WD 02/ 26209 PCT/ US01/ 30540 M CROPARTI CLES FOR DELI VERY OF HETEROLOGOUS
NUCLEI C ACI DS Technical Field The present invention relates generally to
pharmaceutical conpositions. In particular, the invention relates to

m croparticles of polyners or subm cron emul sions having adsorbent surfaces
wherein biologically active agents, particularly nucleic acids, such as

pl asmi d DNA, Eukaryotic Layered Vector Initiation Systens (ELVIS vectors)
or RNA vector constructs, are adsorbed thereto, nethods for preparing such
m cr opart ived &petad submi cron enul sions, and uses t her e@gfr/usésedsudi ng

i nduction of inmmune responses, vaccines, and delivery of heterol ogous

nucl eoti de sequences to eukaryotic cells and ani mals. Background
Particul ate carriers have been used in order to achieve controll ed,
parenteral delivery of therapeutic conmpounds. Such carriers are designed to
mai ntain the active agent in the delivery systemfor an extended period of
time. Exanples of particulate carriers include those derived from

pol ynmet hyl net hacryl ate polyners, as well as mcroparticles derived from
poly(lactides) (see, e.g., US. Patent No. 3,773,919),

pol y(l acti de-co-glycolides), known as PLG (see, e.g., U S. Patent No. 4;
767.628) and pol yet hyl ene glycol, known as PEG (see, eg., U S Patent No.
5,648, 095) . Polynethyl nethacrylate pol ymers are nondegradable while PLG
particl es bi odegiCadrARNCYENRIG PR IFAES ] ‘ bonds to

| actic and glycolic acids whi ch are excreted along nornal met abol i c

pat hways. For exanple, U S. Patent No. 5,648,095 describes the use of

m crosphures with . encapsul ated pharmaceuticals as drug deliverysystens for
nasal , oraF?g%ﬁﬁﬁﬁﬁary and oral delivery. SIOMFreIease formul ati ons

cont ai ni ng varmmssepﬁinyqo@pzteiatd@e@raumb bhafractiprisorpaytna is@riodenhe descri bed.

See, 1111@1&‘:1%15 ﬁﬁ{eb B%}OPB‘HPJS e MMcr\épen%ﬁ{oﬂs%;\?ﬁ ’adsu'bét sugﬁgse nt No.

5, 134 122 an I nternational Publication No. . WO 02/ 26209

PCT/ US01/ 30%%1 iglogigally gpivegpents. papeilmalcefaciéo et 6 Plretf %% é‘a‘éléof% 137- 143

(1998) des aray&hesrenanﬁﬁaabﬁ Syﬁilar&$EL\p$ epat)edRiL omcpohyrakdkyt ayaroacr yl at es ( PACA)
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m croparticle ave a een use sorbed of entra péd antigens in
attenpts t dm@ld’i“&?l@m%é’&ﬂlﬁ)l”é TESPARTH B2cPRes PRI Yy of Srterplogorruflesties present nul tipl e
copi es of BusktechedyAapntageNatast he | mmune system and pronote trappi ng and
retention of antigens in |ocal |ynph nodes. The particles can be

phagocyt osed by macrophages and can enhance antigen presentation through
cyt oki ne redadgzand For exanpl e. commonly owned, co-pending Application No.

09{1 015, 652, filgdicdanuale) h&2beed 26 orfle® GRS, Y8R kicidd drgen- adsor bed
an ant i gen

Lherapeu‘lc comapounds. Such carriers are designed to maintain the active agent in the delivery
system for an extended period of timse. Examples of particulate carniers include those derived from
polymethyl methacrylate polymers,' as well as microparticles derived from poly(lactides) (see, e.g.,
U.S. Patent No. 3,773,919), poly(actide-co-glycclides), known as PLG (see, e.g., U.S. Patent No.
4.767,628) and polyethylene glycol known as PEG (see, e.g., U.S. Patent No. 5,648,095).
Polymethyl methacrylate polymers are nondegradable while PLG particles biodegrade by random
ponenzymatic hydrolysis of ester bonds 1o lactic and glycolic acids which are excreted along
normal metabolic pathways.

For example, U.S. Patent No. 5,648,095 describes the use of microspheres with
encapsulated pharmaceuticals as drug delivery systems for nasal, oral, pulmonary and oral delivery.
Slow-release formulations containing various polypeptide growth factors have also been
described. See, e.g., International Publication No. WO 94/12158, U.S. Patent No. 5,134,122 and
International Publication No. WO 96/37216.



encapsul ated mcroparticles to stinulate cell-nediated i nmunol ogi cal
responses, as well as nethods of making the mcroparticles. In conmmonly
owned Patent Application Serial No. 09/015, 652, for exanple, a nethod of
formng mcroparticles is disclosed which conprises conbining a polynmer with
an organi c solvent, then adding an emul sion stabilizer, such as polyvinyl

al cohol (PVA), then evaporating the organic solvent, thereby formng

m croparticles. The surface of the mcroparticles conprises the polyner and
t he stablIwg%bﬂnapcronnlecules such as ELVI S vectors, epEheseihed eoti des (DNA
or RNA), polypeptides, and antigens may then be adsorbed on those surfaces.
Adj uvants are conpounds whi ch are capable of potentiating an i nmune response
to antigens. Adjuvants can potentiate both hunoral and cellular immunity.
However, it is preferable for certain pathogens to stinulate cellular
imunity and, particularly, Thl cells. In many instances, presently used
adj uvants do not adequately induce Thl cell responses, and/or have

del eterious side effects. Currently, the only adjuvants approved for human

gse in t][1eI U]pi t @ghafili Al ESmALLC R4 Rk 55871193 &QJSmeeThﬁﬁﬁrﬁagj uvant sI have
een useful for some vaccines in t i phtheria, polio,
rabi es, and pfeﬁaf“fd&r@ﬁfgyﬁ% 9 m??g‘%&g%g%’él ‘1abefi8 O?)Ut%ﬁélg? For exanpl e,
reports i ndi cat @atitwete cargérs) pach alnh@@amdesmmraba/@ertda@i vethhésobedvemeggedof whoopi ng

cough and t yphol & MAGEINGS: zﬁghqatplﬁngl\éﬁqu%msep Nudh (%’I]§IL br%ﬁt nﬁfnﬁl@&)ﬁes\’éﬁf th
adenovi rus vaccines. Additionally, | ens such i nduct.i on of

gr anul omas éﬁe?ﬁ%“?ﬁ?éﬂ??@ﬁmgF*@mﬁﬁé“PﬁF“ﬁ@mﬁ6?T@%T?ﬁf?ﬁﬁmﬁwbﬁlum
preparati onsyxﬂpmﬂcﬁesbempmleecpafue @mgcegztoseMyoﬁa&mﬁges ol es emﬁpm@d from

bi odegr adabl e | g

poly(lactldg ﬁgF %R£§ 5%6?8 %ggh(ﬁeen n%ﬁg}ratéém?mm%e effective
vehi cl es foﬁodp éﬁmﬁ el Qﬁ?@@ﬂPG$PUEB$$3@9hWaﬁﬁ?ﬂ@@ns. I n addition,
PLG nlCrOpak&hﬁMﬁahﬁ&&mﬁﬂah6ﬁhﬂhﬁ&H&ﬁmﬁaﬁﬁmhﬁkgﬁ&&maﬁwﬁﬁbﬂa@ped anti gens
and, thus f ential S|ngle dose vaccines. Moreover,
adnlnlstratlgﬁ‘% ]%&%ﬂggra. ?ﬁ&x ynmers wth entrapped antlgens has been
denonstrat ed |nI%wﬂﬁmiwwwd%ﬁ?%@ﬁmﬁﬁﬂ@P@TFdwmﬁaﬁéémﬁﬁﬁ@hﬂﬂmﬂﬁhﬁne responses.

O Hagan et &drming ANRRGRGS B¥cléged Reki abmprB&\eomblﬂn%%m%mrﬁa%&%;g&ﬂ&owﬁd Si ngh et
al ., . Advancﬁue? gﬁugﬁer esmnsBaBLeﬁzef uch %Hgngl alc ﬂgyg neva ovggg %logsur es of whi ch

are incorpora ere i &t si on
conpri sing s@uaieﬂéwﬂ@@m$mmmmwm%adh@ﬁ@@eﬁ@paﬂgﬁﬁwvﬁcamdup@hysmmbate 80

(Tween SOT Mmdrmecsfaﬁfléeyln@m%ﬁ@lecm spcrhqym@s Wedlodls Qi) DhoiShidS PO GrQAs opl ets, i . e.
MF59, has also been shown to ipduc otent i_nmune responses. M-59

formul at i on@°Hg W@wﬁﬁgﬁmgﬂﬂﬁﬁﬂFBMVﬂﬁ G ROt P iSdy titers from5 to >100 times
greater than thogevaoltmaicagobndd whirh arle vapkbiewip geatiatinged fromaetesponse to

antigens. Adjuvants can potentiate both humoral and celiular immunity. However, it is preferable

for certain pathogens to stimulate cellular immunity and, particularly, Thl cells. In many istances,
presently used adjuvants do not adequately induce Th1 cell responses, and/or have deleterious side
effects.

Currently, the only adjuvants approved for human use in the United States are aluminum
salts (alum). These adjuvants have been useful for some vaccines including hepatitis B, diphtheria,
polio, rabies, and influenza, but may not be useful for others. For example, reports indicate that
alum failed to 1mprove the effectiveness of whooping cough and typhoid vaccines and provided
only a slight effect with adenovirus vaccines. Addtionally, problems such as, induction of
granulomas at the injection site and lot-to-lot variation of alum preparations have been
experienced,

Microparticles prepared from biodegradable and biocompatible polymers, known as the
poly(lactide-co-glycolides) (PLG), have been demonstrated to be effective vehicles for a number of



MF59 has been denonstrated to enhance the i mmune response to antigens from
numer ous sources including, for exanple, herpes sinplex virus (HSV), human
i mmunodeficiency virus (HV), influenza virus, hepatitis C virus (HCV)
cytonegal ovitus (CW), hepatitis B virus (HBV), human papillomavirus (HPV),
and malaria. Ot et al., Vaccine Design: The SubunitAndAdj uvant Approach,
1995, MF. Powell and MJ. Newman, Eds., Plenum Press, New York, p. 277-296;
Singh et al., Vaccine, 1998, 16,1822-1827; Ot at al., Vaccine, 1995, 13,
1557-1562; wghla@gn et al., Mal. Medicine Today, 1997, pdeloyasi. 69-75; and
Traquina et all, J. Infect. D's., 1996, 174; 1168-75, the disclosures of
whi ch are incorporated herein by reference in their entirety. NRF59

adj uvant i nproves the inmunogenicity of subunit antigens while maintaining
the safety and tolerability profile of alum adjuvant. Van Nest et al.,
Vacci nes 92, 1992, Cold Spring Harbor Laboratory Press, 57-62 and Val ensi
et all, J. Imunol., 1994, 153, 4029-39, the disclosures of which are

i ncorporated herein by reference in their entirety. M59 is further
described i Buighs w@&d&nnudimsmpﬁmad dafC @kt oDie 158 bf ralbasdN@ ent @b Aedthela ks, il ed May
4, 1995, which js asgég d qﬁsi nee aof the resqﬂ) |nvent|on t he

di scl osure &F T BT f%%SF%%?%?gﬁ PSR By PRP S PROYES entirety. In
ani mal studm®$¢MWE59mmashm©®nb@@mﬁﬁdundm&@dbsmg@m@ﬁ@meEWmematogenic nor

does it caysenSERshd] GahiRlal meangmmgmzwewwam%ﬁém%é&eappears to be
dependent upon the generation of a stron i. e., a Th2 cel

response. Nﬁ%@dﬁﬁf@95&9§”1ﬁbm%W%f42%FP%Ff%“PP¥¥P§W ?Fméﬁﬁwnqﬂl responses, or
cyt ot oxi ¢ Thyaphyeayhe if Gdlentirttgsponses, A i gonucl eoti des conprising CpG

notifs nixed with antigens have been. d strong Thl
I mrune responses. Iﬂ# n??”%f? mmmﬁgﬁege§ %ﬁgémggﬁﬁxggig Wi ner et all
3 WO 02/262@9@@@VWU@0M&@®@@©me@UmﬁmmW&RdmsadomsmleN@E%@%&99¢m94

10833- 10837 sho%%'m%uc% oték immunk- resbtﬁﬁ@s‘ N@kso forx&@a%@:s %Q@be@x]@omﬁz Qducg:huet al., J. Exp.
Med., 1997: 6 1623-1631; ngfor et al 1997, 27

2340- 2344; B e o f"“‘evaac?c’:‘i°ﬁfe°°‘a’ie§é*§? T%“‘i“?’rlrguﬂ? YH5 t he
di scl osur es M¥p9 mhtieetiermgeirate] ooolrape tha irggnd yesp@ieto byigenef ey rmmerens squrctshei r

entirety. Uppehilvhaked.GRG sqinﬂﬂgmo@sdﬁm&mmh%bnw pRgMMON i n bacterial

DNA, but are underrepresented and net%¥ ated in vertebrate DNA. Bird,
Trends Genetiflienzpgigs, hepgtitis &435us4HGV). glome Fﬁf“ﬁwﬁhﬁﬁm§§ﬁFﬁ%??% BPEyonucl eot i des
cont ai ni ng p@mmEWhynaﬂedmﬁnﬁmmuvnﬁw Hncenadesion: KhedSahunitr gnd Aduee | mmune

responses | ikl B L £l ARG el iok | nBELRLLSLANANy nker | eukin. © and

i mmunogl obul'n sécretion, apopt osi s resi stance. at, Nature,

1995, 374, §%25Q19V4(¢’7€n¥?ﬁ§1]@t18~5t18 TPYthe al. Kegeire. 198848 15§a1t56mﬁ "&9’96 93,
2879- 2883; oBakbl sassiete Taday, 1997, Flaaﬁmgmba andi&&ﬁlaerwh 1793@34@15 184 ;7¢«Cowdery e' at,

J Lnnmunol ., 0 4575; I unol ., 1996,
167, 7 2. 75 VAnAArG EE oAy 1 o BBt gy JEB 5Ee 7

St acey et aP@?@@mPWWﬁﬁm@@wmmﬁggﬁdfﬁgmamzﬂ$®h2£2@@mwe@swﬁam@t al ., J.

| rnnunol ., tolerability profile of alum adjuvant. Van Nest et al., Vaccines 92, 1992, Cold Spring Harbor

Laboratory Press, 57-62 and Valensi et al., J. Immunol., 1994, 153, 4029-39, the disclosures of

which are incorporated herein by reference in thejr entirety. MF59 is further described in co-
pending U.S. application Serial No. 08/434,512, filed May 4, 1995, which is assigned to the
assignee of the present invention, the disclosure of which is incorporated herein by reference in its
entirety. In animal studies, MF59 has not been found to be genotoxic, teratogenic, nor does it
cause sensitization. The mechanism of action of MF595 appears to be dependent upon the
generation of a strong CD4+ T cell, i.e., a Th2 cell response. MF59 adjuvaunts, however, elicit
little, if any, Thl responses, or cytotoxic T lymphocyte (CTL) responses.

Oligonucleotides comprising CpG motifs mixed with antigens have been demonstrated to

induce strong Thl immune responses. Roman et al., Nat. Med., 1997, 3, 849-854; Weiner et al.,



1991, 147, )759-1764; Yi et al., J. bnmmvzoi., 1996, 157, 4918-4925; Yi et
al., J. bnmunol., 1996, 157, 5394-5402; Yi et al., J. Imenot., 1998, 160,
4755-4761; andYi et al., J Invnunot, 1995, 160, 5898-5906; PCT

Publ i cati onWD 96/ 02555; PCT Publication RTO 98/16247; PCT Publication WO
98/ 18810; PCT Publication WO 98/40100; PCT Publication Vi TO 98/55495; PCT
Publ ication WD 981379)9; and PCT Publication WD 98152581, the disclosures
of which are incorporated herein by reference in their entirety. It has

al so been @ggmz(ghat cationic |ipid-based emul sions meyha.ysed as gehe
carriers. .0., Yi at al., Proc. Int'l. Syrrp Control. P.S. Bicact.

Mater., 24:653-654 (1997); Kimet al., Proc. Int'l. Synp. Control. Ref

Di oact. Mater., 25:344-345 (1998); Kimet al., Proc. Int'l. Synp. Control.
Rel . Bioact Mater., 26, #5438 (1999). Cationic subm cron enul sions, a
sonmewhat recent approach to pharmaceutical delivery, were first shown to
have carrying capacity for small nolecule drugs (El baz et al 1993 Int. J.
Pharm 96 R -R6). Use of the charged surface to stably bind and protect

ol i gonucl eqiidgs; Acﬂd %srmr {1@5 9&)@@@3 ﬁﬁﬁ)ﬂﬁr&s%ﬁlﬁ eﬂ]»fn%ozb%bzmol ol i goner s
(Teixera et _al (19 Phar m Res pl.asm d DNAgI et al (2000)

Phar m Res £7° §Tﬂe’ "13%5‘5 MoTRPL 6‘??5@813 @%F@f"fﬁiﬁé"l h@(/re] BEERclsHoWd”t o enhance

t ransf ect i @a40-1344¢ hufd Md1daveehl eNalt Buccine( 1988V @121841224, thddElashres Avhadjrelvant  whi ch

results in ng or%tgdcu:]r%@i% reﬁienc%inm)r EJ&EGIKJ. U net 9{%§8pd‘@ﬂuﬁ?o§%%@repe it 7ed for

prophyl actic erapeuti c treatnent us desi uch a response
woul d be hePReH D fapterpl be/2zeotuerperrUStrristsd o verdat Mt B¢, for exanpl e,
viral inf e%dn@sf‘(&na'zlsl%ﬁb|34ﬁ347f Bhcteki AMAoZdyBetid m&n\ami»u@ls &nﬁﬁﬁ@epti ble to viral

i nfections. teg’ggje 14 48?0 maand' 6, 015, 686. di se E kgr yotic Layered

Vector | niti a?l i * PEIVPSVELT 8781 5% Bl W P2 dor i ved and
const ruct edeﬁmdmﬂamphavquk@é ang@mronreatobulf sagrehpnegd @PmeBASF@lS@@aane" flor use in

stinmul ati ngy ami.paYuRs 3"7&5&0518@0&:&:1%1 a:mcl AR Vicad. Bei B NO6S 0Dbs70 b1 bi ti ng

pat hogeni c A%gntz and’in deli veﬁ% het er ol ogous r}ucl eoti de sequences to
eukaryotic P96 Tolfig™ghi Tet &7 & }186“’8?‘?‘9@% 2l oty e *Yfit er nat i onal
pat ent applisTatilem eRCTCAISHDyhol TG 1 @rvd- 7BJYSman|mateemenapp‘hncﬂa¢eJ on 09/ 715, 902
di scl ose E&O&*&seefmﬁ%%epgmm AR '95%' £ 2hf%V2'1£bg 9&9189 gl ool ecul es,

such as a pnhar maceuti ca nuc eot J% e tid e, a pr ‘ot ei n, a
hormone,  dfleffZyided 17&% ffreaﬁlsérfww%ﬁ”ér”t f‘%lﬁé‘P tYl@hai néév"&rdr 199&n
i nt er nedi at1e7 b3psasoretialnl J onpadinysay,,  6004vss- nmmﬁmdmlmwﬁunozamantl gen, an

ad) uvant, c{ %@ﬁoﬁaﬁﬁﬁmmeﬁ%% %@E}g&g/@lﬁ ¢ ?vo dg@ﬂ@%ﬂ? ot puned, .
I nt ernat i ona patent a tion 333 I scloses nethods of making
submi cron &YRPH] SélﬁsPQTaRPPW@OEWQCPﬁ/B@@O AEE P Whration N WS 5495 LR Paldicagion
phar maceut i@bs/37819; and PCT Publication WO 98/52581, the disclosures of which are incorporated
herein by reference in their entirety.
It has also been shown that cationic lipid-based emulsions may be used as gene carriers.
See, e.g., Yiet al., Proc. Int’l. Symp. Control Rel Bicact. Mater., 24:653-654 (1997); Kim et al,
Proc. Int’l Symp. Control. Rel Bioact. Mater., 25:344-345 (1998); Kim et 2L, Proc. Int’l. Symp.
Control. Rel Bioact. Maier., 26, #5438 (1999). Cationic submicron emulsions, a somewhat recent
approach to pharmaceutical delivery, were first shown to have carrying capacity for small
molecule drugs (Elbaz et al 1993 Int. J. Pharm. 96 R1-R6). Use of the charged surface to stably
bind and protect oligonucleotides in serum has been demonstrated for both small oligomers
(Teixera et al (1999) Pharm Res 16 30-36) and plasmid DNA (Y1 et al (2000) Pharm Res 17 314-
320.) DOTAP-based emulsions have been shown to enhance transfection in vitro and in vivo.
(Xim et al., supra).
An adjuvant which results in the increase of a Th1 cell response which can be used for

prophylactic and therapeutic treatment is thus desirable. Such a response would be helpful in



pol ynucl eoti de, a pol ypeptide, a protein, ahornone, an enzyne, a
transcription or translation nediator, an internediate in a netabolic

pat hway, an i munonodul ator, an antigen, an adjuvant, or conbinations
thereof, and the |ike. Summary of the Invention The inventors herein have

di scovered that the effectiveness of the various uses of nucleic acids,
particularly vector constructs capable of expressing a nucleic acid
sequence, and nore particularly vector constructs conprising aheterol ogous
nucl ei ¢ aciwe ogegebence encodi ng an antigen, such as suedr/pdsmectors, ELVI S
vectors or RNA vector constructs may be enhanced by adsorbing the vector
constructs to polynmer mcroparticles or subm cron enul sions with adsorbent
surfaces, which facilitates introduction of the vector constructs, and of

het er ol ogous nucl eic acid sequences conprised in the vector constructs,
into the cells of an animal. As disclosed in above described International
Pat ent Application PCT/US99/17308, a nethod of formng mcroparticles with
adsor bent surfaces capable of adsorbing a wide variety of macronol ecul es
has been i nvemesid!, fdr exagple vedribbdiprranvell at frdmmingng pdividuals Fussptile @ wwanpr i sed of
both a 5 WO, R2(,£6209 PCT/USQO /30 40 polymer and a detergent. The

m croparticles of the present invention adsorb_such_macronpol ecul es nore
efficiently thahSotafar > oPast PEePerces FrEmtIcy Zavar Fapidatiogey er al

enbodi nment s Swofemt BEVISIves@dtpaticuiadythisodenwetl pddicangtrunted fra@pdphtvired pewmtshat are deri ved
froma pol yggr, s@&gum%%oﬁg&kﬁg a !%M%e?egﬂoﬁilto aﬁgﬁgamgmayofbuty“ ¢ acid,
apol ycapr ol act one, ort hoester, I'ya

pol yal kyl cya%%mﬁmfvé ag"é“ﬁé‘i’?é*}‘%dééﬁ‘f‘iﬂl%f"é nuc&ﬁtaie feAsndef legukasgid  are f or med

W th detergﬂﬂhﬁdmﬁﬂﬁhmﬁﬁyﬂﬁklOnIC ani oni ¢, or nonionic detergents, which
detergents may .be u . The n tors have discovered
t hat these nlcropareg dﬂﬁ“mﬁgdpgw{ q§%€ z sor @%8%mg %¢g§ or constructs
(e.qg., ELVI8@V@@P6W@59WNWdV@@¥@Whe%w@&ﬁﬁﬁﬂéTd%é§mme$wbﬁ% viral antigens,

and provi demﬁdacrmoﬁuﬂeersﬁceas dﬂHB‘Mﬂ&nEaﬁsp@yﬂﬁﬁ&de apaﬁpegids@b@&amuoﬂnoa@ove descri bed

| nter nat! On?’nl P%E %r‘r]rt ortaafp% n ato CQrmc:}d\atelﬂ metabcqlc pa Ovi%?i'raital cle
preparation cOHPFri*sThH ap b CFon “enut i ons oni c

sur f act ant s injyamomo e, apmheqmtveddlu‘@m@hcoeﬂbmﬁlefsﬁhme@md&ela@l | y adsorb

macr onol ecul es @Mﬁ%bn@%wﬂal&teﬂﬁcﬁmwﬁt apRgioPbMIRTS00/ANt 1 BRRBLEmANEGUl es. Sever al
enbodi nent s g t he. Pres |nve t|o utilize mocro artlclgs that are
CO

derived fro a8 O RAY PP &R i%es a
met abol i zabbca'nuﬂebnd&radompielmalp&temyahqgnoafgmmnuimscalpt@npri@bs@mabl y present in

the form of m@cﬁhto?'aﬂm{eﬂnemtﬁ m@tﬁ‘ﬂdhc%aﬂ@avhﬁ%:ﬁlﬂon%hxhator%%ﬁio&t§Ja§j hstantially all
of which are less than 1 mcron in dianeter, preferably smaller than 250 nm

Preferably, mﬁﬁ@“@ﬁﬁﬁ@§ﬁfﬁﬁHm@&?sts in the absence of any
pol yoxypr opyl ene- pol yoxyet hyl ene bl ock copolvmer. The oil is preferably an

ani mal oil;san, unsaAl Wakgd hydrocarbon, a terpenoid such

The mventors herein have discovered that the effectiveness of the various uses of nucleic
acids, particularly vector constructs capable of expressing 2 nucleic acid sequence, and more
particularly vector constructs comprising a heterologous nucleic acid sequence encoding an
antigen, such as such pCMV vectors, ELVIS vectors or RNA vector constructs may be enhanced
by adsorbing the vector constructs to polymer microparticles or submicron emulsions with
adsorbent surfaces, which facilitates introduction of the vector constructs, and of heterologous
nucleic acid sequences comprised in the vector constructs, into the cells of an animal.

As disclosed in above described International Patent Application PCT/US99/17308, a
method of forming microparticles with adsorbent surfaces capable of adsorbing a wide variety of

macromolecules has been invented. In one embodiment, the microparticles are comprised of both a



as, for exanple, squal ene, or a vegetable oil The conposition preferably

conprises 0.5 to 20 % by volune of the oil in an agueous nedi um The
enul si fying agent preferably conprises a non- ionic detergent such as a
pol yoxyet hyl ene sorbitan nono-, di-, or triester or a sorbitan nono-, di-

or triether, Preferably, the conposition conprises about 0.01 to about 5 %
by wei ght of the enulsifying agent. Hence, in sone enbodi nents, the
particul ate portion of the invention's conposition is a mcroparticle with
an adsor bewb ostbiace, wherein the mcroparticle conpriBesuspotsyarer sel ected
fromthe group consisting of a poly(a-hydroxy acid), a pol yhydroxy butyric
acid, a polycaprol actone, a polyorthoester, apol yanhydride, and a

pol ycyanoacryl ate. |In another enbodi nents, the particulate portion of the
invention's conposition is a submcron enul sion which conprise an oi
droplet enmulsion forrmulated with an ionic detergent. 6 WO 02/26209

PCT/ US01/ 30540 In other enbodinents, the mcroparticle further conprises
vect or constructs capable of expressing a nucleic acid sequence, such as a
sel ect ed ELMhSeymde datergsnt. Fanigenatiess oftbamseseotistentiop eliserh brelgmesromplaeles

nlc{oparélcb@e§m§aﬂ§ﬁ&@mgWh&&m&B@cMﬁﬁkqgmg@nstruct conprLS|ng ahet er ol ogous
nucl eoti de sequence encodin i de r ot a hor an enzynme,
a transcripti on%‘(‘)v ral BPPOMWE&%E ?“%‘ vgntnﬁﬁmmiﬁm%) E? iH 8P Oéf“net abol i c
pat hway, anpaymrusohoapblat-bydroxperidaapeldedngxy dutyric adl, epdadprolagioneconbi nat i ons

t her eof andf&mﬂbdestéseapolmhﬁs&eegpoﬁm%m;é,ap&y@aﬂbmﬁ@t&mm firected to a
m croparticle conposition conprisi.ng nucl el ¢ acid, preferably vector

constructs FaPEBIIETYfeteseis. Sk psrarionic. ARieRiceqr omipgic ae%@ﬁf&évﬁ’é}édeteéﬁ’é’nm%s a
sel ect ed pCbAbsadactombipatibnl Th&Sprset tntahito B havRiidonee th@trthemﬂednfamaés yieddsorbed to a

m croparti C{nﬁm%dh%ﬁm%owe%&]} &%%t@(ﬂ&',ﬁ%ﬁ@&&?%ﬁ%% Jnl’uu@t CERERRI €

exci pi ent. odi nent s & invention is directed to a method of
produci ng avifi Efgpard Py for gpRepOT FHUALIEBIEEd -nucl ei ¢ aci d, preferably vector
constructs capabk @scdfed@epiveasiddel mermxsdamaﬁnta@plﬂauoﬁmumwessssuch as an ELVI S

vector or RleACIO\éS'gCEe% € 8’81'”1?},011)%%5 O# &g qulg ?I'gn rsl\édl %hséfac)[an‘ggnbl nl ng a

pol ynmer sol ut I'si ng ect e rom group consisting of
a pol y(a- hybﬁe@mﬁﬂta‘tlséﬁh COW%MWWW @Wb%‘towli*ele%fé‘ihds DRA.postope g pdtract one, a
po: yorthoes B@Bamcamxaaﬂeyesmyaaiémbd@nenaladm@pr@?k Mﬁeﬁtﬁbﬂ@tﬁ@d’rﬁ&r@ﬂa&des\/’eﬁh@ﬁ:@l n the
polymer is pres en of about ut 30%in an

organi ¢ sol V&F netd%ogr%wadﬁc’pgtrﬁr%“%’im Tsmgretemﬁ%compm%srar%m éﬁ & %nr gent to the

pol ymer soIa@ﬂ@hmw%ﬂ@w@@ﬁmmhémudeﬂemgemﬁmmgﬁpmégsw@ramﬁanhﬁﬁgdlof 0.001 to

10 (ww de@:@ﬁlﬁ?ﬂﬁs‘naﬁﬂﬂﬁﬂﬂo%@dbmeﬁ& Q1 mcam nRRIhMEELGal ehaetm BXt Ur e;  (b)
di spersing the feratX}n&r/deter}gent m Xt

nm. Pr e composition exasts in the absenue of any polyoxypropylene-polyoxyethylene
block copelymer. The oil is preferably an animal cil, an unsaturated hydrocarbon, a terpenoid such
as, for example, squalene, or a vegetable 01L The composition preferably comprises 0.5 to 20 %
by volume of the oil in an agueous medium  The emulsifying agent preferably comprises a non-
ionic detergent such as a polyoxyethylene sorbitan mono-, di-, or trester or a sorbitan mono-, di-,
or triether, Preferably, the composition comprises about 0.01 to about 5 % by weight of the
emulsifying 'agent.

Hence, i some embodiments, the particulate portion of the invention's coraposition is a
microparticle with an adsorbent surface, wherein the microparticle comprises a polymer selected
from the group consisting of a poly(o-hydroxy acid), a polyhydroxy butyric acid, a
polycaprolactone, a polyorthoester, a polyanhydride, and a polycyanoacrylate.

In another embodiments, the particulate portion of the invention's composition is a

submicron emulsion which comprise an oil droplet emulsion formmlated with an ionic detergent.



(c) renoving the organic solvent; (d) recovering the mcroparticle; and (f)

adsorbing an ELVIS vector or RNA vector construct to the surface of the

m croparticle, wherein the ELVIS vector or RNA vector construct conprises a

het er ol ogous nucl eoti de sequence encodi ng a pol ypeptide, a protein, a

hor nrone, an enzyne, a transcription or translation nmediator, an

internmediate in a netabolic pathway, an imunonodul ator, an antigen, an

adj uvant, or conbinations thereof, and the |like. Preferably, the

pol ymer / de{vghgenteo M xture is enulsified to form an enmu@E@m/pdor to

removi ng the organic solvent. 7 WO (12/26209 PCT/US01/ 30540 In ot her

enbodi nents. the invention is directed to a mcroparticle produced by the

above- described nethods. Modre preferably, a microparticle conposition is

produced, which also conprises a pharnmaceutically acceptable excipient. In

still other enbodinents, the invention is directed to a nmethod of delivering

a heterol ogous nucl eotide sequence to a vertebrate subject, which conprises

adm nistering to a vertebrate subject any of the conpositions described

above. I n addi th geatmbedrerti thearitrepartielhiartternpapris¢sgpridr songiupteepaldot o a net hod for

eliciting axp@lidsdhaleic adidUBRe, rm@ﬁm@&@ea BLVAS Vet & RNALES RieGt conpri sing

adnlnlsterlngrto t he Vertebrﬁ%@‘ﬁ ect a therapeutically effective anount
e

of a sel ect?&T HSPEF BIBHBLIESH é%?éaﬁﬁﬂ%gnﬁ e 38d%8“a m croparticle
of the Invwn@mmhS@mm®kh@¢m5m@Mdmmempmmmﬂﬂ@m®mwaMMWmﬂausmﬂmmecded to a nethod

of I mmuni zatl0n,Walieh m%%ﬂe&héﬁ%n@%&é}!aﬁ&?rdﬂﬂn%%ﬁmﬁ&r helial & subject a

therapeutically effective anount of any o m croparti cl e conpositions
above. The *EBAHFS FEBriorelreiptf Bh%e y contai n unbound macronol ecul es, and
al so may opti omadtheyendodihaisitheedErtvgindisstedtaChicrdpartgle adnppditontompssing 8 such as

al um num PROSANAY ferl Aol IRNERENFLORAOMREESLIe il 8884, ONe PG Mot f.

In several preferre e mcropart es are fornmed froma
pol y( a- hydridseipd P@EY Fptor. %Yléveﬁ%ﬁrréﬁémcipr Coasﬁw adiopyed to p gicpopiEle @byl yeol i de) ;
and nost preéndsail ¥ phafnapoiiglyBickpidbaedcpede- co- gl ycohde) . Each of the

nonexbausti ve Ex{o%}é'r &%?Meng‘%ée%%&%‘n} %@?ﬁﬁ&eﬂ hog]oppgoggc?t{%ta%n%lrogg‘ncﬁay optional ly

al so have macronol ecul es entra int sol uti on Thus,
t he |nventﬂ@hmﬂﬁﬁéﬁhﬁé§%@§IﬁﬁvﬁbW@Wyaﬁﬁm@%ﬁﬁ@ﬁQFH@W@WWH@kéP%inuclelc aci d

mol ecul es aéqﬁen&d&&fabﬁﬁhm vem&fm@v&mmo@sucamﬁm@%mﬁmg ei ¢ acid nol ecul es
are entrapped or reo t he of the invention

SO % ? ro %
n o
may have nore thagq %glmﬁﬁH” S AT AUCTRT S Her el}ie%or &6t igPeon
consistimg of a poly(a-hydroxy amd) a polyhydroxy butyric acid, a polycaprolacione a

polyorthoester, a polyanhydride, and a polycyanoacrylate, wherein the polymer is present at a
concentration of about 1% to about 30% in an organic solvent;

and an anionic, catiopic, 01 nonionic detergent to the polymer solution, wherein the
detergent is present at a ratio of 0.001 to 10 (w/w) detergent to polymer, to forma
polymer/deiergent mixture;

(b) dispersing the polymer/detergent mixture;

(c) removing the organic solvent;

{(d) recovering the microparticle; and

(f) adsorbing an ELVIS vector or RNA vector construct to the surface of the
microparticle, wherein the ELVIS vector or RNA vector construct comprises a heterologous
nucleotide sequence encoding a polypeptide, a protein, 2 hormone, an enzyime, a
transcription or translation mediator, an intermediate in a metabolic pathway, an
immunomodulator, an antigen, an adjuvant, or combinations thereof, and the like.

Preferably, the polymer/detergent mixture is emulsified to form an emulsion prior to

removing the organic solvent.



as well as other antigenic nmacronol ecul es adsorbed thereon. Additionally,
the mcroparticles may have several species of nucleic acid and/or other
anti geni c macronol ecul es entrapped within In other preferred enbodi nents,
the mcroparticles are prepared in the formof subm cron enulsions as
descri bed above. The present invention is also directed to inmunogenic
conpositions conprising an inmmunostimulating anount of a nucleic acid
(e.g., a vector construct capable of expressing a nucleic and sequence,
such as a sg/J@etwesd ELVIS vector or RNA vector construcper/bies®sd he 8 WO
02/ 20209 PCT/ US01/ 30-540 het erol ogous nucl eoti de sequence portion of the
ELVI S vector or RNA vector construct may encode an antigen), and an

i mrunosti nul ati ng anount of an adjuvant conposition described herein- In
sone enbodi nents of the, invention, the immunogenic conposition conprises a
CpG oligonucleotide in conmbination with the nucleic arid- adsorbed

m croparticles. The adsorbed nacronolecule itself is preferably an ELVIS
vector or RNA vector construct encoding an antigenic polypeptide. In Sone

preferred eWbOd!ﬂmfalteﬁabghﬁmeﬁtp@neﬁv&‘ﬁ@xﬁstdn%hitc;mq%lﬂ%) BduCedBPhyRERt i de is froma
virus such _as, for exa hepatitis C vir hepatitis B virus,

(HBV), her p&seibrmsibad VPTFB@fera‘(hFP%01’“??8%1??0?1%%’8‘5?4 BPEHEY Vi rus

cyt onmegal ovbdpsse{ dilibAnaceitindly aen@iae axiivins (flu), and rabies i=s. Preferably,
the antigeni c PalPERt LGS SELREhGH, (koM 686 0upGaps! Sting of HSY

gl ycoprotuin 0, FHV glycoproteem gp ycoprotel A gpl40, H 'V p55 gag,
and pol ypeptsreleesusmprayde praueps o aa‘ﬁﬂeb’taﬁtSUbJF@gi’}%cgéomPP%‘is VEREEIBEIet er red
enbod|nent5v@&mﬁhﬁmuﬂ&@aMM@mmmhmﬁsm&mmﬂmg&nlc pol ypeptide is froma
bacterium such gs, dmogaé bea%m”P% emelﬁJéﬁ’u‘ ﬁéaiiectgd tQQEnQEod'fo%hc&ﬁé ac”ﬁ‘!:? streptococrus
(e.g., streptococcus f I'sseria nmeninglt Ldi €.g., neningitis
B), Ne|sseP@%mﬁﬁﬁ%w%mﬁ%%ﬁ?ﬂQ%&Mddéﬁﬁﬁ@ﬁﬁkﬁwﬁﬁﬁﬁPﬂmdﬁﬁ*?ﬁ@ﬁﬁﬁhlIus i nfl uenza.
In still ot th%peptrcmf, Bffet 166l amoB D O.CHe180R4A biérol b ustubideotidd V@ tdhdeQikorbbd €2 ANt | geni ¢

pol ypeptide is rom 1glﬁgrasme such as, for exanple, a nmlaria parasite.

Adj uvant conﬁggﬂ?38n {Fonpri se, for exanple, aluninum salts.

Al ternatively, &dfhencahtdinegs the@sintinarigerayo cusipd digenapatol Mgdr i ucl ecti de
conpri sing @Jmh@@a‘aﬁmg%g@%&g&ﬂetubjeaaﬁe@ﬂmum%em\,@%mﬁ%rJny Piecan al so

conprise an o onent ch results in a 05|t|vely char ged

i ona
emul si on Thgncg)P‘in&BICW(?ffl@ PYE B’reé‘?r@u"sétlﬂ] PRSP SBET P Yast ~ one
phospl i cuot mroatkcukged 268 myyeptiondie confau edierats. adudghg Bonghm sklfs sphef er r ed

embodi ment Sal%mnﬁrgngosbﬂ%%ggﬂo(ﬁgbnujeb@de%rﬂpgﬂg%éaﬁgﬁé(%@r&)@inpr' ses a nucl eot i de
sequence sel ect -118. In other

fromth ?ﬁrouE consi sti. % g :
preferred enboliHEAPEET THUTRG ST TRILH & BFF) SruePost 1i"ﬁ@rycorrpr i ses a CpG
noti f fl anketll);mpretovetrapiy raipsi@Bb,L-lactide-co-glycolide); and most preferably, a poly(D,L-lactide-
co-glycohde).

Each of the nonexhaustive previously described adsorbent microparticles may optionally
also have macromolecules entrapped within them, or in free solution. Thus, the invention
encompasses a variety of combinations wherein nucleic acid molecules are adsorbed on
microparticles and other nucleic acid molecules are entrapped or adsorbed. Moreover, the
microparticles of the invention may have more than one species of nucleic acid adsorbed thereon,
as well as other antigenic macromolecules adsorbed thereon. Additionally, the microparticles may
have several species of nucleic acid and/or other antigenic macromolecules entrapped within.

In other preferred embodiments, the microparticles are prepared i the form of submicron
emulsions as described above.

The present invention is also directed to immunogenic composttions comprising an
immunostimulating amount of a nucleic acid (e.g., a vector construct capable of expressing a

nucleic acid sequence, such as a selected ELVIS vector or RNA vector construct, where the



imrediately 5 to the notif and two pyrimdines imediately to the notif. |it
other preferred enbodinents of the invention, the oligonucleotide conprises
a mcleotide sequence selected from the group consisting of SEQ I D NGs:
19-28. Most preferred is SEQID NO 28. In sone preferred enbodi ments of the
i nvention the adjuvant conposition further conprises a separate

i mmanostinmul ating agent which is preferably selected fromthe group
consisting of alurn, a bacteria] cell wall conponent, and nuranyl peptide.
The adj uvamto wosrposition itself nmay be in the 9 WO 11Z3ar0%086T/ US01/ 30540
formof a second mcroparticle. The second microparticle may have adsorbed
and/or entrapped wthin a variety of nucleic acids and/or antigenic

pol ypepti des, or other antigenic nacronol ecules. Additionally, the

i mrunogeni ¢ conpositions may include the presence of free nucleic acid in
solution The present invention is also directed to nethods of stinulating an
i mune response in a host animal conprising adm nistering to the animal an
i mrunogeni ¢ conposition described herein in an anount effective to induce
an i nmune resPLRHG e BRGke @ﬂioﬁrmheimvmrvea‘tcebﬂbw%aorrmﬂﬁm may nore preferably
a Rhesus maca ua%ann%‘rr]lﬂa:(?ta!alln more preferabl ad%vagtuw 1tlonede rll’bg ent invention is
al so directed t t S oFllnnunlflng 0S CEr - a a vira

bacteri al , k@@ﬂp@ﬁ@@ﬁ@b‘@lﬂiﬁﬁ#@@@ﬂéﬁw@d@mﬂsﬁomcMPWOMOGWSFFQCFQ the ani mal an
i munogeni coho&ﬁumm;ntcbx@dma&emmb@dlmhﬁrdesdgbruemm@rapmyﬁthe ﬁiofr@@tl ve to induce a
protective re

ref erabl nor e
preferably’gmﬁﬁg @%Mdﬁﬁgaﬂg%”ﬂﬁggéfﬁ?¥or 'W%?é?ﬁ ﬁ?? &ﬁnhunan The present
invention igtizhspleridected to nethods of increasing a Thl imune response,

or a CTL requa%p@ﬂanédxmaﬁméaf{hernaemognheagfroe&a/go%ea&a@m%gguﬁgI on in a host
ani nal corrprl Sl nisterin an | nmunogeni c COFYDOSI tion

descri bed H&P& ﬁgﬁﬂm %L?ﬁﬂﬁﬂpnﬁgFQ%PﬂV@BBvﬁmaﬂﬁﬁéﬁmﬁﬁﬂmWﬁW“ﬁnnune response,
or the CTL(Hé@pmmammmmmﬂ%y@homnﬂﬁnbemammammmmCMﬁym@hmmemmﬁmbdﬂct|on The host

ani mal {S Pk GhA Dt R R SRLCIELABLY o eSS mIBERGUS, and sti ||
more preferably a human The present invention Is I'so dlrected to met hods of

rai si ng an SRS LN otisd aer BRItV ehsrPREP eplA% W P 82g. and

m cropart i cloBpeptisafohaltt paaat texTBiodC Ul @hetHefpTel &hblﬁ@me’htsbﬁﬂhelﬁ\@ﬁtﬂ]gﬁhds nucl ei c acid
sequence eng Fdot a as pCW or an
ELVI S vectortq)ggﬂnplglvgbp RNZﬁtom @&%%Eggﬁgﬁgﬁgi |rst glﬁyﬁﬁétered to the

ani mal in SRR % F?%@FFV%BE3“@$$é@%”%ﬂﬂ”WWﬁﬁHﬁ%%dﬁP@ﬁFBPesponse.
Subsequent |]y21sseaa SRED0&e FalidogRiar _zivSrz &d{ﬁl{dﬂh@ﬂzﬂﬁ efluchf. el @i pgatned he first
antigen and nd.antigen.in th di nme be the sane or

it forent, anip PGl g8 du 4280 SIRAN TR SiR e REbEE T lde

bacteri al awﬁvaﬂa@ antigens such as HV

Adjuvant compositions may comprise, for exampie, aluminum salts. Alternatively, adjuvant

compositions may comprise an oligonuclectide comprising at least one CpG motif. The adjuvant
composition can also comprise an optional component which results in a positively charged
emulsion The oligonucleotide preferably comprises at least one phosphorothioate bond or peptide
nucleic acid bond. In preferred embodiments of the invention, the oligonucleoﬁde corpprises a
nucleotide seqﬁence selected from the group consisting of SEQ ID NOs: 1-28. In other preferred
embodiments of the invention, the oligonucleotide comprises a CpG motif flanked by two purines
immediately 5' to the motif and two pyrimidines immediately 3' to the motif. In other preferred
embodiments of the mvention, the oligonucleotide comprises a nucleotide sequence selected from
the group consisting of SEQ ID NOs: 19-28. Most preferred is SEQ ID NO:28. In some
preferred embodiments of the invention, the adjuvant composition further comprises a separate
mmunostimulating agent which is preferably selected from the group consisting of alum, a
bacterial cell wall component, and muramyl peptide. The adjuvant composition itself may be in the



antigens (e.g., gpl20, gpl 40, gpl 60, p24gag and p55gag), hepatitis C virus
antigens, influenza A virus antigens, neningitis B bacterial antigens, and
streptococcus B bacterial antigens, The second antigen is preferably
adsorbed to the mcroparticles described herein, or is co admnistered with
an adjuvant, such as MF59. The nmacronol ecul e can al so be coadm ni stered
with an adjuvant, if 10 WD 02/26209 PCT/ USOlI /30540 desired. In sone
preferred enbodi nents, the nacronolecule is admnistered two or nore tines
bef ore t hewsageaerd® anti gen, which can al so be adm ni st eredusonsosas nore tines.
According to one specific enbodinment: (1) the macronol ecule is adm ni stered
(a) at atime of initial admnistration, (b) at a tine period ranging 1-8
weeks fromthe initial admnistration, and (c) at a tine period ranging
4-32 weeks fromthe initial admnistration, and (2) the second antigen is
adm nistered (a) at atine period ranging from8-50 weeks fromthe initial
admnistration and (b) at a tine period ranging from8-100 weeks fromthe
initial adm nistration Delivery of the mcroparticle conpositions of the

i nventi on nfayn dfe seper folrropetield) Thesagend thipropanicleniyihere adsorbeal|aniidhir ergraighed ect | nj ecti on
(e.g., SubCMEbﬂl@Q’Q’H%"OYHHC]'BI@LCHC@'B}%}‘O} én@ééﬁ@f)olly}fepudeptnr o%\éleagﬁ)ééﬁl ﬁ{acf:&nolecules

i ntramuscul arly) such delivery nmay a be enhanced by the use of

el ect r opor a‘f\‘?dﬁ‘ﬁm@ys@ém”ém@emc COW@“O%nyéWPd%ﬁ’F‘f%ﬁtof%eﬁn‘l‘f&?ma 499, 023, the

di scl osur e oftahi ch is hereby incorporated by reference inits entirety).

El ectroporation tJ f r I: to cells to

i ncrease perrrerb?]ieleFt?mg%%lhg%cdheI?Pd%mn%?%ﬁ}esgght %Jn ?rglg 1g| %)%ﬁﬁng DNA upt ake
by cells. ROSSHPHyomppisigpdmipigerie ofte el aharuagpl Fomeftanderedhetie field to
tissues in MmMﬁm&ﬁgﬁmﬁh&aﬂmﬁynhﬂﬁﬁﬂaﬁﬁ& DNAst pinalieprameblygaRemale X pr essi on
(Mat hi esen, o.cene Ther ap Anpng the tissues targeted for in
vivo el ectrlp%f) nggbl%oanRhﬁSgsv%aC%qél o élmoreqrégmbly H‘?Iﬂafgmrs and nuscl e. For DNA
vacci ne appl i cattieorsepyirarian igglso dHFCted Fremediods BRIz 2 bdstenigirepingtae o t roporation
subst anti alm@&aans@mm&f&a&%msmmﬁwmmmﬁaﬁ@mmmm@@ pigs, and
rabbits (Wde sitlo% eh,a L,;Lh A E t% % The ELVI S vectors
of the abové-8esetibed eerm n%“r?fldée are: §&ne ‘F’?ﬂrf A tﬁ\l'ffp &8°8s  conprising a
pr onot er th'@ztmaiflumftrnb@msmmmalamemefmb@talRéesvﬁeiaisaquea@nt@Nmoseq@@bhce for which the
transcri ptig@maproduct is an RNA vector construct (e.g., ahphavi rus RNA

vector replicon and .a 3' _termnation I on RNA vector constructs
preferably co rrpﬁeggseﬁtﬁmﬁf%n B @?‘fcﬁjﬁ’é‘m‘? FOd‘?ﬁb&‘{s 0%?‘:8"85’?&\7 Tﬁj‘gmm‘te o Us, .
fl avi vi r us, a CGrremays, pugphoppdiferiiopX @ ytekis produetioh dwhbsean@ral cpimpris®g  or  al phavi r us

(e.g., Si ndﬁbﬁw%é"ﬂg‘tbstheéﬁm&%ﬁmﬁ@eﬁ%mydsxﬁdﬁ%escﬁﬁ@%éﬂgaﬁ'&mﬁzgtté!f&@veencephal itis
virus, or Ross River virus), and nore preferab Eﬂ)%an al phavi rus genone,

whi ch has B8&FEE T BEBE IR W%F%éﬁﬁﬁ% orgphopiEragm FHEYEIEt 1 uct ur al

prot ei n genesiuwiot. [Thahsedeetigdhslyenainngaes prfcbleh Rheas intkageguesite encodi ng a
‘gene pr odu%orglgrefgrgﬁ engst,, The RNA vector constructs of the present invention
generally a

The present invention is also directed to methods of raising an immune response in a host
animal in which a microparticle-adsorbed macromolecule comprising a heterologous nucleic acid
sequence encoding a first antigen (e.g., plasmid DNA, such as pCMV or an ELVIS vector, or an
RNA vector construct) is first administered to the animal in an amount effective to elicit an
immunological response. Subsequently, a second antigen is administered to the animal

The first antigen and the second antigen in these embodiments can be the same or different,
and are preferably the same. Preferred antigens include bacterial and viral antigens, such as HIV
antigens (e.g., gpl20, gpl40, gpl60, p24gag and p55gag), hepatitis C virus antigens, influenza A
virus antigens, meningitis B bacterial antigens, and streptococcus B bacterial antigens. The second
antigen is preferably adsorbed to the microparticles described herein, or is coadministered with an
adjuvant, such as MF59. The macromolecule can also be coadministered with an adjuvant, if

10



obtained by transcription in vitro froma DNA tenplate. These and ot her
aspects and enbodi nents of the present invention wll readily occur to
those of ordinary skill in the art in view of the disclosure herein 11 WO
02/ 26209 PCT/ USO /30540 Brief Description of the Drawings Fig. 1 provides a
DNA sequence (SEQ ID NO 63) encoding a nodified H V-1 p55gag pol ypepti de.
Fig. 2 provides a DNA sequence (SEQ ID NG 64) encodi ng anodifred H V-1
p55gag pol ypeptide. Fig. 3 provides a DNA sequence (SEQ I D NO 65) encodi ng
a nodi fi ed VM 822820envel ope pol ypeptide. Fig. 4 provi descauvibessequence ( SEQ
| D NO 66) encoding a nodified H V-1 envel ope pol ypeptide. Fig. 5 provides a
DNA sequence (SEQ ID NG 67) encoding a nodified H V-1 p55gag pol ypepti de.
Fig. 6 provides a DNA sequence (SEQ I D NG 68) encoding a nodified H1V-1
p55gag pol ypeptide. Detail ed Description of the Invention The present
invention is based upon the surprising discovery that mcroparticles with
adsor bed nucleic acid nol ecul es, preferably vector constructs capabl e of
expressing a nucleic acid sequence, and nore preferably vector constructs
conpri Si ng @&silk@tle ol oghiis cnbrcirens hashebupleld &nrdenisteqicodormgreaimesant i gen, such

as pCw Vecﬁaf&k%haﬁlmﬁ 1o¥ne% c§na%% b%i’t@:%r% or%%%‘inrey(:ts elicit enhanced

i nmune responses t|0na he conbi nati on of m Ccrop art|cles with
adsorbed nucl ePEordes tel Owre@émﬂégd%%@ BsaETgreleculis é‘iﬁé‘ﬁ%ﬁ‘ﬂdi@é F@dmGi t h adsor bed
pCW vect or«smtﬁlan&hﬁsme@t@yasaumypeﬂalﬁnmatmeemﬁ&sthémﬂsamnadﬂﬁhoa,d;mvant S is

useful for gn weeli.la%nggle g Qd%nmsgsnon anhﬁZs) thre]e\ée%ond anqln is al so based

upon the su@pr|3|ﬂb Vec const ruct ’sing
antigen-enc@ﬁ@ﬁ@wﬁéép@P@mﬁﬁPﬁhgéau@W€€§“@§ﬂ@ﬁnﬁsmﬁﬂwmmwﬁép@ﬁéﬂ0ELVIS vectors

or RNA Vectﬂéum&&ﬂ§Mﬁ@ﬁ&§mnénm@%mxﬁﬁﬁAﬁﬁmmﬁﬁﬁh&m&sequent admi ni stration of
antigen, elicit_enha res ses. The ice of the present

i nvention will %% @%’ ch§§ﬁ69ﬂ€?%hse PR R éﬁmp%%ﬁﬁgﬂi|%na| net hods of
chem stry, b@%ynﬂmd@h@ﬁmshﬂymwﬁpm@hen@@ﬁmﬁmﬂmePE@mh%m’%mw@ngPI|nnunology

and p har- mﬁﬂ&QQMaﬂyy\dﬁd Q‘&cﬁ‘ ddiegy o bikol be Qhankdd @y B dse of HdGRpdrBE R GUES are
expl ai ned f HE | pgtent appIannon no 05/49% OEIE!’, sh'e dissc:%gu’re of which 1s hereby incorporated by reference

in its entirety). Electroporation is the application of short electrical pulses to cells to increase
permeability of the cell membranes, thus facilitating DNA uptake by cells. Recently 1t has been
found that applying an electric field to tissues in vivo significantly increases DNA uptake and gene
expression (Mathiesen, 1., 1999, Gene Therapy €:508). Among the tissues targeted for in vivo
electroporation have been skin, liver, tumoss, and muscle. For DNA vaccine application, Widera et
al. have shown that in vivo electroporation substantially enhances DNA vaccine potency in mice,
guinea pigs, and rabbits (Widera, G., et al,, 2000, J. Immunol. 164:4635)

The ELVIS vectors of the above-described embodiments are generally DNA molecules
comprising a promoter that functions in a eukaryotic cell, a cDNA sequence for which the
transcription product is an RNA vector construct (e.g., alphavirus RNA vector replicon), and a 3'
termination region. The RNA vector constructs preferably comprise an RNA genome from a
picomavirus, togavirus, flavivirus, coronavirus, paramyxovirus, yellow fever virus, or alphavirus
(e.g., Sindbis virus, Semlikd Forest virus, Venezuelan equine encephalitis virus, or Ross River
virus), and more preferably an alphavirus genome, which has been modified by the replacement of
one or more structural protein genes with a selected heterologous nucleic acid sequence encoding a
gene product of interest. The RNA vector constructs of the present invention generally are
obtained by transcription iz vitro from a DNA template,

These and other aspects and embodiments of the present invention will readily occur to

those of ordinary skill in the art in view of the disclosure herein.
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12 WD 02126209 PCT/ US01/ 30540 e.g.; Rem ngton's Pharmaceutical Sciences,
18th Edition (Easton, Pennsylvania: Mack Publishing Conpany, 1990); Mt hods

In En ';nology (S. Colow ck and N. Kaplan, eds., Academ c Press, 1Inc.).
Handbook of Experinental | mmunol ogy, Vols. I-1V (DM Wir and C. C
Bl ackwel I , eds.; 1986, Blackwell Scientific Publications); Sanbrook, et

al., Mdlecular Coning: A Laboratory Mnual (2nd Edition, 1989); Handbook
of Surface and Colloidal Chem stry (Birdi, KS., ed, CRC Press, 1997) and
Seynour , / Cav@ atiwetss Pol ymer Chemistry (4th edition, Margglusbeikgr | nc.,
1996). Al publications, patents and patent applications cited herein,

whet her supra or Irfa; are hereby incorporated by reference in their
entirety. As used in this specification and the appended cl ai ns, the
singular fornms "a," "an" and "the" include plural references unless the
content clearly dictates otherwi se. Thus, for exanple, the term
"nicroparticle" refers to one or nore mcropartlcles and the |ike. A
Definitions I n describing the present invention, the following terns wll be
enpl oyed, and are intended to be defined as i ndi cat ed bel ow. Unl ess stat ed
ot herw se, ﬁillelngg{pﬁ&erQQQQWﬁ&d rati os herein are given on a weight basis.
The term"m croparticle” as used n, refers to particle of about 10 nm
to about 150 uftFil AR ey SCLRST E%ﬁ%?%?ﬁﬁ?“ﬁ%ﬁ&?ﬁ‘geféﬁvﬁmsﬁ% about 30 nn in
di anet er, apdiperod&t preferably about 500 nmto about 10 pmin di aneter.
Preferabl y, thegpiGfARALIIG!: ublod bmh 6.8 oflb AT LRRsdiIAY-1 pRELM LS parent el al
or nucosal admnistration w t%out occl udi ng needl es and capl I I aries. M

i croparticl ®b8P3¥ i s readily deternined by techniques well known in the art,
such as phot on FigopfidataiDoA ssqect (SBS IDRY.65) leas iy adhiotifidd et aveisgey and/ or
scanni ng el )% Qp mcroscopy. The term "particle" may also be used to
denote a m artl cle as defined herein Mcroparlicle may alternatively
refer to a subnfigrervdrmziAdeiueehiSBe I N A secodresatofifnd dTVré paplepe Pol yrer

m croparti ChBpepki@r use herel n are formed frommaterials that are
sterilizable, ngn- rjals.include, wthout
linitation, pol yfapﬁo E"rscﬁlxy act u?i’)ce@g%ﬁfiﬁﬁyﬁre%ﬁé; &tm;?n%*%gﬁa”

pol ycapi ol ap,ﬂﬂmnléde pol yort hoest er, pol yanhydri de, PACA and

pol ycyanoacr yl atig ¢ pivRésamahl syquem CEQRRNG b8 |RBai{cQrmoiSA M 1 Pssklye present

i nvention arﬁ: p ﬁgeyme\r m croparticles derived froma pol y(a-hydroay acid),
in particul &P H%m a poly(lactide) ("PLA") or a copolymer of DL lactide
and glycolide or glycolic acid, such as a poly(D,L-Iactide-co-glycolide) 13

WO 02/ 2620 9Detai]ed Description of the Invention

The present invention is based upon the surprising discovery that microparticles with
adsorbed nucleic acid molecuies, preferably vector consiructs capable of expressing a nucleic acid
sequence, and more preferably vector constructs comprising a heterologous nucleic acid sequence
encoding an antigen, such as pCMV vectors, ELVIS vectors or RNA vector constructs, elicit
enhanced immune responses. Additionally, the combination of microparticles with adsorbed
nucleic acid molecules (for exampie, microparticles with adsorbed pCMV vectors, ELVIS vectors
or RNA vector constructs) and adjuvants is useful for eliciting enhanced immune responses.

The invention is 2lso based upon the surprising discovery that vector constructs comprising
antigen-encoding nucleic acid sequences, such as pCMV vectors, ELVIS vectors or RNA vector
constructs, in association with subsequent administration of antigen, elicit enhanced immune
Tesponses.

The practice of the present invention will employ, unless otherwise indicated, conventional
methods of chemistry, polymer chemistry, biochemistry, molecular biology, immunology and
pharmacology, within the skill of the art. Such techniques are explamed fully in the literature. See,
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PCTAI SOL30540 ("PLG' or "PLGA"), or a copolyner of D, L-lactide and

caprol actone. The polyner mcroparticles may be derived fromany of various
polymeric starting materials which have a variety of nolecular weights and,
in the case of the copolyners such as PLG a variety of l|actide:glycolide
ratios, the selection of which will be largely a matter of choice,
depending in part on the coadm nistered nmacronol ecule. These paraneters are
di scussed nore fully below. Alternatively, mcroparticles of the invention
are conpri semizea subm cron enul sion As used herein, pBEgughs@sSe "ol

dropl et emul sion" refers to an enul sion conprising a netabolizable oil and
an enul sifying agent. The term "subm cron enul sion" as used herein refers
to an oil droplet enulsion of the invention conprising droplets ranging in
size fromabout 10 rimto about 1000 rim As used herein; the term
"mcroparticle” may refer to a polyner mcroparticle as described herein or
a subm cron enul sion conposition as described herein. The term "detergent”
as used herein includes suriactans, dispersing agents, suspending agents,
and enul si ofg SHeabibr'szRE RaceMind) Shinees,d 8th BRit@RESton, RethdgBléya: Motk pafi@ingniot |imted
to, SDS (sodi um. lecyl . sulf [ uryl | f ), DSS

(di sul fos ucg?mr%‘ e])gébsig{[; ’16‘?%‘2’%%139’{”%%%@%5?848%%? ﬂa]f{na% egs’t’ éﬁ%ﬁ(%%sgmt ionic

det er gent s s Haderck glrerraangroiony. Veld 6D MeVeizpd @6 Rleckyoledt.r i me' | hyl
g_rmroni gm Prgemaﬁ&mmcgﬁ@? ABﬂc)aﬁonQ,@a&abd%@ iallJMbZ@JlﬂlaQCZioid@; ARk met hyl )

i oct odecyl , a L yum. br _ [ ayl -3-iri : a i um propane),
and the |i ‘."1%%? g‘?ﬁ’o@’ lggg}”g’r%g‘ébﬁ%k% ?‘EC% ﬁ}%fg%ﬁ%%’{ Chegist %@%’4#{%@ to, PVA
povi done ( atrse RYTowA SamoupGlryansris Rylbmpy Erenlsid@hediagn, ¥eagR) Dekplnbi 192 est er s,

pol ysorbates, palyoxuehdytal 8dpSdnyHMcHIRRAALBEE ShetRPLYA%YSFNNL at ed al kyl
phenol s, pol oxaners, he term "zeta potential" as used

.and the l[ike, T
herein, ref%°YPgPP) Lédlglrg%?nfei“b f*g8t%enti al that ebsts across the interface
of al] solids afdsddimops specificitioreand tht hppengaitceins.id@lsinadr Hes "t hen"dad"fhel'se | ayer of

ions surr ounGiaR Gl ek Bk AR Qb Qt daly Rakd bhd@ise. 48530 RLSRANEALLCAN be
calculated fromel ectrophoretic nobilities, i.e., the rates at which
col | oi dal pEPTIPERES 50 8 HRTWBEP NSy Fed°Ef°ect r odes pl aced in contact with

the substance to be neasured, using techniques well ]nown in the an. The
term"nacrogm!?e%&y(jng" as used herein refers to, without Iimtation, a
pharmaceutical, a polynucleotide, a polypeptide, a hornone, an enzyne, a
transcri ption of dteaig fhappsem Distmatholovan terps il fEdoyat &dias ekt abol i ¢

pat hway, anohbsmeRomaditkadt@by. an anti gen, an adjuvant, or 14 WO 02/ 26209
PCT/ US01/ 30540 G rrbim%ti ons thereof Particular nacronol gggl.es for use with

the present i|nventiGn ara describag: m raosherei are given on 2 Wit basis

The term "microparticle” as used herein, refers to a particle of about 10 nm to about 150
um in diameter, more preferably about 200 nm 1o about 30 um in diarceier, and most preferably
about 500 nm to about 10 pm in diameter. Preferably, the microparticle will be of a diameter that
permits parenteral or mucosal administration without occluding needles and capillaties.
Microparticle size is readily determined by techniques well known in the art, such as photon
correlation spectroscopy, laser diffractometry and/or scanning electron microscopy. The term
"particle" may also be used to denote a microparticle as defined herein. Microparticle may
alternatively refer to a submicron emulsion composttion as described herein

Polymer microparticles for use herein are formed from materials that are sterjlizable, non-
toxic and biodegradable.i Such materials include, without limitation, poly(a-hydroxy acid),
polyhydroxybutyric acid, polycaprolactone, polyorthoester, polyanhydride, PACA, and
polycyanoacrylate. Preferably, microparticles for use with the present mvention are polymer
microparticles derived from a poly(a~hydroxy acid), in particular, from a poly(lactide) ("PLA") or a
copolymer of D,L-lactide and glycolide or glycolic acid, such as a poly(D,L-lactide-co-glycolide)
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in nore detail below The term "pharnmaceutical"” refers to biologically
active conpounds such as antibiotics, antiviral agents, growh factors,

hor mones, and the |ike, discussed in nore detail below The term "adjuvant™
refers to any substance that assists or nodifies the action of a
pharmaceutical, including but not limted to i mmunol ogi cal adjuvants, which
i ncrease or diversify the inmune response to an antigen. A "polynucleotide"
is a nucleic acid polyner, which typically encodes a biologically active

(e. 9., inwgnpgeni c or therapeutic) protein or polypeppifgs RRRendi ng on the
nature of the polypeptide encoded by the pol ynucl eoti de, a pol ynucl eoti de
can include as little as 10 nucleotides, e.g., where the, pol ynucl eotide
encodes an antigen. Furthernore, a "polynucleotide" can include both
doubl e- and singl e-stranded sequences and refers to, but is not limted to,
CDNTA fromviral, procaryotic or eucaryotic nRNA, genom ¢ RNA and DNA
sequences fromviral (e.g. RNA and DNA viruses and retroviruses) or
procaryotic DNA and especially synthetic DNA sequences. The termalso -

captures sqauanges dhab; J c%ﬁyﬂlgr%fﬁ’ﬂ){ac{?ée ANG SR BESHANALGASaQf DNA and

RNA. The termfurther includes nodifications, such as deletions, additions
and subst i R Poieeyeq Gy of VEspUs ROTES FoiRg RAETI P hickRRHE & yariety of mOIeR | ve sequence,
preferably\@gmhmﬁhameh&&fmu&beﬁ&maﬁmdnmuheamhaﬁmamegﬂﬁmmamaﬁmapeut|c or

anti geni c %Qck%'o?whl&hv%?&lag%@'af LR RIS en[%?(dmlg?n f!ﬁ'ox'lﬁ%&‘{o ﬁmm%ﬁ through site-

di rect ed mut agenesi s e accl as throu nut ati ons of
hosts whi chrappadisee Toese Pﬂﬁﬁtefsg@ﬁ%msswr% alpyrpglom. p@r%@p}ﬂ.ﬂww&% of pr ot ei n"
refer to atmﬁ&@@mﬂm@%u@mmn@a@@@dmﬁﬁﬁmdyes and are not limted to a mnimm

llength of the pyod p ol e es, di.mers, nultiners,
and the |ike, are ?%%?%é ﬁn&eo m?ﬁm dbf?%?gvgn CﬁmFﬁﬁl-length pr ot ei ns

and fragme metsbalipable eibfad pry exulsiying éﬁ?ﬁa@@é@m Deypbupiden eghalfiprjat ysesthereiTfeéerst er ns al so

i ncl ude nod} i@ alohiRRSulsi e e BEnEhe bipligR SropdsBhdileGNS.c reEhS UPSE ot Ut i ONs
(generallyﬁf gsrvatlve in nature), to a native sequence, preferably such

that the Wi nt ai ns t he ability to elicit an imunol ogi cal response
or have a ther apesst heeiefht @0 "ndonoparticies ey refertto § polwat wibrofaltele prdetdhed | S

admi ni st er gg.; Mmmﬁﬁ&hgﬁﬂmmuﬁmﬁﬁﬁﬁBs&mﬁ&hﬁ&&le whi ch contains one or nore
epi t opes capa stinulating a host's i mune systemto nake a cellul ar

anti gen- speC|fﬂ@eVﬁﬁﬁﬁEng§ﬁ8ﬁ§€mﬁﬁ@ﬁﬁﬁwgam&hFﬂﬁ%ﬁgF%m%ﬁﬁ§%ﬁﬁed in
accor dance aydnts hind da@lsior @Sirks. AR telefents i0fuda b el Bet diited i, BOE e sponse. An 15

VO 02/ 2620%05§T£$%§QL/S%SQ§¢&&§§1 V%&%gamosﬁ&mg' SipPhea® #t#siogwgﬁa cel | ular or

hunmor al respons resent in |na on W anot her
nol ecul e. N@rhhﬂalqa@omc Avieresp Rewle b arqnmi %F%éﬂ%@é%@%ﬂ oI5 EY) pourmenipm

bromide, or "CTAB"), benzalkonium chlonide, DDA (dimethyl dioctodecyl ammonium bromide),
DOTAP(dioleoyl-3-trimethylammonimm-propane), and the like. Nomnionic detergents include, but
are not limited to, PVA, povidone (also known as polyvinylpyrrolidone or PVP), sorbitan esters,
polysorbates, polvoxyethylated glycol monoethess, polyoxyethylated alkyl phenols, poloxamers,
and the like.

The term "zeta potential” as used herein, refers to the electrical potential that exists across
the mterface of all solids and liquids, 1.e., the potential across the diffuse layer' of iops surrounding
a charged colloidal particle. Zeta potential can be calculated from electrophoretic mobilities, i.e.,
the rates at which colloidal particles travel between charged electrodes placed in contact with the
substance to be measured, vsing techniques well known in the art.

The term "macromolecule” as used herein refers to, without limitation, a pharmaceutical, a
polynucleotide, a polypeptide, a hormone, an enzyme, a transcription or transiation mediator, an

intermediate in a metabolic pathway, an immunomodulator, an antigen, an adjuvant, or
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preferably about 5-15, and nore preferably about 7-15 amino acids. Epitopes
of a given protein can be identified using any nunber of epitope mappi ng
techni ques, well ]Jnmown in the art. See, e.g.. Epitope thplng Protocols in
Met hods in Ml ecul ar Biology, Vol. 66 (G enn E. Morris, Ed. 1996) Humana
Press, Totowa, New Jersey. For exanple, |inear epitopes nay be determ ned by
e.g., concurrently synthesizing | arge nunbers of peptides on solid supports,
the peptides corresponding to portions of the protein nolecule, and
reacting t v peptovdes with anti bodies while the peptidesuangessil!l attached
to the supports. Such techniques are Jnown in the an and described in,

e.g., US Patent No. 4,708,871, Ceysen et al. (1984) Proc. Mad. Acad. Sc,.
USA 81:3998- 4002; Geysen et al. (1986) Ml ec. Inrnunol. 23:709-715, al

i ncorporated herein by reference in their entireties. Simlarly;
conformati onal epitopes are readily identified by determ ning spatial
conformati on of am no acids such as by, e.g., x-ray crystall ography and

2-di mensi onal nucl ear magneticresonance. See, e.g.,

Epi t opeMappéonyiRetiods deebis Pargulpr reecromddieulesder mye' véth the presadt inagtiapgedeshedei N denot es
bot h subuni §, antigeRSy. i - €., antigens which are separate and discrete from
a whole organismw th which the antigen is associated in nature, as well as
killed, attenual®d&™Brrbimaetir)dfastions %@@W“ﬁm@VFP8§$§mmﬁﬁP§§PPes or ot her
nicrobes Ammhhn@meayﬁumhamasmmmhsmﬂdmﬂ&ymemammmbﬁdmasmmmr fragnents thereof

and synt hetic p%i%ttﬁling admamn}e?epsg§an %@Jtaﬁ& sxs s%&(&e@tﬂe I gaen or anti gem ¢
determinant, are al so captured under inition of antigen as used
herein. Si nitERapayicalgpeugipg @bﬁ*ﬂj@?ﬂé@)ﬁoﬂfﬂ@nﬁ?@cﬁ@ﬁ?’ﬁ‘ﬁ%W@@t“i‘cffése\?ﬂ*ﬁ“’éllﬁ‘fyexpr esses a
therapeutlcmemmmmmnum&@&mmmﬁﬂoteln or antigenic determinant in vivo, such

as in gene therg dﬁé%;%‘u@fé’ AING 51 Gei A %ymem%&q{m&fﬁem PPbu!lCol% L85, 1s also

i ncluded in the inition o antl her e pur poses of the
pr esent inv@ﬁbF@W@¥ﬁﬁwr@@ﬁ@méhwﬂﬂéﬂﬁéﬂ$W@@IFW@#EQHQB@FH%@V@raI ] nown
vi ruses, baﬁdl;@éﬂnaa,enda@daaﬁtihé @gm@maidé UP@nucicdtioe W lidclud@Ss BiMss of nutib@dvar i ous t umor

antigens. FurthernDre rposes o he pres ventl an "antigen"
refers to ae%f%kgﬁﬁp%ﬁ9¥ﬁ“ ﬁg g U8 e%%@loﬁgmm¥° 3@ fetions,
addi tions ahmubwmsmﬂﬁm@q%ﬂ@ﬂ%@@ﬁ@%@ﬂhyﬁﬁoﬂs@wwa@mwémCﬁNﬁépmwe9. to the

native seq%@&%m%peuka%gc AEA B8Rk RULER Dmlsamtmorsm @Pirhiatya to elicit an
|rmunolog|c§IaA response.. These nodi fjcations I ber at as through

el
si t e- di r ect 20 MR FEATETEseS) SF PREY 1SN Aa@@?ﬁ%ﬁ%ﬁ%mmﬁﬂgﬁ“ﬁ?afﬁr h nut ati ons
of hosts whierdrlyp rptitec@quelves than infhgie Ay OftlﬁmM@@Z/d@Bmmedmm54o An

"i”“Uﬂ0|OglﬁédﬁﬁﬁﬁﬂﬁﬁéﬁmmﬂﬁmméHEM&%a&ﬁéRQ&&ﬁsmﬁQmﬁﬁu&@&bﬂﬁmrOr conposi tion
is the devel opnent in. a Sgﬁ%ﬂﬁwﬂg%ﬁa | moral and/ or a cel l'ul ar i mune

response t o"°RSTEEUR BETHr 1R B ALt POnIEs < MPEPEst . For pur poses
of the presentdedanherpduiicm antigenicheredr $hesd nprificacons aspohdietate, sef@psitt-0 an i nmune

response Megl.aL&ea00eAM: bRAI YD L Gl &FmoulihlifioR of 6l dthdfoat-AHUNE T eSponse”
antigens.

The terms "polypeptide” and "protein” refer to a polymer of amino acid residues and are
not lirnited to a minimum length of the product. Thus, peptides, oligopeptides, dimers, multimers,
and the like, are included within the defnition. Both full-length proteins and fragments thereof are
encompassed by the definition. The terms also include modifications, such as deletions, additions
and substitutions (generally conservative in nature), to a native sequence, preferably such that the
protein maintains the ability to elicit an immunological response or have a therapeutic effect on a
subject to which the protein is administered. ,

By "antigen” is meant a molecule which contains one or more epitopes capable of
stimmlating a host's immune system to make a cellular antigen-specific immune response when the

antigen is presented m accordance with the present invention, or a humoral antibody response. An
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is one nediated by T-1|ynphocytes and/or other white blood cells. One

i nportant aspect of cellular inmnity involves an antigen-specific response
by cytolytic T-cells ("CTLs"). CTLs have specificity for peptide antigens
that are presented in association with proteins encoded by the ngjor

bi stoconpatibility conplex (MHC) and expressed on the surfaces of cells.
CTLs hel p induce and pronote the intracellular destruction of intracellular
m crobes, or the lysis of cells infected with such m crobes. Another aspect
of cellul arwpmsmidsty i nvol ves an antigen-specific respopsguddysdagl per
T-cells. Helper T-cells act to help stinulate the function, and focus the
activity of, nonspecific effector cells against cells displaying peptide
antigens in association with MHC nol ecules on their surface. A "cellular

i mmune response” also refers to the production of cytokines, chenokines and
ot her such nol ecul es produced by activated T-cells and/or other white bl ood
cells, including those derived from CD4+ and CDS+ T-cells. A conposition,
such as an i nmunogeni ¢ conposition, or vaccine that elicits a cellular

i mrune respaiige niple cs@bly & elcding eRBild bAemeal viepobe by istitor sidy pesdt iby t he

present ati 00,0, ARblBE Ak BoieARSRGL! Q0 bt M glggme@m@mt the cell

sur f ace. he ce I nfrune r ésponse 1S rected at, or near, cells
presenti ng areferaBe o £-16.1ed Torespsarablyabout 115 £yl nERAReE PIGEHEPRS fi c T-
| ynphocyt es caapidb@ficg ialattebe 6 epilobOMiphity techighes witllkh@wvn @ £CKEON Of an

|t 2ed DS e S BML Lol BRI LEHLA AL NIPR, Rl COTROSIS 0D 1O

stinulate a‘€e i nmunol 0gi1 cal respotise na Ster m’ned by a
nunmber of ad&8)Bumarsfadss, agovﬁyN?V}JaﬁthB‘fire@FP}F é‘P&athipmﬁeSD(aV YeAskmeyd 'y acti vation)

assays, CTL e%yEo@iuﬂéﬂtlﬁsyﬁt@ésxbngal%ayz&bembxp@ﬁ&@dﬁi5519 slipgdsnsdepylsﬁa&}ocyt es specific
for the ant| enOIlld%F? n5| %Cgle b {’ac?ﬁg){b ep%?s Eﬁmgdlfs é&ytOkl ne

production B Omores%OH% BYE0res PO W Such
assays are \ﬂelptphﬁ@mmnﬂlrawdteh@ tgrstpporSe 8uch gechyiques Ee kroks othe agndgpserbed) . | runol .
%993) 15|1 45}§9|L4§99temﬁ9a7@§87@|Geysezl:é451 (1&84)|ﬁ+mpkmd(séz9@ﬂ)31§§bﬁ2369 2376; band

e exanpl es bel ow Ical response as us erein may be
one whi ch stp%u(l}eéie’éfga]tﬂ%%)%&?fdﬁ@t“ 2,;%}9 7&&"5‘“""% ‘glf‘e“"tntli’éreg“feﬁﬁﬁlctl on or
activation dfer brgtefrer Sifdage kdodrmafiel qindpesgeneadfy idenifier e Stiermnidyspadaso el icit an
ant i body- medjafet.d JFIHAL.HESRA0 eegh@&f&wmﬁ@mﬁﬂ%%@ngﬂﬁﬁékm&%sponse may 17
WO 02/ 26209 PCT/ USO /30540 |nclude one or nore of the followng effects: the
product i on GPEEHITHEUF Lo 5¢- BHRANEP M ElierGr: sthe actlvatlon of suppressor
T-cell's and/ or T&t&mﬂﬁb@ﬁ"ﬂb%ﬁﬁhﬁﬂkﬁmﬁﬁmﬁmﬁﬁﬁhﬂ@%@xﬂﬂm@ﬂﬁwgﬂﬂmﬂr anti gens
P I, BFATROSIAAN ALY AGS @ﬁg%cmtag | sl OEREEFERONTES MY Ser ve
to neutraliz

tivity, iate anti enent, or anti body
dependent cétklied pepiatsd PWW“G‘NB@@% VITSSS: PAFASNAF ﬂfé"hﬁﬁ"@ffé‘t?f |fAc§1ﬁ*’0théS s i mmuni zed
host. Such kespRRSRSmEtRddlesp® raklerE ireuE And iSitRge whanaRiofpes, which can

mimic an antigen or antigenic determinact, are also captured under the definition of antigen as used

herein. Similarly, an oligonucleotide or polynucleotide which expresses a therapeutic or
imnunogenic protein, or antigenic determinant in vivo, such as in gene therapy and nucleic acid
immunization applications, is also included in the definttion of antigen herein.

Further, for purposes of the present invention, antigens can be derived from any of several
lmown viruses, ba'c‘cen'a7 parasites and fungi, as well as any of the various tumor antigens.
Furthermore, for purposss of the present invention, an "antigen" refers to a protein which includes
modifications, such as deletions, additions and substitutions (generally conservative m nature), to
the native sequence, so long as the protein maintains the ability to elicit an immunological
response. These modifications may be dehberate, as through site-directed mutagenesis, or may be

accidental, such as through mutations of hosts which produce the antigens.
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i mmunoassays and neutralization assays, well (mown in the art. A conposition
whi ch contains a selected antigen adsorbed to a mcroparticle: displays
"enhanced i mmunogenicity” when it possesses a greater capacity to elicit an
i mmune response than the inmune response elicited by an equival ent anount
of the antigen when delivered without association with the mcroparticle.
Thus, a conposition nay display "enhanced insnmunogenicity" because the
antigen is nore strongly immunogenic by virtue of adsorption to the

m croparti cwe,0ere because a | ower dose of antigen is qgﬁﬁ% Aoy, to achi eve
an i nmune response in the subject to which it is admnis ere3 Such
enhanced i nmunogenicity can be determ ned by adm nistering the

m croparticl e/ anti gen conposition, and antigen controls to animals and
conparing anti body titers against the two using standard assays such as
radi oi nmunoassay and ELI SAs, well known in the art. The terns "effective
anount"” or "pharnmaceutically effective anount” of a given conposition, as
provi ded herein, refer to a nontoxic but sufficient anount of the

conposi tion fj 0 Aarlgﬂlb&@(gj@lld@sﬂﬁs"ad“mp@@&@?”ft&mhﬁoaﬁoradmpbsmaml@mleogi ]galj |
response, corre ndj t herapeutic .effect ase of deliver
of g therapgﬁ’t‘c"llo}?fmﬁt EF }em’qgﬂ F?g)aﬂﬁracﬁ iEPERIROBE B fnfOEcuﬁesPr F&4fent of they
subj ect, as tdefmpedn beltant. FAspumpied oflﬁeplpmtm'@donouﬂmnbedl oypumetrdsponggk act  anount

required wi Irdfer 38 FrYimmie RPoS e £dd b &n&%&&&% HRPLRGLRGARe fhnsSPECI €s, age,
and general condition of %he subj ect Oogf%ie”% of the condl tion bei ng

treated, and ‘PHEWAtViTET™ ?Cyﬁ‘ha(??/ r?ﬂﬂere"@ﬁ‘f ot apg &t g
adninistratmmmmm@mdh$hemmmkemaﬁmmapﬂmmpmﬁm&Ewdmﬂ¢ﬁsb|®@$maﬂount in any

i ndi vi dual cASeRYpHRe anqﬁém%ﬁ‘ar@?;@seﬁ%% iPRE i Bon ik HE YucSdth byl md fdicf he art using
routi ne experinmentation vertebrate subject™ Is neant any menber of the

subphyl um c&FgerEb R erggr AGIC Fierumed ontheirtess Plgrls hHrhE Bdveqeh as cattl e,
sheep, pi gs progo@ts ntrivealseBstruetiosloffitaring: mickobee st thelysant ailigecetiel as dogs and

cats; and bifdg; éacmmrqg)eggggﬂa}ﬁmﬂ%%h@m mglra&%péafﬁxrdg} Igy@gxel $_cocks and

hens i ncl uél i ckens, ‘tur and ot her % I taceou The term
does not deﬁb? 5¢$&?f¢%ﬁ“&?dp%@@meﬁﬁ%§mmﬁﬁf cv8 He PEVIR AED BB N ani mal s are

i nt ended toeﬁﬁmﬁﬁMegﬁdcdﬁ&qMﬁhQ&ﬁﬁ@2ﬁ&mﬁﬁiﬁuﬁﬁﬂhﬁQﬁH@mBMkahaﬁﬂaceut|caIIy

accept abl e” haﬁm macol ogi cal |, i teri.,al which is
not bi ol Ogl Curf fe R ce o eqes onlsJen (saosr?fgra pro?ucnon 01{% o?‘ es c emr(;rg-xixes al’%lg.y be

admi ni ster e@thﬁréucéﬁloleqvhtﬁf@rl@ébﬁi actiybighf ool atlfHOT ot WW@@ e@’ﬂ% inghpdme thosenrul at i on

wi t hout caugiRe RRYDYNEesbE-ablas bi ol ogi cal effects in the i ndi vi dual or

interacting in deleterl us_rmanner mnth E ql nent s of the
%%or vaqcme 1 at elicits a Ch

conposi tion in WFER T TS CBRP AP OTRE el 8yl predt P%fers to
subst ances tonee rgp@sCRARRROVEILYy/ sepsitignA vaeetiatpsubiadt by the mqssxltﬁe@ of antigen in

association with MHC molecules at the cell surface. The cell-mediated immune response is

directed at, or near, cells presenting antigen at their surface. In addition, antigen-specific T-
lymphocytes can be generated to allow for the firture protection of an immunized host.

The ability of a particular antigen or composition to stimulate a cell-mediated
immunological response may be determined by a number of assays, such as by lymphoproliferation
(lymphocyte activation) assays, CTL cytotoxic cell assays, by assaying for T-lymphocytes specific
for the antigen in a sensitized subject, or by measurement of cytokine production by T cells in
response to restumulation with antigen. Such assays are well known in the art. See, e.g., Erickson
et al., J. Immunol. (1993) 151:4189-4199; Doe et al., Eur. J. Immunol. (1994) 24:2369-2376; and
the examples below.

Thus, an immunological response as used hereir may be one which stimulates the
production of CTLs, and/or the production or activation of helper T-cells. The antigen of interest

may also elicit an antibody-mediated irarnune response. Hence, an immumological response may
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dosage forns, and include vehicles, binders, disintegrauts, fillers
(diluents), lubricants, glidants (flow enhancers), conpression aids,

col ors, sweeteners, preservatives, suspensing/dispersing agents, film
formers/co arings, flavors and printing inks. By "physiological pH or a "pH
in the physiological range” is neant a pHin the range of approximately 7.2
to 8.0 inclusive, nore typically in the range of approximately 7.2 to 7.6

i nclusive. As used herein, "treatnment” (including variations thereof, for
exanpl e, "WGeawsoor "treated') refers to any of (i) therpsRMERsion of
infection or reinfection, as in a traditional vaccine, (ii) the reduction
or elimnation of synptons, and (iii) the substantial or conplete
elimnation of the pathogen or disorder in question. Treatnment may be

ef fected prophylactically (prior to infection) or therapeutically
(followi ng infection). As used herein, the phrase "nucleic acid" refers to
DNA, RNA, or chineras fornmed therefrom As used herein, the

phrase. "ol i gonucl eoti de conprising at | east one CpG notif' refers to a -

pol ynucl eoty de. &QM&eSdf{hgfoﬁdeg%ﬁé& 1RMRASRE b9 BlAR, mihdgonucl eoti des
conprising at |east one gﬁﬁ%nntl can conprise mu tlple CpG notifs. These

ol i gonuci ediawa otspreresrsh R Yy collgiested shepiBay e PP EBHEPIU SN the art. As
used her ei rpresénhie thp bin@ssion Eyéscindf infeteste Ti@seSespapseamgiserecb edtrilike  portion of an
ol | gonuc! eqirdl, & EMEEInAaH! S3hH5, BUELERLY dRabakd OuRE, b 2

guanosi ne nucl eot 1 de. cytosine can al so be 'used 1n place of

cyt osi ne. AR PRAEEATOffEHoRtGaD mmapisgq A (g IRKWGW@EPWteF%‘ﬁF pPeng fandard RNA vect or
replicoq” dﬂ&%m&ﬁﬁaMnamwmm&Mmu@&wanamdx ithept i con” refer to an RNA nol ecul e
whi ch i s capabl | I.f tion elf-replication in
vivo, within a O#%ne?+ a%whgypwlg' §?Fvggmﬁﬁﬁuﬁ£:§%hw replicon shoul d
contain themﬁﬁkﬂampﬁgﬁﬁwﬂ léﬁﬂEﬁ@ﬁ@ﬁf@ﬂﬂSMmWYW&Wﬂgﬁﬂméwv§§mﬁéﬁnlred incis
for repli agdinfihe feloS® elfcdi 85 Kn%ﬁlmtal&nt aSouRt of e tEligen SRH UAREQSYIWRE Ch, when
expressed, %%ggP{%%¥§$§%g%P§ % %%g&%@g%%g%%g ﬁPCT£U801/§g%gg active

al phavi rus 5 s 4), 3'viral
sequences rtequse pedhtigdn iy npiestréraly mmapdgpricdl Vo of akgpior eftemiegetide. @s 3' CSE), and

a pol yadenydea&ﬁ Io&é}%se of Wigdh PRS2 HSE msﬁune B%ns\é%%e@ﬁbﬁcﬁplwh&on al so may
contain a viral su genom C unctl onre 1 on" ter, seqguences from one

or nore st rUttEPEEeh r Yt G RBE g H St Sﬂgm?W@FgﬁmmﬁﬂﬁW%neous nucl ei c
aci d nol ecuhigfmsyicle/ankiges borgpsiion fndamtevent®iy fd digdale Ml cdngpadvl lagihodorieduct i on of

vi abl e Virus; A% Whdne 85 R8LE] AL AN SRANERC Sl 821shO wRREXPE fSS€D.  As used
her ei n, "EuEaryotlc Layered Vector Initiation System" "ELVIS "or "ELVIS

The terms "effective amount” or ”pharmaceutically effective amount” of a given
composition, as provided herein, refer to a nontoxic but sufficient amount of the composition to
provide a desired response, such as an immunological response, énd comresponding therapeutic
effect, or in the case of delivery of a therapeutic protein, an amount sufficient to effect ireatment of
the subject, as defined below. As will be pointed out below, the exact amowunt required will vary
from subject to subject, depending on the species, age, and general condition of the subject, the
severity of the condition being treated, and the particular macromolecule of interest, mode of
administration, and the like. An appropniate "effective” amount in any individual case may be
determined by one of ordinary skill in the art using routine experimentation.

By "vertebrate subject” is meant any member of the subphylum cordata, including, without
limitation, mammals such as cattle, sheep, pigs, goats, horses, and humans; domestic animals such
as dogs and cats; and birds, mcluding domestic, wild and game birds such as cocks and hens
including chickens, turkeys and other gallinaceous birds. The term does not denote a particular
age. Thus, both adult and newborn animals are intended to be covered.
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vector" refers to an assenbly which is capable of directing the expression
of a sequence(s) or gene(s) of interest. The eukaryotic |ayered vector
initiation systemshould contain a S pronoter which is capabl e of
initiating in vivo (i. e., within a cell) the synthesis of RNA from cDN
and a viral vector sequence which is capable of directing its own
replication in a eukaryotic cell and also expressing a heterol ogous
sequence. In preferred enbodi nents, the nucleic acid vector sequence is an
al phavi r us-wleni/sed sequence and is conprised of a 5 S%%ﬁ% &ﬁowglch IS
capable of initiating transcription of an al phavirus ? so referred to
as 5' CSE), as well as sequences which, when expressed, code for

bi ol ogi cal |y active al phavirusnonstructural proteins (e.g., nsP], nsP2,
nsP3, nsP4), and an al phavirus RNA pol yneri se recognition sequence (al so
referred to as 3' CSE). In addition, the vector sequence may include a
viral subgenom c "junction region" pronbter, sequences fromone or nore
structural protein genes or portions thereof, extraneous nucleic acid

mol ecul e(s) whi ﬁppﬁ;ﬁc&aca@ a&g&mewﬁ'ghaﬁh&,fagcmc@bwm%m fkesanpl i fication, a
het er ol ogous .sequence, be exp ressed, one or. nore restrjction sites for

i nsertion o?%%?%?ﬁ%%ﬁﬁﬂ@°§§ﬁﬂ@ﬁ%@§“%§§ﬁmﬁT?mﬁ@nﬁymﬁ@@?ﬁﬁ%ﬁ@?ﬁt|on sequence.
The eukar yodigdublaipey weid the@ttopirtidetfirnilaton vithowyabigymayesiadbs biologiaat ai n spl i ce
recogniti O”eﬂ%&ﬂﬂﬁxgﬁﬁ%ma@or GRLALYE L fadiROZYTE WRE 95655 B ReQyence, a nucl ear
export signal, and a transcription termnation sequence. "Atphavirus vector
construct” §OEPETIED ip ghighit inwaatB| y whi ch is capabl e of directing the
expressi on of aﬂ&&ﬂﬂaﬂ@ﬁmﬁhmgﬁ&@mﬁﬁwkmhe&e&hmm§ﬁﬁhmﬂaﬁm@mmmﬁnstructs are
generally ¢ sed equence Wwhi ptiating
transcripti gon o‘f ’lml §\V/e|§1flﬁszb’%ﬁi\% tf%anlts éﬂ?r ﬂ%ﬂ 386}&mams§ q&S as well as
sequences mﬁ¢@HﬁﬂWWéWmEXﬁWégéeéﬂw%ﬁﬁéﬂﬁém“§WGP@@Pé%%??mﬁéﬁpwe alphaV|rus

nonstructur@bﬂpﬁﬁmﬁﬁggw&ﬁgg@ﬁmﬂﬁEgmmgaﬁQ nsP3, nsP4), an alphavirus RNA
pol ynmeri se reco %ﬂm Deicaly % éfm al S9 referred to a and a

pol yadenyl at e tr%@ RESQIEEF 5P BRS Faﬁfmﬂhﬁyﬁfﬁclude avira
subgenonm c ﬁpmnmmﬂthmé@m@mﬁepmwmmwébHﬂgeq@@ﬁa@@mmm@nfén@fbr nmore structural
20 WO 02/ 26282+PC ' 1USO / 30540 protein genes or portions thereof, :
extraneous nucleic acid nol ec| & which are of a S|ze”suff|0|ent to all ow
producti on of vﬁﬁﬁ?@aﬁﬁrﬁ?mwﬁ.%mlﬂ%éﬁﬁvﬂ?mﬂﬁ R AP G Pni ti ating t he
synt hesi s ofefersvd anpdf (RINAprévernipn of DNAioh pr raiiféctiar, ©in aitraditonal @ccige, tiether ol ogous
sequence {0, Re:EXPAERREHor AYLORE @b il FILELE LnRylE g for |nsertion

of bet erol ogous sequences erel rase "vector construct”
general |y r%@@?@OT%mﬁﬁy“§§§EﬂﬁPﬁmﬂﬁﬁﬁﬁe#@““@&Eﬁgﬁﬁﬂ%ﬂmﬂﬂ?@%FPﬁg t he
expressi on @theaphtiaiyefolovag inftctbgiquence(s) or gene(s) of interest. The vector
construct typicgg incl.udes t SCh o apcer or | ocus
defining el ement(s %hﬂm@ﬂmg %ﬁﬁg‘ﬁﬁeﬁgégﬁﬁﬁb '%nt%ml ggﬁégexpre55|on by
ot her means®¢f®R as al ternate splicing, nuclear

As used herein, the phrase "oligonucleotide comprising at least one CpG motif” refers to a

polynucleotide comprising &t least one CpG dinucleotide. Oligonucleotides comprising at least one
CpG motif can comprise multiple CpG motifs. These oligonucieotides are also known as "CpG
oligonucleotides” in the art. As used herein the phrase "CpG motif” refers to a dinucleotide
portion of an oligonucleotide which compnses 2 cytosine nucleotide followed by a guanosine
nucleotide. 5-methylcytosine can also be used in place of cytosine.

As used herem, "alphavirus RNA vector replicon,” "RNA vector replicon,” "RNA vector
construct,” and "replicon” refer to an RNA molecule which is capable of directing its own
amplification or self-replication in vivo, within 2 target cell An alphavirus-derived RNA vector
replicon should contain the following ordered elements: 5' viral sequences required in cis for

replication (also referred to as 5° CSE), sequences which, when expressed, code for biologically
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RNA export, post-translational nodification of nessenger, or
post-transcriptional nodification of protein. In addition, the vector
construct typically includes a sequence which, when transcribed, is
operably linked to the sequence(s) or gene(s) of interest and acts as a
translation initiation sequence. The vector construct may al so optionally
i nclude a signal which directs pblyadenylation, a selectable marker, as
wel |l as one or nore restriction sites and a translation term nation
sequence. waeoonadgbtion, if the vector construct is plagegkfilgsf retrovirus,
the vector construct may include a packaging signal, [ong termnal repeals
(LTRs), and positive and negative strand priner blndlng sites appropriate
to the retrovirus used (if these are not already present). Exanples of
vector constructs include ELVIS vectors, which conprise the cDNA conpl ement
of RNA vector constructs, RNA vector constructs thensel ves, al phavirus
vector constrrcts, CAV vector constructs and the |ike. One specific type
of vector construct is a "plasm d", which refers to a circular double

stranded DNAnvelag%nis RSyt ¢l ot h@Nakp2 INA S@HMR REaSseGales PRl gat ed.
Specific plas. dESéélbg bel?ﬁ%EﬂCIUd Eg%% andA%%JNCP dA ording to
some enbodi F&hH °§1331Fa“f"?1 AR B0 B BHBHE Y (G REEERY er‘ﬁé hods are’
provi ded mhK@hV@WE@MmMMhQMudeQHDW@phyha@fhmabhyeaﬂdﬂmpwmhemapeuticaIIy

I muni ze,  arfosk oﬁﬁUrJ@Lﬁm@&@feﬂggnes%&ﬁc@éom tﬁewagalmmmégmcaemlmgagt erial, or
protozoan infections, wel | as against tunors. The net hods of the present

i nvention avihgeedf ‘tﬁuef"cﬁffme'(%%ﬁﬂ%‘?’ PIP‘?’I’&‘OBP%’BHS’H%P% vl gheeBe et her apeut i ¢
i mmunity t0mamma@maﬁqmmaeﬁerably a human The net hods of the present

invention can alsQ. %mmpﬁﬁ&%1ﬁg erﬁvﬁﬁpﬂﬁéﬁ %ﬁﬁggy%kgg s, including

mammal s i n bloqedlc resea ettin UsoO1/ 30540 B.
Gener al Met YREHRS referspe poyapsapbinttich 5 sapptlq o i Whﬁ PrPIsern PiRceuNVERS ol ecul es

Pol yner mi cgee@gbmtelesesr;he ém&}oudiaﬁgd %Moﬂ%&s@n{@:&ﬂm&ﬁﬁi£h&ﬁomef ficiently

adsorb bi o0 |ca%h% %%ng% qﬁmecqhgﬁ urther, th m.croparticles

adsorb a grea ding c arged NSRS bul ky
nacronnlecuW@b@ﬁWh%Bﬁw¢@wiHﬁ@ﬂ%ﬁﬁ&@@@%éﬁﬁ?G@Gﬁapm@@ﬂegmueﬁdmhﬁoconnection

with the pre@eﬁﬁnoamﬂb@w&qm RGeS 8k mBSlindnts, $R hbRTaMd ‘%Yt@ﬁs@d%ﬁcﬁs del iver the
bi ol ogi cal | and/ or di agnose a

onents.in ar ] r evern
wi de’ varlet%ﬁ% 85% m”%? ém93$gg%558P“ﬁ%§?%ﬁ£ RERET egm%ﬁn be delivered
i n associ at tr@wnwom bf at HgparincRN @Kk fefetied $o0 asiS IWSEugiwelyas sbu¢nces ohicH, wient ed t o,

phar maceut i éeds&ﬁﬁo%lo@ﬂﬁl}r Rk QoA ERinR DA Mk s (B G Spon@pST er oi dal
antiinflanmat ory anal gesi Cs, vasodi | ator s, cardlova%gular dr ugs;

psychot r opi IE§4 aﬁ%ﬁra}?ga@]ﬁf F%Ié po yimerase recognition sequence (also referred to as 3' CS

addition, the vector sequence may include a viral subgenomic "junction region" promoter,
sequences from one or more structural protem genes or portions thereof, extraneous nucleic acid
molecule(s) which are of a size sufficient to allow optimal amplification, a heterologous sequence
1o be expressed, one or more restriction sites for insertion of heterologous sequences, as well as a
polyadenylation sequence. The eukaryotic layered vector mitiation system may also contain splice
Tecognition sequences, a catalyfic ribozyme processing sequence, a nuclear export signal, and a
franscription termination sequence.

" Alphavirus vector construct” refers to an assembly which 1s capable of directing the
expression of a sequence or gene of interest. Such vector constructs are generally comprised of a
5" sequence which is capable of initiating transcription of an alphavirus RNA (also referred to as 5'
CSE), as well as sequences which, when expressed, code for biologically active alphavirus
nonstructural proteins (e.g., nsP1, nsP2, nsP3, nsP4), an alphavirus RNA polymerase recognition
sequence (also referred to as 3' CSE), and a polyadenylate tract. In addition, the vector construct

may include a viral subgenomic "junction region” promoter, sequences from one or more structural
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anti depressants, anti parkinson drugs, beta bl ockers, cal cium channel

bl ockers, bradykinin inhibitors, ACE-inhibitors, vasodilators, prolactin

i nhibitors, steroids, hornone antagonists, antihistam nes, serotonin

ant agoni sts, heparin, chenotherapeutic agents, antineoplastics and growh
factors, including but not limted to PDGF, EGF, KG-, |G--1 and | G- 2, FGF,
pol ynucl eoti des whi ch encode therapeutic or imunogenic proteins,

i mmunogeni ¢ proteins and epitopes thereof for use in vacci nes, hornones

i ncl udi ng peptd&aohor nones such as insulin, proinsuli q;CT,gg(g)%DJ]O hor none,
GHRH, LHR}I, EGF, somatostatin, S1\rX-111, BNP, insuhnotropin. ANP, FSH,

LH, PSH and hCG gonadal steroid hornones (androgens estrogens and
progesterone), thyroid-stimulating hornone, inhibin, cholecystokinin, ACTH,
CRF, dynorphins, endorphins, endothelin, fibronectin fragnents, gal anin
gastrin, insulinotropin, glucagon, GIP- binding protein fragnments, guanylin,
t he | eukoki ui ns, nmagai ni n, mastoparans, dermaseptin, system c neuronedins,
neur ot ensi n, pancreastatin, pancreatic pol ypeptide, substance P, secretin,
thy nNoSi N, antkintgaes dripk@ons &ﬁZQfWDOWIQWIB pblbcpla(s orhich bravfelsiad sifcienredi at or s,

i nt er medi a ; as any of t he
vari ous cy%og%l%drvlgmﬂ?%ggucf‘%@%%g) e%rkvl‘ﬂrl] %géﬂr#émr ?&ngﬁém e%Sllg:?tnt erleulin-3,

i nterl euki ﬁuﬂméﬁ@ng‘mﬁrﬁ‘ﬂ?ﬁﬁr&wrwﬂo&muf%j@ﬁ%cema?ﬁer%ﬁfdu%ﬁtte@r In sone
preferred ewhodidamatits Of nddien if Bt@Nipb @ Bequentte rracr onol ecul e is nucleic acid,
nore preferabl t \, or RNA vector
construct. One %z‘i%dy&e ph?a?%i%ﬁ%y&mgfge%e eyr Fe r#a%erﬁ@‘g%]h%on is the ability
of the m cropdtdiderces W!@ﬁsse?égifrnb‘é@f aE@W‘S“"@@(PF éqne<5>t°6mgeshe’l?ﬂweetorcel | - medi at ed
i nune res maﬂﬁ@swpldauyammu@&w@lpua;hﬂprsxucmr@@tmceﬂihlecua&yﬁmgeym@f(s) tdhe antigen/ 22 WO
22{ lz?rzrggl Z{C;erh/ Ue§o=-nts ijl r%ogggécgng )%rregs{og%;% o1 me ssucltl Q&F {gtsphlcﬁvr%rpltﬁ%e:’]dtez :l icit a
power f ul t &dlA ea[g?ﬁl mgttramshﬁc@émod;ﬁpa@y O%EHGVSPR&EL oy agsi-wanyerigybnayqdifiejeres.  Accor di ngly,

the anti g@RheiC/BRALthd &h&%oz@tﬁuc{tﬂfcal@&@lﬁﬁe@i sehdaie8 RLithORheE BRscliR4 lincor por at ed

i nto vaccine 0 ons on to_a conventional antibody
response, t°H& g’ {;@‘teiﬁpréhe eélPeélf%p?fégn(? {5} 05](3T8r eﬁ 5‘?‘? 2P BTFHEOP BPER g, t he
associatio r:quffncet e vesop regwedhapadiogendy wiitdha gdnasbict dﬂh&@owmmmes such t hat

an in vivo ,cgld.pit ﬁz[ﬂce& men@s Jn@&%?b?rém‘é&sn tihenantingst, RhikhRh 8L&s& can be
mount ed whi ch_sti nul at es production of CTLs to allow for future

recognitio = 84450 & e gy fé’ﬁmﬁﬁ f‘stpﬁéeld FPPESroPR MR e AT ¥ Ed t an
ant i gen- speedkfging siprelslogrig@ing yepéus|(Jas), hd gaitibesind M@rsdanmgdn}ex bitdine net hods of the
present inye QJo}on'i‘ate% b refrdviE ubhS G Msd De ngneyregamgs raSi:Hlleseof fr, which cel | ul ar

and, or hunoral immune responses are desired, preferably antigens derived
from viral C%‘F‘ﬁiﬁﬁ’éhdé’Ef“ﬁlétve‘?tﬁfwa‘*f?d&%@seé?ﬁ?ﬁéd?l@éﬁmm‘rfRé‘Jé"IVFCt%eI per epiropes and
T- cel | cyt otaginets HNA @P@SonsiBUE hedtalvds gRRSIns Retotdasruby CvErvetonot [imted to,

t hose encodgd by humgp. and ani mal viruses and can correspond to either

structural or non-
One specific type of vector construct is a "plasmid", which refers to a circular double

stranded DNA, loop into which additional DNA segments can be ligated. Specific plasmids
described below include pCMV and pSINCP. '

According to some embodiments of the present invention, compositions and methods are
provided which treat, mcludmg prophylactically and/or therapeutically immunize, a host animal
against viral, fungal, mycoplasma, bactenial, or protozoan infections, as well as against tumors.
The methods of the present invention are useful for conferring prophylactic and/or therapeutic
Immunity to a mammal, preferably a human. The methods of the present invention can also be

practiced on mammals, other than humans, including mammals in biomedical research settings.
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structural proteins. The mcroparticles of the present invention are
particularly useful for inmunization.against intracellular viruses which
normal ly elicit poor inmune responses. For exanple, the present invention
will find use for stimulating an i nmune response agai nst a wide variety of
proteins from the herpesvirus famly, including proteins derived from

her pes sinplex virus (HSV) types | and 2, such as HSV-1 and HSV-2

gl ycoproteins gB, gD and gH antigens derived fromvaricella roster virus
(VzZV), Epst®oprBan virus (EBV) and cytomegal ovirus (Cl viidfushimebiddi ng C3NNV
gB and gH, and antigens derived from other human herpesviruses such as HHV6
andHHV7. (See, e.g. Chee et at, Cytonegal oviruses (J.K MDougall, ed.
Springer-Verlag 1990) pp. )25-169, fora review of the protein coding
content of cytonegal ovirus; MGeoch et al., J. Gen, bn-ol. (1988) 69:1531
1574, for a discussion of the various HSV-1 encoded proteins; U S. Patent

No. 5,171,568 for a discussion of HSV-1 and HSV-2 gB and gD protei ns and

t he genes encoding therefor; Baer et at, Nature (1984) 310:207-211, for the
identificauimnmﬂﬂMg@ﬂ tein codi ng sequences in anEBV genone; and Davi son and

Scott, J. 8% f ? QJA B ? r a review of VZV.) Anti gens
fronlthe hepatl E& o Miclop B &M(gNé§& ﬂe@% atitis Avirus (HAV),

hepatitis B vﬁPbi@equ}\Mml%é&%iﬁfP&P%a@R}-lGrI%%OI(ﬂHElR?) cepig e#ePt a hepatitis virus
(MDV), hepatolotgﬂc&v En\\élni’a&Sm((lchﬁV)Turﬁ&dhesm&aﬁaiﬂdb&dﬁb\élgfehtS/aI(eiyi@V) can al-so be
conveni entl y, use esumu (ﬂgw%%l %%mge g&ébﬁg Rerein. By way of exanple,

the viral genoni’c sedﬁ f lﬁ W, as are methods for obt ai ni ng t he
23 WD 0212@@ggm@Wﬂwmsmmmg@snghs@am@w eﬂhﬁkmﬂﬂ%mgmmmFm$EWﬂhﬁ?onal Publ i cati on
Nos. WO 89/d@uﬂv§;§%sterwadaﬂérllie(eﬁagcﬁflgummp%%tlﬂl%ﬁa@ to TR plekeM gRRAONE encodes
several viral rotii &% 1cl uding El (also known as F) and E2 (also known
as E2/ NSI) BRysHT” 4F%hucl eocapsid protein (termed "core") (see,
Hought on et at ,A ¥épaten! b gyerdpbBOlef cabde BBvEreBB 8ssodfation vath the seusstickn of HCV

proteins, hQﬁ&Mdhﬂﬁnﬁhmdﬁﬂ %&mdaﬁ&ﬂs9&m&ﬁ§§@mﬂaﬁhﬁ&ﬂ§mmé§mMﬁ" as
antigenic fr n%rrents hereof, wll_ find use in the présent conposition and

met hods. SiTRPTAPTAPY §pee sadsgifeentipgr: Cflﬁléva%“‘ﬂérrflf‘ioﬁéﬁcm??ﬂ?f ' BISP'PES] Dr own ( see,
e.g., U S aRateatatientiparbps3y@uddbét) bladhels, tauivgn chabd YekerC Badyilis0 be conveni ently

used in the,RLGSGRE. mES{{BPso%EotdhaQQ@s &ngmﬁfﬁ%ﬂﬂg%teroﬁqlgﬁnkhe%%h}{s anti gens derived

from I BV, such as the core anti surface antigen, SAg, as well as
t he presurﬁﬁ%t%ﬁﬁgﬁ@%mtas?nétsﬁepaaﬁafamﬁkl%@sﬁc fPwy FERTRSEaMed pre-S), as
wel | as co@hmmﬂhMQﬂﬁdmmgbhemabmmegmxn@mmaseség#pﬁﬂiéﬁzE@@/pre S2,

SA, | pre- Sl/ vnuclesoér}l]es @ngeggoge t§er£ Q\Iﬁgor n§1%dno%emc protexhsnlgnm%l&) éém? m_p and See, e.g., "HBV

Vacci nes - ratory to I Mackett, M and
W | | i anson cPipp®ihere¢dforass %@@F%W@WCWMEMQ liloatppnes S'mbasnl% 176, for a

di scussi on pafinskiB YroStnhdgdobd, EHRANGIRY, 1558, Rakhieddin NOS. 114 BXE.2ns888opin, 098, 704,

5, 324, 513, AENIB?I%E{P]&-E, %Eﬁ gnd hCG, gonadal steroid hormoenes (androgens, estrogens and
progesterone), thyroid-stimulating hormone, inhibin, cholecystokinin, ACTH, CRF, dynorphins,
endorphins, endothelin, fibronectin fragments, galanin, gastrin, insulinotropin, glucagon, GTP-
binding protein fragments, guanyhn, the leukokinins, magaimn, mastoparans, dermaseptin,
systemin, neuromedins, neurotensin, pancreastatin, pancreatic polypeptide, substance P, secretin,
thymosin, and the like, enzymes, transcription or translation mediators, intermediates in metabolic
pathways, immunomeodulators, such as any of the various cytokines inchiding interleukin-1,
mterleukin-2, interlevkin-3, interleukin-4, and gamma-interferon, aniigens, and adjuvants.

In some preferred embodiments of the invention, the macromolecule is nucleic acid, more

preferably a vector construct such as an ELVIS vector, or RNA vector construct. One particular
advantage of the present mvention is the ability of the microparticles with adsorbed ELVIS vector

to generate cell-mediated immume responses in a vertebrate subject. The ability of the antigen/
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herein by reference in their entireties; Beanies et al., J Tirol. (1995)

69: 6833-6838, Birnbaumet at, J. Tirol. (1990) 64:3319-3330; and 'thou et
al., J. Virol, (1991) 65:5457-5464. Antigens derived fromother viruses wll
also find use in the clained conmpositions and nethods, such as w thout
limtation, proteins fromnenbers of the famlies Picornaviridae (e.qg.
polioviruses, etc.); Caliciviridae; Togavindae (e.g., rubella virus, dengue
virus, etc.), Flaviviridae; Coronaviridae; Reoviridae; Bi mavi ndae;
Rhabodovi riwae/smeg., rabies virus, etc.); Filoviridae;pcrRagiapyxoviridae
(e.g., munps virus, neasles virus, respiratory syncytial virus, etc.);

Ot honyxovi ndae (e.g., influenza virus types A, B and C, etc.);
Bunyaviri dae; Arenavi ndae; Retroviradae (e.g., HTLV-I; HTLV-11; H V-1 (al so
known as HTLV-111, LAV, ARV, hTLR etc.)), including but not limted to

antigens fromthe isolates HVm H Vsrx, H VLAV, HV:.,,r HV.); HV-1
cM35, HR -1054; H'V 2; siman immunodeficiency virus (SIV) anong ot hers.
Additionally, antigens may al so be derived from human papil |l omavirus (QV)

and the ti cikichesrtles of bppreyghtadvintiprso glic yesibmediaa aumupe Tesponts aeyisigggecter d Edi ti on
(WK Jokl i kap@gn prd28383 5 WEM%@]’E@QE@L&C‘QMW Db QOVArien 28 daitedint | Qb By Me Fiel ds and
D.M Knipe; eds. 1991 ?5 Ng? descri [E)aa#)on of these and other viruses. 24 WD

02/ 26209 Pc?ﬁ‘%ﬁ%@lﬁ‘?ﬁ% EESHLPEROD PR P OO PRI EERsrmEIAD envel ope
prot ei ns from afys, ofaddidve tedrowentivdd aniito i rasp@se, the yygény derehgdesraintbens of t he
various genﬁ&\’lcﬁ fov %%8%9%@8{1@"‘}% exftbsSed %ég@wiﬁlrlﬂssﬁ%@wrﬁo%gﬂeg Sefhat € 9. Myers

et aL, Los Al anos t abase; anos t1onal Laborat ory Los Al anpos, New
Mexi co ( 1998y irdilar impmuns respopys sadhe aResen SipieresiSade ZAwiAR gt the o5 Al anps,
New Mexi cO: priddstion #CANDIS aldat torginat rebogtitnat tod yitiged rralriivingbreOthe ﬁathoalmay J. Virol.
(1987) 6157Q-578... C \Y s of a variety
of HV isol %flgs)gma% E%ﬁcﬁgﬂg%}’dﬁ%{?\?g ‘%%%1 aﬂ &L'g%ﬁszoggy&ﬁgrgl ates wll find
use in the presenl irpshugeny WWPHE‘PH@F@MCWCP@"J HYEAEPBHITI%equal |y appl i cabl e
to other |mgswa@gleﬂésﬁedp;ﬁra’eredmsnod;emrweldmfnrvaﬂrpamayengﬁat tRend@kitediss Hl V 1 sol at es,
i ncl udi ng var i oys envel ope proteins. suc and gp4l, gag
ant i gens Sﬁ’{gﬁedgel er eé)id)es and ae cggtomc €p] c}ées Bucgfn:lagens mc%u"ddlglétlarﬁg gml’g?{/éd from t he
pol and t atthesegpcwpsby hpap a@ﬁan@hlef%esmdcﬁmeqommm emtang@né orreyy al so  be

modi fi ed fognbs@ plofiint. e present invention For exarrpl e, Figures 1, 2, 5, and

6 provi de DNA uences encodi ng nodified NOs 63, 64,
07" and 68) - anthe BT EEs S Bgh e RAD Se B HER R BaFhg odi 1 ed
envel ope antiagding viESEQhicbnd@sly eligbpoanadmes yespohsd [Fueramlemhaprseni S anot her

exanpl e of ﬁveydoﬁwﬁﬁﬁo%ef@%&tﬁﬁ?%&&ﬁ%@%@gg\gﬁygwm}w dipRns A ticul arly
useful . Specificall e enve oteins HA and NA of influenza A

th
are of par'fsEEegpPs %{aﬁ’tl i”éhédtm“’fPE?Fe’n@%eﬁéerd PP BRPea IR &5 e O h &8 2 Numer ous  HA
subt ypes of suttiné Hilenz HAVFragkeop:duée pB, igl ewitehif dnegins(dawiiokevagtlle adster Vi r ol ogy

(1990) 179: £39v£6) kpsiRST s 8513 budrcytordDhd GENEGY VAL B g8 and o11;

and antigens denved from other human herpesvirnses such as HHV6 and HHV7. (See, e.g. Chee

et al,, Cytomegaloviruses (J.K McDougall, ed., Springer-Verlag 1990) pp. 125-169, for a review
of the protein coding content of cytomegalovirus; McGeoch et al., J. Gen. Virol (1988) 69:1531
1574, for a discussion of the various HSV-1 encoded proteins; U.S. Patent No. 5,171,568 for a
discussion of HSV-1 and HSV-2 gB and gD proteins and the genes encoding therefor; Baer et al,,
Nature (1984) 310:207-211, for the identification of protein coding sequences in an EBV genome;
and Davison and Scott, J. Gen. Virol. (1986) 67:1759-1816, for areview of VZV.)

Antigens from the hepatitis family of viruses, including hepatitis A virus (HAV), hepatitis B
virus (HBV), hepatitis C virus (HCV), the delta hepatitis virus (HDV), hepatitis E virus (HEV) and
hepatitis G virus (HGV), can also be conveniently used in the techniques descnibed heremn. By way

of example, the viral genomic sequence of HCV is known, as are methods for obtaining the
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anong type A influenza viruses," p. 127-168. In: P. Palese and D.W
Ki ngsbury (ed.), CGenetics f influenza viruses. Springer-V erlag, New York).
Thus, proteins derived fromany of these isolates can also be used in the
conpositions and net hods descri bed herein. The conpositions and mnet hods.
described herein will also find use with nunerous bacterial antigens, such
as those derived fromorgani sns that cause di phtheria chol era, tubercul osis,
tetanus, pertussis, nmeningitis, and other pathogenic states, including,
w t hout |iWphatden, Borderella pertussis, Neisseria nefo@istisges (A B, C
Y), Neisseria gonorrhoeae, Helicobacter pylori, and Heenophilus influenza.
Henmophi l us i nfluenza type B (H'S); Helicobacter pylori, and conbinations
t her eof Exanpl es of antigens from Neisseria neningitides B are disclosed in
the follow ng co-owned patent applications: PCT/US99/09346; PCT |1B98/01665;
and PCT 1B99/00103. Exanples of parasitic antigens include those derived
from organi sns causing nalaria and Lvne di sease. Additional antigens for
use with the invention, sonme of which are also |isted el sewhere in 25 WO
02/ 26209 PGliueite) $eBQZgQ1ﬂtdftiaﬁonapﬁHhéaﬁcamc§)rwo $9m$agdueobdﬂﬂo§9tahﬂdm ng (references
are listed | | oteln ant | &2 X mepi ngffidis
seTogr oupB, /uc “«}Jﬁ@ enomeegc?ge% Vepa{ 0 Tf)telgle’lmc1 E?i]sr?qg(%u easl'g)rre(ﬁbyane vesicl e
(OW) prepaﬁ%ﬂﬁﬁmowaaﬁifl\ﬁl)mw Fﬁgﬂln@dmusleogwﬁlé)gm@uﬁer@ed‘ uehGses t hose di scl osed
in Refs. 8, uRentddht allﬁ;epaioggy (b;@i)QWBSI 388 f63 A GiScRioh gﬁc@rﬂrdtgﬁnmfu

oli.- osaccharl de

i neni ngi fidi e 35 andlor Y,
di scl osed ﬁ‘iiﬁéf Eicg %EEE%WTTH?S%W BYFB Eag@e‘(t%%%eoglwglgﬁnﬁésf mf?)presen
sacchari de @mpisgiemanfl methadSt r ept ococcuspneu7noni ae [e.g. Refs. 14, 15 16]. -

an antigen fr Or@i‘mﬂ;ﬂ?%' Mﬁ?e%&tﬂ?%faﬁn erﬂfromziﬂyv?illmom@& @é‘,td Q@BenftNQm
Chl awydi apneumoni ae ‘}! 20, 23]. - an antigen

from Chl antydfA? “i)f’}”&(’,iﬁscﬁ“‘flrﬁlﬂcém Tlié? bﬁconvfal]”nﬂy ““e%méWﬁeﬁé?PWWﬁ%fﬁ‘P‘?ss A virus,
such as i naﬁﬂdmbaille,dntxgbn’sld&vefdefrog}fsvl%&&s th2&pre aﬁ@eﬂ,ﬂmsﬂﬁce&ﬂiabzgem fsr om hepatitis
B virus, . - . Refs. 26, 27]. -
an anti gen ﬁe‘%%ﬁfaﬁ?@%&% Iﬁpg{"?&prggfg %g ?ﬂﬁe nigﬁ%a}s

f | onBor det @P@B@P%Gs‘é? BoveShlas %@’Wa%%@?es”h SPEORIPRES2% PT)’TeﬁHEFe“f i | ament ous
haemagl ut i ng2Nwifi EdAke HefeAME B, e,o,DeHlB‘JUB&Jmﬁas @@ﬁm@aﬁ}a{oyytah&&elamas@aﬁdmﬂalatl on wth

pertactin aﬁd (%tr agg\ﬂ}i‘t L ngﬂ? an V cczues ar!d%agzm tﬁm p83159 ?’?6 }_fat er 3 of a

di pht heria anti=z.=,"such As dip eria toxol
e.g. the CRigssion rEBE trucfues; ang)US IR@{H No8 2,522,840, 5,098, 704 5,324, 513 mcoxporated

herein by reference in their entireties; Beames et al., J. Firol (1995) 69:6833-6838, Birnbaum et
al, J. Virol (1990) 64:3319-3330; and Zhou et al., J. Virol. (1991) 65:5457-5464.

Ref . 31]

Amtigens derived from other viruses will also find use in the claimed compositions and
methods, such as without limitation, proteins from mersbers of the families Picemarviridae (e.g.,
polioviruses, etc.); Caliciviridae; Togaviridae (e.g., rubella virus, dengue virus, etc.); Flavivindae;
Coronaviridae; Reoviridae; Birnaviridae; Rhabodoviridae (e.g., rabies virus, etc.); Filoviridae;
Paramyxoviridae (e.g., mumps virus, measles virus, respiratory syncytial virus, etc.);
Orthomyxoviridae (e.g., influenza virus types A, B and C, etc.); Bunyvaviridae; Arenaviridae;
Retroviradae (e.g., HTLV-I; HTLV-II; HIV-1 (also known as HTLV-III, LAV, ARV, hTLR,
etc.)), inclnding but not limited to antigens from the isolates HIVg,, HIVsgs, HIVyav, HIVLas,
HIVam); HIV-1cupss, HIV-1ysq; HIV-2; stmian immunodeficiency virus (SIV) among others.
Additionally, antigens may also be derived from humen papillomavirus (HPV) and the tick-borme
encephalitis viruses. See, e.g. Virology, 3rd Edition (W.K_ loklik ed. 1988); Fundamental
Virology, 2nd Edition (B.N. Fields and D.M. Knipe, eds. 1991), for a description of these and

other viruses.



- a tetanus antigen, such as a tetanus toxoid [e.g., chdp' er 4 of Ref 3 1]
- a protein antigen fromHelicobacterpylori such as CagA [e.g. Ref. 33],
VacA (e.g. Ref. 231, NAP [e.g. Ref 34]; HopX fe.Z Ref 35], HopY [e.g. Ref.
35] and/or urease. - a saccharide antigen fronaHaenophdus nifluermae B [e.g.
Ref 13). - 02 antigen from Porph3~anonas gingivalis [e.g. Ref 361. - polic
aatigen(s) [B.g- Refs. 37, 381 such as TV or OPV. - rabies arrigen(s) je.g-
Ref 39] such &g lyophilized inactivated virus [e.g. Ref 40, Rabavenr~) -
neasl es, nwopsza@nd/ or rubella antigens J-g., chapters ferdddiysng 11 of Ref
31] - Mienza arrLigen(s) [e.g. chapter 19 of Ref 311, such as the

haemaggl ut m n and/ or neuram ni cl ase surface proteins. - an antigen from
Moraxel l a calan-halis fe,g., tine 41 26 WD 02/ 26209 PCT/ US01/ 30540 -an
antigen from Streptococcus agal actiae (G oup B streptococcus) [e.g. Refs.
42, 43] - an antigen from Streptococcus pyogenes (G oup A streptococcus)
[e.g. Refs. 43,44, 45]. - an antigen from Staphyl ococcus aureus [e.g. Ref.
46] . - Conpositions conprising one or nore of these antigens. Were a
saccharide or céebpimjcdidt tge gphiOiogepindiegvelagre eins from gy pf tef devably conj ugated to a

carrier pr;%ﬁa‘%‘és @nchélng%éﬂn%&s Jr@e E@Dé}l@ncs QQQ%K}' &él&nxwx[eﬁdﬁponaﬁée% 47 to 56].
Preferred carrier proteins are acterla toxi ns or_toxolds, such as

di pht heri a o MI&F Sritrd ot %R Qaia0aspr@s aRsdiationt HFPROR: LS A6%et % s particularly
preferred. MNkive (195 Nyab kel G Retovphsed aail migds, 1 99¢ [Lodeadds, NewMerigh: Lasdes out er
menbrane p f n i 58, 59],

heat shock &%O? e?nﬁégf%braﬁgﬁh?ﬁé% &pz?ﬁgs(g?ggﬁg%gpg? r%cLére(l CgmpmggJRef s. 61, 62]
protein D f 10&’?156%@#&)@ Taseyof HRbpolgses) and qupgeps darvgd g ang Pfétrﬁec difficile
[e.g. Ref. i&A)es waltsEd us%eﬁere@mmemdurmmm thSﬂﬁemﬁba}&Set}ﬂaWapﬁx&Bbearl des from

bot h serogrou s Aand , red that e.ra W) of |vtenk
sacchari de Saceh (Sadelmsed%r%IB at é)f"[lqt‘ﬁlzlious ]SO{apes mﬁlu}’flg W 4:1, 5:1, 10:1
or higher) .ValSaleth%i?PPﬁ@@mﬁ“@rﬁ ghil §0rapd At °&§@Fﬁéglﬁwdpf§13%ﬁﬁag>@d D5?@$]Iaihgl tidis may be
conj ugat ed & aiﬁ)@elﬁs@e@vemondha‘p%ﬁﬁﬁatrew rAhﬁ&fﬂi@!e@io&im@&d af¥Rdhs Siidsabl e

conj ugat i on re tdIfOI’l ca sed th any swtlra12 d k%r ]\\/‘xgere necessary.
Toxi c prot el"M ANt QQ(??%”‘H% V&%rfo 1 PEF VBT S Irfet S8

det oxi f i catsegencesfenqoéing mrgigipdszag @ogcnsr(SmIDdFmrmc@il 67aqud pOrandidarres 3 frRéf . 30] . \Where

di pht heri a ﬁmde@ms&q%enuagdcw%eqmmdwaop%%% SEQ%‘NM 65 &d@@ef erred also to
include tetanus_antigen and pertussis antigens. Simlarl wher e at et anus

antigen is i ncIIB@@’H”’PSFé“OH’F’e“aé“PIFé@"lr‘éflf‘ér&h]f}&)th‘?ﬁﬁ?ffnu’(ﬁ‘éenﬂ}lnﬁﬂlt heria and
pertussi s anttcgek ssefulSiSpacificaly, e enbi@k glyaprpensttirssi SA afitflugens iescfi Nncl uded it is

preferred al,50uk Al A58l ROLREE kAR Ik RIS s Bk H8HGenza A have
beeun identified (Kawaoka et al., Virology (1990) 179:759-767; Webster et al., "Antigenic vaniation
among type A influenza viruses," p. 127-168. In: P. Palese and D.W. Kingsbury (ed.}, Genetics of

influenza viruses. Springer-Verlag, New York). Thus, proteins derived from any of these isolates
can also be used in the compositions and methods described heremn.

The compositions and methods described herein will also find use with numerous bacterial
antigens, such as those derived from organisms that canse diphtheria, cholera, tuberculosis,
tetanus, pertussis, meningitis, and other pathogenic states, including, withowt limitation, Bordetella
pertussis, Neisseria meningitides (A, B, C, Y), Neisseria gonorrhoeae, Helicobacter pylori, and

- Haemophilus influenza. Hemophilus influenza type B (HIB), Helicobacter pylori, and
combinations thereof. Examples of antigens from Neisseria meningitides B are disclosed in the
following co-owned patent applications: PCT/US99/09346; PCT IB98/01665; and PCT
1B99/00103. Examples of parasitic antigens include those derived from organisms causing malaria
and Lvme disease.

Additional antigens for use with the invention, some of which are also listed elsewhere in
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It is readily apparent that the subject invention can be used to deliver a
w de variety of macronol ecules and hence to neat, prevent and/or diagnose a
| ar ge nunber of diseases. In sone enbodinents, the

macr onol ecul e/ mi croparticle conpositions of the present invention can be
used for site-specific targeted delivery. For exanple, intravenous

adm ni stration of the macronol ecul e/ m croparticle conpositions can be used
for targeting the lung, liver, spleen, blood circulation, or bone marrow.
The adsor pyh99.69fs Macronol ecul es to the surface of thepadsoi/hent

m croparticles (or to submcron enulsions of the present invention) occurs
via any bondi ng-interaction nmechanism including, but not l[imted to, ionic
bondi ng, hydrogen bondi ng, coval ent bondi ng, Van der Wails 27 WD 02/ 26209

| " CT/ OSA / 30540 bondi ng, physical entrapnent, and bondi ng through

hydr ophi | i ¢/ hydr ophobi c interactions. Those of ordinary skill in the art
may readily select detergents appropriate for the type of macronolecule to
be adsorbed, For. exa cr. in the presence of
char ged deterg%pfziq ﬁamﬁmephmmﬁﬂﬁ%%%gégﬁggﬁlo%ﬁ%ﬁ’ gﬂ gents, may yield

m croparti ckégrosinericep Tomd¥ aewsHay fergomw hetch Pﬁé‘g%aftlll%fs to 7ab61°Yﬁet positive .
charge, Wwhi Ch RAPnABHEAS Rsidk (M@prv@fah@tﬁymwfzﬁmb@am Rdgrolpd, exanpl e,

m croparticle uf ac h..anioni c detergents, such as sodi um dodecyl
sul fate (SDﬁcg“moée%gﬁé‘}lﬁ’E 8%’%1’8 eé“frd es, adsorb positively charged

anti gens, suehcasidpmideriionsl. J@nzmwdarsérygroum Gria$ mdt esuchpanuf act ured with

cationi ¢ deuergenl SaxicSiehA8 R@@i&%@l@@%&ﬁ &!o%%&ﬂb’ s@rmpﬁéf%i brom de (CTAB),
i.e. CTAB-PLG m cropartl cles, adsorb nega charged macronol ecul es, such

as DNA Wher g2 saphad WW&W%’&HP@S“"W?E%”’%?&%%%ﬁ Havé& r egi ons of positive and
negati ve chamgetgeci0pooyhai[ogires. 1,AGNi oni ¢ or zwitterioinic detergents

may be appr oglr @E&mﬁ&hpag&g dahl,; E[QQ| ,yég;eﬁslgfgzdrgﬂng gﬁt uring mcroparticles

i
for use with € present n‘%en tion “are readify conmercially available from
e.g., Boehr r??g’é‘i*ge‘}ff?gbq”ﬁé?"iﬁ”a@(éﬁi”ﬁﬁ?r{?céﬁd Bi r mi ngham Pol ymers, |nc.
Bi r m ngham - ﬁdanugﬁmonﬁm;aﬁmlpesmysﬁﬁﬂhnamcﬂteym&g (REfszGI’ZH] ng the mecr oparti cl es

herein include ho r |ved fromthe
fol | ow ng: poalnfﬁy %ﬁ uth/‘?rluscsuam ce M howr %g%nsﬂ %y egd%() >]/but yrate);

pol yhydr oxy- W@n@%@%@%ﬁegﬁ% as poI yhydr oxyval erate); polyglycolic
acid (P&A (ﬁiaﬁﬁleﬁ(ﬁl@m;c@ﬁzzd}@}nﬁQJ mg@am Ml&hﬂﬁfﬂaﬁd fdehbhs ( PLA) (al so known

as polyl act one, rol ac one I ortbgester; and
pol yanhydrl Fé‘?‘)e‘i‘poét}‘aélé‘ai%fg %ﬁ??ﬁ 8% ™ BYEh as
pol y(L-1I act agx@)mogqmlguéﬁ)felg- Refacgp kdel) (both known as " PLA" her ei n),

pol y ( hydoxy bitfiallugat QROLUARAS, Rlodl: LA AG! b 9200 o ahycohde, such as
pol y(D, L- Iactl%ﬁe cao 1tigl yco |de) aesol(gngt e% I%L%1q (%r "PLGA" herein) or a

197 mutant [e.g.; Ref.
- a tetanus antigen, such as a tetanus toxoid [e.g., chapter 4 of Ref 31].
- a protein antigen from Helicobacter pylori such as CagA [e.g. Ref. 33], VacA [e.g. Ref 33],
NAP [e.g. Ref. 34], HopX [e.g. Ref. 35], HopY [e.g. Ref. 35] and/or urease.
- a saccharide antigen from Haemophilus influenzae B [e.g. Ref 13].
- an antigen from Porphyramonas gingivalis [e.g. Ref 36].
- polic antigen(s) [e.g. Refs. 37, 38] such as IPV or OPV.
- rabies antigen(s) [e.g. Ref. 39] such as lyophilized inactivated virus [e.g. Ref. 40, Rabaveri™).
- measles, mumps and/or rubella antigens [e.g., chapters 9, 10 and 11 of Ref 31].
- influenza antigen(s) [e.g. chapter 19 of Ref. 31}, such as the haemagglutinin and/or
neuraminidase surface proteins.

- an antigen from Moraxella catarrhalis [e.g., time 41].
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copolynmer of D, L-lactide and caprol actone. Particularly prefen ed polyners
for use herein are PLA and PLG polyners. These polyners are available in a
vari ety of nolecular weights, and the appropriate nolecular weight for a

given use is readily determ ned by one of skill in the art. Thus, e.g., for
PLA, a suitable nolecular weight wild be on the order of about 2000 to 5000.
For PLG suitable nolecular weights will generally range from about 10, 000

to about 200, 000, preferably about 15,000 to about 150,000. If a copol yner
such as Pligoipg,dmed to formthe mcroparticles, a varigtyusefizosso

| actide:glycolide ratios will find use herein and the ratio is largely a
matter of choice, depending in part on the 28 WO 02/2621)9 PCT/ US01/ 30540
coadm ni stered macronol ecul e and the rate of degradation desired. For
exanpl e, a 50:50 PLG polyner, containing 50%D, L-1actide and 50%
glycolide, wll provide a fast resorbing copolyner while 75:25 PLG degrades
nore slowy, and 85:15 and 90: 10 even nore sIovay due to the increased

| acti de conponent | t |s r ead t t hat | e.ratio of

| acti de: gl ycol THE T4 %4 sffcfccuwéael 03?621& gg“ PISRE O egu%tfsﬂggﬁ the art based,
for exanple; mnﬁg@m@nrﬁtemceccwfmgﬁes @mpgetmp‘&awdcudl[smﬂefem #4n45l.quest i on.

Mor eover, | nmeaggp,g,giﬁmp IQBCCL;SQgeer[eegSQQQG] nventi on wherein antigen or
adj uvants ar tra(_‘;()J hi n mﬁ)ﬁsggnartlcles m xtures ofmcroparticles

with varyi ngg?né&??tfoase Q‘Prifi%?’iearem‘i“a‘lf B3| find use herein in order to
achi eve the desVheedsac@helaseakehnedis Dtgef onsed it gipwérnblyaeiugnaiectirer and to
provi de for mmo@aep{oemcymm&%g&ﬁm@g%g IR L ERRORLruRgFadat fon rat e

of the mcroparticles of resent 1 nvention can a e controlled by
such fact or $2¢ gﬂwmmﬁifoﬁ“@@a%mmawaﬂ@w o3y B Gk dleliﬂg?%att%md@m ty. PLG
copol yners \pmrﬁdalaqureydnag OlhaGstitabl e caffleyiE@dinis gheludeat. m@isngﬁﬂd outtrddegiatb ar wei ghts are
readily ava l-e o ding from

}p r?gg [ehg %}&thflclp%ugeg fg I?efsrglén%? hea fc%ﬁlg{eglgﬁ I{E kd‘]l

Boehri uger r man rm n Bi rm ngham U.
These polyﬁﬁ?@seraﬁmaﬂegd‘%élsﬁ}hiﬂ%%w@a W&@r%[eee %f'él%@ﬁ%ﬁfs%u on of the

| acti c aci daeoopgnente gUsdred), et elRiaGHkeSe ddRprlses kipima sacdhardabigro@Beth SUCh as

descri bed in _Tabat,a {e ) 837-858. \Were
used, prefer“f‘@r(fu%sdﬁmﬁglﬁ_mfr erfecig‘é%(?(rﬁ%o lea) Ivranﬁ)sa“haingejl\%enﬁsg?hénfﬁose havi ng a
| acti de/ gl yesitérdhen hislzak 1l pat4 oSt dhgprrhgher)r éw@@w o Gferent sgoerovrf . pr ef er abl y
40:60 to 60,;1479@1«@@@;@ daaahy@gedao mpda@é:&ldﬁgrea\@mhgma@sngl ng from 10, 000 to

100, 000 Dal t ons, El re erab rom i“g 70. 000 Dal tons. The
pol yner m cropafé’{ly PHRE °£3rnéan8}r813 OrDé?‘j‘ ﬁ‘éf%&“’haaﬁﬁlsuﬁ? e ‘Vbﬁe”??%gfaﬁods wel | known
in the art. Fofoxpagyl atizgesnnag avetoeirtoihrarentsgy (eodepkibcagmef ®itor¢ sol vent
evapor at i ony 48 e iLAUES 4o e 1%?30]t hose described in U S. Patent No.
3,523,907 and awa_et at CI[1 arm Bul| lé ﬁ%‘ﬁ 36: 1095-1103, can be
used herein to "edllfﬁ"}’énarﬁm&ﬁ’b’ﬁ%if“ﬂdf P g comppriigntt ¥ BERTHIGESS TP ol ve t he

tetanus antigen and pertussis antigens. Simmlarly, where a tetanus antigen is included it is preferred

also to include diphthenia and pertussis antigens. Similarly, where a pertussis antigen is included it
is preferred also to include diphtheria and tetanus antigens.

It is readily apparent that the subject mvention can be used to deliver a wide vanety of
macromolecules and hence to treat, prevent and/or diagnose a large number of diseases. In some
embodiments, the macromolecule/microparticle compositions of the present invention can be used
for site-specific targeted delivery. For example, intravenous administration of the
macromolecule/microparticle compositions can be used for targeting the hung, liver, spleen, blood
circulation, or bone marrow.

The adsorption of macromolecules to the surface of the adsorbent microparticles (or to
submicron eplsions of the present invention) occurs via any bonding-interaction mechanism,

including, but not limited te, ionic bonding, hydrogen bonding, covalent bonding, Van der Waals
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formation of a primary emul sion consisting of droplets of polymer solution,
which is subsequently mxed with a continuous aqueous phase containing a
particle stabilizer! surfactant. Alternatively, a water-in-oil-in-water

(w o/w) solvent evaporation systemcan be used to formthe mcroparticles,
as descri bed by OHagan et al, Traccane (1993) 11:965-969, PCT/US99/17308
(WD 00/06123) to O Hagan or al. and Jeffery et al., Pharm Res. (1993)

10: 362. In this technique, the particular polyner is typically conbined with
an organi gyeplysnt, 29 WO 02/ 26209 PCT/ USOL/ 30540 suchrcamsatsoyh acet ate,

di met hyl cbl ori de (al so called nethyl ene chloride and di chl oronet hane),
acetonitrile, acetone, chloroform and the |ike. The polynmer wll be
provided in about a 1-30% preferably about a 2-15% nore preferably about
a 3-10% and nost preferably, about a 4-6% solution, in organic solvent. The
pol yner solution is then conbined with an aqueous solution and enulsified
to forman o/w emnul sion. The aqueous sol ution can be, for exanple, deionized
water, norpnal._sali f.er hosp ate buf f er ed

sal i ne ( Pitne BAdGorRbel L) BhG R I e PP BB BB 0 soa um
citrate/ ETD&)DIdb@W ﬂ@rm boirundy epadily Rectfdeteradyts yppraphiate foxtbd rpvef magoingeco®  pol ymer

sol ution t o,3gEeRds quui d ranges fromabout 5:1 to about 20:1, nore
preferably about 10: Enmul sification .is conducted i Nng any. equi prent
appropriate for QEFﬁEE‘P?%fPPMC AEEe %ﬁ‘%‘a ’fs'ff‘ca‘?ﬂ@aﬁgg‘?teeeéﬁgn %%t?‘ife such as,

e. g., an honigiepricz@nic defersenh, maeyidf mitrherticyswite Asdfade d#viog 8 ndt teenivoptai onal | y
preferably LSk it fuhECh1Y AhTE moflu b AGUEAUSiSALHEL on, vhi ch

pref erably contains cationic, anionic, noni oni ¢ det ergent The vol une

rati o of aq‘iﬂ@&f&%ﬁ’l@d’fﬂﬂt’?‘lﬁ‘ﬁ dftageatw%ﬁﬁﬁoe%t?dwﬁtl%aﬁ%?)taﬁaég From about 2:1 to

10: 1, nore miypiread, bdgorbpwititelydhatged gD buetsas prioteiid | Stilaly, me@partoled C and noni oni ¢

detergents ] i . Rle Iisted above
%g{ac%%a v@&gﬁg&{awlf;&ts REAC L G @M&‘Aﬁ%ﬁ%@ (2

and incl ude respectlve taln nmacrono écules may
adsor b ror e-er SR wigontielpsotdsart Hesttisy %&? FeTomokeHehicHh s DM J¥hesst abi | | zer s
and/ or det Eﬂhgﬁﬂio&oletfuﬁf 10 BXALGH e @havBre GEREHpBRIE DO nQhtivPMA @ BT, Moreover, in
sone mstancglsmco' Ry laeerdemmg1 tgl e t oatadd detergent to the above organi c
sol ution- VHREYE® 4 KRB et BPg& AP P& 'ch as PVA an enul sion stabilizer is
used, it is typBlefEEIIaG}PblpP@me@@dmmfaab@umcm@m&ﬁ% wovithtthepresentmpvesion t ypi cal | y
about a 4- 10%::0) ddfnhﬂﬁally%l@ﬁ@m%at BQRrEer Qlgenii, @eugnyq{em&e is used, it is
typically I’OVI ded l n._abou AEL 05- 5% sol ut | %ﬁfo nor e t aI |y about a

0. 25- 1% sol 7 “cERErarfy: EOIEWBHTEIC"E%O)WF %%eﬁj ’f‘Ef pol yner ratio
inther anglere@xfmcmledmmabbmtrs €or0iP@:dland potyoerdboiy terl@edSbm twifdlbwie used, nore

preferably Qs Q&Uﬁc & 911:1 %n&s e % RLeherall y from about
0.001:1 to %g O% § d@g o %ﬂoége?riugwegawfmﬁgm abou@ 005:1 to about

0.5:1. The %t fﬁP@yhiY%w%ﬁtehaﬂtﬁééW%ﬂ 8 G5 suie e *ﬁb’%‘tca]ﬁit‘emtt}ﬂﬁt}w doubl e
enul si on O QEMPIA) (286 kasen tspolglactde); helpdienapofodtapdlactddemofy athmtleatddon par anet er s

can be mani &WE&;&% th?orea}lrife?}éﬁ :.Itrpt?oly(a—hyd.roxy acids), such as poly(L-lactide), poly(D,L-
lactide) (both known as "PLA" herein), poly(hydoxybutyrate), copolymers of D,L-lactide and

glvcolide, such as poly(D,L-lactide-co-glycolide) (designated as "PLG" or "PLGA" herem) or a
copolymer of D,L-lactide and caprolactone. Particularly preferred polymers for use herein are
PLA and PLG polymers. These pelymers are available in a variety of molecular weights, and the
appropriate molecular weight for a given use is readily determined by one of slall in the art. Thus,
e.g., for PLA, a suitable molecular weight will be on the order of about 2000 to 5000. For PLG,
suitable molecular weights will generally range from about 10,000 to about 200,000, preferably
about 15,000 to about 150,000.

If a copolymer such as PLG is used to form the microparticles, a variety of lactide: glycolide
ratios will find use herein and the ratio is largely a matter of choice, depending in part on the
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preparation of small mcroparticles on the order of 0.05 pm (50 nut) to

| arger mcroparticles 50 pm or even larger, See, e. g., Jeffery et at,
Pharm Res. (1993) 10:362-368; MGCGee et al, J. Mcroencan. (1996). For
exanpl e, reduced agitation results in larger mcroparlicles, as does an 30
WO 02/ 26209 PCT/ US01/ 30540 increase in internal phase volune. Small
particles are produced by | ow aqueous phase volunmes wth high
concentrations of emnulsion stabilizers. Additional information can be found

in US. Appbiegahioon Serial No. , Attorney Docket NospctRRoikH502. 002,
entitled "Mcroparticles with Adsorbed Macronol ecul es” filed Sept enber 28,
2001. The fornul ati on paraneters can be mani pulated to allow the preparation
of small mcropartirles on the order of 0.05 m (50 m) to |arger

m croparticles 50 rimor even larger. See, &e.g., Jeffery et al, Pharm Res.
(1993) 10:362-368; MCee et al., J h'icroencap. (1996). For exanple,
reduced agitation results in larger mcroparticles, as does an increase in

internal phase volune. Small ﬁ’grtl cles are produced by Iow aqueous phase
vol umes wi t FARTEReescRaeemtlscdlt 106 e a5l degiaiRidesteds £ oS P e8>0 Nyl r opartiel es
can al so be péipteredtalip 5y, B,playte didyd% gyalie, vdDacek ¥ attronbiggsodgser i bed in,

Tho | 0, . 4 U.S. Patent No.
> 800, 457- "Rk sE0y d?“%i@&ﬁ%ﬁr”g%g% B o bt S é“ejtg’%%w Yor k:
ai r- suspens ingprsed drtide RYEPeRsE Hilepdiy 2Prig Hlatei’s‘mﬁélﬁf atiqs &fqdﬁéycalﬁélls ¥&bst er coating,
as descri bE‘detebrMmddair bne@f skiftfn, the(aﬂtgﬁgl) fofrehﬂnpiev&ﬂirﬂ&h&ﬁre BIrQCA e and dkord&ant r ol | ed

Rel ease Technol ogjes: | vt et hods lications (A-F. Kydorieus,
ed.), Vol 2, 810 %Tﬁ Y b rogtge yes E)%vé A)er grﬁrggmgu hd" eDeasy, PB. ,

Crit. Rev. Weppedjﬂ@g P pr@gs, migyestof mlefil%lsl)‘fs Vg(lzmgﬂﬂ&dsgl?w&%daﬁp%m c gel ation
as descri bedutya us@he&m,m dzlieMoQEnicd the des6d rashgeam(ed&ﬁea giveR bl RA8-uBME Particle

si ze can be_ det aser terin usi ng for exanpl e,
a spect r omEt&Y” %f ﬁ]ﬁ%)glpagf‘éﬁ ?‘Pﬂg“énﬂgliﬂﬁ'?ﬂeﬁ I as e?dﬂo’ﬁétﬁgrf%el ly, particle size
i s det er m nedgropdrtidendithe pteenpperdbuaeas hecoptrmial by exh fagdrs 4 polenamadcyises of t he

sanpl e in qygst anBol;(Fz)n% stta]hélfyleLé Lo Bsiers with Yoy Qctﬁ@olyo@ﬁ@?a@&%nde ue for the
particle dianeter rticle'size is also rea det erm ned usi ng scanni ng

el ect ron ni BPESEOYRENE SENGUY ApteRf REPgay g?%bﬁimﬁ%ﬁfsémfff nghyime B?Désent i nvention
utilize m cBopagtrihgkkeii Cepaiyatd Bingche@nphds innRigningkabAIC rbese emul si on,  whi ch

preferably H}L%l %95%159& bl Ga SUE m%@%lﬂg}densaﬁ&r ofkb@ﬁfn@a&aecom&%f f’x%mQr others may

be used as ase oil-containi m cron enul si on fonic
sur f act ant seFaYes PHCPUEEr bk S”éPr“é sbed ] Tepatagipiely b Biomed Aarer. Res. (1988)
Di ol eoyl - 3- Txdsmeishyl anmoni um Pr opane (DOTAP), Di ol eoyl -

sn- G ycer o-3 Et gy pospiosiohiBeuRRRO) Atk Jphsoy sRhpspfiati di c acid (DPA),

1;1chde’glvconde molar ratio ranging from 30,70 to 70:30, more preferably 40:60 to 60:40, and
having a molecular weight ranging from 10,000 to 100,000 Daltons, more preferably from 30,060
Daltons to 70,000 Daltons.

The polymer microparticles are prepared using any of several methods well known in the
art. For example, in some embodiments, double emulsion/solvent evaporation techniques, such as
those described in U.S. Patent No. 3,523,907 and Ogawa et al.,, Chem. Pharm. Bull. (1988)
36:1095-1103, can be used herein to make the microparticles. These techniques involve the
formation of a primary emulsion consisting of droplets of polymer solution, which is subsequently
mixed with a continuous aqueous phase containing a particle stabilizer/ surfactant,

Alternatively, a water-in-oil-in-water (w/o/w) solvent evaporation system can be used to
form the micropartices, as described by OHagan et al,, Vaccine (1993) 11:965-969,
PCT/US99/17308 (WO 00/06123) to O’Hagan et al. and Jeffery et al,, Pharm. Res. (1993)
10:362. In this technique, the particular polymer is typically combined with an organic solvent,
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are soluble in squal ene. Prototypic ionic enmul sions may be fornul ated by

di ssol ving each of the 31 WO 02/26209 PCT/ US01/ 305411 detergents in

squal ene/ 10% Span 85 at concentrations ranging from4-52 ng/mm squal ene. The
squal ene/ surfactant m xtures maybe enulsified with 0.5% Tween 80/H, O at 5ml
squal enel 100 mM  H2O. A pre-enul sion may be forned by honobgenization with a
Si | verson honogenizer ( 5 mnutes, 5000 RPM and final emul sions may be
made by m crofluidization (-10,000psi, 5 passes, Mcrofluidizer |1105).

Addi ti onal wii ®eemsi on concer ni ng subm cron enul si ons caorbsibewnd 1 nfra.

Fol | owi ng preparation, mcroparticles can be stored as is or freeze-dried
for future use. Typically, in order to adsorb nacronol ecules to the

m croparticles, the mcroparticle preparation is sinply mxed with the

macr onol ecul e of interest and the resulting fornul ati on can again be

| yophilized prior to use. Generally, macronol ecul es are added to the
mcroparticles to yield m croparti cI es V\,i th adsorbed macronol ecul es havi ng
a weight to weight ratio of froma 0001;1 to 0.25:1 macronol ecules to
i croparti cPees eyl e éﬁe‘?ykhb“@(ﬁafo Iaufdome@‘yle“f chlpgdf gnd 5’1‘%?@?"'3’6‘}62/ 0.01 to O.05.
Macr onol eculc@om2fiflethe, Qﬂordﬁhﬁ. amimsmq@aTHelpmh@szadrprdaﬁemmmmmeﬂ using standard
techni ques rab[1 agouga mére q@tcra%fngou?gy (f stpr§f§r blynab%lg)tng%g}t ion with the
present in ent1on 1 Nnc f erns, pre er abl fl gen mol écul es, and

nucl ei ¢ aci @ktiongp @fﬁ@’fcafm’eyt W@@P]@Pefwﬁlsltlﬁ tbeﬂtcsm‘é%ﬁ)waea@?m ®RBressi ng a nucl ei c
acid Sequer&ﬁkﬁ&u&:ﬁn@@ oﬁ;}\epﬁuﬁaéeme aqe&)mr)ﬁuon&w& &rv@ﬁﬁ@ﬁﬁoﬁmm vect or

constructs. 0 crop vention nmay have
nacr onol ecurf es roapﬁgdggsomoe cap qslgjfteg“ﬁ{?\ﬁe ﬁ]ascé%ls Wel | as having
macr onol ecmﬂ@@/e@)ﬂs@dﬂmte{rdwn%ﬁ (sodi¥pysitratdKIiDA) bﬁanﬁﬂem Braleraldf. thski |l | in the art
May prepar eyojufe aﬁ&&mﬁﬁw@um&n&@a hid6s HaRY Bilel 3t Ddues: ORAbIu zz)heéorb avi ng

\7| S vector adsorbed thereon, m croparticles

encapsul at ed a%jﬁ uvants with
havi ng endips yﬁ?"élﬂlodntp*?ﬂ@%f?‘faw{sﬁonﬁ%ﬁﬁ 8 £8P TG fRPTpRE arélﬂi'?“ﬁ%d t hereon The
i nvention cammise'mpdllmlasl -shear dgdteisehys, ©f . ag boppaatr ons of nucleic acid

macr onol ecul es adaprhed. of ezﬁ’mﬁh%a%%ﬂ ERREE, et @ombﬁledcvhﬁmaa!?gte}x%u% al ong with

ot her nucleic acids as mel as ot her. antlgenlc nol ecul es. I n sone
preferred eXfFRAIRsHETPIRIOn Sk RiFierRty SRR & FRiETG IR QT PRGBS ERthE e ELVI S
vectors or \IRNAememf@queoxﬁ@mﬁctnrme/mmad@omhsﬁrahétefr@mdbouté\dmﬁ Itoilpnacably, any of the

embodi ment s, of, ly ha@c% M. G ngp?e% Bﬂa&kn‘?csdqimctaﬂ ohl&‘{c%@tfeﬂ Q-4 ngeetar el ivered in

conj unction el 8t ropor ation e macronol e sor bed
m cropart i cirsdce ity BientsyBised envesplinddpiPs. ﬁT@@EJBYMI@PEé@“d&r%mﬁP oduced, they
are fornul abtedmoladuedtghy Wisbrh mo Yeadl@ ®i ki @hatields Usap b Sombidio®of3dbilizers

and/or detergents, for example, a combination of PVA and DOTAP. Moreover, in some instances,
it may be desirable to add detergent to the above crganic solution. Where 2 nonienic detergent
such as PV A an eroulsion stabilizer is used, it is typically provided in about a 2-15% solution, more
typically about a 4-10% solution. 'Where a cationic or anicnic detergent is used, it is typically
provided i about a 0.05-5% sclution, more typically about a 0.25-1% solution. Generally, a
weight to weight detergent to polyzner ratio m the range of from about 0.00001:1 to about 0.5:1
will be used, more preferably from about 0.0001:1 to about 0.5:1, more preferably from about
0.001:1 to about 0.5:1, and even more preferably from about 0.005:1 to about 0.5:1.

The mixture is then homogenized to produce a stable w/o/w double emulsion. Organic
solvents are then evaporated. The formmlation parameters can be manipulated to allow the
preparation of small microparticles on the order of 0.05 um (50 nm) to larger microparticles 50 pm
or even larger. See, e.g., Jeffery et al, Pharm. Res. (1993) 10:362-368; McGee et al, J.

Microencap. (1996). For example, reduced agitation results in larger microparticles, as does an
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WO 02/ 26209 PCl | U SO 130540 pharmaceutical conpositions including
vaccines, to treat, prevent and/or diagnose a wde variety of disorders; as

descri bed above. The conpositions will generally include one or nore
pharmaceutically acceptabl e excipients. For exanple, vehicles such as water;
saline, glycerol, polyethylene-glycol, hyaluronic acid, ethanol, etc. may

be used. O her excipients such as wetting or enulsifying agents, biol ogical
buffering substances, and the |like, may be present in such vehicles. A

bi ol ogi cal waufzkewe can be virtually any sol uti on which psrphassamcol ogically
acceptabl e and which provides the fornulation with the desired pH, i e., a
pH in the physiol ogi cal range. Exanples of buffer solutions include saline,
phosphate buffered saline, Tris buffered saline, Hank's buffered saline,
and the like. O her excipients known in the art can also be introduced into
the final dosage form including binders, disintegrants, fillers
(diluents), lubricants, glidants (flow enhancers), conpression aids,

col ors, sweeteners, preservatives, suspensing/dispersing agents, film

f or mer s/ coaPfrerersy infemal phspesolamel Spell RitticlpRgreipradeced by fne gAY BB OBRYE of t he

i nventi on Wi nigh @sHpdnir88nsar digibogsidetscal |y effective anount of one or nore
macr onol ecul es Jdnterest. That is n,_anmounyg .
nacronDIecule/ngéwﬁﬁérOF%%%C%RFFmggﬂi?ﬁ?ﬁﬁ%%%&?%kpheJégﬁgggp?fbns, whi ch
wi | | cause Y¢rePPd6A67 @Bt entitsd Plieyehaticlesayith Bfisbibed Magtomplessled filsdSepiembepidder t o
prevent, reghdce, elimnate or diagnose synptons. The exact anobunt necessary
wll vary, depﬁpgin on th% sub&ect. e%ng tr ated;.thg?%?e and gener al
condition of the *SWBFERE PHEHEHE PEETRYT ! 1T Ha™ BRI © he condition being
treated; i nochprtchse tgfordaref P.ArmmG ogitclake mespottses0 he ecapagi o, of the

subj ect’ s | IURRLSYSL B ResSYRENGSEZRs. ARGLROM] LFicrdeAlEy. @RS e Of protection
desired and the particular antigen sel ected and its node of adm nistration,
among ot her ®FEE: BEed A&FFEHHE ST et Bororf it 599 “HRoUTn BERL B eadi | y
det er mi ned Wjumengmad parsresldre privdut<d &y law hquechbyhsse vamtedreithdize tdntep@dtibng of ef f ecti ve
amount will fall in a relatively broad range that can be determ ned through
routine trials.  For exanple, for purposes of the present invention, where

t he macr onol ecuMEmPHcies 56 Hi PE foERRe eng SPrayziiying Prrdegeacer\ABonge S {idis: o &y pi cal | y
range from alokkn el a Ny Cédoabatiase 196y 1310DK eaipit &b ersahl iy, Visemm@bout 10 ng to
about | ny, ] preferabl v, ahout 100 t Q. ut | t he
nacronnlecd?ggg%ﬁ??%% édﬁ%é@ﬁﬁ%égB%§h%F§”F%§“ﬁ%c$%%%“€%3%%“&%1an antigen, an
ef fective d¥a®e eidlYurstey pragg] & Jesqribad gretialier Bl BOGE "Wusster §roeess” Bbout 100 ng, nore
prefgrably é&ﬂﬂk&hﬂukIiﬂmmgwrmk&FQWMaF4ﬁ@Ayﬁﬂ&@ﬁQ&Fi@@ﬁ@ﬁ#&@?&ﬂ aPoutdSO Eg
to about | f, cr u del jyer per, .dose. Once formul ated, the
conpositiongg%?£¥%28?@3%%@¥gﬁg%%§%8%”%dﬁ$ﬂiS'é?%égﬁzg%%¥%¥%ff9, e.g., by

i nj ecti on The GBHFOBIPE-1Bvsd crinedsaoniapfescbd &y ekt Wert abifeut @péébusl vy,

i ntraperitoneadslarg. 33 WO 02/ 26209 PCT/ GsOL1/ 30540 i ntravenously or

intr larly, | r of m ni i i ncl | |
| nt ramuscul arly,, O her 048800 ST Rl L ALhOR, LASHdS.fagal . mucosal,

spectrometer incorporating a helium-neon laser. Generally, particle size is determined at room
temperature and involves multiple analyses of the sample in question (e.g., 5-10 times) fo yield an
average value for the particle diameter. Pasticle size is also readily determined using scanning
electron microscopy (SEM).

Alternative embodiments of the present invention utilize microparticle preparations
comprising a submicron emulsion, which preferably includes an ionic surfactant. For instance,
MF59 or others may be used as the base oil-containing submicron emulsion, while ionic surfactants
may include, but are not limited to, Dioleoy)-3-Trimethylammonium-Propane (DOTAP), Dioleoyl-
sn-Glycero-3-Ethylphosphocholine(DEPC) and dioleoyl-phosphatidic acid (DPA), each of which

are soluble in squalene. Prototypic ionic emulsions may be formulated by dissolving each of the
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vagi nal, oral and pul nonary adm ni stration, suppositories, and transdernal

or transcutaneous applications. Dosage treatnent may be a single dose
schedule or a. multiple dose schedule. A multiple dose schedule is one in
which a primary course of admi nistration may be with 1-10 separate doses,
foll owed by other doses given at subsequent tine intervals, chosen to

mai ntain and/or reinforce the therapeutic response, for exanple at 1-4
nonths for a second dose, and if needed, a subsequent dose(s) after several
nont hs. | nwe@st@sn enbodi ments of the invention, a serpEsuwisz®@ne or nore
injections of a vector construct (which conprises abeterol ogous nucleic
aci d sequence encoding an antigen) is followed by a series of one or nore
injections of antigen (also referred to herein as "boosts''). As a specific
exanpl e, the vector construct may be adm nistered in three injections: (a)
at a time of initial admnistration, (b) at a tinme period ranging 1-8 weeks
fromthe initial admnistration, and (c) at a tinme period ranging 4- 32
weeks fromthe initial adm nistration, while the antigen nay be

admi ni st er eldteigentstinwgudlens/ 64 SpamBs at (opgentationgraneingEoméf3 myfmlsgualgieridee f r om 8- 50 weeks
from the i RipfieRdsurf-R@N RS hA beQRuaRE whth0 softwean §0iH18 «Bek do@end/Regi Ng from 8- 100

weeks fronlthe |n|t|al adn%plstratlon The dosa e reginen will also, at

| east in part, *BE T A am%QMFﬁ@%ﬁ%@Hmﬁwh%ﬁB TOOBTREFCEAA  be dependent on
t he | udgnentinugs, SOMERPPT acitfingl ravsdns mdy be hddevymiareuidizdtiopEev@ntsi dmssef di sease i s

desired, t %cr%ﬁzgﬂ%él Péd%nMc&s@x%&'éﬁg&uMﬁ&5n%gnum&9 @a%tbg M%%ﬁ@r € gener al | y
adnlnlstered prlor to pin- Infection with the pathogen of interest. If

treat ment of d|§Bﬁgﬁpﬁﬁ¥ﬁ@¥nFﬁﬁﬁ“ﬁF@W@ﬁFF@ﬁi“P§“H%§¥¢éﬁ %%, the reduction
of synpt onsrypitally, m@eddf 1 ed3cd ﬁa,acrdidilﬁctﬂds € il dpartitle Shamitrbpagicls pedaatbnwe ct or

const ructs e BERSHAL Yo ATL: SHRLEm SURSSANERLLG BILIRLY [ Nfection 2.

Dr opl et sions In ot nment s presefit 1 nvention- an oi
droplet enﬂ?@@@ﬁﬁPﬁgPP@c@ﬁ@?%ym“ﬁmm§w%h¥%®ﬁﬁ“éﬁu@@ﬁ@ﬁﬁwﬂ%ﬁﬁ¢epared
conpri si ng racrbRiiABGHh Zabba r@brbm@aﬁiesaﬁm@wlamfowe@g raigemom abdvbl ecul es such as

an ol gonu%lo%{?l ItdgzngICI;olmsole %Imcrc?%%tl pre era %% %{ {001 m(}/e%%frgbgrnbi ned. Wi th

the oil drople on orm jruva e oil emul si on
preferably(Uﬁmﬂﬂﬁs@@ﬂ@mﬂ@ﬂaﬁmkmpﬁbh@ﬁdwmdamdﬂaﬁﬁ@mvﬂyﬂMyﬁmgﬁagent, wher ei n
the oil andmgﬁ@,ﬁnulsifying agent are-present in the formof an oil-in-water

enmul si on havi ng 02/ 26209 | USM 30540 oi| droplets s tantially al
of which are | é%sémf’q\fngﬁ Iﬂaérof?f’lﬁﬁ”'g%r’i Y foﬁ?‘f“é‘{%?‘“‘ht&fﬁ ’I‘“’eﬂnc’g dél ons, wth
dropl ets i mraWrssrgradh enigedudicde, andmgle; acsh onrferblsWrprosingg sﬂ@ﬂflorlty over

ot her emul sk Qnsn, acneaécaah@géa&n@l Juch%QdMQmL:ﬂvtfsth @MQ%&&:MAM}!&“ the oil
dropl ets are su%nl icantly larger than those

The polymer microparticles of the present invention may have macromolecules entrapped
or encapsulated within them, as well as having macromolecules adsorbed thereon. Thus, for
example, one of skill in the art may prepare in accordance with the invention microparticles having
encapsulated adjuvants with ELVIS vector adsorbed thereon, or microparticles having
encapsulated antigen with RNA vector construct adsorbed thereon. The invention contemplates a
variety of combinations of micleic acid macromolecules adsorbed on and entrapped within
microparticles, along with other nucleic acids as well as other antigenic molecules. In some
preferred embodiments, the microparticles of the invention have EL VIS vectors or RNA vector
constructs adsorbed thereon.

Additionally, any of the embodiments of the microparticles of the invention may be
delivered in conjunction with electroporation.

Once the macromolecule-adsorbed microparticles and/or submicron emulsion

microparticles are produced, they are formulated, along with any desired adjuvants, into
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Provi ded by the present invention- |In preferred enbodi nents, the enulsion is
positively charged as a result of a cationic detergent being used as the
enul sifying agent or- alternatively, contains a cationic detergent in
addition to the emul sifying agent. This allows for the adsorption of

nucl eoti de antigeni c nol ecul es, such as CpG ol i gonucl eoti des or vector
constructs.. 4atematively, the use of an anionic detergent allows for the
adsorption of nolecul es such as proteins. Al though individual conponents of
the subm cpQy,8 Si on conpositions of the present inyenbdoshsare gcenerally
known, such conpositions have not been conbined in The same manner.

Accordi ngly, the individual conponents, although described bel ow both gener
ally and in sone detail for preferred enbodi nents, are well known in the
art, and the ternms used herein, such as netabolizable oil enulsifying
agent, immunostinul ating agent, nuranyl peptide, and lipophilic nuranyl
peptide, are sufficiently well known to describe these conpounds to one
skilled in the art wthout further description, One conponent of these
conp05|t|om@dmyﬂﬁﬁﬁﬁﬁaﬁﬁwm?%bﬁgVMW@WJPB%F@mﬁﬁwmwﬁﬂéﬁ@$&BW9Wﬁﬁbdbf about 6
to about 3%@@5@@%@5&6&0&7@qtlumnﬂgmonbum o@%uylmcmetc@@lortnﬂre al kanes, al kenes,

al kynes, thelr correspondi ng aci cohal s hers and esters
t her eof andp “‘f}lfa&accelﬁ)%ﬁ Bgrmple%gormlmp(efé’ﬁ gef)SUChaswaterg > gf e°tl oil, fish oil

ani mal O | ﬂye@m $hestli yathrbyic g9rd coharob efc. oy bevmﬂc%th@;awpbets wetealyaine z ed by the

body of theorfa@a;@@gugéml bﬁl&,’g,m%hﬁhngtsﬂ)@can%éjj chVﬁQﬁke \Mai, te ﬂ?e@enﬂﬁifﬁl:ﬁlelﬁ&e%r ed and which
is not toxi n aj, and

p ca
preferably bﬁ%ﬁ& “ﬂﬁfﬁbfﬁ Fwﬁﬁﬂo'w FEVMEY%Bﬁ“ ﬁﬁ?’gféﬁﬁpg$stlllate oils
aye expressMyw®M@ﬁmd@dwﬁmnmmthmsdmﬁvemmH@nmnﬁh@k@m$mmmn@@m@@pfof this

i nvention Cﬁﬁa@&&ﬁmﬁﬁm@ﬂMmLBQQmQQﬁBQuﬁAﬁéﬁ&ﬂmﬁh&%ﬁﬁeﬁ&m@&h&&ﬁ O an acid
O al cohol derlvatlve her eof ‘el t her the free acid, Its salt or an ester

such as a n¥e™® %§M@(ﬁﬂmr8?”???@@?@?ﬁw?ﬁﬁﬂ?E&Q“F%@mF4¥@F?E@*?ﬁ%% and esters
of 1,2-pr Opiaﬁheﬁblﬂllng bindess] didirkegrant) Glleys Ay )pXiyticans] ghohal®w eMagabpl s can be

acyl at ed enpl.aviio, ALY Qa0 HOE L 00A Akl LA BxaMDI € acetic acid,

propanoic acid, citric acid Et her rom |l ong chain
al cohol s whicEwrsspaersyiflpvers aadpntpe @S- t he ot her criteria set forth hereto can
al so be used, Themmmﬂmw&ﬁakmahkﬁmmcm@dﬁﬂﬁhﬁmmeﬁky&ﬁmmmmﬁwmﬁnd its acid or

al cohol der r carbon atons.
The noi ety J():Ién(raﬁge avimo\zg@m!'slésrdallgtgi;'g ﬂm ranc‘ﬁ!eogg%g&m\)if)gl 8‘5‘?‘ %%%‘g(@é@?ﬁ'/ USa / 30540
chai n st r ucipdiided i thg coppgfiipRs. IW}H C@ﬁﬁt‘éﬁ%}?ﬂe@do perdureaselignereprsmBrEerdoubl e or

triple bondsg preVhiek®cdBiRthate OF diddRsdsy@fibrI TheQRkacitdB@N nddasOGi0ky S are enpl oyed,
the limtat t tQ t 30 .carhons.. appli the i ndi vi dua
fatty acid %Pw?§¥?§’§ﬁﬁggd%’ﬁgai f %88 10 BRE Cﬂmm?“ggfml ?% RUEStnt . Any

met abol i zabthesewiity of thrapeidition beag Itryateﬁﬂrom an ofbamimrernologidhlireshoneyr thacegetyabl e sour ce,
can be usedfie subject’s immumne system to synthesize antibodies; the degree of protection desired and the

particular antigen selected and its mode of administration, among other factors. An appropriate
effective amount can be readily determined by one of slall m the art. Thus, a therapeutically
effective amount will fall in a relatively broad range that can be determined through routine trials.
For example, for purposes of the present invention, where the macromolecule is a polynucleotide,
an effective dose will typically range from about 1 ng to about 10 mg, more preferably from about
10 ng to about 1 mg, and most preferably about 100 pg to about 1 mg of the macromolecule
delivered per dose; where the macromolecule is an antigen, an effective dose will typically range
from about 1 pg to about 100 mg, more preferably from about 10 pg to about 1 mg, and most
preferably about 50 pg to about 1 mg of the macromolecule delivered per dose.

Once formulated, the compositions of the invention can be administered parenterally, e.g.,

by injection. The composttions can be injected either subcutaneously, intraperitoneally,
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herein. It is essential that the oil be netabolized by the host to which it
is adm nistered, otherwise the oil conponent can cause abscesses,

granul omas or even carci nomas, or (when used in veterinary practice) can
make the neat of vaccinated birds and ani mal s unacceptable for human
consunption due to the deleterious effect the unnetabolized oil can have on
the consuner. For a detailed description of such subm cron enul si ons, see

I nternational Publication No. WD 90/14837, and conmonly owned | nternational
Pat ent Apphbeatden PCT/US00' 03331. The oil conponent ofctb@sssadi uvants and
i rmunogeni ¢ conpositions will be present in an amount from about 0.5%to
about 20% by vol une but preferably no nore than about 15% especially in an
anount of about 1%to about 12% It is nost preferred to use from about 1%
to about 4% oil. The aqueous portion of these subm cron emul sion
conpositions is preferably buffered saline or, nore preferably,

unadul terated water. Because these conpositions are intended for parenteral
adm nistration, it is preferable to nake up final buffered solutions used as
i MuNogeni Gntra@onosi ftiaomsilslp dtheatodehd adngdistratiob tayludenasd, mucogedtght y, i s
essential | y Lhe 93, a5 Ma{;@mﬁwgb L9 Gl randobethidPrdulluiefler Lo prevent
post - admi ni g’? ration swell rapl bsor ption he conposition because
of differ eri‘?l?haqtmisolﬁosé%ﬁéaécﬁﬁn?%fowg‘ﬁé‘ts?\ié@ﬁ‘ﬂ%%é“@é‘?}b@?@? g @nd physi ol ogi cal
fluids. |t ohBipleadsS@hdaties edeanb&;l&hh@mmgfc&esre of AemBSwdibd ey bétwiricher to mai ntain pH
conpatible wt l.cal .conditions in_certain

i nstances, °F tmaedosesbgﬁorvggg‘goihéer Ose?%\en ai° ubtg%luen qnﬁmtewellsA%osemom‘fl fcul ar level in
order to ensdjmeewqﬁ@t@tt@bpquysp@ﬁe f@ewmeﬁlerﬂt béwg@tglfquamqonééwp@mms such as the
gl ycopept i d8Sied, mh(se@}amgj,sgg)qggrg@&wm@@cept abl e buffer can be used herein, but
phosphat e buffirs are g“ﬁ % her. agcept abl e buff rs such acetate,
tris, bicarbonat & eaPBEREES! “fwe‘iftﬁlé PIRST BRT BEC L&Y 58 Sbst i tutes for
phosphat e bofstet @hichltvepiphd adfterbihgusagtieoyd saaumperredits amaxihbenblﬁ bilerdbl y be

bet ween abcwaseﬁesQf&eQrmmgbuw@fﬁtumrr%e@ml@éﬁmm@tsi)nAstalqngm!ﬁa/ pr epar ed,
however, unadulterat ed water is preferred. as, ueous .conponent of the

ermul si on. IEPESE RGOS TSHRY b%ﬂﬂélétﬁrfq"ﬁfhfef)ﬁuef?ﬁ?eéa) qmﬁﬁ?%nﬁhl fficult to
achi eve t heddesiat@d(bparalihe widpingibs 15§ weks Mhen taadhinnation amyuhageni ¢
conposi ti ong, 36,0, 82429209, PCTLISA LAS0. 5, RUERAGEC ] hom he adj uvant

the antigenic mterial can er at an tgmgo riate
osnol al i ty *fEHTeHt ge W%@nﬂéﬁla?aé@ep?ﬂ%‘irﬁ?ﬁ’éﬁ%sé%w&%ﬁoﬁ he quantity of
t he aqueou&mmm%@m&&m@amﬁﬁm&e 10@maaﬂ$otnlﬂﬁri@uawa1nimsmoﬂ hat armunt

necessary to brin tohe val sition That
quantity of aquﬁéeo%s °C eno“nen at{e?sﬁ‘em |2P%t%6t mme efﬁ‘g@lé{esw qg mxed with

t he ot her @G)ﬁﬁﬁ@ﬁ@mnsfhemldﬂl@ﬁo%lb@v@lﬂoﬂeh or der to bring the conpositions to

vol ure. Furthermecre, if prevention of disease is desired, the microparticles with adsorbed vecior

constructs are generally adminmistered prior to primary infection with the pathogen of interest. If
treatment of disease (other than prevention) is desired, e.g., the reduction of symptoms or
Iecimences, the microparticles with adsorbed vector constructs are generally administered

subsequent to primary infection.

2. 01l Droplet Emulsions
In other embodiments of the present invention, an oil droplet emulsion (particularly, 2

submicron emulsion) is prepared comprising a metabolizable oil and an emulsifying agent.
Molecules such as an oligonucleoiide comprising at Jeast one CpG motif may be combined with the
oil droplet emmlsion to form an adjuvant.

The oil droplet emulsion preferably comprises a metabolizable oil and an emulsifying agent,

wherein the oil and the emulsifying agent are present in the form of an oil-in-water emulsion having
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A substantial nunmber of emulsifying and suspendi ng agents are generally used
in the pharmaceutical sciences. These include naturally derived materials
such as guns fromtrees, vegetable protein, sugar-based polyners such as
al ginates and cellulose, and the like. Certain oxypolyners or polyners
havi ng a hydroxi de or other hydrophilic substituent on the carbon backbone
have surfactant activity, for exanple, povidone, polyvinyl alcohol, and

gl ycol ether-based nono- and pol y-functional conpounds. Long chain

fatty-aci dy;gesiygd conpounds forma third substantialpcgiRbuonh emul sifying
and suspendi ng agents which could be used in this invention. Any of the
foregoing surfactants are useful so long as they are non-toxic. Specific
exanpl es of suitable emulsifying agents (also referred to as surfactants or
detergents) which can be used in accordance with the present invention are
di sclosed in commonly owned international patent application

PCT/tJS00/ 0331. Surfactants are generally divided into four basic types:
anionic, cationic, zwitterionic, and nonionic. Exanples of anionic

det er gent s cllidmplety débstanbaly allpd whighote less than peedniray, ip @dnggieniSobragirdmulsepr yl i ¢ aci d,
cholic aci dyjmkrdRE dNESHIIONGL Ak sqowasqﬁ%\g%%hg o@é;btgar e:&mﬁtgsdecanesul fonic

acid Nl auroyl sarcosine, and taurocholic acid | i ke. Cationic

det er gent s TOHEPTRR D4R PRAEETn PRt gt pRcts eé‘gﬁlf‘??i‘tﬁé‘”ger than ose
(hexadecy! turovived byythegprassprinvenion. Br pefircté prtodmk AR qoulsieniz pdsidadyicumeec sl or i de,
di et hyl di HeLP gleaCcXtiom@' tUéBgQLQPé)thGQ&meQE ent Mfogauvely contains a

dodecyl tri met hyl anmoni u rom de, benzy Idlneth yl hexadedyl ammoni um chl ori de,
cetylpyrld|%Wﬁﬁﬁ@ﬁF%ﬁ?H@mmﬁﬁpﬁvw%@ﬁ¥é$%bﬁ?b%?%%ﬁ&ﬂe%ﬁ@Pmﬁﬂa 4-nicol i ne
dodecyl sul dueitdtide @nignit Bi@eculds] sk as EpGaliphesodits i Wt @hdnoid. CAldeteagent s i ncl ude,

but are nOt | Illsgﬂ %.10%319 tlete:?fregtﬁ ]yvogotl_hg %%En C%%% egulei)%lch as profeins.

dlnethylannnnlo pro anes nate (common reviated CHAPS),

3- [(cholanldopr6%VM$E@WQFH§PMV@Eﬁﬁ@ﬁﬁ@?ﬂ%wﬁﬁﬁ@bwsm¢mﬁwﬁb@m@§ﬁlfonate

(gengr al | K @Qﬁo@%@n@@yﬂ%ﬁ s@@onﬁbsﬁﬂﬂ@@s&bmbem combined in the samemamﬁer dvl chol

N, N- di net hy ni Q anes at phosphati dyl chol i ne,
and t he Ilﬁgcrmﬁ%F%'Pegll ﬁF%%f@m %qubgﬂ$PWPﬂ%Fmge3%%ﬁfgare not |inited
to, dec anoydetawomﬂmydd ngMélamtSd@ well st nrhear endyths/iewds vivdirospenthyek et her

n- dodecyl (m@lgmcogﬁ)ﬁmaﬁggsaa@mﬁmm@m 2%k d8r6Q Hbsﬁlti@}%ﬁf 37 WD 02/ 26209
PCT/ USQl / 30510 fat { al.c0 g @/ % ol d under tEgeiﬁtr L3dg. Doy hame Lubrol ),

pol yoxyet hyP&EHE BPHEE S w? Feding %5““@5@???@@?5@*@0 F%tty aci ds),

pol yoxyet hydieame figtberdéestrptionf at ty acid ethers (e.g., sold under the trade nane
Twee I’l) and sor @Aetcaﬂpogeﬁtt otf%es@&)lmgosﬁglg & %ne\(aﬁrhalble u§£pl|ojgc éﬂn}qg‘grabﬁynge Jf rade nane

Span), and the . lik A particularly usefu of 'surfactants are the
sor bi t an- ba8t° Hﬁﬁmf3%?@“@@FF§@F§%P§“”§H%ﬁ“Oé%mf%éh%%ﬁﬂﬁW%?§WF9 avai | abl e
SPAN(T) or obitspalih 4c)s anﬂ]ﬂMqu.&i Me metehmﬁetbreihteref 20F miftAdBfectl @Rt @nat | on  whi ch
di stingui S'%;\%n F%{%g& Esﬂ‘éﬂ, 15‘8&&9311‘» }Ergsiplared ANghich an%ﬁ)%!boh%ﬁbo tituted

sorbitans grou act an conpri ses polyoxyet hyl ene
sor bi t an nobroedt &ihs besrrimalae VW%PQV%W@ be erfrigistersfh and which is not toxic to the

subject. The host animal is typically a mammal, and preferably a human. Mineral oi} and similar

toxic petroleum distillate oils are expressly excluded from this invention.

The oil component of this mvention can also be any long chain alkane, alkene or alkyne, or
an acid or alcobol derivative thereof either as the free acid, its salt or an ester such as a mono-, or
di- or triester, such as the triglycerides and esters of 1,2-propanediol or similar poly-hydroxy
alcohols. Alcohols can be acylated employing amino- or poly-functional acid, for example acetic
acid, propanoic acid, citric acid or the like. Ethers derived from long chain alcohols which are oils
and meet the other criteria set forth herein can also be used. »

The individual alkane, alkene or alkyne moiety and its acid or alcohol derivatives will
generally have about 6 to about 30 carbon atoms, The moiety can have a straight or branched
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triesters, commercially avail able under the mark TWEEN(r). The TWEEN(r)
surfactants can be conbined with a related sorbitan nonoester or wester
surfactants to pronote emnul sion stability. The size of the oil droplets can
be varied by changing the ratio of detergent to oil (increasing the ratio
decreases droplet size, operating pressure (increasing operating pressure
reduces droplet size), tenperature (increasing tenperature decreases dropl et
size), and adding an anphi pathic i munosti nul ati ng agent (addi ng such
agents deq&gg§§§ odroplet size). Actual droplet size Wdiygasogso th the
particul ar detergent, oil, and imunostinuiating agent (if any) and with the
particul ar operating condltlons sel ected. Droplet size can be verified by
use of sizing instrunents, such as the conmercial Sub-Mcron Particle

Anal yzer (Mbdel N4, MD) manufactured by the Coulter Corporation, and the
paranmeters can be varied using the guidelines set forth above until
substantially all droplets are less than 1 mcron in dianeter, preferably

|l ess than 0.8 mcrons in diameter, and nost preferably less than 0.5

m crons i n dissrednes It Bybedullp stramanddioahdvs/onabr nog: dawdent triglt bonkie &§tre about 80% ( by
number), pr&gam@# s . d%%@ak m@@aagye@%@mmq&%fRmfe%@m Yo @hols€ast about 95%

and nost preferably at |east about parti_cl size distribution is
typical |y GRRISSP g‘ﬁmd%‘@imtfﬁ%{ta"ld ‘Erﬁ"étyélﬁ‘é‘i?laﬁﬁmﬁln%fﬁ@tt@iﬂ Cﬁf@nﬁ‘ﬁ"ﬁ‘} ler than the stated
limts. A pref et aetatdlidabledioppitietiar fictn &d ithall &hbﬂ%ﬁ@tabl%ﬁzge came tel made accordi ng

L0 e P oSS €3, AS3ELI L e SAATRLE s Slflgs YRgEATE Dol one The

!

wran, Eds.,
Pl enum Pr esthe oilempgongsfycra cayse abpcpspespgygrulomys grstyengopreipgmas, Vfa(@éan‘llée,dm 1998, 16,

1822-1827; vQledina®pradice) can‘éaﬁemler&at &9@&&&@5@&&&@@@5@&&@@&5i et al.
| munol . 1994 1 res of Ich are incorporat ed

3
herein by rQFEFEREESofe; dzl%terfougerqf[f‘itf’enewet bO?@I%crm}%S‘ﬁ CHESBIEE enul si ons
i nclude, for ex@anpleailed SARPL@Oftuah TbmigonlditsSysed latprestiod] M®hcdipeEn 80, 5%

pl uroni c- blwsléﬁmsp;owg&xmoh%gvlﬂed%&qlaﬁéaﬁpb/QPAﬁhJaﬁb%rpcwgm@MUI di zed into a 38
WD 02/ 26209 PCT/ USO1 /30540 subm cron, enul si.on or_vortexed to generate a

| arger particl e &P RRET &iR5H 2ANVES B BITrIe P aRes AT YEYer e PBAS), (Ri bi
| nmunochem amslgntirdot gt 054k Xo Hown e bi ym@84 Beferatiyen enoretha? Mo kWeen 80, and one or

mor e bact erfal;, 19@&{[;3%% ofé%&ﬁrﬁ’é%%ed%&ﬁﬁ/ q{ﬁkﬁn&?pr&é—%%&e%ﬁia%u'tﬁcel | val |

nonophosphoryl i p| d A (ML), trebal ose dinycol ate ,
skel et on ( Ry 47 f)‘i’eferably MPL+ CN5 (Deto)L) (for a further di scussi on of
sui t abl e subm crhemyu@iud poitidn Vakesd sul@iidibnSnAN G chojositimeis ey huffsele commonly

owned, patent a 9 ied on January 29, 1998). After
preparing the rplgoro%a}lerf‘b% (Puherg dlvha%él%\%aggr?ﬁesecomp SReTer™, Dfdy(% e pol yner type

or the sulnenrdpdemrip.dris rgfpdle trade Bnridefleed solusions Hseh s iyeirggseEpt | des and
vector co nSdBfnblﬁ:E&ls TRl BStoniadS el hedtd) e eRinenps. RESWOHSl Yydlgqussed. The
subm cron ef[néc n o1 Qr ton}1)recvr ?8% EEdlm(@:nlsgaSmI? Iweﬁmg or Bxplg Sbsoxp‘non of the composition
because of differential ion concentrations between the composition and physiological fluids. It is
also preferable to buffer the saline in order to mamtain pH compatible with normal physiological
conditions. Also, in certain mstances, it can be necessary to maintain the pH at a particular level in
order to ensure the stability of certain composition components such as the glycopeptides.
Any physiologically acceptable buffer can be used herein, but phosphate buffers are
preferred. Other acceptable buffers such acetate, tris, bicarbonate, carbonate, or the like can be
used as substitutes for phosphate buffers. The pH of the aqueous component will preferably be
between about 6.0-8.0.
‘When the submicron emulsion is initially prepared, however, unadulterated water is

preferred as the aqueous component of the emulsion. Increasing the salt concentration makes it

more difficult to achieve the desired small droplet size. When the final immunogenic compositions
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invention may al so have macronol ecul es entrapped or encapsul ated within
them as well as having macronol ecul es adsorbed thereon Thus, for exanple,
one of skill in the art may prepare in accordance with the invention
ndcroparticles having encapsul ated adjuvants with ELVIS vector adsorbed
thereon,. or mcroparticles .having encapsul ated antigen with RNA vector
construct adsorbed thereon The invention contenplates a variety of

conbi nati ons of nucleic acid macronol ecul es adsorbed on and entrapped
wthin m c&,%%ctz'?gcl es; along with other nucleic acids gsuyseeloksas ot her
antigenic nolecules. Preferably, the mcroparticies of the invention have
ELVIS vectors or RNA vector constructs adsorbed thereon. Additionally, any
of the enbodinments of the ricroparticles of the invention rmay he delivered
in con_unctien with electroporatiorl 3. ELVIS vectors ELVIS vectors are
Eukaryotic Layered Vector Initiation Systens, which are generally described
in US. Patents 5,814,482 and 6, 015,686, cited above, as well as in

I nternational Patent Applications WO 97/38087 and WD 99, 118226. I n one
enbodi ment , is prepafEll prStheainwat th entighoic pterd! caf tedded he bflered reermérrisin  al phavi r us,
nmor e pref er abbMinf b 9RoRHHRAR S M Sinit Sksiio>eM | ki Forest virus (SFV),
Venezuel an equi ne enceghalitis Vi rus é 'ﬁ%%' or Ross Ri.ver virus (RRV). The
al phavirus is 51 SR Vit A cuBEeEDs st e (ot $omposineps Tihbehgt h, whi ch
contai ns a Bhougapessardo brinBthe prdle yarbenyppoditia to wndly. | That Bhaquamitywf gusond ect i ous vi rus
i s conposed. b, theraeR Y. BohbitRustORRAL Nt e Rus! eecARsId  and envel ope
proteins. Alphavirus infection of host cells occurs by a receptor specific
event and 6T R TRACOTRPSTHES WYY genomic RNA into the cytoplasm During
viral replicati asybstini@nunibéral en3Bif124s20 20N E e ldneibly3BH 4Gheencoded envel ope
gl ycopr ot ei : I : - ed | host cel

menbr ane, t%?%nl?ﬁh&@\gﬁmc > %‘%&%ﬁgﬁegﬁ?‘gﬁg‘vﬁg‘e’gﬁg&?gﬁ%‘3%@"”%‘% he outsi de of

t he host cerl®etabRapleincagy-pped Belyperauch iy Agnateepbiile gidits i Chtdthe genoni ¢ RNA
strand ser voRgplyasrs bipelymdreiapleatheird:@e osyhatp@sihSic @bstidert O @BRNL ary negati ve
RNA strand., The negative trand then seryv ate ate for
full-1lengt hba&%}?\n(% rlil‘lmg suﬁlﬁkmélﬁagl\l%f’ %"F B TAte ?nr?’aﬂoﬁ/m'l?%clogoﬁé? de%y C%g%?r{bfs\%- strand
subgenom ¢ RNA: aod prly-fanstirotl carepewnds | Lopgrcbinghthy gcidrcsived cerppofrgt ook 4 thitsim t he genomi ¢
st r ang, \Q\ﬂ buBstaittBor o lof detfikibHn@ bnd s @b Sen B FBic do@i 8 vdda@ftnif m@Moh henySubgenoni ¢
strand.

the viral genes are expressed first as polyproteins, then
post -t ransl %ftﬁie%‘ﬁfé?ﬁf“ﬁ%@%%aé%%ifais%ﬁ%af'ﬁ?fi*‘f?i“&‘lfﬁ?“'pr oteins by proteolytic
cl eavage. An al fyhaficieramplescé pitdte epaplyinragentsitay réferebuiad dufipyants gpl aci ng certain

portions of getheny bkt caORRQEE acdoRale withSie pHGEh U AioPhOfiflRa AEARSIyWM th a
sel ect ed het erol ogous_nucl ei c aci in _certain “enbodi nents,

an al phavi r &4 %W?ﬁéwwgfpg?aﬁW§%@§ﬁ°gqg?e ]2 g‘?@%‘gy %eeﬁiﬂféﬁ% EiEdpibl e of
initiating fotraispest PiohigRatiofic, amtabpd) andineritgic. Brample|oatohidétegegtience encodi ng
the ai pbavi iE&i'xﬁle, %&%&&"ﬂﬁl{teldrtc@ !alginic acid, caprylic acid, cholic acid, 1-decanesulfonic acid,
deoxycholic acid, 1-dodecanesulfonic acid, N-lauroylsarcosine, and taurocholic acid, and the like.
Cationic detergents include, but are not limited to, cetrimide (hexadecylinmethylammonium
bromide, or CTAB), benzalkonium chloride, dimethyl dioctodecy! ammonium (DDA) bromide,
DOTAP, dodecyltrimethylammonium bromide, benzyldimethylhexadecyl amnmonium chloride,
cetylpyridinium chloride, methylbenzethonium chloride, and 4-picoline dodecyl sulfate, and the
like. Examples of zwitterionic detergents include, but are not limited to, 3-[(3-cholamidopropyl)-
dimethylammonio]-I-propanesulfonate (commonly abbreviated CHAPS), 3-[(cholamidopropyl)--
dimetbylammonio]Q-hydroxy—l—propanesulfonate (generally abbreviated CHAPSO) N-dodecyl-
N,N-dimethyl-3-ammonio-]-propanesulfonate, and lyso-a~-phosphatidylcholine, and the like.
Examples of nonionic detergents include, but are not limited 1o, decanoyl-N-methylglucamide,

diethylene glycol monopentyl ether, n-dodecyl p-D-glucopyranoside, ethylene oxide condensates of
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proteins, an aphaviral junction region pronoter, an al phavirus RNA

pol ynerase recognition site, and a 3' polvadenylate tract. Additionally,

t he al phavirus vector replicon may be contained as a cDNA copy within an

al phavirus vector construct. Such vector constructs typically conprise a 5'
pronoter capable of initiating synthesis of RNA from cDNA positioned
upstream and operably associated with the vector cDNA_ such that
transcription produces the vector replicon RNA. The vector construct al so
may contaig,angd.a 3' sequence controlling transcriptiopef@ppdiati on. A

het er ol ogous nuclei c acid sequence nay be present upstream or downstream of
the viral junction region The ELVIS vector capitalizes on the nechani sm of
RNA virus replication to achieve delivery of a heterol ogous nucl eoti de
sequence of interest by using a double-layered approach (for exanple, based
on the above-described al phavirus vector construct). In general, an ELVIS
vector provides a | ayered expression system capable of anplifying the
anount of RNA encoding the gene product of interest because the first |ayer
initiates tfagncholsitg.,06ld efierahesadamok luarylp Holyokfethglene athéryifambeids ELVI S vect or
conprises a. p. Dot e . canahl 0L b al i [ fromcDNA, a
cDNA conpleﬁ%ﬁ% ggﬂgé%% §%¥%’f§%§%gk%§&g gu %ﬁ%ﬁgggéfgﬂ |%£@?bn inacell,
and whi ch cedetamgEveen)j ad gprtiten fatysaip peersé 2 P rderdhegdeapat g%la@@%s nucl ei c
acid sequenge, and a 3' sequence controlling transcription term nation. The
construct capabl e of autanonous replication.and expr.essi of the 40 WO

02/ 26200 PCT/ USHTFSHERG LLPRR B trs F %‘:‘e 28 F%Pr‘]”ﬁseegﬁ‘g‘ﬁ%"éﬁ Sﬁ‘%mﬁeﬂl&% al phavi ms
vect or cons#rthectmmeThlysayaiatieSPANRY ARIACEE ®@ofuaihath aDBNK oEMWbS dssedior transcri bes

the RNA al phay alisuik@GL@Een @RVSHLMUEho-, - GRuEXPLBT gk OheREa the sel ected
het er ol ogous nug%glc aC|d.se%$ence i S gchleved. An Iggﬁ%%rus7based ELVI S

vector may BEPOGHELRURCBE B OP PP SR R EhLP PRy S PR Yo eWEfifary to an
al phavi r us ygesreer @eercidlh evatdbilAndercha negIGVRENGY Thl WERN®mrignmtccalkA | s t hen

del eted of §EQM£Q&@§mﬁ@&gﬁhaﬂmﬁ&%mQEm&%?%ﬁ%h&@%;ﬁ&&%%&&&&kmﬂ%&tei”S whi ch
then may be replaced_ w th heterol ogous DNA enco |ngﬁ%2% %ene-product of
Y F54

\ d
interest, thereBSErelentJoRFssaiRAGFHY hpemethsrite &f 4 d enabling
anpl i fi cat i @ire@hg hbetidetress liogeause, seatigpeaure theadmydpditiegdr€NA cont ai ni ng
t he heterol ggou ! s then . inserted wihin the first.|ayer of the
ELVI S vectorrefglces 63%%%ﬁE%%mfﬁ?ém?%%%g%F%&gﬁ8“%%%cg)gﬂ%f&gd WEE vector will
be transcr i ebrardorpestimplaig piepdaddimach aprpts deighsessiropighiizeh Agtnd ARMNE vect or s

capabl e of sghirvipRh tfaitioNar ke, HEGH BunkBoshRMh AL EARI i ansk at e
2o YPEP IS0, S 0851 6,000 S808.h WL LRl © o Lyl ol
speci es maysufies theadinkgal fyeblicen Eatdl AvgyzerdMedeeNiNEahvigsrep ol ded her ei n.
Al ternati Vet yier $EEdH0S andd go@berd L-000ARY v RNAe Vi fetiSs BB i | zed,
particul arl s){lbsgag? yeall tlr%ﬁgps Be(:) l%slstchlax\llleﬁnscrtog ig Ell(gn?eger,\f)lre¥elrja%§iés than 0.8 microns in
diameter, and most preferably less than 0.5 microns in diameter. By substantially all is meant at
least about 80% (by number), preferably at least about 90%, more preferably at least about 95%,
and most preferably at least about 98%. The particle size distribution is typically Gaussian, so that
the average diameter is smaller than the stated limits.
A preferred oil droplet emulsion is MF59. MF59 can be made according to the procedures
described in, for example, Ott et al., Vaccine Design: The Subunit And Adjuvant Approach, 1995,
M.F. Powell and M.J. Newman, Eds., Plenum Press, New York, p. 277-296; Singh er al., Vaccine,
1998, 16, 1822-1827; Ott et al., Vaccine, 1995, 13, 1557-1562; and Valensi et al., J. Immunol.,
1994, 153, 4025-39, the disclosures of which are incorporated herein by reference in their entirety.
Other oil droplet emulsions include, for example, SAF, containing 10% Squalate, 0.4%

Tween 80, 5% phuonic-blocked polymer 1121, and thr-MDP either microfluidized into a
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The construction of an ELVIS vector, in general, is described in U S
Patents 5,814,482 and 6,015,686. Briefly, RNA is obtained froman RNA
virus, then cDNA is synthesized by PCR anplification using appropriate
prinmers for particular genes or portions of the RNA virus, which priners
may al so contain additional restriction sites as necessary. The cDNA
fragnments are then <cloned into a plasmd and transfornmed into an
appropriate host such as E. coll. Positive colonies are grown for plasmd
purificatign, then plasm ds are assenbled into th i ELVI S vector
wth a por?iiac?%\/%ﬁ%vi ng heterol ogous DNA such as a repoﬁcgﬁ%g%ﬁgm(e. g., GFP)
or a desired gene <coding for an antigen. Exanple 3 bel ow describes a
particular preferred ELVIS vector (pSINCP) wused in accordance with the
instant invention 4. RNA and pCNIV vector constructs In other enbodi ments of
t he present invention, an RNA vector construct or RNA replicon vector is
used directly, without the requirenent for introduction of DNA into a cell
and transport to the nucleus where transcription would occur. By using the
RNA vect or fubmicreli guelsitn gebrieyadito/geperpteq largehyarticly tigpinadsm of Ritfeadhemt cel |,

aut ononousl| stén?(ﬁkb)@g‘zﬁviﬁﬁm@&gmiﬁ%ﬁ%ﬁ%)%ta&ﬁngi%@ El8S 0] BEas, Aucl eic 41 WO
02/ 26209 PCT/ USO1/ 30540 aci d sequence occurs ,e_f?l ciently. Inthis

embodi nent , % FeRNACPEEIhY 2l COPRSTFEET™ B S RRATHEPT (T EPPPEsREet B 4 s obt ai ned by
in Vvitro trrsg erehaibde dimyéola@rTM DidAcdl asiedlela@cCws), pebstly et CW ef er abl y, t he
RNA vect or . 15!5? Ny ector I I e genone of an
al phavi rus, @n{g%{f&gre arerrab Sﬁ?@%{ﬁﬁ%?bﬁn\écbqﬁgg\[?ﬁaﬁ% §%0}\<7)%“%eh?rr1g%tﬁ%l Forest virus
(SFV), Vene®oermtr defupatat apleaiphael P07 5736 fed epslaifER) 199 Ross Ri ver virus
(RRV). | n ot her aenpadinyeiserophiies RNA @GO Hhe@en v the pliimed t§pe oty | ved from a

virus other_than an .al phavirus. Preferabl such ot her viruses used for the
derivation %%mwm\lflélglf%?ef %aé'ﬁ)gf) lreclljlg Sggbgsrpgg%%%diestﬁng‘é@%cro_lzlasn \ésdm viruses, and
nore pref er alyited threty as mgvieusyi dsowad iThustescronfemplyioniigropsaidles of iiresént uses, or

COr onavi r Us8fntickRARAS hivt ARFBRAINBEDRASr duQpsuiBa witbrlhe®, 4skANS Gdvinpt | O Of

al phavi rus- based RNA vecé)&rs [ rsﬂrmgr oV defd in Sg‘gt ajl el sewhere (see U. S

Pat ent 5, 849 PP8lEqistfIppted BEonal ™ {9 P PRIKST 6 4ETE BB P Phe RNA vector is
t hen adsor becbrdagee wah the OYeapa riciopirilegfavitgtrecapsnintatridjuents fvolr EId@d tevter y as det ai | ed

herein. Wi Jid?@ﬂ%fl %giao%,atlr n?ckogmac\féc %g Mula%@a(ﬁ&&ﬁ Wit}r M @Ltuﬂ coét%.l\ét V_EE or RRVis
preferred, simlar vectors derived from ot her al phavirus species may be

readi |y sub¥trietitbaern Th BERHet CREH hERTPL! (b 86 @At nventi on, pCOW
vect or consifctbabiscuRy @saieech anSend hppedwainit Dikromaialsd. Hlorptvsth sthe nwlek beid¢gown i n t he
art. A part QV&LQ &ﬁe&% &&@E@E&Eg PR y,\{h%ﬁﬁcglbarﬁzc p%}ﬁi&e%’er}ﬁg@navelmdl at e- ear ly
enhancer/ pr onot er OP CW and a_bovi ne growt ornone termnator. It is
descri bed i ¥etereerdiNA ierorCprapfE Adsorppd thegeon. Additigpally, prygrf the ppbp@ipqnts gfthg nt ron A from
human cvto nﬁ@@-}l»aﬁékm the invention may be delivered in coniuncticn with electroporation.

3. ELVIS vectors

ELVIS vectors are Eukaryotic Layered Vector Initiation Systems, whick are generally
described m U.S. Patents 5,814,482 and 6,015,686, cited above, as well as in International Patent
Applications WO 97/38087 and WO 99/18226. In one embodiment, an ELVIS vector is derived
from the genome of an atphavirus, more preferably from Sindbis virus (SIN), Semliki Forest virus
(SFV), Venezuelan equine encephalitis virus (VEE); or Ross River virus (RRV). The alphavirus is
an RN A virus of approximately 11-12 kb in length, which contains a 5' cap and a 3' polyadenylate
tail. The mature infectious virus is composed of the genomic RNA enveloped by the nucleocapsid
and envelope proteins. Alphavirus infection of host cells occurs by a receptor specific event and

culminates in release of genomic RNA into the cytoplasm. During viral replication, the viral-
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(Towne) inmedi ate-early gene on beterol ogous expression in mamualian cells.”
Nucl eic Acids Res. 19:3979-86. _5 Adjuvants Adjuvants may optionally be
used to enhance the effectiveness of the pharmaceutical conpositions, with
TIrl stinulating adjuvants being particularly preferred. The adjuvants may
be adm nistered concurrently with the mcroparticles of the present
invention, e.g.. in the sanme conposition or in separate conpositions.

Al ternatively, an adjuvant may be adm nistered prior or subsequent to the
m croparti glog,s0pPosi tions of the present invention I npangéhesssebodi ment,
the adjuvant, such as an i munol ogi cal adjuvant, nmay be encapsul ated in the
m croparticle. Adjuvants, just as any nacronol ecul es, may be encapsul ated
within the mcroparticles using any of the several nethods known in the
art. See, e.g.. U S Patent No. 3,523,907; Ogawa et al, Chem Pharm Bull.
(1988) 36:1095-1103; O Hagan et al., Vaccine (1993) 11:965-969 and Jefferey
et al., Pharm Res. 42 WD 02/26209 PCT/ US01/ 30540 (1993) 10: 362.

Al ternatively, adjuvants nmay be adsorbed on the mcroparticle as described
above for awydeduorlonselyepntees E1Ahd Frarpatnthgered/and gotjeddodinths havepll conpri se t he oi
dropl et emulgiQns tﬁ'guuhaﬁchp &%ﬂtnstaamntleagmethtmmgeﬂmw@éu adj uvants

i nclude, but are not |im teg al um num salts (alum such as

al um num hydr OX|Pﬁ@1°a“&’t‘1§WFﬁfﬂﬁﬁ?ffP6§%?”@m SPIIPCAROh S fonpog 2 By ¢ | (2) ot her

oi | -1 n wat etenphwlf@ kyothesis bﬁrcntﬂl@iemtﬁmgz(tlwRNAmand\Aﬂ'hefmwﬁve@NheﬂtanﬁﬂlaCI fic
| munost i Mkt &Qt&gﬁ@f&mﬁt&ﬁé&x &ﬁoﬁl}m%f&%ttﬂmm&éﬁ? «hekowd or bacterial

cell wall conponents), such exanple (a) I nt emat i onal

Publ i cat i onS‘N&nOWWlﬁ‘BBm@W&lﬁ’foéﬁm Teﬁtnﬁa“’@aﬁé’@lﬂﬁéend’é%?t&laﬂ vhilsdhesybuni t  an
adj uvant appmma&hprotexﬁdﬁtraﬁ@ew&dmt&sbt@mﬁmaﬁa ernut® v ma ak@Hbksed cont ai ni ng 5%

Squal ene, %%B yp oéeemé, \(;hagslg nta]ﬁ/ sse?gtogn(ap {139 syb?/ prgtrclgb%l ni ng various

anount s of not requi ated
i nto submi celgvagsarticl es u5| ng a m crofl ui di zer such as l\/bdel I | 0Y

m crof | ui di zer  AnMpiGkinf dddlodh Gion N @Gy r%lmg ((ebampgﬁlgns 0B8Rl BloRg 10%

Squal ane, 4% olymer L121,. and tnr-MDP (see
Dol oo DR parhr et e s el S B B e T b Rered Lo |
gener at e a kaldieentpardphaying repiczeveeprtag faomyse a fideqf@de cRiabe IMitadjizguvant syst em

(RAS), (Ri btransérgﬁﬂﬂ%f)&%ﬂaﬁms "‘%ﬁﬂ&ﬁd@&queﬁ@&nc&ﬁﬂ’c‘%'a!ﬂ}ha&ﬂzs Adarastiial ene, 0.2% Tween
80, and one or roup

bacterj al . I ents fromthe
consi sting Bt”te%ﬁ’b YEHHBG ﬁe%?nﬁroﬂ’otemﬂpha‘tr?s%p@%’é“”ﬁﬁ??%‘ﬂﬂ”é‘?e (TDM), and
cell wall skdlstladeGidB)ract. phdditieniybthyaiviRinsved WhlichDety ox tovpinddfaps a f urt her

di scussion ey sl t@mmem%ﬂ@muwea& Gilshricl e C&Eﬂ&tﬂy}?&ﬁv &Rfrskise herein, see
commonly ovned, patent application no. I'ed on January 29

1998); (3) EAPOH Waaa?fmwwmgsﬁetﬁ%ﬁwm Pﬂtmot*ﬁd U pPPEALYY St i i on' M
(Canbri dge BiQseh @fCBs vedQICDRS tseh thalis)ripi@yprdatce B dci @repRat KNE| Ehe

vector comstruct also may contain and a 3' sequence controlling transcription tetmination. A
heterologous nucleic acid sequence may be present upstream or downstream of the viral junction
region

The ELVIS vector capitalizes on the mechanism of RNA virus replication to achieve
delivery of a heierologous nucleotide sequence of interest by using a double-layered approach (for
example, based on the above-described alphavirus vector construct). In general, an ELVIS vector
provides a layered expression system capable of amplifying the amount of RNA encoding the gene
product of interest because the first layer initiates transcription of a second layer. Thus, a typical
ELVIS vector comprises a 5' promoter capable of initiating synthesis of RNA from cDNA, a
cDNA complement of a construct capable of autonomous replication in a cell, and which construct
is also capable of expressing a heterologous nucleic acid sequence, and a 3' sequence controlling

transcription termination. The construct capable of autonomous replication and expression of the
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generated therefrom such as |1 SCOVs (i nmmunostinmul ating conpl exes), which

| COVE may be devoid of additional detergent e.g., WO0O0/07621; (4) Conplete
Freunds Adjuvant (CFA) and Inconplete Freunds Adjuvant (IFA), (5)

cyt oki nes, such as interleul(r)s (e.g. IL-1, IL-2, IL-4, IL- 5, IL-6, IL-7.
1L-12 (W99144636), etc.), interferons (e.g. gamma interferon), nmacrophage
colony stinulating factor (M CSF), tunor necrosis factor (TAT), etc.; (6)
nonopbosphoryl lipid A (MPL) or 3-0-deacylated MPL (3dMPL) e.g. GB-2220221,
EP- A- 06894&4,0200td onal Iy in the substantial absence ofcrajsumowndoen used with
pneunococcal saccharides e.g. W00/56358; (7) conbinations of 3dMPL with,
for exanple, Q521 and/or oil-in-water enulsions, e.qg., EP-A-0835318, EP-A-
0735898, EP-A-0761231; (8) oligonucleotides conprising CpG notifs (Ronman et
al., Nat. Med., 1997, 3, 549-854; Weiner et al., PNAS USA, 1997,

94, 10833-10837; Davis et at, J. Ininunol. 43 WO 02/26209 PCT/ US01/ 30540
1988, 160, 870-876; Chu at a]., J. Exp. bled., 1997, 186, 1623-1631; Lipford
et al., Ew. J Innmsunol. 1997, 27, 2340-2344; Ml doveanu at al., Vaccine,
1988, 16, 12k@ediRqeds acidsdqeageeatay betan alphavifag vaqtes condtOts Thi@ 7k, fsplgBr 49; Kl i nut an at

at. PNAS USAna 208 ,vec9c§ ﬁmgzﬁl?eg fhg RA8 a]ph@@ilml @§or%5nsi§tilet: from whidhl aof 1996, 157,

1840-] 845 Cbmder al | r nmunol 1996, 156, 4570-4575; Hal pern at
at, Cell. WHHSLemT@@%“”f%?““?ﬁ“?@“a?ﬁﬁﬁnnto et at, Jpn. J. Cancer Per.
1988 79 866 833@ﬂmﬁm8b@WEéY$a@mIﬂWWﬂwuﬂumwbi@@@“?@ﬁquEQQG-2122; Messi na
at at, E@Bgfaﬁéntm} t(;l‘g]%haw;l'lé Zenorgxggl'ge CD;KQAH‘B Xﬁdn%tto B genomic RNATMARO! ., 1996,
157, 4015 492 at al 1996 5394-5402:  Yi at al., J.
i mmunot. do 58?}61“3%?508&’%%51“ it P Bpteins b BT replachlygg 160,

5898- 5906 wmnmemmammDNAbmpmg@mgmappmmmﬂmmmmsmﬂﬂaﬁhaﬁﬁﬁﬁquQQB116247_ W98/ 1
3310, Y098/ 40400 pNOE5AGR.: 0910, A0ANCHEL 5258 o, contal ning

| east one CG di nucl eot Tcytosine optionally being used in
pl ace of cyFﬁ?Pﬁ%me%@Tmémﬁ8WV§¥V§Fb?$@ﬁém%¥ﬁ%@“&?ﬁa‘h%%$W%%9@thylene ester
e. 9. W99/ 52hA Sutry(ntdthe @1l mhwamytedmwtmeor&arﬂam@dmmsiﬁﬁe rsswmigam\ant in

conbi nati Onm\% Eﬂ{] allé}chcz)a?et X c?ors c(a\(a\g%)c:)lilsétgf%gca%mn] will 9601890 Iép%x%/f l ene ally'] ether

or ester sur i nati _ st on i'onal  non-i oni ¢
sur f act ant gU@ﬁmégHahm@ﬁkﬁﬁﬁmbﬁmﬂ$wﬁb%¢@ﬁ152) (11) a saponin and an

i mmunost i mul at ommeqlrypga@Hmsaa{vm@m(v@usgwor ndois pQUrQDBkH&‘ higtiigde)
(V\Q)O/ 628002 ceg berea zpcg)o§ totLeainzitcmnapqo etpl%rem temagve r(zeect;tc?fl salt e. g.
WO00/ 23105; P33 AN Cghdean o1 VAt e %099/ 11241: (14)

a saporin (@nqdﬁmn@BZBﬁvmmgwwﬁmmmwﬁ@H&@ﬂwégﬁﬁomaﬁﬁwﬁmm@ﬂbmem@l) e.g. N
V06. 9/ 57659; (19 oHetRdnf ofagﬁLmtv@e{& $ Hferaflis dQ@fﬁEdQﬁ U8l paéQE’s mb@syl ating toxin
such as a cmgleﬁggtOX|n % gertu |s to (PT)., %g E col i
heat - | abi | e®f 815 LPFFD- P%ﬁ? Wﬁ%‘ “P??FH@ 8% ubstituted for
the wi | d-t ypelfaion esing agigiriad pripersiot pmm@ se)ues loTpdRi62s of WhBKE viaw,gibich ne | s
substi tut edprifn:@lrs mtashﬁo %nltaq{ah(thgal AT R l«asqleé%gsarpoﬁl'e Elﬁ]@(‘fragments are then

cloned into a plasmud and transformed into an appropnate host such as E. coli. Positive colonies

are grown for plasmd purification, and then plasmids are assembled into the desired EL VIS vector

with a portion having heterologous DNA such as a reporter gene (e.g., GFP) or a desired gene

coding for an antigen. Example 3 below describes a particular preferred ELVIS vector (pSINCP)

used m accordance with the instant invention.

4. RNA and pCMV vector constructs

In other embodiments of the present invention, an RNA vector construct or RNA replicon
vector is used directly, withot the requirement for introduction of DNA into a cell and fransport
to the nucleus where transcription would occur. By using the RNA vector for direct delivery into

the cytoplasm of the host cell, antonomously replication and translation of the heterologous nucleic
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72); CT-S109 (where serine is substituted for the wld-type am no acid at
position 109), and PT- K9/0129 (where lysine is substituted for the
wild-type amno acid at position 9 and glycine substituted at position 129)
(see, e.g., international Publication Nos. W93/13202 and W92/19265): and
(16) other substances that act as imm nostinulati ng agents to enhance the

ef fecti veness of the conposition.. Al um (especially alum num phosphate
and/ or hydroxide) and M-S9 are preferred. Miuranyl peptides include, but are
not |imtegdolDwsfyacetyl-nu ranyl-L-t reonyl -D isogl ut@msegsosiohr - M P),

. N, -aceeyl - normur anyl - L- al anyl -D-i sogluatnme (nor-1vIiDP), N 44 WO 02/26209
PCT/ USQ / 30540 acetyl nuranyl -L-al anyl-D-is o

gl uatnriuyl -L-al ani ae-2-(1'-2"'-di p ahnitoyl -sn-glycero- 3-

buydr oxyphosphoryl oxy) - et hyl ami ne (MIP-PE), etc. For additional exanples of
adj uvants, see Vaccine Design, The Subunit and the Adjuvant Approach,
Powel |, MF. and Newran, MJ, eds.. Plenum Press, 1995) Thus, an optional
addi ti onal conmponent of the conp03|t|ons of the present invention

pref erabl y arid seawncadfouy sffitientiu dthia smbadimed. tha RiNg abdos costrugtior B¥4 genec| eot i de whi ch
conpri ses %ctér%ao%méam;m vﬁ;pﬁmeagﬁofnﬁ@ﬁaﬁﬁmmeammg&daﬁ PRRF:85 &e” CPG ot i f!

refers to a_dinucleotid ortion of gonucl eot i de whi'ch conprises a
cyt osi ne ndBelEP gt ‘f‘ GePsP™ &“’QU&‘?‘FB%&P ﬁ%m e 8t Fpesirhagipsrore
ol i gonucl eqtdfakdl foaRindhé viows @a), SahlikiForag vieo (SVE) Vimenedin cglegonhdiieot | de

synt hesi s Wﬁ'l]sl 7E]§BOMO§S%WLI%IS (W)l in%@lelae %{e%\ﬁ QCIP(JI stxtug?s ol i gonucl eot |

blaat,

des of the |nvent|on conprise a ﬁ bone, suéﬁ as a

phosphor ot BiEdaf Eongt virgegite] e aﬁﬂ?ﬁ‘i@r"% Pé&fﬁaﬂlyz such othe e agAfoae nucl ease

resi stance dbl@aﬁohele‘Oﬁl ‘i’egtﬁrﬁblzﬁh&&taied&mvé\@dﬁdfad Ieduaafekg banRes p&feeabmﬂle; | roam t o

t hose skilled.in ref nuclelc r.e described in
detail in Cﬁ@?mﬁ%. &Kﬂﬁ%efgﬂﬁg%ﬁ%wgggﬁ 7@3m§?§mag &ggfl and
5,721,102,‘@@ﬁﬁ%@@@mpéﬂéH@“NU%dBU%B%@@@PHE@ﬁbBéﬁﬁe@@@@h@%RbJ 839, 828, and
PCT Publ i catde@n, sadNusraahsio WRL, 98J948Va356: 4300685/ A 8RB velPis B84 3608810 WO 98/ 27105,

WD 98/ 20162, WO 6550 8/ 15648, . O 98/ 04571 97(41150, WO

97/ 39024, éﬁ%”@@?g fgﬁﬁﬁﬁmmgﬁg%“HY??F8§%¥%§L %ﬁﬁwcﬂagﬁénfﬁ%%rporated her ei n
by referenc@mwﬁmmﬁéiSpéhEEpéﬂyﬁsWﬁéméhhg@mun*ghmmﬁ@mpMEhémabe conpri ses

bet ween abaud;. ReaOMb1@® nucl eotides, nore preferably between about 8
and about 50 nucl eoti des, t preferab bet ween about 10 and about 40
nucl eot i des. Iﬁngﬂﬁﬁﬁpgﬁ@mgﬁé Egﬁbgﬁﬂ@Péﬁ?PH@§m6ﬁm?ﬁﬁa?ﬂv nt*fbn can conpri se
subst i t ut i orsor cokinets ere seijaswobihedr. espagintirinprbfered @fidV secha®eatainghet | es.

Preferred qlj.gonugl,eqbi ﬂ%&%ﬂ%@ﬁ$P§QQm &hmm&ﬂ&mgéﬁﬂﬁ%ﬁiuﬁr'eg eta].

Proc. Natl. Acad. Sci. USA 8, 95, 12631 6, Klinman et at, Pr oc.
Nat | . Acad.desgghed i gl i Gragoppr. B9§ ¢ 2g1P8L Sy OfWiﬂr?‘éftomé‘FmaafytonPE%m Nat|. Acad.
Sci. USA, (Towne)immediate-early gene on heterologous expression in mammalian celis.” Nucleic Acids

Res. 19:3979-86.

5. Adjuvants

Adjuvants may optionally be used to enhance the effectiveness of the pharmaceutical
compositions, with Th1 stimulating adjuvants being particularly preferred. The adjuvants may be
administered concurrently with the microparticles of the present invention, e.g., in the same
composition or in separate compositions. Altematively, an adjuvant may be administered prior or
subsequent to the microparticle compositions of the present invention. In another embodiment, the
adjuvant, such as an immunological adjuvant, may be encapsulated in the microparticle. Adjuvants,
just as any macromolecules, may be encapsulated within the micfoparﬁdes using any of the several
methods known in the art. See, e.g., U.S. Patent No. 3,523,907, Ogawa et al., Chem Pharm. Bull.
(1988) 36:1095-1103; O’'Hagan et al., Paccine (1993) 11:965-969 and Jefferey et al., Pharm. Res.



1997, 94, 10833- 10937, Chu et at. J Exp. Med., 1997, 186, 1623- 1631,
Brazolot-MIlan et all, Proc. Natl. Acad. Sci. USA, 1998. 95, 15553- 15558,
Dallas et at, J. Immunol., 1996, 1.57, 1840- 1845, Cowdery et at, J.

| mtunol ., 1996, 156, 4570-4575, Hal pern et at. Cell. hmmunol., 1996,

167, 72-78, Yamanoto et al., Jpn. J Cancer Res., 1988, 79, 866-873, Stacey et
at, J Imunol ., 1996, 157, 2116-2122. Messina eta]., J. |Imunol.,

1991, 147,1759-1764, Yi et al., J. Immnot, 1996, 157, 4918-4925, Yi et at,
J. I nmtnunoke okQ96; 157, 5394-5402, Yi et al., J. | munelrwsnkeds, 160,
4755-4761, Roman et al., Nat. Med., 1997, 3, 849-854, Davis et at, J |Immunol.,
1998, 160, 45 WO 02/ 26209 PCTI US01/ 30540 870-876, Lipford et al., Eur. J.

| munol ., 1997, 27, 2340-2344, Mbl doveanu et al., Vaccine, 1988, 16,
1216-1224, Yi et al., J. Inmmrol., 1995, 160,5898-5906, PCT Publication WO
96/ 02555, PCT Publication WD 98/ 16247, PCT Publication WO 98/ 15810, PCT
Publ i cati on WO 98/40100, PCT Publication WO 98/55495, PCT Publication WO
98/ 37919, and PCT Publication WD 98/525 81, the disclosures of which are

i ncor por at @91 & &R nAlpyatvelf. adievanemiy e dkpelied orgpmiiqrepenpicle 4sdesinged abgye be under st ood
that the 0|fdr%%&$n§@cﬁ@@§ter9§hvébhded\fﬂﬂ‘%}tdoﬁﬂm%mr&@@t Aisibste one CpG noti f
but can contain a plurality of CpG notifs. Preferred oligonucl eotides
conpri se n@@F@HWFﬂ@Psequences such as, for exanple, tccatgacgttcctgacgtt
(SEQ 1D NO 1), harbta@lbgzcglamgvtameadlgi@,ézatgﬂe(nsa@tdd@ ND al@hinum gpdgimo.aad gt t gagggggg

(SEQ ID NO&@mm&E&Gﬁ&ﬁﬂﬁﬂhﬁ%&%&%%ﬂﬁﬂ%& $§lQbmmmgﬂgﬂéﬁg&&89§00ttCgat ( SEQ
I D NGO 5), tccatgtcgttcctgaéggt (SEQ NO: 6), tccatgacgttcctgatgct (SEQ I D

NO 7), gct SREHPEAGLGE Ve FTPREs ’W“OW@%éf@tw&g%@‘W‘EY EPYSEQ | D NO 9)
gaacct t ccatgetentvi € dgte(iBEQwhlloMaind), such stf@ gatnplé LAGEYIneSEQel D NO 11) ,

tcaacgtt ( : g A3 e &SEQ | D NO 14),
t cageget (éﬁg 8 N pap e PERRS E%“ V%’ég% g e %%{ I’“Z"g‘?g%%% "SEQ ID NO 17) |
tcttcgaa (SEQTHE W"EEE‘} Pleﬂ‘{ﬂgﬁes’é 9@a@@§ﬁ£@é‘&°@é@ﬂ“«gﬁao BGEETep B9: MO03Y) |
}\I%agtl ;gjt gaacphtsagsigadng entisRratidds wogg?fgmlgg%gélgﬁ)@ﬁaﬁ&gﬁﬂﬁg@mb (SEQ ID (SEQ
gttt aac . NO, X caacaach gcgcaaac
| D NO: 23), %rgﬁgédgﬁgé%g 1%%ﬁg»%§ %%ﬁ&f%ff%b%aﬂf?]%gcccgaagaacgttttccaatg
(SEQ | D NOOZ®puides.Nyaoy Mab) SR mneNy: S@)me P4 TreatOgdayrenat gggt  ( SEQ | D
l\lhO 27) , an?lo&k@@;ﬁﬁya&qhmcglﬁgﬁ@ulﬂipt(steé %1%% dithr Mk oBBdized lhﬂaaarb@]{c@ﬁ éﬁﬂlo@rkrbgdlb rretnt s of
e invention onucl egti de conpr not i ed by two
purines at Eﬁ@mﬁ'mu?ﬁge%?@fﬁ@ﬁ W%faFIﬁﬁdm#agibyW$§FHVﬁ3§ é 3' side of
the notif. Idtunpert HadgbonMberstoads Sqoleey ©2% Ttdme0, andyne colbirgmiegel eot i de
conpri si ngcm%)@m%tgﬂmfﬁogﬁﬁ& &rﬁp%anéd?mgd%ﬁnogbﬁﬁﬁﬁ@kdm%dl@@ as long as the

ol i gonucl eotide induces an increa Stinulation when
Conbt ned wiEHCPir DN B8 BUAR REFE CURbOETEFONE oLsirbed (ot B

discussion cf suitable submicren cil-m-water emulsions for use herein, see commonly owned,
patent application no. 09/015,736, filed on January 29, 1998); (3) saponin adjuvants, such as Quil
A, or Q821 (e.g., Stimulon™ (Cambndge Bioscience, Worcester, MA)) may be used or particle
generated therefrom such as ISCOMs (immumostimulating complexes), which ICOMS may be
devoid of additional detergent e.g., WO00/07621; (4) Complete Freunds Adjuvant (CFA) and
Incomplete Freunds Adjuvant (IFA); (5) cytokines, such as mterleukins (e.g. IL-1, IL-2, IL-4, IL~
5, IL-6, IL-7, IL-12 (W099/44636), etc.), interferons (e.g. gamma interferon), macrophage colony
stimulating factor (M-CSF), tumor necrosis factor (TNF), etc.; (6) monophosphoryl lipid A (MPL)
or 3-O-deacylated MPL (3dMPL) e.g. GB-2220221, EP-A-0689454, optionally in the substantial
absence of alum when used with pneumococcal saccharides e.g. WQ00/56358; (7) combinations of
3dMPL with, for example, QS21 and/or oil-in-water emulsions, e.g., EP-A-0835318, EP-A-
0735898, EP-A-0761231; (8) oligonucleotides comprising CpG motifs (Romean et al., Nar. Med.,
1957, 3, 849-854; Weiner et al., PNAS US4, 1997, 94, 10833-10837; Davis et al, J. Jmmunol.
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6. Antigens The present invention is also directed to inmmnogenic
conpositions conprising the mcroparticles described above with adsorbed
macronol ec | es, preferably vector constructs encoding antigens and/ or
antigen per se. Generally, an antigen stinulates the proliferation of T 46
WO 02/ 26209 PCT/ US01130540 | ynphocytes, preferably Thl |ynphocytes, with
receptors for the antigen and can react with the |ynphocytes to initiate
the series of responses designated cell-nediated i nmunity. An antigen nay

t hus i nduGgo a/4%Joh, response, and/or a hunoral responsepcrarsgi/smy | nduce

cytol dne production. An epitope is within the scope of this definition of
antigen. An epitope is that portion of an antigenic nolecule or antigenic
conpl ex that determnes its imunol ogical specificity. Comonly, an epitope
is a peptide or polysaccharide in naturally occurring antigens. In
artificial antigens it can be a |ow nol ecul ar wei ght substance such as an
arsauilic acid derivative. An epitope mﬁll react specifically in vivo or in
vitro with honol ogous anti bodi es OIT | ynphocytes. Alternative descriptors
are antlgenP@gd@%%@ﬁ?%ghvﬂﬂahﬁﬂg@%id9%tW&d€Gﬁ§P1b@%ﬁﬁi%g@aﬁd hapt eni ¢

groupi ng. | mrprefienredsenbaediverbiemuefa therknventd, one-1iherand igeni ¢ subst ance

-1s derived %ronh éy%4Q§65%¥£h as dfﬂﬁﬁﬁﬁéq@#fqa ¥g§§ﬁégyquggf|C|ency Vi rus

(HV), hepati 1S B Vit atitis her'pes si npl ex
vi rus ( HSV) Immexdl. oy BI7 ohSit - 1P45; GO}W)S et fnk [roreecZ al 996, 1 26457 9-#U0Y: Halmerelet r abi es

virus. Prefgrab meloheagwtm,gmn qra&meaﬂcgmlﬁc@@& eed, esbsfHage-tAe group
copr oteln

consi sting of prote p120 H v p55 gag,
and ponpep?Wﬁ@%df%gW¥ﬁ@'6d§l§n89%%V2kL§B?8 ]Vﬁwﬁzﬁég BFdfBir ed
enbodi ment s176#; Yt hiel.. V. nirematadl. 01396, 1 31e4%a8ntR g &ndt e, sumwaalm@mé/ derisyed from a

bact eri um sych. as;.f.05 exang) ?755 'Z'%L icohack ef]n%lqé?rms raenoQp)pl us influenza,
chol era, diphtheria, tefanus ia ne and pertussis. In

other prefe P@éfloéﬁ%maﬁ’é‘ﬁ%“@wo%ﬁ?< ﬁ\%?fﬂ@%wogtg’h@l%m@%%? substance is
from a par agop&sg8ucWoak37sfoand WReEIS8) i eacomEhugyat Basp@E aS Hitn@leotlde) wids her

preferred cobgsl aROLy Lyt N6, RLAIGRS of DUEN!bA LB, ALGSP. | s adsorbed to

the surfac utlcropar I nvention. Antigens can be
produced bymﬁﬁﬂﬁ%ﬂ%e%ﬁUWh“oﬁgﬁﬁ@9QPPW@VK@ﬁﬁkﬁémHHPéﬁ%§%%ﬁw?%n1 commer ci a
sour ces. Anéogiadion Wihtah bdﬂoxgﬂammupﬂopf)i AYoSoxy AMWRA dl@Ithed e bstelarnwhed e

|nact|vated V|rus glrékc es,. ..i.sol at ed wmgéwtsrotelns ﬁd protein subunits,
e

non st one addrtion on 1omc S ch.ag an oc
whol e cel I s™ an ria q ane an el f?mprotelns and t he

li ke. Sone @M%H@ﬂﬁ@dlﬁﬁﬁwgengdaﬁ@m@@@@ﬁﬂbed%bwﬂgmﬁe@Er@@%?S|nplex virus
(HSV) rgD2 alﬁon@cwo@&wmo@/@ﬂmp(ﬁ@wﬁm&eﬁ&uw%dla@d&@w&aga& e engl neer ed

O e e S uat by s PLOteL oS, A noupml ancr region

medi um The Q2) tHENPhe Ilpm(p}[schﬂ‘ + msierol} e.g. WQ08R/57659; (15) detoxified mutants of a
bacterial ADP-ribosylating toxin such as a cholera toxin (CT), a pertussis toxua (PT), cr an E. coli
heat-labile toxin (LT), particularly LT-K63 (where Iysine 15 substituted for the wild-type amino
acid at position 63) LT-R72 (where arginme 15 substituted for the wild-tvpe amino acid at position
72), CT-S109 (where serine is substituted for the wild-type amuno acid at position 109), and PT-
K9/G129 (where lysine is substituted for the wild-type amino acid at position 9 and glycine
substituted at position 129) (see, e.g., International Publication Nos. W053/13202 and
W092/19265); and (16) other substances that act as immenostimulating agents to enhance the
effectiveness of the composition.. Alum (especially aluminum phosphate and/or hydroxide) and
MF59 are preferred.

Muramyl peptides nciude, but are not himited to, N-acetyl-muramyl-1~threonyl-D-

isoglutamine (thr-MDP), N-acteyl-normuramyl-L-alanyl-D-isogluatme (nor-MDP), N-
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the CHO nediumto greater than 90% purity. Human i nmrunodefi ci ency virus
(H'V) env-2-3 is a reconbinant formof the H 'V envel oped protein produced
in genetically engineered Saccharomyces cerevisae. This protein represents
the entire protein region of HLV gpl20 but is 47 WD 02/ 26209 PCT/ USO / 30540
non- gl ycosyl ated and denatured as purified fromthe yeast. HV gph20 is a
fully glycosylated, secreted formof gpl20 produced in CHO cells in a
fashion simlar to the gD2 above. Additional HSV antigens suitable for use
in innunoggg gz%gnpositions are described in PCT Publ iggispitssO 85/ 04587
and WO 88/ 02634t he disclosures of which are i ncorporated herein by
reference in their entirety. Mxtures of gB and gD antigens, which are
truncated surface antigens |acking the anchor regions, are particularly
preferred. Additional {1V antigens suitable for use in i munogenic
conpositions are described in U S. applications serial no. 490,858, filed
March 9, 1990, and published European application nunber 181150 (May 14,
1986), as well as U.S. applications serial nos. 60/168,471; 09/ 4752515;

09/ 475, 504; aceyiguwr@®-52ByyBR-Bo gltahreny i -slaing -(re gpaiitoyihe-gifrermase |1 ncor por at ed herein

by ref er encykfy tbShdmyioS by labhy ek g@gaIOV|rus antigens suitable for use
in |nnunogeﬁ?ca%% s%osr}l(%lonsy aré descflbed in U S  PatentNao. 4,689,225, U S

application ser{%Pf A ons Rl ¢ adpvens. £ Pasemerre T Srasg 4 dUBet  Publ i cat i on
WO 89/071434mmhezMN@CNUSmmeewmﬁgMﬁuﬂhPmmﬁﬂtﬂsmmgbrated herein by reference

intheir entir t i mrunogeni ¢
conposi tions argh%g%%ﬁ&%jh&&ﬁdg%%%%%%@%%:ﬁ%ﬁﬁagé g%ﬁH%%ﬁhgopean

appl i cat i onPreferAyeyan3dwent gucp A salipg g olisggalspids Fraieh comeriss AdeE °abpl i cat i on
nunber 1- 50Q5ﬁ5mfukeddhbM@mh@hw&BmGﬁﬂﬁemkﬁmﬂﬁﬂmaﬁnﬁ@ﬁhMQﬁhjOn 583; 561, and

EPO 388, 232,.. di es whi ¢ I;0g ated here by ,ef erence in
their enti rehtgOmﬁe,&llcIC‘%(ﬁ”BEI"fdil e Stesacet Osmefn e Q[“PQE fgein 3‘150%%‘1%&‘ I n European

pat ent applﬂ@ﬁwﬁﬁﬁkg@ﬁgﬂwﬁeﬁd@mgﬂﬁW@émNﬁE@ﬁdWTGSﬁ@@%ﬂ”“éﬁﬂﬂwﬂs appl i cation

seri al nunbﬁcmed%@arﬁgrzferaﬁly h&@h@memaerof@elmeﬂg%&mpﬁe@Imocﬁﬁa'tal;ks&ﬁ/ 01348, the

di scl osures qf e |ncor9 qted herelnmg% reference i.n their entirety.
as a% osp orotmoate ?r p%;}t.ll cleic acid, so as fo co uclease realstfn o the
Innunogenlc conposIti ons nventi on can be Use 6 P MYuni ze birds and

mamal s ageilgmtleonﬁes Maditg beghbbnés afe avelt lingwn to hpse gl mghewit t Mideted bprdet at i on

chol era dlmaltﬂberdg Be dbEbRAMS 121 REN Pb$e§"1*§1mbers!5"§2|l HRNZRo 5Tk 85, 1dBNI NYitis,

munps, gue, polionyelitis, rabies unf ai n.spotted fever,
rubel | a, snﬁFyﬁg&hmPVbﬁﬁ?HNoﬂ@%ﬁﬁ%Emﬁ@?ﬁﬁﬁypgdﬁ%ﬁﬁdm@F]U?umﬁﬁﬂ yellom/fever

Certai n i MnogeooseTNHIE0 pi/408ms, B0 93/15e05) WoeRLT10mn Wei sl20eppi@y an ef fective
anmount  of Axe%@tW(Q@éhsE&rv@@%mL?wdJ?ﬁh%o R o204k Weeds @ aount  of

antigen which in conb inafion wt
disclosures of which are mcorporated herein by reference in their entirety.

The oligonucleotide preferably comprises between about £ and about 100 muclectides,
more preferably between about 8 and about 50 nucleotides, most preferably between about 10 and
about 40 nucleotides. In addition, the oligonucleotides of the invention can comprise substitutions
of the sugar moieties and nitrogenous base moieties. Preferred oligonucleotides are disclosed in,
for example, Krieg et al., Proc. Natl. Acad. Sci. US4, 1998, 95, 12631-12636, Klinman et al.,
Proc. Natl. Acad. Sci. USA, 1996, 93, 2879-2883, Weiner er al., Proc. Natl. Acad. Sci. USA,
1997, 94, 10833-10837, Chu et al., J. Exp. Med., 1997, 186, 1623-1631, Brazolot-Millan et al.,
Proc. Natl. Acad. Sci. USA, 1998, 95, 15553-15558, Ballas et al., J. Immunol., 1996, 157, 1840-
1845, Cowdery et al., J. Immunol., 1996, 156, 4570-4575, Halpern et al., Cell. Immunol., 1996,
167,72-78, Yamamoto et al., Jpn. J. Cancer Res., 1988, 79, 866-873, Stacey et al., J. Immunol. ,
1996, 157,2116-2122, Messina et al., J. Immurnol., 1991, 147, 1759-1764, Yiet al., J. Immunol.,
1996, 157, 4918-4925, Yi et al., J. Immunol., 1996, 157, 5394-5402, Yiet al., J. Immunol., 1998,
160, 4755-4761, Roman ef al., Nat. Med., 1997, 3, 849-854, Davis et al., J. Immunol., 1998, 160,
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adjuvant, will cause the subject to produce a specific and sufficient

i mmunol ogi cal response, so as 48 WD 02/26209 PCT/USO 130Sa 0 to inpart
protection to the subject fromthe subsequent exposure to a virus,
bacterium fungus, nycoplasma, or parasite. In other enbodinents, a
conposition conprising an antigen will be used to boost the imunol ogical
response of a previously adm nistered vector construct, which preferably
conprises a beterol ogous nucleic and sequence that encodes the antigen,
More prefepghlyeodt he antigen is associated with (e.g.pcatdsesied to) the

m croparticles described herein and/or the antigen is coadmnistered with
an adjuvant. No single dose designation can be assigned which will provide
speci fic guidance for each and every antigen which can be enployed in this
invention. The effective anmount of antigen will be a function of its

i nherent activity and purity and is enpirically determ ned by those of
ordinary skill in the an via routine experinentation. It is contenplated
that the adjuvant conpositions of this invention can be used in conjunction
wi th whol e g8t876.4irfosd ¢ &> Evrrlirre@dnlo87. €0 RpSP 44 Maldoversu ¢iel.|Vaggiwe, with purifi ed

antigens or m&mtaauns Subyni: b 0mPept, e, Mmmg@npcqmmww ons prepared by

r econbi nant ues . S provided in
connection ﬁ&gﬂﬁ ti‘OBX&) gﬁggzghgg%%ﬁbgcag‘iﬁ“ugg%{%gmgpo%%&bi 016 Q of the

i nvention aPMOQQOaN%Pubhda@n&msiS/géﬁS 20 Petreebian WO 9N Ot app PCBPUbleatve m xed by

si mpl e shaljogys» 4% ﬁ%m&l@&ﬁ@&f%@f‘am]&Uﬁ&a@éhe%%ﬂeféﬂnc@Eﬁ'tﬁ%hléﬁrﬁet;pfh1£ he adj uvant

and sol uti on or suspension. of he antigen rapid % rou smal | opens
(such as a WPpofErRrLh# el é‘)“deoil@éEﬁﬂl‘ey“bqnﬁ‘%ﬁOH@S%@t aengICP F‘ﬁ‘l‘ﬂiﬂogenl c
COMPOSi t i ONcanbhreeid aMAGYLOIEMERNPOSi ti ons according to the present invention

compr | s¢ about  LecnanaaLATi g ARA 000 SGLAU AR pLatol €l ¢ act d

preferably DNA suc %&onucr eot | In sone

preferred eﬁﬁéﬂf%ﬁa@”(ﬁwnmﬁéﬁéﬁﬁm%@ﬁaﬁ&ﬁ IPowcont a| n about 10
nanogr ans t@oggbﬁtg&tbzﬂg@@gmsmugmaaﬁtcﬁéca@ygdgahﬂsmmd\:o Hn sone preferred
embodi ment s, Earéemlgacc’qmatgs%g’ibﬁo%g@ negsx L on SEAS t?&%g}tIﬁ:JT\I%OGEQCJa{ﬁ cg‘tcgi 1.9, about 500

mi crogr ans & | mmunogeni ¢
conposi t i onSEQJRNEI D gab@wﬁ&gbﬂmﬁ%kf@@i%%at@@b@a@mﬂﬁw NPgrams of nucleic

acid. In Sogﬁccaécﬁtfgﬁgrfceﬂ(s f@%%gaw&ig@gt {SPaUD fea ﬁm@Wiﬂ' ons contain
about 250 m gr ams am of nucl ei ﬁ acid |In sonme preferred

t
enbodi ment sNY% d eb%%@Bi‘?ﬁ\@ lgoﬁgﬁ%(t'?%WsN%bﬂf‘&F%“ NBB> mi crograms to
about 1 m Itcna_ggca@EQ@mN@u@ Bit@adSHUID NONY),.skicdah GHQIIMNONS), art can readily
formulate a adtéF %Té;{gg(@g@géllg)l ORGP S b NGRS red amount  of

nucl ei ¢ aci d. he i nic conpositions accordi n%to the 49
tgactgtgaacgttagagcgea (SEQ ID NO:21), gtttgcgeaacsttgtigecat (SEQ ID

atggcaacaacgitgcgeaaac (SEQ ID NO:23), cattggaaaacgticiicgggg (SEQ 1D NG:24),
cccegaagaacgtittccaatg (SEQ ID NO:25), attgacgteaat (SEQ ID NO:26), ctttecattgacgticaatggot
(SEQ ID NO:27), and tccatacgttcctgacgtt (SEQ ID NO:28). In preferred embodiments of the
invention, the oligonucleotide comprises a CpG motif flanked by two purines at the 5' side of the
motif and two pyrimidines at the 3' side of the motif. It is to be understood, however, that any
oligonucleotide comprising a CpG motif can be used in the present invention as long as the
oligonucleotide induces an increase in Thl lymphocyte stimulation when combimed with the

microparticle compositions described herem.

6. _Antigens
The present mvention is also directed to mmunogenic compositions comprising the
microparticles described above with adsorbed macromolectles, preferably vector constructs

encoding antigens and/or antigen per se. Generally, an antigen stimulates the proliferation of T-
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WO 02/ 26209 PCT/ U501/ 30540 present invention are provided sterile and
pyrogen free. The i nmunogeni c conpositions can be conveniently adm nistered
in unit dosage formand can be prepared by any of the nmethods well known in

t he pharnmaceutical an, for exanple, as described in Rem ngton's Piwraceudcal
Sci ences (Mack Pub. Co., Easton, PA, 1980), the disclosure of which is

i ncorporated herein by reference inits entirety. The present invention is

al so directed to nethods of stimulating an i mune response in a host ani nal

conpr|S|ngnggkgbster|ng to the aninmal one or nore i MuMHAGRIMoL0CONPOSI tions

descri bed above In an anmount effective to induce an inmune response. The
host animal is preferably a mammal, nore preferably ahuman. Preferred
routes of adm nistration include, but are not linited to, intramuscul ar,
intraperitoneal, intradermal, subcutaneous, intravenous, intraarterial,
intraoccular and oral as well as transdermal or by inhalation or
suppository. Most prefer, ed routes of adm nistration include

i ntramuscul ar, intraperitoneal, intradermal and subcutaneous injection.

Accor di ng tiprnberpriss. & W?Péhfnghoesﬁestvﬁ@mﬁqp@§é%ﬁhe|aﬁ1@@ﬁm cgmreact i termunogeni ¢
gorrpom t i ONEmAbStes t@d}ﬂl&t@kbﬁﬁ@ésadreip&ts@ d&@s&edadmn{mhedu@mngy aanne gl ek esz i njection
evi ce an e ail.a avi ng ordinary

Sk 11 n e HE AR B PR R e e, Y B RS e ol ese

i nj ection deV|c@ewmweéeﬁbw@¢%%nnﬁheﬁéﬁweO@GRpesmFm@mes&@P@@wbsmof an

i ndi vi dual . ;AR hhieabd Mhgedi O mpI &NROEIARRS 8 hulilRalsRvent. @Ry be delivered
together with electro oratlon ;?eﬁg{ sent invention.is also directed to

met hods of *inle?mﬁet’?ﬁ%ef’ &"Iaf’dﬁsﬁs’]f‘m LFRPRS UgS \Jf oA REes e | or
parasitic iwhéstihdioug orptnditng sadn diastodr icdgedveivt. e eaipowill reahe or  nor e
| munogeni Cy,GarRosIh S}rﬁﬁvzﬂoﬂ%ﬁﬁlbm&o@%\{&lel&T%%pg&;??éé“hne?ﬁa&%ﬁ' ve to induce a

protective response he host ani nal refer y a manmmal, nore

pr ef er abl y %scARIPF e opgeair dysraipph G’E}%eé’ssﬁfmaléﬂ’ﬁﬂ%a%%aﬁfﬂf%“@%e descri bed above.
Wi | e prOphy|achmﬁ&ﬁﬁehhﬂm@meﬂmhﬁn&m&ﬁmﬂﬁﬂ&mﬂﬁmﬁﬂﬁmh@ﬁ@ﬁﬁ&MWﬁh can be
directed to, gny h , e ut ~not limted
to, the V|rdﬁq“ﬂg egﬁa an ﬁéﬁgg?ﬁﬁﬁaﬁgﬁﬁg escr?ggg‘ggove The

pr esent |nV@ﬁﬂF5H)ﬁ§WaP§@“dWF ‘@dy@@%ﬁﬁvﬁé@ bﬁﬂﬁﬁﬂﬁﬁﬁﬁ§>aﬁ i mmune response
in a host audsRils. SermMly, G BgeeaitlbiddnsdiQElbog FéBht helpasus@ﬁg of03¢ Or nore
|nnunogen|c conposi s, descri v |ve to i nduce
an i mmune r%%dbnmn]§f§0gﬂw§?mm Haﬁﬁpggg %é?£?§BF£ﬂPHO n%%?ﬁ “hore preferably
a human. Prredies rledhe pufers! egbodadr crfrﬂsunr'ethnohr: aaivgem@e@mqe bdeivaliowe. One

skilled in ghgudkich bsStof &aRHel Neit BRI b, WhehiBorl ITMNG o &SRANSKSsand
measur enent s thz@eof 50 02126209 PCTJUSQ1/ 30540 The present i nvention

cont enpl at S8 PhEHEE BP Sy REPTHIE r BREF PIEET e€§m@|‘1’m§%§o‘iﬁm€fﬁb‘?’i o

the antigenic substance is from a parasite such as, for example, a malaria parasite. In ancther

m

preferred embodiment of the present invention, the antigen is adsorbed to the surface of a
microparticle of the present invention.

Antigens can be produced by methods known in the art or can be purchased from
commercial sources. Antigens within the scope of this invention include whole inactivated virus
particles, isolated virus proteins and protein subunits, whole cells and bacteria, cell membrane and
cell wall proteins, and the like. Some preferred antigens are described below.

Herpes simplex virus (HSV) 1gD2 is a recombinant protein produced m genetically
engineered Chinese harnstey ovary cells. This protein has the normal anchor region truncated,
resulting in a glycosylated protemn secreted into tissue culture medium The gD2 can be purified m
the CHO medium to greater than 90% purity. Human immunodeficiency virus (HIV) env-2-3 is a
recombinant form of the HIV enveloped protein produced in genetically engineered

Saccharomyces cerevisae. This protein represents the entire protein region of HIV gpl20 but is
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enmul sion mcroparticles wth adsorbed macronol ecule to elicit an i mune
response alone, or in conbination wth another nacronol ecule. That is, the
i nvention enconpasses mcroparticles with adsorbed nucleic acid, subm cron
enul sions with adsorbed nucleic acid or inmmnostinulating nolecule, and the
conmbi nation of mcroparticles with adsorbed nucleic acid together with

subm cron enul sions with adsorbed nucleic acid or imrunostinul ating

nol ecul e. El ectroporation may also be used to inprove delivery of the
nucl ei ¢ acjd. . ’éﬁ denmonstrated by the follow ng Exanpl egerfiddgsiieesent

i nvention' s mcropar[icles wth adsorbed macronol ecules elicit
strong |nnune responses Additionally, the present invention's subm cron
enul sion ricroparticles also elicit strong i mune responses. The

conbi nati on of the present invention's mcroparticles with adsorbed

macronol ecul es is therefore a powerful tool for eliciting innmune responses.
Al references cited herein are hereby incorporated by reference in their
entirety. C Experinental Bel ow are exanpl es of specific enbodi nents for-
carrying Ouboﬂ-d'lseosjﬂﬁt&ﬁaﬁfﬁendhﬁéﬂaﬂ;ﬁuhﬁﬂa frdB e ye@fanml g@eo aaenp@;fcemeeh for

i I lustrati Ve {)%dp) 1961pr¥duce%u%] c%l]snOtf }n t gDJ above { q]emscope of the
present i nv&Rton i n-a ose sKi't ?ﬁ arc w recogni ze

modi fi cati ofSV figens a‘ﬂ@le\ﬁmf Mpmmmvnh@ms mmmwttloem ds‘@@p@naﬁ Publcations/¥hit i on Efforts

have been nmgeesston€Ws W/@éﬁCﬁUMEMuethvJﬂic}{ e&a@%rate@hMle@en&&mu( e.g,

anounts, tenperatures but sone ex e nt al devi ati on
shoul d, of 8%% sg e 0 q%&le anfigsps, Wlﬁ‘% EIJSIBg% PSS 6° %‘f‘eaﬁ%ﬁmer
M cropar ri chesnswit frtiadsip pisleredNucl ei ¢ ACId PLG—CTAB m croparticles were

prepared using admgmwgumsweagfo%ag%ﬁag%eyﬁf&e&md&n’b&u Yy, the
by enul si f a 5% w v polyne

nlcropartlcles wer e %J%@ﬁ

sol ution i nUShEPHoaTE I%?Pig%feﬁl%“faﬁhi 10 @Fpﬁbh%ed%‘ff’??aeflpp]éffmﬁl gh speed usi ng
an [ KA honogeftiezieriso Mhe 1pidsapesyvel @A, sipiaionasd e soacided oyasS3) of distilled
wat er cont aigiRgeL g%t BB B¥tos cm Rront @L@herémqﬂﬁérmgeqné Wv). This
resulted inthe formation 6f a wo enul si on ich was stirred at 6000 51
WO 02/ 26209 e8¢ USOl / 30540 rpm for 12 hours at roomntenperature, allow ng

t he met hyl ene crcgnemgdenmn@wmm&fauseﬂxﬁmegmc&mgsmom G¢ @pavel inCl es wer e
washed tw C%é patenhét I E&b% %)R].B%\én gegaﬁ]%\mg?\lzgﬁéé%g?iﬁe 1]601999391d g(E”P‘nd freeze

dried. For a'typica nt croparficles, 100 ng
of PLG CTABPuhl,se@mn&ﬁ@ é9/Q1h‘€r1emﬁdt>%u@F efsvhweqfenqmprgﬂqebfrernm cpfeemglmahes vial and

resuspendedemidsh 5 M vol une of 2009/n1 of DNA solution (i.e., the plasmd
PCMA or pS NCP H%;%Qt;[s%l agtggg sgtgb}%c?r u?erup gnagi)mc compositions are described in

PCT/US88/04125, published European application number 318216 (May 31, 1989), published
Japanese application murnber 1-500565 filed November 18, 1988, Canadian application 583,561,
and EPO 388,232, disclosures of which are incorporated herein by reference in their entirety. A
different set of HCV antigens is described in European patent application 90/302866.0, filed March
16, 1990, and U.S. application serial number 456,637, filed December 21, 1989, and
PCT/US90/01348, the disclosures of which are incorporated herein by reference in their entirety.

Immunogenic compositions of the invention can be used to immumize birds and mammals
against diseases and infection, including without hmitation cholera, diphtheria, tetanus, pertussis,
influenza, measles, meningitis, mumps, plague, poliomyelitis, rabies, Rocky Mountain spotted
fever, rubella, smallpox, typhoid, typhus, feline lenkemia virus, and yellow fever.

Certain immmogenic corpositions of the mvention will employ an effective amount of an
antigen. For example, there may be included an amount of antigen which, in combination with an

adjuvant, will canse the subject to produce a specific and sufficient immumological response, so as
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T.E. Buffer. The suspension was vortexed for a one mnute to uniformy

di sperse the mcroparticles in the DNA solution. The vial was set on a
shaker (slow speed) at 4 C for overnight adsorption The next day the

m croparticles were centrifuged down at 8000 rpm on a Beckman centrifuge
for 10 mnutes and the supernatant was collected for DNA quantitation. The
pell et was washed once with | X TE buffer by resuspending the pellet in 1 X
TE buffer, dispersing with a spatula and centrifuging at 8,000 rpmfor 10
m nutes. TR Sih@ pellet was resuspended in a m ni myprARPWItOf de-ionized
water (about 2 ml) by dispersing the pellet with a spatula, and freeze
dried on a bench top |yophilizer (Labconco) for 24 hours. The supernat ant
was assayed for DNA content by readi ng the absorbance at 260 ran. Anount of
DNA adsorbed on the m croparticles was cal cul ated by subtracting the anount
in the supernatant fromthe total DNA input (I ng per 100 ng of

m croparticles. The total |oad was estimted by dissolving 5 ng of final
formulation in 0.5 M NaOH 1 % SDS sol ution and reading the clear solution
af t er hydr ob yparkpra¢cti@@@the ybjedEiemmibe swbsPaupt expeprato agpusofact8uprfirgrson enul si on

M croparti Glygsiat § pAdsor bed Nucl eic Acid A subm cron emul sion formed from
MF59 and DOTAP was prepared by providing DOTAP (in chloroform) in a beaker
and al | owi ng i i™ P8 BRPITF eOFBRAH O 6™ .an“W@é%lﬁbe(“ff.d%b}%"W’\‘?\?), Squal ene
(5.0% w w) mmgolSpalresp@s5Fe wetioly weinateadivbetor camyauch ohidgesieraip dorfipoises 1 m nut e
using an - Qi HRIDARH £ kel o ANTAREQNE VRe I 4210 1N O der (o

provi de a honogeneous feedstock for final emulsification This was passed 5
times thr odéfRciEed It et pAserbRd 3% fhe Mfcropariesiss deprrbrd §avit 2E/Pr thagreridt | ui di cs Co. ,
Newt on, MA)codninis@B0wipsh adjukhie zet a potential of the emulsion, which is a
nmeasure of net surface charge  was ggdavﬁ&égﬂ on.. a W4g %ég Zetasi zer from
0 single doSe designation tan S1 vide_SpeL, <

Coul ter and found To be a%prom mately + W%’ﬁ 2 2 ) PCT/ US01/ 30540
DNA ( ei t herandeveryaopizey whichyss veGopigad B iusgpveptiopny Thf ofipS B agagt ehrpiegrékient in pCOW or
PSI NCP)  Was faeksoa b3 thudadtt dcigid Bahin@aois bdpirlc i@ dS4HBiA31GH Bse 8BSy @1 OvVer ni ght  at
4C. Exanpl e tge Prveapaur.a}atelkc()ﬂrjlmo¥a ELYLS ec}atgétiat?.rgg QO her V. ect ?%i Constructs for
Adsor pt i on 18 FEPEHAFPREE MESREFPHET T e 8P AT FREVTPHS Based ELVI S and
replicon vewtmpscapwgssep @rchomapd wilsviolg c@iondiligmunggenig eompssitarsepradsent at i ve
exanpl €. AS,iMbidsed8:iBR B SaLALEH of BRiad BhlBYWLRE.IFBYRedhead) | y applied to
t he derivation _oft vectt ors f rom any al phavirus by one of stall in the art.
Appr oxi nat eFgEHRTL P I IRNUS P SEBEES were infected with the SINDCchiron strain
of Si ndbi s vir el Ab@Gzeheooidtd iVRoREAS withqpeintilsion, because the adjuvant

compositions of the invention are stable, the antigen and emulsion can typically be mixed by simple

shaking. Other techniques, such as passing a mixture of the adjuvant and solution or suspension of

the antigen rapidly through a small opening (such as a hypodermic needle), readily provide a usefill

Impumogenic composition

The immunogenic compositions according to the present invention cormaprise about 1

nanogram to about 1000 micrograms of nucleic acid, preferably DNA such as, for example, CpG

oligonuclectides. In some preferred entbodiments, the iImmuncgenic compositions contain 2bout

10 nanograms to about 800 micrograms of nucleic acid. In some preferred embodiments, the

immunogenic compositions contain about 0.1 to about 500 micrograms of nucleic acid. In some

preferred embodiments, the immuncgenic compositions contain about 1 microgram to about 10

milligrams of nucleic acid. In some preferred embodiments, the immunogenic compositions

contain about 250 micrograms to about 1 milligram of nucleic acid. In some preferred

embodiments, the immunogenic compositions contain 2bout 500 micrograms to about 1 milligram

of nucleic acid. One skilled in the art can readily formulate an immunogenic composition

comprising any desired amount of nucleic acid. The immunogenic compositions according to the
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13, 1999) at a MJ of | PFU cell At 24 hours post-infection, after

devel opnent of CPE, total RNA was isolated fromthe cells using the TRI zo]
Reagent (GTECO BRL) according to the manufacturer's instructions. After
purification, viral RNA was dissolved in nucl ease-free water, aliquoted,
and stored at -80C for subsequent use in cDNA cloning. Synthesis of eDNA was
acconpl i shed by PCR anplification, using the priner sets shown bel ow

(Si ndbi s nucl eotide nunbering indicated for each prinmer):

1CCACA. AGCHEAAEIAATGTACCAGCCTGATGCL1472- 11450 ( SEQ | DpdNRug@RBoss0

1. 1CCACGAATTCAGCCAGATGAGTGAGGC10364- 10381 ( SEQ | DNO 30)

2CCACAAGCTTCAATTCG ACGTACGCCTCAC10394-10375 (SEQ I D NG 31)

2. 1CCACGW TCATATGGGGAAATCATGAGCC9614- 9634 ( SEQ 1 D NO: 32)
3CCACAAGCTTCATAGACCCTCACTGECTC9648- 9630 (SEQ | D NO 33)

3. 1CCACGAATTCAAGATTAGCACCTCAGGACC8878- 8899 (SEQ I D NGO 34)

4CCACAACCI TCTACACGGTCCTGAGGT(GC8908- 8867 (SEQ | D NO: 35)

4. 1CCACGAATTCGTCCG. ATC. ATGGA, TAACTCC8294- 8315 (SEQ I D NQ 36)

5 CCACA4 GCT TR ER AP TACENTS S Prig ard pyrpasiirse| BiepiaRupgspnic compositions can be

5. 1CCACG AMIchAk b inAlTdDmAKNIE? Biin o8 d4 be(deﬁ@ed By aﬁ;leBB)nethods well

CCACCAGCT CREHCATT AR LR LT 10 A8 P B g oo

7 CCACCT CGA GE¥enesT Olviolrh A7 Ao rebi @ ghairggsu SErhiqh b inqgespy tyd hprein by
CCACGAGCT CCAGRH EGRAGRRGAATGTCC5843- 5862 (SEQ | D NO 42) 53 WO

02126209PCT/ 1150 130 40 8OCA GCACC5900- 5882 ( SEQ I D
NO 43) 8. 1CCACG% %M@Cgﬁs{wﬁéﬁ%ﬁ@e NP 44)
9 CCACCT CCAGHERABBEETTATGETOSADS 86K afigd SnecBEDe mmm@emymposmons

9. 1CCACGACCILEAHNRANALAKEA & uc%%@lﬂxmﬁﬂ%%
10CCACCTCGAGGATCACT TCTTTCCTAGGCACA299- 4277 8 | D NO 47 0.1

CCACGAGCTC@E%?@‘FC%G@#A’@TW@@W@&?W%E@W Wﬁ%&oniﬂiﬁde but are
CCACCT CGAGATCAAGT BERGHGEAETHER3 G4, B4 Bl SEQuio NG4S0l Intrbarterial,

e AN AL PG DR Wy e
CCACGAGCT COR/AEHEme ARoR CTF Ao AR A ALT (X 20 75 2l; 1@99@@%@5@51%@11512};0“%
CCACCT C4 GCAIGEACH CETGET CIEaT 6204 2se202 tigrSEQninth N 2ampodifonilare

CCACA GCT% e%o;lt- amma]- %%Qge%dlgfessll nzjecglonl':dglce thI\clPare well known and wideiy

available. One having ordinary skill in the art can, following the teachings herein, use needleless

injection devices to deliver immunogenic compositions to cells of an individual. Additionally, the
embodiments of the invention may be delivered together with elecitoporation.

The present invention is also directed to methods of immumizing a host animal against a

viral, bacterial, or parasitic infection comprising administering to the animal one or more
immumogenic compositions described above in an amount effective to induce a protective response.
The host animal 15 preferably a mammal, more preferably a human. Preferred routes of
administration are described above. While prophylachic or therapeutic treatment of the host animal
can be directed to any pathogen, preferred pathogens, including, but not limited to, the viral,
bacterial and parasitic pathogens described above.

The present invention is also directed to methods of inducing an immine response in a host
animal comprising administering to the animal one or more immunogenic compositions described
above in an amount effective to induce an immune response. The host animal 1s preferably a
mammal, more preferably ahuman Preferred routes of administration are described above. One

skilled in the art is readily familiar with immune responses and measurements thereof
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14 CCACCCCGAGCCCGGATGTACGTGCACL069- 1052 (SEQ I D NO 55) 14.1
CCACGAGCTCATTGACGGCGTAGTACACACL-20 (SEQ ID NO56) Priner pairs 1-5 were used
for cloning of the virus structural protein genes, while pairs 6- 14 were
for the vies nonstructural protein genes. Aigonucleotides in pairs 1-5
contai ned additional sequences representing restriction enzyne sites for
EcoRl and iindlll,which are not present in subgenom c RNA of Sindbis virus.
A i gonucl eotides 6-14 contained sites for Sac! and X hol, which are not
present inypbhecwddol e genone of preciously sequenced strcaiusg/3of40 Si ndbi s virus
(these sites are underlined). Each reverse transcription (RT) reaction was
performed in a 50 pl volune using the Superscriptll enzynme (G BCOBRL),
according to the manufacturer's instructions. Reaction m xtures contained

t he amount of RNA equivalent to 1 Q cells and 50 pnoles of each priner
shown below. M xturel: prinersl, 3 and 5 Mxture2: priners 2 and 4

M xture3: prinmers 6, 9 and 12 M xture4: priners 8, 11 and 14 54 WD 02/ 26209
PCT/ USCOL/ 30540 reacti ons re frozen_and then used gybsequently for PCR
anplification. res?”%’ﬁce?‘?oﬁﬁ%‘teﬁg?teé thﬁ@‘srefof)‘?og?@ﬁ HEPAE AR RR pol yrer ase (NEB)
as recomendedidyidchgticlayprmiuddecttdmeromoliais p <&@ apinRERspegebrom icont ai ned 3 pl

of RT m Xt UL&SintRR ¢hiH RERer HROWS AR TRD;s t@nméng&e&fo ?gge;m&&mé}mmal of 14
reactions were performed (Table 1). TABLE I %nentPrlnersN of RT

reaction. LeﬁBFHﬁBF“FHEd ?ﬁ@ﬁﬁﬁﬁmPBﬁ“?aﬁﬂbﬂﬁﬂkfaﬁﬁ% PUBlgRy 2.1 2 800 3-T
and 3.1( ] . 788cutkdmathelcodbitdtio? @ AikroDhticinelithmdsrbddonmiQeidGid apdhebwith396 2

submicron emulsions with adsorbed nucleic acid or immumostimulating molecule. Electroporation
may also be used to improve delivery of the nucleic acid.

As demonstrated by the following Examples, the present invention's polymer microparticles
with adsorbed macromolecules elicit strong iromune responses. Additionally, the present
mvention's submicron emulsion microparticles also elicit sirong immune responses. The
combination of the present invention's microparticles with adsorbed macromolecules is therefore a
powerful tool for eliciting immune responses.

All references cited herein are hereby incorporated by reference m their entirety.

C. Experimental
Below are examples of specific embodiments for carrying out the present invention ' The

Examples are offered for illusirative purposes only, and are not intended to limit the scope of the
present invention in any way. Those skilled in the art will recognize modifications that are within
the spirit and scope of the nvention.

Efforts have been made to ensure accuracy with respect to numbers used (e.g., amounts,

temperatures, etc.), but some experimental error and deviation should, of course, be allowed for.

Example 1
Preparation of Polymer Microparticles with Adsorbed Nucleic Acid

PLG-CTAB microparticles were prepared using a modified solvent evaporation process.
Briefly, the microparticles were prepared by emmisifying 10 ml of a 5% w/v polymer solution in
methylene chloride with 1 ml of T.E. buffer at high speed using an IKA homogemzer. The primary
emulsion was then added to 50ml of distilled water containing cetyl trimethy] ammonium bromide

(CTAB) (0.5% w/v). This resulted in the formation of a w/o/w emulsion which was stirred at 6000
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77 and 7.13666 8S and 8.141107 99 and 9.13638 i 010 and 10.13912 1111 and

11. 14743 1212and12. 13870 1313 and 13.131034 1414 and 14. 141088 PCR reactions
for fragnents 1-5 were performed using the follow ng conditions. 12 cycles
of 95 C for 30 seconds, 56C for 30 seconds and 74C for 90 seconds. For
fragnents 6-14, the nunber of cycles was changed from12 to 15. A small

al i quot of each reaction mxture was analyzed by agarose ge

el ectrophoresis to confirmthe presence of the fragnents-of the expected
size. The L gBisNg reaction mxture was extracted w tdrTpisewoisochl or of orm
and DNA fragnents were precipitated using ethanol. 55 WD 02/ 26209

PCT/ USOV30540 Foi cloning, fragnments 1-5 were digested with Hindtll and
EcoPJ, and then ligated with plasmd pRS2 (pUCI9 with additional
restriction sites in polylinker) treated with the same enzynes. Fragnents
6- 14 were digested with Sacl andXhoI and ligated wth the same pRS2 plasmd
treated with Sac! and | hol. r econbi nant plasnlds mere transforned into

the E. cols XL- ue straln S ra | n addition, cDNA
R A Crpra e b ol B Rt Y PR
nont r ans| at edropasgleoves: v@b@@twvem@sgbmeﬂabﬁdnm@gan@ at W@0F ool eskenigedor i mer pairs:

YSINILF: 5 - GATH % l\]ﬁ&xes %@%glo& _CTAB
5' - ACTGACGGCTGT GT (SEQ TDNO 58) DF: 5 CTTCCGAGGAKCTG ( SE- Q
| D NO 59) YRR RicrapertighsResn A, @E?Fdr@.mﬁém’rl FEPYESEQ | D NO: 60)

Posi tive cotoopdiesf DIk sodiedi d, itaphind yoav @ pSIWEP eangjmg\@lim;aqsgag)slm d
et L ORE RO L AT U b R PLELAG, kOl I GBOUIACT r o

i nstructions. eS| rres ondlngly, were then
assenbl ed | HeEPAtles laﬁtpPHﬁusqhal% Tih%%l@'ﬁs S@@ﬁﬁhdw@w @Pﬁé) a“fﬁé"féﬁﬁﬁh‘r uction of a
Eukaryoti ¢ daayaie drhVast @y thd BitrbpaaicleOnerepsirisai &oEthlsa)o e 6h ARckodd phavi rus

vector constrict fqr in vitro transcriptio } RN. ? was
acconpl i shed" m%mf?{% e %%S“%ema e C%ﬁﬁ‘p I]OSNA gt a‘(‘:onllhe pclfeP DCHINS

subgenomi ¢ wgiepd gace éﬁ@&%ﬂ@% by resgpemstivg Se pelet in 1 X TE buffer, dlspersmg Wlth a
spatula and centrifuging at 8,000 rpm for 10 mimxtes. The final pellet was resuspended in a

minimurm emount of de-ionized water (about 2 ml) by dispersing the pellet with a spatula, and
freeze dried on a bench top lyophilizer (.abconco) for 24 hours.

The supematant was assayed for DNA content by reading the absorbance at 260 nm.
Amount of DNA adsorbed on the microparticles was calculated by subtracting the amoumt in the
supernatant from the total DNA input (1 mg per 100 mg of microparticles. The total load was
estimated by dissolving 5 mg of final formmlation in 0.5 M NaOH/1% SDS solution and reading the

clear solution after hydrolysis at 260 nm.

Example 2

Preparation of Submicron emulsion Microparticles with Adsorbed Nucleic Acid
A submicron emulsion formed frem MF59 and DOTAP was prepared by providing DOTAP

(in chloroform) in a beaker and allowing it to evaporate down to 200ul. Tween (0.5% w/w),
Squalene (5.0% w/w) and Span (0.5% w/w) were added and homogenized for 1 minute using an
Omm homogenizer with a 10mm probe at 10K revs/min in order to provide a homogeneous
feedstock for final emulsification. This was passed 5 times through a Microfluidizer M1108
homogenizer Microfluidics Co., Newton, MA) at ~800 psi. The zeta poteniial of the emulsion,
which is a measure of net surface charge, was measured on a DELSA 440 SX Zetasizer from

Coulter and found to be approximately + 55 mV.



foll ows. AnApal - Mscl fragment, containing the pronoter for SP6 RNA

pol ynerase and start of the Sindbis virus genomc RNA was ligated with the
Mscl Xsol fragnent of cloned fragnment 14 in Apal Ahol digested plasm d pRS2.
The resulting plasm d was naned pl5. Next, theSocl-EcoRl fragnment of p8,
the EcoRI - MA fragnent of p7 and the NsiJ-Xxol fragnent of p6 were |igated
into Sacl-Xhol digested pRS2. The resulting plasm d was nanmed p] 6. Next,
the Sacl-Minl fragnment of pl2, theMunl-N el fragment of pl | and the

Nhel Xhol fwagnred of plO were ligated into Sacl- Ahol pdirgestsesieo pRS2 pl asnud.
The resulting plasm d was naned pl7. TheApal - ApaLl fragnment of pl5 and the
Apall - Xhol fragment of pl3 then were ligated into Apal-, hol treated pl2S2,
resulting in the plasm d named pl8. Next, theApal-Nsil fragment of pl8 and
the Nsil- hoi fragnment of pl7 were ligated together inApal--I1hol treated
pRS2. The resulting plasm d was naned pl9. Finally, theApal-Avw I fragnent
of pl9, theAvrll-SalQ fragnent of p9 and the Sal@ -BanHl 56 WO 02/ 26209
PCT/ USQ 130540 fragnent of ?1 were |ligated together into a previously
constructed Si n@D4PEprEELYT! gRIEE YA T FReeERT Bif q?ﬁ@meﬁpmpg fer (see
Dubensky etpHNCFstﬁ%mﬂﬁbﬂﬁmﬁﬁ&ﬂﬁ&ﬂymﬁﬂﬁﬁmmﬁmhmoﬁﬁ@ﬁﬁmfaggg i bid; and U.S.
Pat ent 5,843;723), that had been digested w thApal-BanH to renove the

exi sting nonstructural protein genes. The resulting Sindbis vector
construct, which contains sequences_ derived fromthe SINDCchiron virus
strain and al so encodes a GFP repor¥%¥m¥%as de5|gnated SINCR—GFP (al so
(nown as DCSRaShdgh o B iagicdEsepOr t er
construct, as %o@m&%néujggam NGO a%maégn%a& %pe&&%%@]@gg ¥@fj;0us ot her
heterologous sequences Y gens escrib e specification and
bel ow) was @@Fﬁbarrmenﬁy"ele}aﬁ@arw’&%‘Pedpprfzﬁ@te% Hie folipygs masberigpdiPapRticd 19 o | owed by in
vitro tr?nsweufihawmowfdtmomﬁﬂhh@ﬂm@geoﬁBﬁmeIaynmpaﬁ@ataﬁmmer: bed )
previously (Polo . t a . rly, the sane
Si ndbi s seq&gﬁggsm%%%gﬂﬁmﬁghgmdmm“% wg%ﬁ%m‘(fQ¥$éﬁ %%§$F%%mkm§ed
Eukaryotic Ray&ideda W@%ﬂBﬂTUhﬂkﬁﬁ?ﬂ@%ﬂE@@ﬁ@ﬁmﬁﬁe@mUmsmmﬁfQ%MKMBZ and

6, 015, 686) , RN!A‘mgo«mdtfrb@me&anm&efhbﬁhmneagefm(&@d@@ﬁrp&cb&amg%myect or RNA takes
pl ace direct mnthln ELVI S

tran otic cells via a
eukaryotic e REERgens p"ﬁ%‘h‘fﬁe‘?@s‘%’*l‘ﬁ“ %ﬁs‘gr@#&)‘?@?c%ase "LV S plasnid
DNA whi ch aligiooteixpr essed miﬂ%rﬂp@w@ememmaﬁAdmmmtructed by repl aci ng Si ndbi e

virus derived S%pdfh%mo@mmwgacc%md mcﬁgsﬁh&mvﬁ%mmwﬁn& sthi@o&Or r espondi ng
SI NCR- GFP  sequences from above. Startin t he previously described

ELVlsvectorbe%ﬁsﬁ'iblssm%ﬂoﬁ‘%eunﬂﬁhﬂ%m&‘“é‘r’eacgaﬂmﬁrol 72: 950- 958, 1998), the
pl asm d backbone fi0CSHAGESATEDAITTA@ALCHATSUDERT A LiRS0N@EQ MeNOpHasm d backbone

wi th that from pOWEi - {aui.dededecel al. ind B8l ed s 2648- 2635, 2000)

usi ng two Sacl sites found I n each CF(): asm d; éogenerate e i nternedi ate

construct knownZas CCEPAECELEEE.CAREXECTGRhe owé%h PWEEGEENO3Dt es of ELVI SI. 5CB
(l ocated adj acent; G@AUGJ&L&T@TAI’FG@GAAATCATGA@CC 9614-9634 (SEQ ID NO:32)

3 CCACAAGCTTCATAGACCCTCACTGGCTC 9648-9630 (SEQ ID NO:33)
.1 CCACEAATTCAAGATTAGCACCTCAGGACC 8678-8899 (SEQ ID NO:34)

CCACAAGCTICTACACGGTCCTGAGGTGL 8908-8867 (SEQ ID NO:35)
1 CCACGAATTCGTCCGATCATGRATAACTCC 8254-8315 (SEQ ID NO:36)
CCACAAGCTTGCGCCACCGAGGAC 8347-8334 (SEQ ID NO:37)
CCACGAATICACTGCCATATGEAGRCC 7797-7814 (SEQ ID NO:38)

CCACCTCGAGTTTACCCAACTTAAACAGCC 7368-7348 (SEQ ID NO:39)
1 CCACGAGCTCGCGACATTCAATETCGRATGC — 6426-6446 (SEQ ID NO:40)
CCACCTCGAGGAACTCCTCCCAATACTCGTC  648B-6468 (SEQ ID NO:41)
CCACGAGCTCGACCTTGCAGCGCAATGTCC 5843-5862 (SEQ ID NO:42)

~J ~! (=2} [a)] o [S2] EaN I~ G
—

1—
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end) was elimnated by partially digesting with Sacl, blunt-ending using T4
DNA pol ynerase, and then ligating into the nodified site, aPnel I|inker
5'-GA TTAAAC-3'. The correct plasmd without the targeted Seal site was
designated ELVIS |.5CBdl Sac. This internediate plasm d then was prepared
for insertion of the new SIN nonstructural protein genes by digestion with

Sacl and Thai. The correspondi ng nonstructural genes were obtained by PCR
anplification from SINCR-G-P using the oligonucleotide priners

5' CCTAT(3 GTGAACCGTATTGACGGCGTAGTACACAC ( SEQ | dNwskilnssoand

5' CCTATCT GGTGITGTAGTATTAGIC (SEQ I D NO 62), foll owed by digestion

with Sacl and Xhol, and ligation, to produce the internedi ate construct

SI NCP- Not . 57 WO 02/26209 PCT/ USO /30540 Finally, one of the two Notl sites
present in this construct was elimnated by partial digest and Kl enow
fill-in, to | eave only one Noel site in the polylinker. This newy
constructed ELVIS vector was designated SINCP (or pSINCP). Insertion of
het er ol ogous sequences ée g. ant en-encodi ng genes) into the SINCR or’
SINCP al phavirés ¥ %GA%@T\C P prisAMr P38y (PR IBINGSE i on wi t hAl i ol / Not |

or Xhol i Xbal , fo} hO‘@@@GA@WC@ACUQ@jAAGQMT@EG(E h a desigedsdNd Noagnent that al so bas

Xnol I Not I or Xho| | Xhal rmni, Al t§r nati vel these sites may be
bl unt - ended or QFM#M@—W o = (QSE(QOIP]\&ﬁér het er ol ogous
sequences rray be 1r eplaced)ACEecahdcOMLEE | oni Nigiteizea (FpQeater4onunber of i nserts.

For exampl e, the, Loth b BoR0RGr (REABL 10k #0d QI pRY (SF162 straim)

encodi ng genes Were ese Vectors. |caIIy t he

codon- opt i mi zedl0H LARBEGAMBPE SEqENCE ( sedlcotmdriQiDoviyed U. S.  Pat ent
Appl i cation 09/ 475 &5 caeumalvegedecetcal , dubi-ghay @memiNsey t ed by di gesting

the vectors wt t fragnent obtai ned
by d;/gesti onWIvvl ﬂhl Qg‘é@zﬁe%%ﬁc%@wh n 99927?6?%%%%%& ggat ed |

SI NCR- p55gag ant? SLCNCR<pBSJegAT TSI TATEAIGY, Budeits oFiRd piNded) H R7 gpl 40
sequences (descri bedclacrampbecthandrRerant lostoin 00 1. Mirol.

75:5526-40), were |nserted int plasmids to
generate the cohist FHEEEEENERTGHIUGET Coind SPNCHLY SIEAD N¥hul ation of ELVI'S

pi asndd DNA ( pSisT] GRrzsanvdedrMAceertoarTce epl igsnsss (gsyeaidaed in vitro fromthe
SINCR plasmds js i bed el sewhere | h Exanpl es. Exanpl e
4 | mmuni zat i oni of B@ﬁé@é@&é@”&&?@%ﬁ th A,%Qg @é)? (%Q[Iﬁ\]&%&/ or pSI NCP

Pl asm ds usi ngldM ECrOMAITCATCREECIAGTOLH cr dn2le3bRID BASE)

Primer pairs 1-5 were used for clonmg ofthe virus structural protein genes, while pairs 6-
14 were for the virus nonstructural protein genes. Oligonucleotides in pairs 1-5 contained
additional sequences representing restriction enzyme sites for EcoR1 and Hindlll, which are not
present in subgenomic RNA of Sindbis virus. Oligonucleotides 6-14 contained sites for Sacl and
Xhol, which are not present in the whole genome of previously sequenced strains of Sindbis virus
(these sites are underlined).

Each reverse transcription (RT) reaction was performed in a 50 i volume using the
Superscriptll enzyme (GIBCO/BRL), according to the manufacturer’s instructions. Reaction
mixtures contained the amount of RNA equivalent to 10° cells and 50 pmoles of each primer
shown below.

Mixturel: primersl, 3 and 5

Mixture2: primers 2 and 4

Mixture3: pﬁmers 6,9and 12

Mixture4: primers 8, 11 and 14



PLG pol ymer microparticles and MF59 subntron enul sions were forned as

descri bed above in previous Exanples 1 and 2, Groups ofmcroparticles and
submi cron emul sions were nmade in order to analyze the different effects of

i mruni zi ng rhesus nacaques with a plasm d vector construct, pCwW- gpl 40 or
pCW- p55gag (see commonly owned U.S. Patent Application 09/475,515), on

m croparticles or in a submcron enmul sion, as well as conparing the effect
of using 58 \A' O 02/ 26209 PCT/USQO /30540 an ELVIS plasm d, pSINCP-gpl 40 or
pSI NCP- p55g39 /26%,9nstruct ed as described above. Six greupsoe@dhsani mal s were

i mmuni zed wt% Ifferent formulations as follows: Goup | used pCw- gpl40
and pCW - p55 gag without mcroparticles or submcron enulsions. Goup 2
used pCWw- gpl 40 and pCW - p55 gag adsorbed on PLG CTAB microparticl es.

G oup 3 used pCl 4V- gpl40 and pCW - p55 gag adsorbed to an MF59- DOTAP
subm cron emul sion. Group 4 used pSI NCP- gpi 40 and pSINCP - p55 gag w t hout
m croparticles or submcron enulsions. Goup 5 used pSI NCP- gpl40 and

pSI NCP - p55 gag adsorbed on PLG CTAB mcroparticles. Goup 6, a control,
used no anti genXT AR QG Fager 18 fresised e R g s eraicadtru PSR ons.  For each
group of antea@bis werd pdrfagtl Ssing WEA NN Solfnfrkey(NABfa®fec@n@hipd §xhewer € i mmuni zed with
sufficient quantities eri.a uch.th the dosage of vector with gp 140
DNA was 1. Oglan%gcehérgh,%mgi%ge%ﬁﬂ (t)l?. C@%n edaf Hlloﬁ%T pgg eéga%m%%&bo\y\?aaélg%. 5 ng each,
except for ngeséwfélAWﬂQfW%WnﬁU%@PeﬁW(Téh}ﬁll}ral s were imuni zed a second
time four weeks after the first immnization, and a third tinme 14 weeks
after the first unnoor anon- Serum Ez;imal yzed at weeks 2 (2wpl), 6 (2wp2),
11-12 weeks (7wp2), and 16 (2wp3). ‘'The m ne of imruni zation was | M TA

Fol | owi ng i nmuni zati ons, plasma anti-p55gag and anti-,-p!40 IgGtiters were

neasured, the MGeHElSRTT WHER APREATT BREREW Fihem boil Smey @pH| 3 as geometric
mean titers. 59 WO 02/26209 Tabl ]J_SﬁnshAO_SeLumj_gG Titer for
anti-p55 gag (Geonetric |MEdry!! 1 1128

2 2and 2.1 2 800

3 3and 3.1 1 789

4 4and 4.1 2 644

5 5and 5.1 1 670

6 6 and 6.1 3 962

7 7 2nd 7.1 3 666

8 8 and 8.1 4 1107

9 9and 9.1 3 638

i0 10 and 10.1 3 912

11 11 and 11.1 4 743

12 12and 12.1 3 - 870

13 13 and 13.1 3 1034

14 14 and 14.1 4 1088

PCR reactions for fragments 1-5 were performed using the following conditions: 12 cycles
of 95°C for 30 seconds, 56°C for 30 seconds and 74°C for 90 seconds. For fragments 6-14, the
number of cycles was changed from 12 to 15. A small aliguot of each reaction mixture was
analyzed by agarose gel electrophoresis to confirm the presence of the fragments-of the expected
size. The remaining reaction mixture was exiracted with phenol-chloroform and DNA fragments

were precipitated using ethanol.
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G oupForm of DNA 2 12w 27 22wp3 1PCMW in saline solution 71919118 2PCW
adsorbed on 490 1077043601637 PLG CTAB particles 3PCW adsorbed on 142
570214803536 MF59/ DOTAP enul sion 4SINCP in saline solution 87845 5pSI NCP
adsor bed on 728 192563426856 PLE CTAB particles 6none 1297 Table 3 Serum | gG
Titer for anti-gpl40 (Ceonetric Mean) G oupForm of DNA2. w 12y 7wp22w/3 1CW
m sal i ne sol uti on5517812460 2pCW adsor bed on . ; 276252901913 PLG CTAB
articles 3pCW adsorbed on 55641124823 NU59, T) OTAY enul sion 4SINCP in saline
sol uti on848200206%pSI NCP adsor bed on 151128942651002 PLGCETARpanti cl es
6nonel214l 111 The sanme group of animals as was used for the preceding

ani mal s were analyzed for induction of a CTL response. The effector to
target (E:T) ratios ranged fromapproximately 4:1 to 100:1. The results of
the CTL assay appear below in Tables 4 and 5. A "responder” is a rhesus
macaque whi ch showed 10% or nore specific lysis of the target at two or nore
consecutive E:T  ratios.

For cloning, fragments 1-5 were digested with Hindlll and EcoRI, and then ligated with
piasmid pRS2 (pUC19 with additional restriction sites in polylinker) treated with the same
enzymes.r Fragments 6-14 were digested with Sacl and X0l and ligated with the same pRS2
plasmid treated with Sacl and Xhol. All recombinant plasmids were transformed into the E. coli
X1 -1 Blue strain (Stratagene, La Jolla, CA).

In addition, cDNA clones representing the subgenomic promoter region and 3”-end

nontranslated regions also were generated using the following primer pairs:

YSINIF: 5’-GATTCGGTTACTTCCACAGC (SEQ ID NO:57)
YSINIR: 5°-ACTGACGGCTGTGGTCAGTT (SEQ ID NO:58)
YSIN2F: 5’-GATGTACTTCCGAGGAACTG (SEQ ID NO.59)
YSIN2R: 5-CCACAAGCTTGAAATGITAAAAACAAAATTTTGT (SEQ ID NO:60)

Positive colonies for each transformation were grown for plasmid punification using a
QIAGEN kit according to the manufacturer’s instructions, The fragments, designated pl-p14
comrespondingly, were then assembled into the appropriate vector configurations.

The construction of a Bukaryotic Layered Vector Initiation System (ELVIS) and an
alphavirus vector construct for in vitro transcription of replicon vector RNA was accomplished
using the Sindbis virus cDNA clones pl-p14, plus the subgenomic and 3°-end region fragments as
follows. AnApal-Mscl fragment, containing the promoter for SP6 RNA polymerase and start of
the Sindbis virus genomic RNA, was ligated with the Mscl-Xhol ﬁagmmt of cloned fragment 14
Apal-Xhol digested plasmid pRS2. The resuiting plasmid was named p15. Next, the Sacl-EcoR1
fragment of p8, the EcoRI-NsiI fragment of p7 and the Nsil-Xhol fragment of p6 were ligated into
Sacl-Xhol digested pRS2. The resulting plasmid was named p16. Next, the SacI-Mun] fragment
of p12, the Munl-Nhel fragment of pl1 and the Nhel-Xhol fragment of p10 were ligated into Sacl-
Xhol digested pRS2 plasmmd. The resulting plasmid was named p17. The Apal-4pall fragment of
pl5 and the Apal.1-Xhol fragment of p13 then were ligated into Apal-Xhol treated pRS2, resuling
in the plasmid named p18. Next, the Apal-Nsil fragment of p18 and the Nsil-Xhol fragment of
p17 were ligated together in Apal-Xhol treated pRS2. The resulting plasmid was named p19.
Finally, the Apal-AvrIl fragment of pl8, the Avrll-SalGl fragment of p9 and the SalGI-Bam
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60 WO 02/ 26209 Table 4 PCT/ USOL/ 30540 Nunber of ResResponders )55 ae)

G oupForm of DNA2w | 2wp2 7 22wp3 1CW in saline solution04 14 2pCMW
adsorbed on 3323 PLG CTAB articles 3pCW adsorbed on 0110 M-59/ DOTAP

enmul sion 4pSINCP in saline solution0100 5pSI NCP adsorbed on 0311 PLG CTAB
particles 6none000 O Table 5 Nunber of Responders (gpl140) G oupForm of
DNA2wp12wp27wp22wp3 | PC W in saline sol ution0000 2 1pC-kJV adsorbed on O
1000 PLG CTAB particles 3pCW adsorbed on 0000 h9F59/ DOTAP emul sion 4 |
pSI NCP i n galohs8eesol ution 0 0 0 1 PCT/US01/30540

fragment of p16 were ligated together into a previously constructed Sindbis replicon vector
expressing the GFP reporter (see Dubensky et al., J. Virol. 70:508-519, 1996; Polo et al., 1999,
ibid;, and U.S. Patent 5,843,723), that had been digested with Apal-BamHI to remove the existing
nonstructural protein genes. The resulting Sindbis vector construct, which contains sequences
derived from the SINDCchiron virus strain and also encodes a GFP reporter, was designated
SINCR-GFP (also known as DCSP6SINgtp). Preparation of replicon RNA from this reporter
construct, as well as Sindbis vector constructs expressing various other heterologous sequences
(e.g., antigens, described in the specification and below) was performed by linearization of the
DNA using Pmel, followed by in vitro transcription using bacteriophage SP& polymerase as
described previously (Polo et al., ibid, Dubensky et al., ibid).

Similarly, the same Sindbis sequences were used for assembly into an alphawvirus-based
Eukaryotic Layered Vector Initiation System (see U.S. 5,814,482 and 6,015,686), in which the
transcrption of self-amplifying vector RNA takes place directly within ELVIS plasmid DNA-
transfected eukaryotic cells via a eukaryotic promoter (e.g., RNA polymerase II promoter).‘ An
ELVIS plasmid DNA, which also expressed GFP reporter, was consiructed by replacing Sindbis
virus denved sequences in an existing ELVIS vector with the corresponding SINCR-GFP
sequences from above. Starting with the previously described ELVIS vector pSIN1.5 (Hariharan
et al, J Virol. 72:950-958,
plasmid backbone with that from pCMVLink (zur Megede et al, J. Virol. 74:2628-2635, 2000)

1998}, the plasmid backbone first was modified by substituting the

using two Sacl sites found in each plasmid, to generate the intermediate construct kmown as
ELVIS1.5CB. Next, one of the two Sacl sites of ELVIS1.5CB (located adjacent to the SIN 3°-
end) was eliminated by partially digesting with Sacl, blunt-ending using T4 DNA polymerase, and
then ligating into the modified site, a Pmel linker 5"-GTTTAAAC-3°. The correct plasmid without
the targeted Sacl site was designated ELVIS1.5CBdISac. This intermediate plasmid then was
prepared for insertion of the new SIN nonstructural protein genes by digestion with Sacl and X#%ol.
The corresponding nonstructural genes were obtained by PCR amplfication from SINCR-GFP
using the oligonuclectide primers
5’CCTATGAGCTCGTTTAGTGAACCGTATTGACGGCGTAGTACACAC (SEQ ID NO:61)
and 5’CCTATCTCGAGGGTGGTGTTGTAGTATTAGTC (SEQ ID NO:62), followed by
digestion with Sacl and Xhol, and ligation, to produce the intermediate construct SINCP-Not.
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5pSI NCP adsorbed on 0101 PLG CTAB particles 6none000 O J The sane aninmals
were al so analyzed for |ynphoproliferation. This assay neasures specific
proliferation off cells in vitro is r espouse to restinulation with antigen.
Rhesus macaque peripheral bl ood nononucl ear cells (PBMC) were purified
fromheparini zed whol e bl ood by centrifugation on Ficoll-Hypaque e adients.

PBMC were cultured at the nunber of 2 x 10 per well in flat bottom
mcrotiter plates in the presence or absence of 3 mcrogranms/m of purified
reconbi nant, g@ g protein. Six replicate cultures perrcaancidson were
initiated. A 4 days of culture tritiated tb}mdine ([3H TdR) was added

(1 mcrocurie per well). Cultures were continued overnight and harvested
the followi ng day. Cells were deposited onto glass mcrofiber filter sheets.
Filter sheets were exposed to scintillation fluid and counted in liquid
scintillation counter. For each condition [3H TdR i ncorporation, neasured
as the nean ccunts per mn (cpm for the 6 61 WO 02/ 26209 PCT/ OS01/ 30540

replicates w Iat The res appear._below in Table 6. Geonetric
Mean Sti nul E@‘?ﬁ%ﬁmﬂ?ﬁl Cﬁ}ﬁfﬁm%m °8’tif“§?‘§?§d§‘§“ Efghl"rﬁa%‘alﬁ@?s Bnute (cpm) of
p55gag sti mifleatweid-ic ®lldage cdiy vieded sipyn bqwiylinér. Ghstwipdositueed A ctot hus; t he

| arger the GG gn;tmnﬁ@;@rp@g\ﬁjpp ve the result. Table 6 GVSI GroupForm of
DNA2 12w 27wp22 3. 1PCW in saline solution2.65.13.03.2 2pCW _adsor bed on
6.615.45.94. 6 W@WR%“H&%"P% Séquﬁesémg%?&dﬁé%f“dﬁmgmﬁ Br35HeD. 5

MF59/ DOTAP  elpliss @rrod Sp&Ghned prirgaily ibndgestioh witt J00NB 61 5411641, B1SpEEbNCP adsor bed

on 10,4 1 1§ga§c§r vﬁ’tﬂ a g’esired DNA fragment that also has Xhol/Nodl or Xhol/Xbal termini. Alternatively,
these sites may be blunt-ended or other polylinker sites may be used (or other heterologous
sequences may be replaced) to allow cloning of a greater number of inserts. For example, the
HIV-1 p55gag (SF2 strain) and gpl40 env (SF162 strain) encoding genes were inserted into these
vectors. Specifically, the codon-optimized HIV p55gagmod sequence (see commonly owned U.S.
Patent Application 09/475,515; zur Megede et al,, ibid) was inserted by digesting the vectors with
Xhol/Xbal and higating m the p55gagmod fragment obtained by digestion with Sa/l/Xbal. The
resulting vectors were designated SINCR-pS5gag and SINCP-p55gag. Similarly, codon-optimized
HIV gp140 sequences (described in Exarmple 10 and Bamett et al, 2001. J. Virol. 75:5526-40),
were inserted into both the SINCR and SINCP plasmids to generate the constructs SINCR-gp140
and SINCP-gp140. Formulation of ELVIS plasmid DINA (pSINCP) and RNA vector replicons
transcribed in vitro from the SINCR plasmids is performed as described elsewhere in the

Examples.

Example 4
Immunization of Rhesus Macagues with
Antigen with pCMV or pSINCP Plasrnids

using Microparticles or Submicron emulsions
PLG polymer microparticles and MF59 submicron emulsions were formed as described

above in previous Examples 1 and 2. Groups of microparticles and submicron emulsions were
made in order to analyze the different effects of immunizing rhesus macaques with a plasmid vector
construct, pCMV-~ gpl4C or pCMV-p55gag (see commonly owned U.S. Patent Application

09/475,515), on microparticles or in a submicron emulsion, as well as comparing the effect of using
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PLG CTAB articlesi 6nonel.41.51.31.2 The sane animals were al so anal yzed for
i nduction of intracellular cytokine production. This assay neasures
speci fic production of cytokines by T cells in vitro in response to brief
restinulation with antigen. Rhesus macaque peripher al bl ood nononucl ear
cells (PBMC) were purified from heparizi ned whole bl ood by centrifugation
on Ficoll-Hypaque gradients. Aliquots of 1 x 106 PBMC were stinulated with
a pool of synthetic overlapping peptides that span the gag (or env) protein
sequence i {tHBs.p esence of a co-stinulatory anti-CD28¢pH@esenal anti body.
Brefeldin A was added to allow the accumul ati on of newly synthesi zed
cytokines within cells. After overnight incubation PBMC were stained with
comercially avail able, fluorescently |abeled nonoclonal antibodies for the
presence of intracellular interferon-y (IFN- y) and tunor necrosis factor-a
(TNTTF-a) and for cell surface CD4 and CD8 narkers. Stained cell sanples
were analyzed on a flow cytoneter and data were acquired for approximtely
50,000 - 100,000 PBMC. The frequency of cytokine-positive cells was
det er mi ned foEL\BADHgHSE @-pEi0 nppSEERmer ey, adoktycted/ea désehbdeabove.ofit war e. The
results for OQQAS%&D@&@IW&%M%@&&&ﬁ@modnaanmm@ﬁ)wz and 8, respectively. The
Tabl es show the nunber of resFon Hfg ani mal s, where aresponder is defined

0

as an ani mal sc&TPRY T EATEEP14 FFARC PVE*E‘P“F%““;S’BT“CTBES@W”BXpreSS| ng
TNF-a and | eiisickas nmeasured by intracellular staining. 62 WO 02/26209 Tabl e

7 PCT/ USol/ 3054Q;.9,, p1490 &w IR BEOTPORIGLSa ot FRLRAE DNAZW 27 22upS 1
CW in saline sol utionl00 adsorbed " on 120 PLG CTAB articles 3pCwW

adsor bed onnﬁﬂmmﬁﬁﬁSQeE[WAP enul si on 4SRNCP in saline solution000 5pSI NCP
adsor bed on 010 Group 3 used pCMV- gp140 and pCMV - p55 gag adsorbed to an MF59-DOTAP

submicron emulsion.

Group 4 used pSINCP- gp140 and pSINCP - p55 gag without microparticles or submicron
emulsions.

Group 5 used pSINCP- gp140 and pSINCP - p55 gag adsorbed on PLG/CTAB
microparticles. '

Group 6, a control, used no antigen, no microparticles, and no submicron emuisions.

For each group of animals, 5 rhesus macaques (only 4 for group 6) were immunized with
sufficient quantities of material such that the dosage of vector with gp140 DNA was 1.0 mg each,
and vector containing pS5 ga:g DNA was 0.5 mg each, except for the control which had none. The
animals were immmized a second time four weeks after the first immunization, and a third time 14
weeks after the first immunization. Serum was analyzed at weeks 2 (2wpl), 6 (2wp2), 11-12
weeks (7wp2), and 16 (2wp3). The route of immunization was IM TA. Following immurizations,
plasma anti-p55gag and anti-gp140 1gG titers were measured, the results of which appear below in

Tables 2 and 3 as geometric mean titers.
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PLG CTAB articles 6None000 Table 8 55 ag cvtol aue res | ondeis G ou Form of
DNA 2 2 7wp2 2wp3 1pCNRF is saline solution000 2pCW adsor bed on210

{PLG CTAB particles | -_ - pCW adsorbed on 3NM59/DOTAP 000 | i emu r
4on __0-00 s pSP.4CP in saline solution ! 5pSI NCP adsorbed on110 PLG CTAB
articles 6none0 0 Exanple 5 RNA Vector Constructs RNA vector constructs
(e.g., replicons) may be adsorbed to mcroparticles for delivery of

het er ol ogous nucl eic acid sequences to the cells of aninmals. The RNA vector

construct 9gpsssal ¥ PCT/US01/30540
Table 2
Serum IgG Titer for anti-ps5 gag
(Geometric Mean)
Group Form of DNA 2wpl 2wp2 Twp2 2wp3
1 PCMV 1 saline solution 7 19 19 118
2 PCMYV adsorbed on 490 10770 4360 1637
PL.G/CTAB particles
3 PCMYV adsorbed on 142 5702 1480 3536
MF59/DOTAP emulsion
4 pSINCP m saline solution 8 7 8 45
5 PpSINCP adsorbed on 728 19256 3426 856
PLG/CTAB particles
6 none 12 9 8 7
Table 3
Serum IgG Titer for anti-gp140
(Geometric Mean) ,
Group Formm of DNA 2wpl 2wp2 Twp2 2wp3
1 pCMYV in saline solution 5 317 81 2460
z pCMYV adsorbed on 5 2762 5290 1913
PLG/CTAB particles
3 pCMYV adsorbed on S 564 112 4823
MF59/DOTAP emulsion
4 pPSINCP in saline soluticn 8 48 20 70
5 PSINCP adsorbed on 15 11289 4266 1002
PLG/CTAB particles
6 none 12 14 11 i1

The same group of animals as was used for the precedmg animals were analyzed for
mduction of a CTL response. The effector to target (E:T) ratios ranged from approximately 4:1 to
100:1. The results of the CTL assay appear below in Tables 4 and 5. A "responder" is a thesus
macaque which showed 10% or more specific lysis of the target at two or more consecutive E: T

ratios.
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conprises a viral RNA which has had a region of the genomc RNA (e.qg.,
structural protein gene) replaced with the sel ected heterol ogous sequence,
derived fromthe DNA codi ng sequence for the gene-product of interest.
Represent ati ve exanpl es of RNA vector constructs include, but are not
limted to, al phavirus RNA vectors (see for exanple; US Patent 5843723, PCT
publication WO 99/18226, and Polo et al., 1999, PNAS 96: 4598-4603),

pi comavi rus RNA vectors (see for 63 WD 02/ 26209 PCT/ USO7 /30540 exanple, US
Pat ent 6156§38,@nd Vignuzzi et al., 2001, J Gen Virokct@2nki3y-47),
flavivirus RNA vectors (see for exanple, Vamavski et al 1999, Virol ogy
255:366-75), and rubivirus RNA vectors (see for exanple, Pugachev et al.,
2000, J ViroL 74:10811-5). RNA vector constructs for use in the present

i nvention generally may be obtained from plasm d cDNA constructs as a source
of starting material- by the standard process of in vitro transcription
(see references above). Simlarly to plasm d DNA these RNA vector
constructs then nmay be adsorbed to mcroparticles of the invention as
descri bed el sewdg¥e in t he exanpl es. For exanple, the RNA vector constructs
are adsorlded onto The N Cr Op@hbir6 BSpohderd (PBURAT T NG 100 g of Ccationic
mcroparti qi@suj N a ForAGfMAA so[ utzvpn of DNAcat [4” Gwjor [6 Nkp3 The
m cropart cliesar e pthem aepamaied byocentrifugatijon, it he | peld et washed with
TE buffer, |and the peMuragpaeddncl es fseeze-dreed. {Recanstijtutison and delivery
of the PLGfornul 8t@@TAAtgect or constricts isisinmilar to that described
for DNA usijng3for reXdmglodem | east?1 ug, 10 ug,| 100ug, lor 1000 ug of

f or mul at ed [RNA_vedFeyDHemplsen | f or delivery, E anple 6| Adjuvants in Mce
An exper i mgnt-Awit PTHpsalnesollign £ or nBd t o nné' yzd thé’ efflect Bf the adj uvant
al um num phoéphat ?h@’g@fﬁ;a{es n ce. " Pol ymer m cr oparti cI es V\]lere prepared as
above descrii ugu Wt Ot ope'™ Ut ot qu"w’- 'p‘l)ga adsorb u%u ther cx_bi"l 106 m cr ogr ans
of DNA, whéther—hakedor adsorbed—to—the PLG nicropartictes was injected in
groups of 6 CBGI:F;% m ce on weeks 0 and 6, without or wthout alum The
results, as geod®%3ic mean titers of antibody, are shown below in Table 9.

Table 9 Serum I gG Titer for anidbedPRespia@er{ p@oEt ri ¢ Mean/ St andard Error)
G oupFor m of GiolyAB weBdss ofDMveeksd weeks 12 waeks |1CWp2 n [salzwpe sol uti on28
1496238 52714 2pC\VRCHUsorbesingrr PLG $022| 21992 346856 171301 0
2 pCMV adsorbed on 0 0 0 0
PLG/CTAB particles
3 pCMV adsorbed on 0 0 0 0
MF55/DOTAP emulsion
4 pSINCP in saline solution 0 0 0 1
5 pSINCP adsorbed on 0 1 0 1
PLG/CTAB particles
6 none 0 0 0 [ 0

The same animals were also analyzed for lymphoproliferation. This assay measures specific
proliferation of T cells in vitro in response to restimulation with antigen. Rhesus macaque
peripheral blood mononuclear cells (PBMC) were purified from heparmized whole blood by
centrifugation on Ficoll-Hypaque gradients. PBMC were cultured at the number of 2 x 10° per
well in flat bottom microtiter plates in the presence or absence of 3 micrograms/ml of purified
recombinant p55gag protein. Six replicate cultures per condition were initiated. After 4 days of
culture tritiated thymidine (PH]TdR) was added (1 microcurie per well). Cultures were contmued
overnight and harvested the foliowing day. Cells were deposited onto plass microfiber filter sheets.
Filter sheets were exposed 1o scintillation fluid and counted in liquid scintillation counter. For

each condition [P’H]TdR incorporation, measured as the mean counts per min (cpm) for the 6
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m cioparticlesl 3 pClv7Vinsaline solution 1536 3039195070 92438 Ii plus al um
64 WD 02/ 26209 PCT/ USOL/ 30540 Exannml e 7 El ectroporation with?tticropanicles
and ELVIS V ectors and RNA Vector Constructs El ectroporation may be used in
conbination with polyner mcroparticles or submcron emnulsion

m croparticles made with any of the nucleic acids described above, such as
plasmid DNA ELVIS vectors, and RNA vector constructs. Exanple 8 Induction
of I mmune Response in Rhesus with Prinme and Boost |munizations An

experi ment wyas,aes formed to determ ne the effect of pricdo@i¥dsidy DNA and
boosting wth protein adsorbed to PLG nticroparticles. Particularly,

PLG SDS m cropatticles were prepared as descri bed above and in commonly
owned I nternational patent application PCT/US99/17308, and purified

reconmbi nant p55gag protein was adsorbed thereto. A group of animals was

i muni zed with 1 ng pCW-p55gag. The animals were inmuni zed again at 4
weeks, then again at 8 weeks. The aninmals were boosted with p55gag protein
adsorbed to PLG mcroparticles at 41 weeks. The results are shown in Table
10I Ibe: ow, hV\JEﬁth{ﬂqs?J&OdAIt&_ﬂﬁé’&t 'I'Q:qgiﬂtsra{pb@[aellovx{h?”fabfe?sg&%ﬁ%ﬁem@ﬂﬂﬂhﬁ%ﬂ on) of hgl per T
ce ynphopr ol i ation (mean stimu i.on index o esponders), an ,

i nduction o d%%%Mﬁgfﬁﬂﬂ%@#ﬁé?m?ﬁﬁﬁﬂﬁﬂ W@Pfﬁg?éﬁmﬁﬁwﬁﬁgﬁvgﬁﬂyﬁgﬂ ) 0% |ysis
at two or eforsemdonises s e ldgeTthy GUSIoB) morRRestde tis ramdr € measured at 14 weeks
post 3'd prinme for the prime colums, and 2 weeks post boost for the boost
colums. Nunbers in parentheses indicate the nunber of responders out of a
total of 4 aninB® Table 10 Vacci neAnti body TiterL}ouphoproliferationCTL

(ST) prinmepoost pri neboost pri neboost gmsre boost pCW-PLE 44 (1) 1777 (4)2.5
(2)21. 8 (4] &rdipp550aQRbEINA]. . 65 WA 02] 26209 PCI/ DB/ 30546p3
1 PCMYV m saline solution 2.6 5.1 3.0 3.2
2 pCMV adsorbed on 6.6 - 154 5.9 4.6
PLG/CTAB particles
3 pCMV adsorbed on 91 29.5 13.6 10.5
MF59/DOTAP emulsion
4 pSINCP m saline solution 7.5 6.6 4.1 4.3
5 pSINCP adsorbed on 10.4 13.8 5.4 4.4
. PLG/CTAB particles
6 none 1.4 1.5 13 1.2

The same animals were also analyzed for induction of intracellular cytoldne production.
This assay measures specific production of cytokines by T cells in vitro in response to brief
restimulation with antigen. Rhesus macaque peripheral blocd mononuclear cells (PBMC) were
purified from heparizined whole blood by centrifugation on Ficoll-Hypaque gradients. Aliquots of
1 x 10° PBMC were stimulated with a pool of synthetic overlapping peptides that span the gag (or
env) protein sequence in the presence of a co-stimulatory anti-CD28 monoclonal antibody.
Brefeldin A was added to allow the accumulation of newly synthesized cytokines within cells.
After overnight incubation PBMC were stained with commercially available, fluorescently labeled
monoclonal antibodies for the presence of itracellular interferon-y (IFN- y) and tumor necrosis
factor-a (TNF-o) and for cell surface CD4 and CD8 markers. Stained cell samples were analyzed
on a flow cytometer and data were acquired for approximately 50,000 - 100,000 PBMC. The
frequency of cytokine-positive cells was determined for each sample using commercially available
software. The results for gpl40 and p55gag are shown in Tables 7 and 8, respectively. The Tables
show the number of responding animals, where a responder is defined as an animal scoring greater
than 100 CD4 cells per 100,000 expressing TNF-o. and IFN- ¥ as measured by intraceliular

stalning,
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Exanmpl e 9 Induction of Neutralizing Antibodies The sera fromthe rhesus
macaques in Exanple 5 above were tested for inhibition of two different
17UV-1 strains (SF2 and SF162) using PMBC-grown virus stocks and a

CCR5+/ CXCR4+/ CD4+ T cell line based assay. Sera were used at a dilution of
1:20. Inhibitory activity was neasured and expressed as a percenage
inhibition The inhibitorv activity of the aninmals' sera prior to

i mmuni zations were subtracted fromthe results for each animal. The results
for each ofolyhss2fd ve animals in each group are shown igrrhabl/®sd 1 bel ow.
Tabl e 11 Percent Inhibition G oupForm of DNAHI I % 1sezH V-1Sr162 2wnR2 2w 22w
3, 1pCNIV in saline solution0000 00017 0800 00012 00052 2pCW adsor bed
on584030 PLG CTAB particles04160 0 0 O O 727900 48611110 3pCW adsor bed
on010000 MF59/ DOTAP emul si on0000 7610034 8110000 159300 4pSINCP in saline
sol uti on0000 0000

Table 7
p140 cytokine responders
Group Form of DNA 2wp2 Twp2 2wp3
1 pCMYV in saline solution 1 0 0
2 pCMV adsorbed on 1 2 0
PLG/CTAB particles
3 pCMV adsorbed on 0 0 0
MF59/DOTAP emulsion
4 pSINCP in saline solution 0 0 0
5 pSINCP adsorbed on 0 1 0
PLG/CTAB particles
6 None 0 0 ¢
Table 8
pS5gag cytokine responders
Group Form of DNA 2wp2 Twp2 2wp3
1 pCMV 1 salme solution 0 0 0
2 pCMV adsorbed on 2 1 0
PLG/CTAB particles
3 pCMV adsorbed on 0 0 0
MEF55/DOTAP emulsion
4 pSINCP in saline solution 0 0 0
5 pSINCPF adsorbed on 1 1 G
PLG/CTAB particles
6 none 0 0 0

Example 5
RINA Vector Constructs

RNA vector constructs (e.g., replicons) may be adsorbed to microparticles for delivery of
heterologous nucleic acid sequences to the cells of animals. The RNA vector construct generally
comprises a viral RNA which has had a region of the genomic RNA (e.g., structural protein gene)
replaced with the selected heterologous sequence, derived from the DNA coding sequence for the
gene-product of intérest. Representstive exalﬁples of RNA vector constnicts include, but are not
limited to, alphavirus RNA vectors (see for example, US Patent 5843723, PCT publication WO
99/18226, and Polo et al., 1999, PNAS 96:4598-4603), picornavirus RNA vectors (see for
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0 10121 0000 00160 5pSIN CP adsorbed on7350190 PLG CTAB particl es430290
91040 690326 9123not avail abl e0 66 WD 02/26209 PCT/ USO / 30540 Exanpl e 10
Preparation of Plasm ds Plasm ds encoding H V-1 p55gag and gpl40env driven
by the human cytonegal ovirus (CW) pronoter were grown in Escherichia coil
strain DH5a, purified using a Q agen Endofree Plasmd Gga kit (Q agen,
Inc.), and resuspended in 0.9% sodi um chl ori de (Abbott Laboratories, North
Chicago, Ill.). The pCW vector used contains the inmediate-early

enhancer/ ppenbghy 0f CW and a bovine growth hornone p&fingdsgr and is
described I'n o(etall el sewhere (Chaprman, B. S., et at 1991. "Effect of
introit A from human cytonegal ovirus (Towne) inmedi ate-early gene on

het er ol ogous expression in mammalian cells_" Nucleic Acids Res. ]9:3979-86).
The HI'V gag plasm d DNA vacci ne (pCWgag) contains a synthetically
constructed p55gag gene, with codons reflecting manmal i an usage, derived
fromthe HV-1 SF2 strain as previously described (zur Megede, J., et at
2000. "Increased expression and i nmunogenicity of sequence-nodified human

i lrnmnogefD:\lzi:@aﬁy UY PAsS61YPE a&a\g«ggzz&eﬂezom bGM\V;fALE]ﬂl"va’Z@?Slm%ﬁsm;me HI 'V env
pl asmi va i ste u asm nogen
activator (ieﬁ&ﬁs £f ﬁﬁeé%rgg\%cf&gﬁ%ét%é%%n\? g%lsﬁf%? 72?” Bﬁma“&f‘ %%éﬁi‘g(ﬁ strain,
codon opt i niszeat ehaopletFiugpbel €vie 20X i 1081 1iShRNA el doasructdelubesn hBar net t, S,

W, et. 2008sen NG @Rl be ARmM ﬁo&%&&a HNIRRuILRAAES LGl CY Vi rus
type I (1r7V-1 envel ope antigen to elicit neutralizing antibodi es agai nst

prinmary HEY®R4e] 5‘1ﬂé&SélgdaTdé’roC‘?Shﬁl"”d‘%}@ﬂra‘fsﬁpP‘B\f\ﬁeﬁﬁfeﬁ%fF%ﬁb%’) 5%%®n of the second
hypen' ar i abpi@midggir0thest RNA VectodtonstriGs thén 26y ¥ Adsorbddie micOpNGRs @idiasm d vector with

ei ther HlV- éveﬂéo%&?rﬁscﬂﬂed gl&#ﬂé@qu%ﬂe Q{@tﬁpl%ﬁgg %E?E%e%ﬂ Jeld /6.3 above.

Example Il Preparation of Protelns ein and c sequences for the
gpl 60env. SF}dS‘B‘ZBdH’é\)/‘é‘eB@’@Wﬁb‘l’yl%ﬁ’ﬁ%ﬂw D@?éﬁﬂom%“y‘éﬁmd@mall\ﬂ’c’%l roga, J. W
Tung, D. D ssdyioradidNA at 4C ooy, TEERQhpartics bratherd@fefcabin@ntifz268n, Baman

pellet washed with TE buffer, and the microparticles freeze-dried. Reconstitution and delivery of
the PLG-formulated RNA vector constructs is similar to that described for DNA, using for
example at least 1 ug, 10 ug, 100ug, or 1000 ug of formulated RNA vector construct for delivery.

Example 6
Adjuvants in Mice
An experiment with mice was performed to analyze the effect of the adjuvant aluminum
- phosphate (alum) in mice. Polymer microparticles were prepared as above described with or
without pCMV-p55gag adsorbed thereon. 10 micrograms of DNA, whether naked or adsorbed to
the PLG microparticles was injected in groups of 6 CB6 F1 mice on weeks 0 and 6, without or

without alum The results, as geometric mean titers of antibody, are shown below i Table 9.

Table 9
Serum IgG Titer for anti-p55 gag
{Geometric Mean/Standard Error)
Group Form of DNA 3 weeks 6 weeks 9 weeks 12 weeks
1 pCMV 1 saline solution 28 149 6238 5274
2 pCMV adsorbed on PLG 5022 21992 346856 171301
microparticles
3 pCMV in saline solution 1536 3059 195070 62438
| plus alum ]
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i mmunodeficiency virus type | T-cell or nmacrophage tropism

cytopat hogenicity, and CD4 antigen nodulation"J Virol. 64:4390-8. These
sequences can be found under Genbank accessi on nunber M5024. Reconbi nant
H V-1 g140. SF162(dV2) protein was expressed in Chinese hanster ovary cells
and purified as previously described (Barnett, S. W, ET. 2001. J Virol.
75:5526-40). 67 WD (12/26209 PCT/US01130540 Reconbi nant HI V-1.SF2 p55 gag
protein was expressed in yeast and purified be cation exchange

chr omat ogr aphy2«q6hi ron Corporation, Eneryville, CA). Tha/pbbgsg cDNA
sequence fromthe SF2 strain of H V-1 (Genbank accessi on nunber K02007) was
cloned into a ubiquitin expression vector, resulting in the addition of
glycine and arginine to the N-term nus of the wild-type sequence. The
reconmbi nant p55gag protein was extracted fromthe yeast cell pellet using 50
nr\! phosphate; 6Murea pl17.9, followed by S-fractogel (cationic) ion
exchange chromat ography. Elution ofthe p55gag was obtained with a |inear
NaCl gradient (peak at 0.4nNaCl). The estimated purity was 90% by SDS- PAGE.
Exanpl e 12 DNA- adsor bed pol v(1lacti dexeld zchoIide) PLG microparticles PLO
pol ymer (RG505),, 5.l dlad of Lam Beennk vagk. dngel belmationi ©

m croparticles ™ were prepared usling a sol vent evaporati on process.
Briefly, the microparticles were prepared by emul sifying 10 m of a 5%

(W /vol) pol ynmeged&6dotttisntity bdusdiet &ayﬁblﬂﬂ@vﬁthb@fnieﬁ&cfdﬁafﬂa]]es dﬂsubﬁif:ron

phosphat e- b r S geni zer. The
primary enu%%%gnmmm QME]%ﬁgagﬁgd%%g malﬁﬁ%gg bw st e Hg@%&Bﬁgntaining

cet yl t ri met ByYarmyeni et bt B dens€FAB) (0.596m¢/vo|), resulting in the
formation of a mater-in-oil-in-mater emul sion, which was stirred at. 6:000
rpnforl2 h at roomtenperature, Iomnpg t he nethylene chloride to
evaporate. The resulting n1cropar§¥%¥@s wer e mashed twce in distilled

wat er by centri f indetén@Alogune hey e 70 s asnm d DNA from

Exanple 11 was @&&Eﬂ%@w@@&%ﬁe@% meﬁ&n@&aeﬁeacakﬁﬁmmhﬂmmtbm&g 100 ng of
cationic mcroparticles 5 8983 mm solution of DNA at 4C for

6k The nlc?ﬁﬁﬁ??V@?&@“ﬁ@f%HFWQW“E%63W8Vﬁ SREREPPFERYTOn, the pell et was
washed wi t hprdifared aFrdessribbealEBAY andliudofesnly @nd Littetaklpiep gipldaghes wer e
freeze- dr'eﬁnw%%@%ﬁb@m%§mﬂﬁﬁg&ﬁﬁﬂﬁﬁﬂ§££Bﬁgnﬁkgﬂ%ﬁ&ﬂﬁﬁéé'g%%ﬁ1B|a“k

m croparticles were prepare a solvent evaporation te ue. Briefly,
nlcropartlcF§§lﬂ§¥%mﬁF Wé&%ﬁgMﬁéﬁﬁﬁéﬂF%PﬁﬁmWEﬁFmﬁgﬁﬂﬂﬁm66WVﬁér solution in
met hyl ene @&l adeweew tFHE Abhalbrverobo olidsitith bised prwaiedsotaint Bicni ng SDS (1% w v)

at . hi g h s pmﬁ%oﬁm de epe!sa? 8‘8 Sn-gm 1§ T b%sibl %i%hwfn& sg‘ows %mLo dg' Qte wat er

emnul si on, was stlr
for responders, mduction of helper T cell lympho prohfera‘uon (mean stimulation mde}x of

responders), and mduction of CTL (number of responcers, based on greater than 10% lysis at two
or more consecutive E:T ratios), Results were measured at 14 weeks post 3™ prime for the prime
colurnns, and 2 weeks post boost for the boost columns. Numbers in parentheses indicate the

number of responders out of a total of 4 animals,

Table 10
Vaccine Antibody Titer Lymphoproliferation CTL
(SD)
prime boost prime boost prime boost prime boost
pCMV- PLG/ 44 (1) 1777 (4) 2.5(2) 21.8(4) 4 4
| pS5gag p35gag
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68 WO 112/2 6 2 09 PCT/1; 501/30540 room tenperature, and the nethyl ene
chloride was allowed to evaporate. The resulting mcroparticles were
filtered through a 38umesh, washed 3 tinmes in distilled water, and freeze-
dried. The size distribution of the mcroparticles was determ ned using a
particles size analyzer (Master sizer, Malvern Instrunents, UK). 50ng

| yophi | i zed SDS bl ank particles were incubated with 0.5ng of p55 gag protein
from Exanple 12 in 10m 25mM Borate buffer pHO with 6M Urea Particles were
left on alwggesasker., (Aiquot mxer, Mles |abs) at rpemdogsnerature for 5
hours. The mi croparticles were separated fromthe incubation nedi um by
centrifugation, and the SDS pellet was washed once with Borate buffer with
6M Urea then three tinmes with distilled water, and |yophilized. The | oadi ng
| evel of protein adsorbed to mcroparticles was determ ned by dissol ving
10ng ofthe mcroparticles in 2m of 5% SDS-0. 2M sodi um hydr oxi de sol ution
at roomtenperature. Protein concentration was neasured by BCA protein
assay (Pierce, Rockford, Illinois). The Zeta potential for both blank and
adsorbed microparticles was nmeasur ggaiigbng a Malvern Zeta anal yzer (Malvern
I nstruments, UK). Exanple 1 Pre a%ratlon f Pr oteln w th MF59 Adj uvant
Reconbi nant HI V-1 gl 40. SF16 = i Exanpl e 12 was conbi ned with
MF59  adj uvant s seprfeopd trukdsys rdegiey i Badpl¢ Bapyeotete tes@d foyibhibiesp of 12001, 1 Vi r ol

75: 5526- 40)®ﬂeghtlkﬁv-]i§umﬂs@ﬁmd%@fébﬂﬁngM(ﬁn@v@ﬂur&s%%ls%nJahesus nacaques were
housed at Sout hern Research |Institute ngrederl ck Pl asm d DNA

i muni zat | SFASK R GHe geldpe Resd pey ol eragrerednrg aflalﬁﬂmﬁﬁéfsltf'g RePETgi ven

i nt r anuscul aavity wis eetsivedisid efpreBedns Aproafagpidhivbgalg ifibeay Exampite 11 (in saline
or f ormul at e hd Syo R GLETARA G %ﬂ&&&dnﬁﬁe%m%%%'a?ﬁﬂ Jg;@reﬁas@rm' e 13 or
fornul at ed WI 59/ DOT. escribed in of pCWenv
f rom Exanpl e e3ck quﬂ%ﬁ@éﬂ’%lfé“ ‘@?b HFBP %?b&‘l'”é’éiTWet*thIOPLG CTAB microparticles as
described in Exanple 13) at 4 separate sites per animal (0.25 ng 69 WO
02/26209 PCTn1SQlL/ 30540 pCWgag in upper right armand upper right leg; 0.5
ny pCWenv_in upper left armand upper left |eg). Alternatively, rhesus

were given_intra muscul ar_i nj ecti Presnidpbilgtion my of pSINCPgag from
Group Form of DNA' HIV-1sp HIV-1sm160
2wp2 2wp3 2wp2 2wp3

1 pCMV m saline solution 0 0 0 0
0 0 0 17

0 8 0 0
0 0 0 12
0 0 0 52

2 pCMYV adsorbed on 58 40 '3 0
PLG/CTAB particles G 41 6 0

e e 0 ¢

72 79 0 0
48 61 11 10

3 pCMYV adsorbed on 0 100 0 0
MF59/DOTAP emulsion 0 0 0 0

76 100 3 4

81 100 0 0

15 93 0 0

4 pSINCP in saline solution 0 0 0 0
0 0 0 0

0 0 12 1

0 0 0 0

0 0 16 0

5 pSINCP adsorbed on 73 50 19 0
PLG/CTAB particles 43 0 .29, 0

91 0 4 0

£9 0 32 6

91 23 not available 0
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Example 11 (in saline or fornulated with PLG CTAB m croparticles as
described in Exanple 13) and 1.0 ng of pSINCPenv from Exanple 11 (in saline
or formulated with PLG CTAB m croparticles as described in Exanple 13) at 4
separate sites per ani mal Rhesus were boosted by intranuscul ar injection of
0.2 ng reconbi nant p55gag protein/PLG mcroparticles. from Exanple 14 at
week 29 and with 0.1 ng reconbi nant gpl 40env(dN2) protein/lviP59 adjuvant
from Exanpl e 15 at week 38. Exanple 16 Antibody responses At various tines
fol | owi ng Wwagbnh@at i on, heparini zed bl ood was col | ect egb1igseinBoanest heti zed
animal s and plasma was recovered by centrifugation Anti-HTV Gag and Env

anti bodi es were neasured by enzyne-linked i munosorbent assay (ELISA) as
follows. Wells of mcrotiter plates were coated w threconbi nant H V-1. SF2
p55gag protein or reconbi nant H V-1.SF162 gpl 40env protein at 5
mcrogramim in PBS, 50 mcroliters per well, and incubated at 4C overni ght.
The plates were washed six times wth wash buffer (PBS, 0.3% Tween 20) and
bl ocked at 37C for 1 h wth 200 mcroliters per well of blocking buffer
(PBS 0. 3% Tween 20, 5% goat serum. Test sanples were diluted 1:25 and then
serially diluted threefold in blocking.byffer. The block solution was

aspirated, and then the plates were incubated at roomtenperature for | It
with 70 microliters per well ofrcexdsobllamids dj| ution. After being washed

six tinmes, the Ppduids eSodHEVl pEigidaheeh foan dﬂ.veﬂﬂbyaﬁe hmBaEQrt\MneLhovﬂQr ser adi sh
PEr oxI dase gu %Eteﬁdwe?'eggtac!mlm?lﬁd%u%za 0 lbsg }[-Iy mlggdfgngm %ﬁen ]{1!19 31 x washes,

the pl ates wer eve ﬁf‘f’ue reaction
was st oppedPimid{igit (Clllag@(;lncaﬁ@li reshipendqdtn Q‘,%% Soé{@néﬂ@ﬁfe@b‘f(owboma@ur ed at a

wavel engt h ﬂf)ﬂh@QagBmlThﬁeE(ijl\tlﬁ(fecﬁﬁﬂﬁed(b@dt&iéltk@hﬁ@dxatg @aﬂpgm;nbeefpm&mrocal of the
dilution at 0.5 vas, a hi eved

Rhesus Anti S bg‘gwo ‘f?ﬁokioﬁ%ﬂveﬂnfﬁgra% Fﬁéﬁ%@%@ﬁ%ﬁe (ét{ 55 -{Sbllg %2.

S., et al. 1991. “Effect of intron A from human cytomegalovirus (Towne) immediate-early gene on
heterologous expression in mammalian cells.” Nucleic Acids Res. 19:3979-86). The HIV gag
plasmid DNA vaccine (pCMVgag) contains a synthetically constructed p55gag gene, with codons
reflecting mammalian usage, derived from the HIV-1 SF2 strain as previously described (zur
Megede, 1., et al. 2000. “Increased expression and immunogenicity of sequence-modified human
immunodeficiency virus type 1 gag gene.” J Virol 74:2628-35). The HIV env plasmid DNA
vaccine (pCMV gp140) copsisted of a human tissue plasminogen activator (tPA) signal sequence
and the gp140 from HIV-1 SF162 strain, codon optimized for high level expression m mammahian
cells (Barnett, S. W., et. 2001. “The ability of an oligomenc human immunodeficiency virus type 1
(HIV-1) envelope antigen to eiicit neutralizing antibodies against primary HIV-1 isolaies is
improved following partial deletion of the second hypervariable region.” J Virol. 75:5526-40). The
SINCP plasmid vector with either HTV-1 p55gag or gpl40env has been described in Example 3

above.

Example 11

Preparation of Protems

The protein and cDNA sequences for the gp160env.SF162 have been published in Cheng-
Mayer, C., M. Quiroga, J. W. Tung, D. Dina, and J. A. Levy. 1990. “Viral determinants of human
mmunodeficiency virus type 1 T-cell or macrophage tropism, cytopathogenicity, and CD4 antigen
modulation.” J Virél. 64:4390-8. These sequences can be found under Genbank accession number
M65024. Recombinant HIV-1 g140.SF162(dV2) protein was expressed m Chinese hamster ovary
cells and purified as previously described (Bamett, S. W., ET. 2001. T Virol. 75:5526-40).
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Recombinant HIV-1.SF2 p55 gag protein was expressed in veast and purified by cation exchange
chromatography (Chiron Corporation, Emeryville, CA). The p55gag cDNA sequence from the
SF2 strain of HIV-1 (Genbank accession number K02007) was cloned into a\ubiquit‘m expression
vector, resulting in the addition of glycine and arginine to the N-terminus of the wild-type
sequence. The recombinant pS5gag protein was extracted from the yeast cell pellet usmg 50 mM
phosphate, 6M urea, pH7.9, followed by S-fractogel (cationic) ion exchange chromatography.
Elution of the p55gag was obtained with a linear NaCl gradient (peak at 0.4m NaCl). The
estimated purity was 90% by SDS-PAGE.

Example 12
DNA-adsorbed nolv{lactide-co-glvcolide) PLG nucropaiticles

PLG polymer (RG505) was obtained from Boehringer Ingelheim Catiomc microparticles
were prepared using a modified solvent evaporation process. Briefly, the microparticles were
prepared by emulsifying 10 ml of a 5% (wifvol) polvmer sohition in methylene chloride withl ml of
phosphate-buffered saline (PBS) at lgh speed using an IKA homogenizer. The primary emuision
was then added to 50 mi of distilled water contaimng cetyltrimethylammonium bromide (CTAB)
(0.5% wifvol), resulting in the formation of a water-in-oil-in-water exulsion, which was stirred at
6,000 rpm fori2 h at room temperature, allowing the methylene chlonde to evaporate. The
resulting microparticles were washed twice in distilled water by centrifugation at 10,000g and
freeze-dried. Plasmid DNA from Example 11 was adsorbed onto the microparticles by incubating
100 mg of cationic microparticles 5Sml! of a 200 microgram/m! solution of DNA at 4°C for 6h. The
microparticles were then separated by centrifugation, the pellet was washed with TE (Trs-EDTA)
buffer, and the microparticles were freeze-dried.

Example 13
Protein-adsorbed PLG mucroparticles

Blank microparticles were prepared by a solvent evaporation technique. Briefly,
microparticles were prepared by homogenizing 10ml 6% w/v polymer solution in methylene
chloride, with 40 ml of distilled water containing SDS (1% w/v) at high speed using a 10mm

probe. This resulted in an oil in water emulsion, which was stirred at 1000 rpm for 12 howrs at
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room temperature, and the methylene chloride was allowed to evaporate. The resulting
microparticles were filtered through a 38um mesh, washed 3 times in distilled water, and freeze-
dried. The size distribution of the microparticles was determined using a particles size analyzer
(Master sizer, Malvemn Instruments, UK).

50mg Iyophilized SDS blank particles were mcubated with 0.5mg of pS5 gag protein from
Exarnple 12 in 10ml 25mM Borate buffer pHS with 6M Urea. Particles were left on a lab rocker,
(Aliquot mixer, Miles labs) at room temperature for 5 hours. The microparticles were separated
from the incubation medium by centrifugation, and the SDS pellet was washed once with Borate
buffer with 6M Urea then three times with distilled water, and lyophihized.

The loading level of protein adsorbed to microparticles was determmed by dissolving 10mg
of the microparticles in 2ml of 5% SDS-0.2M sodium hydroxide solution at room temperature.
Protein concentration was measured by BCA protein assay (Pierce, Rockford, Iliinois). The Zeta
potential for both blank and adsorbed microparticles was measured using a Malvem Zeta analyzer

(Malvern Instruments, UK).

Example 14
Preparation of Proten with MF59 Adjuvant

Recombinant HIV-1 g140.SF162(dV2) protein from Example 12 was combined with MF59
adjuvant as previously described (Barnett, S. W., et. 2001. J Virol 75:5526-40).

Example 15
Immunization

Male and female rhesus macaques were housed at Southem Research Institute (Frederick,
MD).

Plasmid DNA immunization was performed at weeks 0, 4, and 14. Rhesus were given
imtrammuscular injections of 0.5 mg of pCMVgag frem Example 11 (in saline or formmulated with
PLG/CTAB microparticles as described in Example 13 or formulated with MF59/DOTAP as
described in Example 2) and 1.0 mg of pCMVenv from Example 11 (in salive or formulated with
PLG/CTAB microparticles as described in Example 13) at 4 separate sites per animal (0.25 mg
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pCMV gag in upper right arm and upper right leg; 0.5 mg pCMVenv in upper left arm and upper
left leg). Altemnatively, rhesus were given intramuscular mjections of 0.5 mg of pSINCPgag from
Example 11 (in saline or formulated with PLLG/CTAB microparticles as described in Example 13)
and 1.0 mg of pSINCPenv from Example 11 (in saline or formulated with PLG/CTAB
microparticles as described in Example 13) at 4 separate sites per animal.

Rhesus were boosted by intramuscular injection of 0.2 mg recombinant p55gag protein/PLG
microparticles from Example 14 at week 29 and with 0.1 mg recombinant gp140env(dV2)
protein/MF59 adjuvant from Example 15 at week 38.

Example 16
Antibody respenses

At various times following immunization, heparinized biood was collected from anesthetized
animals and plasma was recovered by centrifugation Anti-HIV Gag and Env antibodies were
measured by enzyme-linked immunosorbent assay (ELISA) as follows. Wells of microtiter plates
were coated with recombmant HTV-1.SF2 p55gag protein or recombinant HTV-1.SF162 gpl40env
piotein at $ microgram/mi in PBS, 50 microliters per well, and incubated at 4°C overnight. The
plates were washed six times with wash buffer (PBS, 0.3% Tween 20) aud blocked at 37°C for 1 b
with 200 microliters per well of blocking buffer (PBS, 0.3% Tween 20, 5% goat serum). Test
samples were diluted 1:25 and then serially diiuted threefold in blocking buffer. The block solution
was aspirated, and then the plates were incubated at Toom temperature for 1 h with 70 microliters
per well of each plasma dilution. After being washed six times, the plates were incubated for 1 h at
37°C with horseradish peroxidase-conjugated anti-IgG (1:8,000 dilution). Following six washes,
the plates were developed with TMB substrate for 15 minutes. The reaction was stopped with 2N
HC} and the optical denstties (OD) measured at a wavelength of 450 nm. The titer was calculated
to be the reciprocal of the dilution at which an ODasg o 0f 0.5 was achieved.
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Table 12. Rhesus Anti-gag plasma anttbody titers

Time | Pre| 2 2 7 2 6| 10 13 2
wks{  wks| wks;} wks] wks| wks| wksj wks
post} postf post] posti postl post] postj post

1st 2nd| 2nd 3rd| 3rd} 3rd] 31dj protein
@)

Plasmid DNA |Formulation |Week o] 2 6l 11 16] 20 241 27 31
pCMV-p55gag|saline Geo 5 6 19 19 118 66 9 411 1684
mean®
L® 55 8 8 68] 321 60| 22| 955
UL® 5 8 421 411 208] 133 138 78] 2971

pCMV-p55gag! PLG/CTAB  |Geo mean 6l 490] 10770] 4360] 1637| 550f 349] 286 9968
L 5| 3021 6672) 2325 970} 340] 190] 188] 7270
UL 8] 795] 17384] B179] 2762; 890| 642 435] 13484

PCMV-p552ag | MES9/DOTA |Geomean | 7| 142| 5702] 1475 2536| 1481[ 1183| 854 2126

P

1L 5; 35| 2275) 577y 1158 535 478 235 468

UL Ol 568] 14203} 3796 10797} 4098} 25311 3103] 9664
pSINCP- saline Geo mean 6 8 7 8 45 24 42 32| 1003
p3Sgag :

LL 5 5 5 5 18 13 23 141 386

UL 8 11 11 13 114 46f 78 72| 2606
pSINCP- PLG/CTAB  {Gec mean 8{ 728 19256] 3427 856] 489 648 687( 23543
p35gag

1L 6] €35} 10711] 2259 5961 331} 4314 1396| 13750

UL 11| 835j 34619 5199 1229 7237 975 1194| 40312
nions Geo mean o 12 9 8 7 7 8 8 7

1L 6 7 5 5 5 5 5 5 5

UL 13] 19 16 14 9 11 14 14

O Relative to plasmid immunizations done at weeks 0, 4, aud 14

@ Geometric mean for the group

®) Group arjthmetic means and standard errors calculated from log-transformed titers. LL = antilog (acithmetic mean -
standard exror). UL = antilog (arithmetic mean + standard error)

 Recombinant p55gag protein adsorbed to anionic PLG microparticles administered at week 29
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Exanple 17 Cvtolvtic T Ly pbocvte (CTL) responses A pool of 51 synthetic
pepti des 2\90%9}6@(9 acids (aa) long, overlapping by 10 agy@odsespanni ng p55
gag, and a pool of 66 synthetic peptides 20 as long, overlapping by 10 an,
and spanni ng gpl40 were prepared. Rhesus macaque peri pheral bl ood

nononucl ear cells (PBMC) were separated from heparinized bl ood by
centrifugation on Ficoll-Paque (Pharnmacia Biotech, Piscataway, N. J.)
gradients. PBMC were cultured for S days in 24-well plates at 3 x 106 per
well in 1.5 mM of ALM VIRPM 1640 (50:50) culture nedium (G bco-BRL, G and

I sl and, N.Y.) supplenmented with 10% fetal bovine serum Gag-specific CTL
wer e sti mul adeas. RYestsh@r-addiadnQRived; ilede gag peptide pool and em-specific
CTL were stinulated by the addition of the env peptide pool. Cultures were
suppl enented w th recomyfeEs Hungn rint ey | uk)l ns[ 717 P2 vs{8 %S ng/ m; R&D °
Systens, Mnneapolis, | Mnn. )% H}‘Srpéggo MU WFL“—;“S% *gé 0Pt/ m ; Prol eukin;

| priter] protei

Chiron) wasg added on days fL, | BHASE. Saish: &fta%,E Rass Bl PYmphobl ast oi d cel |

| i nes (B- LQk}marerexces| wed b?/ axpasiing T t4p 2henpegviajusis| papi o- cont ai ni ng
cul ture sug Pnatant friom thel 5594 lcelll Ling (Eall Ll et at. 1976.
Properties ﬁﬁgv Baboon LHohot]r 8l HePpE&VIY| 3§ FRIHP®Y 8 Epst ei n- Ban
virus. Int [J Canger. 13T1£96-5807. 27HabiiNyos| H], 10eT sjals] 8701075 r ol ogi cal

studi es of |baboor (Papl cUltRarsads| v arg)) 2d2ysm:han o4 ggl @f Bois4aneks) characteri zati on
of foanyvi quq vied Pripmmat 5:113-122 nithe pregsence of 05

mi cr ogr an e ychS/g%rlnﬁzzAé Si| gl 20| SE ?_38&?%,43 M?) 2PAtit|61%¢gous B- LCL were

i nf ect ed wiit Tegombi mant| GACY 135 3291 BHS 20 V)isencosisnghy- 1. SF2 gag- pol
(rVWgag- pol}) or HI'V-T.[SFI&2 aqpﬂ 6@1€nms(4ne‘v M pts:@e nu) e{PERRioal | rati o of 10)

and concurnently |l abelied wt 1208 %ﬂE Bostan, | MA) at 25
nvcrocurie gézggml o Boray ?P\f ?é “6 Ve Int*grt® %?i 'ture °aF °87C, Av-infected,
51Cr- | abel shed gad Fhes addet 5t 2 g Begreskound- bot t oned
wel |') to duyplicaie welll s uLcont aizmwi|nepslicseet|olzfssq en] @djss@p|leutji ons of cul tured
PBMC. Theni{10Q  _unl abelled, uni nfiectled {B- LiCl {7 0R/ 26209

pSINCP- saline Geo] 6 5 44 20 70f  36) 12] 12 14] 12115254 7660

gpl140env mezan|

ILi 51 5 12 8 13) 101 5 5| 5{ 5{ 7853] 3931
ULl 8 5] 168 49) 366] 127{ 31| 30f 37| 31)25787|14926

pSINCP-  |PLG/CTA Geoj 8} 15{ 8735; 4266| 1002{ 228) 20 33| 18] 15}33801}16521
gpl40env |B mean
LIl 6f 8| 5015 2817 656f 152} 8} 15| 8| 8127002}13521
UL} 11] 30§15214{ 6459] 1531} 341} 46} 74| 38} 31{42313|21175

none none Geo| 9 12 11 11 11 11 114 11{ 10f 13 12 12
mean;

1Ly 6 5 5 5 5 5| 5 &5 51 5 5 5
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O Relative to plasmid immunizations done at weeks 0, 4, and 14

® Geometric mean for the group

® Group arithmetic means and standard ertors calculated from log-transformed titers. LL = antilog (arithmetic mean -
standard exror). UL = antilog (arithmetic mean + standard error)

) Recombinant oligomeric gpl 40env(AV2) protein/MF59 adjuvant administered at week 38
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PCT/ USO / 30540 were added per well to inhibit nonspecific cytolysis. After
4h incubation at 37C, 50 mcroliters of culture supernatants were harvested
and added to LumaPl ates (Packard, Meriden, CT), and radioactivity was
counted (counts per mnute (cpm) with a Mcrobeta 1450 liquid scintillation
counter (Wallac, Gaithersburg, MD). "C released fromlysed targets was
normal i zed by using the formula: % Specific s'Cr Rel ease = 100% x (nean
experimental cpm- SR)/(MR - SR), where SR = nmean cpmfromtargets al one
and MR = mpgg\.eppfrontargets exposed to Triton X-100. pAjusedidsipl was
determ ned to have a positive, p55gag-specific response If at two
consecutive dilutions of the gag peptide pool-stinulated PBMC the |ysis of
rb' Vgag- pol -i nfected B-LCL exceeded |lysis of rVvgpl 60env-infected B-LCL by
at least 10%and if at two consecutive dilutions of cultured PBMC the lysis
of rvvgag-pol -infected B-LCL by the gag peptide pool -stinul ated PBMC exceed
| ysis of rV Vgag-pol-infected B-LCL by env peptide pool -stinmulated B-LCL by
at least 10% An aninmal was determined to have a positive, gpl60-specific
response if at two consecutive dil uil@ps; of the envpaptide pool-stimlated
PBMC the |ysis of rVWgpl60euv-infected B-LCL exceeded 1ysis of
r Wgag- pol -i nfected B-LCL byiSc|Eguhocig €at two consecutive
dilutions of cultured PBMC the |lysis of rVvgpl 60env-infected B-LCL by the
env peptide pooprostdf fdyzhatclpePBRAC0 amncaeiddad) pad, sveddppivd by dplacBewenninaf ect ed B- LCL
by gag peptide pool-stinulated B-LCL b){ at least 10% 74 WD 02/ 26209 Tabl e
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gradients, PBMC were cultured for 8 days in 24-well plates at 3 x 10° per well in 1.5 m! of AIM-

V/RPMI 1640 (50:50) culture medium (Gibco-BRL,Grand Island, N.Y.) supplemented with 10%
fetal bovine serum. Gag-specific CTL were stimulated by the addition of the gag peptide pool and
env-specific CTL were stimulated by the addition of the env peptide pool. Cultures were
supplemented with recormbinant human mterlenlan-7 (IL-7; 15 ng/ml; R&D Systems, Minneapolis,
Minn ). Homan recombinant IL-2 (20 IU/m; Proleukin: Chiron) was added on days 1, 3, and 6.
Stable rhesus B-lymphoblastoid cell Iines (B-LCL) were derived by exposing PBMC to herpesvirus
papio-containing culture supernatant from the $594 cell live (Falk, L., et al. 1976. Properties of a
baboon lymphotropic herpesvirus related to Epstein-Barr virus. Int J Cancer. 18:798-807. Rabin,
H., et al. 1976. Virological studies of baboon (Papio hamadryas) lymphoma: isolation and
charactenzation of foamyviruses. J Med Primatol. 5:13-22.) in the presence of 0.5 microgramy/ml
cyclosporin A (Sigma, St. Louis, MO). Autologous B-LCL were infected with recombinant
vaccinia virus (fVV) encoding HIV-1.SF2 gag-pol (1VVgag-pol) or HIV-1.SF162 gpl60env
(¥VVgpl60env) (PFU:cell ratio of 10) and concurrently labeled with Na[*'Cr],04 (NEN, Boston,
MA) at 25 microcurie per 1x 10° B-LCL. Afier overnight culture at 37°C, rVV-infected, > Cr-
labeled B-LCL were washed and then added (2,500 per round-bottomed well) to duplicate wells

containing threefold serial dilutions of cultured PBMC. Then 10° unlabeled, uninfected B-LCL
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assay (LPAI 2 x |0 rhesus PBMC per well were cultured in the presence or
absence of reconbinant p55gag protein or the pool of synthetic env
peptides. Six replicate wells were established for each culture condition.
After 4 days of incubation cultures were pul sed overnight with |

m crocuri eswghdeb [31-1)TdR Incorporation of ['H TdR ip |@§RS&F%&§ was
determined by liquid scintillation counting (BetaPl ate,

Gai thersburg, MD). Stinulation Index (SI) was calculated as SI = nean cpm
(gag or env stimulation)/nmean rpm (unstm ul ated). PCT/USQO /30540 | nduction
of p55gag-specific CTL by vaccines Nunber of positive aninmals per group
(n=5) 75 CVO 02/26209 Table 16. Rhesus Anti-gag |ynphoproliferation
stimulation indices PCTIUSOJ/ 30540 2 S 11 17

were added per well to inhibit nonspecific cytolysis. After 4h incubation at 37°C, 50 microliters of
culture supernatants were harvested and added to LumaPlates (Packard, Meriden, CT), and
radioactivity was counted (counfs per minute (cpm)) with a Microbeta 1450 liquid scintillation
counter (Wallac, Gaithersburg, MD). *'Cr released from lysed targets was normalized by using the
formula; % Specific >'Cr Release = 100% x (mmean experimental cpm - SR)/(MR - SR), where SR
= mean cpm from targets alone and MR = mean cpm from targets exposed to Triton X-100. An
animal was determined to have a positive, p55gag-specific response if at two consecutive dilutions
of the gag peptide pool-stimulated PBMC the lysis of r'VVgag-pol-mnfected B-LCL exceeded lysis
of rVVgplé60env-infected B-LCL by at least 10% and if at two consecutive dilutions of cultured
PBMC the lvsis of r'VVgag-pol-infected B-LCL by the gag peptide pool-stinniaied PBMC exceed
lysis of 1'VVgag-pol-mfected B-LCL by env peptide pool-stinmilated B-LCL by at least 10%. An
animal was determined to have a positive, gpl60-specific response if at two consecutive dilutions
of the env peptide pool-stimulated PBMC the lvsis of 1'VVgplé0env-infected B-LCL exceeded
lysis of r'VVgag-pol-infected B-LCL by at least 10% and if 2t two consecutive dilutions of cultured
PBMC the lysis of r'VVgplé0env-infected B-LCL by the env peptide pool-stimulated PBMC
exceed lysis of 1V Vgpl60env-mfected B-LCL by gag peptide pool-stimulated B-LCL by at least

10%.
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Table 14. Gag-specific CTL

Induction of pS5gag-specific CTL by vaccines

Number of positive animals per group (n=5)
Week -2 2 6 11 16 20 24

Vaccme Time:pre | 2wplst | 2wp2nd | 7wp2nd | 2wp3rd | 6wp3rd | 10wp3rd
pSINCP 0 0 1 0 0 0

SINCP/PLG 0 0 3 1 1 0
pCMV 0 0 4 1 4 3 1

CMV/PLG 0 3 3 2 3 1 1
pCMV/MF59 0 0 1 1 0 0
None 0 0 0 0 0 0

Table 15. Env-specific CTL

Induction of gpl40env-specific CTL by vaccines

Number of positive animals per group (n=>5)

Week:-2 2 6 11 16 20 24
Vaccine Time:pre | 2wplst | 2wp2od | 7wp2nd | 2wp3rd | 6wp3rd | 10wp3rd
pSINCP 0 0 0 0 1 0
pSINCP/PLG 0 0 i 0 1 0
pCMV 0 0 0 0 0 ] 1
pCMV/PLG 0 0 0 0 0 0 0
pCMV/MF59 0 0 0 0 0 0
none 0 0 0 0 0 0

Example 18

Lvmphoproliferation assay (1L PA)

2 % 10° rhesns PBMC per well were cultured in the presence or absence of recombinant
p55gag protem or the pool of synthetic env peptides. Six replicate wells were established for each
culture condition. After 4 days of mcubation cultures were pulsed overnight with 1
microcurie/well of PHJTdR. Incorporation of PH]TdR into cells was determined by liquid
scintillation counting (BetaPlate, Wallac, Gaithersburg, MD). Stimulation Index (SI) was

calculated as SI = mean cpm (gag or env stimulation)/mean cpm (unstimulated).
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Table 16. Rhesus Anti-gag lymphoproliferation stimulation indices

Time ™ Pref 2] 2| 7] 2] € 10f 13} 2| 8§ 11} 17
wis; wiks| wks! wks{ wksj wks} wks| wks| wiks| wks| wks
postjpost| post| post| post| post| post] post| post| postj post
1%| 2nd} 2nd| 3rd| 3rd| 31d| 3zd|prot| prot
ein| ein| prot| prot

@) ein| ein|

Plasmid DNA Delivery Week| 0] 2| 6 11| 16| 20| 24| 27| 31| 37 40| 46

pCMV-p55gag  |saline Geo| 1] 3} 5} 37 3| 2] 5 20 N 9 4 2
mean®

L% 1 4 2 3 6 24 2

ul®l 1l 3] 7] 4] 4 3] s 3| 11l 13} 7 3

pCMV-p5S5gag |PLG/CTAR Geomeani 2} 7] 15} 6] 51 51 4 2} & 5] 4
1Ly 1] 3) 70 31 3] 31 21 31 4 31 2 2
UL 16y 34; 12| 7} 8| 8 4 17| 15/ 11} 8
pCMV-p55gag  |MF59/DOTAP | Geomean| 1/ 9f 30f 14! 13§ 10{ S| 11} 19 10| 8 5
b 1) 51 131 74 6f 6] 54 6 4 4 3
ULy 1} 18| 651 27{ 17} 15| 15{ 21| 42 25| 14 7
pSINCP-p55geg |saline Geomean| 1| 8 6| 4! 4| 6] 6] 3} 11| 6 6 5
Ly 1) 4] 37 2y 31 31 31 21 6 4 32
ULp 1 15t 13) 81 el 10f 12y 4 170 9 121 &
pSINCP-p55gag |PLG/CTAB Geomean| 13| 10| 14| 51 4] 6 71 6] 13] 6 6
Ly 11 70 5% 4 3] 4 4 10 3] 3] 4
UL! 1 15y 211 7| 6 9 12| 11; 16/ 71 8§ ¢
none none Geomean| I 1} 2] 1} 1 1} 2 14 2zl 1. 1} 1
Ly 1 1 1y 1y 1 W1y 20 1 1 1
ULy 2§ 21 27 21 1 W2 1 31 h 11

) Relative to plasmid immunizations done at weeks 0, 4, and 14

@) Geometric mean for the group

® Group arithmetic means and standard errors caleulated from log-transformed titers. 11 = antilog (erithmetic mean -
standard error). UL = antilog (erithmetic mean + standard error)

 Recombinant p55gag protein adsorbed to anionic PLG microparticles administered at week 29
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UL115217691211116789 nonenoneGm neanlj 211j 1212111 LLjIjI1"21111]2]11 UL2222 i
1121 1311j1 Relative to plasm d inmunizati ons done at weeks 0, 4, and 14 to
Geonetric nmean for the group G oup antlntetiie neans and standard errors
calculated fromlog-transfornmed titers. LL = antilog (arithnetic nmean -
standard error). a =antilog(w thnetic nean+ srsndard error) t"~ Reconbi nant
p55gag protein absorbed to anionic PLG meroparticles adm nistered at week
29 76 WO 0V26R09 Tabl e 17 Rhesus anti -env Iyrrphopr ol i f,ﬁ(ggoll/q(pwstl pul ati on

I ndi ces PCT/DS01/30540 2 2 7 2 6 10 131 17 23 8 wits S WKS wits wks wits
wits

Table 17. Rhesus anfi-env lvinphoproliferation stimulation indices

Time P Pre] 2] 2] 7| 2 6| 10] 13} 17| 23] 2[ 8
wis| wks| wis| wks| wks| wks| wks| wks| wks | wks| wks
post|postipost|post|post|post] postpostipostjpostipost;

1st| 2nd 2nd{ 3rd{ 3rd{ 3rd| 3rd| 3rd| 3zd
protjprot
ein| ein|
()
Plasmid DNA Delivery Week 0 2| 6] 11} 16] 20{ 24| 27| 31} 37| 40| 46
pCMV-gpld4lenv  (saline Geo 41 41 3| 4] 4] 4] 4 22 9
mean® %
LLe? 30 31 20 3] 31 2| 212 6
ULs» 6 6| 4 5 6 5{ 40] 15
pCMV-gpl40env  |PLG/CTAB Geo mean SPoo2y 31 3; 27 31 20 15 8
1L 31 02y 2; 20 1 2y 2y 8
UL 9 31 4 4} 2| 51 3| 31 16
pCMV-gpl40env  [MF59/DOTAP |Geo mean 6y 5| 51 5| 71 74 4] 18 12
’ 1L 4 41 4 31 S 3] 13] 9
UL 90 7 71 7 10{ 10 6] 25 16
pSINCP-gpl40env jsaline Geo mean 9 6/ 77 8 5 5| 4| 41] 23
1L 5 4] 4 35| 31 3| 3| 23} 12
TL 15| 9] 12| 14} o 81 6] 74 45
pSINCP-gpl40env |PLG/CTAB Geo mean 10l 31 44 6] 6] 4f 3| 34 26
1L | T3} 3% 4 3 21 19) 1
UL ‘ 15 6 10 6] 4l 62] a7
none none Geo mean 20021 1 2] 1 2y 11 1t 1
LL o1 1 1 1 2 11
UL 30021 1 2¢ 1y 31 1 o1

) Relative to plasmid immunizations done at weeks G, 4, and 14

) Geametric mean for the group

®) Group arithmetic means and standard errors calevlated from log-transfarmed titers, 11 = antilog (arithmetic mean -
standard error). UL = antilog (arithmetic mean + standard error)

“) Recombinant oligomeric gpl40env(AV2) protein/MF59 adjuvant administered at week 38

) blagk values: assay not performed
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Example 19
Intracellular cytokine immunofluorescence and flow cytometry

Rhesus PBMC (1 x 10° per well) were cultured overnight in the presence of Brefeldin A
(Pharmingen, San Diego, CA) and anti-CD28 monoclonal antibody (mAb) (Pharmingen) and in the
presence or absence of the gag or env peptide pools. Duplicate wells were prepared for each
condition of sttmnlation. The next dav cells were stained with peridinin chlorophyil protein
(PerCP)-conjugated anti-CD8 mAb and allophycocyanm (APC)-conjugated anti-CD4 mAb
(Becton Dickinson, San Jose, CA), fixed and permeabilized (Cytofix/Cytoperm, Pharmingen), and
stained with fluorescem isothiocyanate (FITC)-conjugated anti-tumor necrosis factor-o (TNF-ct)
mAb and phycoerythrin (PE)-conjugated anti-interferon-v (IFN-v) mAb (Pharmingen). Stained cell
samples were analyzed using a FACS Calibur™ flow cytometer and CellQuest™ sofiware (Becton
Dickinson). The fraction of cells positively stained for IFN-y and TNF-o was calculated for the
CD4+8- and CD8+4- T cell subsets. The mumber of gag- or env-specific cells was calculated by
subtraction of the average IFN-y/TNF-a fraction found in the unstimulated control weils from the
average IFN-y/TNF-a. fraction found in the gag- or env-stimulatied wells.

For a given T cell subset (CD4+8- or CD8+4-) and antigen (gag or env) a response was designated

as positive if the fraction of antigen-specific cells was at least 0.1%.
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CD8+4-) and antigen (gag or env) a response was designated

For a given T cel

Table 19. Env-specific JENy/TNFo" CD4+ T cells

Induction of gp140env-specific IFNy*/TNFo™ CD4+ T cells by vaccines
Number of Positive Animals Per Group (u=5)*

Pre Post 1st Post 2nd Post 3rd Post Proten

pSINCP 0 0 0 0 3
pSINCP/PLG 0 0 1 0 3
pCMV 0 0 1 0 2
pCMV/PLG 0 0 2 0 3
pCMV/MFS9 0 0 0 0 0
none 0 0 0 0 0
*Positive: Frequency > 0.1%

Table 20. Gap-specific IFNy'/INFa’ CD8+ T cells

Induction of p55gag-specific IFNy/TNFo.” CD8+ T cells by vaccines
Number of Positive Animals Per Group (=5)*

Pre Post 1st Post 2nd Post 3rd Post Protein
| PSINCP 0 0 0 0 0
pSINCP/PLG 0 0 0 0 0
PCMV 0 0 0 1 0
PCMV/PLG 0 0 1 0 0
PCMV/MF59 0 0 0 0 0
None 0 e 0 0 0

*Postiive: Frequency > 0.1%
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as positive if the fraction of antigen-specific cells was at least 0.1 % 78
CVO 02/ 26209 Table 18. Gae-specific IFNy'/TNFa' CD4+ T cells PrePost 1st Post
2nd Post 3rdProtein Post SrNCPOOO 01 SINCP/PL&02 00 CwWO000 00 Cw/ PL&D02 01
pCW/ MF59000 00 none000 O .0 Table 19. Env-specific IFNy'/TNFa' CDAT cells

| nducti on of gpl40env-specific IFNy'/TNFa- CD4+ T cells by vaccines Nunber
of Positive Animals Per G oup (n=5)* PrePost 1stPost 2ndPost 3rdPost Protein
SI NCPO0003 pSI NCP/ PLAD0103 p Ch1V00102 CW/ PL&X020 CW/ MF59000- noneO 100

" Posi tivevo breguency? 0, 1% Tabl e 20. Gag-specific | FNethikiNokza'® CD8+ T cel ls
| nducti on of p55gag-specific IFNy' /PN Fa' CDS+ T cells by vaccines Nunber
of Positive Animals Per G oup n--=5)* | Pre Post -1st Post 2nd Post 3rd Post
Protein PSINCP 0O 0 00O pSI NCP/ PLGO00 PCi vrv0O000 PCW/ PLGODI 00

PChdl % Rvl F5900D00

Table 21. Env-specific IFNy*/TNFa* CD8+ T cells

Induction of gp140env-specific IFNy/TNFa' CD8+ T cells by vaccines
Number of Positive Animals Per Group @=5)*

Pre Post 1st Post 2nd Post 3rd Post Protein

pSINCP 0 0 0 1 0

SINCP/PLG 0 0 0 0 0

| pCMV 0 0 0 0 0

| pCMV/PLG 0 0 0 0 0

CMV/MF59 0 0 0 0 0

None 0 0 0 0 0
*Positive: Frequency > 0.1%

Although preferred embodiments of the subject mvention have been described in some detail,
1t is understood that obvious variations can be made without departing from the spirit and the

scope of the invention as defined by the appended claims.
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encoding a first antigen in an anount effective to elicit an i mune
response; (b) the vector construct is adsorbed onto mcroparticles
conprising (i) a polymer selected fromthe group consisting of a

pol y(a- hydroxy acid), a polyhydroxy butyric acid, a polycaprol actone, a

pol yort hoester, a polyanhydride and a polycyanoacrylate and (ii) a
detergent; (c) the adm nistration of the adsorbed vector construct is

foll owed by: boosting of the i munol ogi cal response by adm nistering a
second anti gercitaiMs$e host animal; and (d) the first and the second antigen
can be the same or different. 2. Use of an adsorbed vector construct and a

second anti gen in the manufacture of a nedicanent for rai si ng an | nmune
response in a lhost Ushiofan adsprRse epestor ‘(Oéitruﬁ‘n@ the arpplagtyn of puped I@BfipriPses a

het er ol ogous rihl@lhgh&mﬁﬁingre%ﬁtﬂlb'@lﬂ%@lostﬁﬁﬁﬁﬂkvﬂ@elﬂ first antigen in an amount
effective to elicit an imune response; ‘( b) the vector construct is adsorbed

onto nicroparticl e$¥conhe %eieg C("i‘sjru%[ CORBTISFREr eéeé?l@%%uéd‘u?IFlﬁrﬁc’(dhgq@n%p
consi sting of eacdafigy(fdst Aytehed kyanagiotht effectipOloyiyitlimimunb thsyydnk€ aci d, a

pol ycapr ol act one, pol yort hoest er, | ya h dride and a polycyanoacryl ate
and (i1) a deter ge%"); (},ﬁ) Yaqior SesEiY laﬁ‘%"é’sﬁ 9 IB‘&?ﬁpﬁmd]f%F‘EE"rﬁ%lgé% Y & he

adsor bed vect ofolyen Séledet fronalﬂii gmq)s&oasittfmg dfm[yea-hﬁﬁcp@m%'ﬁl) ianpdliytgdraxy mal ; and
(d) the first antjgendandt Ft antlglen can be t 8&2{; or dfferent

3. The use of W&m{dprd oP Cé‘Pr8 aHOP% 0 2 4 ALSIHCEF T oPO%a B8cf9 & sel ect ed
froma pl asmp:blﬁMoamydatademﬁa&mg@r construct. 4. The use of claim 3,

wherein the plasm DNAls %ﬁx tag e use _ of cI wher ei n
the ELVI S vector ¢ ri éheesaémclzl ¢ O\fqﬁeﬁ(\li;\sﬁ{bed vee Or ¢ uc\t/el%:tf%lrowgé)lr?gt ruct

derived from aoptinpef thseemewbaogifat oaspdnlsnebygatdnulpstcmrgsa scomigangifen taltiehizosi r us,

pi cor navi rus, h%g@\% fl avivirus, coronavirus, paranyxovirus, and yellow
fever virus. 8 e use of claimb5, wherein the al phavirus is selected
fromthe group conddst i rﬂg:ﬁrsifancsihnd@pm aptigansean Betht sdnie dFdifiegnt. vi r us,

Venezuel an equi ne encephalitis virus, or Ross River virus. 7. The use of
claim3, wherein the plasm d DNA conprises a CW pronoter/enhancer. 8. The
use of any oné-of d&lsaphan afisqrepdpectoirensiiuet anthasecpridantigandn Bie swpefacive pifens are

medicament for raising an immune response in a host animal, wherein;

(@) the vector construct comprises a heterologous nucleic acid sequence
encoding a first antigen in an amount effective to elicit an immune response;

®) the vector construct is adsorbed onto microparticles comprising (i) a
polymer selected from the group consisting of a poly(a-hydroxy acid), a polyhydroxy
butyric acid, a polycaprolactone, a polyorthoester, a polyanhydride and a
polycyanoacrylate and (ii) a detergent;

©) the second antigen is administered after the adsorbed vector construct
and boosts the immune response in the animal; and

(d) the first antigen and the second antigen can be the same or different.

3. The use of claim 1 or 2 wherein the adsorbed vector construct is selected from a

plasmid DNA and an RNA vector construct.

4. The use of claim 3, wherein the plasmid DNA is an ELVIS vector.

5. The use of claim 4, wherein the ELVIS vector comprises a cDNA complement of
an RNA vector construct derived from a member selected from the group consisting of

alphavirus, picomavirus, togavirus, flavivirus, coronavirus, paramyxovirus, and yellow

fever virus.
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selected fromthe group consisting of HV antigens, hepatitis C virus
antigens, and influenza A virus antigens. 9. The use of claim8, wherein
the first and second antigens selected fromthe group consisting of HV
antigens gpl20, gpl40, gpl6e0, p24gag and p55gag. 10. The use of any one of
claims 1 to 9, wherein the second antigen is adsorbed to mcroparticles
conprising (i) a polyner selected fromthe group consisting of a poly(a-
hydroxy acid), a pol yhydroxy butyric acid, a polycaprol actone, a

pol yort hoest el‘6 a Tholyeaotlalach Bd@ereﬁmtﬁe alphairyciy acﬂemmr f)?dnathe g&ﬁlﬁ cérisisbm@

det er gent E yse of arf% 19 rest Vi lVan u lag'n L0 Uin Wﬂ 1115 v1ru F&)dsor bed
vect or constrd% BNy R ?nfﬁm ¢UE6a ﬁl P & % 3dj uvant .
12. The use ofRiarairm 11, wherein the adjuvant is M59. 13. The use of any
one of clainms 1 to 12, wherein the polynmer conprises a poly(a- hydroxy acid)
selected fromthe group consisting of poly(L-lactide), poly(D,L-1actide)

and pol y(D, L-17act i dée coegblycbim dd) wherdinwther plasmid hBNdetcemprésat £ diMYi ses a
cationic det ted from CTAB, benzal koni um chl ori de, DDA and
DOTAP. 14. Thgﬁﬁﬁgégﬁﬁéﬁg one of clainms | to 13, wherein the vector
construct is adninistered two or nore tinmes before the second antigen is
adm ni stered. gl5. The US& aQP ofd @f‘éﬂlﬂa‘l’l YRk E}I&%&%&’@&oﬁ&& V\}%@r@ afeS a' 30
adm ni stered tmo or nore The use of claim1 erein

vect or const r gelecteds fremrfhwg@nlewe@slsclag 0étHI‘é anjigeas, gfepatitig| ¢ |vmls antigensi gnd at | on
(b) at a time;parlAd [iARYhE@nl- 8 Weeks fromthe initial adm nistration, and
(c) at atinme period ranging 4-32 weeks fromthe initial adm nistration,
and wherein the second antigen is admnistered (a) at a time period ranging
from 8-50 weeks fram t,feqf é]:!uPn' @lw}ﬁ@m ik Sitdt ahd QRoRNshticEhk s@ltact@d ?rbxﬂ'&heper i od
ranging from 8-100 weeks from'the initial adm nistration. . The use of
any one of cl &Fe¥B cansisgng of HiYratigsnherlz® salPrwioo0; %24&agr?&9rﬁﬁga&el ect ed from
rhesus nacaque and a human. 18. The use of any one of claims 1 to 17,
wherein the vector construct and Ehe second antigen are adnlnlstgred

subcut aneous! Y0 i ntTM& P 9ftaBhes phyelaimni fodiayhsw Phe Seoprd apiigsios afsproeg ¢

intranuscul ar hﬁicroa&ncl&hemyﬁﬁng)(ﬁ) £ payrer Seleordtie i ﬂlefgﬁdug cORBIBUAE of £ENARS €
20. The use of cl 1, wherein

conprises a Thl or onse.
salng i mune r YRS é‘“ilns a4 By %ﬁroé{]i’ a&‘varpzﬂycapr&aCtone a p"?yomnoe“er a
polyanhydride, and a polycyanoacrylate and (ii) a detergent.

11. The use of any one of claims 1 to 10, wherein the adsorbed vector construct

and/or second antigen is coadministered with an adjuvant.
12. The use of claim 11, wherein the adjuvant is MF59.

13, The use of any one of claims 1 to 12, wherein the polymer comprises a poly(a-
hydroxy acid) selected from the group consisting of poly(L-lactide), poly(D,L-lactide)
and poly(D,L-lactide-co-glycolide) and wherein the detergent comprises a cationic
detergent selected from CTAB, benzalkonium chloride, DDA and DOTAP.

14. The use of any one of claims 1 to 13, wherein the vector construct is

administered two or more times before the second antigen is administered.

15. The use of claim 14, wherein the second antigen is also administered two or more

times.
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bacterial, or parasitic infection. 21. Use of a mcroparticle conposition in
the manufacture of a nedicanent for (a) immunizing a host aninmal against a

viral, bacterial, or parasitic infection, (b) inducing a Thl or CTL inmune

response in a host animal or (c) reducing the level of infection in a host

animal having a viral, bacterial, or parasitic infection, wherein said

m croparticle conposition conprises a pharnaceutically acceptable excipient
and a mcroparticle with an adsorbent surface to which a first biologically

active macr onukeculTie baof berpn1 Raaeriakt wenpdionsiudgs adifisered@arat A émeosel ect ed

fromthe group .cqnsjsting of (a) a polymer. mcroparticle .conprising: (i) a
pol yner selecf%ﬂﬁf?%WW?%%m&rgﬁpECSn@P%ﬂFﬂ%i6?@ggp By Uekty BB e 281N8) . a

pol yhydr oxy butiyiniscratécni chnd a(cpodtye ame |patédonanging  pOL ywedkhokath ethe iaitial

pol yanhydri de ’ad%glgstrgtionp 911'1 %c@rggl?t% ¥<Lé€:%ﬁcfr%1%t§grg lis?%&;nﬁlbigt%gﬁ r@); atﬁag guai: itfgeri(?d

subm cron emul’sion conprising oIy’ a one or
nore emnul si f yirmgingdont & 50 weaks fiom the ingial ddimidigigiicratndybleat it peaet mngbgecul e,

wherein the fif{oﬁ{s-%o%e%ﬁé ﬁ;&{.lh\é ALY EnRgomol ecul e is a nucleic acid
eas

nol ecul e conprising at one vector construct selected fromthe group
consisting of an ELVIS vector and an RNA vector construct. 86 22. The use of

cl aim 21 wher giyn Sﬁﬂgguaoo%tanf@derm!clairﬁs Pro$N Rk eigﬁlaesaﬂ?ﬁal fg?tln%nafse@a@d m 21 or

22, wherein said subm cron enulsion iIs selec{e sald mcroparticle. 24.
The use of cl dfom Agus whesged and@dymethe oil is a terpenoid and (b) the one or
nore enulsifying agents conprise one or nore non-ionic detergents and one
or nore cationic detergents. 25. The microparticle of claim24, wherein the
oi | is squal edd andhe he obpry ave ofgdaims 1 &kl whersin g veriensorstigel#pd the secgnd

pol yoxyet hyl eng;sarki d@inifatd Yutrethto®d, Gltrapit&RiIR trdAddrAbIlyY int@dnus®st er, and
DOTAP. 26. The use of claim21 or 22, wherein said polyner mcroparticle is
sel ected as s&F HUampcEdarticle. 27. The use of claim 26, wherein the

pol ymer mcroparticle conprises a poly(a- hydroxy acid) selected fromthe
group consisting of poly(L-lactide), poly(D L-1actide) and

pol y(D, L- I act ilde- cdhgyceh slefay 1, whereinrppid gramungs regponse goswpriseiiie Fili %5 GHe pol yner
conpri ses pol VfAuhe deohdede- co- gl ycolide). 87

20. The use of claim 1, wherein said immune response is raised against a viral,

bacterial, or parasitic infection.

21. Use of a microparticle composition in the manufacture of a medicament for (a)
immunizing a host animal against a viral, bacterial, or parasitic infection, (b) inducing a
Thl or CTL immune response in a host animal or (c) reducing the level of infection in a
host animal having a viral, bacterial, or parasitic infection,

wherein said microparticle composition comprises a pharmaceutically acceptable
excipient and a microparticle with an adsorbent surface to which a first biologically
active macromolecule has been adsorbed comprising:

a microparticle selected from the group consisting of: (a) a polymer microparticle
comprising: (i) a polymer selected from the group consisting of a poly(a-hydroxy acid), a
polyhydroxy butyric acid, a polycaprolactone, a polyorthoester, a polyanhydride, and a
polycyanoacrylate; and a detergent; and (b) a submicron emulsion comprising: (i) a
metabolizable oil; and (ii) one or more emulsifying agents; and

the first biologically active macromolecule, wherein the first biologically active
macromolecule is a nucleic acid molecule comprising at least one vector construct

selected from the group consisting of an ELVIS vector and an RNA vector construct.
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22. The use of claim 21 wherein said host animal is a human.

23. The method of claim 21 or 22, wherein said submicron emulsion is selected as

said microparticle.

24. The use of claim 23, wherein (a) the oil is a terpenoid and (b) the one or more
emulsifying agents comprise one or more non-ionic detergents and one or more cationic

detergents.

25. The microparticle of claim 24, wherein the oil is squalene and the one or more
emulsifying agents comprise a polyoxyethylene sorbitan fatty acid ester, a sorbitan fatty

acid ester, and DOTAP.

26. The use of claim 21 or 22, wherein said polymer microparticle is selected as said
microparticle.
217. The use of claim 26, wherein the polymer microparticle comprises a poly(a-

hydroxy acid) selected from the group consisting of poly(L-lactide), poly(D,L-lactide)
and poly(D,L-lactide-co-glycolide).

28. The use of claim 27, wherein the polymer comprises poly(D,L-lactide-co-
glycolide) .
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