmental error). Assays on sera obtained from aninmals

i muni zed with the w o emul sion conbi nati on systens of CD4 peptide/ CpG

ol i gonuclwotmdese 2: 1) prepared via honogeni zation (40% fPor/US086471t US
neutralization or 30% for 90%virus neutralization) or by extrusion (120%
for 50% virus neutralization or 39% for 90% virus neutralization) has
clearly shown that both the honpbgeni zed and extruded systens were now
effective at eliciting neutralizing antibody  responses against infectious
H V. The rcespedss Vérushaentzaliwetdonoestdyipgr/(0863,047P0P% Rondddiiirad

system Wa%e%g%\m_itv% 108 delsayed Lol akirke obRalifeq exbnudad epaPeskiicR.
[00238] One possible”explanation for these trends may be that ™ wo
emul si ons sguelyar(@empiggnigwde aadg @ XEXCesi o cpeBtesdes ean telg) epACWeSK

present C?”B'n%lx%%ei mﬂr,lo%gge@rie,eq&,_f_i CERiY 8kpefafkhes WeBnRRiAkSd O
i mmune effector cells, 'whereas the high energy ﬁonngenlzatlon process,
provi des &habr enaaijfuyemt ednplepitdnicand segoantimalnpggeils 8¢ aeadde ef fi ci ent

depot . Thggmkgg%%%&gfggogggﬁ5%g%%1ned by such a system woul d be

anti ci pat aye potentially nore sustainable. [00239] The

conbi nat | gl o & BesLd il 2k 0f s COIBLEYo 8N nd esidual s U Ol exed

pepti des di sper | sions were ound to synergistically enhance
t he over alimmuintiers ifoos bBodh cattlesl It tandm@De sitamudegeny. cThe lexelsodeafe

preparati on¢an i, nf %g;%c%itt%%skﬁo@ewe%% gneh Qur @tliigﬂ.tg& tlfQ%sr €HRANSES, Wi th
bot h honogenizati on “and extrusion-shown to bé conpatibFe tor Tpreparing an
ef fi caci ousmpaceaibie. tp00246k bivtaddied enthi w/a sepdsavesst idyewpeexaniened

the effect . %E%%‘JB%‘érd% & TS LE3 °E£§%f>-ar§8r bg%gm'faggn%‘éd%

i mrunogens,” | nost i mul at ory “conpl exes “were prepare om “varying doses
of CpGl orxEtpGed itgohndloeets des shiowe. ingEiGuEes Z-401 or 1:1 and CD4: Cp@&2
= 2:1 or 1:2) and adm nistered in either an aqueous buffer or dispersed in
a wo enul[®0a3l1]Athe canpisdtiomsswetens cuitch t Tnrheno siimobenecy dowel/ex, in
bot h 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 alone 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 virus
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:CpG2 = 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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studies the snmaller relative dose of oligonucl eotide (excess of synthetic
peptide i munogen to ol igonucleotide) elicited the superior immune
responseswonismesins of absolute titer and of duration. |npchasezeginf | gE
pepti des/ CpGL ol igonucleotides the ranking follows the order 4:1 charge
ratio > 1:1 neutral charge ratio whereas for CD4 peptides/ CpQ&

ol i gonucl eoti des the ranking follows the order 2:1 charge ratio > 1:2
charge ratio. Mdst often inproved adjuvanticity can be correlated with

i ncr easi n§ogds €f fectadeupdnted 1oif ing7neunpad 12069169 PTTLYSEIR0LFEL  t hese
Exanpl es, ;wehave denponstirated the unexpected advantages of co-fornulating
stabilize& i mmunostimul atory conpl ex and unconpl exed peptide for maxi num

syner gy off gig34ies 50 §§§ere$99§4éieTK%%@dlgeéwgb$Mtﬁéﬂmém6§gh££@@ or

i mrunosti nul atory conplex prepared from I gE CD4 i mmunogens as descri bed
in this Exanpldedcanepriradtions pnadjingande ﬁﬁﬁnéaﬁléswéﬁ@ey igh Eheo. The

responses (qhtai n%ql% 1§ GOTRANR &L %D%hqmu%egeﬂs Bgrtag%@eb%mﬂswmnogens

di spersed in wo enulsions, however, I's antici pated that “fewer
reactogenM@mEyOb§§a@§dw$@l@eaﬁesuﬂbefﬂ@mwn§er@ﬁppﬁéeﬁuppﬁkﬁduééﬁéler

di sper sabl g gﬂ%%stt&@'e@t&ruﬁegow' % W;aflsiw%hegllehb%z§%%nau%tqaaosed

to dlsperS|ng ynthet1 c i mmunogens as o emul sions. I'n this
Exanpl e wethahe d@ﬁ@@@ﬁﬁ@t@@tahaﬁdtH@ed@bpder?sséﬁtﬂgEldreGD4Vﬁ#ﬁﬂﬁo@yns as

| mmunost | L 91y ST RS 11 - EORINBY QR i) uncadnl exed JasRL! des

di sper sed Wthin & wat emul si on vehlcle provi de
ef f ect i ve hoprogseritzad eystferi paxkeger tlotthe lateme yﬁ@%eﬁﬂ Thadi nmune

responses obtaln%p f%&aﬁ@%xf%@%b%%%e%y% egé%r%es%ggth&angy % gent %han

the sum of "the GTmie responses aine r eac Sys enlln

[ 00243] Fuyretdsarsnime, aass@ek df7.sera obtained fromanimals i mmunized with
conbi nations of inmmunostinmulatory conplex of CD4 i mmuunogens and

unconpl exdqd 0234 ]i Thlimogeasd di s pat sedswpdirned soyeadra | ebod inewuf seronthe
vehicle "elba %Q%QQd%gd%%lgijﬁRP 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 error) 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
generally 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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effective than sinple w o enul sions of unconpl exed CD4 i munogens at
conpetitively inhibiting B4 nonocl onal antibody. Moreover these sane
systens WO@3®81eM to be the nost effective at neutrali ziPeg/use$/eoti ous

H V-1 virus. [00244] In the guinea pig nodel, the quantity and | ongevity of
the i mune responses obtai ned indicated that immnostinulatory conplex
derived fromIlgE CpGL and CD4/ Cp& conbi nations were preferred. It was

experinental |y determ ned that conpositions - 76 WO 03/068169
PCT/ US03/ 992361 deriapd@ i r Gt FeT@l (L&CRSk ilve SRR A§S SFTPgEPEREPS8nd

CD4/ CpG £ weih er aehVAPLHRY, o Bl EHPUSLL DY § Oyt die Saum extent . [00245] The
possibility for fewer and |ower (i mnogen/ adj uvant) dose reginens is

i ndi cat eddytxdqbseatien pfsinfeckhRes hhére YEEEt ogenicity is a problemthe
conbi nati on system opens up the possibility of admnistering a smaller
vol ume of [ 3] By wieek JirniflSERYSr ORI ke PBFeiacef TroRmaRogenscity.

[00246] Spgehf]cal!yy %ﬁésw%aémfs%ﬁ 0nGL Yerh Noh & L3 t HiEom AN ERb B x O
these new conbi nati on based fornulations for ‘devel opnent as efficacious
dosage fofps.pERBhPEe Bia ThemegeRhedelei t {3 of Lo &ndvaDas Pept i de

| munogense FOF | 21 e6o2So 1 MAIOBE | Myh ALPS ¥, & DL EXa O 2 251 by Sit Tk, Cel Ting
Pol yrer So? utitons or 1n Conbinations [00247] This Exanple illustrates the

i munogenet rysbon | GELangor CI¥% pebr i denewiimblrasl soroml bdedf e 90% _
gel 11mg Do P e e e e N S obe Tt ory
conpl ex spepemdedgén ¢h- shfeciybdus nglpol yerss afidl tibinocompatittretabl vent s
| mminogentt BrE | mRRR T il S ry o e o e T e e
and CpG ohé gonacémot s les eemeipzepan esly aseresef | Ged peptEkdefirG3. The
in-situ gg| |09, RPPLYLELSS WBS &1 PrEPEEEHe 85y AESELADELh 1 1 e F3RMPL £ 6ALFD.
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 antibodies 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
90% virus neutralization) demonstrated that the capacity to
neutralize infectious HIV-1 virus is reduced or eliminated
(within experimental error). Assays on sera obtained 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 neutralization) 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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[ 00248] To exam ne the inmunogenicity of I1gE and CD4 peptide imunogens
formulated as in-situ gelling polynmers (Resoner(r) RG 504H) or as

i mrunost i woleatesigs conpl exes with Cod@ or Cp& ol i gonucl e@rrdese3/sarspended
inin-situ gelling polyners (Resoner(r) RG 504H) formed in accordance with
the present invention, groups of three, 6 to 8 week old fenal e gui nea pigs
(Covance Research Products Inc, Denver, PA) were immnized - 77 WD

03/ 068169 PCT/ USQ3/ 04711 i ntranuscul arl y (I.M) with the foll OWI ng anount s
of I mmno@%rhog%ﬁl%\%‘éksb“%‘%w@s o?h‘?%p%? I?eze%elr‘?gﬁl_fcbe‘b?]i‘%i"ejs‘l?qo

I mrunost i & pLQLY €6mPLExt{dnl charge ratio) reconstituted and suspended
ina final volume of 200 L PBS (pH 7.4), prepared as described in Table 4,

or 300 g phoshH] RRR! iHes/iENE2 o HoTHMARS binMElbat @hy sCORRLBYs( Aia %léart%%tr atio)
reconstituted and suspended in a fipal volume of 200 L PBS (pH

prepared A3 @EstFiped PREAABFR Wia ofoBonYrdf $HE peiRt d%]’soc?%%%%sﬁ”ﬁ ut ed

and suspepgded, 5 gr 200 L0k Resopm Oﬁiéﬁemré%%éwm@ye%ﬁfﬂémléﬁdatn
di met hyl sul foxi de ( Q) or of CD4 peptides reconstitute

suspendede@pl PoD time R@S@%r‘(‘?)l@@n%ﬁf—f??@% e g, diieegaedtha ki #t hyl
sul f oxi deerﬁ%?g) h&ﬂo QIleQtPcfm | ypphd L d Ze&ré@fd@@pé iflesd PElform

i nmunost i mul lex (4:1 charge rati o) repared as described in
Tabl e 4, em@le@h@m w@ edls aprit sybhenaields i #5 Z@Gnctr%fe ¥ rdemd 504H¢ 20%

by wt) di Lyed d 8,45 gEL h¥ﬂ>t§%écﬁ’xﬂ>fes&g}/5@p)s3%tépm&ﬂﬁ pd yophilized CD4

pepti des/ Cp I mrunost 1 nul at or 2:1 ‘charge ratio), prepared as
descri bedanhiTabhecd, t@e@%n@@l@m@dan@rﬁp%%wbﬂ Nore Pt anFekoner (r)
RG 504H (20% by wt) dissolved in dinmethyl sulfoxide (DVSO) . 5'00249] The
gui nea pi §802BBWId enc i tarholfodines imunpehaniiépal rohanged caf eed

recei vi ng, éé‘l‘&flé’ft LAULAE 9L Ye §O @fdes'a‘ls%!)éﬁ&&'iﬁ cpoérwféfoﬁél @@9
cont ai ni ng-peptide I nMunogens In-situ gelling polyners in

cont ai ni ngoummmgosYnﬁngaﬁblyabbm@lxan®riah®\e®‘eemlhl thiele R ﬁ@lekksotﬂs, +6,

+9, +12 apd.were &X3! LBk efnhQRob s Pr efeDGke o@D f¥paration 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 CpG2 oligonucleotides (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 oligonucleotide (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
ratio > 1:2 charge ratio. Most often improved adjuvanticity

can be correlated with increasing doses of adjuvants. 1In
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anti bodies in the case of IgE i munogens or anti-CD4 antibodies in the
case of CD4 i mmunogens, by i mmunogen- specific ELI SAs follow ng the

pr ocedur ewodsmesiched in Exanple 7. - 78 WD 03/068169 PCPCOUAGS4/04T11

| mmunogenicity Results [00250] The serum anti body titers follow ng

si ngl e-dose i muni zation of |IgE i nmunogens are shown in Figure 11 and for
CD4 i mmunogens are shown in Figure 12. Control experinments denonstrated

t hat unadj uvant ed peptide was non-i nmmunogeni ¢ or weak

i munogeni ¢ in
ei ther casReSe ERYIRL ST udiesheYhedePURTT IR o ?Wﬁnﬁﬁ%ﬁﬁ%&ﬁﬁgi%ﬁé%ﬁﬁ%ﬁ??hat

i Munost i g1l @& OF ¥rm&DAPL 8 St AL VEEE TREEH G4 €] i Beelf SvANE drigll vk
titers peaking by week 8, Conversely, unconpl exed i nmunogens

ténd he
suspended in

i n-situ gePFPHYPHPY nRPRE 1P ef AF SoR XBkT yS YRl W it e R HRIBORTEPonses

observed at week 12. [00251] For both IgE and CD4 i munogens, t

he derived

i mmunost i 924} ¥ hesnplidx £61s Bsp&RAEd Vs dahDRg- dMPngsItiitg 2 tpsly mer
elicited &%ﬁég Seph POYNEr SRSPONSES - CONESRuASSRONSES IS Er S8EN 19 peak
an

around week wer e sustainable through week 12. The quanti
dur ati on Biis Wexampdmecar e pbPSesVoObY af ibdlV Ikl el HOHNS obTP W IHS

| munost i il at oryy, CoppLex: & Qnng%iH@&rhfgnéﬁﬁﬁé?gﬁhé”@ynﬁ9§ﬂ§

ty and
etfher the

found

adm nistered 1n a conposition including in-situ gelling polymer alone.

[00252] |fo¥ stlexpecsane t hanusemens nbl seer 2ed weik ghfo | DRI

pepti des gan pasilycdblilgec ¥ oval POLYIBI ARl Nty 5 Ak JElsy
| arge quantities o rst release upon 1njection. The physi cal
t hat contresulyel faemonseant behe atij sy eaqueoyet@isbensab e ocess;

the mass %&P%‘?ﬁééﬂﬁﬂl%‘v}ofﬁl@&ﬁﬁf’eﬁ So£SSgtial Y Hm@gl

the stan egrada

Reitdves,

I?sulting in
actors
however,

hect to
I on” processes that are nornm fﬂ%%gisg%ﬁggﬁﬁggﬁ Vi vo.

I n additifon,diseessihy aymtnesiof imemirederns rasai b ngrubhcapsul at ed may not

be expected to be sufficient for an

[00242] In this Example we have demonstrated that the delivery

of IgE or CD4 immunogens as immunostimulatory complexe
combination with uncomplexed peptides dispersed within

water-in-oil emulsion vehicle provided the most effect

s in
a

ive

presentation of immunogen to the immune system. The immune

responses obtained for the combined system are signifi
greater than the sum of the immune responses obtained

system independently.

cantly

for each

[00243] Furthermore, assays of sera obtained from animals

immunized with combinations of immunostimulatory compl
CD4 immunogens and uncomplexed CD4 immunogens disperse
a water-in-oil emulsion vehicle were shown to be more

effective than simple w/o0 emulsions of uncomplexed CD4
immunogens at competitively inhibiting B4 monoclonal a
Moreover these same systems were shown to be the most

effective at neutralizing infectious HIV-1 virus.

ex of

d within

ntibody.

[00244] In the guinea pig model, the quantity and longevity of

the immune responses obtained indicated that immunostimulatory

complex derived from IgE/CpGl and CD4/CpG2 combination

preferred. It was experimentally determined that comp
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efficient boost once the polymer degrades, necessitating nuch |arger doses
of peptide. The residual DVBSO trapped within the matrix al so presents
stabi | i t yWDI3106H69 Wherei n sensitive am no acids contai ne@cCirrusohes7pept i des
could be oxidized. - 79 WD 03/068169 PCT/US03/04711 Furthernore it has
been wel| established that water can penetrate these materials at varying
rates depending on various factors such as gel m cronorphol ogy, polyner
hydr ophobi city and crystallinity45 46 Water penetrating the matrix wll
pronot e bBEkIW§Hr K98 Ehet AdtpriaklvegPadat foh ChebBBATRAT opRA atPHGCHAL
PLGVPLQAt@998'¥H§F§ahBiM§y0alﬁhb§ghpﬁ@€e§§ tBe kogme &Qrbgracconpani ed by
dramatic |l ocal p changes, which can essentially reduce the pHto 2 or
367. The [H6sesyraieed Salybiddzed Reptides sy not be stable to such
an environnment, and this further limts the potential for these systens.
Aci d buf f étRgnagent 3diayapk) eApFoyeadiBenel pS todbrked Preskepeobl ens,
but cannot. g1 £@nsi dgredskbdeghere ERCARPEYLELI B R SHSPERsLPN-Rf tREPL i de

i mmunogens in the form of an imunostinulatory conplex inparts a nunber of
st abi | i t ycompénasdjianafyateBncReNantagele fBPSsHPEl ¥t efn adpteishering a

i nj ectiongof ) polyyBr ude! oESehBs: ob Ngi SHBL I naMRENLS 01 5KOPPL E%e1 BObE
effectively encapsulated in the gel (presumably surface |ocated near the
gel ling f¥®RERogANiSeEYe to initiate or prime the i nmune response nore
effectively than unconpl exed peptide immunogen al one. The CpG

ol i gonucl £@0246] rsrex infsi dad o1, 0$éd 1 sc dimaantl enisttiy eaptvi dadilipahesgdmeand in the
formof a,6ompLex, BarLheulahe, MBYnbUnLhes, PEOLEC! captl habbhizeothe

pepti de mrunogen from enzymatic digestion in vivo or from chem cal

i nst abi | i ¢¢eslopinehtnay béfdoecious hdo BMBO Sornent contained within the
matri x. [00253] Furthernore, the peptide i nmmunogens remai ning entrapped in
t he mat ri BExampliepért Thal Inmuhogenioityl 6f EgPeanddCPé Peptideter protected
?%23& e;ﬁﬁﬁg@ﬁg{lgg%%ﬁﬁggg o5, U@ﬁ&‘nééﬁfmui’é‘éé’é‘?' E5551 88PLL 985 1n-

situ 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 immunogens 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/6b.

[00248] To examine the immunogenicity of IgE and CD4 peptide
immunogens formulated as in-situ gelling polymers (Resomer® RG
504H) or as immunostimulatory complexes with CpGl or CpG2
oligonucleotides suspended in in-situ gelling polymers
(Resomer® RG 504H) formed in accordance with the present
invention, groups of three, 6 to 8 week old female guinea pigs

(Covance Research Products Inc, Denver, PA) were immunized
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be expected to provide a nore efficient boost of imunogen to the imune
systemeliciting stronger and | onger lasting i mmune responses than

ot herwi sewpas®étibe in a single-dose controlled release fecmuisat/oom - 80
WO 03/ 068169 PCT/ US03/04711 [00254] In control experinents, it was
determ ned that solutions of unconpl exed peptide i nmunogens dissolved in
pol ymer conpositions of RG 504H (20% by wt) in DMSO gelled rapidly when

placed in contact with solutions of PBS. Separating the solution from ge
phase for ink&sausgiplagd Yard - ManaMyEn§hehd oddriingnsmpyntist Pavisranogen
spect roscgpy .=30880 00 rneverled that & zeabklig.aneupys of unconpl exed
pepti de g.g%%%0570af%wgge co-gx?réctéd mﬁ?h ?hg 6N§C?@F00255] The

conbi nat i ammakh otshe muhatoeyt icompdear \ 4¢c dnphexgandatuogomplcexed ipepeiddend

i nmunogen ended in in-sit | 1i I h f d t
syner o ot FEEPEFBndica (HE=lodeiane it DD 1O EBSc Rbfnd foe BRGCassd
i Munogeng i Relhesgecant ralied a1 ebeaseopfgpakratipanpeplk@0226péosepar at e

study exam ning the effect of Cp ol i gonucl eoti de dose on i nmmune responses
was not camduobed imulatiery somptex t(2ndulchalsgeexpédred relfanstatufed and

| mpr ovenen, 1, L0 ADSolte l LSS TRY BBORLARRE (BY TR OYLRd,areq
|nnunost|nuF§tory conpl'ex prépared near €lectiical neutralify™ of wth an
excess of sregaticre pelarige TawpR! i46d oy 3ei0t her o€pGgEobegAdekeot i de or
alternatively an additional conpatible excipient. In these conpositions

t he maj or iregoofs tikatgshrinde suspendegenni g08ouhd 0ds Regaomerhdst idAAtat c1Gp
conplex a i on .pr not

dth ellati ocess, upon i.njectio g result in j or

| oses of gﬁaﬁfgvgﬁﬁég §Htﬁ&ed&V83P¥ ygu&goéﬁggxgp %ﬁ?oﬁri%O%tHg of" B

bi oconpat ik %i@%%v%%konBQQ%@ldeBH§1sh%g%ﬁ@e@ei%OQQbUgidth@bsomerC>RG

i mmunostinulfatory conplex can both stabilize peptide i nmunogens as

i munost i MAKE dRP3chplven gl soiaed hasdigempodi sudho=iken (DESABI med 30t h

an Iﬂ-SItHgg%klﬁ@%p%gh%@%h %%% %%E%ghég9b¥Gl immunostimulatory complex
(4:1 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) 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, +9, +12 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 following the procedures described in Exampie
7.
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adj uvant the imune responses in vivo. This is particularly inportant for

t hese pol yner systens which are intended for single-dose use. The delivery

of i munogers/oes 69 i mrunost i nmul at ory conpl ex suspended wi t IPICH/E03/04T461 t U

gelling - 81 WD 03/068169 PCT/ US03/04711 pol yner vehicle provides the

nost efficient presentation of inmunogen to the i mune system The

responses obtained for the conbined systemare significantly greater than

the sum of the immune responses obtained for each system i ndependently

and are sImnunogénbciby|Rgsulbssitu gels prepared by sinple reconstitution

of unconpl exed peptide i munogens from polyners in bioconpatible solvents.

[ 00258] | h0@2%0 hThreasepivgn rodebodyhé 1geanst ifoy lawd ngosgewiliey-doke t he

responses. obt ai ned. i hdj ca i 0S4} r 0 X i from

o8 cpat M BbaT oped REnb TR ot aNR GRS e crafhd e FOTRLELEE SR 1

det er m nedD4 hatmcoopesst anasshaeni vedFfgone t he. al Centhad ] vexpar rmenyss of

| gE/ Cp&X2 and CD4/ Cpd, . were adjuvanting, although not to.the sane. extent.

[ 00256] TR BESsTBLT e biaF Ai LT PET e ol el S e et S oS EY ek

results. opeklfi cahhyogéhis Bxaaptieestcangl y Innddtclat esudhes potleati al of

t hese neM/instgntI¥ reconsti%uted .ggnbinq%iqg-based fornula%%gns for

devel opmehtS AT 2f P cHEO0E*2 kbRTT of TRH 3 =T Rase® ot Ny & ¢ oF H U B =P e 9

Pr epar at | edmpi e Coabdnat vene | moawost ¢ gl ad puyan Comgpl ekt andhdl thietat s Sal t

Suspensi ons £00260 ThiE gxamgle iIIUftrates th§%$r€cess of greparing a

mi neral sRFTSEUE pRRsT BN f r om tAt Y OohT T Pept Tt o TV et PR tHRH pepti de

i mrunogensu$SEQe® NOSinZs9tiing@l lidg lpdDymérs radi® dnssokedkop) or an

innunostinulator{ conmpl ex derived from LHRH innunoqgns af? CpG

ol i gonucl ¥ FERN I vY F%u@ea%rB%%P??%ﬁ%.o $F V% df bgf @R tfustrating the

process of reparing a m_xed suspensi.on as described herein is shown in
0945h

Figure 16l Ferabetd) d9&nand O ArBRROIERE / pithEt CETEIVEE wer e

immunostimulatory 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 weight 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, necessitating 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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autocl aved for 40 mnutes at 121C prior to use. Al reagents were weighed,
di spensed, transferred or added to reaction vessels in a |lamnar flow hood
t o prevernwooosEr nati on. - 82 WD 03/068169 PCT/ US03/ 0472CT/080L)1 To a
5.0 nL glass vial equipped with a stir bar, was added 100 g (250 L, 0.4
ng/mL) or 1,600 g (534 L, 3.0 ng/nL) of LHRH peptide i munogens di ssol ved
in an aqueous solution. Immunostinulatory conplexes with either of two
charge ratios (i.e. 4:1 or 1.5:1) were prepared from LHRH imunogens and
Cpd oli gﬁm%m%ﬁﬂ@ﬁ%sli nh@$ SPEeT edie Hei ot el shed ekhat 0‘@?’6%1} Speci fically,

the pr epa}%@ﬁé@f‘apé @‘hésé- ﬁ%ffé(léré’{n SO0y 1 Gy Ofa'ée.@Oc@e}ge %ﬁ' mmunogens
required 3 g or . CpG ol i gonucl eoti de , Whereas the

pr epar at | oar 1 o%s achgoqs C%We%f@%%nr&lw‘grmo{% |W@@%ns required
350. 4.9 Ofy &P ObLOPIICLERTL AR £ 2) D1 ML) o1 pRREL | Yol ral 026 Tabl ¢

shows th cul ati ons” enpl oyed to determ ne he relative anobunt of CpQ
ol i gonucleatide vihlipeemebe Deblphetael vhiwi t‘?fler;l-mfb%pfﬁ@@i?éad@m@gens for

a fixed fj ﬁg ggﬁ epgt%%%gég é%@yPﬁﬁA4£%b&H§hé&§n1H“&Pv&eSpﬁﬁfsto t he

speC|f|e rge rat 0 a second 5.0 nL glass vial, was added
1.0 nL ofpré¢dysir bgekioyn (B0 meammmmcéﬁby/dﬂtamaﬁmrmcghlw suspensi on

in distil j d

was 111 st OB SG Lot BT bl 105t S b PTG B or o TR N0 Thhe ph

measur enefitse V\mmeomzaliexetchar sojhbli Lseedfpabt idel ced prnat rbpsswalit he ato

I'ESO| Utl ol +}[1 an en\PerliII?Ihégt £0(921§1'(‘151 Tpt?ri%@rerﬂm Laé ttﬁgsﬁ %1]1 f\lafo dded

to the vialr“"contalnng T ruhostt nul @ ex and resi
i mmunogenshasel egqsntémsbr at BdiaM Iblhlfﬁdarxmg nmeewm r%y rb@%rasloy@cﬂ)O@d]hél’bpt he

ture, oo PPAesEl (L) G LTI A v copLenoteg pddef SO L of
sel ect C&B@Gép@ﬂﬁatﬁd@laﬁlleaﬂ)eldasscme)ﬁCb@lﬁtm& zxaninwad;@eem oienshe efdtre fi nal
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 matrix.

[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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vol une of the fornulation equaled 2.0 nL. - 83 WD 03/068169 PCT/ US03/ 04711
[ 00268] The final concentration of inmunogens once fornulated as a
suspensi owoaB/ossmunost i nul at ory conpl ex conmbi ned with m meralSozed7til as
descri bed above was 25 g/ 0.5 nL or 400 g/0.5 nlL respectively. The final
concentration of Al hydrogel (r) prepared was dependent on target species.
Formul ations intended for the rodents were prepared at 0.4 ng Al/0.5 nL

whereas fornul ati ons i ntended for non-human primates were prepared at 0.8
nmg Al/0.5[8925¢h Il |copdsed @ enimiesied iftommsl detersinede thditust ed for

tonicity gglgfﬁéﬁgléfa@ﬁcéﬂg§@xe&npéayf@efpmmﬁﬁ@ggﬁg @HQ?@lFE&”Pﬁes

contai ned a preservative % Vi v é . The I mmunogenicity
of LHRH P@@lYMQrI@ﬁMPQQEhSOHFo®ﬁuR§té@4%S O%d@bé%%lohno$M$%n®©b%¢¢nulatory

Conpl ex w. p% @%f LHRH§@5&ean E©98H£§c£09§@ﬁ]sabuélg%@nakepgé'ustrates the

i munogeni ¢ eptide I munogens fornul ated as i nunostinul atory
conplexesSeMﬁrht(@Qthﬁlg@hubi@@tfﬁ@@ gol conbspatoontesh Paneles aadts,

whi ch wer e n $ arly alt
suspenS|o%séggyyh%rgh%r% as %gécé b%%tgayﬁéfé£a%$e5JP§88§§? E?%JES of

four, 6 tps@ Mﬁgkr@#daf@ﬁaguetEamkeabnal@momﬁﬁs YErentcomphézedl peptide
intranusc larly week O th_fol ing conpositions: 25 ¢
of LHRH p Bt?degémégl sﬁ%ﬁ%n886e§ﬁr%¢9%$d%ﬁ%%ft%%0$@&%istiIIed dei oni zed
wat er ; f. LHRH t.i des was pended in a vQ ne of 25Q L distilled
Gt on: z6a 987551 e SBOE TG LAy GO (I E 6 RS L RO oY Salet 25 g
of LHRH p@ﬁ&bﬂgﬁégé&ipepﬁnu80§mmﬁub@é@§ys@@@@m@éd(ﬂn1lﬁh§ig@ galidig
prepared as. described in Table 9 was suspended in a volunme of 500 L

dlstllIedpﬂéY%ﬂFéeHa%ﬁtE?en2§°@n%ft?kF%P%%%%?H%%?%%ﬂEen?%%ﬁ%o%??nulatory

conplexl(6vér§bgggfté§glQarpbs@ﬁr@ﬂeaﬁgEdﬁﬁ@r¢®¢dlmﬂuH@@é@s91Ma§h§yépended
in a vol une of
controlled release preparations.

[00256] A separate study examining the effect of CpG
oligonucleotide dose on immune responses was not conducted in
this study. It would be expected that further improvement in
the absolute titers may be 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
excipient. In these compositions the majority of the peptide
immunogen is bound as an immunostimulatory complex and the
gellation process upon injection 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 peptide immunogens as
immunostimulatory complex and that these compositions when
combined with an in-situ gelling polymer can effectively
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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- 84 WO 03/068169 PCT/US03/04711 distilled deionized water and 250 L of

Al hydrogel (r) (1.6 nmg Al /nL) was added. To each formnul ation was added 45 L
of a 20%veaiBiosaesol ution and 455.0 L of distilled dei oni 2ed/usas/et711 The
final volune of each formulation was 1.0 ni. [00271] The rats showed no
gross pat hol ogi es or behavioral changes after receiving mneral salts
contai ni ng peptide immunogens or mneral salts containing the

i mmunostinul atory conplex. Sera were obtained on weeks +0, +4, +6, +8 and
+12  and RelEneyareht ede fRFOY HES prieiR iBes bf e Bhi 71 HHRIPEMT ¢ bRl ka0 by L

i munogen; sRecbhis EL! Shealfnhfl SEEUOm ! eStast L 9hen bys Rbky a{ hEyNpassay.
Measurenent of anti-LHRH anti bodies [00272] Antibody activities were

det er m neth®ycenpSpedssngtos anel signef beankly phreaieeodhady Wit hS¥heof HRH
peptideS4cas ;i hHB0s05P6Rtes [ Q9L Bl e & fé’lf'oé§ck( 100s iy Phadhendpeptide

i mmunogen solution at a concentration of 5 pg/nlL were incubated for 1 hour
at 37C. ¥edl| sreesestabrelglent 1yl bkockeds it ol SupErpat ¢/ PBSS Bable i on

for 1 hou%ﬁg% gﬁ% ﬂ'gﬂp&?tﬁﬁc £o1b8 Qgtféﬂeaﬂﬂnm&%ﬁ}gr%@bi%@fgﬁ%uuon

Al'i quot s e test | ne sera, starting

in a sanple dibtovihpatboiéesodnent®-fold serial dilutions thereafter, were
added to the peptide coated plates. The plates were incubated for 1-1.5
hours at BY@R58THen pihat ex:inere pias ededi,x thiemasianttily 0 20806l PWEBEN12Y iof PBS.

100 pL of 1{99?8 8'1%§Qspgﬁ%ir‘%'@qg%xll%g@%fé’dg%t aﬂﬁrhur(@éth&% rs@e%pe') for

assays perforned on rat oat anti-swn di sh
per oxi daseethpbekes dgﬁivéwefcem Tk /CpGkaysd peb4 Cpd ormisivael sres avere 100

pL of horser di sh OXIda
Pssays pRTTof hhaont babdon ot A Nett ahmec S HRIME pr ke el s 1
conjugateddrimedoﬁrbmfthe & PBSrowant v npagr DngM o NalGhE ATwiG h oxma| CobatpGl

serum . Tbgrglg&?&v%ﬁE%népcupghgggﬁOﬁot to ghe 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 immunogens (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] A1l glassware, stir bars and pipette tips were
autoclaved for 40 minutes at 121°C prior to use. All reagents
were weighed, dispensed, transferred or added to reaction

vessels in a laminar flow hood to prevent contamination.
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WO 03/ 068169 PCT/ US03/ 04711 hour at 37C and washed as descri bed above.
Aliquots (100 pL) of orthophenyl enediam ne (OPD) substrate at 0.04% by

wei ght (Woasoedieand 0. 12% H202 in sodium citrate buffer, poHS0p47MBS

added for 15 mnutes. Reactions were stopped by addition of 50 pL 2N H2SO4
and the A492 determ ned for each well. [00274] ELISA titers were cal cul ated
based on |linear regression analysis of the adsorbances, with cutoff A492,
set at 0.5. This cutoff was rigorous, as the values for diluted nornal
control sE@®PBE rIgn anidt-B Edclylassay iwdr € uaéppechaith. a5stiveRagrewdst of

Serum Tes r 0 L mugno e.eval f ffi cacyy by RIA
for serun’%gﬁécgtggge}%@nézg%lpﬁe’s. S%?Iﬂ%{ﬁt{\@;t%lgtg’ré(ﬁ%elg%vg%@v&eﬂf’e@nb%sured
usi ng a Rhéyiki} &f ODHRM ageoside Bnoducdsn$ LdssAnped@sin Gahi dqyeoascor di ng

to manufacturer's instructions..The | ower detectio limt for testosterone
ranged fr oM B 0Tt 0 DUOSORLITEL EAEH CQURRT & el Al SR | A dUBTi cat o,
[00276] Seramysanpt €sswet ee scor edoasl bei hy e regstepdren fevel LHR#en t he

t estosterpne | evel was  bel |jmts of detectipn and . "near castration”
<0 5 TRBRP SR mandoare b oy Rt S T OIS A e sl Th B THORSeL ¢ er &
fol |l ow ngwae@uni zati on of LHRH i mmuunogens are shown in Figure 13a. The
corresponding serumtestosterone |evels are shown in Figure 13b. [00278]

The anti bpgy2631 & detiyaniingd thicomreghaa@hical Bed af LA BRI ekatts o 1t S
study proved that neither the conposition of LHRH peptides in buffer nor
LHRH pept#@e3Ti hr 8BAbiHa® T ohHRi t HIMEkRI o hy R SYefgd )/ mi it B st itF e

I nmunogeng €. % opposi t i dery r t EH?%J{%)IG

i mmunost i Jr)ﬁ%l % o?ygi%%r)r%\?ce%@gfgﬁg g?'?nﬁ(%?ﬂ@l h:ﬁ%ﬁgavét thlgge ydrogel (r)

m neral caléd Webelsbowpléen Deomnhucdewd cobsLitipi pueehdgeds qreguiBed - 86
WO 03/068169 PCT/ USQ3/04711  [0027 The anti body, responses of. these |ater
two groups®Provid © i?ﬁ(ﬁ]alro%%%?n?%g‘l?ﬂ‘g? Qv@é@/mﬁ/’ VERRP A 1 YReY ant i body

[00264] 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 25 pug/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.

[0001] To the mixture of Alhydrogel® and immunostimulatory
complex was added 90 pL 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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titers found for the conbi ned system of LHRH i mmunostinul atory conplex and
Al hydrogel (r) mneral salt were only marginally better (i.e. - 0.5 log

uni ts) thaooBleses determ ned for the LHRH i mmunosti nmul at @cy/usosrmpi7ek al one.
[ 00280] The correspondi ng serumtestosterone |levels determined for the
conpositions of LHRH peptides in buffer and LHRH peptides in conbination
with the Al hydrogel (r) mneral salts simlarly denonstrated that neither
the LHRH peptide nor LHRH. peptide with mneral salt formnulations_were
capabl e of [0Q#88 ¥Ry flRmMin6ERSEPALREACPNCHalBMRAPYCNF0O28E] fOBRéREEY,
both the ijarunosidral &9 Yo € oMl Eo demvest o fy ABrd R ReRid desd @p@n al one
and the conbi nation of LHRH peptides/ Cod oligonucleotide with

Al hydr ogeln{¥nemhesalt sag tdesdfidead \agve A ccasta/d-d T 1on 40D ivg ach

group as shown in Figure 13 0028 | et e j.nmun tration for each
rat in them@c%en%esciﬁ‘gezl%eri \t;reh ft?lonrﬁzllt hc%ﬁ?rlan%rluoﬁlos%oﬁfrmh ory ecloé)rrpl ex
conbi ned witdpdied Ady dtegsidant mmeratgestaldpavas achievedi latiomeek 6 (2

weeks after the. first bhoost). . Asimlar level o i ocastration for the
o 11 o teiTb s oo Hoqdigd e Rfnl g THD R A A it or not
achi eved uitiateareefoiflul {21 aveekintadriderd tier sewordineoo)imd 00283 rd n thi s

Exanpl e we_ have denonstrated vel _ vacgci natjon reginen t.0 .ohtain

ef fecti ve R rRAotast r a(ﬁ'ié;ﬁ“? fgl}ﬁeiﬂﬁ'ed agelr lﬁﬁﬁeesttgget efﬁjtﬂfés) th either
a conposi tf®fnu pEepat edid o md-HRH ¢ dmisw stdrmid istyor 0 O eX )( ignd thaose

i mruni zation strate r a LHRH i mmunosti nul at ory .conplex in conbi nation
W th o O U 4 e A QUi TSRS GreT SRy P S AR S

03/ 068169 RCTZ34503/9A474-1pE ) 00284] The Al hydrogel (r) mneral salt

adm ni stered alone with LHRH peptide inmunogens proved to be an

ineffecti vexasplyand: rweldiundifei dOfyd ARV Bdp it Lidittdridganwgens in

the form "of an rmmunostimulatory conplex the conbination yielded
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 puL of Alhydrogel® (1.6 mg
Al/mL) was added; 25 pg of LHRH peptides/CpGl
immunostimulatory complex (4:1 charge ratio) prepared as
described in Table 9 was suspended in a volume of 500 pL
distilled deionized water; 25 pg of LHRH peptides/CpGl
immunostimulatory complex (4:1 charge ratio) prepared as

described in Table 9 was suspended in a volume of 250 uL
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synergistically far superior results. The mneral salt itself my be
acting in tw nodes. The first nay be to provide a depot |ocalizing the

i mrunost i wlates1gy conpl ex at the site of injection and secandoyodryi
recruiting specialized cells of the immune systemwhich can facilitate the
presentation of inmunogen to the i mune system [00285] Concurrent
experiments were conducted with alternative mneral salt, Adju-phos(r)

(derived from Al um num phosphate) and full innunocastratlon inall rats
was achi e@e@ltbyl@@e@egosemdywamrtmd s95Q eith def i Ay drege t hel 1LH4Rmg

i mmunost i or tion h t he Ad (r) ner al
Mtielaad A AR TEE L ST Rt Wt E N e cL LA

For mul at egly 2 81 SHSPEHSHEONoRf ah AR SE | | G O ¥s COM @Xq M i 2 nesd - Sal t
i n Baboons [00286] This Exanple illustrates the inmunogenicity of LHRH
peptide i nismofenslfophuhat et esch nhorstapidatwry bohpllexes with CpGl

ol i gonucl eotides in various ratios in conbination wth mneral salts,

whi ch wer BO2MuhiThed riarttsr sinegedl aol groiss pﬁﬁh@l@@b@@ngr Peaanipegrdl salt
suspenS|o r ps of two,
2 year ol g e égb%%gggsggﬁggv}%ﬁiﬁ{é%%gl|n?f%%ﬂ%% ?i£§xg%ﬁ§§%% weeks 0,
4 and 8 vumﬂnumd:l@erhalbnvmnger@bnmbtmwtan@mQ oie Lmuqmtlrde’sa@pﬂz

i mrunosti nul at ory |l e

descrlbedgg ier%ble gnguségé é%tg%n%dv%% &Q@ﬁ E%O Hls Jﬂielonlzed
wat er; 408ng mérekﬁ&hbe@tedeé¢prme|mm@m©$¢en@ieamn3kmﬂﬁﬁﬂ&ntlmddﬂewrbﬂ.5.1

charge ratio rep ared a ed in-Table 9 uspended i V, me of
S50 L ai crPingeRrLsEs 88 CoREE SR End " Pt B, SRR R DB AT hs0
L of Alhyﬁmm@®b§$$ay3.2 ng Al/nL) was added. To each fornulation was added
45 L of a 20% saline solution, 2.5 L of 2-phenoxy-ethanol and 452.5 L of
distilled dei meédedremaherof Tinet{+LIERH vax tiiodfesach formul ation was 1.0
m.. [00288] The baboons showed no gross pathol ogi es or behavi oral

[00272] Antibody activities were determined by ELISA using 96

well microtiter plates coated with the LHRH peptide54 as

immunosorbent.

[00273] Aliquots (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 pL 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 (Anogen) 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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changes after receiving i nmunostimnmulatory conplex at either ratio or in
conbination with the Al hydrogel (r) mneral salt. Sera were obtained on
weeks +0,wed3nehp9 +8, +12 and +14 (for the 1.5:1 conpl exesTardoyd47and wer e
eval uated for the presence of anti-LHRH anti bodi es by i munogen-specific
ELI SA and for serumtestosterone by RI A i nmunoassay. | nmunogenicity
Results [00289] The serum anti body titers follow ng i muni zati on of LHRH
i mmunogens are shown in Figure 14a. The corresponding serumtestosterone

| evel s f drowmcht babGomns e/asicith dsh desguridedi gboaird 14¢. 1 quedisedtlilfelik)
[00290] The @Péﬁ%nﬂ_'%ﬁé&i&ﬂﬁé M &) fél%%éf‘é@\? obt 3 Nesk TE PMe 1 €

baboons i mmuni ze I munost i mul atory conplexes prepared in either a
4:1 or 1:6Plendrar gendal i b2orHd:. ésnbBpdauinonlibratpRPupéprided 5.0, was

i Munost i o] o £xes.and ] I paredein
either a %ezijéig%rfé_{r: Sizjgr%char%% r a%?%@?ﬂéd?%%ée%é t'ﬂaa%% %%n%%ﬁﬁp%ﬁlsgaer e

i Mmunogen?@ nlas2l Pl anEi gheeAlstadefoor9nEdMieyi aarhywhilgher anti body
titers were found for both systens prepared at the 4:1 charge ratio

rel ati ve [@02he] EaASRbady etrist @es eolsbdicnéd tedr belsedl oF: 1iggetremepresspect i ve

of whet hagrgar]g;t‘&é'c?%’d{r?%eécﬁé%r&ﬁfé@' S eas Woff?4%?t 9Ly Nt .q 4 00292] The

correspon serumt estosterone Tével s determ ne rom Sera obtained from
mal e babdbimss | ouumf Z eda sv t hgb MRS, | asuros tvadles of gr cdinpl texésngprreplr ed at

the 4:1 charge ratio - 89 WD 03/ 068169 PCI/ USO 7 i t
Al hydr oge‘f?rrl?r?ﬁ[ et I -3l qurﬁ)r%%/%él ?%Cfl%tl 3 T he ?%éctofev%sl t%})é)%‘rlr1 Béc))’tﬁh‘r) baboons on

trial as sho in_Fiqure 14p. é0029,1?>i The slystemforrml ated fromthe LHRH

: . u of ‘'Serum tgos one . . .

i mmunost i nmul Q{M%ﬁ%ﬁ—m%ﬁ?—m& 1 charge ratio w thout

Alhydroget(é% jneral salt was shown t re_effectivel E{? requl ate the

serumtes é %ﬂ)ﬁ@“@@?ﬁ&’i@e “EEE 8P(\éﬁ‘qblf‘%?ﬁgf°5a83§ﬁ§aﬂf ¥’I¥e \ré\’llngfjg RoWeVer

full | mMmupesasstatdod nasudot Sehire viesk ass sdiove | e pureeddmeasured
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 obtained 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 13a.
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[ 00294] For the conposition prepared froma LHRH peptide inmunostinulatory
conplex (4:1 charge ratio) in conbination wth Al hydrogel (r) ful

i mrunocaswoaBioesienas obt ai ned in one baboon by week 10 amrdTwas®3/04711
denonstrated to be sustainable through week 14 as shown in Figure 14b.

Near castration |evels of serumtestosterone were obtained in the other
baboon in this group, although this response proved transient as shown in
Fi gure 14b. [00295] For the conposition prepared froma LHRH

i munost i FRPAT ¥ Fheompitdoody. TeEPORaE§e OfattngFei Aat6ibitinat OsAUPR; PrFoved

Al hydrOgeéfrﬁﬂl%?éé\;\é%’f‘?ﬁk?gsflf‘s% he gdddy, wese suogessf ully ahmmpmegast rated

(one baboon ac by week 8 and the other by week 10) and this
ef fect provegrsuseandabbe the ctgoing@ksvaten ahoWhRE nimlge s el atoon1]

For fornu ion i i NQst,i or epared at
either a é&ﬁp Oer>§1§r§<:§ 113(]?2%{1%%8% gﬁoﬂr{%%%ple%%e c%lnl e(r?lr{gr)gﬁ :ﬁg% 15; 400 g),
the actuabetitant i ty. of LHRH peptuget $ Mg etiso 0 udiel ¢ 1m 1 ded fH:m ofie an

i munost i mul at or conplex varies significantly. Table 8 shows the

proporti o of lﬁ@#?%ﬁg@‘éﬁr%dﬂ?‘?ﬁ%}ér%ﬁo?%‘ %/hi s formas a function of
varying charge ratios. roxi mately 16% (- .63 of the LHRH K i mmunogens in
ORI 1P R R e R g R s e oo N SR AN SRR B
prepared gér acie loshosget fahs Oof -LIGRH PUD OBAHE 816 o ¢ U3 04T wher eas

approxi mately 86% (- 344g) are bound whend?repared aj the 1.5:1 ratio.
[00297] THRPpr@SRNt AL FORD HRAEHRD i} bt i t° AL RHET QIR MMfTSe’® 1% the
form of a@ixhﬂ%’f‘?%téléﬂ-ﬂ+ﬁé9£é(t&@n@1% ASi t et hend  Bidn Fabd PusSysd LM preVi ded
| onger lasting and earlier Immunocastration responses in baboons. W have
exper i menpept yde det e niheer 2 hasat helf ¥mybroen g ryers nearabbalef adsor bs an
addi tion 9 t f LHRH, 4 parup ns in solution upon
addi ti on%cllﬁgé}?%gi {s}ﬁwigﬁ?/y? %’?ﬂ'??]e .mec%]ani s%gf'y which the mneral salt
I'S '”prOVt&@béch%%E%%%%ﬁnyb%Q% %ﬂ%cﬁ%ﬁuW%%Qimulatory 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

Figure 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 testosterone) 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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conbined with the i mmunostinulatory conplex is probably linked to indirect
i mmunonodul atory effects. [00298] Concurrent experinents were conducted

wi th an wbtoenesatd ve mi neral salt, Adju-phos(r) (derived fcamsob/orinum
phosphate) and full inmunocastration was denonstrated in one baboon by
week 10 whereas the other baboon on trial denonstrated near castration

| evel s of serumtestosterone by this tinme point. [00299] In this Exanple
we have denonstrated that a LHRH i mmunostinul atory conpl ex_ in conbination
with a m hRe284kdihe AldvarogrflechiperodcEprht eEMaBhPEFESANAIABBAYEFAL i ON
(as neasyr i - i
e N e A e

i Mmunocastiow¢ven, responternglatédnei tlontiod LR | Inmudgernharget hat f orof

LHRH i rmupggens. . ol § I ' ' f,m | salt.
[00301]  Spoctt: st itel £20H) Eoulifc e SRSEl El? IR 28 e
conbi nat i syndagest fca iy afa onsupericheredevkt opnefhe nninsadk sakti heselsef ul
for hornone abl ationi n ani S hu ) eove I anpl e
Serongly T oa betTRE B0, BN Fafdes RIS 21 RP My BE Y ool £

f or mul at i desot or ot dki Hing Wh@ 3168169t PAT] 41Oy 0dqtirdl exleve| UprrenttofoSaf e

vaccines suitable for the treatnent gen-sensitive tate ncer
in hunans%n@%‘?ﬁ) B aﬁq ?’er%%%?g ir@o% %é)é%fgﬂg?n-&%?l%fnﬁ%?o%%f?oﬁIgig
Mont ani de{mpuib®vs y $ temnoisi ¢imut anh of yc Toiph e Ve i vedsdmoat LRI Nt he

Presence of a |IL-1B Derived Peptide Fragnent [0001] To a 10 niL vessel, was
added 1, OBB"Y 39T HEH ‘io*é%t%%ug? nTRogRhs (SEQ ID NOS: 7-9 in a 1:1:1 nol ar

ratio in i . di ssolved in _an_ appropriate aqueous bhuffer (2,500 L,
0 g mif SRS e EFEsr R NG Bresar e ah e i od FA By 7o
compl ex (Abndrg&hasget f akdPh-PHiodS 00k wiwfd Mept e imumqgensHitssiolared in
an appropriate aqueous buffer

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 immunogenicity 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 peptides/CpGl immunostimulatory
complex (4:1 or 1.5:1 charge ratio) prepared as described in
Table 9 suspended in a volume of 500 pL distilled deionized

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 deionized water and
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(2,500 L, 0.4 ng/nmL) plus a peptide derived fromIL-113 (SEQ ID NO 14,
C* VQGEESNDKI PC*- CO2H. HC1 (where C* indicates cyclization between two

cyst ei neswoim/ossibut i on; or 1,000 g of peptide i munogens pdirTasosoedl i n an
appropri ate aqueous buffer (2,500 L, 0.4 ng/nL) was added to a m xture of
Cpd and I1L-18 peptide to prepare a conbination of LHRH i mmunostinul atory
conplex (16:1 charge ratio) and IL-18 peptide. Table 9 shows the

cal culations enployed to deternmine the relative amount of CpGl

ol i gonucl 290 i e el redreaelcompl 2xad iAo Wit tvasHR4dgsept iTde 9arfunogens f or

a fixed final dosage of _ 100.9/1 it gspect to_the specified charge
Fati o [ OB30H CRRRT ot Basedor r ik oL dort SETTLEn 1 AT e WL o
possess agi uyaphingx Propeihbesah 92, § Lutl & pedl s oel Bap! @yeshihegein is
relatively smal|l (FW= 1421.5) and negatively charged when dissolved in
st andar d paysr ol offreaf ibai f epsume Epd| o9¢hgt @ Feu a4l L@ a¥ddnk- BeBeri bed in
Exanple 2, one nWbl of [IL-18 peptide contributes 2 nMdls of negative
charge. AB00288h Thiehbgabesinsc shevisun® e Sise Pardgiletée st @ rpkpdirFalomg 1
i nteract w e ' SFp=Tala [ o) I i in the
P e R TS T
PCT/ US03/ 04714 of 00805pmiSpeet foraliyh tioe phEpedeogel mumrostli maldt.ory

u

conpl ex rom LHRH peptide i munogens, at a 16;1 charge.ratio o RH: Cpd ,
(D o Dl VonUBT Bt 08 STRE 5 i) Oy Lok 0 Dl bpbars ¥
S/O|mlf;i on oie IaglRB; pe@émplEejc@ﬁumg@nSancamdeté_-ébd‘ﬁualﬂe? for 1013 Sobedene 0

g were_added in_an appropriate aqueous buffer._To re an

i munost i %?Bf?LH%]gn%Tgﬁg?ggﬁ‘? i?iﬁ#’%@‘b??%%ﬁ%%’ofgjeﬁsé@(egg a_L%‘.glf%lﬁar ge
rati o of séHRh: CoXoptasohd-BY3RIABidngn&PpsFawl i gonucl eotide (9.2 L, 2.0

g/nm) and 10 g IL-18 peptide (5.0 L, 2.0 g/nL) were mxed. [00306] To each

of the vesfmhSogésidiepaRegguesus sol vent diluent was added so that the
final volUune of The aqueous

[00289] The serum antibody titers following immunization of

LHRH immunogens are shown in Figure 1l4a. The corresponding
serum testosterone levels for each baboon are shown in Figure

14b and l4c, 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 1l4a.

[00291] 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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phase was fixed at 5.0 nL for preparation of | SA Montanide(r) 50v

w o- emul sions respectively. [00307] For the preparation of the placebo
group, 5.WOorB/0ef169 nor mal sal i ne was enpl oyed for the aque®a3/yshasgi1 [ 00308]
For the LHRH peptide i nmunogens, normal saline was found to be suitable
for conplexation. The calculated IP for each peptide is greater than 9.0
(Table 1), far greater than the pH of the aqueous sol vent sel ected.

[ 00309] This exanpl e denonstrates the advantages of stabilizing inmunogens
i n sol utiwhthout helfydneeds 1 amiinemmostd tuleoored  tedmdllex 1 aripteexat i on
process onpatible in trpeFPr esencg. of additional

h h to b
imnomdﬁ%ﬁ?@?@hsbo%%%%]oﬁh%gﬁ u?séds%%"ﬂ%olus su%%re%m ons of LHRH
[ I b | ut.i t |_owl ded t d 25 nL
eact i on tedeerl ohE Gt roran iRt as, oSty s ot Rt 1238 ons
wer e madecovip 1 exbonpgeni zédoaf High Shear dedhogatoityio MxeioutSeal ed Unit,

Silverson) the mxture at | ow speeds (2, 000-3,000 rp to nerate a
coarse enit3Y@RCIThi Mifstidesd g "reed'UEs ThiMNES elﬁ%tjiv?e%tyhe ‘aqueous

sanpl e ha@owﬁﬁ&guww@%@Iyeﬁ%eéews%@o&@nféwds@_fwIo@e BAautes to -
93 WD 03/068169 PCT/ US03/04711 ensure uniform pre-m xi ng of the aqueous

and oi | prriseens ThHe thenbegbnl zatewrveheldl hamMRuer St p {5S 0Tot 8, 000

rpm and ag@g{,ﬁéngg ER5wh r oM Pid@rdOrsd nutes further resulting in the
formati on of a honbgeneous white finely dispersed w o- enul sion. [00311]

The final [ 056£HA! QR Aor msq@q%n@&%%ehorf%}nage@msﬁ\é@tt%éi n-oil
emul si ons as described above was 100 g/nl. Exanple 13: The | munogenicity
and G owt ImiPropet ingl £ ¢ eyt compiex HRH Pephd Hee | ey Formnatedn as an

| munost i LT AL G 6B b Wit TECES AT 0e Th S W A o [B0a12]
Thi s Exanpiisodh | bigt wasesl d hend nmman ogendes t yatodd Lidbbe peypd t alenalmeinogens
fornU|ategﬁrgggﬁnwgggsiinyéaggéynCPQp%fégge 14b. Near 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 by 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 of
LHRH immunogen administered in this form as a function of
varying charge ratios. Approximately 16% (~ 63 ug) 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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with Cpd oligonucleotides in conbination with a wo emulsion or with an

i munonodul ator (I1L-113 peptide) in conbination wwth a w o enul sions or as
i mrunost i wilates1g9 conpl exes conmbined w th an additional iremirsosrodui at or
(I'L-113 peptide) in a wo- emulsion, which were inmrmunized intranuscularly,
in boars. The w o-enulsions were prepared by honpgeni zati on as descri bed
in Exanple 4a and Exanple 12. [0001] G oups of five, 8 week old boars (30
Kg each) were immunized intramuscularly (I.M) on week 0 and 8 with

fol | ow ngwlcerrp@si @ppn@xim@cegyo$ 68 HRH peprigdestepbpunidnihros pirrpkaedr pt
conpl ex (% % {aglo) prepared as described in Table 9 suspended in
a flnal ?%n% 566 t NaG and di spersed with | SA Montanide(r) 50v (500

LHRH /1L-1B p was .sus end |naI vol une of
500 L nack O8RS B Fr A oA o B Oy TH00 E( 566 L RH Jrmipiens
peptldes/iﬁp£$e+fbtm18fp&@tiﬂmu@dsg)mulammuwoe@mpﬂézuamyimomméex.iiﬁ:1
char ge ratlo% pre red as g % i i bed | Table 9 s S{Sp ended in a final
vol une of “&by° RS 657668 %@gfﬁﬂ'fﬁﬁ§7%4ﬁﬁ ﬁlspersed with | SA
antanldeimmuﬁayaéﬁﬁﬁtLdm Peppacedy 1@0@$b@¢ngroumadmaﬁéxbxpé%&memhsphysed

with | SA Mont ani de(r). 50v 0 L repare one. uni_ nmuni zed contr ol
gr oup |nﬁ?Eﬁ€ﬁl?ﬁé %@agt % %%Eyéﬁ?%?%gﬂWg“ﬁﬁgt 245922 he boar s

showed no,gg0esoRAL thQ%E‘Stl% bebavi @b &hna chiang esmAld &Gk £CEA Vi HD, Pl 8gebo
w o emul sions, w o enulsions containing peptide inmmunogens in conbination

with | L- 19ropeptdieion- w Bhesul i bhsl tbnt vi ‘h}il%‘g the TofARSIT NRY atlEgh
conpl ex OEh%”m'HQJ?é!L ik pf Oié/ ﬁ%P&@fnéintﬁgn@fﬁﬁéé@ysow tihe I acdide PRRLH de.

Sera were obtained on weeks +0 +12 and +14 and were eval uated
for the p@@@bn@@dowlbhtthtmmnuramtbml@sow ¢y ehs speehvdby ELigred for

serum €%3§é?£$ﬁ8tb¥mﬂfbﬁ1 Do8as80Ye ARdCL o viel ght galn. 1 nmunogeni ¢l ty

Results [ e serum anti body titers tollow ng i mmunization of
[00298] 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 immunogens 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 formulations for the
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LHRH i munogens are shown in Figure 15a. The correspondi ng serum
testosterone levels are shown in Figure 15b. The effects of

i mrunocaswpasioer1ed ol | owi ng i muni zati on of LHRH i mMmunoge®ETWShIug1sUr gi cal
castration on the weight gain over the trial period are shown in Figure
15c. Control experinments denonstrated that unadjuvanted peptide was

non-i mmunogeni ¢ or weakly i mmunogenic in all cases. [00316] The anti body
titers determ ned fromsera obtained from nale boars immunized by LHRH

i munost i dtivat epyerbnpf exale YHRH NPt Heabbelj tvantkel bieatrstokéhe, or by
an LHRH Lmuogshiguhal ol ye coppl & £ocdoraml af edidd a cytoki ne

adm ni stered w o emul sions Indicated all three conpositions were

' mmnoge%;gamég&_ bt erﬁra%gég%{'f& e %étéf{cd@:_g%ﬁ Wfélgﬁé‘eféérh aiszi?er i od
proved c r ol

groupSI%mMmtmﬂldeﬂtBD&n IagushowimihaEpgyr Complex- DéExv&ﬁ)ﬂBbﬁGBmaa in

PCT/USO3/04711 00317 The CO{resoondl testosterone | evels
det er mi net?S : 38T #ﬂ%ﬂaﬁﬂﬂﬁﬁﬂﬂRH
|nnunost|nulatory conplex inawo enuIS|on or LHRH peptides adjuvanted by

the IL-1f tsO%Jpl. de ien 1@ Wlo vemsedi oifasr apesd le ORI Hat PénLHRHLARAt ide
'mmnos“% e¥ QOM(SXI n[@%éh%'ér 11&3% pept de, aom plstergd as wo

enul si on |ca ed t hat oars ese groups were effectively

i munocaste htedoby, m@ekSQQved[D@3m8]apkmqmﬁyat¢h@q®©w®®§w1fﬁme geryv@d from
the LHRH nEst i tory I S|on and the LHRH

pepti des %.;ny %f@%yuéﬁ éﬁﬁ)on f%Otlvﬁo il dion Failed to

mai ntain irhth@néeyﬁhupétéﬁ{z Ud%rﬁlﬁEé@S(% ODechﬂgwtl&ﬂ,oxsex wod g8 ast er one
| evel s from both groups were shown to be rebounding and nei t her group

woul d be m@xdeemra@nogmn@te%ﬁmedm [ D0 ALY L IPvel 3 HRHA GERAIh U bkl at ed
as a Conbwagb@ ggyi hEXaand, d 4 %Por\?eﬁg'ﬂ? BSe@ Wo
re ef ctlv naln

enul si on prove ing the sane |eve
ID NO: 14, C*VQGEESNDKIPC*- COZH.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 puL, 0.4 mg/mL) was added to a mixture of CpGl and IL-1/
peptide to prepare a combination of LHRH immunostimulatory
complex (16:1 charge ratio) and IL-1f 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 pg/1.0 mL

with respect to the specified charge ratio.

[00304] Peptide-based fragments derived from IL-1f are known to

®® The IL-1B peptide employed

possess adjuvanting properties.
herein is relatively small (FW = 1421.5) and negatively
charged when 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

mixing.
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i mmunocastration with no indication of early rebound as showmn in Figure
15b. [00320] The Pl acebo negative control group returned w dely
fluctuatiwg 0306810 t est ost erone val ues at the various tinep@iustFoLval uat ed
in agreement with the expected variations 1in nonthly hornone | evels. The
surgically castrated positive control groups returned negative serum
testosterone levels at all tinmepoints over the trial period as shown in
Figure 15b. [00321] The serumtestosterone |evel in boars prior to

sl aught er [0RI0BLepedifdcrlly YoortrePaepd rai h thawugasitingleforlie compdex

produced. - Lgh.keuehsoplad cohsiesone. o ve 1658 Uor gl olicts 6f unappeal ing

taste (boar tail cont ng this property is an I nportant
mar ket  cHBRH dep@t j oh8 . Theg sCe®GHar Hi gt hobedtordensUrd ndh neyl G gidoinel)

t est osterone has been_surgical castratjion Vj e vaccine, a roach must

be proven %We‘&f?ge oVRrPIARAT At vaty Jforfl‘?% ﬁlﬁg'%s ?%Jff%ﬁ

PCT/ USO3/ §4d 141, - when1 § 0@ ST MouUb ts nor s I;y bapmaghie # dmidetin Tahe poi nt

at which the boars have reached a vvelqg ht between 110-130 KGs. [00322] The
3

growt h prapDEPRRL @t e badreowsmbint 724 atT@ MERIRAr Dfan gHEnynP g Hintuka ey was
tracked oy, ﬂéxwf%ﬁ Liﬁﬁ lggaﬁﬁde'mwm&ésé aled; byg thedd R ratio

of
i nmunost i rru ator lex i enmul ston or by LHRH pept| des adj uvant ed
sol el y byLHRié: CIZHzGl 8pllp@pILde?>1 nl&. 3v/l©g e@mﬁhl@hlqmsu@cbw@t%t Yad sk, t hat

par al | el the surglc S o . ge re ed o verage 110
KGs by wegko 19 48 %Wil % gi.ﬁ“(aelf Jdg%z cfl «a?)g‘:]oedJr%/]mIta) up
I muni zedy, py=4 he LHRH vacci ne forrrul at ed as a conbination of the LHRH
i mmunostinulatory conplex and IL-1f3 peptide in a w o enul sion proved

consi der aphy36B] & L0t e 1Al leRaNS Wabhich ohhils aghe¥ns keirended rapidly
reporting the highest average weight gains at all tinepoints evaluated in

conpari soii teenhewas hedded oapsthafh he af inBbarel ¥t Hike FORPWE t ai ned an
aver age WehOhL 3! BMLLY DET Y IR0 KEP DYegeke dn a0l FoaaRst A3fudEs DY

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.

[00308] For the LHRH 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.

[00309] This example demonstrates 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 aqueous suspensions of LHRH immunocgens 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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14 as shown in Figure 15c. [00324] The disparity between this group and the

others on trial may be due to a synergistic conbination of effects

obt ai ned wian/o68169 i mrunost i nul at ory conpl ex of LHRH Cpd ipET/Us0&semt ed t o

the i Mmune systemin conbination with the IL-18 peptide and free

unconpl exed LHRH peptide in a w o enmulsion. [00325] The conbi nation

formul ation proved effective with very small anounts of LHRH Cpd

i munostinul atory conpl ex present in suspension. In this Exanple a

L HRH: QDG eréwa?@eumhf@m oPre1Biding ovf dete s GrPRT attd reshorlyeses n allhe

SW ne. efﬁ‘?aﬂ@f?e@ﬁe&&’%é@t}%@%r%@a’% PEO! €5 - &L 0 Pd OFRHh) Nehd

growth over the trial period. The average wei gain for this group was

signi fi camiytaiekeeficr efaehve to B INHiHeS %rt%%vﬂfﬁ$lhltl:ﬂg€lur3erl 15ee - 97

VO 03/ 068@&5@5#&?@ Qﬂ&&ogw@g@;]wm@'pﬁhampyﬁ@%@é i o wei ght  gai n

as a consequence i rmunocastration relative to pllacebo controls have

been obserwksliom. t he past 70, however in this Exanple we have denonstrated

a novel nethod to obtain effective inmmunocastration for the renoval of

boar tai nf093kl hBasufdaay cogscnhresdods Pér aREINRHENGhLACEe d osiipepited

growt h pr (as_ a 0 d wth

Fespect t%é’“*#éé‘zt%?]d%?% R R %@%{’Wf

Furt her mor e i nMnoca strated b .the L f ed as a

conbi nat | BRELF ) ¥ PR W o

emul si on &QULMOPéptﬂaé kﬁm@neg@@ﬂ@ F@ﬁmlﬁea@@ &l W&iﬁl&t@:@ﬁ by

either alTernattve fornulatron, Or the present netnod Of pref er ence,

surgi cal j{&BH’&WEnWlﬂDO@QlB SB%PH‘#@;QJF \as theCompinaEion of AR in terns

of avoi di pg : K fgigrgsts

and i npr ovet ;

gggvgfg;wahbgg%ﬁnjg&h dV%nt ages qflfu@tratwer ared lm%a%%%ngfmm%@oaﬁw ation
peptide immunogens formulated; as immunostimulatory complexes

with CpGl oligonucleotides in combination with a w/o emulsion
or with an immunomodulator (IL-1B peptide) in combination with
a w/o emulsions or as immunostimulatory complexes combined
with an additional immunomodulator (IL-1B 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 uL
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 uL);
or LHRH peptides/ (CpGl + IL-1R peptide (1 pg))
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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Exanpl e 14: Preparation of Water-in-GO 1l Emulsions fromI|SA Montanide(r)
50v and | mmunosti nul atory Conpl exes Derived from FHD [00330] To a 20 nL
vessel , va® oanasad 4, 000 g of FMD peptide inmunogens (SEQPCD/US®B0471R2- 13 in
solution), dissolved in an appropriate aqueous buffer (2,000 L, 2.0 ng/niL)
or was added 4,000 g of peptide i nmunogens di ssolved in an appropriate
aqueous buffer (2,000 L, 2.0 ng/nL) and CpGl oligonucleotide to prepare an
i mmunostinul atory conplex (4:1 charge ratio). Table 9 shows the
cal cul at i BaGl etpspyesed owdeh el B ndon henide®abilve (afbupt.) of BpGlacebo
ol i gonucl eotj de required_f conpl exatjon with the FNMD peptide, i nQgens
for a fixEA"FFRhI 9LOER Oﬁogé%/%ggf%%f RO D4D R mmz%%@‘;ﬁ%% m_
with resp?&@mi%é £i5h £dq CHAR 98ne Nt 4 Rnuh PL33 Mo pPRS] fé £l Y, to
prepare an | nosti mul atory conplex from FMD peptide | mmuhogens at a 4:1
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conpl exat PORC T HRe BV AgEM UL AT 2T at FAT T B HET Waeht BRAY det et T Ve f rom a
posi ti onatompahek ogr | imhbieo st bhat yt o8y gr@ad Bex t hranc @i fdabdes 1yith arL-
greater than the, pH of .t he aqueous, sol vent sel ecte [ 00335] , The. di | uted
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(10.0 nmL) The additjons were nade whjle ni zjpn H gh Shear
Laboratorﬁnmha% }e%,e]%}’eﬂmﬂﬁ???e%l'??/%?%%h‘i hﬁg 'xt%?)g % ¥ Bw

testosterone by RIA immunocassay and for weight gain.

Immunogenicity Results

[00315] The serum antibody titers following immunization of
LHRH immunogens are shown in Figure 15a. The corresponding
serum testosterone 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 immunogenic. 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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speeds (2,000-3,000 rpm to generate a coarse enulsion. This processing
speed was nmi ntained until the aqueous sanple had been conpletely added
and was cwotisnesad a full 2 mnutes to ensure uniform prePaiTdiSesjo4rii t he
aqueous and oil phases. The honogeni zati on speed was then ranped up
(5,000-8,000 rpm and maintained for from5 to 10 m nutes further
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i nmuni zedcembxaartlscmllcaflyHRIm Ummm@stﬂ'ﬂu@lauwbny emmmslemsamér‘ehqarbbal&d by
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of three,? %ﬁjr? ©cd T%%l%geredrﬁ%n‘f’z% i rarﬁu%%u ar?ed(t?h?}) on° 3/\%% 6pand
3 with thenfohées @goup@nqn@seteﬁf\ectzlﬁé)lg ofmEMrpepta ded Isuspeaklet2in a
final volune of 1,000 L Nad and di spersed with | SA Montani de(r) 50v
(1,000 L) [0031§N®o;mmﬂiyde$h@p6|ordpmmmd$trﬂsnwleaﬁ®eyi canpl ehe (L«#IRJ:I char ge
rati o) prepared as dscrlbedlana e 9s yspen in a,fina I_cglums of
12000 L NBRE ST T e or by TR T SA o n TR T 2by AT, oo T A bl acebo
cont rol gps@plpl@és la@ﬂ@vamtéa%yeﬂmé snt+mi pép i dSA Voat and d@(uﬁ])sﬁ@:v (1, 000

L) wa [00339]. Th t d th
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ant ai ni ng4 Fw&mttgﬁamm@nﬁe@élﬂﬂ¢mtgm1& oryre COMIPlexes. Sera
obt ai ned on week +5 were eval uyated for the
be rebounding ang neyaher group would be described as

immunocastrated.

[00319] The LHRH vaccine formulated as a combination of
immunostimulatory complex and IL-1B 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 Placebo 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 testosterone 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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presence of FMD neutralizing antibodies and on week +6 the cattle were
challenged with live virus to determne the |level of protection in a trial
| asti ng IwodayesieMeasur enent of anti-FMD Anti bodi es - Neutecaltisezbti7on Assay
[ 00340] The quantitative neutralization assay (NA) for FMD anti body was
performed with BHK-21 cells in flat-bottomed tissue-culture grade
mcrotiter plates. The test is an equal volune test in 50 L anounts.
Starting froma 1:4 dilution, - 100 WD 03/068169 PCT/US03/04711 sera
wer e di | ufleenipoars ert bl dnefhat I vnPepTeadhth tapndette: Bee upeSalfpils to

be tested,yeLe oh&eghyds hy2he eaLalnyQ! Ainke Dnt the FMY M 5@ #Es ot ype
(200 TCI D50/0.05 m.) and incubated for one hour at 37C. A cell suspension

at 106 Cetbéé@}{"ﬁ% RIGRA 83 dndt idnTRdH YHcANL AhRGL0%baviRe kgeldm A
volume of ~ 50 gL of cell susSpension was added to each well. Plates were
seal ed andg¢ntuyblliee 2tudyCiadrtpagkeRyever obB449eis cr oSedpPea®Xani nati on

e { easi bhe ALL EL« A5 DOUSS. ool XAkis S 61 et £k ¥4 t Bork 00 or ok /a1 ne

for 30 mnutes. For staining the plates were inmerse n 0. 05% net hyl ene
bl ue in 909 $bemadi NPy okHRD PePUides FoETaVeedetPseInhey etve rils-1had been

neutraliz e CEL1 S PIBLAECHS | O 358 3 £ XET Fe SHSN éé’iné:,onlji@é@ ﬁ’é#glf%f‘écﬁ‘Ed
cells. Negative wells are enpty. Titers were expressed as the fina
di | uti on offie sewogiprkbentastrased ugroip us Misserecacheheonosyereiopol he .

Cattle Chﬁ&e ewgé]i(ai?ngtgﬁg&n[ggyg%%%agg%_ 35, all cattle, which

recei ved vaccihe or placebo controls and day 21 were separated by

groups i t ai t rQQnB. . @éZe%ilv
hal | engeld R8s Bm BT Ry Do Wt AT atsr 5 108 B B0 " EnbV0
i nj ected fortwbased ess om ¢drebionasadbn sof falee WIRE hbntongsieimu] 9034B] Af t er
chal l enge, the catil e we obseryed. fo Y IF L ni cal signs of
FMD f or ﬁor&%y%xa% b%ﬂd\iigt%e g%% u%% %Aa%pfe%%%%%aﬁg ?/‘?é(llbnprot ected
ani mal s shomsiderably more 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-16

peptide and free uncomplexed LHRH peptide in a w/o 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

16:1 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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| esions at sites other than the tongue. Control animals nmust develop a
generalized infection as shown by lesions on at |east three feet for the
Vi rus chawbangesis® be considered valid.71 101 WO 03/ 068P63/UBCYH4IB03/ 04711
| munogenicity Results [00344] The neutralizing antibody (N . A) titers
followi ng inmmunization of FVMD i nmunogens and the corresponding protection
results are shown in Table 10. [00345] The N.A titers determ ned from sera
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group retimmegopegt gt bte RpA theireneyakl ¢ dpoawhi erinder a$ és%a$lhla¢|d1QYas
shown in £ 4 461\ Congl usi YE, D5 O It ]pr
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titer. Lineasured hmswad@rlnhlmnem)edovm r@m@rmahmi@d(wub rewpdch tot al
of 104 BI | i L1€sS orsal surface of the

t ongue. 1(%%4% Iﬁl %%%f%ﬁgeégr%q\%%%évva%gﬁl%%l@%?rgd on Week 6 one week
afterthe li.s |..gr.au | in
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f or mul atla(")rﬁgJ glzr e%le??%)crin Fi\}lb %e%?‘?d%s a%imgrﬁllé%ef% (9 teg ﬁ%kéefm y%%k%l one
(1/3 protestetgr tlﬁ)ﬁ)ﬁ%@lé’h}eoqnt:acamwmnmddbygeDUpex:oarﬂfuemaitth the live
virus 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 pL, 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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enpl oyed for the challenge was sufficiently virulent as all three cattle
inthis group were infected and showi ng signs of - 102 WD 03/068169

PCT/ US03/W00216816¢ sease within 14 days after chall enge (OP8TAaSot/eried) as
shown in Table 10. [00349] Both of the groups fornmulated with FMVD

i mmunogens or an FMD i mrunostinulatory conplex in a w o enul sion obtai ned
significant N.A antibody titers by week +5. [00350] Surprisingly, the
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[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 aqueous solvent selected.

[00335] The diluted aqueous 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 aqueous 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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[00337] This Example illustrates the immunogenicity of FMD
peptide immunogens formulated as a w/o emulsion or as FMD
immunostimulatory complexes in combination with a w/o
emulsion, which were immunized intramuscularly in cattle. The
w/o-emulsions were prepared by homogenization as described in

Example 4a and Example 14.

[00338] Groups of three, adult cattle were immunized
intramuscularly (I.M.) on week 0 and 3 with the following
compositions: 400 pg of FMD peptides suspended in a final
volume of 1,000 puL 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 pL NaCl and dispersed with ISA
Montanide® 50v (1,000 uL). A placebo control group of 1,000
pL NaCl emulsified with ISA Montanide® 50v (1,000 puL) 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 guantitative neutralization assay (NA) for FMD
antibody was performed with BHK-21 cells in flat-bottomed
tissue-culture grade microtiter plates. The test is an equal

volume test in 50 uL amounts. Starting from a 1:4 dilution,
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LET}b883f%4§ﬁ%$K%§%#l¥§1y%ab@-téégaﬁjW@Qe%ﬁlxé@5WNEAQ§4Q§§$§P volume of
the FMDV Opmanisa Serotype (200 TCIDso/0.05 mL) and incubated for
one hour at 37°C. A cell suspension at 10° cells/mL was
prepared in a medium containing 10% bovine serum. A volume of
50 puL of cell suspension was added to each well. Plates were

sealed and incubated at 37°C for 2-3 days.

[00341] Microscopic examination was feasible after 48 hours.
Fixation was effected with 10% formol/saline for 30 minutes.
For staining the plates were immersed in 0.05% methylene blue
in 10% formalin for 30 minutes. Positive wells (where virus
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 vaccine or
placebo controls on day 0 and day 21 were separated by groups
into separate containment rooms. On day 42, each animal was
challenged intradermolingually (IDL) with a total of 10 BIDsg
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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Mol ar Charge Cal cul ati ons Synthetic Peptide | munogens And O i gonucl eoti des
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Placebo negative control group returned negllglble 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% BIDsy 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

- 102 -



WO 03/ 068169 PCT/ US03/04711 C7 U COD (D adco 0) U onil -Cd O NCCC
d LoCo vy QMco O O'oy E=L0c LO00)0)0) Os~J 0O>3 (n OO

CO-

O( ) crwHhoB/ot8leM CO a) ¢ EA cO OCOM U c¢) ti Nc6 O pcTtuso3/@7ir - 0 00
OL" NaNOQa) o04~0 OGQG ~001l VVNy3CODCOC(DCLII o Gd a
daNO.. 00 OWUWU QCoOcncnv) V) yb 49 00000001l cuO0
4to Oao COMLo Oa) acd ca. cv) r- Loo OOM

disease within 14 days after challenge (0/3 protected) as
shown in Table 10.

[00349] Both of the groups formulated with FMD immunogens or an
FMD immunostimulatory complex in a w/o emulsion obtained

significant N.A. antibody titers by week +5.

[00350] Surprisingly, the challenge study demonstrated that the
formulation of superior efficacy was derived from the
formulation comprising the FMD immunostimulatory complex in
the w/o emulsion. It is likely that this composition
concurrently improves the N.A. responses and is more effective
at upregulating a specific 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 quality. 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
immunogens derived from synthetic peptides represents an
improved method for effective immunization, and should be

considered low risk.
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effectlvely protect cattle against foot-and-mouth disease.

[00354] Furthermore, this Example further demonstrates the
utility of this vaccine approach for the general protection of
important domestic livestock susceptible to foot-and-mouth

disease.
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’ QR p pUO) No: Charge Vaccine +ve Charge Peptlde
Fw®
CD4 4 4 +'ve 50% 1nmol=4.3nmol | 5646 5280.6
Vaccine 5 7 +'ve 25% +'ve charge 5659
6 2 +'ve 25% 3493
IgE 10 7 +'ve 66.6% 1 nmol=7.7 nmol | 5068 5132.1
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 molar 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
taking the mean.

4) The FMD vaccine is derived from a library 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 nmo! -’'ve charge

CpG2 (24 base oligomer + phosphorothioate). - 1 nmol CpG2 = 24.0 nmol -'ve charge
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cdM3 C., ¢cd ZwU;'" atto WEGMI NMCQO0) 0 114 WO
03/ 068169 PCT/US03/04711 What we claimis: 1. A stabilized
i mrunost iwnloawer1y9 conpl ex conprising a cationic peptide iPemuusoyyet11and
ani onic CpG oligonucl eotide wherein the cationic peptide i munogen has a
net positive charge at a pHin the range of 5.0 to 8.0 calcul ated 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 O for all other am no acids in the peptide i munogen and wherein the
ani oni ¢ Offavlwgoalasimoisde has a net negative charge at a pHin the range
of 5.0-8.0 and is a single-stranded DNA conprising 8 to 64 nucl eoti de
bases w1lh a Ae@’ealbibizadcyrmmmdﬂ@tgmammm mﬁplemrmbmmeismgrbaer of
repeats of the (@G notif igcllnthe rg(\%ﬁ onl 2G The
i mrunost i nul at o7 y* ¥3hpl BRP b1 HIMAT 109 e?réci1 n‘_’”'tl}’lo %at¥%ni ¢ peptide
i nmunogen i s ao}sy@cbxl‘ﬂe&l@ope@éndkeerém Thiee | canuhast ¢ npd @it DAty nmqnh@g(emf claim
2, wherein the de i nmunpgen co rises_a tar B cell L
epitope.  and SNTERRIBEr BETTESPs (R 0%, 11 Piiasts mA B St conplEX of
claim1l, wheres not@@lda@lat@@swua/@scdmilg@ of +1 heh£edé ofv e syatt heys tngept i de
| munogen 1 aEK;?aggg;hlne (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.

2. The immunostimulatory complex of claim 1, wherein the

cationic peptide immunogen is a synthetic peptide.

3. 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.

4. The immunostimulatory complex of claim 1, wherein the net
positive charge of the cationic synthetic peptide

immunogen is at least +2.

5. The immunostimulatory complex of claim 1, wherein the net
negative charge of the anionic oligonucleotide is at

least -2.

6. The immunostimulatory complex of claim 1, wherein the CpG

oligonucleotide is a single-stranded DNA molecules with
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5. The i mmunosti nmul atory conplex of claim1, wherein the net negative
charge of the anionic oligonucleotide is at least -2. 6. The

i mrunost iwnloawesr1yy conpl ex of claim 1, wherein the CpG ol iPgonused/erti de is a
si ngl e-stranded DNA nol ecules with - 115 WD 03/068169 PCT/ US03/ 04711

18- 48 nucl eoti de bases and the nunber of repeats of CoG notif therein in
the range of 3 to 8. 7. The inmunostinmulatory conplex of claim11, wherein
the CpG oligonucleotide has the formula: 5 X1CGX2 3' wherein C and G are
unmet hyl ated; and X1 is_se] egt ed fromthe grou consjsting of A (adenine),
G (guani ne) ant® T t AYAARYLIde sse qrd C“?%y‘? %) hrrePA Ty M heyPC 8. The
i munost i mul atpsyi £oppeexivfig! ahén danybesei B theg CpG ol i gonucl eoti de has
the formula:5 (X3)2CE X4)2 3' wherein C and G are unnethylated; and X3 is
selected fromthe group consisting of AJ Tor G and X4 is Cor T. 9. The
i munost iul ateRy Coamphext ohutiedb ) leonpes€idr thea G, olhaenucl e idsci s
nmodi fied with a phosphorothioate. 10. The inmmunostinul atory conplex of
claim9, wherePhlTPCERPEbRRictadtike Fereetacted ¥ C&h algr iprednsfsting
of 5 TCG TCGIJ T T&le Cilnddily GRe&T I &TC6 3213ctE@PEInSER: hBolO 1,
a 32 base length oligomer, and 5 nTC GIC GIT TTG TCG TTT TGI CGI' T 3
(Cp&2) SEQ | D pemsdstings0hale (2daimiid) ol § g il 2 phosPhsr bt oat e
group designatggy 25 i8. Clj(cyIB‘%ihEVUBQS‘I‘ngHB f9h¥%) conpl ex of claim 10,
wherein CpG oligonucleotide is 5 TCG TCG TIT TGI CGI TTT GIC GIT TTG TCG
TT 3" (Cpd) SEQID NO 1. 12. The imunostinmul atory conpl ex of claim 10,
wherein GG ohigoleh 8oL i eyl $t 5P TGIFTG ST TG HES TR I £Fhd 856
(Cp&XR) SEQ ID NO 2, a 24 base |ength oligomner pl us, an onsphorot hi oat e

gr oup designat@hlggnwgleoql@e has the formula:5"' (X7),CG(X")

C and G are unmethylated; and X3 is selected from the

2 3' wherein
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 phosphorothioate.

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 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 phosphorothicate group designated

as n.

11. 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 claim 10, wherein CpG
oligonucleotide is 5’nTC GTC GTT TTG TCG TTT TGT CGT T 3’
(CpG2) SEQ ID NO: 2, a 24 base length oligomer plus an

phosphorothicate group designated as n.
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WO 03/ 068169 PCT/ US03/ 04711 13. The i mmunostimul atory conpl ex of claim 10,
wherein the cationic peptide i nmunogen is a synthetic peptide derived from
H 'V CD4. W0.03068369 mmunost i nul atory conpl ex of claim 13, wremraiSn3/o41e1
synthetic peptide derived fromH YV CD4 is selected from the group
consisting of SEQID NO 4, 5 and 6 and a m xture thereof. 15. The

i munostimul atory conplex of claim14, wherein the mxture is a mxture of
SEQID NO 4, 5 and 6. 16. The imrunostinul atory conplex of claim 10,
wherein the cationic peptide imunogen is a synthetic peptide derived
fromLHRH 17. The immunostinul atory conplex of claim 16, wherein the

synt het ClPeptTH@ Qﬁhbﬂégtirﬁ@mw tSmSEL £cs £d-14 oM 1he wigk PP CORSI Sti ng
of SEQ ID NO 7, and 9 and a m xture thereof. 18. The i munost i mul atory

conpl ex of cl a@ﬁnqnl%@?@?hd@ M QE R el F 52 a5 Wi S & &° oPEBE G D 7ed g,
and 9. 19. Therippupegtipyl atory conplex of claim 10, wherein the cationic
peptide i munogen is a synthetic peptide derived fromlgE 20. The

i mmunostinul atory conplex of claim 19, wherein the synthetic peptide

derived f{pm '@Ee@mﬁ@ﬁ@géﬁﬁuig@@}%@om 1 Q4P £0884 541 119, AfhSEQ A DO 10 and
11 and a m xture thereof. - 037 068169 PCT/ USO3/ 04711 21. The

i munost i nul at sYyteehp eRept i @¢ adler D0ed wheerei LY HEDSyig h‘é@l%ct‘p%@)tfﬁ@n
derived from I gg. i by fs? (f§n l&v%erel %: nd5 1L,03% 3

i mmunost i nul atory iorrp ex o Cationi c peptl de
i munogen i s deikvedeftlherédD sel ected fromthe gr oup consisting of SEQ ID
NG 12 and 13. 23. The imunostimul atory conplex of claim1ll, wherein the

15. The immunostimulatory complex of claim 14, wherein the

mixture is a mixture of SEQ ID NO:4, 5, and 6.

16. 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 NO: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 peptide 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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pepti de i nmunogen derived fromFMD is a mxture of SEQ ID NGO 12 and 13.

24. A process for preparing a stabilized i munostinulatory conplex

accor di ngwom3oésbm 1 conprising the steps of: (a) dissol wcagiSes/o4isper si ng
the cationic peptide i munogen in an agueous phase selected fromthe group
consisting of distilled deionized water, saline, PBS and a m xture thereof
with the proviso that the pH of the agueous phase is | ower than the

i oni zation point of the peptide i munogen; (b) Dissolving the anionic CpG
ol i gonucl eotide in an aqueous phase selected fromthe group consisting of
distilled deionized water, saline, PBS and a m xture thereof; (c) Adding

the CpG ofi gonuigd ephrh@eo & i s oshtke OttSmgilhes o £ O 0k SEO t Ovtidiee 501 tHd on or

di spersion of the cationic ‘s%t de, i%gruj{m en_in an anount to fjgrm a
stabi | i zed imﬁ%%@?%a@%%f rFleF%&V H ot i o @ imtiitder A% hkP opG
oligonucleotideina gharge. ratio of the cationic i munogen peptide to the

CpG oligonucleotide in the range of 16:1 to 1:1. - 118 WD 03/068169
PCT/ US03/ 04711 25. The process of claim 24, further conprising the step of

renovi ng ihe afeolsnPRese: @l dder pusheisd oo ofctdmn iounestd ledory
conpl ex obtained. 26. The process of claim25, wherein the aqueous phase is

removed by | yophiiPnheiReptbie sHMRQESH ngS P 1V e ote g &ier 24,

wherein the imsﬁﬁ@%ﬁé%kom%k@ﬁ SD aMeNeger PaHdd cl®, size in the
range of 1 to 50 PM 28. e process according to claim 24 wherein the

anount of the inmmunogen peptide and the CpG oligonucl eotide added is in a

aggrge [%%Pdifhé henh @098 Sy 16: dr PTcdhiel SRt PN Cairh MUNQGRN-PEPLi KIS to the
nucil eotl de.
peptide immunogen derived from FMD 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 agqueous phase selected from the
group consisting of distilled deionized water,
saline, PBS and a mixture thereof with the proviso
that the pH of the aqueous 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 agueous 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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29. The process according to claim 25 wherein the anount of the inmunogen
peptide and the CpG oligonucleotide added is in a charge ratio in the
range of WO:0306f164 he cationic imunogen peptide to the CpGrruse/eotii de. 30.
The process according to claim24 wherein the amount of the im€Mmunogen
pepti de and the CpG oligonucleotide added is in a charge ratio in the
range of 4:1 of the cationic immunogen peptide to the CpG nucl eoti de. 31.
The process according to claim?25 wherein the amount of the i mMmunogen

tid t G oli | eptide, added , is i h tioint
Pange of 201 ofPTHECRtTonTE CPRimbbent PERLT e T T T e e iR T o8 O, 2.
The process accafidviggt bhel aiune@ds whied € o f heh @nwsiberod iort hef i tm@inogen

peptide and the CpG ol i gopucl eoti de added , -. 119 WD 03/ 068169
PCT/USOB/04711?mW%n?%tbﬂ%ﬂ%F%5yr%ﬁTQﬁ%¥1%#ﬁ? WrYe of 2:1 of the cationic

i mmunogen peptide to the CpG nucl eotide. 33. The process according to claim
25 whereipn the _anount of the jnmunogen peptjde and the G .ol i gonucl eoti de
added i§?§n A PP HREFATI O iﬁi?HE f%hd@ﬁ%geﬁQJFQﬁ THER iQﬂﬁ%g +¥munogen
peptide to ther&p&,&@CcheOly6iehi BhzaThen processragedrdimg. to claim 24

wherein the anount of the inmunogen peptide and the CpG ol i gonucl eoti de
added is in a charge ratio in the range of 1.5:1 of the cationic i munogen

peptide tmrtherPpGrocteotbdec13mm The HOLESS AGS ONhigb 4 1116l Bd 116 2p
wherein the anount_of _the i nmunogen peptjde and the CpG ol i gonucl eot| de
added is in aSCUPRIYE PagidNi AV Ryt bFla. H14C o tHe @Rk 1 to

i mmunogen peptigle 4o the CpG nucl eotide. 36. The process according to claim
24 wherein the anount of the inmunogen peptide and the CpG ol i gonucl eoti de
added 1is in a charge ratio in the range of 1:1 of the cationic inmunogen

peptide tpgtherkPGRYSLEN AdEordiing THE PIOLRSSL AKFH MO LhAhik 261
wherein the anount  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 cationic

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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t he i mmunogen peptide and the CpG oligonucl eotide added is in a charge
ratio in the range of 1:1 of the cationic imunogen peptide to the CpG
nucl eot i dw0 B3B68169 pr ocess for preparing a water-in-oil empCIIE3/04700pPr i Si Ng
an i mmunostinul atory conplex of claiml1l, conprising the steps of: (a)
Preparing an i mmunostinul atory conplex in agueous phase selected fromthe
group consisting of - 120 WO 03/068169 PCT/US03/04711 distilled deionized
wat er, saline and phosphate buffered saline; (b) Adding the

i munostinul atory conplex in the agueous phase into a continuous oil phase
sel ected fromiheln gt ot EIMsTREIMgiDfthe siARFRteE D11, 0h WRetabl@igil, a

mneral oil, aixﬂﬁ&ﬁ@%éﬁz €130 P&l 10k lcandh g1 ddxisg e thereof; (c)
Di spersing under nechanical shear the immunostinulatory conplex in the
aqueous phase into the continuous oil phase to forma honobgeneous

wat er-in- g4l eg@flé_sﬁpg%é&s e PELGERS £OT P AR S Noh Sr &AL e nd ga;rmn@nyfsi on

according to ai'm 38, wherein step (c) conprises: (a) Loading a first

syringe wth tiee atjueousophasert tdmt aidhi Hee PG neiiastiele et bty adtpd ex;
(b) Loading a sgecond, syt i i i Eﬂﬁf v i :

vi scosity of |€§59$H%nyq%§%% ﬁ$%?0(£§3%%%nect|%dy?ﬁ%n?i?gPuggggggg%ﬁhc
syringes througmanoger rospboie tabehe CRG membledieldeipport housing a
menbrane of controlled pore size (0.05-20 M; (d) Extruding the agueous
phase into the oil phase by repeated exchanges through the nenbrane until
t he honogéenedlize Woeceass storordifiorhed:lain Thevippoebsstivd aheims 38f

wherein the oily Phage. | SqesSbESE £ TLOMN LS AEOUP LOMRLSTLIOG & Rided

met abol i zabl e or
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 claim 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 aqueous

phase selected from the group consisting of
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non- net abol i zabl e oil selected fromthe group consisting of Montanide(r)
| SA 720, Montanide(r) |1SA 51, Mntanide(c) ISA 50v or a m xture thereof..
41. The pwooemssied cl aim 39, wherein the oil phase is selpeatesdsbH47om t he
group consisting of a nmetabolizable or - 121 WD 03/068169 PCT/ US03/ 04711
non- nmet abol i zabl e oil selected fromthe group consisting of Montanide(r)
| SA 720, Montanide(r) |1SA 51, Mntanide(r) ISA 50v or a m xture thereof..
42. The process of claim 38, wherein the aqueous phase may further
conprise a surfactant, enul sjon, stabilizer, . a conbi.nati.on thereof.
43. The process of %’r%ﬁﬁ%@ﬁj Ykt #° h"éata%ﬁreosﬁo{]ﬂh%saen OFRNE Her
conprise a surfact aniffee@€mbbsimd; stabilizer, or a conbination thereof.
44. The process of clajm 42 wherein the enul sion stapilizer  is selected

from the groupRonhdEiHg Bre al ENR? Uet B AL F Y YR FertVath s e e 201 .

45. The process of ghasen #hc yher bt iMeoend 51 phsdabédideted set@ctege from
the group consisting of a manni de-ol eate an&}a derivative thereof. 46. The

process of clai m 389hA&R eFAEHEL HRY PhaASYURTEIC Tohprd sE9SART uvant

sel ected fromthe g5oup £0RShSEANGoiDf MihetdBHLi DA AMiindNesi BAGA0SS,
DC-Chol, Mirapalmtine and a derivative thereof. 47. The process of claim
39 wherein the oi |l Pphasere urhae? L tonpri ses an adj uvant sel ected fromthe

group consisting 0b; hrs MB. R AWERLH NEa 1 BAYedPO0Bhe DG Chol ,
Murapal mtine and and a derivative thereof. 48. The process of clajm 38,

wher ei n t he aqueousiPRa3RStIMRIHePT LoFRIRSESs Hh HytctUise Lot it S adivant

selected from the gsoup,SONShEEE NGi DI pi P, t & SRV Moo ia - 122
WO 03/ 068169 PCT/ US03/ 04711
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 aqueous phase
containing an immunostimulatory complex;

(b) Loading a second syringe with the oil 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 controlled pore size (0.05-20 uM);

(d) Extruding the aqueous 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 oil phase is
selected from the group consisting of a metabolizable or
non-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 o0il phase is

selected from the group consisting of a metabolizable or

- 121 -



Toxin, a heat labile Enterotoxin fromE. Coli and a cytokine, selected
fromthe group consisting of IL-18, IL-2, IL-12, IFN-y and a derivative

t her eof . W®.03Dbk&epr ocess of claim48, wherein the cytoki necdarsoyetziive is
an | L-1B derived peptide fragnment, SEQ ID NGO 14. 50. The process of claim
39, wherein the aqueous phase further conprises an agueous sol uble

adj uvant selected fromthe group consisting of PCPP, a saponin, a Cholera
Toxin, a heat labile Enterotoxin fromE. Coli and a cytokine selected from
the group consistin | L- 1B | L-12 nd a derivative thereof.

51. The proces%OBngF%?ﬂ+BEab%ﬁe?é%ns?h%cE§?o§¥WE i YEe YR eCOPEIFELIAG

derived peptidgrfagrem de®@EQshD7NG, 1fon82niAe® 025 S 10f Mdrian 2R Ut her
conprising the steps: (a) Preparing a solution of an in-situ gelling

pol ymer sel ecbed ¢rommmhetgreuphevasfsting of poly-D,L-

| acti de-cogl ycol i de copol yner, poly-D, L-lactic acid- co-glycolic acid
copol yner, pol ycaprol actone, pol yanhydride, polyorthoester, and pol y((x-
hydr oxybut¥ri cThei dyocasa bf ocbapat Bbl evlserventtheeh@eeeds f ploase ieagr oup

consi sting of 9 P?ﬁ@}”co]?%%I%éé'Qes&%@anN ”?ﬁhé(xhuPé/{&?'é 108 { NVP) .

triacetin and glycerin constritufing the i munostinulatory conhp €x in
dry formin tahecembithabhonfthéeeph-situ gelling polyner in the

bi oconpati bl e sol vent. 53. The process of claimb52 wherein in step (b) the
i mmunostinulatory conplex in dry formused was obtained - 123 WO

03/ 0681694 PCT/ USO3p047d4ds by tyaphi BPzavheneisithdheqpeocesghase chay m 52

wherein the bigg gﬂggagémpgfggngrsuffag%g%ga 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-oleate

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 o0il ﬁhase 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 aqueous phase
further comprises an aqueous soluble adjuvant selected

from the group consisting of PCPP, a saponin, a Cholera

- 122 -



RL 4~~ X -~ OYCH3 ORL = QAlkyl (PLG or OH (PLGA) R2=H wherein Rl is
OH or al koxy having 1 to 5 carbons and R2 is H x:y is the ratio of each
nononer uwWoto3e6sibhe copol ymer with x+y=1. 55. The proces®cafusod/ai7m 54
CH3 O R1L = QAl kyl
(PLG or OH (PLGA) R2=H wherein RL is OH or al koxy having 1 to 5 carbons
and R2 is H x:y is the ratio of each nononmer unit of the copolynmer wth
has a nol ecul ar

wherein said bi odegradable polymer is OOR2 RL XOv

x+y=1. 56. The process of claim55 wherein the copol yner
wei ght in the range of 2,000-100, 000 daltons, and an_i nhe
0.1-1.0 di /g. ToxdR, $O03F 0683259C PETF EXO3PHHT 115 OB 7E - Th

i

ent viscosity of

profRes? of ciaim

56 wherein thecgopRiNEEr sbascBclDEeeH| Bic VeI Gd Ednéher 1agger ofL-1p,
2, 000- 100, 000 daltons and an inherent viscosity of 0.1-1.0 dl/g. 58. The

process of clafhr32 Whetéi nItNeY wenght efrihetibeoblegraddble in situ
gelling polyner dissolved in the bioconpatible solvent is in the range of
5 wwhoto 50 wwa. 59. The process of claimb53 wherein the weight of the
bi odegr adédl e Thesproacges| phgcpeiyntd, dikevtiedthe eyeokbhrecdeparablee

solvent is in the,rapge Of 32, W 0E6 9,005 W WOy &R , THEG PERCES S, #T cl ai m 52,
?urt er

wherein step (¢C

50. The process of claim 39, wherein the aqueous phase

further comprises an aqueous soluble adjuvant selected

from the group consisting of 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-yand a derivative thereof.

51. The process of claim 50, wherein the cytokine derivative

is IL-1R 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 pyrrolidine

triacetin and glycerin;

(NMP) ,

(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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conprises dissolving an oil soluble adjuvant selected fromthe group

consi sting of 3-0-desacyl-4'- nonophosphoryl lipid A (MPL),

N- acet yl -woroatnyd16d.- al anyl - D-i sogl ut am ne ( MDP), PCT/US03/04711

D net hyl di oct adecyl anmoni um brom de (DDA), N, N-dioctadecyl-N , N -bis
(2-hydroxyethyl ) propanedi am ne (Avridine),

N- ( 2- Deoxy- 2-1 -1 eucyl am no- ( 3-

D gl ucopyranosyl ) - N- oct adecyl - dodecanoyl am de hydroacet ate (BAY-1005), 3P
- [N (N, N - dipnethylam noet hane)-carbanoyl] chol esterol (DC- Chol),

NAC- Mur - L- Thr -¥ i 59ePRL Ehz@ty¥%rol " dipal mitoyl (Mirapalnitine) and a
cytoki ne selected fromthe group consisting of IL-113, IL-2, IL-12,

| FN-yand a derivative thereof_in the bioconpatible solvent. 61. The
process o4 cl al ¢ 5BLOGRR? ebh Stepn (o8 Thiet LRk F Lo FEGE B Iy BFE oi |
sol ubl e adjuvapt selected fromthe group consisting of 3-0O desacyl-4'-
nmonophosphoryl lipid A (MPL), N-acetyl-nuranyl-L-alanyl - 125 WD 03/068169
PCT/ US03/ 04711 D-isogl uta@i ne (MDP), Dinethyl di octadecyl ammoni um brom de

(DDA), N, N-dioctadecyl-N N -bis (R2-hydroxyethyl F% pr opanedi am ne
(Avridine), N-(2-Deoxy-2- i 2
D- gl ucopyranosyl ) - N- Rettadecyl m de Ofhyfr oacet at e (BAY-1005) , 3

(3-[N (N N - dinethyl am noet hané) r bamoyl ] ’chol est erol (DC- Chol ),

NAc- Mur - L- Thr-D-i sod n-sn-gl y©¢1|30I di paDritoyl (Mirapalmitine) and a
cyt oki ne selected fromthe gr OU‘SQ consisting of IL-113, IL-2, IL-12,

| FNryand nmixtures and deriRA5 QAN KBLGYorQH (RleGH oconpat i bl e sol vent .
62. A process for prepari ngR&=dspensi on conprising an inmunostinulatory
conpl ex conprising the steps of: (a) Preparing an i munostinmul atory conpl ex
of claim1l1l in an aqueous phase selected fromthe group consisting of
distilled dei omheedimaReris s@ilioe ahkoxhasphate 1 bud feredrisals nepd R2

is H; x:y is the ratio of each monomer unit of the

copolymer with x+y=1.

55. The process of claim 54 wherein said biodegradable

polymer is

0
o R2
R ; o7
CH, 0o

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 xt+y=1.
56. The process of claim 55 wherein the copolymer 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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(b) Preparing a suspension of a mneral salt selected fromthe group

consi sting of alum num hydroxi de, alum num phosphate, and cal ci um

phosphat ewo0ion/0e8169 aqueous phase sel ected fromthe group c®agitsvd/omg1of
distilled deionized water, saline and phosphate buffered saline; (c)

Addi ng the immunostinul atory conplex in the aqueous phase into an aqueous
phase containing the mneral salt suspension; (d) MXxing the

i mmunostinulatory conplex with the mneral salt suspension to forma m xed
suspensi o 63. A process for. prepari a suspensi on conpri,si ng_an

i munost i Tl atﬁlﬁ?’ Bgﬁf)‘?%§< %%n%}gﬁrpngét%geg?%rbsﬁb? :cc(%ﬁf}ﬁ?n%baq‘_i‘%gaa sol uti on
of a peptide inmvusegeEar Seéeghedinftiom theggrefip? cons+ 510 N ©fdBEQRHH NOs:
3-13 in - 126 03/ 068169 PCT/ US03/ 0471 ueo hase sel ected from
the group cons?Rfi Ay 1BFSHFRE YR BHrP e%?ggfef,éﬁ/aqpi ne and phosphate
buffered saline; (b) Preparing a suspension of a mneral salt selected
fromthe group consisting of ajupmn droxi de, alum num phosphate and
cal ci um p%%sph%li‘% PROGRSS atibied “bhgg]e"%%lf%ﬁe § r"(ﬁﬁqrphte oup® consi sti ng

of distilled gebasizedapdtein satinge BNthPphosphase absddered sal tme; (c)
Addi ng the peptide solution to the suspension of the mneral salt with

m xing: (d) AdeiRgeEPThE hecFebYFe L8| BRtERe 15 R9E RE gt dtpY® clohis?@ti ng of
SEQID NO 1 apd,8EQ ID NO 2 with mxing to forma m xed suspension of an
i mrunostinul atory conplex and a mneral salt. 64. The process of claim62,
wherein the mneral salt is selected fromthe group consisting of

Al hydroget§r), rAd] YroPb9s(&) angdir M XisELetheri@®fweight of the
biodegradable in situ gelling polymer dissolved in the
biocompatible solvent is in the range of 5 w/w% to 50

w/w%.

60. The process of claim 52, wherein step (c¢) further
comprises dissolving an oil soluble adjuvant selected
from the group consisting of 3-O-desacyl-4'-
monophosphoryl lipid A (MPL), N-acetyl-muramyl-L-alanyl-
D-isoglutamine (MDP), Dimethyldioctadecylammonium bromide
(DDA), N,N-dioctadecyl-N’',N’'-bis(2-hydroxyethyl)
propanediamine (Avridine), N-(2-Deoxy-2-1l-leucylamino-f-
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-1B, IL-2, IL-12, IFN-yand a derivative

thereof in the biocompatible solwvent.

61. The process of claim 53, wherein step (c) further
comprises dissolving an oil soluble adjuvant selected
from the group consisting of 3-O-desacyl-4’'-

monophosphoryl lipid A (MPL), N-acetyl-muramyl-L-alanyl-
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65. The process of claim63, wherein the mneral salt is selected fromthe
group consisting of Al hydrogel (r), Adju- phos(r) and a m xture thereof. 66.
The procewe 06f0681bai m 62, wherei n the agueous phase nmay f ®CrhsSoe3/eonpri se a
surfactant, a tonifier, a preservative or any conbination thereof. 67. The
process of claim63, wherein the aqueous phase may further conprise a
surfactant, a tonifier, a preservative or any conbination thereof. 68. The
process of claim66 wherein the aqueous phase - 127 WD 03/068169

PCT/ US03/ 04711 conprises _a tonifier selected fromthe group consisting of
a PBS or sal i ne-h#ed hubaRi e e (¥PRY e P 1mSDN Y Yo ¢ 3226 HRMR Hithn B7ORM@R i n

the aqueous phasga) CONPKLEScRadONTLiRr, selgct esl iy @mthe gy oup consi sting
of a PBS or sai@?ne) én}gpa m xct: uarle %%ereof. 70. %—e }[I)roce%s kg)fp)cl ai m 66
further conprisiopraddiagine {AeridipebusNphaskeexypreseriediyvenbiecied

fromthe group Cfnsi Sti nxg of f;lﬁ_henox -etJ;@no(Ij and derivative thereof.

71. The procesS HtUCPRY R Y Ut THerC vdrprY $1 A Sefi Mg 8 Y%e  aqueous phase
a preservativeng@lestetat&ompihel group 3 gorsivstivng’ of 2- phenoxy- et hanol and
a derivative thereof. 72. The process of claim62 further conprising adding

to the aqueoudiphblRelaminesiant) sereRiew + oelRsSrBup (Rorfshetlng of
MPL, MDP, DDA, yAWLyQ}DE. 1BAYD 100561 A £he1 ce%‘Ia@%éﬂrﬁiﬁm PCPP, a

saponin, a Cholera Toxin, a heat Ilabile Enterotoxin fro Coli and a
cyt oki ne sel ect¥drapabpitheeyraup Tonsieking dtlectadafron . the |graype |FN-y
A oo ort vat Lyl DL Agl oe T8y The. P1LOSSFr O o] AL OAG Ui L el SONBRASI N0
adding to the aqueous phase an adjuvant sel ecte r'omthe group
consi sting of &&LivabPye®DiheAwot dimethB8AY:dOGpatB Chodolvdir apal miti ne,
PCPP, a saponin, a Cholera Toxin, a heat |abile Enterotoxin fromE. Col
and a cytokine sel ected

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 aqgueous 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 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;

(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.

63. A process for preparing a suspension comprising an
immunostimulatory complex comprising the steps of:
(a) Preparing a solution of a peptide immunogen selected

from the group consisting of SEQ ID NOs: 3-13 in
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fromthe group consisting of IL-113, IL-2, IL-12, IFNy and a derivative
thereof. 74. A pharmaceutical conposition conprising a suspension of an

i mrunost iwnloawes1yy conpl ex of any one of claiml1l to 23 - PES/USHILOI 068169
PCT/ US03/ 04711 in an aqueous solvent selected fromthe group consisting
of distilled deionized water, saline and phosphate buffered saline. 75. A

phar maceuti cal conposition conprising a water-in-oil enulsion of an

i mrunosti mul atory conplex of any one of claim 1 to 23. 76. A

phar maceutical conposition accor d| to cl further co rJ SI n an
adj uvant sel ected fROATERRUIYrRAS %?%ﬁ?cﬁgg]b mNBte FEPIP

BAY- 1005, DC-Chol, oMugagel M éd neeid¥PRd mé@@@ﬁléhlmam{@r;aq&gxmmtea heat
| abil e Enterotoxin fromE. Coli, and a cytokine selected fromthe group

consisting of IL-113uffered $3L14%€7 | EN-yand a derivative thereof. 77. A

phar maceut i cal (©5pNMPESéHA BTN § 04 b Shdvgs Porged £ of r@meﬁmwﬁﬁ | gail od sy
conpl ex of any one of claiml to 23 wherein the g is formed in situ by

adding the i nnunosﬁ%l"alf%r?/r%‘%ﬁm‘?@%s’r%tjd?gecélff"i‘)]rqﬁ‘%’bm%l R IRF e of  an

in-situ gelling biogompakhib! Mwé\@é &Qﬂ&ﬁéﬁﬁldrﬁ%ﬂoéﬁ}%@é% £onsi sting
of poly-D, L-1actide- coglycollde onrrer ngly L-lactic

aci d-co-gl ycol i ¢ ack@€ebpoPyais S gl‘;ﬂ}}@é}m?t}f@g of

pol yort hoester, anddpgéyi@e@y@ém%&rw&t@@l Halind arkd gosmaiddd e sol vent
selected fromthe groug consisting of dinet hyI sul foxi de (DVMSO, N- nethyl

pyrrolidine (NWP), bPeffaeedi syl ycerin. 78. The pharnmaceuti cal

conposi tion of (c] ai yd¥n¥herel fedhfie i Odegr Adald e ol B ed $ion 120 MO
03/ 068169 PCT/ 803/0471% ﬁbé © enehen
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 aqueous 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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OOR2 RL XOy CH3 ORL = QAlkyl (PLG or OH (PLGA) R2=H wherein R is
OH or al koxy having 1 to 5 carbons and R2 is H x:y is the ratio of each
nononer WwWDt306816he copol ymer with x+y=1. 79. The phar na®emtsezb4711

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 dl/g. 80. A pharmaceutical conposition conprising an aqueous

suspension of a mneral salt and an imunostinulatory conplex of any one

of claiml1l to 23 wherein the mneral _salt is selected fromgrou
consi sting of TR HEAT hydPBXHLRY B L rithn AR pHt eQr%HRnﬁéhﬁﬁék&%%ate

cal cium phosphat£. pi8d. odhea phas Mace U ekt eoapasd tden, of clai m 80 wherein
the alum num hydroxide is selected fromthe group consisting of

Al hydrogel (r) and Adj u-phos(r). 82. The pharmaceutical conposition of claim

80 wher ei ¢p I herh AquEONSs PNesec £k e EGHed d 1OM K d1es @iadips Gomsd st i ng of
distill ed deioni zed water, saline, PBS and a m xture thereof. 83. The

pharnaceutlcalc%%m%%%$$l%ntQﬁl§ﬂ%ﬁrﬁ%ﬁﬁqqﬁqrﬁﬁom _the@reyp 039 sIEng

PCT/ US03/ 04711, £ CONPEE SbPGs A LSy v sehect g dgom the group
consi sting of 2-phenoxy-ethanol and a derivative thereof in the aqueous

phase. 84. A nethod of eliciting the production of an antibody in a host

?Z an i nmyne resPoRsE-LONPSF Sk NG RS N St € d M Ginp SOIMAS I A AP ACEHT Ehag t O
aqueous phase a preservative selected from the group

consisting of 2-phenoxy-ethanol and a derivative thereof.

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-16, IL-2, IL-12, IFN-y and

a derivative thereof.

73. The process of claim 63 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-1K, 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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75.

6.

7.

18.

in an aqueous solvent selected from the group consisting
of distilled deionized water, saline and phosphate

buffered saline.

A pharmaceutical composition comprising a water-in-oil
emulsion of an immunostimulatory complex of any one of

claim 1 to 23.

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. Ccoli and a cytokine selected
from the group consisting of IL-16, IL-2, IL-12, IFN-yand

a derivative thereof.

A pharmaceutical composition comprising a gel of an
immunostimulatory complex of any one of claim 1 to 23
wherein the gel is formed in situ by adding the
immunostimulatory 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.

The pharmaceutical composition of claim 77 wherein the

biodegradable polymer is
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79.

80.

81.

82.

83.

O
O R2
R1 : 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+y=1.

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/g.

A pharmaceutical composition comprising an agueous
suspension of a mineral salt and an immunostimulatory
complex 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.

The pharmaceutical composition of claim 80 wherein the
aluminum hydroxide is selected from the group consisting

of Alhydrogel® and Adju-phos®.

The pharmaceutical composition of claim 80 wherein the
aqueous phase is selected from the group consisting of
distilled deionized water, saline, PBS and a mixture

thereof.

The pharmaceutical composition of claim 80 further
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84.

comprising a preservative selected from the group
consisting of 2-phenoxy-ethanol and a derivative thereof

in the aqueous phase.
A method of eliciting the production of an antibody in a

host as an immune response comprising administering a

composition according to 74.
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