M CROPARTI CLES FOR DELI VERY OF HETEROLOGOUS NUCLEI C ACIDS Technical Field
The present invention relates generally to pharnmaceutical conpositions. In
particular, the invention relates to mcroparticles of polyners or

subm cron enul si ons havi ng adsorbent surfaces wherein biologically active
agents, particularly nucleic acids, such as plasm d DNA, Eukaryotic
Layered Vector Initiation Systens (ELVIS vectors) or RNA vector constructs,
are adsorbed thereto, nethods for preparing such mcroparticles and

submi cron enul si ons, and uses thereof; including induction of inmmne
responses, vaccines, and delivery of heterol ogous. nucleotide sequences to
eukaryotic cells and aninmals, Background Particulate carriers have been
used in order to achieve controlled, parenteral delivery of therapeutic
conpounds. Such carriers are designed to maintain the active agent in the
delivery systemfor an extended period of tine. Exanples of particulate
carriers include those derived from polynethyl nethacrylate polyners, as
wel |l as mcroparticles derived frompoly(lactides) (see, e.g., U S. Patent
No. 3,773,919), poly(lactide-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, e.g.,
U. S. Patent No. 5,648,095). - Polynethyl nethacrylate polyners are
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along - - - normal netabolic pathways. For exanple, U S. Patent No.

5,648,095 describes the use of microspheres with encapsul ated
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t he i Mmmune System and pronote trapping and retention of antigens in |ocal

| ynph nodes. The particles can be phagocytosed by macrophages and can

enhance anBickpeound

Particulate carriers have been used in order to achieve controlled, parenteral dehivery of = -

iherapeutic compounds. Such carriers are designed 1o maintain the active agent jnthé delivery -
system for an extended ,peridd of ime. Examples of particulate carriers include those derived from -
polymethyl methacrylate polymers,‘ as well as microparticles derived from poly(lactides) (see, e.g.,’
C U.8. Patent No. 3,773,919), poly(lactide-co-giycolides), known as PLG (see, ¢.g., U.8. Patent No.
4.767,628) and polyethylene glyeol, known as PEG (see, e.g, U.S. Patent No. 5,648,085).
Polymethyl methacrylaie polymeré are nondegradable while PLG particles biodegrade by random
nonenzymatic hydrolysis of ester bonds 1o lactic and glycolic acids which are excreted zlong -
nommal metabolic pathways. '
For example, U.8. Patent No. 5,648,095 describes the nse of microspheres with
encapsuiated phasraceuticals as drug delivery systems for nasal, oral, pulmonary and ozal delivery.
Slow-release formmlations contaming various pelypeptide growth factors have also been
described. See, e.g., Intemnational Publication No. WO 94/12158, U.S. Patent No. 5,134,122 and
International Publication No. WO 96/37216. |



presentation through cytokine rel ease. For exanple, commonly owned,

co- pendi ng Application No. 09/015, 652, fled January 29, 1998, descri bes
the use of antigen-adsorbed and antigen- encapsul ated microparticles to
stinmulate cel |l -nedi ated i nmunol ogi cal responses, as well as nethods of
maki ng the mcroparticles. In commonly owned Patent Application Serial No.
09/ 015, 652, for exanple, a nethod of formng mcroparticles is disclosed
whi ch conprises conmbining a polynmer with an organic solvent, then adding
an enul sion stabilizer, such as polyvinyl alcohol (PVA), then evaporating
the organic solvent, thereby form ng mcroparticles. The surface of the
m croparticles conprises the polyner and the stabilizer. Macronol ecul es
such as ELVI S vectors, other nucleotides (DNA or RNA), pol ypeptides, and
antigens may then be adsorbed on those surfaces. Adjuvants are conpounds
whi ch are capabl e of potentiating an i mune response to antigens.

Adj uvants can potentiate both.hunoral and cellular inmunity. However, i4 is
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of which are i1 ncorporated
polypeptxdes and am:tgens may then be adsorbed on these surfaces.

Adjuvants are compounds which are capable of potentiating an immmine response to
antigens. Adjﬁvants can potentiate both Jnmoral and celtular imnmity. Howeves, it is preferable
for certain pathogens to stimulate cellular :mmumty and, particwlarly, Thl cells. Tn meny iostances,

n presently used 4adjuvants do not adequately induce Thl cell responses, and/ozr have deleterious side

Q effects. o -

Currently, the only adjuvants approved for human use in the United States are aluminam,

- salts (élum}. “These adjuvants have been vsefill for some vaccines including hepatitis B, diphtheria, -
polio, rabies, and mfluenza, but may not be useful for others, For example, Teports indicate that
atum failed 1o improve the effectiveness of whooping cough and typhoid vaccines and provided -
only a slight effect with adenovirus vaccines. Additionally, pioblems such as, induction of
gramilomas at the injection site and lot-to-lot variation of ahum preparations have besn
exp erienced.

Microparticles prepared from b}.lo degradable and bocormpatible polyroers, known as the
poly(actide-co-glycolides) (PLG), have been demonstrated to be effective vehicles for a murber of



herein by reference in their entirety. An enul sion conprising squal ene,
sorbitan trioleate (Span85TM, and pol ysorbate 80 (Tween 80TH)

m crofluidized to provide uniformy sized mcrodroplets, i.e. M59, has

al so been shown to induce potent immune responses. M59 fornul ations have
been shown to induce antibody titers from5 to >100 tinmes greater than
those obtained with alum num salt adjuvants. M59 has been denbnstrated to
enhance the i mmune response to antigens frommumerous sources i ncluding,
for exanple, herpes sinplex virus (HSV), human i munodeficiency virus
(H'V), influenza virus, hepatitis C virus (ACV), cytonegal ovirus (CW),
hepatitis B virus (HBV), human papillomavirus (HPV), and malaria. Ot et
at., Vacci ne Design: The SubunitAndAdj uvant Approach, 1995, MF. Powel |
and M 1. Newman, Eds., Plenum Press, New York, p. 277-296; Singh et at,
Vaccine, 1998, 16, 1822-1827; Ot et al., Vaccine, 1995, 13, 1557-1562; O Hagan
et al., Mot. Nbdicine Today, 1997, February, 69 75 and Traquina et at, J.

Infect. Dis. 6,174 1168- the di.sclo __are.incorporated
herein by il R AU PR BT P m‘-ﬂ S5O asa°aeﬁrapre ﬂ%%?dt he
I munogeni clivt. pT botexidd bmFitgleaiatei verens. Mhrrecbven &ﬂmmw@pmfhlgdegh@blsaﬂmﬁv and

tol erabili tmrm%Qgpbd&@&halbwmdmaﬁ%arﬂa@fmmﬂzb@rnduc\e/g&ar nes 92, 1992,

Col d Spring Harbor Laboratory S, Val ensi_ et at, J. Innunol
1994, 153, "HgBYepgses [dlagnerq d%dL‘i‘r”é%"f i De%ﬁ%’hlgé’ﬁézﬂzﬁ%?ﬁﬁﬁr%"@%ﬂ her ein by
ref erence ish Aifvetetl DB DRy, 196,39 285308 Ulketdh@rsweles ehitHyedndoforeet pendi ng U. S.

applicatio Q8L 434,512, filed May 4, 1995, which is assigned to
the assi grﬁllaer%?i(;; IQf’ﬁhnggmr:hesentél nvention, the disclosure of which is

cor por at ed he“rﬂéin‘ﬁﬂ%yoqa@‘ﬁl@rséw $°FPﬂ?ntt§°1ea1€hﬁPFq3%f”>yand Peivsafn®l studies. MF59°
h not be@fwetmmmrcaﬂhazeg%%g&tﬁmty%a&@ﬂ%bﬁm ; BRirs6la@Sish feen CAUSE

sensitization. The nechani sm of ac rs_to be dependent upon.
the gener ACTBH PR EY PERGS IWBST%%I}?MQ%N‘%&?%%E g“’%”éfo ndp&sponse. MF59
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wi th antigens ha be dem)n r.at I nduce tron i mrune
responses. m&a?r%m a“ﬁ’fenhefﬁﬁstsm 8—%3533 “8@51%% et aL 3 Proc.
Nat | ;' Acadixi@eta thSSﬁpﬂmingQ@us (BﬂVl@smgal@ﬁismedmps&h@ vigt (HBY), mipmmunol .

1998, 160, 8§%ﬂ10 (ﬁw mQAna’ Oder ag)f’@ccm%grgm T%Q@Zun}‘ﬁﬁd%%t 1631; Li pf ord et

al ., Bur. 47 and Mol doveanu et at, Vaccine,
1988, 16, 12f6f’“i"2’2&995=t“ﬁ§ Parvélcf%%fdrl\é"?mﬁr Edin et Bress NG BA 58%d  her ei n by
ref erence Bngidndi Pecomt 1998 17y,.1 81dmEL by brat ¢docan @i BUchB DI, desgaree rel ati vel y

al., Mol. Medicine Today, 1997, February, 69-75; ané Traguina et al.,J. Infect. Dis.; 1996, 174,
1168-75, the disclostres of which are moorporated herein by reference in their eptirety. MF5%
adjuvant improves the mmunopenicity of subunit antigens while maintaining the safety and
tolerability 'profrle of alum adjuvant. Van Nest ef al., Paccines 92, 1992, Cold Spring Harhor
C Laboratory Press, 57-62 and Valensi ef al., J. Inmunol., 1994, 153, 4029-39, the disclosures of
which are Imcorporated herein by reference in their entirety. MF39 1s further described in co-
pending 13.8. application Serial No. 08/434,512, filed May 4, 1555, which is assigned to the
assignee of the present mvention, the disclosure of which is Incorporated herein by reference in iis
entirety, In animal studies, MF5S has not been found to be genotoxic, teratogénic, nor does it
cauge sensitization. The mechanism of action of MF59 appears to be dependent upon the
generation of a strong CD4+ T cell, ie., & Th2 cell response. MF59 adjuvants, however, elicit
httle, if any, Thl responses, or cytotoxic T Iymphocyts (CTL) responses.
Oligonuclectides comprising CpG motifs mixed with antigens have been demonstrated 1o

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



common in bacterial DNA, but are underrepresented and nethylated in
vertebrate DNA. Bird, Trends Genet., 1987, 3, 342-347. Bacterial DNA or
synt hetic oligonucl eotides containing unnmethylated CpG notifs are al so

| mown to induce i mune responses including, for exanple, B cel
proliferation, interleukin-6 and i munogl obulin secretion, and apoptosis
resistance. Krieg et al, Nature, 1995, 374, 546-549; | linman etal., Proc.
Natl. Acad. Sci. USA, 1996, 93, 2879-2883; Ballas et at, J. Imtunol.,
1996, 157, 1840- 1845; Cowdery et al., J. Inmmunot, 1996, 156, 4570- 4575;

Hal pern et at, Cell. ImunoL, 1996, 167, 72-78; Yamanoto et at, Jpn. J.
Cancer Res., 1988, 79, 866-873; Stacey et at., J. Imtasot.,

1996, 157, 2116-2122; Messina et at, J. bnnunol, 1991,147,1759-1764; Yi et
al., J. bnnunOL, 1996, 157, 4918-4925; Yi et al., J. Immunol., 1996, 157,
5394-5402;Yi et al., J. Inmmunol., 1998, 160, 4755-4761; and Yi et at, J.

| nmunol ., 1998, 160 5898-5906; PCT Publication WD 96/ 02555; PCT
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It has also been shown that cationic Lipid-based emulsions may be used as gene carrers.
. See, e.g., Yiet al, Proc, Int’l Symp. Conirol Rel Bioact. Mater., 24:653-654 (19597); Kim et al,
: C : Proc. Int’l Symp. Control Rel Bioact, Mater., 25:344-345 (1998); Kim et al, Proc. Int’l: Symp. '
Control Rel Bioact. Mater., 26, #5438 (1999). Cationic submicron emulsions, 2 somewhat recent
approach to pharmacentical delivery, wers 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 oligonnclectides in serinm has been demonsirated for both small oligomers
(Teixera ef al (1995} Pharm Res 16 30-36) and plasmid DNA (Yi et al (2000) Pharm Res 17 314-
320.) DOTAP-based emulsions have beer shown to enhance transfection in vitro end in vivo.
(Kim et a1, supra).
An adjuvant which resulis in the increase of 2 Thl cell response which can be used for
prophylactic and therapeutic treatment is thus desirable. Such a response would be helplid in



Systens (ELVIS vectors), particularly those derived and constructed from
al phavi rus genones (such as Sindbis virus), for use in stinulating

ani nmmune response to an antigen, in nethods of inhibiting pathogenic
agents, and in delivery of heterol ogous nucl eoti de sequences to eukaryotic
cells and animals, anong others. Comonly owned | nternational patent
application PCT/US 99/17308 and U.S. patent application 09/715, 902

di scl ose net hods of naking m croparticles having: adsorbed nmacronol ecul es,
such as a pharnaceutical, a polynucleotide, a polypeptide,. a protein, a
hor nrone, an enzyme, a transcription or translation nmediator, an
internmediate in a netabolic pathway, an imunonodul ator, an antigen, an
adj uvant, or conbinations thereof and the Iike. Commonly owned

I nternational patent application PCT/US00/ 03331 di scl oses net hods of
maki ng subm cron emnul si ons havi ng adsorbed macronol ecul es, such as a

phar maceutical, a polynucleotide, a polypeptide, a protein, a hornone, an
‘enzynme, a LeABSCHLfitekBiicOfiral infoaitSd A tvbla for HrReh AdeGdvidadl shsadpeldrcii-nt € i N a

met abol i c thmay, an i mmunonodul ator, an antigen, an adjuvant, or
conblnatlonsc? hereof, and the Iike. Sunnary of the Invention The inventors
herein have di Scobumesd.5ie aineles drlorafalvoets loverdNecirdrtasus uses of

nucl Iel C  agysthes (Emamee&k)ag&uymw%eﬁexﬁmﬁ {oﬁ&fo&d%@xﬂﬁﬁlaﬁm@ﬁm&ﬂ%@r essi ng
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pCW vect orbibitifE|pith@eniegenty &d prdeliRgiohpgetlogongoistifegchascareubeognhanced . by

~ adsor bi ng LNSand 6ELA aeRNSELUCt S t O pol yner nlcropartlcles or subm cron
- I'sions with adigrbent sur.faces _éﬁ%es i ptroduction of the

‘véctor const r uEPERRT AU HERE 3%@ﬁﬁ£&mHBE£ "Yequéfites conprised in
.t he vect or aptmghiOEisP2 il nstheds obbdkigg wikroganiclarhiarmladsofdsd di scl osed in above-

descri bed |nt&fRad qmlas 'cP ﬁﬂﬁ%ﬂﬁbﬁglpbl‘mﬁ&éo@m: g %e&tﬁ% %/p;lr%ép §henﬂone met hod of

forming microparticles with adsorbent surfaces capabl e of adsorbing a w de
.vari ety of ™ FHER GBI EWHIeS RsEohBEHR At BTEdEe ﬁmﬁﬂ@meﬁﬁﬁﬁﬁﬁent t he
m cropart i tin@sonath@aieomptitizgesh adhvalgodr bondinatbnspieteyired thakic. a detergent The

m croparticl esc%msnﬁ%mma%ﬁ&eamg%e@aﬂp@cgma@e%@ooﬁ%b gésgﬂmdw' es more,

efficiently than ot m-croparticlees current|y avai Sever al
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or combmanons thereof and the like, .

~ Summary of the Invention
The iﬁventors herein have discovered that the effectiveness of the various uses of nucleic

C , - acids, particularly vector constructs capable of expressing a nucleic acid sequence, and more
particnlarly vector constructs comprising & heterologous micleic acid sequence encoding an
amtigen, such as such pCMV vectors, ELVIS vectors or RNA vector constructs may be enhanced
by adsorbmg the vector constructs to polymer micropariicles o1 submicron emulsions with
adsorbent surfaces, whzch facilitates introduction of the vector constructs, and ofheterologons
nucleic acid sequences cornprised 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

macromolseules has beer invented. In ome embodiment, the microparticles are comprised of both &



pol yort hoest er, apol yanhydri de, a pol yal kyl cyanoacryl at e,

apol ycyanoacryl ate, and the like, and are forned with detergents, such as
cationic, anionic, or nonionic detergents, which detergents nmay ~. be used
in conmbination. The present inventors have discovered that these

m croparticles yield inproved adsorption of vector constructs (e.g., ELVIS
vectors, RNA vector constructs), as well as viral antigens, and provide
for superior imune responses. As disclosed in above-described

I nternational Patent Application PCT/US00/03331; a mcroparticle
preparationconprising oil droplet submcron enmul sions w thionic surfactants
has been invented. Such conpositions readily adsorb macronol ecul es such as
DNA, protein, and other antigenic nolecules. Several enbodinents of the
present invention ytilize mcroparticles that are derived froman oi
dropl et emul si on t hat preferably conprises a netabolizable oil and an

enul sifying agent which are preferably present in the formof an

oi | -i n-wat %61;@%&&!d@t@rgéha\mhegm@pdmdeﬂdsmbﬁsa& #Suast ARk sadhlscrahbec@bs Whi ch are
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vegetable oil. The conpqsijt.ion era rise to 20 % by vol une
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a non- iommmﬁhm@w@mmm@s@smdasmmmpohwmxyeﬂhvmehEQsmwhm@daagmn@my di-, or
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g2p05|t|on conprises abou t 0o about t of the enulsifying

P Hon R TER SO RS (e AL DA ALESTOToN Shtthe
i nvention' sird@npas iabd odvide Sr speritd iomep sriohsed. €. Wi t h an adsorbent surface,’
~wherein the m %%@g %dﬁ%@voﬁ A aaﬁl&ﬁm%m@@it PE;E}: &5@@%@%@%&%% gr oup

consisting of a acid r oxy yric acid,

pol ycapr ol a%wﬁf@de HG%WGWW&@%HW%WHW W@éom%w&ﬁams has

pol ycyanoaokey indéned. &mhaﬁ@mhﬁmIamb@dmﬁ&@ﬂ&mmhmﬁmﬁm@tn@mﬁahgaﬂnmhion of the

i nvention' > Gl OR. I Gl iC e an oi

dr opl et _emaP B an el Pk ool el 81‘%%%%%%@“ i

enbodi ment §eivedomane GprT erdiie et reladh coept ¢ oe dvé%véﬁm@@nstructs capabl e

%}‘\IA expr es sinfgiag e WetiCaraeifdtH QEHRNE Be foftlE by AISn-R:1& I8 &inevigloY! S VﬁCt ﬁr or
vect or .const on.the.mcropartic cg, Wth the

vect or consdrtPucurb Mﬁﬂygﬂé £$LM?F%ﬂ1'h%gm%ﬁ%ggmé%Pméfmﬁth% ue%ce encodi ng a

pol ypept i dem Breforeliy. &enempasﬂﬁmwnﬁmieﬁle @Fﬁn@ﬁﬁa}ﬂmlymafpwmcsmwmﬁlﬁmor

bleck conclymer, The oil is preferably an animal oil, an unsaturated hydrocarbon, a terpenoid such’

as, for example, squalene, o1 a vegetable oﬂ._ The composition preferably cormprises 0.5 to 20 %
by volume of the oil in an agueous medivm  The emulsifying agent preferably comprises a non-
C ionic detergent such as a polyoxyethylene sorbitan mono-; di-, or iriester or 2 sorbitan mono-, d-,
or iriether, Preferably, the composition comprises about 0.01 to about 5 % by weight of 'thé
emiﬂsiﬁ'ing. gent,
Hence, in some embodiments, the particulate portion. of the invention's composition is a
microparticle with an adsorbent surface, wherein the microparticle comprises a polymer selected -
from the group consisting of a poly(e-bydroxy acid), a polyhydroxny butydc acd, a
polycaprolacione, a polyorthoester, a polvanhydride, and a polycyanoaciylaie.
In another embodiments, the particulate portion of the invention's composition is a

submicron emulsion which comprise an oil droplet emulsion formulated with an ionic detergeat. -



transl ation nediator, an internediate in a netabolic pathway, an

i mmunonodul at or, an antigen, an. adjuvant, or conbinations thereof and the
like. In other enbodinments, the invention is directed to a mcroparticle
conposition conprising a nucleic acid, preferably vector constructs
capabl e of expressing a nucleic acid sequence, such as a selected pCW
vector, ELVIS vector or RNA vector construct, adsorbed to a mcroparticle
of the invention, and a pharmaceutically acceptabl e excipient. In other
enbodi nents, the invention is directed to a nethod of producing a

m croparticle wth an adsorbed nucleic acid, preferably vector constructs
capabl e of expressing a nucleic acid sequence, such as an ELVIS vector or
RNA vector construct, the nmethod conprising: (a) conbining a polymner
solution conprising a polynmer selected fromthe group consisting of a

pol y(a- hydroay acid), a polyhydroxy butyric acid, a polycaprol actone, a
pol yorthoester, a polyanhydride, and a polycyanoacrylate, wherein the

pol ymer [ SI pr a‘ﬁ@ﬂﬂ&r eﬁﬁodﬁa&n‘c@%ﬁﬁﬁbdﬁ&felﬁﬂﬂerMmpﬂi&@%&tork%sﬁﬁs&?ﬂﬂﬁof 30% i n anh
organic solvent: a oni.c detergent to the
pol yner soﬁ%fgmﬁajmv\%c s et th Su&ﬁs aterm’gn %lsg ecﬁorrgrgé\ll v IC%.HSTII%.:{I o of 0.001 to
10 (W w) detdegertte W@OWFIMME tﬂ’tﬂﬂtﬁ@ﬁmfammﬂ nymm@@he@mgm m xture; (b)

di sper si ngmméh@da&@iumnédéﬁt £podBftided prdidi! @}aormc(n@)an &ﬁmvatfa&cﬁpb& ®rganic

sol vent; (d r.eco ering the.m.cr rt| e H% sorbln an ELVI S
vector or ?fé%e%{%*?r e a s 3(%% %&P@Wﬁ? °r -/ BPSP& ticl e,
wher ei n t rediviakd Sontgeticos thagot RNAeiETt Or construct conprises a heterol ogous

nucl eoti de seqHenG emRBGRH, {almmhmﬁa%a%m@dama&bﬂmaﬁ%m an enzyme, a
t anscrlptlgn or, translation mediator, an.intermedjate in net abol i ¢

pat hway, ARG RETREPE JFHT GPsogiea W&?ﬁxmﬁﬁnﬁ&Fﬁgﬁﬁﬁmmﬁfm%ﬁﬁblnatlons
t her eof , aﬁd:teﬂh@\w frbeerr, ELPISetat adiNA vetthreonsolcl mesrbed @t semigematicleniXfeur e i s -

enulS|f|eqwggﬁ[gﬁg5&gﬂggykﬁﬁ&m@&mééﬁﬁmkp renoving the organic solvent. 7 In
ot her enbodi ments, the invention is directed tq a mnicroparticle produced by

~the above- dedtPiBetPoREEToRT RGP & drFet 8r FEPSE o BATCRATF tH e conposi tion
i s produced} avddkogied flcisio acid; prafptilyseser aonpthas bt dxpreskihyy/s radsaepitt abl e exci pi ent .

sequence, such as an BLVIS vector or RINA vector construct, the method comprising:

(2) combining a polymer solution comprising a polymer selected from the group
consistmg of a poly(o-hydroxy acid), a polyhydrexy buiyric acid, a pelycaprolactone, a
polyorthoester, & polyashydride, and a polycyanoacrylate, wherein the polymer is present at a
congcentration of about 1% te abowt 30% in an ozganic solvent;
and ap aniopic, cationic, or nomionic detergent to the polymer solution, wherein the -
detergent is present al a ratio of 0.001 to 10 (w/w) detergent to polymer, to form a
» polymer/dstergent mixture;
C ‘ . (b) dispersing the polymer/detergent mbeure;
(¢) rempving the organic solvent;
{d) recoverpg the microparticle; and
(f) adsorbing an ELVIS vector or RNA vector constrict to the surface of the
- . toicroparticle, _Wherein the ELVIS vecter or RNA vector construct comprises a heterologous
nuclectide sequence encoding = polypeptide, a protein, & hormone, an enzyme, a
transcription or translation mediator, an infermediate in a metabolic pathway, an
Immmmomo dulator, an autigen, an adjuvast, or combinations thereof, and the like.
Preferably, the polymer/detergent mixdure is emulsified to form an emulsion prior to -

removing the organic solvent.



In still other enbodinents, the invention is directed to a nethod of
delivering a heterologous nucleotide sequence to a vertebrate subject,

whi ch conprises adm nistering to a vertebrate subject any of the
conpositions described above. In additional enbodinments, the invention is
directed to a nethod for eliciting a cellular inmune response in a
vertebrate subject conprising admnistering to the vertebrate subject a
therapeutically effective amount of a sel ected heterol ogous nucl eoti de
sequence adsorbed to a mcroparticle of the invention In other

enbodi nents,  the invention is directed to a nethod of inmmunization which
conprises admnistering to a vertebrate subject a therapeutically effective
anount of any of the mcroparticle conpositions above. The conposition may
optionally contain unbound macronol ecules, and al so may optionally contain
adj uvants, including alumnumsalts such as al um num phosphate, or an

ol i gonucl eoti de conprising at | east one CpG notif. In several preferred
enbodi nent s croparticles are I roxy acid);

nor e preferablggigéﬁﬁv EW1£V5§??HE$E T&F?%%T?ﬁ%fgﬁﬁ% ? %referably, a
pol y( D, L- | detiitdémneiiods. Qloyaodfiirdie,) a micropEgdhcompositipras m@uwﬂb@bmwe previously

descri bed QQ&Q&Q@Iﬂd&éﬁ&@g&%ﬁﬁkgﬁmﬁgy optionally also have nmacronol ecul es
entrapped w t'hin free solution. Thus, the invention

enconpasses a @%ﬁlgp?mgpm@ﬁﬁbﬁﬁﬁ??%ﬂ§dﬂﬁ@?@ﬁﬁ”ﬁﬁ%ﬁ@?ﬁmgﬁid nol ecul es are
adsor bed ometeribphOpaedtidcat@mcen o vabines sutius heitcoagisd «dmlieeid ®a are entrapped
or adsorbeqamggggﬂ}ggwof &mmﬁkﬁE R &%ﬁ%hﬁ@ of the invention may have. nore

t han one species Of nuc acl sor bed t hereon as wel |l as other
aﬁtlgenlc nacr&Wﬂ@@@@ﬁ@@mgﬁ§%ﬁﬁEﬁmwﬁ§ﬂ€ﬁﬁd“ﬁﬂﬂ#??%ﬁ%?@?a“@@@'nlcropartlcles
may have aﬁﬂﬁmﬁ@mﬁpﬂ@weﬁm@émﬁﬂf&ﬁp@m@ﬁhﬁmﬁﬂﬂﬁmﬂmﬁﬁaﬁﬁe@mmﬂgenlc

macr onol ec L2508 Rk nents, the

m croparti c%qel%geug&% e%%g‘%grraéé\%tto%&%eﬁ oJIrOB qu?ﬁglgfnrgﬁr%@gﬂcgﬁp SI “ons as

descri bed aiEPEiderigegFakent invention is also directed to i nminogenic
CONposi ti ONS CoigHel SILBEmAR, thd]ﬂ’ﬁﬂ;hﬂ@i&&jeﬁfbﬂhaﬁhl&@daﬂﬂﬂﬁtﬁza@fnmﬁﬂﬂd eic acid -

(e.g., a vect ar constr.u of ex i .a__nucleic acid sequence,
‘such as a SETEEE %ﬁmﬁ %Dvec esuaﬁﬁ%Eamm$£{£%%ﬁs ?ﬁ%#mwwﬁ%re the 8
heterologoagmmat¢%xmmwmwsénweﬁ@@mﬂﬁﬁ@m@ﬁv@ﬁM@h@mEEVWBmeCtor or RNA vector

construct FBYom@BER0R: AR B phiGRIkont A bduRiks, kARSI AL A hGs anount  of. an -
adj uvant ¢ (a)lgiglg 3 lﬁlgsggatadgsaz(l:ougonugeoude comprising at least one CpG motif.

In several prefer.red embodiments, the mlcroparhcles are formed from a poly(a-hydroxy

acid); more preferably, 2 poly(D,L-lactide-co-glycolide); and most preferably, a poly(D,L-lactide-
co-glycolide).

Eabh of the nonexhaustive previously described adsorbent microparticles may optionally
also have macromolecules .eﬁtrapped within them, or in free solution. Thus, the invention

(: encompasses a variety of combinations wherein nucleic acid molecules are adsorbed on

micropeaticles 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 micmpérticles may
have several species of nucleic acid and/or other antigenic macromolecules entrapped within. -

In other preferred enmtbodiments, the microparticles are prepared in the form of submicron
srmulsions as described above. )

The present invention is also directed to immunogenic compositions comprising an
immunostivuilating atsount of anacleic acid (s.2., a vector conétmct capable of expressmg a'

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



herein. In sone enbodi nents of the invention, the immunogenic conposition
conprises a CpG oligonucleotide in conbination with the nucleic acid-
adsorbed mcroparticles. The adsorbed macronolecule itself is preferably
an ELVIS vector or RNA vector construct encoding an antigenic pol ypeptide.
In sone preferred enbodi nents of the invention, the antigenic pol ypeptide
is froma virus such as, for exanple, hepatitis C virus (HCV), hepatitis B
virus (HW), herpes sinplex virus (HSV), human i mmunodefi ci ency virus
(111Vv), cytomegalovirus (CW), influenza virus (flu), and .rabies virus.
Preferably, the antigenic polypeptide is selected fronthegroup consisting
of HSV gl ycoprotein gD, HV glycoprotein gpl20, HV glycoprotein gpl40, HV
p55 gag, and pol ypeptides fromthe pol and tat regions. In other preferred
enbodi nents of the invention, the antigenic polypeptide is froma
bacterium such as, for exanple, cholera, diphtheria, tetanus,

streptococcus (e.g., streptococcus B), pertussis Nei sseria neningitides
(e.g., neni eri , | ori, and
Haemophi | 4 e Bl RS Ay IENSIOR8 o KRALSRPRBLEE B 07|

i nvention, pnde wﬁsq@@%mmwmﬂ%@m@ P%ﬁ*ﬁ%@ﬂﬁ@iﬂ%@%ﬁ as, for

exarrp: e, alhefml 8lshide e'a?x;@&mlﬁ fmeM%ﬂﬁy@\}agj'E&@ﬁ@d_ &&icéﬂgﬁfﬁonlﬂﬁbbn@%mfd se, for

exanpl e, a alts ernatiyve van ns may conprise
an ol i gonuci’? éfgléd%(’:nocf’r%?’?ag it & 4 g5 4 d'(a)%‘@%%p %r?r%fnﬂ? Aé(’d’e juvant -

conposi t i ormaszmolgiuls dself s myfeiaBeandih Ve neliN A eriporetct ebddshay esul ts in a
positively &H@ﬁgﬁﬂ@egﬁu|SIOn The ol i gonucl eotide preferably conprises at

| east one phosp orotb e bond o t|d nucle bond. In preferred
eboti nont o of P RESPRBALT B S 6T BB br BOER e B BB 5 nucl eot | de.
sequence seh@ctéd efpgehtvhids §riow HODisiEisBrgusdiE BE@kDiniBs vired - 28. 1 n ot her - -

preferred gﬁ£@%g£h § th? t i nprises a
CpG moti f f anked b%/f@ ookl = c!mgJ’%ﬁdgEIHHI%S@m q?lg&%a%gﬁs(ﬂ?la%pand t wo

ur|t|e o
pyri m di nes® et P@p%?ﬁ’%seleﬁfﬁqﬁ%ﬁ@?mﬁ’r%?s@%éﬂis embodi nents of
‘the invent |gnm9pr¢th&mm\ggmmumdtaogpﬂmem@@lmxpwmplao NUCheakd dd sequence sel ect ed

from the %f%la?ﬂéé%%:ltﬁetﬂeﬂgd QJ: ﬂ&é\%ﬁneﬁgm%%me&m&eﬁ&eﬁ&ﬁﬁﬁ ed is SEQID

NO: 28. In sofre” preferred I ments of the invention, adj uvant
conpOS|t|oﬁmWﬁWT%@?W@%ﬁﬁWpsésmﬁmsﬁﬁﬁf5F€ﬂm¢ﬁﬁﬁﬁ%sﬁﬂﬂﬁﬁ%ﬁ?%@ agent which i's
pref er abl y ssatected.d., I‘Sﬁ@tobd’tals BY, @maes@,mmdmm@gmdzs (ak.umningitis Hpact eri-al cel |

wall | COMDONGAL, NG b Yo AEPLIfI G F5) gwgﬂgag%ngn%%%gs@'tse'f may be

inthe 9 formof Second mcraparti m croparticle may have
adsor bed arfﬁ:})ﬁim&@tﬁ ?I@W@:ﬁonj the antigenic polypeptide is from a parasite such as, for example, a .

malaria parasite,
Adjuvant compositions may comprise, for exampie, aluminum salis. Alternatively, adjuvant
compositions may commprise an oligonucleotide comprising at leasi one CpG motif. The adjuvant
- composition can aiso comprise an optional component which results in a positively charged
( . emulsion. The oligonucieotide preferably cormprises at least one phasphorothioate bond or peptide
nucleic acid bond.  Tn preferred enbodiments of the invention, the cligonucleotide comprises a
nucleotide seqﬁénce selected from the group consisting of SEQ ID NQOs: 1-28. In other preforred
-erbodiments of the invention, the oligomucleotide comprises & CpG motif flanked by two putines -
immediately 5' to the motif and two pyrimidines immediately 3' to the motif. In other preferred
embodiments of the nventicn, the oligonucleotide comprises a mucleotide 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 firther coruprises a separate
- immunostimulating agent which i preferably selected from the group consisting of almm, a2 . -
bacterial cell wall component, and muranyl peptide. The adjuvant composition itselfmay be in the. -



within a variety of nucleic acids and/or antigenic pol ypeptides, or other
antigenic nmacronol ecules. Additionally, the i munogeni c conpositions may

i nclude 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 inmunogenic
conposition described herein in an anount effective to induce an i nmune
response. The host aninmal is preferably a manmal, - ~- nore preferably a
Rhesus macaque, and still nore preferably a human The present invention is
al so directed to nethods of immunizing a host animal against a viral,
bacterial, or parasitic infection conprising admnistering to the animal an
i mrunogeni ¢ conposition described herein in an anount effective to induce
a protective response. The host aninmal is preferably a mammal, nore
preferably a Rhesus macaque, and still nore preferably a human The present
invention is also directed to methods of increasing a Thl inmune response,

or a CTL £E3pARSE ﬁ&oﬂa&ﬁboﬂE Qhdnf ﬁ;{cf%h Qmaggfave%){sfo%d ABoREQMHEt T on in a host
ani mal conprising admnistering e ani mal an inmmunogeni ¢ conposition

descri bed Yﬁﬁ%ﬁW*Wmffﬁﬁhﬁﬁﬁﬁﬁ?mEFW@EFP@@qm¢%OFWHﬁﬁﬁg?%ém?%W*¥%%une response,
or the CTLAdd@RRY)Ee jmminodeyiDidePsstiods iy iadidoBs pr@déncedffred sl acipizoduct i on. The
host ani ma| . Ls, preferably a manmal, nore preferably a Rhesus macaque, and
still nore preferably a human, The present invention is also directed to
met hods of 'rai SEeREFSRAPITepth i alse dsprdricections ofstipiatng agmmppgresiorsedi ch a

m cropar t i kenaasenRet: m&ﬁ@mkﬁﬁ%ﬁmmo@m%@oﬁ@heﬁmm nucl ei ¢ add

seguence enCOd'%ngcﬁhkéﬁmgntl ]gthﬁmg qugémg%%m‘ as pCW or an

VI S vectof: or vect or cong?r red to the
“ani mal in %ﬁeHﬂ%@@ﬁa%ﬁ$@€@ﬁ@@ﬁwbm%@W%ﬁﬁﬁéﬁﬂhW#ﬁunologlcal response.

Subsequent |y, ahe@mmveﬁmﬁismub@eammrﬂﬁgzﬂg%mmmaThe first
anti gen and&.gpate cond Qmé se. wB 9 ment.s can be.the sane or
are Fe

di fferent QF BstaspcInies F“mFﬁgm%%ne SPed ARFTHERYE i ncl ude
bacterial*an@mmmn@wmhﬁﬁﬁgEWSHME@@hﬁa@BHWWmEan®ﬁ56ﬂ@w@@egmﬁmgplzo gpl40,

gpl 60, P24gag: PRE-PARIAM . REPFLhLS: FVd hhSaqAN Lk 48NS ridfdgnza A virus

antigens, neningitis B bacterial antigens, and streptococcus B bacteri al
anti gens. Wﬂ@&second antigen is preferably adsorbed to the microparticles
descri bed her el pregnt iingntooa e direddd éa resthodviof creting adll] ovamtrespaehoras MFS9. The

”acr0”0|eQHkﬁJQQQm@Eﬁﬁﬁ$ﬁ%ﬁ%¥&%U&Qh&&%%ﬁﬂm&h&hﬂﬂ&mﬁﬂmHM@B&@ i 10

adoyimsiering o the ammal an immmmogenic compositon described bersin in an amount effective

to nduce the Thl immune response, or the CTL response, or lyphoproliferation, or cytoldne
production. The host animal is preférably-ammnmal, moJe preferably 2 Rhesus macaque, and stili
more preferably a human
, The presemt mvention is also directed to methods of raising an immune response in a host
‘ C,' arimal in which a microparticle-adsorbed macromolecule comprising a heterologous nucleic acid
sequence encoding a firet antigen (e.g., plasmid DNA, such as pCMV or an ELVIS vector, or an
RN A vector construct) is first administered to the snimnal i an amount effective to elicit an
immumclogical response. Subsequently, a second antigen is administered to the animat
The first antigen and the second antigen in these embodiments can be the same or different,
and ate preferably the same. Preferred antigens include bacterial and viral antigens, such as HIV
antigens (e.g., gp120, gpl40, gpl60, p24gag and p55gag), hepatitis C virns autigens, nfluenza A
viris antigens, menmgitis B bacterial antigens, and streptococens B bacterial antigens. The second
antigen is preferably adsorbed to the microparticles described herein, or is coadministered with an -
adjuvant, such-as MFS59. The macromolecule can also be coadninistered with an adjuvarg, if -
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desired. In sone preferred enbodi nents, the macronol ecule is adm ni stered
two or nore tines before the second antigen, which can al so be

adm nistered two or nore tines. According to one specific enbodiment: (1)
the macronolecule is admnistered (a) at atinme of initial admnistration,
(b) at a time period ranging 1-8 weeks fromthe initial adm nistration, and
(c) at atinme period ranging 4-32 weeks fromthe initial adm nistration,
and (2) the second antigen is admnistered (a) at a time period ranging
from8-50 weeks fromthe initial admnistration and (b) (~ - at atinme
period ranging from8-100 weeks fromthe initial adm nistration Delivery of
the mcroparticle conpositions of the invention may be perforned by any
known met hod, including direct injection (e.g., subcutaneously,
intraperitoneally, intravenously or intranmuscularly), and such delivery
may al so be enhanced by the use of el ectroporation (see, e.g., U S patent
application no. 09/499, 023, the disclosure of which is hereby incorporated
by refer encd@ufa ringoL@prsf%dggﬁcxﬁmﬁ!h@ﬁ;c&mmﬁs a&@m%téad%?r%ﬁ dhgation of short

el ectrical ses to to 1 ncrease er nea e cell nenbranes,
thus facil |bt3faiteffh€igecm,é?*l&?ﬁH@é@“ﬁ&ﬁh&éﬁaﬁ%mtﬂ@d@%?fl%?rﬁ“ﬁn%as been found that
appl yi ng an el eGtdriigg if bzﬁ|sﬂczﬁd)3ni:¢d53&hte(3)thdhna%ﬁd@ecﬂbﬁﬂdnﬁﬂxs€aﬁdatab W aiider eases DNA
upt ake and ge expres t hi,esen, Ry; 6:508) .

9 @g atio S(g) Cilp %t(mlg%anodran%n(%l SVTeéks Dtg g%lﬂgmr’lnsﬁavg’ z%e

Among the t7SSUES arge I'n Vi ropora en skin,
liver, tundPéaimmmaeiedzesns+-Rarcpipn Hhored wabippion. el 85 seonmfdeea et al . have

shown that i aﬂmMisthQd @ja@gﬁzﬁaﬁ@&daing@g&m%m ﬁ&kwm@@mmﬁ@@om&(b\yacm ne
potiency in U|ne E%l 08 g#£ %P|H§a&gmqb a, G, et at, 2000, 1
I&;unol 1éfqﬂﬁﬁ§° 'S VEETrE a2 8- descri bed embodi nent s
are generally WW%ﬂhemmcleemmh@mﬁ@B@’ewmommbeperbhlaﬁbﬁamnct| ons in a
eukaryot i ¢ y&@inlmendd, %%g%ﬁ&%%@n 3 ersumlaﬂe&ﬂ} %ape%@e@@%&a%mpozpr oduct is an
RNA vect or consg%ﬁ%t & é%%% br%ﬁ N@rvect |co€2 a3
termnati o i 81“’%335\"3{? ¥ PR BHEEF et h 8LP°§P R 6rﬁ§r| se an RNA
genone from Sapanqamt QOiTEtien nal 89/490.64ate diagsurefol whvdh Ve herely incoprrofiay iefeuesse

par anyxovi LS ex¥&h! Sk HRLn 4 Vihd Hticarf oféﬂop}@@c\ﬁac%ﬁsas&%dg tomerskddbi S Vi rus,
Sem i ki Forest virus, Venezuel an equine _encephalitis virus, or Ross R ver

virus), anaW%Wﬁf%ﬁrf@Hmﬂnziﬁhﬁrﬂ&ﬁwsPﬁéwa%%wﬂs iR badesbeen nodi fi ed
by the repﬁamﬁﬂem@kﬁ@au@mﬁmﬁmdwmmmxmﬁmm@ﬁﬁmﬁbu@m@ﬁ&ﬁMn@anﬁ@dmmah a sel ected

het er ol ogoys, G Bl AL | doBLaLERRE,ERT0ING, T SS0CAERANGLOT Nt CT St

The RNA vector construct esent |nvent|on enera_Wy are obtained
by 't r anscr EpTPRRPREAS ttefﬂdl%rl’iﬁ‘nhﬁﬁoﬁl\ﬂd TEAp| et BNA PR arrlsiraoYER taspect s - and

e nb_odl nent sl lofe sghbbea et BSEmtale_aclrﬁpb_ﬁﬂdnlsﬂﬁaﬂmﬂy lenhgrealeLAyvauaﬁcpbtenc_tymmz&eh ose of
cordinary skl 05085 o/ BYY 8o, § el SEL.0s4re herein.

The ELVIS vectors of the above-described embodiments are generally DNA molecules

- comprising a promoter that functions in 4 eukaryotic cell, a cDNA sequence for which the

C : transcription product is an RINA vecior construct {e. £., elphavirs RNA vector replicon), and a 3’
termination region; The RNA vector consiructs preferably comprise an RNA genome ffom a
picornavirus, fogavirns, figvivinms, coronavirus, paramyxovirus, vellow fever viras, or alphavirus
(e.g., Sindhis virus, Semliki Forest virus, Venezoelan squine engaphalitis virus, or Ross River
virps), and more preferably an alphavirus genome, which has been modified by the replacement of
one or more structural protein genes with a selected heterologous wucleic acid sequence encoding a
gens product of interest. The RNA vector constructs of the present nvention generally are
obtained by transcription in vitro from a DNA template.

These-and other aspects and embodiments of the pregent fvention will readily occur to

those of ordinary sldll in the art n view ofthe disclosare herein.
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Il Brief DesctLtion of the Drawings Fig. 1 provides a DNA sequence (SEQ ID
NG 63) encoding a nodified H V-1 p55gag polypeptide. Fig. 2 provides a DNA
sequence (SEQ ID NO 64) encoding a nodified H V-1 p55gag polypeptide: Fig
3 provides a DNA sequence (SEQ I D NO 65) encoding a nodified H V-1 envel ope
pol ypeptide. Fig. 4 provides a DNA sequence (SEQ ID NO 66) encoding a
nodi fied H V-1 envel ope pol ypeptide. Fig. 5 provides a DNA sequence (SEQ
I D NO 67) encoding a nodified H V-1 p55gag pol ypeptide. Fig. 6 provides a
DNA sequence (SEQ I D NO 68) encoding a nodified H V-1 p55gag pol ypepti de.
Det ai |l ed Description of the Invention The present invention is based upon
the surprising discovery that 3n croparticles wwth adsorbed nucleic acid
nol ecul es, preferably vector constructs capabl e of expressing anucleic acid
sequence, and nore preferably vector constructs conprising a heterol ogous
nucl ei ¢ acid sequence encoding an antigen, such as pCW vectors, ELVIS
vectors or RNA vector constructs, elicit enhanced immune responses. .
Additionally, the conbination of mcroparticles with adsorbed nucleic acid
nol ecul es (for_exanple, mcroparticles with adsorbed pCW vectors, ELVIS
vectors orE . st fucts) and adjuvants is useful for eliciting
enhanced i mmunerig e speiisePNARRRacanFBNI W0 63) sncadipa dodiB@dIH effgdshe surpri sing
di scovery tﬂ&fﬂ:e ygctor constructs conprising antigen-encoding nucleic acid
sequences, such as pCW vectors, ELVIS vectors or RNA vector constructs,
in associ ati on W Pﬁmé“é‘f%@aﬁéwﬂ'}éﬂﬁg%%w &Y Preptigre TaAEs R PREREC t enhanced
i nmune resgnryﬁb@ﬁ& The practice of the present invention will enploy,

unl.ess ot herw Bt 818 pol ymer
" cRem stry, bioc % Ig%lge%ta%%slsg %}[ %I ol 08??&5%%0&“% cﬁ’%ﬂ%ar macol ogy,

wi thin the bBFli®Sf the art. Such technl ques are explained fully in the
literature. Seegpy 3-B:row.ies a DNA sequence (SEQ ID NO:66) encoding a modified HIV-1 envelope

- polypeptide. _
- Fig. 5 provides 2 DNA sequence (S8EQ ID NO:67) encoding 2 modified HIV-1 p55gag
polypeptide.
Fig. 6 provides 2 DNA séquence (SEQ ID NO:68) encoding a modified HIV-1 p55gag
polypeptida.

Detailed Description of the Invention

The present mvention is based upon the suq'gn'sing discovery that microparticles with
* adsorbed nucleic acid molecules, preferably vecior constracts capable of expressing 2 pucleic 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
C~ “enhanced fmuane responses. Additionally, the combination of microparticles with adsorbed.
nucleic acid molecules (for example, microparticles with adsorbed pCMV veciors, ELVIS vectors
or RNA vector constructs) and adjuvants 1s usefl for eliciting enhanced imroune responses.

The Invention is also based upon the surprsing discovery that vector constructs comyprising
antigen-encoding nucleic acid sequences, such as pCMV vecters, ELVIS vectors or RNA vector -
congtmcts, in association with subsequantladministraﬁon of antigen, elicit enhanced immune
TBSpOonses. _

The practice of the present invention will employ, unless otherwise indicated, conventional
-methods of chemistry, polymer chemisiry, biochemisity, molecular biology, rummmology and
pharmacology, within the skill of the art. Such techniques are explained fully in the literatime. Ses,
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e.g., Remisgton's P7zar maceutical Sciences, 18th Edition (Easton,
Pennsyl vani a: Mack Publishing Conpany, 1990); Met hods I n Erqgrnol ogy (S.

Col owi ck and N. Kapl an, eds., Academ c Press, 1Inc.):
Handbookcf Eaperi nent al | nmunol ogy, Vols. 1-1V (D.M Wir and C C. Bl ackwel |,
eds.,. 1986, Blackwell Scientific Publications); Sanbrook, et al.,

Mol ecul ar d oni ng: ALaboratory, Manual (2nd Edition, 1989); Handbook

of Surface and Col loidal Chemistry (Birth, KS., ed, CRC Press, 1997) and
Seynour/ Carraher's Polynmer Chemist y (4th edition, Marcel Dekker Inc.,
1996).. All publications, patents and patent applications cited herein,
whet her supra or infra, are hereby incorporated by reference in their
entirety. As used in this specification and the appended cl ai ns, the
singular forns "a," "an" and "the" include plural references unless the
content clearly dictates otherw se. Thus, for exanple, the term
“ruicroparticle” refers to one or nore mcroparticles, and the like. A

Defini ti onde | RerBREL PRI DEsRAES AR kY 80 Ol RELL MR, LT TS W1

be enpl oye are | ntende defi.ned as in cate ow Unl ess
stated ot h@PWﬁ%‘éw%?I»Mg’fb@f-’é@Fﬁ”éﬁ%ﬁg(Saﬁ?i“i“%‘tafl% Kl%l?ﬂe?dﬁ %ﬁ%@mgﬁ’v@n on a wei ght
basis.  Thencheiambborer PPzt nrunsisey W@k INED 84, Weirr bafeal. BlatiGBeparti cl e of

about 10 |t bout. m i te ferahly. about 200 into.
about 30 D%Bﬁ ]ﬁzgﬁﬁeﬁg%mn%kéﬂ bl hons)r.'?&b%rﬁg etaE GzculS C%fn% ggao%m?tyo about 10 pm

in di amet eMﬂ“@%@ﬁd@dﬁbﬂw’%%ﬁ@dﬁWW MF%@%F@IOWII@WB@P@H%K&: ghER@r t hat

perm ts paPﬁﬁt@D’@land(E‘éynﬁMﬂlQﬁ@Jerﬁ@mﬂﬂlcﬁiﬂzﬁ@l(ﬂﬂed%ﬂ,h@iéElD@lQ@r'hhde@g) needl es and
illaries. @artl ze is.read technlques wel |

b
k own nmthe art; g Pt Ef%to A BELETR ?l%%he%elﬁé% °F ?)Igaé’j(’)@bor%ﬁf"aser |
di Mact onet h?ebammraueéérammgméieewvn m croscopy. The term "particle" may

al so be used t%Q@m{hﬁs@mﬁea@oamametab@ﬁcﬁd@@msd@ésﬂg@gmﬁf%,"%Mn@ifmartl cle my
alternativel %rlefer to su m cr l%mé conpos| %jl on as descri bed

herein. Po P uWJiIEfPIBIEESr“P]’FSN E%"mlﬂgl’:e “t?‘fcésro TR Er ?'Fhfﬁ?{n?mt erials

t hat are stwepltidelbies tengrpr mbm xicepamtks. brioddger. adabl e. Such materi al s

i nclude, without limtation, poly(a-hydroxy acid), polyhydroxybutyric

aci d, polycaprol| actone, polyorthoester, polyanhydride, PACA and

pol ycyanoaé‘rg-?jﬁ%ﬁ%‘:E Preferably, mcroparticles for use with the present

i nvention are pcﬁbsmmgthemie@m@p*aiﬁbﬁ,mbéﬂo@tenéweﬂﬂfwerm&d,p@d #(igtenldaddr oay aci d),
in particul 3,gdeﬁggd g%%g‘,l actide) ("PLR ) or a copolyner of D, L-lactide
and gl ycol | ic acid, such as_a poly(D, L-lactide-co-glycolide) 13
("PLG' or " PLGﬂ“l"’Si S"a*??roméf""%ﬁ%l‘e?ﬁ%‘“fgesd’?dI@“ﬁ@%‘i%"é“%ﬁfd”&%ﬁﬁsﬁi actone. The

pol ymer m cr op@ketidnl'@isroparticle” as used herein, refers to a particie of about 10 nm to about 150

n in diameter, more preferably about 200 nm o about 30 pm in diameter, and ot preferably.
‘abowut 500 nm to gboul 10 pmin diameter. Preferably, the microparticle will be of 5 diameter that
- permits parenterst ot mwcosal adoimistration without occluding needles and capillaries.
(1 : Micropartitle size is readily determined by technigues well lmown I the art, such as photon
correlation speciroscopy, laser diffractometry and/or scanning electron microscopy. The term
"particle” may also be used to denote a microparticie as defined hersin  Microparticle may
alternatively refer to a submicron emulsion composition as described herein.

Polymer microparticles for use herein are formed from materials that are sierifizable, non-
toxic and biodegradable. Such materials include, without Emitation, poly(a-hydroxy acid),
polyhydroxybutyric acid, polycaprolactone, polyorthoester, polyanhydride, PACA, and. .
polycyanoacrylate. Preferably, microparticles for use with the present myvention are polymer
microparticles derived ffom a poly(a-hydroxy acid), in patticular, from a poly(lactide) (“PLA") or &
copolymer of D,L-lactide and glycolide or glycolic acid, such as a paly(D,L-lactide-co-glycolide)
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may be derived fromany of various polyneric starting materials which have
a variety of nolecular weights and, in the case of the copol yners such as
PLG a variety of lactide:glycolide ratios, the selection of which will be
| argely a matter of choice, depending in part on the coadm nistered
macr onol ecul e. These paraneters are di scussed nore fully bel ow
Alternatively, mcroparticles of the invention are conprised in a

submi cron emul sion. As used herein, the phrase "oil droplet enul sion"
refers to an enul sion conprising a netabolizable oil and an enul sifdng
agent. The term "subm cron enul sion"” as used herein refers to an oi
dropl et enul sion of the invention conprising droplets ranging in size from
about 10 nmto about 1000um As used herein, the term"mcroparticle" my
refer to a polymer microparticle as described herein or a subm cron
emul si on conposition as described herein. The term".detergent" as used
herein includes surfactants, dispersing agents suspending agents, and.

enul si on st j|4 ~ Ani o nt t ar.e not Ilnlted to,
SDS (sodi uht oﬁeﬁé%atafcativsmgﬁﬁ 5 M Tt e B B e
(d|suIfosucmwhate%dﬁ@@h@h&@@msmﬁmﬁyM@W@nﬂﬁmésWhﬁ@mwmhewwpke%m@at|on|c :

det ergents gtenettmmpete @th%ﬁu;‘aetmetslsﬁeﬁtmet Qvanaﬁfﬁacﬁaeqﬁcog%%ﬁ%édmt 'tmt hyl
anmoni um rom de ont u orid I e
di oct OdechelWyvfﬁ vﬂl}%@g)amatter ofzcgome dnpencmumpart on the coadministere y

DOTAP( di ol eestbm3sctile.i Theds ythraenanori disevespd opafoldy)beioanditedagvely.i ni@opatldaiodni

det ergents gy el it me&%hnwéﬁé%dﬁﬁﬂdéﬁﬁﬁﬁd to, PVA povidone (al so known as
_pgﬁyV|nyIpyrroI| one or sorhitan esters, ysor bates,

| yoxyet hyl at &t 5 bEsh *hﬁatteetoﬂéwﬁt %%ﬂl%%?ﬁffetweetl@amatmgaphenm s,
pol oxamer s metablichbl: higanh krk@ulsifive ademr Te' taﬁt‘@bqﬂabxeamtﬂsﬁh""as @sd aseefderein, refers
Lo tne el ecl bl BonARBR o LA DHLALS AGEOS S 18 0h BLLAEEL AT | solids
and |iquids, e potentia Foss 1 use layer I ons
surroundln@mmemgﬁgtged colloidal particle. Zeta potential can be cal cul ated
from el eci r ophoss @dell Berdi i feint 'msqpamctemyreﬂeﬂteajsca;&eszn@t,paydaieeﬂesaﬁﬂet oi dal

particles_%ravel et ween .char 5 Qggsnplaced in contact with the
or a sl CIOn € EJSIOE CO OSI OIl ESCII Ere!
subst ance t0 be neasure qgues well known in the, art. The term

"macr onol ecul e Theigm @@Hgﬂqféﬁsetsﬁ htfelﬁlétl‘siestse‘fﬂcwit Rengtsing fomits BEheRirg a
phar maceut kgadk, ,anfﬁemuE@!L mmgetseg&bﬁ@me@ez&qtc}ﬁ@@a& lmde@t han;éa@cr EB@sadn enzyne, a

L anect POl S SRS e B0 LS BRSNS Ly, B0l €
t her eof . P@F@ﬁc@ﬁ@mcQmeGweﬂ@ewM@ynﬁdmﬂa§ecﬂmmﬂe®ﬁﬂﬁpm@§enmmwmvention are
descri:bed wromide, or "CTAB"), benzalkonivm chiloride, DDA, (dimethyl dioctodecy] ammomium brormide), .
DOTAP(dioleoyl-3-trimethylammoniom-propane), and the Hke. Nonionic detergents include, but
are not Yimited to, PVA, povidone (also known as polyvinglpyrrolidone or PVP), sorbitan esters,
(: polysorbates, polyexyethylated glycol monoethers, polyoxyethylated aliyl phenols, poloxamers,
’ and the like, '
The term "zeta potential as used hereir, refers to the electrical potertial that exists actoss -
the mterface of all sokids and liquids, ie., the potential across the diffuse layer of ions surrounding
~ acharged colloidal particle. Zeta potential can be calculated from electrophoretic mobilities, i..,
the rates at which colloidal particles travel between charged electrodes placed in comtact with the
substance to be measured, using techmiques well known in the art.
The term "macromalecule” as used herein refess o, without Fmitation, a pharmaceutical, a
polynucleotide, a polypeptide, 2 hormone, an enzyme, a transcription or transiation mediator, an

Intermediate m a metabolie pathway, an Irmimomo dulator, an antigen, an adjuvant, or
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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
phar maceutical, including but not limted to immunol ogi cal adjuvants, which
i ncrease or diversify the inmune response to an antigen A "pokynucl eoti de"
is a nucleic acid polyner, which typically encodes a biologically active
(e.g., immunogenic or therapeutic) protein or polypeptide. Depending on the
nature of the polypeptide encoded by the pol ynucl eoti de, apol 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,
cDhTA fromviral, procaryotic or eucaryotic nRNA, genom ¢ RNA and DNA
sequences fromviral (e. g. RNA and DNA viruses and retroviruses) or
procaryoti ¢ DNA I QM@] rm al so
captures sgﬂuencggﬂ%%ﬁpﬁﬁkg gééﬂ%ﬁﬁ%ﬁgwe no @%Hbggﬁﬁgﬁgagaﬁgﬁf DNA and
RNA. The tiepere fa PHSY: |ncludes nodi fications, such as del etions, additions
and substit uti onstefgenenaddiyal” re(fe(ﬂer’cSEBIVg‘it"a]ly\A&wé ﬁmﬁ@ﬁl&irsﬁ)lasahﬂloﬂcsﬂat ive
sequence, prefgrabl o%ﬂﬁﬁhﬁ? t e %eh£h§ é&d nndg%%hg encodes a
therapeutlc or 5%?|é%ﬂ|c rotern ese Freations maybe del i berate, as
through site, dibpiset eduvmyi @eHE@iﬁmm@Fﬂwﬁv%eUﬁe@ﬁ@ém%ﬁm“%ﬂmh as through
mut ations QharR@edisl, Yﬂ&lh&iﬁ*b@ﬂn@ﬂiﬂﬁ&ltbﬂﬁm@ﬂigicﬂmmts Wi ideRAsHE dvRakypept i de” and
"protein" refer to a Egﬁxne; of am no acid residues and are not limted to
“alni ni mum I"EAGTR° 5OPRE BiBEUct . Thus, peptides, ol i gopepti des, dieters,
mul timers, andA'bﬁelurlroh@“ is & pesieio aed nolteet. Wik bl treodeierbiolietdlpertiveBot h
,BUL|-|?ngtQe#Hﬁ&ﬁbﬁﬁméﬂﬂa%&ﬁ&%ﬁ&h&r&ﬂ%@%ﬁfD?ﬁﬁh@%ﬁﬁ&ﬂ@ﬁﬁﬁﬁg bytthe
efinition icatio i ons,
Saa 1 ona. DAL BET RS B SR B P AVRY S gh s PO PO AT THE) to a
- native sequenebsge thywiyerhiidy engadestin teftign. Funbermgye, ot @iymclkaidettcaiims:dd he ability to

elicit an %&HHQBEQQ&&%&a&ﬁ&ﬁ@&ﬁﬁm@&dﬁﬁ%ﬁo%m%@ﬁﬁﬂﬁ&HBkﬁNﬁﬁ&ﬂﬁkl0” a subj ect
to which the praotein is adm nistered I’'s meant a nol ecul e

whi ch cont &FEYBHE ew%@%w%&“ﬁ%ﬁ%ewmwwrﬁ g ®host ' s i nune-
system t o makevirasecod tetibvaxtseq it rag@yriis DBA.Ishd Spetitiprsnidetic @N}A@ﬂ;ﬁ@cﬂwﬁﬁﬂ t he

antigen is te;%a% QQL sé@en@&ﬁg{&ﬂi@ézﬁy Wtﬁelﬂnotmlﬂ%asp&%%?@%Dﬁ@%gg}quﬁl it n'g a

| moral anti body response. An 15 antigen nmay be tapab
* cel | ul ar - of P RRET BFveRRYEREE o el Gt apf Smsegt@ﬂ%(grnﬁaﬂy

.conservative in natire), to a native sequence, preferably such that the nucleic acid molecule
- encodes a therapeufic or antigenic proteirr These modifications may be deliberate, as through site-

directed mntagenesis, or may be accidental, such as throngh mutations of hosts which produce the

anigens o

(:: g The terms "polypeptide” and "protein” refer to a polymer of andino acid residues and are
not limited to a minitonm length of the product. Thus, pephidss, oligopeptides, dimers, rultimers,
and the like, are included within the definition. Both full-length protems and fragments thereof are
sncompassed by the definition. The terms also mclude modifications, such as deletions, additions
and substitations (generally conservative in nature), to & native sequence, prefersbly such that the
protein mamtains the ability to eficit an immunological respense or have a therapewtic effect on a
subject to which the protein it administered. _

By "antigen" is meant a molecule which contains one or more epitopes cﬁpable of

stimanlating a host's inmmune system fo make a celiilar antigen-specific immune response when the

antigen is presented in accordance with the present invention, or a huumoral antibody response. An
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conbi nation with another nolecule. Normally, an epitope wll include

bet ween about 3-15, preferably about 5-15, and nore preferably about 7-15
am no acids. Epitopes of a given protein can be identified using any
nunber of epitope mapping techni ques, well known in the art. See, e.g.,
Epi t ope Mapping Protocols in Methods in Ml ecular Biology, Vol 66 (denn E.
Morris, Ed., 1996) Humana Press, Totowa, New Jersey. For exanple, linear
epitopes may be determined by e.g., concurrently synthesizing |arge
nunbers of peptides on solid supports, the peptides corresponding to
portions of the protein nolecule, and reacting the peptides with antibodies
while the peptides are still attached to the supports. Such techni ques are
known in the art and described in,e.g., U S. Patent No. 4,708,871, Ceysen
et al. (1984) Proc. Natl. Acad. Sct. USA 81:3998- 4002; Ceysen et al..
(1986) Ivlolec. Inamunol. 23:709-715, all incorporated herein by reference
in their entireties. Simlarly, conformational epitopes are readily

identified Dy éﬁ%ﬁe%ﬂ%l@&e%ﬁédc@ﬁma:&Q%Qﬁf%ohs@'ﬂyﬂ@]f@%éﬁ%m@eﬁéﬂs such” as by,
e.g., X-ray crystal | ography 2- di mensi onal . nuc| ear netic resonance.

See, e.g., EFEHRY Wﬁ‘&ﬁ?%??lﬁffﬂﬁclb‘?‘?aﬂysaﬂﬁqﬁﬁpe W?H@‘“@%‘Feﬁ‘(e“”aaﬁ?‘it j&h" as used
herein denoﬁ:esraﬂm;mbm S—mﬁuﬁﬂlﬂoraajfﬁfdr@ﬁla&pt’] B, aming Adids. gEﬁtSpeWSﬂa@ﬁen@E&m separate and

discrete from éﬁxd Fn@ o s me %Hhxggﬂ]&qecm@esa@@ ldba . ASgQci ated in

nature, as wel at t enuat I nactivate cteria, viruses,
par asites ofEJtHEF Mﬁﬂl‘,‘?ge?bcé%“’ls infrtetbpdsén Myecdlg SFploga & o pit (Clepnf- MDVEeEdant i bodi es,
or fragnent wmﬂmaaaessanﬁov&ymﬁvdm%dycme}ﬂhpldamm HRbapasy: ddbiéBdgan nmnc an

gen or ti : ure Lot he definition of
réJl gen as % e gﬁyes?ﬁe?%ﬁg %’ %f% |O§g%ﬁép on? t%éjg% gol ynucl eotide -
whi ch expr egogreﬁgondmsh@ﬁ%@éﬂ&ﬁ@rﬁwmqlwwg@%%mwfWthaefpbo gitioggeni ¢ :
determ nantthbiibpﬁldas\/a@ashﬂiﬁﬁ&ec&st}ie@upgﬁﬂesﬂcﬁ’lﬁd?hﬁ@dés BEEhoTIANG kR b:€ 2@ @dsEhibed NMMTUNI zat i ON.

appl [ cati ong,. + % 2haguunehiden dlLhe RN on.of sanidgener ein Further,

for pur poses d’f t resent i nv ens’'‘can iVed from any of
several kn#@hk Gﬁftsm}sé§193®é€q19érfvzavn0ba§’@§ﬁ59§lﬂanldorflt@rﬂglembnsfemedeIm as any of

the vari ousthadm&e@w&n&mfm&u&nmﬁfop@@%feﬂlpﬁdeﬁ%ﬂganpéﬁém% $hg present
i nvention, "anti i.ncl udes . nodi fications,

such as del @H“ﬁ%%en Ogen °afl%ﬁ§°51§sn Es%%?ﬂ"fyfflf‘f %rﬁ@ EHEFHIP n“(?%‘ﬁser vative in

nature), tomaghdtierepatnrey Ses egUiariae Magergfongolasutdie protein. maintains the
ability to eli Ciﬁeteﬁﬂ"a!n Qplks%ieﬁﬁldeno{e%ﬁl(QMt amﬂaﬁsﬁ Egﬁgéni %&&TH}BOHS may be

del i berate, as taﬂc{ﬁmg%h site-directed W enesi s, acci dent al ,
such as t hrSERGF © 58 2 SPOHBETS™ Wi 6’&?6%5*%8“%‘?351%@ veHe An

"1 munol ogi salled sepanse inagivatéd bagin einsSSPoKSedr other namoba tAnghefieseiich cONMPosi t i on
is the

as anti-idiotype anfibodies, or fragmenis thereof, and synthetic peptids mimotopes, which can .

mimic an antigen or antigenic determinani, are also capiured under the definition of antigen as used -
. herein. Similarly, an oliponuciectide or polynuclectide which expresses a therapeutic or

C ' immun;)genic protein, or antigenic defernmnant iz vivo, such as in gene therapy and nucleic acid

mmunization applications, is also included m the definition of antigen herein,

Further, for purposes of the present invention, antigens can be derived from any of several
known viruses, ba‘cteria, parasites.and fungi; as well as any of the various tumor antigens.
Furthenmore, for purposes of the present invention, an “antigen" refers to a protein which includes
modifications, sach as deletions, additions and substititions (generally conservative in nature), to
the native sequence, so long as the protein maintains the ability to elicit an immumological
response. These modifications may be deliberate, as through site-diwected muitagenesis, or may be

accldental, such as through mutations of hosts which produce the autigens.
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devel opnment in a subject of a hunoral and/or a cellular imune response to
nol ecul es present in the conposition of interest. For purposes of the
present invention, a "hunoral inmune response” refers to an inmune
response nedi ated by anti body nol ecul es, while a" cellul ari mune response”
is one nediated by T-1ynphocytes and/or other white blood cells. One

i nportant aspect of cellular inmmunity 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
maj or histoconpatibility conplex (MHC) and expressed on the surfaces of
cells. CTLs help induce and pronote the intracellular destruction of
intracellular mcrobes, or the lysis of cells infected with such m crobes.
Anot her aspect of cellular immnity involves an antigen-specific response
by helper T-cells. Helper T-cells act to help stinulate the function, and
focus the activity of; nonspecific effector cells against cells displaying

pept | de ant [ gong, L1, 355061 AbLD MikdinME Pl ERULES, PLORLL; nUI f aCe.

A'cel I ul ar i mune respo so refers’to t on of cytol dnes,
chenoki nes éemﬂopmstttwub@a@ﬁa%ﬁo@l@mf% Cﬁﬁﬂamﬂwwﬂsa@ﬁﬂ?%@e%w @el I's and/ or
ot her whi tethbkc@@@me:e&ﬂnse;esﬂ meﬂ Mbs%fﬂxlé’lﬁ&s&fr m@h&ﬁdn,Vﬁduzﬁofmwetpoaﬁd CD8+

Lol s A SRS IR0 SN A0 B LIRS £ SOMRAS L LL Ol R,V a0CT Dt hat

elicits a ce rVe 0 sensitl ze vert ebrat e
subj ect by Fh@%ﬁ@@éﬁﬁéﬁpm@mmﬂé?ﬁpﬁgéﬁﬂthod eeliss G wpiriow 2wkt oF o9 nol ecul es

at the cel |1I:§idﬁrfy&€?ﬁves m@ug@ﬂpbaﬂmo&ewomm@usr(mam&mbﬁwe directed at, or

ne ¥, cells n at th

i gen- specpgffﬁe% CIIPGIT ﬁ?)ens R masgse%‘:fllﬁg‘?natg1 e %lnlc? &bygh P4%he future
pr ot ection @ﬁocawaﬁhﬂawpzl@d%%@d eh'phée@bﬁmﬁycemf G@JS déifrl@he@ullldatre apht i gen or
conposi tion IBIQOt&Q'iiJé zﬁ&hlzéﬁﬁlﬁ d@m&ﬁbﬂcﬂﬁa@emﬁamuemm}sfagmamee@@ﬂ&nse may be

deternlned unb, S suc nT phapr o

(1 ynphocyt %5 é% ma’ ﬁ ﬁﬁ? fa&‘éﬁfmmﬁﬁd?gg aé??s%g 19¥mw%§g§¥§aylng f or
T- | ynphocyt &sells ﬁ@kpprfr -(@HS aft i hetphyardetrtthedapion mmdfogethsictiiy effeogmisifiect , or by
neasurenﬁntaﬁ&mQMEQﬁﬂﬁ@ﬂp&ﬁﬂﬂﬁﬁhﬁﬂmQ%aEuﬁ@%&émﬂﬂmu&@§£&&§%oB%mEeSt'”U|at'0n
with antlgen f ssays are wel | known in %ﬁu See, F%ﬁ Eri ckson at
al., J. 1‘%89?%589515&1 O BRROGFIoR pE @EPFS chgmoliti®@inol . (1994)
24 2369 237@&&ammhdmﬁﬁp@maawWe$W@®HBWkmﬁhmsmmahwWWmumthQMmaﬂmﬁesponse as

-used her ei ngpRY shecONEWDELH. S mul ates the production of CTLs, and/or the
production or activatjon of helper T-cells. The ant|%en of interest may

al so elicit an AFFPEHEY b a5 CEEEIEHATPOREEHH HsERe tigs Eﬁacﬂﬂmlnnunologlca

response neymilné response may serve to sensitize a vertcbraie subject by the presentation of autigen in
' ' association with MEC molecules at the cell surface. The cell-rsdisted immume respoizse is
directed at, or near, cells presepting antigen at their sorface. In addition, antipen-specific T-
C iymphocytes can be generated to allow for the firture protection of an fmmmized host.
el The ability of a particular antigen or composition to stimulate a cell-mediated
immmunological response may be determmined by a number of assays, such as by lyzophoproliferation
(ymphocyte activation) assays, CTL cytotoxic cell assays, by assaying for T-lyrophocytes specific
for the antigen in 2 sensitized subject, or by measurement of cytokine production by T cells in
response to restmulation with antigen. Such assays are well lmown in the att. See, e.g., Erickson
et al., J. Jmmunol, (1993} 151:4189-41599; Doe et al,, Eur. J. Inmuunol. (1994) 24:2369-2376; and
the examples below. '
‘ Thus, an immimologica] response as used herein may be one which sﬁmulatcs the
production of CTLs, and/or the production or activation of helper T-cells. The antigen of mterest

may alse elicht an antibody-mediated fmmmme response. Hence, an immunological response may
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i nclude one or nore of the followi ng effects: the production of antibo dies
by B-cells; and/or the activation of suppressor T-cells and/or yS T-cells
directed specifically to an antigen or antigens present in the conposition
or vaccine of interest. These responses nmay serve to neutralize
infectivity, and/or nedi ate anti body-conpl enent, or antibody dependent cel
cytotoxicity (ADCC) to provide protection to an inmuni zed host. Such
responses can be determ ned using standard i munoassays and neutrali zation
assays, well known in the art. A conposi.tion which contains a sel ected
antigen adsorbed to am croparticle, displays

"enhancedi nm nogeni ci t y"wheni t possessesagr eat er capaci t yt oel i ci tani nmuner esp
onsethan the immune response elicited by an equival ent anmount of the
antigen when delivered without association with the mcroparticle. Thus, a
conposition may display "enhanced i munogenicity" because the antigen is
nore strongly innunogenic by virtue of adsorption to the mcroparticle, or
because al o dose of i.S._nheces e._an | ne response
in the subj ’\é@fdaf’lﬁ"ﬂﬁi’rﬁ e'f? fﬂﬁ?@?@%@% gy ‘ﬁesh}h%éﬂﬁé’%f/ﬁr nogenicity
can be det eatcmanwdfsmypra@mrmﬂsarém gcbﬂaérrecmdapwdip@ytowcmgfamtwgﬂm conposi tion,

and antigen rgsgmﬂrt@cmogu&mmﬁomges@qmafegp&gemggeQQ%e&&aﬁz%rs agai nst the
two using s%andar assays such as_rad ﬁBp{_;g'runoa say and ELIS As, well known

in the art™eE. %“@(P"rf'ﬁ"‘ o8 PR PR RS pdep Wﬁ?“%%@f“f"@’é@?c)effectl ve
anount" of @& pgivigiotedi@tp asintriudrad hogts Syh Byb@edatte detmipedugibettandapl a nont oxi ¢
but sufficiﬁﬂﬁmggjygﬁ Q%ﬂﬁQSn&QﬂpQﬁk&hgﬁﬂE%n provide a desired response,

su as an |nnuno ogl cal respaonse, and corresponding therapeutic effect,
or{hn the case 6?"”@’@1“?09@7‘“9‘1 CG’F“’& 2 $HraPhFELEE pAoTiH S agrToPaiFe. SRt suf i ci ent
to effect treRatdrtinmdionicle@hsithpeads 2 BatetafaityedebelhamwmAsspatsk thalbe poi nt ed
out bel ow, the ex r 0 to subject,
dependi ng o% ?ﬁﬁﬂ%géggggﬁgﬁwa§aﬁk %%gwgfgﬁﬁg&%%u%%%%io%p#ﬁ%&subject t he
severity ofM@ﬁéméﬁﬁﬁﬁ%F%@W%@Fnﬂm%P@H@@%@n%ﬁdﬁﬁﬁ’a%%%ﬁﬁ@ﬁmaﬁmﬁ%cronnlecule
of i nterestpecsiee aﬁ:fgen Tt o SdymarkinOdtnic ByREnt ﬁ'@dsb'lpﬁ@ fo «aﬁ@miaa@mlardrat e
or di nary SKITTRH T EHE ST E AP O0 Fe Gk BETHERTET BBy AP Cobr at o
subj ect " isﬁmghﬂvmaﬁy&wbﬁbﬁmﬂeﬁmmﬁ%m@m%®hybﬁww@®hdémaﬂﬂmaé¢ud|ng, wi t hout
limtati on,m&%ﬁm&/&@é&aﬂ@ﬁu&%a Anagensehwe arfthef Smd tﬁﬁﬁatnﬁg mRRESRSs and humans;
donestic anlnalﬁi_t ga% and b| gz g%}dln donesti c,
wild and ga¥e™bh ?ng?ﬁfh & ﬁ%k “ra m?$§yﬁ% ﬁﬁ SEREHE, turkeys and
ot her gal |l isaceous birds. The ternldoes not denote a particular age. Thus,
both adult and RewherBraht Fhs AF@ahibetaedlife RRuRO¥ELeS.

composition, as provided heremn, yefer to a nontoxic but sufficient amount of the composttien to

provide & desired regponse, such as an immunnological response, and comesponding therapsutic
(: : 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 amownt required will vary

from subject to subject, depending on the species, age, and general condition of the subject, the
sevenrity of the condition being treated, and the particular macromolecule of interest, mode of
administration, and the like. An appropriate "effective” amount in any mdividual case mziy be
determined by one of ordinary skill in the art using rowtine experinentation. _

By "vertebrate subject" is meant any member of the subphyhim cordata, including, without
Ermitation, mammals such as catile, sheep, pigs, goats, horses, and humans; domestic animale such
as dogs and cats; and birds, including domestic, wild and game birds such-as cocks and hens
inchuding chickens, turkeys and other gallinaceous birds. The term does not denote a particdlar
age. Thus, both aduli and newbormn auimals are intended to be covered.
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18 By "pharnmaceutical ly acceptabl e” or "pharnmacol ogically acceptable" is
nmeant amaterial which is not biologically or otherw se undesirable, ie.,
the material may be administered to an individual along with the

m croparticle formulati on without causing any undesirabl e bi ol ogi cal
effects in the individual or interacting in a deleterious manner with any
of the conponents of the <conposition in which it is contained. The term
"excipient" refers to substances that are commonly provided within finished
C dosage forns, and include vehicles, binders, disintegrants, fillers
(diluents), lubricants, glidauts (flow enhancers), conpression aids,
colors, sweeteners, preservatives, suspensing/dispersing agents,
filnformers/coatings, favors 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 t he range of
approximately 7.2 to 7.6 inclusive. As used herein, "treatment” (including

Ao e o O S A B or BB B L &AL ol S840 10 2N OF (1)

t he prevention rel t{1on, as 1n a traditional vacci ne;
(ii) the rvé&h@ppt@wloéﬁaﬂbvqowwéqﬁma? Leythaspadsne maniadaiRieyd e e subst anti al
or conpl et anﬁvidhﬂbl%tvhﬁ&e Qicmiaflfwef@@magﬁmomaudagsa@;rﬂ%mmﬂbgﬁil on Treat nent

maybe eff ecled DLOPILASHERLL Y, (RLLAN LonL U EEl L ARl g aEU  CO1 |y

(follow ng i Hherei elc aci d" refers to
DNA RNA, dwmmthEww@deWm%@mdtherefron1As used hereln, t he phrase.

0||90nF0|90|ld&sﬁ&ﬂﬂ&ﬁﬁhﬁgﬁﬁﬁoh&ﬁﬁkmﬂﬂ&e aﬂpﬁhﬁkdﬁﬁﬁﬂﬁﬁmﬁo a I q
poFynucl eot Lconpr onucl eot i des
céggr|5|ng‘%f5ﬁ %ﬂ%ﬂgﬁ§%§ﬁﬁgﬂﬁ& qﬁm%&g%eﬂgﬁmﬁh %F%F%g%i notifs. These
ol i gonucl edﬁqu@banarsb ma:hpsaasmk ﬂdWWlD&SSWB@?@S rotevgoruetreshy/destting n the art. As
used herelqgﬁﬁhgmggﬁgﬁﬁ é;ﬁ%&ggdﬁ Lekers to a dinucleotide portion of an
ollgonucleotlde A I ugl eotid | | owed by a

guanosi ne nucl%%ﬂ@ogcggﬁﬁ ?h?)é]i"sﬁ)z gffn’%fl J§5’eaﬂ'éapg]sﬂég‘ B ace of

cyt osi ne. A@umssﬁhﬁame&mmd%aépha%mmﬂ&mﬂthwetﬂmmmmag&?zmﬁ6" "RNA vect or ,
replicon,” "5@@ vector construct,"” and "replicon" refer to an RNA nol ecul e

ine,
which is capable of directing its own . qgjlflcatlon or_self-replication in

vivo, within a A&Fgaret errimmh ErHRaVIFIIRREr PeETREA e Fofe*i dpl i con
shoul d contégértotadyef fahd reankstia odintieised rexfeetivat 8 » tralitowd ratnesi@auences requi red

incis for reduction or eliminzation of symploms, and (1} the substantial or cormplete elimination of the
pathogen or disorder in question. Treaiment may be effected prophylactically (prior to infection}
ot therapeutically (following infection).

As used herem, the phrase "mucleic acid" refers to DNA, RNA, or chimeras forrued
therefrom

C . 8 As used herein, the phrase "cligommcleotide comprising at least one CpG motl” refers to &
polymucleotide comprising at least one CpG dinncleotide. Oligonucleotides cotmprising at least one
CpG motif can comprise multiple CpG motifs. These oligonucdleotides are also known as "CpG
oligonucleotides” in the art. As used herein, the phrase "CpG motif” refers to a dmucleotide
portion of an oligomicleotide which comprises a cytosine mucleotide followed by a guanosine
muclectide. S-methylcytosine can also be vsed i place of cytosine.

As used heréin, "alphavirus RINA vector replicon,” "RINA vector replicon,” "RNA vector
construct,” and "replicon” refer to an RINA molecule whick is capable of directing its own
amplification or seH-replication in vivo, within a target cell. An alphavirus-derived RNA vector
replicon shonld contain the following ordered elements: 5' viral sequences required in cis for

rephication (dlso referred to as 5' CSE), sequences which, when expressed, cods for biologically
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replication (also referred to as 5 CSE), sequences which, when expressed,
code for biologically 19 active al phavirusnonstructural proteins (e.g.,
nsPl, nsP2, nsP3, nsP4), 3' viral sequences required in cis for
replication (also referred to as 3' CSE), and a pol yadenylate tract. An

al phavirus-derived RNA vector replicon also may contain a viral subgenom c
"junction region" pronoter, sequences fromone or nore structural protein
genes or portions thereof, extraneous nucleic acid nolecule(s) which are
of a size sufficient to allow production of viable virus, as well as

het er ol ogous sequence(s) to be expressed. As used herein, "Eukaryotic
Layered Vector Initiation System" "ELMIS, "or "ELVMIS 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 system should
contain a 5 pronoter which is capable of initiating in vivo (i.e., wthin
a cell) the synthesis of RNA from cDNA, and a viral vector sequence which
is capable of ﬁ%@{ and al so
expressi ng a'ﬁq#%? %Q%ﬂ%&élguen &?5%@%&?ggz%§gg;§ é%%%%ﬁgﬁﬁ%he nucl ei ¢
aci d vectormg%ﬁﬂﬁﬂ%ﬁmﬁ@hoﬁﬁﬂ F%ﬁéVﬁFh§ﬂdé@?@%ﬂMEEﬁhéﬁﬁ%mﬁﬂﬁdﬁﬁmkonpr|sed of
a b sequermetawaﬂoﬁbp&@ a@a@@tab@mﬁmmmbgdnaﬁm 'M@ctioh FeBiRS GFcdufotet, Qaueﬁcfes an

al phavi rus 5 ormo? t{_‘?Jmergere enasabﬁjﬁmonscé Qof ex sa?emﬁ n]uclelc ac1§ %{' es whi ch,
when expr esse or Ica I've a avirus I’IOI’IS uct ur al

prot ei ns (eMméamOﬁﬁpkmﬁ#@PznﬂW&Pgmmmm§P@W3W@%dﬁaﬁaa%ﬁﬁ%&WFus RNApol yner ase
recognitionw§ﬁgﬂgm&&mh§&§ﬂ referred to as 3' CSE) 1n addition, the vector

. seguence may in¢lu raI e un t on" . not er,
'szguences fron1%ﬂ€g§? m@??f@%rggghl%%%ln Sgenéégg oggﬁ%ns her eof ;

EXtraneous'wa@fG&@ta@wﬁﬂﬂmumgbuk@@@%fWﬂﬁ®hmamew®ﬁn&ﬂﬁm@em%ﬂﬁﬁ|C|ent to

al | ow opt i NBhe(HBMd:Lst CRL bR By otiAARIE FRALHOMS: SEAUSREFontPa PEoRXRr €Ssed, one

or nore restriction sites for insertion ofheterol uences, as wel
as a pondH%h?P 6ﬁ“§EHh§H@@GeTﬁngU%g&yﬁF% “Pgﬁg?gﬁné) 2 ni tiation
- system nay atiyeicsntdevighl kpsle of écognitoronpiseguancasyol cdabddsyt i ¢ ri bozyne

pr ocessi ng mﬁg&{géeﬁﬁceeﬁﬁ@%&e&mm ot ol ARBSELBLLON
ter m nati on seguence. avirus vector COﬂSt ruct" refers 0 an assenbl Yy
which is ca%é@%@“é?elﬂ?dﬁé"&f‘%“ﬁﬁ b Aarised fed SEPave Hrchy cantle et gene of

i nterest. Suedhrpeciles dhemnst KRNACES akred gen s ICSE) 3 vedapedused whith, ahen5' sequence
which i s capahlg ok mgoiogm i ANAE LR Sppcfm@'@e AN s RNA (al s

referred to seguence expressed, code

“for biol og.ﬂé%@ Wi 23 @phayigss Wﬁﬁﬁ%ﬁaﬁ@ecoﬁﬁlﬁ%ﬂw E?F&Wfﬁﬁ%tt’ éﬁ%%gl?@ e®g., nsPl,
nsP2, nsP3,adésdddde veartr seduibanitdy indbdeRMA fibdey i " aeiod RAQY Riokbta

sequences from one or more struchwal protein genes or portions thereof, extranecus nudleic acid
molecule(s) which are of a size sufficient to allow optimal emplification, a heterologous sequence
C - 10 be expressed, one or more resiriction sites for insertion of heterologous sequences, as well asa.
- polyadenylation sequence. The enkaryotic layered vector inifiation system may als¢ contain splice .
Tecogpition sequences, a catalytic ribozyme processing seguence, a nuclear export signal, and a
transcription termination sequence.
" Alphavitus vector construct” refers to an assembly which is capable of ditecting the
expression of a sequence or gepe of interest. Such vecior constructs are generally comprised of a
5' sequence which is cépablﬁ of mitiating franscription of an alphavirus RNA (also referred to as 5'
CSE), as well as sequences which, when expressed, code for biologically active alphavires -
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 inchede 2 viral subgenomic "jinction region” promoter, sequences from one or more structural
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sequence (also referred to as 3T SR), and apol yadenyl ate tract. In
addition, the vector construct nmay include a viral subgenom c "junction
regi on" pronoter, sequences fromone or nore structural 20 protein genes or
portions thereof, extraneous nucleic acid nolecule(s) which are of a size
sufficient to allow production of viable virus, a 5pronoter which is
capable of initiating the synthesis of viral RNAfromcDNA. in vitro or in
vi vo, abeterol ogous sequence to be expressed, and one or nore restriction
sites for insertion of heterol ogous sequences. As used herein, the phrase
"vector construct" generally refers to any assenbly which is capabl e of
directing the expression of a nucleic acid sequence(s) or gene(s) of
interest. The vector construct typically includes transcriptional
pronot er/ enhancer. or | ocus definingel enent(s), or other elenents which
control gene expression by other nmeans such as alternate splicing, nuclear
RNA export, post-translational nodification of nessenger, or

post - tran%?&émogtghe P:%L}mgﬂ‘fl:lei[eb Al 10N fieic Efd%ﬁ!mﬁé(s) mch%qfégm@&mc%ﬁe vect or

construct 't a includes a sequence which, when transcribed, is

oper abl y F?ﬁ%@émﬁﬁ‘FWE“@@&E@ﬁ%ET@?“%WEG%H%W%WO%WmW%W%FﬁgFﬁaﬁd acts as

at r ansl| at ive# RNRBifbinabNAM vits @ffH G eheteldt@ow eglicade (CIRRSIEUE tndvmyoral SO optional |y

i ncl ude awﬁﬁé%ﬁ&m%@%&ﬁuQk&ﬁ&&%ﬂ&9&¥ﬁgﬁg%, tion, a selectable marker, as
wel | as one or nore restriction si a translation termnation

sequence. | n dddicd poee: e phrish &ecis srgrctcespsdly Tl tq v pieablegtitbdt o a retrovirus,

t he vect Ol’calﬁﬁlé]&’fdfrddﬁdg t]:{&‘&)yprdsﬁ'tﬁlhﬂﬂﬁmlac 38 6dgRGdcRor $irg@RK intede@NThe k@M Nal repeats

(g A ra%'ns %;';Eon Brofh: Eter?g}anceror{ygxﬁdgqullengtggs Sl €S appropriate

etrOV|r are no Exanpl es of
vect or c@ﬁ@tqleaaeltwsw‘-wheqnﬁeiéerﬁwresw@W@Bwswwtw@mﬁh@@nw@ cDNA
Cfmﬁl errentRmIexﬁ%ovt&ﬁisgﬁm%&aaaﬁmrxgasse@h}%r\ﬁe@&%cng&aﬁhﬁ@ﬁé&r@n BireEB I \C/;a]s
al p avi rus ecC Ct S constr | Ke. e
specific ty%e g’?addlééat o?vec%rncg%sm%mﬂ%mﬁdeﬁf g™ o Pe(’:lﬁa“f‘%npgr $toa
circul ar doudlyduked torimnetoehcdONA ceelby mierestandpbii ety tanddidningiaés DNA segnents can

be |lgateqem§&?@kv&ﬁx9&@§ﬂhﬂ§ﬂmﬂﬁﬁﬁﬂ&Q&@e?ﬁxﬁM%hB@k&ﬂﬁ@&@NMﬁéﬁd pSI NCP.
According t ention, conpositions and

ot hods. o SSeoBRTT Had T b st FB TG P BORFTHEEE IS and) or
~ t her apeut ilgadditipn, ifthewrerioz eppstaciirgeedam avattovira glaivergtr conftrugtimay didgal , mycopl asnmm,

bacteri al acﬁeamgglggapmgq&mmgkfm%%sl@ﬂ@> aﬁﬁos}ﬁeééndﬁegau@&ﬁsﬂafaﬁm&%@ars The net hods
of the present i nvention are us conf errlﬁ%moro hylactlc and/ or

t her apeut FE° SPTRRTRT ¢ e 1804 ?“efﬁ%ﬁﬂ$%ﬂﬁ§FW9 BT et hods of t he
present i nsenics polud:dn Ve veoorh ehicoaetd edNaronpemem kB3 Noteltler  t han humans,

i ncl udi ng cmj Ié\TA[ chtg}i c%gu:s C&%!nsafw%saﬁnﬂ{vﬁln v&%& I:Jn&%?as CMV vector

“constracts and the like.

| .

CI One specific type of vector constrct is a "plasmid”, which refers to a circnlar donble
' stranded DNA, loop into which additional DNA segmenis can be ligated. Specific plasmids
described below include pCMYV and pSINCP. - |
According to some embodiments of the present invention, compositions and methods are
provided which ireat, including prophylactically and/or therapeutically tmmmumize, 2 host antrnal
against viral, fimgal, mycoplasma, bacterial, or protozoan infections, as well as against tumors.
The methods of the present invention ate nusefil for conferring prophylaciic and/or therapeutic
imrunity to a mammal, preferably a human. The methods of the present invention can alse be

" practiced on marnmals, other than humang, including menumals in biomedical research settings.
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21 B. Ceneral Methods 1. Polyner lylicronarticles wth Adsorbed
Macr onol ecul es Pol ynmer m croparticles, including PLA and PLG
m croparticles, efficiently adsorb biologically active macronol ecul es.
Further, these mcroparticles adsorb a great variety of nolecul es,
i ncl udi ng charged and/or bul ky macronol ecul es. Thus the
macr onol ecul e/ m croparticles used in connection with the present invention
can be used as a delivery systemto deliver the biologically active
conponents in order to treat, prevent and/or diagnose a wi de variety of
di seases. A wide variety of macronol ecul es can be delivered in association
with the mcroparticles including, but not limted to, pharnaceuticals
such as antibiotics and antiviral agents, nonsteroidal antiinflamrmatory
drugs, anal gesics, vasodilators, cardiovascul ar drugs, psychotropics,
neurol eptics, -antidepressants, antiparkinson drugs, beta bl ockers, calcium
channel bl ockers, bradyldnin inhibitors, ACE-inhibitors, vasodilators,
prolactin ipnhi bl tQLs, steroids, hornone antagonists, antihistam nes,
serot oni n antagoni sts, heparin, chenotherapeutic agents, antineopl asticsand
growt h fact or s 1 Polenericropartisles wipAdserbedMagiemaleglloDGE, EGF, KGF, | GF-1 and

| G--2, FGF, pQ‘bi}/ﬂdQaicﬁ;@irﬁcﬂk@,&cMﬁ@gAQﬂﬂQ@Qnﬁr&&&iaﬁﬁdﬁc%eﬁ}yQﬂsoﬁ nmrunogeni ¢

rot ei ns, nogeni ¢ _protei.ns.a epi.to t hereof for use in vaccines,
hor mones | HaPR e S LAt P Her Fna e ol st lord ' " owe b
hor none, GeiRlepules, BRpimeElRreed sugfenbuls magrimplec®nXliasthed - BNP, i nsul i not r opi n,
ANP, FSH, kdhroRRbidhiekc i des @QN2G Rlectth REhGrDOK PRALS L 3EEOYENS, estrogens

and- progesterone), thyraid-stinpulating hormone,, |nhibin, cholecystokinm
A, Do SO ke B BB B R R o Ll riondl ) SV o1 O
gal ani n, g&sitneien wide maily ofieasepi n, gl ucagon, GIP- binding protein fragnents,

guanylin, the |LeeQkicliSacdiRRaebbnbe JR:OR 2GR0 AR HIBRQPHIR:.  System n,
neur onedi ns, neurotensin, pancreastatin, pancreatic | ypeptide, substance

. .C polyp |
P, secreti ReoRenRRE T erpREicricach sxmiliipeend PPdREPIIPEGIr t r ansl ati on
nediators,mhmmgmnndhmmeamgamaa&amahh¢mﬁn@ﬂhmamggp@ﬁﬂh@ﬂﬂﬂﬂﬁkﬁmmrsz such as
any of the, various. %{)%I}S&M@S,%QQ%M&Qg}l&ﬂ&tnﬁals’m!\efﬁgngeq]s: bengpialelt €1 | eukin-2,

interleulcin-3, Interl on-4, an amma-1 nterferon antigens, and

adj uvant s. TP ESeeF-BrEPE EOdlRpI e lgtorgfstetoie EUTOR ARG he macr onol ecul e

i S nucl ei cafiiktayinefBér@onipdnmb@is@ hbpiria cheR@betipend ORaHY ihbleoBeRands an ELVI S

vector, .or vect. ; | g 3 e of the present
POVARLERL 00 EOBEL Uk O DAL LG, oS80

i nvention e ‘ e mcroparticles sorbed ELVI S vector
' polynucleothdes which encode therapeutic or immunogenic proteins, immunogenic proteins and

GAYEIE:

-epitopés thersof for use in vaccines, hormones meloding pepﬁde hormoenes such as msuling
proinsulin, growth hormone, GHRH, LHRH, EGF, somatostatin, SNX-111, BNP, jnsulinotropin,
ANP, FSH, LH, PSH and hCG, gonadal steroid hormones (androgens, estrogens and

C progesierone), thyroid-stimulating hormone, inhibin, cholecystokinin, ACTH, CRF, dynorphins,

' endorphins, endothelin, fibronectin fragments, galanin, gastrin, insulinotropin, glucagon, GTP-
binding protein fragments, guanylin, the Jenkokinine, magainin, mastoparans, dermaseptin,
systemin, neuromedjns, neurotensin, pancreastating pancreatic polypeptide, substance P, secretin,

* thyrnosin, and the like, enzymes, transcription or translation mediators, intermedistes in metabolic
pathways, imnumomo dulators, such as any of the various cytokines including in’cerleukjn-l, .
interleukin-2, interlenkin-3, interleuldn-4, and gamma-mterferon, antigens, and adjuvants,

In some preferred embodiments of the invention, the macromolecule is nucleic acid, more
preferably a vactdr constrict such as an ELVIS vector, or RIMA vector congiract. One particular
advantage of the present nvention is the ability of the microparticles with adsorbed ELVIS vector

10 generate cell-mediated immune responses n a vertebraie subjact. The ability of the antigen/



to generate cell-nediated i mune responses in a vertebrate subject. The

ability of the antigen/ 22. mcroparticles of the present invention to

elicit a cell-nediated i mune response agai nst a selected antigen provides

a powerful tool against infection by a wide variety of pathogens.

Accordingly, the antigen/ mcroparticles of the present invention can be

i ncorporated into vacci ne conpositions. Thus, in addition to a conventi onal

anti body response, the systens herein described can provide for, e. g.,

t he association of the expressed antigens with class | MHC nol ecul es such

that an in vivo cellular imune response to the antigen of interest can be

mount ed which stinulates the C production of CILs to allow for future

recognition of the antigen Furthernore, the nethods may elicit an

anti gen-specific response by hel per T-cells. Accordingly, the nethods of

the present invention will find use with any macronol ecul e for which

cellular and/or Imoral inmmune responses are desired, preferably antigens

deri ved frQﬂmqﬁm&hoﬂméhﬁgﬁﬁﬁaﬁ&ﬁﬁdﬂnymhmﬂu&emﬁﬂmhb@d&ﬁ@mmnﬁﬂﬁﬁh| ‘hel per

epi topes an I S, | g but are not

limted to, agtigtI gogéieseﬁaé%d&? %E%E?Rﬁ%eggogﬁ%agﬁa%%%% es ﬂggdﬂx gn correspond

to either et minopdricss ﬁ%ﬂﬂ%%ﬁ?@@Pﬂ%&hﬂﬁwwweﬁﬁﬁoW¢W@°Wﬁ@ﬂ6ﬁhrt|cles of the

pr esentI : n}/ent |'Ifﬂﬁls,Jﬁﬁxﬁht@ﬁfotdcﬁﬂilaxﬁﬁﬂai}énﬁbsc@fréﬂ;oﬂe%e gyﬂaﬂgﬂéreﬁegce@d agai nst .

intracel lul ar..viruse i.Clt .po opnses. For

exanpl e, t ﬁé““ﬂ?%’é%%t MS?’IO\?% tgaﬁr%/feg?m fa “ﬁgcpa‘?sékﬂgg?oﬁu g ?hntga an i um une -

response agaﬁm@@C%MMF@@MV&HP@@Vﬂ@ﬁmwﬁbfekﬁeC@ﬁen@mbﬁehﬁeWpeﬁwﬁpns famly,
udi N9 RrRERIS cHEth meel, £ R ﬁ%ﬁmﬁ ofShel MBI pwkhe%m(thﬁsé}ho&seﬁﬁs 1 and 2,

h as HSV-1 an 0 nti gens derived from
var| cel l a 7B%R ge@?‘feffg '?\’?é\sﬁ}%h Jfé‘?if‘n ﬁésaﬁ‘gmyr esm%ﬁé\ﬁﬂ%ﬁ %yt omegal ovi r us
(CIvIV) i netverdprrgl ENhisgBthantnagiinolecalmigr windicglelpsnde bimyed irfrrem ot her

hunmanher pesraebaweedee% r}:re@e?ab Ia&f@en@mvéalmﬂm{pﬁeem%gmy%% antigddicd! -
Cyt onegal ovi V. erlag 1990 p 125 169,

ses
for a revi é;rv\?‘aﬁl pere EpferBd[%Feﬁ%%?}ﬂi‘cﬁﬁ‘mBeén?‘g}harm F”E‘W%Hﬁ@r F%WYS%J? McGeoch et
al ., J Gen thdearepdoddd 19 BB)m 6@ adipd ¥irussd rid4sn chioaspoad id eesseitmorabn-t he vari ous _
HSV-1 encodgd.pioLgins; U S. Patent No. 5,171,568 for a discussion of
HSV-1 and HSV-2 gB -and %? proteins and the genes_encodi ng therefor; Baer et

al., Nature (f@?ﬁ?"%ﬁfﬁ @CT*EQTTD“IF’WD’FFF@&T“ Y PP 0 3875t ei n codi ng
sequences idra@iEBicuge RbifE o m{mmmmea@dnsémmxtmmﬂle ﬂ@@nseMzrol (1986)

O7: 1799 180 uchin Aot bl Eockn Ml GRS OMLRG BERALIALS fari 1y of

viruses, inc patitis Vi rus virus (HBV),
hepatitis eewl?eaw inclydfg pigigng dgiyed he{PPSsta ¥ Yy @Hﬁws 1@éBatitis E
Vi rus ( BENEch a1v-1 and HSV-2 glycoproteins gB, gD and gH; antigens derived from varicella zoster

virus (VZV), Epstein-Barr virus (EBV) and cytomegalovirus {(CMV) including CMV gB aud gH;

; and antigens derived from other hwman herpesviruses such as HEV6 and HEVT. (See, e.g. Chee
C gt al., Cytomegaloviryses (J K. McDougall, ed., Springer-Verlag 1990} pp. 125-169, for areview
- - of the protein coding content of cytomegalovirus; McGeoch et al, J. Gen. Virol (1588) 69:1531-

1574, for a discussion of the varous HSV-1 encoded protsins; U.S. Patent No. 5,171,568 for a
discussion of HSV-1 and HSV-2 B 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) £7:1755-1816, for a review of VZV.)

Autigens from the hepatitis family of viruses, including hepatitis A virus (HAV), hepatitis B
virzs (HBV), hepatitis C virus (HCV), the delta hepatitis virus (HID'V), hepatitis E virus (HEV} and
hepatitis G virus (FIGV), can also he conveniently used in the techriques described herein, By way

of example, the viral genomic seguence of HCV is known, as are methods for obiaining the
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hepatitis G virus (HGVY), can also be conveniently used in the techni ques
descri bed herein. By way of exanple, the viral genom c sequence of HCV is
| orown, as are nethods for obtaining the 23 sequence. See, e.g.

I nternational Publication Nos. WD 89/04669; WO 90/11089; and VWO 90/ 14436.
The HCV genone encodes several viral proteins, including El (also known as
E) and E2 (also known as E2tNSI) and anN-term nal nucl eocapsid protein
(termed "core") (see, Houghton at al, Hepatology (1991) 14:381-388, for a
di scussi on of HCV proteins, including EIl and E2). Each of these proteins,
as well as antigenic fragnents thereof, will find use in the present
conposition and nethods. Simlarly, the sequence for the 8-antigen from HDV
is Imown (see, e.g., US. Patent No. 5,378,814) and this antigen can al so
be conveniently used in the present conposition and nethods. Additionally;
antigens derived fromHBV, such as the core antigen, the surface antigen,
SAg, as well as the presurface sequences, pre-Sl and pre-S2 (fornerly -

cal l ed preg) wc@%emg xn%aéagaﬁrmbm&oh@ressmfsgﬁomaetitw@uo@ug;m@s SAg/ pre-Sl,
SAg/ pr e- 82 pre [ / pre-S2, pre-S gre- |'T find use herein.

See, e.g., @lc?{égmme?nf‘i’ﬁﬁsﬁémllv%&oﬁia P’ffl“dt‘%ﬁjl(a&s@ﬁ%oé‘m% &se study" in
Macket t Nmzamdthhh$Emmﬂhmd&}Dmnmﬁwm&mmﬁﬁnﬁmamsammmmw@p@mnat|on pp.

150 70 o ot S8 SR ON, Olooh N SLELIR! Mo BN oo BRGRAl RS, 4. 722, 840,

5,098, 704 ,_ I'ncor por at her ei n reference in their

entireties; m@én‘?aé}éﬁéﬁe“eé’lm“emﬁ W#@%Fgmfﬁ%ﬂs%w%ﬁ@‘é@%TheBieﬁ"EFaum et aL,

J. Virol. (dQR6iontAdB3k8: 3330; and Zhou et at, J. Virol. (1991) -
65:5457-5464. PRS et et Egn%@m%,g%v\fgl& %eevx' | lu@bagufd nd use in the
c(ai ned conp05|t|o $ such as mn |n1ta I on, proteins

from nenbeuéé?fiaﬁlﬂqa%th%sa?ﬁg?nucw%bwwnﬂﬂ%%@énf(ﬂ@rﬁem wnﬁpéﬁfﬁoeeqdma@@% etc.);
‘Caliciviri d@emoﬁmgamgerm gaed ﬁ@nQBV sticd berhd oaxewhﬁguﬁmegiﬁﬁtgu@gm $APSas etc.);

Fl avi viri da vi ri dae; i r| ae; Rhabodovi ri dae
(e.g., rabit %%ﬁ\%erpm ac"““'Sequ?msIfrel ovi drpmdggl%m ‘%\é YOVt dae (e.g., munps

virus, measiipatonsafghe shass prich ﬁtség/yfeﬁwégfpfpéﬁ S\Agfma@/mtsé ayd pr@lfmwyxovu ri dae
g e.g., |i m(‘]I Isye\mz%dfaem&emts;p%s ﬁmvﬂra@d&as Cf;omeﬁeqabammﬁteu Kcyjﬁé/hﬁds%ﬁlﬁy“m y

renaV| ri ada al SO nown as
HTLV- 111, %eﬁeﬁ&%?dq&#laﬁm%&’?’%” Vafcﬁzﬁsl”i’j%lrﬂﬁg‘mﬁzﬁ’f P%d?”%rﬁ’rt “ed to antigens
fromthe i Sohgtoest HRAmuct; sii].S. PlenV/NeW\4,72RIBARL 5,098,704, BIR3A 513, dnedrpordsidV/- | c MR35,

Hl V- 1us4, Eﬁre&ﬁ%wefébﬂﬂ@mﬁHﬂ}éﬁk@%%inﬁegét%nQWrW {195%) £ 3 2AR RYALNGT S .
Addi tional ly, api I'l omavi rus (HPV)

~and ‘the ti @kjlﬂffhéggog%%ﬂ%??? F’i‘d@?}i“??}se@’géémn%*‘éﬂ“ %ol ogy, 3rd Edition
(W Jokl ik ed. All@88)derivedingearmtentiades will also find nse in the claimed compositions and

- mgthods, such a3 without biiation, proieins from mermbers of the families Picomaviridae {e.z.,

polioviruses, etc.); Caliciviridas; T ogavirdae (e.g., nibella virus, dengue virus, etc.); Flavivindas;
Coronaviridae; Reovitidag; Bimeaviridae; Rhabodoviridae (e.g., rabies virus, etc.); Filoviridae;
(: Paramyzovindae (e.g., mumps virus, measles virus, respiratory syncytial virus, etc.);
Orthomyxovirdae (e.g., influenza virvs types A, B and C, etc.); Bumyaviridae, Arenaviridae;
Retroviradae (e.g., HTLV-I; HTLV-H; HIV-1 (also known as HTLV-II, LAV, ARV, hTLE,
ete.)), nchuding but not imited 1o antipens from the isolates HIVm,, FIVsps, I Viav, HIVeas
HIVino); HIV-1opnpss, FIV-lyse, HIV-2; simian immunodeficiency virus (SIV) among others,
Additionally, antigens may also be derived from human papillomavirus (HPV) and the tick-borne
encephalitis virises. See, e.g. Virology, 5rd Edition {(W.E. Joklik ed. 1988); Fundamental
Firclogy, 2nd Edition (B.N. Fields and D.M. Knipe, eds. 191), for a description of these and

other viruses.
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Virology, 2nd Edition (B.N. Fields and D.M Kni pe, eds. 1991), for a
description of these and other viruses. 24 Mre particularly, the gpl20 or
gpl40 envel ope proteins fromany of the above MWW isolates, including
menbers of the various genetic subtypes of H'V, are known and reported
(see, e.g., Myers et al., Los Al anps Dat abase, Los Al anpos Nati onal
Laboratory, Los Al anbs, New Mexico (1992); Myers et al, Human Rettoviruses
andAi ds, 1990, Los Al anps, New Mexico: Los Al anbs National Laboratory; and
Modrow et al, J. Virol. (1987) 61:570-578, for a conparison of the

envel ope sequences of a variety of HV isolates) and antigens derived from
any of these Cisolates will find use in the present nethods; Furthernore,
the invention is equally applicable to other inmnogenic proteins derived
fromany of the various HV isolates, including any of the various

envel ope proteins such as gpl 60 and gp4l, gag antigens such as p24gag and
p55gag, as well as proteins derived fromthe pol and tat regions. Any of

these proteins I\@o%aﬁl%dﬂg%%plwyrg%‘i4§9nvel«§n@pmg§ﬁdnfﬂyg@_l{ea%sel-ﬂlvn the present
i nvention. For exa gures rovi de. DNA sequences

encodi ng nisAEFEs ’éﬁudﬁlﬁtj“e%]?ﬁs ofjbmerquERstE FORIE O 1B, mé%om@?dm@ﬁiﬁ ®8), and
- Figures 3 ang@as@ﬂgumdmmﬁﬁwmﬁsqman@ﬁmBEnmmﬁmm@ﬂmﬂuhk&@mgn%elope anti gens
(SEQ.1D NOg/ei631 8800 88) et all E}L;Wﬁp%% s ;&&%misswﬁd‘ﬂ éﬂo??ﬁ@%% Qfc@ virus for

whi ch the present Tnvention .P ticul ar use eC|f|caIIy, t he
‘envel ope glrEepYatne] Lskoraipny: aRiMIdRwEE ki nfirdh 8454 Sha é7%ﬁ“aEEWFF%M¥ar i nterest
for generaﬂmﬁ@dﬁﬁskﬁﬁhﬁ&hﬁ&&ﬁ@ﬁ&@uﬂMMﬂ&ﬁQﬂ@mﬁﬁaﬁﬂhﬁ%ﬂ%&ﬁ&&eInfluenza A have
been identi, wao %g¥ 1 7. \Webster et
al., "Ant|génﬁ%w&gglatloﬁgﬁgﬁgﬁm& type 1%:%%%%%ééﬁm%§§m ﬁem_ 127-168. in:
P. Pal ese &t IDpgsciy Pfg‘fslmﬁeveq%wyy of tha epysd8Y EPlﬂtesrlﬁ‘fh’rd@éﬁiafti}fi ruses. -

- Spri nger - Vv@fohs&guem{)\iqméﬂ%kﬁas ep1o0 nd gpncgaema@nﬂedmay@dgafg E@Ps Ry s0f these

i sol at es cap I§ g%m ﬁ{n tQ%ﬁ Qgrand %pqps d scrlbed
herein. Tha CORPHLT (RS ARG S pﬂereln W ™Yo find use
Wit h nuner@U@ﬁﬁﬂt®€wpamwpawwmg€h®lF@W@ﬁ@&§ﬁvﬁb%éﬁﬁéﬁﬁV@ﬂmﬂﬂﬁh1organ|sns
t hat cagseséaheamy &@Jcﬁn@mo&;mlgfgraﬁ\agmfs cs@qrwa%g $4, 67,18 @NUSLF RS L HSHI S,
meningitis

and. ot her ath a es, 4& ut Ilnltatlon
Bor det el | aP™B%& T\Liqs%ﬁ%w ﬁ\eré’fo e‘f?& Oﬁegaﬂ?%e?f %ELQ %ﬁ égll(im{1 , Neisseria
gonor r hoeae, Héﬂm@ammﬁwﬂmmwh@mmeﬁandmﬁB@sﬂﬂpmmhusmﬁmﬁmm@hza Henophi | us
~influenza %&mmﬁﬁéﬁvﬂ &Qp@faﬁeeg@cc@%kegsma@momﬁ@m@a&éo@ns t her eof

Exanpl es of antigens fron1 i sseria nmeni es |sclosed in the
Fol T bw g BESORG-Lat B BapITE TOs: PO ER00 CFS A E PET APRSS) 01665, and
PCT been identified (Kawaoka et al,, Virology (1950} 179:759-7 67 Webster et al,, " Anfigenic variation

. among type A mifluenza vituses," p. 127-168. I 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 corapositions and methods described herein,

(«' ' The compositions and methods described herein will also find use with nimerons bacterial
antigens, such as those derived from organisms that cause diphtheria, cholera, tTubercilosis,
tetanus, pertussis, meningitis, and other pathogenic states, including, without Emitation, Bordetella
pertussis, Neisseria meningitides (A, B, C, Y), Neisseria gonorrhoece, Helicobacter pylori, and

. Haemophilus influenza. Hemophilus influenza type B (HIB), Helicobacter pylori, and
coxﬁbinations thereof Bxamples of antigens from Neisseria meningitides B are disclosed in the
following co-owned patent applications: PCT/US99/09346; PCT IB58/01665; and PCT
IB99/00103. Examples of parasitic antigens include those derived from organisms causing malaria
and Lyme disease.

Additional antigens for use with the inyenﬁon, some of which are also listed elsewhere m
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| BO9/ 00103. Exanples of parasitic antigens include those derived from
organi sns causing nmalaria and Lyne di sease. Additional antigens for use
with the invention, some of which are also listed el sewhere in 25 this

application, include the following (references are. listed inmediately
below): - A protein antigen fromN. neningifdis serogroup B, such as those
in Refs. 1 to 7 below. - an outer-nenbrane vesicle (OW) preparation fronN

meningitidis serogroup B, such as those disclosed in Refs. 8, 9, 10, 11
etc. below. - a saccharide antigen fromN. neningitidis serogroup A C,
WL35 and/or Y, such as the oligosaccharide disclosed in Ref. 12 bel ow from
serogroup C (see also Ref 13). - a saccharide antigen from Streptococcus
pzeunoni ae [e.g. Refs. 14, 15, 161. - an antigen fromN. gonorrhoeae [e.g.,
Refs. 1, 2, 3]. - an antigen from Clzl cvnydi a pneunoni ae [e.g., Refs. 17,
18, 19, 20, 21, 22, 23]. - an antigen from Chlanydia trachomatis [e.g.

24] . - an antigen from hepatitis A virus, such as inactivated virus [e.qg.
Refs. 25, 267 =ploaimineisqhrioloraa{pemas me ised Brgatipie besich as the surface

and/ or cor e /spfbtif@tigen frém NQrepinfediSserogtup B2shth as thosead Re®NT fog@Elow.r omhepatitis C -

Vi rus L8 O oRBllhon a0 M A8 LEOMLBRT e Bl apELL oo o such as

pertussis hol ot oxiI n anent ous nfn (FHA) from B.

pertussis, BPF BrraiFipsdinsteE fOoA8nBiEiaeYHn with pertactin and/ or

aggl uti noge-raaacamadadm@en[@mg« meriRtngis sedBrodp Q)] W13s Bd/eRRIhEri a antl gen, such
as di pht hertl:ta %Ocs)g.(calﬂlldELﬁS cged’mﬁgaigggaw%mosgr%%)eugc(seelfﬂsete%gus)t he ,» 7 mutant

[e.g., Ref. anus an t oxoi d [e g,

cha_pter 4 ofaSﬂ@féﬂdﬁmﬂpﬁﬂfwmaﬁfquwewmﬂeammﬂg@m Rafod. EeR¢lcobact erpyl ori such as
gA [e.g. l‘a’ﬁsnmé%mwv@%h[;@ggmﬁai 1 23331 F NAP [e g. Ref. 34], HopX [e.g.

Ref. 35], ﬁ‘? g:F Be and/ or ? ?ccharl de antigen

f r onv3aenop ?ﬁﬁ‘s‘“’nﬁ [ ﬂ@’ﬁﬁ@” G e IﬁéfF 3F 19 20 Qér?za?r? i gen |

f r onPor phyr-ameriges fron ArpelairsciprariglesRB.. 36]. - polio antigen(s) [e.g. Refs.

37, 38] SUQQn%%gelBMnQJpan%DXW sﬁrﬁ@:ﬁa%ﬂv@t@éxh&e[%sﬂeﬂ%gﬂ Ref - 39] such as

I yoph| i zed 1 nactivated virus Rabavértu_ ). - measles, nunps

and/ or r ubelPF FEEA TP RREIE B vigs. SLC@H%B?SEYF@ a@‘i/T(?‘)réﬁ’Blg?i[e@ﬁ Rﬁéf‘% 74

- an antigen from hepatitis C virus [e.g. Ref 28).

- an antigen from Borderella pertussis, such as pertussis holotexm (PT) and filamenions

haeﬁ:aglutinin (FHA) from B. perrussis, cptionally alse in combination with pertactin and/or

agghimogens 2 and 3 [e.g., Refs. 25 & 30].

- a diphtheria antigen, such as diphtheria toxoid [e.g., chapter 3 of Ref. 31] e.g. the

CRM g7 mmatant [e.g., Ref 32]. .

- a tetams antigen, such as a tetanus toxeid [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],
C  NAP [e.g. Ref 34], HopX [e.g. Ref. 35], HopY [e.g. Ref. 35] and/or urease.

- a saccharide antigen from Aaemophilus influenzae B [e.g. Ref 13].

- gn antigen ﬁorn Porphyramonas gingivalis [e.g Ref 36].

- polio antigen(s) [e.g. Refs. 37, 38] such as IPV or OPV.

- rabies antigen(s) [e.g. Ref. 39} such as lyophilized iactivated virus [e.g. Ref. 40, Rabavert™),

- measles, mumps and/or Tubella antigens [e.g., chapters 9, 10 and 11 of Ref 31).

- influenza antigen(s) [e.g. chapter 19 of Ref. 31] , such as the haemagghrimin andff or

neuraminidase surface protens.

- an antigen from Moraxella catarrhalis {e.g., time 411,
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- influenza antigen(s) [e.g. chapter 19 of Ref 31], such as the

hasmaggl utinin and/ or nevram ni dase surface proteins. an antigen
fromvbraxella catarrhalis [e.g., tinme 41]. 26 -an antigen from
Streptococcus agal actiae (G oupB 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]. -
Conposi tions conprising one or nore of these antigens. Were a saccharide
or carbohydrate antigen is used, it is preferably conjugated to a carrier
protein in order to enhance i nnrmogenicity [e.g. Refs, 47 to 56]. Preferred
carrier proteins are bacterial toxins or toxoids, such as diphtheria or
tetanus toxoids. The CRM397 di phtheria toxoid is C particularly preferred.
O her suitable carrier proteins include N neningitides outer nenbrane
protein [e.g. Ref. 57], synthetic peptides [e.g. Refs. 58, 59], heat shock
proteins [e.g. Ref 60], pertussis proteins [e. Refs. 61, 62], protein D
fromH . Th I@@ﬁ@a@ﬁﬁéﬁb?mﬁﬁmﬁﬁgPﬂmf6%WhBﬁﬁ%@WEFEH?Bﬁﬂ@42dﬂfficiIe [e.g. Ref.

64], etc. \Ayaﬂnﬁgeaﬁsmx&égfo@m@pﬁmgm S ARTHhREcERCE e £4as 4f)r om bot h
serogroups A an the ratio (ww of MenA

saccbari de: l%?‘??;gegg% ﬁlfﬂi"lsé’gmsam %t%?ﬁiﬁhan 1 (e.g. 2:1, 3:1, 4:1, 5:1,
10:1 or hi g@moslhﬁm@mgdwrﬁp@nﬁfmﬂfaﬁmnt serogroups of N neningitides

nmay be conj ugaige dsthe é@%h;@ratemngéu%ruﬁaatms:ﬁéf&wcoﬁﬁgg&e@ﬂo RSNy suitable

conjugation reaction can be use abl e |1 nker where necessary.
Toxi ¢ prot é’F%@%‘f’fiE@jé%@%ﬂ@oﬁ?%}g#%e&f%g#e% WeEeragryorEs g

det oxi f i catbeamialofxinperiexggs fish astipithera yyetapirdrmoda | Thafiterdipmbain exdiRef . 30] ..

ere di phtheri.a, antl.geshd &nabmqmﬁgtem&u@@m%gmz} du%Pmé;ﬁbraheS preferred .
also to include " tetanus antlltgEl and pertussis antigens. Simlarly, where a

" tetanus ant’FEEdeE &k SRt e d‘?séegpﬁgsf%%P%dleatéqogﬁrﬁtﬁml[%ﬁﬁcf@ di pht heri a and
pertussi s aatbsgensins SisnRdtasl y2]. wirrTeten ) erbussi[se. ant é3yeninissrBncl uded it C
is preferred. al éﬁczie?eé REd é&&i%tcdwg&ég}ﬁ{tﬁrgcagﬂgsestc%ﬁ E}Lééc d}ﬁ&&ew&dﬁ It is readily

apparent that the sub ect invention can be use Iver w de variety
of nncronﬁ?I%E&FPseAS"mé Jﬁéﬁ%‘éﬁdﬁlﬁt@erféﬁt(wmb?fé@%fmé‘ﬁwW%%’@ﬁ@?&% a large
nunber of @teaaal&ﬁes(eglm samel se,mbodﬂimm Sacchdites FaG Higerak eagloas Bicr oparticl e

COITpOSI ti OI’)IHI%WO tzdzs m% erc%?u ated tf) {‘]ngamte I%Bl%g EIQEE ?&Leug for site-specific
targeted de \;1 I Rtravenous mni stration of the

macr onol ecul e/ @%&P?m%ﬁt@ﬂ @Wﬁq Y 155th SVite B S%Téblfti@@ﬁ wheprmegegEget i ng t he
lung, liver, spbeaReteii@g: may be detoxified where necessary (e.g. detoxification of pertussis

toxin by chemical and/or means {Ref. 30].

‘Where diphtheria artigen is incleded in the composition it i preferred also to mclude
tetanus antigen and pertnssis antigens. Sipxlatly, where a tetanus antigen is included it is preferred
also 1o include diphtheria and pertussis antigens. Similarly, where a pertussis antigen is included it

C- p is prefesred also to nclude diphiheria and tetanus antigens.

N It is readily apparent that the subject nvention can be used to deliver a wide variety of
macromolecules and hence to reat, prevent and/or diagnose a large number of diseases. n some
embodiraents, the macromolecule/microparticle corapositions of the present invention can be used
for site-specific targeied delivery. For example, mtravenous administration of the
macromoleculs/microparticle compositions can be nsed for targeting the lng, Hver, spleen, blood
circulation, or bpne TATTOW.

The adscrption of macromelecnles to the surface of the adsorbent microparticles (or to
submmcron exmisions of the present invention) oceurs via any bonding-interaction mecha.nisrh,.

mchiding, but not timited to, ionic bonding, hydrogen bonding, covelent bonding, Van der Waals
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circulation, or bone marrow. The adsorption of macronol ecules to the
surface of the adsorbent mcroparticles (or to submcron enulsions of the
present invention) occurs via any bondi ng-interaction nmechanism i ncluding
but not limted to, ionic bonding hydrogen bondi ng, coval ent bondi ng Van
der Wank 27 bondi ng, physical entrapnent, and bondi ng through

hydr ophi | i ¢/ hydr ophobi ¢ i nteractions. Those of ordinary skill in the art
may readily select detergents appropriate for the type of macronolecule to
be adsorbed. For exanple, mcroparticles manufactured in the presence of
charged detergents, such as anionic or cationic detergents, may yield

m croparticles with a surface having a net negative or a net positive
charge, which can adsorb a wi de variety of nolecul es. For exanple,

m croparticles manufactured with anionic detergents, such as sodi um
dodecyl sulfate (SDS), ie. SDS-PLG C microparticles, adsorb positively
charged antigens, such as proteins. Simlarly, mcroparticles manufactured
Wi th cati oniopdintephpyoglenrasment grsponigs Freorehdwdrgdhtiehydaspholit aisrsoinisu ihdse oni de
(CTAB), i. &mﬂé\ﬁnﬂ@e 1 164 QRAK L] RSgertdSRGRNB0BE Aok Yotk Ged
nacronnleculg h as DNA Where the macronol ecul es to be adsorbed have
regi ons of %T% and negative charge, cationic, anionic, nonionic or
zwitterioinic dbw wﬂgﬂmwmm@ara{amr@bﬂbaw@en@bf@h@ﬁ éettadotte spbbsymer s f or

manuf act ur i g IhCEORR hddfehi€ $iaf Pl HES aiMciEJ\;u&l BERLG5600 ndt NBRL 5N are
readily conmercially available from Boekni ngér | ngel hei m Ger many

and Bi r m nglfappitiegidaqesthich cangdsorb 2 gadp Wﬁ{j ﬁf&?ﬂacﬁ FoE gmpls, Eﬁﬁ?%’meﬁ sef ul
polyners fommﬁﬁwmmmﬁ@hmﬁemmmagﬁmammmsﬁamnmheﬁeﬂﬁmmnmbud@DB@D@polyners,

po' ymers DALY MR p f‘eﬂ%ﬁ@ Ed¥ S sl Qﬁs fﬂ;ib
yhydrox r| c acl d Known as po oxyl ufyrafj% oI yhydroxy
vaI eric acnlaﬂﬂ atess qu%ﬁﬁmdé?gﬁ’éﬂ}“%?%m% ﬁf-‘é‘}’omuﬁ 1oy éi?'s)c add (PGA)

(al so knowneaSUﬂHﬁﬁgﬁMﬁ@hﬁﬁ&%ﬁmﬂﬁ&#ﬁ@ﬂimﬁﬁmﬁﬁﬂm@&k&bmﬁ&hﬂﬁkKﬂﬁﬂﬂ as
pol yl acti de | vidi oxano L yorth ster and
pol yanhydr |% il XIBCU%SW %a;&rg%ég%%%%%&f ghfﬁ?&% acl 5%)0"% d

pol y(L- IactliOGIiet)wOlB@ﬁ?{@@cﬂﬂtﬂf$eaféfﬂPYd@)ipp(Wﬂrl known as "PLA" here| n)

pol y(hydoxybut y&@&gﬁm@@@%ﬁpﬁ&uﬁétﬁugﬁc@wcﬁﬂoﬁﬁamhgﬁemw #@mticsUCh as
pol y(D, L-I act:i %ﬁ CO- g%%desb%{}%lt egn%l; ) PLG or, "PLGA" herein) or a
copol yner of BT dprér actBRE e CETTETYP “rred pol ymers
for use herBivmeais. PWM@L@IMW@POM@I@WH@m@dWal | able ma
variety of ymhegulcdbm %b}gm &po@ﬁgs akmsymafm%@mﬁ@tﬁ%mmlf@%m wei ght for a

given use is 1y£y%r%%lbut}/ TTIC ac1£ gﬁ:y‘llmgv?mg as pgllyhyé}exybutyrat § polyhydroxy vgenc aciq (alsc;r hus,
known as polyhydroxyvalerate); poiyglycohc acid (PGA) (also Imown as polyglycolide): polylactic
acid (PLA) (also known as polylactide); polydioxanone; polycaprotactone; polyorthoester; and
polyanhydride. More preferred are poly(a-hiydroxy acids), such as poly(L-lactide), poly(D,L-
Q lactide) (both known as "PLA" heremn), poly(hydoxybutyrate), copolyvmers of D,1L-lactide and
glycelide, such as poly(D,L-lactide-co-glycokide) (designated as "PLG" or "PLGA”" herein} or a
copolymer of D,L-lactide and caprolactone. Particulatdy preferred polymers for use herein ave -
PLA and PLG polymers. These pelymers are available in a variety of molecular weiglhts, and the
appropriate molecular weight for a given use is readily determined by one of ekill in the art, Thus, -
. e.g., Tor 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 abowut 200,000, preferably
about 15,000 to about 150,000.
If a copolymer such as PLG is used. to form the microparticles, a varisty of lactide: glycolide
~ ratios will find use herein aud the ratio is largely a matter of choice, depending in part on the
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e.g., for PLA, a suitable nolecular weight will be on the order of about
2000 to 5000. For PLO, suitable nolecular weights will generally range
from about 10, 000 to about 200, 000, preferably about 15,000 to about
150, 000. If a copolyner such as PLGis used to formthe mcroparticles, a
variety of lactide:glycolide ratios will find use herein and the ratio is
| argely a matter of choice, depending in part on the 28 coadm ni stered
macronol ecul e and the rate of degradation desired. For exanple, a 50:50 PLG
pol ymer, containing 50% D, L-1actide and 50%.gl ycolide, will provide a fast
resorbing copolyner while 75:25 PLG degrades nore slowy, and 85:15 and
90: 10, even nore slowy, due to the increased |actide conponent. It is
readily apparent that a suitable ratio of lactide:glycolide is easily
determ ned by one of skill in the art based, for exanple, on the nature of
the antigen and disorder in question. Mreover, in enbodinents of the
present invention wherein antigen or adjuvants are entrapped within

m cr opar t i chasirismrdkparoaslewle am ternopddesiaddtesdegied. FovamplangStsa€t¢ de: gl ycol i de

ratios w lbyhd ndiing shrhal l&uhélnﬁoﬁjﬁiycclh&b @ﬂmoayeeafm@soﬁﬁs Lc{pagne& el ease
ki netics for a gl ven macronol ecul e and pr o h a primary and

secondary i"Hfife” Peéfranie=cpagtagdts: b’-‘rf‘“?l%&lg eb‘l‘“ﬁ"FFé‘hW}}h @?Efﬁﬁrtl cles of the
present i nuersisedimvtidanmmhad ieregiiydppaodnl tadla datsuaib of l@tte@lyslidess qpay ymer
mol ecul ar d\é‘!@:‘ g}by%b%ﬁc‘ﬂlln}’ﬂ?{rtb%a?{?&Q:Jaﬂnﬁl@bﬁt)ﬂe abokGr SOROL e}fgﬁﬁéoré@rlnh varying

| actide: glyco ratios and ecul ar "wel ght s are rea avai |l abl e -
comer ci al IQVQS‘MBOWP%OV%%@?“’B’F”%@FH%MFlﬁet’i“il‘l?d‘ihﬁ@ﬂ PR AP @B@HF #hger | ngel hei m

nmany andntBpgeti-ighacdaakyd Bismes if itiopariies MMgRa MM glycdibeses pol ymers can
S0 D€ SYiftesls B0l oL IPLPRL XERRARNS AL AR Ly bIS L BELLCRCT d component

u5| ng techniques we e art, such as descri I n Tabata et
al., J. Bi mwdambcélrapmand(swaigym@r%oﬁses@samdmérﬁ@Oé@éd preferred

pol y( D, L-1I aﬁ&dpe&eczﬁeﬁgé 1:)}’5@@’: zhdet}ona@IalwmE@uﬂh@bytsﬁtﬁwoﬂa&\@om@mecm

| actide/ glyc rml ar onB0:. 70. 1 re pref er abl y
40:60 to 6%"%6 o Ry 2168 %Xmﬁ’cka@&aé’{m&#{“%e P‘"‘J‘&m 28810, 000 t 0

100, 000 Daln:tom@r W@Hbﬁ@rﬂmﬂ@]ﬁ? evaé@leyonﬁue@ﬁﬂyg@m@wnbemwv@ﬁ 111‘3@011%@5@100 Dal tons. The

pol ymer m @B%%tmo@m&é, mm@%@dmmyﬂgs Myaﬁmgﬁﬁx@tamﬁet hods wel | | mown
in the art For e e enul si.on' soi vent

nt
evapor at | oRIPETH A B e T P e 1 s A CEREp RV RNt o
3, 523, 907 idia@g avibloetm imfhe arChiaims dRh@edm T8k 1 2L, ( F988) MaB6R400%B81103, can be
used her ei pyt0.spke the mcroparticles. These techni ques involve the

Where used, preferred poly(D,L-lactide-co-glycolide) polymers are those having a
lactide/glycolide molar ratio ranghng from 30;70 to 70:30, more preferably 40:60 to 60:40, and
having a molecntar weight ranging from 10,000 to }00,000 Daltons, more preferably from 30,000
- Daltons to 70,000 Daltons.
C : : The polymer microparticles are prepared using any of sevezal methods well known in the |
art. For exzmple, i some embodiments, double emnlsion/solvent evaporation techniques, such as
- those described in U.S. Patent No. 3,523,907 and Ogewa et al., Chem. Pharm. Bull {1988)
36:1055-1103, can be used herein to make the microparticles. These techniques involve the
formation of a primary emnlsion c'onsis"ting of droplets of polymer solution, which ie subsequemly
mized with a continnous aqueons phase contaiping a particle stabilizer/ surfactant.
Alternatively, a water-in-oil-in-water (w/o/w) solvent evaporation gystem can be used to
form the wicroparticles, 2s described by O'Hagan et al,, Paceine (1993) 11:965-969,
PCT/US99/17308 (WO 00/06123) to O'Hagen et al. and Jeffery et al, Phatm Res, (1993)
10:362. In this technique, the perticdlar polymer is typically combined with an organic solvent, -
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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 mcropartides,
as described by O Hagan et al., Vaccine (1993) 11:965-969, PCT/U599/17308
(WD 00/06123) to O Hagan et al and Jeffery et al., Pharm Res. (1993)

10: 362. In this technique, the particular polyner is typically conbined
wi th an organi c solvent, 29 such as ethyl acetate, dinethylchloride (also
call ed nmet hyl ene chloride and di cbl oronet hane), acetonitrile, acetone,
chloroformand the like. The polyner will 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 form
an o/w emul si on. The aqueous sol ution can be, for exanple, deionized water,
?org?l saudﬁmeﬁmaﬁmbwh&ﬂﬂ%@mﬁﬂﬂaﬁmmm&ka&mmﬁhﬂﬁmﬁmkﬁam%@fergd sal i ne

PBS) or a so m . citratelet ne uet etraac C, aci odi um
citrate/ ETOA  DBurrers o? Tof. @%fg&ﬁg%m W@%emnw ?ﬁﬁ%mﬁa ’éof pol yner:
sol uti on tmﬁﬁéﬁ@%u%a}+%UEGEmah@@3ﬂ$meﬁﬂg%sﬂmmﬁpmﬁﬁﬁﬁabvuvl@@ 1, nore

pref erabl %’som% {:)I%Qﬂcls?lvaﬁnﬂ”heﬁiofﬁnga&ﬁttﬁﬂls&h@nc{é[ﬂ'ﬂﬁg&%@% A SbR G BHY @ Ui pmﬁnt
appropriate far is a a shear devi ce such as,
e.g., an hé?‘?%’%%dﬁ?g’ m°wwsﬁ%nﬂ6?q“?‘1’gﬁp%?% %“r)‘/ﬂ.r% % P]ie’rs}]mf’rﬁzé ¥8Btional |y
preferablymuwhbhnedabmﬁﬁﬁ&ﬂﬂkamg@asmmﬂmﬂm@ﬁﬁeﬂSQMEOﬁéﬂ@nug&smlutlon ‘whi ch

p €ef er abl ycl&%&h@leaaﬁananeﬁaéate%cﬁ (soa&hgﬂggmm bm%lgﬁync peletB5 a@Nt . The vol une
tio of aqueous solution to o/w enul sion %gplca |y ranges from about 2:1

e
Cto 101, rbrPEe TR PEEPY PREEIR pmp s IR R BFséﬁVﬁﬂiaglﬁﬁ?lonlc and
noni oni ¢ detf@rolyehiusltap [Encipichiih & chrdnctd] ngng 2pregCineciepodmitthfer thinwent | on are

listed aboy ? andal 9&%HQ§B§R§smﬁlﬁﬁaéaﬂmﬁgéuareSpeCt'Ve|y Certain

macr onol ecu nmore readily tO0 mcroparticles having a

“conbi nati on ofA§®HﬁPf@%%W§“m%ﬁHW%W°ﬁ%ﬁ%ﬁ%ﬁﬁ@@Gmﬁ%¥a%&%ﬂ%%%“mﬁmconblnatlon
- of PVA and £ﬁmﬁﬁmmwhmﬁﬂyﬂmmpmﬁmmpmﬁmmg$ﬂam@a&mmcthmﬂﬁ@d&ﬁgﬂ&&hdable to add
detergent [.p.Lhe %Q{Rﬁé&s %EHQ%IQ{J wa%&héi&%&anﬁmgéﬁén?ab%’Bﬁ% i G detergent

suchas PVA an enu lzer 1s is typically provided in
about a 21m5@%§HWU11d#ﬂmﬁﬁﬁ%mmmwﬁF@ﬁﬁﬁvmﬂﬁﬁuﬁwﬁﬂ@ﬁmﬁ%w§6@H@Pon Wiere a

cationic q&acﬁﬁbﬂﬁﬁlﬁveﬂﬁﬁ Qél@@&lﬁbot&n&hﬁ@ﬂe shd, TS inypv&&ésbééﬁve@r oizled in about a

0. 05- 5% sal ut i nore. ty i cal about 1% s GEneraIIy, a
wei ght to Wer'g fcmaserf‘aé?ds%n Eo gfo Em’rpalrna}‘fsgavmi‘gac Obm%o ntISPQJh ff°f r om about
0. 00001: 1 andﬁoralb“r@mﬂts{:fmfﬁmlew cbmbmtvnwé%‘éﬂ mﬁﬁ@@%r‘@fﬁ@wm spmﬁ mamcabout 0.0001: 1

to about Q:myle celRFI0RECESHAPIoYne b R-ARR Wirtion, Where 2 nonionic detergent
' such 'as PV A an ermulsion stabilizer 1s used, it is typicaPy provided in about a 2-15% solution, mere

§ typically zbout a 4-10% solution, Where a cationic or anionic deterpent is used, it is typically
C provided i about a 0.05-5% sclution, more typically about a 0.25-1% solution. Generally, a
weight to weight detergent to polymer ratio m the range of from about 0.00001:1 to about 0.5:1
wili be used, tore preferably from about 0.0001:1 to about 0.5:1, more preferably from about
0.001:1 to gbout 0.5:1, and even more preferably from about 0.005:1 1o about 0.5:1.
The mixture is then homogenized to produce a stable w/o/w double emilsion. Organic
solvents are then evaporated. The formulation parameters can be manipuizted to allow the 7
. preparation. of small microparticles on the order of 0.05 pm (50 nm) to larger microparticles 50 jum
or even larger. See, e.g., Jeffery et al, Pharm. Res. (1993) 10:362-368; MeGee et al, J.
Microencap: (1996). For example, reduced agifation resuits in hzger miicroparticles, as does an
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0:001:1 to about 0.5:1, and even nore preferably fromabout 0.005:1 to
about 0.5:1. The mxture is then honobgeni zed to produce a stable w o/ w
doubl e emul sion Organic solvents are then evaporated. The fornul ation
paranmeters can be manipulated to allow the preparation of snal

m croparticles on the order of 0.05 pm (50 m)) to larger mcroparticles 50
pm or even larger. See, e.g., Jeffery et al, Pharm Res. (1993)

10: 362-368; McCee et al, J Mcroencap. (1996). For exanple, reduced
agitation results in larger mcroparticles, as does an 30 increase in

i nternal phase volune. Small particles are produced by | ow aqueous phase
volumes wi th high concentrations of enul sion stabilizers. Additional

i nformation can be found in U S Appllcatlon S erial No. -, Attorney
Docket Nos. PP 16502.002, entitled 'Mcroparticles with Adsorbed

Macr onol ecul es” filed Septenber28 2001. The fornul ati on paranmeters can be
mani pul ated to allow the preparation of small mcroparticles on the order

of 0.05 pMif{chle ARerd=Ophhd bitle. Sl HARMS bk Sb&Sed DRI Bauedus fMERoak ger . See,

e.g., Jeffer al ., Pharm .Res 1993) 10: 362-368; M Cee et al., J.
M cr oencap. T%Tgﬁﬁ ﬁﬁégm°fam%ﬁﬁsamg$§duced agitation results in |arger

mi croparticl es AddiEmdgégmdnn nbrfeass UhArpittmiaid Bhas eAttopsy Upsset Smal |

particles e rPiseBWwee i QW AGHE FHSARNRE Sy QhBBS” MddByihineits,

concentratlgns of enulsion stabilizers. M croparticles can al'so be formed

usi ng spraﬁ drylng and coacervation as described in, e.g., Thomasin et

al ., J. C0ntroHh@@nﬁbweassm#$9@6%nm@whaimmwwsmwﬂamehncmle2 800, 457; . :
sters, | Gicrdp8dE bn @95@&1 ofddo¥ 'pﬂgso%ﬂﬁlto ke Aﬁ!ﬂg@aﬁdesl\d@wﬁ%& lar&hk. rge§ uspensi on

chating technj gues ster coatjn as descri bed

coat |
by FaI T et Cat IS Bop s (RS LE B oUERE T ot LGPl T el case
Technol ogi esmpliedivod sgitatibheityin lagaonidpplitle st lons trke niyaatbeds, ed.), - Vol
2, pp. 1333dmd SRE EH8SSe xBoGH mmﬁ 2d 1R 8 Re: BEASYeentiidis or it Rev.
Ther . Drug Carrier. Eyst. (10,88) S(2): §9- 139; and Tonic gelation as
descri bed 5?““%”@@“ﬂf|n1et al ., SC|ence (1980) 210:908-910. Particle size
can be det er ni Regephyfcles@anglso bdfameTushg Ghy-dgiahl @hdefvghon BSkdtbed Breggxanpl e, a

Spect oot ¢f..LACALPOIA NG BLNSHbHM 0N, 4 ASGn CRASEAM articl e size s

det ermi ned at ure and T nvol ves e 'analyses of the
sanple in &ﬁ?ﬁ%ﬁ’i’ ’ffléﬁ' 7@‘15& WESQN?WWIE»)W‘E‘@P%DBF%%#%@%@@S ¥l ue for the
particle diamelwakalchditd & dedied lyHamb 9 (&R Uil "Wudietredained using scanni ng.

Controlled Release Technologies: Methods, Theory, and Applications (AF. Kydonieus, ed.), Vol
2, pp. 133-154 CRC Press, Boca Raton, Florida and Deasy, P.B., Crit. Rev. Ther. Drug Carrier

Syst. (1988) 5(2):99-139; and jonic pelation as described by, e.g., Lim et &1, Science (1980) -
- 210:508-510.
. Particle size can be detexmined by, e.g., laser light scatiering, using for example, a
C,- " spectrometer incorporating a helivm-neon laser. (enerally, particle size is determined at room
termperature and involves multiple analyses of the sample m gnestion (e.g., 5-10 times) o visld an
average value for the particle diameter. Particle size is also readily deterrmmed vsing scanning
electron microscopy (SEM).
Alternative embodiments of the present mvemticn wiilize nncroparucle. preparations
comprising a submicron emulsion, which preferably includes an jonic surfactant. For mstance,.
MF5¢ or others may be used as the base oil-containing submicren enmlsion, while ionic surfactanis
may inclnde, but are not limited to, Dicleoyl-3- Trimethylanmonium-Propane (DOTAP), Dicleoyl-
s-Glyeero-3-Ethylphosphocholine(DEPC) and dicleoyl-phosphatidic acid {DP.A), each of which

are sojuble in squalene, Prototypic ionic emulsions may be formvlated by dissolving sach of the
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el ectron mcroscopy (SEM. Alternative enbodi nents of the present invention
utilize mcroparticle preparations conprising a subm cron enulsion, which
preferably includes an ionic surfactant. For instance, WM59 or others nmay
be used as the base oil-containing subm cron enulsion, while ionic
surfactants nmay include, but are not limted to,

Di ol eoyl - 3- Tri met hyl anmoni um Pr opane ( DOTAP), Di ol eoyl -

sn- d ycer o- 3- Et hyl phosphochol i ne( DEPC) and di ol eoyl - phosphati di ¢ aci d
(DPA), each of which are soluble in squalene. Prototypic ionic emnulsions
may be fornulated by dissolving each of the 31 detergents in squal enell 0%
Span 85 at concentrations ranging from4-52 ng/m squal ene. The

squal ene/ surfactant m xtures may be enmulsified with 0.5% Tween 80/f 120 at
5m squal ene/ 100 m  H2O. A pre-enul sion maybe formed by honogeni zati on
with a Silverson honogenizer ( 5 mnutes, 5000 RPM and final emulsions
maybe nmade by m crofluidization (-10, 000p5| 5 passes, Mcrofluidizer.

1105). Adcﬁe{afg%é’ﬂlquMélgiWﬁSﬁaﬂ'Bﬁa@%%ﬂh&grﬁéi@%ﬁ@@@m@ﬂqﬁe@@%&an be found
infra. Foll ow ng preparation mcrowg% TW?BF]@%I be stored as is or

freeze- dr i BHEPEP IR G IR besmulpled Rt e
nmacr ondl edlibe s pteeemirien way Ge Hpsud by Ibke gniztibreniiva Siveparhbhakezeprsepar ati on i s
sinply m xed by $8 hoks &%Lﬁ@ﬁdab{%ﬁ%ﬁ?e&aﬁﬂﬁé&%ps{% Wit ng

formul ati on can_again 65 I"’zed prior_to use nea@ﬁzJO
macr onol eé@%@%@l%dé@@ fiprEsSIP CoPeTRE EuPEireRserplsionsica by foupd Fopar t i ¢l es
wi t h adsor bed Wpﬁ%h,&ﬁcr&imblﬂgan&em@@k oiﬂemh@m:ﬁméusa of from about

Q1. mor e POPER PO EE S AU RRRE b LR SRR, O 001 1 T

: m cropart |S@?Pé’§nﬂ@éwﬂbféeid@{°éﬁa]ﬁ?“ﬁ@@ﬂiﬂ§$ﬁﬁ%ﬁ%‘ﬁ@&f@mﬂaﬁ@ﬂ%‘?ﬂﬁhﬂs As not ed
—.above,. rraqmmnwﬁwae&sef G&neﬁﬁ}emh&bnﬁﬁaﬁeﬁEid@ﬂt&ﬂh&zﬁcrbﬁﬁc]@d’t@ﬁaﬂlt i nvention

i ncl ude .ot e r ntjgen nmol ec uclelc aci ds,
pr ef er abl y*V& (?lfuor v%on%?rr%ﬁdg é"%lé“é aB1E Gf x%re sf%‘ﬁoggnuc?el c acid

sequence, 0Geh! a8 2CVadyamiechlop mmgpmmclﬁmf@@lbhé&%i ¥ Ogly mppAeimadt or

const r uct .01 T€osP AhaiiBBAtecl CInRRAF i £le@srtOhs dd ¥R dRELSENLnd AVEN | ON MY have
macr onol ecu| es entrapped or encapsulated within them as well as having
macronol ecUt®E*adsor bed thereon Thus, for exanple, one of skill in the art
may- prepar e i mMsagtebsbdarrserombldes fapust inyerrciioo witnberepa nvdridngsdravi ng :

encapsul at ?&'enﬁ%éfe%@@%ﬁzgﬂrﬁﬂcﬁésvaln@uﬁéﬁggcﬁﬁ pRESHY Qz@cgr LREERQOE
mi croparticl es having . encapsul at ﬁ{‘“é(rafeﬁsr%?een W th RNA vector construct

adsor bed tHEFEET n‘f%eéc 3 AR o R ggs. §L  vectors or RNA vector

constrcts,

The polymer microparticles of the present invertion 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 prepere in accordance with the Invention microparticles having
C, o encapsulated adjuvands with ELVIS vactor adsotbed thereon, or maicroparticles having
encapsulaied antigen with RNA. vector construct adsorbed therson.  The invention contemplates a
vatiety of combinations of macleic acid macromolecules adsorbed on and entrapped within®
micropatticles, along with other nucleic acids as well as other antigenic moleciles. Insome
preferred embodiments, the ricroparticles of the invention have ELVIS vectors or RNA vecter
constructs adsorbed thereon. '
- Additionally, any of the erabodiments of the microparlicles of the mvention may be

delivered in conjunction with electfoporaﬁon

Once the macromolecule-adsorbed microparticles and/or submmicron emulsion

mieroparticles are produced, they ars formulated, along with any desired adjuvamis, nto -
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vari ety of conbinations of nucleic acid macronol ecul es adsorbed on and
entrapped within mcroparticles, along with other nucleic acids as well as
ot her antigenic nolecules. In sone preferred enbodi nents,
the.mcroparticles of the invention have ELVIS vectors or RNA vector
constructs adsorbed thereon. Additionally, any of the enbodi nents of the

m croparticlesof the invention my be delivered in conjunction with

el ectroporation. Once the macronol ecul e-adsorbed nmicroparticles and/or

submi cron emul sion mcroparticles are produced; they are fornul ated, al ong
wi th any desired adjuvants, into 32 pharmaceutical conpositions including
vaccines, to treat, prevent and/or diagnose a wi de variety.of disorders,

as descri bed above. The conpositions will generally include one or nore
pharmaceutical |y acceptabl e excipients. For exanple, vehicles such as
wat er, saline, glycerol, polyethylene-glycol, hyaluronic acid, ethanol,

etc. may be used. Ot her excipients such as wetting or enulsifying agents,
bi ﬁ! olgi cal phbtdhdefticil Btﬁndeﬂﬂﬁstl Jﬁiﬂﬁﬂ§vacoﬁnﬂﬁtoﬁlbﬁ, pkeivéﬁeandfamﬁg&b& a{aﬁ@safaﬁg \2;1 n ﬁ uch

vehi cl es [ er _can he.wvirt sol ution ichis
pharnacold%?&grasg%%%%-PQ jgemml%m&mwﬁgmwFvaﬂM ﬁznfornulatlon with the
desired pH@mﬁW@mmﬂaawﬁW$hﬁ@h@“@ﬁ?@$@@b@ﬁ@&#mﬁ%ﬁg@mfE%@méF@@ of buffer

sol utions jdpedh eclﬁagaya&om@ms@memQu;te&;&aadoﬁlalemﬁmﬁuai wauﬁgf ered saline,
Hanks buffere sal i LS EXCI |ent§m n the art can

or

al so be i nTrEdtEES gm}f%ml?ghcglb Bma“’lsubé%ns?%sgaéﬁﬁ er11;’6ffsud| ﬁmhbl r‘}cfer s, .
- di sintegr ambsﬂosrﬁdWﬁfaﬂglE(Bdqudﬁemy99111‘51011WIS@MDEWY@M@M&IW enhancer s),

Céﬂpresyoﬁo@deﬂﬁafmﬁﬂihﬁbh%athﬁy\&%}e@ k8,2 pRIEES hYs@eﬁdgM@?anoeSEﬁQﬁ&%fng/ di spersi ng
en

ts, fil former The conpositions
of the in Fsﬁﬁmﬁf¥“mﬁ§WﬁPQg%mﬁ gfﬁﬁ%ﬁ?? ?T F@@E%nnunt of one
~or  nore nmegingrmd tedi. e¥hen txcpattemest n Tt cag dsp b@zntrcaima@mtto thefinal dosage

Macr ool ecylef nRi-6 HORA dididsBuWihds (Bfents], BEdMACHiai AREGRIPOS] ti Ons, which

will cause the subject to produce a sufficient response, in order to
prevent, rSRTEE™ ¥ AP HSTEBFS FrEgibec TPy GREESFESdRact anount necessary
wi | | vary,omeepends fgosandiieing itly ect being treated; the age and genera
condi tion of tﬁ@cﬂﬁpﬁgﬁéoﬂh@ %@mtnw]%ﬁﬁseatﬂerggeum%&yea%m{J}@necond' tion

being treated; 1 n the case of an immnol ogi cal response, the capacity of

't he subj ecﬂtmgrem%ﬁiﬂ%ﬂéemgwf%tﬁrf% Bt FP@%’P‘E‘&°%%W‘H’&FH‘F]%‘§“I°REH’§‘EH’£§? ee of

prot ect i orndiAei i Bckoapditibdaevhich ailitched theartibj@rd pro@ite ﬁﬁﬁaﬁtﬁﬁoﬂ@moﬁbﬁ node of
adni ni stragion,, r@ﬁ@%gm%a@%f ! Qo P ARRY BRIk Al Brary B L§CL | vE amount can.

be readily detefmn one’o a'therapeutically
depending on the subj ec’c eing treated; the age and generat condition of the subject to be treated;

the severiy of the condition being treated; i the case of an immmological response, the capacity
| of the subject's immmne system to synthesize :mﬁbodies: the degree of protection desired and the
n . particular autigen selected and its mode of administration, among other faciors. An appropriate-
(:‘, gffective amomnt can be readily determined by one of sldll in the art. Thns, 2 therapeutically
effective amovnt will fall in a relatively broad range that can be determined through routine trials.
For example, for prwposes of the present invention, where the macromolecule is a polymucleotide,
m_eﬁecﬁve dose will typically range from about 1 ng to zbout 10 mg, more preferably from about
10 ng to about-1 mg, and most preferably about 100 ug to about 1 mg of the macromolecule
delivered per dose; where the macromolscule is &n antigen, an effective dose will typically range -
from about 1 pg to about 100 mg, more preferably ﬁqm about 10 pgio about 1 mg, aﬁd most
preferably sbout 50 ug to about T mg of the macromolecule delivered per dose,
Once forrmulated, the compositions of the mvertion can be administered parenterslly, e.g.,

by injection. The compositions can be ijected either subcutaneously, intrapexitonsally,
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effective anmount will f aimin a relatively broad range that can be

determ ned through routine trials. For exanple, for purposes of the present
i nvention, where the macronol ecule is a polynucleotide, an effective dose
will typically range fromabout I ng to about 10 ng, nore preferably from
about 10 ng to about 1 ng, and nost preferably about 100 g to about | ny
of the macronol ecule delivered per dose; where the macronol ecule is an
antigen, an effective dose will typically range fromabout 1 g to about
100 ng, nore preferably fromabout 10 g to about 1 ng, and nost preferably
about 50 g to about 1 ng of the nacronol ecul e delivered per dose. Once
formul ated, the conpositions of the invention can be adm nistered

parenterally, e.g., by injection The conpositions can be injected either
subcut aneously, intraperitoneally, 33 intravenously or intranuscularly.
O her nodes of adm nistration include nasal, nucosal, rectal, vaginal,

oral and pul nonary adm ni stration, suppositories, and transdermal or :
transcut anﬁ@&&omﬁ@@hﬁ&ﬁwﬁms omaq&a&@fiaﬁa@@&mdmzy@a@ wfcotdL g2 dose schedul e

or a multiple dose edul A ol ti dase schedule is one in which a
primary coﬁ?@@ 8?”58 3ﬁmﬁ§VﬁgmﬁfPﬁ%f@%ﬁﬂgggﬁﬁpﬁFgmﬁoses; f ol | owed
by ot her dugbsgtiogi m%ateammgenhﬁemgmdomchﬁme@r yatligple dofrocednlet & mai ntai n
and/or rei ﬂ&@ﬁ%m&%ﬂmﬂ@ﬂ%m&pn&%pocaﬂmaa&@;m %ﬁe%@& 14-4 nmonths for a

second dose, and if _needed, .a su seqyent dose(s) er several nonths. In
certain entyBERHARHESolgFol R Ay ARSI SPE THE Ae Rt RS, GREPR S ™3R5 % | nj ecti ons of
a vector ﬂﬁhﬂbﬁh@&ﬁémﬁwﬁhm€£WWHﬂﬂmmﬁm@haﬂ@nmhﬂgﬁUSRﬂmE&ﬁ!ﬁﬁﬁbld 'sequence

encodi ng ap..apti &Rm&émeé’ LHued,  by.a series of one or nore injections of
' Q;lgen (al'so referred erein as "boosts"). As a specific exanple, the
ve

tor const ru@tceq?ﬁ‘fmb‘@mﬁﬁﬁ?fﬁheé“tv%‘iﬂ‘é’daﬁeﬁ‘ﬁP#ﬂ“‘“e%“i"fﬁnéeéfi%‘?%"“("é) at a time of
cinitial  asbRdnni S borffises ¢ Berotigord nicleliBeiequemelent GG kg tigkn)8s meeks fromthe

i tial ad st kAl 9l AGak ol o LhlIE: ELL0 ,ARGY N0, 43 veeks from

the initi mnistrati o he anti gen ma ered in two
i nj ecti onsml(‘l%hThafe“étf‘tOP%%CfH’éﬂeéﬂmP%ﬂr‘Fdinﬁbfeq%ﬁ?ﬁﬁns tmeqémﬁlom the initial

admi ni st I’aztdhﬁaﬁtrﬁﬁlﬂ(t()&)at@k pamuaﬁg&wpemmglﬁdnaﬁ@mazga&ﬂi@wﬁn,m@weks front he
initial admnistratio e re i.omen. Wl Ieast in part, be .
det er mi ned By TR %negepn ee%% anon’b“éj‘l‘%i%eaélg enfl 6n the judgnent of
the pr act|@m@n@@dmlﬁmﬂmp%@bﬁtﬂmemﬁ@wmﬂwwV&Pl%éeﬂsélemaldem red, the
mcr 0ptart 'é&lnﬁﬁtré%ﬂéﬂ? W?@m@ﬁny&@g@gﬁoﬁ@ﬂﬁwﬁ%ﬁéﬂﬁfﬁm%@ﬁxﬁ&bﬁoﬁ ?dm {H st ;ar e}g
prior to pri i nfection nt e reat nent of .
di sease (othgaﬁ¥ﬁ§ﬁwﬁ%%V% %%h?kﬁgﬂﬂég% %E BS&GTﬂ%Eﬁ%HﬁETﬁgn of synptons

or be dependent on the judgmert of the praciiiioner.

Forthermore, if pfevenﬁon of diszase is desirad, the micropariicles with adsorbed vector

consirocts are generally administered poor to pomsaty infection with the pathogen of interest. If
. treatment of disease (other than prevention) is desired, e.g., the reduction of symptoms or
C_, . rec;uzrences, the micropariicles with adsorbed veetor construets are generally administered

subsequent 10 primary infection.

2. Oil Broplet Emulsions
In other embodiraents of the present mvention, an ofl droplet emulsion (particularly, a

submicron emmision) is prepared comprising a metabolizable oil and an emwilsifying agent.
Molecules such as an oligonucleotide comprising af least one CpG motif may be combined with the
oil droplet enaulsion to form an adjuvant. o

The ol droplet enmilsion praferably comprises a metabolizable oil and an enwisifying agent,

wherein the oil and the emulsifying agent are present in the form of an oil-in-water emulsion having
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recurrences, the mcroparticles with adsorbed vector constructs are
general ly adm ni stered subsequent to primary infection. 2. Ol Droplet

Ermul sions I n other enbodi ments of the present invention, an oil droplet

enul sion (particularly, a submcron enulsion) is prepared conprising a

met abol i zabl e oil and an emul sifying agent. Ml ecules such as an

ol i gonucl eoti de conprising at |east one CoG notif may be conbined wth the
oil droplet ermulsion to forman adjuvant. The oil droplet emul sion
_preferably conprises a.netabolizable oil and an enul sifying agent, wherein
the oil and the enul sifying agent are present in the formof an
oil-in-water enulsion having 34 oil droplets substantially all of which
are less than one mcron in diameter. Subm cron enulsions, wth droplets
inthis preferred size range, show a surprising superiority over other

enul sions containing oil and-emul sifying agents in which the oil droplets
are significantly larger than those provided by the present invention. In
preferred enbuisnEtintsialy ke whith edésOhaniofe jiasd i Hvedy. Bhargedwdsns, a result of a
cationic %&%@%ﬂ&&%&&e&%%ﬁésﬁ?? dx?p%gss!:q{e}ﬂrﬂgwg‘%% legﬁ% % @l ternatively,

contains a Ioni ¢ detergent he enu ng agent. This
al | ows f orcopRErSHsE ﬁru#@wgwﬂfs p itk ol qerignes serratioeeddg hse such as CpG
ol i gonucl eﬂ&yhdé@ﬁytﬁipréé@r@ﬁﬁﬁmﬁqﬂﬁr%m&ﬁbodmﬂhi&E&ﬁﬂsloﬁﬁbysmvelstﬁﬁﬁgéd% of an

ani oni c, dete SO i.on _of u such as proteins.
f mm& ains 4
Al t hough iF u{tg"ﬁ ?Omcdé%er Shen g&?ﬁfm?h e oH aleema VCL."d’%“ conposi tions of

the presenftﬁﬁoﬂr‘:rﬁlvfefﬁ%nr"ﬁ@hddélPIe*O&e%ﬂsmw%hﬁmﬂoyﬂ%ﬁh%@Wﬁqfl ons have not been

mbi ned ifctdage @ﬁg@cﬂa&m&r such aécﬁmagrnﬁ@doyaes §rRextdr Beliabiel Uakere@ponent s,
though d scrhped beI etail for preferred

ene
enbodi ment 6° Sapé GATF OF ﬁﬁﬁﬁhmm% ﬁ'mﬁmF%mgﬁﬁkFﬁmmFggﬁﬁfmged herein, such as
netabolrzable emnuﬁewwﬁeﬂ@ymmgﬁa@bhwmmwmnmmbemwmuhamwn@hagewt nuranyl

gept i dg ?ﬂ\féntioh e@e&emy%ow%zuuﬁmpomﬁhmem bk Qorittbd sh Gk teaﬁnrern?sm}rrelt Ih known to
escri be thes onpounds, to one skille out father
descrrptrdﬂ?“%ﬂeﬂ W%ﬁ%@ﬁ@mﬁﬁmF B$E%%ﬁ%§?%wﬁh§gﬁg' HET XBBI i zabl e,

non-t oxi ¢ diall for mﬁiﬁm@bﬂ@m@eewimmmea& tndthaBowytsedBergambion at ons

_ i ncl uding, .ty Rflol d %j aghef) A KB RRS M%@ﬁm@gﬁhymﬁs op2ftd their
'correspondrng acl ds and al cohol's, the e% her's and esters ereof, and

i xtures tHEFEOPAREeSogE el Wé“‘%ﬁ?fﬁsﬁ‘@@@fﬁﬁ?n@m&‘fiﬂ to onejsifpd githe “iani mal oil or
synt het i cadifyi pribpdesedpi@i | whi ch can be netabollzed by the body of the
host ani mal  t 0o \WRi:Gf &R AT bne o et BH ThRIo2E 6 bl Ch 1's not

“toxic' to the
about 6 1o about 30 carbon atoms mcludmg, but not imited to, atkanes, alkenes, alkynes, and their

corresponding acids and alcohols, the ethers and esters thereof, and mixhwes thereof The ofl can
be any vegetable o, fish oil, animal oi] o synithetically prepared oil which can be metabolized by
o _the body of the host animeal to which the adjuvant will be adminigtered and which is not toxic to the
C . subject. The host animal is typically a mammal, and preferably a human. Mineral oil and similar
toxic petrolenmn distillate oils are expressly exclnded from ks imvention.
The off component of this inventioa can #lso be any long chain alkane, alkene or allyne, or
an acid or alcohol derivative thereof either as the free acid, its salt or an ester such as a mono-, or
. di- or triester, such as the trglycerides and esters of 1,2-propmediol or similar poly-hydroxy
alcchols. Alcokols can be acylated employmg amino~ or poly-functional acid, for example acetic
acid, propanoic acid, citric acid or the like. Ethezs derived from long chain alcohels which are oils
and meet the other criteria sst forth herem can also be used. '
The individual alkane, alkene or é]}c;me .moiety and its acid or aleohol dedvatives will .
generally have about 6 to about 30 carbon atoms, The moiety can have a straight or branched
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subj ect. The host animal is typically a mammal, and preferably a human.
Mneral oil and simlar toxic petroleumdistillate oils are expressly
excluded fromthis invention. The oil conponent of this invention can al so
be any | ong chai n al kane, al kene or al kyne, or an acid or al cohol
derivative thereof either as the free acid, its salt or an ester such as a
nono-, or di- or triester, such as the triglycerides and esters of

1, 2- propanedi ol or simlar poly-bydroay alcohols. Al cohols can be acyl ated
enpl oyi ng am no- or poly-functional acid, for exanple acetic acid,
propanoic acid, citric acid or the like. Ethers derived fromlong chain

al cohols which are oils and neet the other criteria set forth herein can
al so be used. The individual alkane, al kene or alkyne noiety and its acid
or al cohol derivatives will generally have about 6 to about 30 carbon
atons. The noiety can have a straight or branched 35 chain structure. It
can be fully saturated or have one. or nore double or triple bonds. Were

nono  or palamsﬁﬁmrfccamemmmaa&&dve@héosmareemalatampt@@ndst teerk hotot at i on of

about 6 to ab ut 30 a s.to.the dua acid or fatty
al cohol  moPdtr &8 ohgte ‘{1"?‘%? ‘Ir%%g b%enh”’*é%ih"ﬁtfa@ g{" i 36’°F|°£§b|e oi l,

particuIarH&m$rqﬂmmﬁwﬁwﬁﬁna@ﬂOtﬁghﬂ®hﬂmeg@tabﬂeﬂméuﬂQEMNQan be used herein.
It is essent'ahnﬁ]ﬁ@ébolﬁz&ﬁoQ'phﬂ&ﬁrlﬁ@&n@Q%h&%@%eg&%sb@%caﬁ@emlCh itis

adm ni stered, otherw s ent can.cause abscesses, granul onas
or even caP%?%d%?smtﬁlrtga(Wﬁ@ﬁbeﬁ?%“% H% 'g%]tc’étlici %ﬁﬁh “ﬁﬁ‘ﬁ"ﬁ’f FERYPEWE make t he
nmeat of vamemnamgdmbmm@gxahmﬁam@ﬂ@ﬂ@m@ﬂ&ﬁ@&p@&b@emﬁﬂmnhﬂnnn consunpti on
due to thevé#&te@;p%hayanﬁm%tmt Baaaﬁmba@s%daagmﬁtwﬁmfamon the

cé?suner For a detall ed_description of such subrnicron enul sions, see

| A ernat|oH&PmPﬁB@FE&@FHWmWﬁE&mV@#§EP%¢@§7“méﬁHW@6ﬁﬁﬁﬁP?mﬁMned
I nternational Pateésatiledgpkiptinabi sod sBEtEOMOS 33 Interblt@al @hilicai@mponent  of these

adi uvant s SR EIIR0EH) 6 AAIR0SLLLONR L REPEGTRT L an - amount {rom

about 0.5%to about d% no nore than about 15%
especi al |y in & AnBwAte 'mﬁbﬁhﬁm@ﬁﬂ%#ﬁﬁmﬁﬁﬁﬁﬁmﬁﬁﬁ@mﬂwm?%Fqﬁ@§twbreferred to
use from akmt fbm%boinn. 59ad0 @bbs z@%b@h&lmeﬁh@re&e@ﬁ@ﬁmQrmhtabﬁmm t hese subnacron

emul si on Cosgc? \Rgu%gnoatgg t%al%ltltelﬁtﬁ luyIQQUEtflsenEo prefe*:re tlo NE &9 hbonqlzyecf)pr eferably,
unadul t er af ecause ese OSI ifons are inten or

parenteralﬂawﬁ%ﬁﬂstratlon it is preferable to makeup-final buffered
sol utions usedmsaqaemwmemae s@ﬁi&ﬂ@@&hﬂsioﬂ&ﬁnp&ﬁmﬁshﬁﬁef&ﬁ@ bﬁfﬁéﬂﬂ city, i.e.,

osmolality, .is essen%ea pa ne as not mal S|olog fluids in .
order to pPEv&hP REst™ %ﬁ?f?{aﬁ?l t?if"? \?\%’f f ?‘lg?mg? Xl?‘?iﬁrle e&‘%gg’? ption of the
conposi t i operenteral admmlstratmn, it is preferable to mal\e up final buffered solutions used as immunogenic
. compositions 3o that the tom city, ie., osmolality, is essentially the same as normal physiological
fluids in order to prevent post-admivistration swelling or rapid absorption of the composition
) because of differential ion concentrations betwesen the composition and physiclogical fluids, Itis
C * dlgo preferable to buffer the saline in order to maimtain pH compatible with normal physiological
conditions. Also, in certain instances, it can be necassary to maimtam the pH af a particular level in
order to ensure the stability of certain composition components soch as the glycopeptides.
Any physiologically acceptable buffer can be used herein, bttt phosphate buffers are
preferred. Other acceptable buffers such acetate, s, bicarbonate, carbonate, or the like can be
used as substitules for phosphate buffers. The pH of the aqueous component will preferably be
betwesn about 6.0-8.0. '
‘When the submicron emulsion is initially prepaved, however, wnadilierated water is
preferred as the aqueous compoenent of the emulsion. Increasing the salt concentration malkes it

more difficult to achieve the desired small-droplet size. When the final immumogenic compositions
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because of differential ion concentrations between the conposition and
physi ol ogical fluids, his also preferable to buffer the saline in order to
mai ntai n pH conpati ble with nornmal physiol ogical conditions. Also, in
certain instances, it can be necessary to maintain the pH at a particular

|l evel in order to ensure the stability of certain conposition conponents
such as the glycopeptides. Any physiol ogically acceptable buffer can be
used herein, but phosphate buffers are preferred. Qther acceptable buffers
such acetate, his, bicarbonate, carbonate, or the like can be used as
substitutes for phosphate buffers. The pH of the aqueous conponent wl|
preferably be between about 6.0-8.0. Wen the subm cron enulsion is
initially prepared, however, unadulterated water is preferred as the
aqueous conponent of the enul sion- Increasing the salt concentration nakes
it nore difficult to achieve the desired snmall droplet size. \Wen the
final imunogenic conmpositions 36 is prepared fromthe adjuvant, the

anti genic ﬁ@fe@&éd@om@ﬁ@djﬁ@lt a@d@@emorm&nb%fnemmtm AfapRh pfopake osnolality

to provide th %Sh£1 &EE %Q;gmgm%pqghﬁlon The quantity of the aqueous
conponent §npam§ hese" €0 SI't %11 be that anount necessary to

bring the vaIuéhwﬁﬁ$hef%wﬂwﬁywmmmwMF@mhﬂﬂﬁvh%ﬂﬁﬂm%¢gmWﬁbqtantity of aqueous
conponent @mlﬁlﬂneaeﬁmtotb&nglm@u&&&e/@o\mpé, oD@ uffly X @b is, Wighdird Er%q&sdaer conponent s
| i sted above, in e ﬁg’%ﬁ 4 ositions to % e, A substantia
nunber of SRt Ey Rt e TR Ty SGRRE o R FY aed | ¢ he

phar maceut pdetto sog dneesstifseseiunncl ude natural |y derived materials such as
ga mfromreesAsubm%ﬁme&f%@sqf@ﬁg%a%&aﬁgg@%@.gega&lrmme&m&ych as al.ginates

afid cel lul ose, and the IjKke. rtai nmer.s or mers having a
hydr oxi de SPHEHE SHVH?dBﬁ?WF§E§ﬁH?EPFUE%§mﬁ ?ﬂﬁ“@ﬁ?@&ﬁxmﬁackbone have
sur f act ant v@getieprdisgin, sub@baseialypiresuchposgtened cgivbsg\enditd ikal Gahiol , and gl yco
et her - baseg;gpam@ or ﬁﬁgerp&kqx g Mde%?&ﬂer%%ﬂ%@ﬁﬁztue&%ﬂ e Rk N

fatty-acid-derived npounds forma third " substantial group of enuIS|fy|ng
and suspen8iyg neah@‘@ﬁ‘f@“iﬁh?cﬁ‘ﬁw’é@ﬂa&ﬁ&@‘&@?dP‘i15ﬁm¥1ﬁ]i“‘?c’lr ¢ 85 Eﬂ“ﬁr‘baﬁﬁy of the

f or egoi ng &wofﬂﬁbﬁﬁmﬁ:naﬂeon&eﬁmlmﬁ@chhmﬁ@ -@fs-dedvedcomp@mdiGiim k @xd C. Specific
exanpl es o K S rfactants or
et or gont o “HE ROk G B L ) Do BEERLE R S LB B AL BuB 4B LT on ar e
di scl osed ﬁﬂméﬁﬁﬁﬁﬁﬁwmﬁﬁﬁmﬁéﬁﬁﬁﬁ?@ﬁﬁﬁ?ﬁbﬁﬁwﬁﬁﬁFent appllcatlon '

- PCT/ US00/ 0331. sp%uﬁd‘eaﬁﬁpamfsmtaﬁeeengm@g Sedry/(alelh Iwaleeﬁd:asahﬁctanfseﬂr basi c types:

3‘2![ g::"ggn ts 09 1;cergen s) Whmh can Eet u?gdlmoargslzord’ance q:\ Op?e!s 0 mvennon are gpchose% moc]:)mx%p oni ¢

owned Intermational patent application PCT/US006/0331, Surfactants are generally divided into
four basic types: anionic, cationic, zwitteriomc, and nonionic. Examples of aniordic detergents
mchde, but a:relno*t Himited to, alginic acid, caprylic acid, cholic acid, I-decanesulfonic acid,
o deoxycholic acid, 1-dodecanesulfonic acii N-lawoylsarcosine, and tamwochelic acid, and the ke,
(_ Cationic detergents include, but are not limited to, celrimide (hexadecylirimethylammoniven
bromide, or CTAB), benzalkonium chioride, dimethyl dioctodecyl ammonium (DDA) bromide,
DOTAP, dodecylitimethylammoninm bromide, benzyldimethylhexadecyl amnmonium chloride,
cetylpyridinium chloride, methytbenzethonim chloride, and 4-nicoline dodecyl sulfate, and the
- tke. Examples of zwitterionic detergents include, but are not limited to, 3-[(3-cholamidopropyl)-
dimethylammonio]-I-propanesnifonate (commonly abbreviated CHAPS), 3-[(cholamidopropyl)-- -
dime’thylammonie]-z-hydroxyd-pmpmesdfonaie (penerally abbreviated CHAPSO) N-dodecyl-
N, N-dimethyl-3 -amnﬁonio—i~propanesu]fonate, and lyso-e~-phosphatidylcholine, and the like,
Bxamples of nonionic detergents include, but are not limited to, decanoyl-N-methylgincamide, °

diethylene glycol monopenty! ethez, n-dodecyl B-D-glncopyranoside, ethylene oxide condensates of
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i nclude, but are not limted to, alginic acid, caprylic acid, cholic acid,
| -decanesul fonic acid, deoxycholic acid, 1-dodecanesulfonic acid,

N- | auroyl sarcosirie, and taurocholic acid, and the like. Cationic
detergents include, but are not limted to, cetrimde
(hexadecyl tri met hyl ammoni um brom de, or CTAB), benzal koni um chl ori de,

di met hyl di oct odecyl ammoni um (DDA) brom de, DOTAP,

dodecyl tri net hyl amoni um brom de, benzyi di met hyl hexadecyl amoni um
chloride, cetylpyridiniumchloride, nethylbenzethoniumchloride, and
4-pi col i ne dodecyl sulfate, and the I|ike. Exanples of zwitterionic
detergents include, but are not limted to, 3-[(3-chol am dopropyl)-

di met hyl ammoni o] - | - pr opanesul fonate (comonly abbrevi ated CHAPS),

3-[ (cbol am dopropyl ) -- di net hyl anmoni o] - 2- hydr oxy- 1| - pr opanesul f onat e
(general |y abbreviated CHAP SO N-dodecyl -

N, N- di net hyl - 3- ammoni o- | - pr opanesul fonate, and | yso-a-phosphati dyl chol i ne,

and the ||K°§tyalcc5¥1§-{§@| aﬂdeﬁme@mmﬁezﬂettﬁpgﬁmymn@@tlad&fmpmdsare not limted

to, decanoy C et her,

- dodecyl [FEIT Sespp oL darot hle e e e BBk SPGB 37 1 Aty

al cohol s (@m?WMﬁRW%Mun@eﬂm&ﬁewmwﬁd@mﬁanedimﬁwdmﬁ@hpamybxy@@h@dene et hers
of fatty agigds (particularly cu-cac fatty aci ds), pol yoayethyl ene sorbitan
fatty acid ethers old un trad Tmeen and sorbitan
fatty ot ot ol vend G of RSt fige: PG AR e || ke A
partlcuIarMymmsﬁhuMdgmG@phdﬂAEmea&w%ﬁL®1amaﬂmheksembmmﬁ@d@a@a&tnon-ionic
SULT AC AN Sobic el vl SOVARBLGLAL o) o\ ARl: B AN, Al ARLACEL(E),

ugually with a Ie ter or nunber designation which dlstlngU|s es between '

t he var|ou§KﬁbWﬁmﬁmﬁW“mﬁﬁﬂﬁﬁﬂVﬁﬁﬁﬁkmﬁﬂﬁ?FPWBWE&a@UPBW?§W§mC%W¥%Hated gr oup

of surfactammﬁm@mﬂnﬁmﬂeﬁmpmbmﬂwﬂeﬁﬁ&ﬂﬂﬁﬁN@om&nmanmnnn@@ﬁﬁﬁﬁﬁmand '

pol yoxyet h g I der the mark
X508 S BLbA ok LERRL S SRMIRLAL B en BY AL AR i

TWEEN(T) . sur actants can a rel ated
sor bi t an nonoedbesz mﬁ@?%%*%?“@ﬁﬁ?ﬁﬁtéﬁ%§% ”ﬁ?@ﬁﬁﬁéﬂﬁﬁﬂﬁ5|on stability:
The size OfindidiGneQidratidBepll Gofld Hzed@ertRf bRGurbincfRap Ghcngnd figrufeat i 0 Of

detergent 19,8l bond LAPLEBSLOG DG, LaLL 0L PRLERses AOR £l abzs, operating
pressure (increasing o DT ESSUT € uces et §1"26)" tenperature

(i ncr easi ngmm%emmwem@eex@a%@é&@m P@@ts @F’szfé?S dmaln@me)ddpwgdramet

anphi pat t higg. Wmmm ﬂk&r@ﬁ&iﬂtm&ﬁgﬂﬁoﬁﬁlﬁﬂ%fﬂg@%@ﬁﬁm@%ﬁﬁs es dropl et
- size). Actual ul ar detergent oi

and i nmuno&¥TY §f|néc%ééﬁts%k?ééﬁf%%%ﬁﬁm‘ ?ﬁg?ﬁgre %??t%ﬁmﬁ?lOperatlng
condi ti ons sekkdiotcemmerdi St diron Pyl darlyzi @Modeil Do daippctsébydfe si zi ng

I NSt r unent $oureStheiras, LB%e%E%&EE?eEs%:ﬂJe vaakDzsM €L gtaeﬁésrs@f&tneaba%atuyzer ( Model

NAMD) rmanuf act ur e
) %stanlﬁla}]y (aj]l cBglplets are less than 1 micron in diameter, preferably less than 0,8 microns In

_ diameter, and most preferably less than 0.5 microns in diameter. By substantially all is meant at
: (: least abowt 80% (by number), preferably at least about 90%, more preferably at least about 95%,
and most preferably af least about 98%. The particle size distribution is typically Gaussian, so that
the average diameter is smaller than the stated limits.
A preferred ol droplet emplsion is MF59. MF59 can be made according to the procedures
described in, for example, Ott ef al., Paccine Design: The Subunit And-Adfuvant Approach, 1995,
M.F. Powell and M.J. Newsnan, Eds., Flenvum Pregs, New York, p, 277-296; Singh et ¢l., Paccine,
1998, 16, 1822-1827; Ott et al., Vaccine, 1995, 13, 1557-1562; and Valensi et al., J Imimunol.,
1994, 153, 4025-39, the disclosures of which are incorporated herein by reference in their entirety.
Oth_er oil droplet ermalsions mclnde, for example, SAF, containing 10% Squalane, 0.4%
Tween 80, 5% pluronic-biocked polymer 1121, and thr-MDP either microftuidized info & -
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Coul ter Corporation, and the parameters can be varied using the guidelines

set forth above until substantially all droplets are less than 1 mcron in
di aneter, preferably less than 0.8 mcrons in dianeter, and nost
preferably less than 0.5 mcrons in dianmeter. By substantially all is neant

at | east about 80% (by nunber), preferably at |east about 90% nore
preferably at |east about 95% and nost preferably at | east about 98% The
particle size distribution is typically Gaussian, so that the average
dianeter is snmaller than the stated |imts. A preferred oil droplet

emul sion is MF59. MF59 can be made according to the procedures described
in, for exanple, Ot at alL, Vaccine Design: The Subunit Al dAdj uvant Appr oach,
1995, MF. Powell and MJ. Newman, Eds., Plenum Press, New York, p.
277-296; Singh at alL, Vaccine, 1998, 1822-1827; Ot at aL., Vaccine,

1995, 13, 1557-1562; and Valensi at aL., J. Immsunol., 1994, 153, 4029-39,
the di sclosures of which are incorporated herein by reference in their
entirety. ﬁmhemnahﬁmdpo@he¢dmmuhﬁbohsamnmmuﬂewmh@maek&ﬁ@h@mwﬁAF, cont ai ni ng
10% Squal agg M%(Rlﬂﬁ%e&gm,}é@ MDD SR 0K eEn DB LY AG L bd 24 and thr-MDP

ei t her . nlctoFTU|d|zed into ncron enu?5|on or vortexeéd to generate a
| ar ger par £3°¢F Bore pasteriab e} F’"%li CGWPDH%FH@JPFEBET(’?P)CO%fBT“g\?%‘H?mPhg?%"FYé‘W ¢RAS), (Ri bi

| nmrunoc he myviita metatooimshlite (DR, ahdtkIngy 2%t (), @nerato M2Ye Tiwsen 80, and one
or nore ba stng of
nnnophosphgéyﬁbgﬁﬁ&%&m“%@#fm%?gg%gﬁﬂ&én%%ﬂyh& g?%&%#ﬁf§¥%$&lga cell wall
skel et on ( &ABYLY pmed: @Pt%PISF WPEHQFOW”%(@%OBJ@B‘FY@P&%% further discussion of
@t abl e submi Qﬂ@@reﬁnﬁgtﬁé’hﬂfﬁ;ﬁaﬂﬂeﬁﬂﬁ&ﬁieﬂlﬁﬁ, mﬂn&]ier mpla@;hﬁlty@e ar®@e conmonly

ed, pat uﬁt <applicati on Grrlé) O%géglth Fg%’ﬁ’“g ng%ﬁ »29, 1998). Af t er

preparing them cropartrcl esofthel nven rrertypeort he
submi cron eqmeﬁ,i&mqtoraymmuﬁn@acwpél@eeﬂb@@m%whma@mmbeﬁﬁhem@@mand vect or

constructsmmyonaﬁya@@mwﬁaﬂms%@ppa&r@fc@ma@aﬁmﬂaﬁme@m@e submi cron .
enmul sion m cro % g %8'” resentle elﬂ'f &F al sq have

nacr onol ecﬁf‘%" 3?%1 & 5o pI%”i’aﬁ'P c‘?ne“ B ?ﬂa‘ﬁ%%@“%ll as havi ng
nacronnlecmk@@mad@bﬁbgummhemﬁmﬁmmhh@mg@@%ﬂ@%&ﬁbﬁgﬂnﬂh§56$vskﬁII inthe art

MRy prepar gidrdly 1ReG05daRG Ak E!u{%ap'sdih‘!e@@&mk&@vtﬂkﬁk@&% Lh&h&S having
encapsul at ed adj uvant V\nth ELVI S vector or. bed ther eon" or -

mi cropart i &FE¥FEn g e RERE (LT ﬁeséﬁf’t“ia%%fﬁ" PERRNASREEEOT const ruct
adsor bed t hersolcEhelsirped entid erragpetidnpicapet-ls dpay vigtohaohcgonBiamat i ons of

nucl ei ¢ acw@ﬁas&@é;gn(ag@is%umg @é%%@@@ﬁg o?ﬂéﬁ@{%ﬁﬁgav%mﬁé n mc
roparticles, along with other nucleic acid as_ ot her antigenic

nol ecul es. "E’P’Pféf’ Ve CHE TR BLBPATPT I@%‘“‘lﬁ‘fnﬁﬁ%o ﬂ’r‘?\?’@mmﬁw R e ELVI S

microparticles of the invention may be delivered in confinction with electroporation,

3. ELVIS vectors .
C, : ELVIS vectors are Enkaryotic Layered Vector Initiation Systems, whick are generally
descrsbed in U.S. Patents 5,814,482 and 6,015,686, cited above, as well as in International Patent
Applications WO 97/38087 and WO 99/1822¢. In one embodiment, an ELVIS Veétor is derived

from the genome of an alphavirus, more prefersbly from Sindbis viros (SIN), Sermliki Forest virns
{SFV), Venezuelan equine encephalitis virus (VEE); or Ross River virus (RRV). The alphavirus is
an RN A virug of approximately 11-12 kb in length, which contains a 5' cap and a 3' polyadenylate
tail. The maturs infectious virus is composed of the genomic RNA enveloped by the nudeocapsid
and envelope proteins, Alphavinus infection ofhost cells occurs by a recepior speciiic event and

culminates n release of genomsic RNA indo the cytoplasm. During viral replication, the viral-
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vectors or RNA vector constructs adsorbed thereon. Additionally, any of the
enbodi nents of the mcroparticles of he invention may be delivered in
conjunction with electroporation. 3. ELVIS vectors ELVIS vectors are

Eul caryotic Layered Vector Initiation Systens, which are generally
described in 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
enbodi ment, an ELVIS vector is derived fronthe genone of an al phavirus,
nore preferably from Sindbis virus (SIN), Semiki Forest virus (SFV),
Venezuel an equi ne encephalitis virus (VEE); or Ross River virus (RRV). The
al phavirus is an RNA virus of approximately 11-12 kb in |l ength, which
contains a 5 cap and a 3' polyadenylate tail. The mature infectious virus
i s conposed of the genom c RNA envel oped by the nucl eocapsid and envel ope
proteins. Apphavirus infection ofhost cells occurs by a receptor specific
event and culmnates in release of genomc RNA into the cytopl asm Duri.ng

viral repl ieﬁoaaejd@ﬁmoﬁefwco\ﬂofeaé 51%9dm@ﬁﬂmim@w@le%wd»giumgm egeins El and E2
are syntheS|z qﬂdégngldded in the mhﬁcp A n%%%]t hr ough whi ch

pr ogeny V|Ff Noli(sln BregE e ‘?%e 6u giﬁéu 6%t cel I Replication
of the viral géﬁdm&mméymﬂsﬂmmmhbﬁh@W@@hﬂﬁ@@m¢&ﬂ$%@ﬁaﬂﬂmseﬁwing as the

tenpl ate f QL BNRLRRSLS opznoﬁpmm&gégmwwsﬁaﬁg%ﬁé&nmA%m% The negative
RNA strand then serves as e for full-]length enom c RNA and for

an i nt er nalffys ?Srﬁt?‘?l%?’feé‘&ﬂ%?ﬂ?e\? ‘75 4 A Prn BlEAS R R PIE®  onst r uct ur al
- proteins amégiroain8NAt Big nbrsartuiergenoriesigitd amothe saviricatril evhilshe uct ur al

_proteins a%&c&fa@ﬁ&L&%ﬁ%aﬁsﬁ%ﬁ&?&%&ﬂ%&%@&aﬁd St oAbl ud ﬁﬁes\_@ar al genes are

pressed first as polyprotelins, then post-translational processed into
|nd|V|duaIﬁﬁ?%P@ﬂﬁ@ﬂﬁvﬁFBFEWF?FP@%WEFﬁﬁ@EﬁﬁmmﬁﬁﬂH@ﬁﬁ%W?Fﬁ§’Wéctor repllcon

may be bui lckavige. repl acing certain portions of the viral genome (e.g.

structural pr OtAia% agﬁn@%%?or%%h%&nﬁy&%hfr‘%;tr%ﬂacﬂgléeﬁ&%a%ﬂé‘o%m@ ShGneacl d

sequence. Thus cert ment’s avirus rep fcon vect or may
“'conpri se a (@R S eaphbibe stie kferqogpy ﬁ*@‘ewtaﬁ‘ddaﬁﬁwp Pt i ceffaing n
al phavi t Us eniaitid@d, @04 heeuSQHUE RGLr 188 EReiRG 5tshRerdd JapaN bitiEmRonst r uct ur al

Proteins, anabphayLiAl iSO SLALBEOR SLunanahotiay fUs, RA

polynerase Fece gnl act Addi tionally,
“the ai phavam&e@@mwﬂeamowaomfgﬂmﬁe %@#@W@mwemﬁ@dﬁy within an

- al phavi r us x4eet RlyaefRilhd CAdaausly, M@Qﬁb@sﬁmﬁ@ﬂ&trépﬁcﬁvﬁ Sugth¥ BinfaRbd ¢ sCONPri se a 5'

st Toam AL, st MLtk N8P S5, 2 DAL G SN RO T oned

promuoter capable of initiating synthesis of RNA from cDNA positioned upstream and operably
-agsociated with the vector cDINA, such that franseiiption produces the vecior replicon RNA. The
vector construct also may contain and a 3' sequence confrolling iranscription termination. A

heterologouns nucleic acid sequence may be present upstream or downstream of the viral fumction

C, .. region

delivery of a heterologous nucleciide sequence of mterest by using a double-layered approach (fbr

example, based on the above-described alphavirus vector construct). In general, an ELVIS vector

The ELVIS vector capitelizes on the mechanism of RNA virus replication to achieve -

provides a layered expression system capable of amplifying the amonat of RNA encoding the gene
produtt of juterest becanse the first layer mitiates franscription of a second layer. Thus, a typical
- BLVIS vector comprises a 5' promoter capable of initiating synthesis of RNA from cDNA, a '
cDNA compianieﬁt of a construct capable of autoniomaous replication in a cell, and which construct
- is also capable of expressing & heterologous nucleic acid sequence, and 2 3' sequence controlling

{ranscription termination. The construct capable of autonornous replication and expression of the
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associated with the vector cDNA, such that transcription produces the
vector replicon RNA. The vector construct also may contain and a 3
sequence controlling transcription term nation. A heterol ogous nucleic and
sequence may be present upstream or downstream of the viral junction

region The ELVIS vector capitalizes on the nmechani sm of RNA virus
replication to achieve delivery of aheterologous nucl eotide sequence of

i nterest by using a doubl e-layered approach (for exanple, based on the
above-descri bed al phavirus vector construct). In general, -an ELVIS vector
provi des a | ayered expression system capable of anplifying the anmount of
RNA encodi ng the gene product of interest because the first |ayer
initiates transcription of a second |ayer. Thus, a typical ELVIS vector
conprises a 5 pronoter capable of initiating synthesis of RNA from cDNA, a
CcDNA conmpl enent of a construct capable of autononous replication in a cell,
and which construct is also capable of expressing aheterol ogous nucleic
aci d sequegnfeed anede Aid3equEehe ROR ARGl @bibd chgtmdt. rAGSRE firptdy@Bfther m nat i on The
construct SRRARLR oLy WLORMRALERLLC AL OB ARG SCHREES SN Lhe 40
sel ected nucleic aci d sequence nmay be an é1p avirus vector construct. Thus,
the first thageptedieierolngous midaic FIdFpgedeaclred r anscri bes t he RNA al phavirus
vecfor consérugﬁﬂﬁﬁﬁﬂ@pﬂﬁkﬁﬂma&ﬂﬁ@@ﬁkaﬁ?gﬁau@mﬁnﬁﬁhﬁggamwefteroIogous .
nucl ei ¢ aci equence i.s achi eve al phavi.r ys: base vector may be
const ruct ed El’j’%m%%ﬁysf HEEEE igﬁnﬁm%d% AR ﬁnénrﬁé%%fhaﬁeﬁo?l%ﬁ%m%%havi rus d

- genone. Theésletpseqaiceenisdinghinhey mot virdh srogiara greiems RN thes mahe replagtd| et ed of
sgguences RO NGO DBIAGKco IR oMl b huchdf intfeltUibddty RERLBE Pt ¢h then may be
;

|l aced with heterol ogou \ odi t he gene- pr f i nterest,
t her eby pr?ﬁ%ﬁpﬁﬁaﬁﬁﬁ%ggﬁﬁ%8%%$0 em?%“@??ﬂ% ﬁggwgﬁé%ﬁﬁﬁgganplification of
t he het er otwsgousthsktrpdnoe seqThe rfipdinferteidvibiDiiAfrsgortedibaFiRgS vdver het er ol ogous
se?uen_cet i _ﬁ?dﬁf&@ﬂ iﬁf@@&h@f;nwlmmhpm{dg@vetéﬂo{;'ﬁﬁsmln@ﬁg?rbe@&a Jlmlereglay% =RIVECT 0 lr3 » Upgn
entry into the ce]l and nucl eus S vector w ranscri bed an
The T ebul ¢ PR O EOHT BE R POR e A e o Te P BT 1
sel f-repl | pépentires, iwiutihe thegienlogws geepifingatte and transl ate pol ypepti des,
i ncl uding the ﬁ@&%&ﬁﬁ&%&@@&@&ﬁ&ﬁ%@& ket WidrSre® ol RoERh

S ’ :
Si ndbi s-derived al phavirus vector construct Is preferred, other alphavirus

“speci es neiPeHE IS dE vis BerrdRedb T ATRE BOTde by AHPRGRpTE0T ded her ei n.
Al t er nat i véshiyea five ety®IG. virthesay wadizbd pintcelinly A oxiptsitBe-ayebemntst i | | zed,

particularly thdssti0HReRIE NSt LARRRS MLEYARR Y s AR BBALENCL] on of an

ELVI S vector; in general, is described in d ents 5,814, 482

and 6,015,686, Briefly, RNA is obtained from an RINA virns, then ¢DNA. is synthesized by PCR
amplification vsing approprate primers for parficular genes or portions of the RMNA vinus, which
PrmErs may aiso contain additional restriction sites as necessary. The cDNA fragmenis are then
. cloned into a plasmnid and transformed mto an appropriate host such as E. coki, Pogitive colonies -
(, are grown for plasmid purification, and then plasmids are assembled into the desired ELVIS vector
with a portion having heterologous DNA such a5 a reporter gene (e.g., GFP) or & desired gene
coding for an antigen. Example 3 below describes a particular preferred ELVIS vector (pSINCP)

used m zccordance with the instant mvention.

4. RNA and pCMYV vector construeis
In other embodiments of the present invention, an RNA vector comstruct or RNA replicon

vector is used direcﬂy, without the requirernent for introduction of DNA into a2 cell and {iransport
to the muclens where iranseription would occur. By using the RNA vector for divect delivery into

the cytoplasm of the host cell antonomously replication and translation of the heterclogous micleic
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and 6,015,686. Briefly, RNA is obtained froman RNA virus, then cDNA is
synthesi zed by PCR anplification using appropriate priners for particular
genes or portions of the RNA vu- s, which prinmers nmay al so contain
additional restriction sites as necessary. The cDNA fragnments are then
cloned into a plasm d and transforned into an appropriate host such as E
coli. Positive colonies are grown for plasmd purification, and then

pl asm ds are assenbled into the desired ELVIS vector wth a portion having
het er ol ogous DNA such as a reporter gene (e.g., GFP) or a desired gene
coding for an antigen- Exanple 3 bel ow describes a particular preferred
ELVI S vector (pSINCP) wused in accordance with the instant invention. 4.
RNA and aCNl V vector constructs In other enbodi ments of the present

i nvention, an RNA vector construct or RNA replicon vector is used
directly, without the requirenment for introduction of DNA into a cell and
transport to the nucleus where transcription would occur. By using the RNA

vect or foraloidlsgqe@&e od@lrsiemese]ayiyimm emsdlaﬁle&_ Mﬁ&@i@@ﬁbﬁﬁns&wm@hﬂm@mﬁl | "
aut ononous tIO a of the ogou nucl ei ¢

acid sequer‘%t @ yé”f‘? 033%9%1330“%%&)?\%7 egmg‘fg{ﬁo?,sgrﬁ f‘ﬁ%? vector
construct ROVARA& qo@phqt@dWArv@eqmcctCir's d@md@lomektcwmwfwalmhamstmarnscri ption
froma DN%:Q&&%%M%&EQM&QQ@ rs%mq Fe@&%gr(@brb wenetzmn oMM iaMEGIAr construct or

RNAr epl i con vector is deri ved %’r\nﬁﬂgere nome of an ai phavi rus, nore

pr ef er abl ymgﬁﬁ)ﬁrﬁﬁl%v%wy% TS EOG PHECUBFY) | Venezuel an
equi ne enceplafred & grus vthar then o WiEyius. OvefiRgtyssulli citer virvdes wigl fTRIAV) . [ n ot her

_ £Odl nentd%mameafﬁwvee@péo%rm&p@égo&a@Enah&d RRELANEnd LA Sy Ot her than

al phavirus. Preferably, such other viruses used for the dérivation of
vect orRFSFEEE: ga"ﬁ’i‘r\é‘“p’b‘gl?"f”fe&é” CEPHRTEY CRRIRSHF i?gé’éth"déf?ﬁmrmr e
pr ef er abl wittoheyscripiisreof pipieanm vdssdR B potdrd iaptbwidet m&asl elsévibbie e WS ES, Or

cor onavi s s CRmRaRLLaNS. BAIHTRLNOGS, LA thcbh, h ARSELLPLT on of

al phavi nms- bas RNA vectors i's provi ere see

Patent 5, mﬂfmda?fdhw%‘%@@Hvemwedmwem@%@w% RNA vect or is
t hen adsorvla@@}ﬁbﬁsmsm QTHBIBﬁRRVEbﬁfe@Jd dofigr veMERtH@Rork Bher A@dativery as detail ed
herein. ' semg Wf%acﬁ ubgjmpgaw rus RNA vector fromSIN, SFV, VEE or RRV is
preferred, ™SI Par Vettors derived from other al phavirus species may be
readily subst i In othes gubodipent 4 e PeBETtiEnP@ IO Peciorenspasseayeed firknt i on, pCW

vect or congdid: u&kﬁc@@@ m’dfﬁt@vm oHe Bt AV RekQkTy ﬁﬁﬁﬁédrpgﬁtﬁ?%eﬁcﬁ Eonik «ihé | mown i n | t he

art. Apartlcu% referr ect or ains the i iate-early

enhancer/ SPBmst: B?”y%gnwnﬁ}neﬁo a oa\?lk{neovﬁ?%vﬂqg%?’nﬁﬁeﬁ%mf %l nator. It is
described in detall in Chapman, B, 8., st al 1991, “BEffect of infron A from hnzman cytomegalovirus ' ‘
{Towme) immediate-early gene on heterologous expression in mammalian cefls.™ Nudeic Acids

Res. 19:3975-86.

- (; - 5. Adjuvants
Adjuvants way optionally be used io ephance the effectiveness of the pharmacentical

compositions; with Thl stimulating adjuvants being particularly prefemed. The adjuvants may be
adminisiered concwrently with the microparficles of the present invention, e.g,, in the same
corrposition or in separate compositions. Altematively, an adjuvant may be administered prior or
subsequent to the microparticle compositions of the present fnvention. In another embodiment, the
adjuvant, such as an immunological adfuvant, may be encapsulated in the microparticle. Adjuvants,
just as any macromolecales, may be encapsulated within the mic-ropaxﬁcles using any of the several
methods known in the ari. See, e.g., U.8. Patent No. 3,523,907, Ogawa ei al., Chem Pharm. Buil.
(1988) 36:1095-1103; O’'Hagan et al., Vaceine (1993) 11:9465-969 and Jefferey ot al, Pharm. Res.
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described in detail in Chapman, B. S., et al. 1991. “affect ofintron A from
human cyt onegal ovirus (Towne) imedi ate early gene on heterol ogous
expression in manmalian cells.” Nucleic Acids Res. 19:3979-86. 5 Adiuvants
Adj uvants nmay optionally be used to enhance the effectiveness of the
pharmaceutical conpositions; with Thl stinulating adjuvants being
particularly preferred. The adjuvants may be adm nistered concurrently
with the mcroparticles of the present invention, e. g., in the sane
conposition or in separate conpositions. Alternatively, an adjuvant may be
adm ni stered prior or subsequent to the mcroparticle conpositions of the
present invention |Ia another enbodi nent, the adjuvant, such as an

i mrunol ogi cal adjuvant, may be encapsulated in the mcroparticle.

Adj uvants, just as any macronol ecul es, may be encapsul ated w t bi nt he

m czoparticles using any of the several nethods known in the art. See,
e.g., US Patent No. 3,523,907; Ogawa et ad., Chem Pharm Bull. (1988)

36: 1095- 110:33) 1@3haga@nae{:elya5d3uva&{aﬁﬁ5i medmérﬂe‘a%ﬁaa&mﬁlﬁa‘ém%ﬁde@ﬁ&d agtf erey et al,
Pharm Res, 42 19 3 ; u : d‘tlertnatlvemsé,dCl F&_ (mee adsor bed

ont be i cr'd e as é%%ﬁ? éd above “¥For “any cronD Sctife.
Alternatlu%¢§ﬂmamFmvants may conprise the oil droplet enul si ons of the

pr esent lnventmﬂ&ebhmwnagdcml buamﬂmmma ICdnERm s tnd), 0@t i mited to:

(1) alunlnqnlsa algg% um nu dr oxi al u nunphospbate
al unmi num SO Eﬂm %o S?WE Fﬁ% ?e¥)%ﬁﬂﬁ§P8ﬁ”B? Bul ations (with
or w t houtforattiens (siec wilioot ddrnipeds bnpudsatulatigagrets toh seehmgsepmies amy|  pept i des

(see bel 0\@%Qeﬁov@é}eosc@erna%éuv%ﬁumpmh&} sﬁéﬂmﬂ%@é )]m@c ndsidsar exanpl e (a)
59 (Internatlon cation Cha ter 10 in Vaccine

desi gn: t REPSTRAT W‘)&P{l‘%ﬁ E@‘”‘QWE”&’;)I&FCB%WW S SIS RV REffn, Pl enum
Press 199%)s Peehi demnaghladm Sgisaben eytalind % Tpwaen 086, Twaad0,0adb¥%6% Span 85

(opt 1 0Nl |Ye GOt DAL LS AN BhIn0le MIEaE eS8 Rl ol al though nol

required) ted 1nto submcron particles Using a nlcrofIU|d|zer such

as Mbdel foreyetedigs ppigrapasisles wipgs merpfuidEe g & Modd W Gricrsfisidizer b)  SAF,
containin@w&ﬂ%mﬁquahamﬁﬂ@pwﬂ&quﬂﬁﬁmﬁ@%5&%hpim&@mW@nMDMGﬁmeﬂ@olyyner L121,
and thr- MR (5 oemereuQi’V)aﬁd%:tx\Bﬁf (sda b P&:&%‘ﬁ'&ﬁ%ﬁ&ea Eqasﬁmﬁc%gh‘éi! ;@n_emul sion or

vortexed to generate arger particle size enu Ri bi TM

adj uvant $y¥rted 1o rEsple af amezm‘-mclr FRNTREERER] CHERT PEwR sIFp BSh@bini ng 2% S
qual ene, M%iem@&ﬁlt&gmm&mQ@Mquwé 0.2Hhascta ki, @hd on€® lnboredatelizicOMpoOnent s
f r om t he % OUaR CO(I:H(;))QII%IIIE nTgB gmup COns: n%g &S EBnho%go\éphor%lp% ﬁhw 'th),h!ﬂ t r ehal 0se

dimycolate (TDM), and cell wall skeleton (CWS), preferably MPL + CWS (Detox™) (for a further

discrssion of seiteble submiczon oil-m-water erpulsions for use herein, see commonly owned,
patent application no. 05/015,736, filed o Janmary 29, 1998); (3) saponin adjuvants, such as Quil
. A, or Q821 (e.g., Stimmlon™ (Cambridge Bioscience, Worcester, MA)} may be used or particle
C generated therefrom such as ISCOMs (mmmostimulating complexes), which ICOMS may be
devead of additional détergent e.g., WO00/67621; (4} Complete Freunds Adjuvant (CFA) and
.Incommplete Freunds Adjuvant (IFA); (5) cytokines, such as interlenldns (e.g. JL-1, IL-2, IL-4, IL-
5, IL-6, IL-7, IL-12 (W0299/444636), etc.), mterferons (e.g. gamma interferon), macrophage colony
sthmulating factor (M-CSF), tumor necrosis factor (TNF), etc.; (6) monophosphoryl ipid A (MPL)
or 3-0-dezcylated MPL (3dMPL) e.g. GB-2220221, EP-A-068%454, optionally in the substantial
absence of aliwe when used with pneummococeal saccharides e.g. WO00/56358; (7) combmaticns of
3dMPL with, for example, QS21 and/or oft-in-water emulsions, e.g., EP-A-0835318, EP-A-
_ 0735898, EP-A-0761231,; (8) oligonuclectides comprising CpG motifs (Roman et al,, Nat. Med.,
1997, 3, 849-854; Weiner et al., PNAS US4, 1997, 94, 10833-10837; Davis et al., J. Immunol.
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di mycol ate (TDM, and cell wall skeleton (CW5), preferably MPL + CW\5
(DetoxT"A) (for a further discussion of suitable subm cron oil-in-water
enul sions for use herein, see conmonly owned, patent application no.
09/ 015,736, filed on January 29, 1998); (3) saponin adjuvants, such as Quil
A or S21 (e.g., StimulonTM (Canbridge Bi osci ence Wrcester, MA)) nay be
used or particle generated therefromsuch as | SCOV (i nmunostimulating
conpl exes), which I1COVS may be devoid of additional detergent e.g.,
VJQ00/ 07621; (4) Conplete Freunds Adjuvant (CFA) and ,Inconpl ete Freunds
Adj uvant (I FA); (5) cytokines, such as interleukins (e.g. IL-1, IL-2, IL-4,
IL- 5 I1L-6, IL-7. IL-12 (W99/44636), etc.), interferons (e.g. ganm
interferon), macrophage colony stimulating factor (M CSF), tunor necrosis
factor (TNF), etc.; (6) nonophosphoryl lipid A (MPL) or 3-0-deacylated MPL
(3dMPL) e.g. GB-2220221, EP-A-0689454, optionally in the substantial
absence of al um when used with pneunococcal saccharides e.g. W00/ 56358;
(7) conbi nabdsorss, af-s763chivRLa) Wi ., MddO 1 558X 8y pd 261 638 dfora Bedhl G @1 | - 1 n- wat er
enul si ons, 0 1 P- A-. 07358 R- 6123 8) :

e 6]{17’:"1%0[’ 195’3’776‘234%%?4?21 %i))l veamtletfal §z’§§0?9r§.?’]88§t fgtﬁo lﬁgbg(ﬂeglvé% 1997, 3,

ol i gonucl es "conpri sing
849- 854; \W\Blinesr 158% 3&‘}_54@@&%@@ ety FNAS Gidd e R Balegy i J. et al., J.

'153 qugIG 127%?2134958996 169 ,1?4%@458&&@@&@ O Imdlmol, J90dExd; 45hdgkys; Halpem et 2340- 2344
Mol doveanuaé ?J "ﬁ“{}aé@ ﬂg&j 7?%%3”%53{&’1%" fZA‘fzice’ %’rjeg &9?@ #4; Nat ur e,

1995, 374, S@d@é‘@ﬂg Imihion reh, 161, 281t6;21 PNASsiIS gL, 49@@”0193991 2879159883 Bal | as et

at, J. bnfibmoi’mai%@nﬁi%l, 1@@%18&1@49%}’1 BhmiAll, 1996 15F8RGMo, - 1996, 156,
4670 4575 Yamanot o et -at,

Jpn. J. ﬁré%trap ?’”“”Oﬁééfaé 169’9”558??% %ems? a{@’@“’gtws’&mo\fgg‘grﬁ%nol 1996,

157, 2116- 2i@@tiorNpasit aglicatds WOPE/R555] WORMGP47, WOIQIBRILAWOIZHL0, 1764; Yi et al,

J. | nmunoL gydk996iws, %8/3%94&3%5/525¥1):@%n%m ardeabt AN Buctecdi 3D Qn 5157, -
5394-5402; Yi et "at, J. ol BO, 4755-4761; andYi et at, J.

| munol . @@cymi‘%“'@p“‘%é@éw@%eéﬂP]aFerﬁfé‘F?ﬁJﬁT ﬁ%ﬁa‘?w"ﬁﬁfh@?ﬂe “BBB14 cat i ons _
W96/ 02555 polBSBH18r6 247 £ WD IBLHOBE) 1 pdlox\VBAGE i Oester WBBBE 55495, W 9 8/ 3

791 9 and Y098/ agvsld Emﬁm%@@@lﬁ%}ﬁ?ﬂga%lyo%q%ﬁﬁgne etfo ) g@u de, with 5.

“met hyl cyt osi ne opti onal ei ng used in ace of ‘cytosi ne; _
poi yoxyet h cerenguyEp atd?ﬁﬁ'faﬂe %@P%s&sﬁé?wlﬂ@ﬁém 8sh g émzjwmggl 52549; (10) a
pol ycxyet hywemne:: sy it ﬁs@po&sbﬂranﬁﬂmﬁaaﬁixﬁfmdhgbnu&eﬁﬁdal@‘g@tamﬂ wi th an octoxynol

(V001/ 2120 (). of, 3 BOLYOERDYLENe.ALL Yl SLRCL Bl SRLE a;ar?urfact ant  in

combi nati on east non-1oni ¢ surfactant such as an
oct oxynol V\(O\Wﬂ% @3 BrEpponie ) sil-g FpEHRsente. A9V At 084 seekiateer y
ol i gonucl egki:§€ 3{MP1.9- 1118 (PRBly + a sterol) e.g. WO9S/57659; (15) detoxified mmiarts of &
bacterial ADP-ribosylating toxin such as a cholera toxin (CT), & pertussis toxin (PT), or ad E. coli
o heat-labite toxin (LT), particularly LT-K63 (where lysme is substituted for the wild-type amino
C acid at position 63) LT-R72 (where arginine is substituted for the wild-type amino acid at position
72), C'T-8109 (where serine is substitwted for the wild-type ammino acid &t position 109), and PT-
K9/G129 (where lysine is substituied for the wild-iyps ammo acid at position 9 and glycme
substituied at position 129} (see, e.g., Iniemational Publication Nos. W(93/13202 and
W092/19265); and (16) other substances that act as immunostimulating agents to enhance the
effectrveness of the composition.. Alum (especially aluminum phosphate and/or hydroxide) and
ME59 ave preferred.
Muramy? peptides inchude, but are not mited to, N-acetyl-muramyl-L-threonyl-D3-
isoglutamine (thi-MDP), N-acteyl-normmramyl-1.-alanyl-D-isogluatme (nor-MDP), N- -

44



ol i gonucl eoti de) CWO00/62800); (12 ) an immunostinmulant and a particle of
netal salt e.g. WWO00/23105; (13) a saponin and an oil-in-water emnulsion
e.g. W99/11241; (14) a saponin (e.g., @B21) + 3dMPL + IL-12 (optionally +
a sterol) e.g. W98157659; (15) detoxified nutants of a bacteri al

ADP- nbosyl ating toxin such as a cholera toxin (CT), a pertussis toxin (PT),
or an E. Coll heat-labile toxin (LT), particularly LT-K63 (where lysine is
substituted for the wild-type ammo acid at position 63) LT-R 72 (where
arginine is substituted for the wild-type amno acid at position 72), CI-S
109 (where serine is substituted for the wild-type am no and at position

- 109), and PT- K91Gl29 (where lysine is substituted for the wild-type am no
acid at position 9 and glycine substituted at position 129) (see, e.g.,

I nternational Publication Nos. W93/13202 and W92/19265); and (16) other
substances that act as i mwnostinul ating agents to enhance the

ef fecti veness of the conposition. Ahmm (especial ly al um nunphosphate and/ or

hydr oxi de) a@ﬂ@ma&ﬁ&a@m-@geénﬁﬁ;ﬂ—s@mdwr@mdpalﬂ&@ng@&r@cI ude, but are not

limted to aget i sogl utanvne (tl u-NDP),
N- aceeyl - %‘?’%P’WDTD’Q %opgﬁu%t me (nor-NDP), N 44
acet yl mur any| - Eor addamyd exBaples Dﬁdgvautatsmffwﬂm Desgh dhdé L‘i‘véunzméalhee@'uww p

ahnitoyl -s YCERHRI 317, A2y RIOSD IR 9%y hok hyl ami ae (MIP-PE), etc. For
addi ti onalgpép%’élI 2’CI es of adjuvants, see Vacci ne % %ﬁnghe Subunit and the
fyfhe

Adj uvant  Appr G&E CREEHEA Fm‘mf{]/lc?ﬂp‘}’éiiﬁtc? *R%?Rﬁ‘ﬁ?‘?m VBB num Press, 1995)

- -Thus, . an optitaiyad madoiattisohad oo eftean ta @Eo@%h@mhmb&n:bms&msle@f ont he present

| Oﬁventl on Cﬁﬁgt@r&%ééhéﬁn,%p@fﬁge%ohﬁﬂ%ﬂt@§d11§1|01%hﬂ6%§ﬁlaﬁS or an . ..
i gonucl eati de which conprises at |east_one As used herein,

t he phr aseiEehes H‘B“t‘“fhf“h SRRt & iogRe g P Sl Pjﬂ%g“ﬁ"éi?“fe ﬂB‘i‘FO“‘%‘f Sughy
ol i gonucl egiztxtl@ntides o bapepase sag yinesions rligaludetilaeiioh wikkaly agbanosi nenucl eot
i de. Such 4pld dﬁggmieﬁ%l& d_&%h%b%ﬂk aﬁssram aﬁgn Lot S00HE BiaRfAl |

ol i gonucl eot | synt hesi's we nown artisan. Prefer abI Yy,
the ol i gonﬁé%aééfqoﬂ%@%lfm? pr@entifp ety Gk 5%6%@%@“93%%?13?@68 ackbone; such
as a phos pds]i@dsrﬂadah@ammﬂerd b@ﬁﬂiﬂbsdﬂ viRILEbd 16 Fhaﬁalsﬂlled&ﬁhe&& PI@fm&ﬁ@épﬁciiel nECI ease
resi stance_to the nu e ewn to

t hose" ski Ilimlaw’}ml ?IE%S%%%; ‘%re téjfsggﬁmpepflb?r%ggl’ﬁ F %é?{is afs described in
detai‘l .in U2$.102PBP9@%Fthﬁ@ﬂ%ﬁa%@&f%@diﬂte@w%?§2ﬁ8§ﬂd 591713@,108‘@2, and

5, 721, 102, nddRawese/4as, end odNps7c 103 34296, wbusapeswdaent, we. 839, 82 8, and

oL IRl R AR 137651 XD BLARE s ¥ ABLTRRRS. V0

© 98/ 27105,

. disclosures of which are meorporated herein by reference in their entirety.

The oligonudleotide preferably comyprises between about € and about 160 nucleotides,
more preferably between about 8 and about 50 nucleotides, most preferably between about 10 and

- about 40 nucleotides. In addition, the oligenucleotides of the invention can comprise substitutions

(:_ , of the sugar moieties and nitrogenous base moieties. Preferred oligonuclectides are disclosed in,

for examgle, Krieg et al., Proc. Nati. Acad, Sci. US4, 1998, 95, 12631-12636, Klinman &t al.,
Proc. Natl, Acad. Sei. USA, 1996, 93, 2879-2883, Weiner ef al., Proc. Natl. Acad. Sci, US4,

- 1997, 54, 10833-10837, Chni et al., J. Exp. Med., 1997, 186, 1623-1631, Brazolot-Millan ef 21,
Proc. Newl. Acad. Sci. US4, 1998, 95, 15553-15558, Ballas et al., J. lmmunol., 1996, 157, 1840-
1845, Cowdery et al,, J. Trmunol,, 1996, 156, 4570-4575, Halpern.et al., Cell. Immumol., 1996,

67, 7.2~7- 8, Yamamoto ef al.,-Jpn. J. Concer Res., 1988, 79, 866-873, Stacey ef al, J Imwunol.,
1956, 157, 2116-2122, Messina et al., J. Immunol,, 1991, 147, 1759-1764, Yier al , J. Inmmanol., -
1996, 157, 4918-4925, Yi et al., J. Immunol., 1996, 157, 5394-5402, Yiet al., J Immunol., 1998,
160, 4755-4761, Romen et al., Nat. Med. , 1997, 3, 849-854, Davis et al., J. Inonunol., 1998, 160,
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98/ 16550, WD 98/ 15648, WO 98/ 04571, WD 97/41150, WO 97/ 39024, .and WO
97138013, the disclosures of which are incorporated herein by reference in
their entirety. The oligonucl eotide preferably conprises between about 6
and about 100 nucleoti des, nore preferably between about 8 and about 50
nucl eoti des, nost preferably between about 10 and about 40 nucleotides. In
addition, the oligonucleotides of the invention can conprise substitutions
of the sugar noieties and nitrogenous base noieties. Preferred

ol i gonucl eotides are disclosed in, for exanple, Krieg at at., Proc. Natl.
Acad. Sci. USA, 1998, 95, 12631-12636, Klinman et al., "~ Proc. Natl. Acad.
Sci. USA, 1996, 93, 2879-2883, Weiner et al., Proc. Natl. Acad. Sci. USA,
1997, 94, 10833-10832 Chu et al., J. Exp. Med., 1997,186, 1623-1631,

Brazolot-MIllan et al., Proc. Natl. Acad. Sci.. USA, 1998, 95,
15553- 15558, Ballas at al., J. Immunol., 1996, 157, 1840- 1845, Cowdery et
al., J. Irnnunol., 1996, 156, 4570-4575, Halpern et al., Cell. |munol.

1996, 1673%%261&ﬁn3amnamimﬂ&hmaluwvémnmmﬂm¢£ﬁmm@kmaa&zv@&QBS 79, 866-873,

- Stacey at 996 sing. et al., J.

| munol. 13%‘? 16 13]74 {E%%g”flré gL, ]‘gggaﬁé%j"’%%’ @Ez%ﬂ%ﬁmm éba 157, 4918- 4925,
Yi at al. 96102515mﬁmbhcaﬂoﬁgwng%S’Q@luM@lWQ’ﬁﬁfb‘lﬁl(hPCT Pubhczﬂnvrﬁ(mol , 1998,
160, 4755- éﬂﬁﬁeof@T@mw&ﬁmﬁW09&SN®§PNE@ﬂﬁ&%&JWOB&@ﬁﬂQmﬁ@éTPﬁﬁ&héiat al., J.

| mrunol . 870-87 ford t al | pmunaj , 1997 27,
2340- 2344, %“9190%%58%&% gpsugt of E‘%aé%ﬁ oreted g b Té““*’i‘ﬂ%’ﬁﬁf?%e"y Yitet al., J.

| munol ., $©9398derdi66q thﬁ@@@ig@@ﬁ&nd@@'fheﬁu@wm@mmnatmt 0@8/p02655u PCT
Publicatio Vggﬁﬁﬁ;g%%ofqgg;mpubl|cat|on WO 98/ 18810, PCT Publication WO.
8/40100, PCT Publ’i cati on WD 98/ 55495, PCT Publ i cati on WD 98/ 37919, and PCT.
Publ i cation WISEBrEPBE ol oS e iR e T F oS AR & R P& R c or por at ed her ei n

by ref er encentdarptitdigigt (880 IDrNET:)), atshtbgabgiicant@apiERQIAET.BL 0o0od t hat t he
ol i gonucl e 85101, ﬁ@gég ReGOIPLLSE: @kq @Sk one CpG notif but  can
contain a %%%?al gé%ﬁgﬁg P m ﬁ%gggfréﬁ 01 onucleotldes conpri se
nucleotldeggﬁﬁﬁ@ﬁ5§§g§ §03?8¥“@%%ﬂﬁ¥@?(m¥58 ppeleesicadstt (SEQ | D
mg %g ?t ?@EQQBWWJ %ﬂﬁmﬂt((m@[)? IND: Q)J%@;)ctctccr@@ggﬁ ¢aaty W%QQQ?Q?S(E gEIQDl D
1 3), tctcee e a
NO S), tcc%? %%%Pgﬁa?%cﬁ§?gg ” FﬂSEgﬁg%%ﬁgg% @?%ﬁ?gct (SEQ I D
NO 7), gct H@é@g&%@@t@ﬁ‘l (USE@H)DC@WO&?BQ B %éﬂéﬂe&s@gé%ﬂlﬁq B)(SEQ I D NO 9),
gaaccttcc ?ié%egclg(t[s)ﬁq %%Nbgmch@ml‘@q B3a: 1E7QWD tsebtagoat), ( SEQ | ?Slglg | %) 1?\10 14)
t caacgtt l . : cgrt ) NO gacgtc . ,
t cagcget ( EpEtgeREes e )" ?SEQ% 859, tbacgg%aaggflaguga%a) (%5’6 D 1%8.%,
tgactgigaacgttagagegea (SEQ ID NO:21), gitigogoaacgttgltgccat (SEQ ID No:zz),_
atggeaacaacgiigegeaaac (SEQ ID NO:23), catigganancgticitogegy (SEG ID NO:24),
scoogaagaacgttticeaatg (SEQ ID NO:25), aitgacgteaat (SEQ 1D NO:26), ctitccattgacgtoantgget
. (SEQ ID NO:27), and tecatacgticctgacgtt (SEQ 1D NO:28). In preferred embodiments of the
(_ i mvention, the oligonucleotide comprises a CpG motif flanked by two purines at the 5' side of the

C

motif and two pyriouidines 2t the 3' side of the motif. It is fo be mderstood, however, that any
oliganucleotide comprising a CpG motif can be used in the present invention as long as the
oligonucleotide nduces an increase in Thl lymphooyte stinmilation when corobined with the

microparticle compositions described herein.

6. Antigeng
The present invention is dlso directed o Inrmmogenic compositions cormprising the
microparticles described above with adsorbed macromolecules, preferably vector consirucis

encoding antigens and/or antigen par se. Generally, an antigen stimulates the proliferation of T-
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tcaacgct (SEQ ID NO 16). tcatcgat (SEQ ID NO 17), tcttcgaa (SEQ ID NO i

18), tgactgtgaacgttcgagatga (SEQ D NO 19), tgactgtgaacgttagcgatga (SEQ I D
NG 20), tgactgtgaacgttagagcgga (SEQ I D NO 21), gtttgcgcaacgttgttgccat (SEQ
| D NO 22), atggcaacaacgttgcgcaaac (SEQ I D NGO 23), cattggaaaacgttcttcgggg
(SEQ I D NO 24), ccccgaagaacgttttccaatg (SEQ I D NGO 25), attgacgtcaat (SEQ

I D NO 26). ctttccattgacgtcaatgggt (SEQ ID NO 27), and tccatacgttcctgacgtt
(SEQ ID NO 28). In preferred enbodi nents of the invention, the

ol i gonucl eotide conprises a CpG notif flanked by two purines at the 5 side
of the notif and two pyrimdines at the 3" side of the notif. It is to be
under st ood, however, that any oligonucleotide conprising a CpG notif can
be used in the present invention as long as the oligonucleotide induces an
increase in Thl |ynphocyte stinulation when conbined with the
~mcroparticle conpositions described herein. 6. Antigens The present
invention is also directed to i nmunogeni ¢ conpositions conprising the

m cropar t i hibgcytte sefabethldivokeeyte vith raeboriydld antgeyaohwh eetivigshe pref erabl y

vector conglf u&&&o]@a&@gm&@m@bﬂ@ﬂ%@a&w@erea;@ttd]gm @eﬁna'a@gegxg-%nerally, an
antigen stlnulates t he prolj atlon %1 mphocyt es, erably Thli

| ynphocyt e&% Hipsen %?@ﬁf“&rﬂ%‘w{& AR E‘“ﬁ?ﬁ*? @“&FF%‘H o ipeRERpot %i th the
| ynphocyt es t oAd apitdpe & twéhit ihescge of teis defifition efpiteas 8 saiesd ighabedomoedl - medi at ed
| UG Y- ecAOb50 o Wil d e A ol 3mSR Becis B Ry UMY

" response, and may | nduce cytol ane producti on. pitope is mnthln t he

~ scope of tHi*BIBEE $IFHIF BFPOBFOhHT ’ﬁ%ﬁ@raﬂ)&?ﬁ:@ﬁiﬂﬁ%‘é@s il a-"l“?f@i P %h of an

ét i geni ¢ walechleus g kisgend sacheomplsestic idiiatrivedt eAdEpn@s wil kdeti mMrunol ogi cal
ecificit ) Yo v At ccharide in

natural ly %é%%@?ﬁgg 5#?? enst&%ﬁgwt &m?&-lﬁ%@m&& g&%%ﬁ@hn ... be a low

mol ecul ar dREPRIPIE T3 BHETEA %m%%%Hm@@mﬁwﬁﬁﬁﬂﬁWW§¥ﬁ%wﬁﬁp%RWmWat|ve An epi tope

Will react spegiefir@ambdiniefs oihéer@iion Be the@&umaﬁda istierived egouswant i bodi es or

T | ynmphocyt Alternative des tor t n t erm.nant,

antigenic s fﬁgrﬁ?§F %}rouplngedaiﬁﬁﬁfEl apt eni ¢ Bgﬁﬁgﬁﬁﬁéﬁmﬂ% rr]grred

-enbod|nenﬂgmdﬁcvhémthgﬂFW@HGﬂﬁhewawvﬂ@@wﬂ@wghbﬁmmﬁc@Bﬁ@ld@r|ved froma

\éi rus s?ﬁtblémfméfe@%aﬂp&agmhamcdlﬁmmdaﬁtbggr&@wnsﬁw Uﬁls(le V%Hst}')wati tis
Vi rus r i ,

oyt onpgal COHPRE R S aRrb RS U 6 B P rs s Sheasr sl g s
PreferablywmmhdhamrP@@nﬁ@mbub®MEMEEHW@m%Em%ﬁm&ﬂk#Wﬂwnﬂﬂﬂm%ﬁﬁnmm consi sting

of HSV glyeephels! nxoﬂa@ampls'jlfe\éccg]zcyrﬁ ORS-OL&FphGR brdenzaHin M) SR nfag, and

oI eptides fiomt ol tat.
p yp P tetamus, Nezsserza mem gzrxdzs an pertussis. In other preferred embodiments of the nvention,

the antigenic substance is from a parasite such as, for example, a malaria parasite, In ancther
pz;eferred embodiment of the present mvention, the antigen is adsorbed to the surface ofa
- microparticle of the present invention,

C 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 inactivaied virus
particles, isclated 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 recernbinant protein produced in genetically
engineered Chinese hamster ovary cells. This protein has the normal anchor region inimeated,
resuliing in a glycosylated protein secreted into tssue culture medium  The 232 can be purified n
the CHO medium to greater than 50% purity. Human immmnodeficiency virns (HIV) env-2-3 iz a
recombinant form of the BIV enveloped protein produced in genetically engineered
Saccharomyces cerevisge. 'This protein represents the entirs protein region of HIV gpl20 but is
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regions. In other preferred enbodi nents of the invention, the antigenic
substance is derived froma bacteriumsuch as, for exanple, Helicobacter
pyl ori, Haenophilus influenza, cholera, diphtheria, tetanus, Neisseria
meningitidis, and pertussis. In other preferred enbodi nents of the
invention, the antigenic substance is froma parasite such as, for
exanple, a nmalaria parasite: Tn another preferred enbodi nent of the
present invention, the antigen is adsorbed to the surface of a

m croparticle of the present invention. Antigens can be produced by nethods
/mown 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 menbrane and cell wall proteins, and the |ike. Sone
preferred antigens are described bel ow. Herpes sinplex virus (HSV) rgD2 is
‘a reconbi nant protein produced in genetically engineered Chinese hanst-er

ovary cell %m_g;uosglaea &E@én&hﬂa@é péﬁ@a Mmlaas@@ﬁ@ggmrﬁmg@y&osmgat ed,

resulting in g cos%late rotein secreted _Into tissue culture nedium The
gD2 can be SEﬁfﬁt‘?d eBgt g OPfoﬁ‘éCB‘%F@{ﬂéﬂf’ﬁﬁfafh&?né‘P%foé}m FRaPrvodkiweli ty. Hunein
innunodeflGﬁﬂnﬁy@mmmmkﬁﬁﬁ&&m@ﬂM@&m&m@&aamsﬁemﬁﬂhmmmurﬁmmﬂm@ﬂwxhe H V
envel oped F%%faﬁs%'r DaRfoQdMsss tﬂa&s@o@é}%tekﬁ@ch'aéé | B8e8Led vy RELDARQIY Ces

cerevi sae. protein répresents the entir rotein regi on of NV gpl20
but is 47 r?eﬁetm%‘a@wfa%ﬁ °Bﬁﬁlg@éﬂétclu%famaa§ed pefepiisers ol mshyeast . HI vV
gpl20 i s a réditht e gdriai@B\pheitiredd, secreted form of gpl20 produced in CHO
ceIIs in a fas@h%ﬁﬁ%ﬂﬂﬂ mﬁgmﬁﬂﬁﬂ%g%_abo %mﬁAddltlonal q§§y anti gens
itable for use In |nnun geni c conposi T ONS Ar & descr] In PCT
51 i cat i ortsS-\blicaBm @E@D‘B?%é% fpMggy 088 4ud blehed Fyetegspriesionf whi ch are
ln,C_Orporat ednherseiso (N@é)&lﬂﬁbﬁl}Qﬂﬁ@a#@Shﬁ]ﬁbaﬁons%ﬁlhﬁ@@MG& M]Xdﬁuﬁﬁﬁs,ﬁf gB and gD
anti gens, urfa nt i.gens C e _anchor regions,
are partlcﬁggﬁﬁvﬁ Féﬁggg %ﬁ’ F@ng?% éﬁ?mm§ﬁ§msﬂm{mgfg or use in
i Mmunogeni catgdnpositi ons are described in U S. applications serial no.

éllg(i,lgg&( NL il ed 86)0%m F290: smeamelfopa&phsﬁﬂﬁpgegwo&p&ﬁans%@éslhﬁ@éﬁ 0n60/ gg gb2r7 .
ria ;

109/ 475, 515 6@7“21 4@694?3 It a@b?@fée“gfﬁﬂ%{) %g%r T BeirdB Bl oh are

|ncorporatéuHMQmEWﬁBEyﬂﬁ%ﬂ@msmsexwﬁmmhennmmmmmﬁmaﬁymw@#ﬁuﬁsgaiovirus

anti gens suyj; &ple for use in imunogeni c conpositions are described in

U S. Patent No._ 4,689,225, U.S. application serjal nunmber 367,363, filed

June 16, 1989 %@ﬁﬁ@lﬂnﬁgm snitzble for use in immmogenic compesitdons are described in

PCT/US88/04125, pnblished Burepean application maruber 318216 (May 31, 1989), published

Japanese application number 1500565 filed MNovember 18, 1988, Canadian application 583,561,
and EPO 388,232, disclosurss of which are incorporated herein by reference in thelr entirety. A
o different set of HCV antigens is described in Buropean patent application 90/302866. G, filed March
(, 16, 1990, and U.8. application serial number 456,637, filed Deceraber 21, 1985, and
PCT/US90/01 348, the disclosures of which are incorporated herein by reference in their entizety.
Immumogenic compositions of the mvention can be used to immunize birds and maromals
against diseases and infection, including without lmitation cholera, diphthera, tetanus, pertussis,
influenza, measles, meningitis, mumps, plague, poliomyelitis, rabies, Rocky Mountain spotied
fever, rubella, smallpox, typhoid, typhus, feline lenkenda virus, and yellow fever.
Certain immimogenic compositions of the invention will smploy an effective amount of an
antigen. For example, there may be mcluded an amovmt of antigen which, in corabination with an

adjuvant, will canse the subject to produce a specific and sufficient immunological respense, so as
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Publ i cati on WD 89/07143, the disclosures of which are incorporated herein
by reference in their entirety. Hepatitis C antigens suitable for use in
i mrunogeni ¢ conpositions are described in PCT/US88/04125, published

Eur opean applicati onnunber 318216 (May 31, 1989), published Japanese
application nunber 1-500565 filed Novenmber 18, 1988, Canadi an 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
i n European patent application 90/302866. 0, filed March 16, 1990, and
U.S. application serial nunber 456,637, filed Decenber 21, 1989, and

PCT/ US90/ 01348, the disclosures of which are incorporated herein by
reference in their entirety.. | Mmunogeni ¢ conpositions of the invention can
be used to i mmuni ze birds and mammal s agai nst di seases and i nfection,
including without Iimtation cholera, diphtheria, tetanus, pertussis,
influenza, neasles, neningitis, munmps, plague, polionyelitis, rabies, Rocky
Mount ai n &pﬁ@hﬁﬁmaﬁamaﬂmmmﬂb&bhamm&ﬁ@hﬁp@%a&ﬂyﬂhmkduﬁh&@hﬁ@% feline :

| eukem a V&%ﬁﬁm Q%MM§L|OM/fever Certain i nmunogeni c conpositions of t he
i nvention wi an effective anpunt of an_.antigen. For exanple,
there may be |Iﬁé@ﬂd’ééd‘ﬁﬁiﬂ%ﬁ%ﬂ?m@?CW%WW@HW%SWTEWT%M| on with an
adj uvant , :ﬂhhhbﬁﬁﬁﬁ@mﬁhﬁh@ﬂﬁw@@&mﬁ@mﬁﬂ®duﬁﬁmﬁmﬁpﬂﬁbﬁkﬁmﬂﬂﬂmﬁﬂ&fIClent

. I mmn0| Ogl Cha‘terofogn n.lglc aCIGSSBQéJQ%B th&égncgd%s n%% DrIEOt 1E: E:I'?. Jh{ﬁe angge;[nge SUbJ eCt

front he su sequ% I rus, s,° nycopl asna, or
par asi t e. ﬂsﬁqm@%dt?étﬁ(@nﬁ@é@?ﬂéﬁt@m%opééﬂ%éﬁf@?déﬁ%mrThéﬁﬂﬁgﬂan antigen will be

é?d t 0 bopstnidshed wileugekagi cal response of a previously adm nistered
ctor construyget mg‘é‘@ésgc?eﬁ%a Jn%r abbgl@,e;gnﬁ”@owﬁewhf B Io ous nucleic acid

sequence t hat “enc ant1gen re prefera (AT 8en is
associ at echﬂw‘@rhar(ﬂeen@hlch‘adbmrb]eﬁd!ﬂd}lm%ﬂmﬁpE;'-‘f?@ﬂ’t m@tﬂésfad@slcmﬂbffed herei n

and/ or th%ﬁ%@@ﬁ@ﬂﬁm&%@@ﬂa nﬁlﬁﬁ@mﬂl&ﬂ}d@k&mﬁﬁhﬂﬁ\ﬂﬁmofmmr}sﬂcﬂgl e dose
desi gnati an,can, be assi wil | rov;eﬁﬁgvsu&em fi £ gy i.dance for each

and every At Foiowhm 2 %Eﬁﬁmﬂﬁrt THORREFS R R BB %ﬁe effective
anount of ieettipgenbenkddin doguncion fwith eholegrl @firal m:saumogénerce:miosmas wiltay and purity

and is emjif hGRkd MG oesMi KR fRRS funkd &.&%ﬁﬁ&%ﬂ%&gﬂe@bl nthe art via
routine experl nmentation It i1s cont enpl ate that” the a uvant corrp05|t| o_ns

of this IR EE GF8EFn conj unction with mhole cell or viral
i Mmunogeni ¢ covipesistdigass @evidath koragtionwith i epuikivd beedsealnt-itigems - or protein -

subuni t or. BERLLAG . FHBQLA afie GRS obd S0P LERRLE W ed by simpte

. shaldng. Other techmiques, such as passing a mixture of the adjuvant and solution or suspension of

the antigen Tapidly through a small openimg (such as a hypodermic needle), readily provide a nseful
_immymogenic composition. _
. The immymogezic compositions according 1o the present invention cormprise about 1
(: : nanogram to about 1000 micrograms of mucieic acid, preferably DNA such as, for example, CpG-
oligonucleotides. T sorae preferred embodiments, the Imomwe genic compositions contam about .
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 invmmogenic .compositions contain about 1 microgram to about 10
milligrams of mucleic acid. In some preferred embodiments, the imrsnogenic compositions
contain about 250 micrograms to about 1 milligram of nucleic acid. In some preferred
_embodiments, the immunogenic compositions contain zbout 500 micrograms to about 1 milligram
. of nucleic acid. One slilled in the art can readily formulate an imnnmogenic conposition

comprising any desired amomnt of micleic acid. The imawmo genic compaositions ageording to the
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reconbi nant DNA techni ques or synthesis. \Were the antigen is provided in
connection with an enul si on, because the adjuvant conpositions of the
invention are stable, the antigen and enul sion can typically be m xed by
si npl e shaking. O her techniques, such as passing a m xture of the

adj uvant and sol ution or suspension of the antigen rapidly through a small
opening (such as a b poderr?tc needle), readily provide a useful

i mrunogeni ¢ conposition_ The i munogeni c conpositions according to the
present invention conprise about I nanogramto about 1000 m crograns of
nucleic acid, preferably DNA such as, for exanple, CpG oligonucleotides.
In sone preferred enbodi nents, the i mmunogeni c conpositions contain about
10 nanograns to about 800 m crogranms of nucleic acid. In some preferred
enbodi nents, the i mmunogenic conpositions contain about 0.1 to about 500
m crograns ofnucleic acid. In sonme preferred enbodi nents, the inmunogenic
. conpositions contain about 1 mcrogramto about 10 mlligrans of nucleic
aci d. | n sprectppefieyregrovdpdstsde rdimrssen fiive Themuwogranfamesdivpyesitei ons  contain
about 250 pinfeRgl Ad¥EnideRd @NAM Hosake Firh dnbl 6 39S weld bCohyBls@he 6k aEs whin SONE
preferred 1errbo | nents, _tare nrtunge?eﬁl C.camposi tlp%% cont_a%-n about 500"

ni cr ogr ans PE" BHE AT Zing#p’é‘?’??mp % (PR R e ed in the art
can readi | §eider (Meclavd. Gon Epstom Ao $R8 M be dolnpoef Wiidnes ncgperged Isiengy any desi r ed
anmount of nuecleigicagks, The imunogeni c conpositions according to the 49
present invention are provided sterile and pyrogen free. The i mmunogenic
conposi tions catf P EEHIRE A PR g ot A BT T8 EGE f orm and can
be. pr epar ebbshpinglnymeifing ddeisaedoy edbe amighllone & mowmmnnogtiiecophaitismceut i cal art,

flor exanpl ; [ i . - P i .. Sci ences (Mack -
- nmp ge'scngéi‘ aﬂ)@%% a]%- 5 %3‘: ?@eftﬁgmdﬂmée%mmﬁle IQEJHEEB‘%%%& g‘ﬁ:l]al g (

Pub. Co., Easton, I sclosure of which iI's incorporated herein
by ref er epielEaiiyp pamealepire prafrgbly spppaan, Prelsa routss (efppigifiodicdfes B gf rect ed to

et hods  of nd fiiriopititrai@scaltt, ihtfaptit@eal, B8 FaREesubditatousitflenaR) iBiretQNMPr i Si ng
admi ni stering {0 tP%?lfaasgwlwééﬁgétraon{glgrmﬁror%ﬁ&tfmmnogsﬁpr:gch&&p”ge%ht | @ns descri bed

“above in an anpunt tive to 1 nduce an | ne response. The' host ani mal
is pref er#ipfoynigragps e mtirgpsenlss ieprerigish migpdernshany subpHepesr Fefor out es of
- admi ni Strahéc&ﬁmﬁ‘@aﬁdnhb@&bodmilﬁts ﬁ&@gm&&tjﬂv&ﬂﬁm e dnbotogedictbidetiset ar , .
i ntraperitoneal ,intrader subcut anepus, .intravengqus, intraarterial,
i nt ragccul £} 'a%ﬁd%ragfganfﬁm%{“ “éegcg%feﬁsaﬂﬂesc élfazf‘rvéﬁe’ “6r°gﬁrflmﬁﬁ‘ﬁ%‘7ﬂa |%‘ﬁ‘%br
- supposi t orayaleNb Sine pavief edipekkil dntheas canghbllogherfia iteathingsthpisn, vpareddside
i ntr.anuscubgdion dbiles RRBIVEIAAS R enic bothSsRGHE F0BBlk: o2RGLISKBE ULRNSAMSHE Nj ection. .

embodiments of the fnvention may be delivered together with electroporation

The present invention is 2lso directed to methods of immimizing 2 host anfmel against 2 -

viral, bacierial, or parasitic infection comprising administering to the animal one or more

. immunogeric-compositions descrbed above in an amount effective to induce a protective response,

C.L' - 'The host animal is preferably a mammal, more preferably a human. Preferred routes of
adminisiration are described above. 'While prophylactic or therapeutic treatment of the host animal
can be directed to any. pathogen, preferred pathogens, meluding, but not limited to, the viral,
bacterial and parasitic pathogens described above.
_ The present invention is also directed to methods of inducing an immume response in & host

animal comprising administering to the animal ene or more immmogenic compositions described’
ahove i an.amount effective 1o induce an immuone response. The host anirmal is preférably a

- mammal, more preferably ahumen Preferred routes of administration are described above. One

skilled in the art is readily familiar with imnmne responses and measurerents thereof.
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According to sone enbodi nents of the present invention, the inmunogenic
conpositions are admnistered to a host animal using a needl el ess

i njection device, which are well known and wi dely available. One having
ordinary skill in the art can, follow ng the teachings herein, use
needl el ess injection devices to deliver inmmunogenic conpositions to cells
of an individuaL Additionally, the enbodinents ofthe invention nay be
delivered together with el ectroporation The present invention is al so
directed to nethods of immunizing a host animal against a viral,
bacterial, or parasitic infection conprising admnistering to the ani nal
one or nore inmmunogenic conpositions described above in an anpunt
effective to induce a protective response. Thp host aninmal is preferably a
manmal , nore preferably a human. Preferred routes of admnistration are
descri bed above. Wil eprophyl acaoort herapeuti ctreatnent ofthehost ani nal
can be directed to any. pathogen, preferred pathogens, including, but not
limted to, théh%W$%ﬂﬂWﬁm@a€@@Pﬁﬁ%ﬂﬁﬁﬁ0@@5&§@Fﬁ@mﬁ%¥ﬁUﬁ%ﬁ%mﬁescr|bed above.

The pr esen'&:mdls[b&i@{&dpﬂﬁblds %t@d&%eﬂh&@&hl@ﬁle&&hdﬁhﬁ&ﬁﬁer&ﬁonb%h& bi}g an i mune
response In”%’ﬁ ost

nistering to th one or
more i mun8geRTe: gr%%%ﬂ”f‘%‘ﬁ?%sﬁ?%etb& EDOVETH S}‘fﬂlgﬂpoa{?ﬁf ¢1f ective to
i nduce an pdwrbadencesgpd Adeicrol Freusvestith afsprhed inudew ap¢ efematstiyulang manmmal , nore

pref er abl y mgi.didBdne Pﬁ%ﬁﬁﬁ&%ﬁ%ﬁﬁm@fa@ﬁm dﬂb}&&icﬁidg&ﬂkr%ﬁhe descri bed above.
One Sk'llzg in the art is read I,Mmune responses and

f -
measur enenfECFRRFRG s ?ﬁ@ﬁﬁﬁﬁygﬁ?d?H@gﬂwmﬁﬂﬁﬁ%ﬂ?ﬁﬂﬁl TEEHE use of
pol.ymer m erepabdisgliesrore Slifgmotheandeicagmdl si on microparticles with adsorbed

racronol ecul e kpaeﬁbﬂsﬂtédb ﬁle fo[ﬂ%%m[n@ﬁp%@&@seﬁlmg&ﬁmsQJIﬁMcﬁwati on with
anot her nacronol ecul e. is, the 1nvention encon‘g}gsses mcr Opal‘tl cles

with- adsoWﬁﬁﬁ‘ﬂﬁ%@%W%mﬁﬁﬁﬂﬂm?ﬁﬂﬁﬂ@?ﬂﬁ”@ﬁﬁﬁs Hfiem PE¥€or bed nucl ei ¢ acid
or i MMUNOSirventidnatubmigron embisioe tileeparialackish Mgl gondinmaterarmed Thi croparticles wth
adsor bed Nl iy &l HORRAGH. Midlhiod YRNIELR- RN RLON pikld 2dsOr Ded -
nucl ei ¢ acid or i nmunostinulati ng nD ecul e. Electroporation may al so be
used to i nPFEVA gt i@y uBrme RO Cl ei ¢ acid. ~. As denmonstrated by the
fol | owi ng Exanpl £&iendeh@eqteen @i hertbh Mefict-en hefredymeei siief.oparticles - with
adsor bed macronol ecul es elicit strong i mmune responses. Additionally, the
present invention's submcron emulsion mcroparticles also elicit strong

i mrune resgofEmetdhe conbi nation of the present invention's

mcroparticl esawd&@ﬂwbﬂﬁbcﬂﬁ@ﬁ&@h@@ﬂé@ﬁn@ﬁLﬁm@fﬁe@oﬁ pewer f ul t ool

for elicit }I:’xzngpes are o ed forsﬂpustra%ve pirposes.only, and are not intended to limit the scope of the

present invention in any way. Those skilled in the art will recogmize modifications that are within -
the spirit and scope of the invention,
Efforts have been made to ensure accuracy with respect to numbers used {e.g., amounts,

C temperatures, eic.), bt some experimental error and deviation should, of course, be allowed for.:

Example 1

Preparation of Polyreer Microparticles with Adsorbed Nucleic Acid _
PLG-CTAB microparticles were prepared using a modified solvent evaporation process.

. Baiefly, the microparticles were prepared by emulsifying 10 mil of a 5% wiv polymer solution i
methylene chloride with 1 il of T.E. buffer at high speed using an IKA homogenizer. The primary -
emulsion was then added to 50ml of distflled water contaming cety! trimethyl ammonium bromide
{CTAB) (0.5% wiv). This resulted in the formation of a w/o/w emulsion which was stirred 2t 6000
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Al'l references cited herein are hereby incorporated by reference in their
entirety. C Experinental Bel ow are exanples of specific enbodi nents for
carrying out the present invention The Exanples are offered for
illustrative purposes only, and are not intended to limt the scope of the
present invention in anyway. Those skilled in the art will recognize

nodi fications that are wwthin the spirit and scope of the invention.

Ef forts have been nade to ensure accuracy with respect to nunbers used
(e.g., anmounts, tenperatures, etc.), but sonme experinental error and

devi ation shoul d, of course, be allowed for. Exanple | Preparation of

Pol ymer M croparticles with Adsorbed Nucleic Acid PLG CTAB mi croparticles
were prepared using a nodified sol vent evaporation process. Briefly, the
m croparticles were prepared by enulsifying 10 m of a 5% w v pol yner
solution in nethylene chloride with I m of T.E buffer at high speed
usi ng an | KA honogeni zer. The primary enulsion was then added to 50mL of
di sti || edwwéeré? basemtaimienrprees loving brmeiipie chiene i cwppige Gt Wailicf CTAB) (0. 5%

W{Wzsoogh |5 %clro@m%; R8e ddiheli Hlfce trOfiAmY wgatbpten@mwtﬂ a«f\mﬁd@sy[t;&m@feezmﬁ@h w??] Ist irred
a rpmfor rs at_roaom erat ur a e net hyl ene
chloride to €V& Wé%aé‘;h"gﬁgmigg N i % ?qoﬁgé’gg%%vashed twice in
distill edcaﬁmc@wwﬁdemmmﬁla@étﬂtmmﬂle@d I@@@e@e@nﬂsﬁaﬂe@momi ed. For

at ypi cal Qﬁﬁrﬂ:ﬂo@lﬁlﬂ&%ﬁ@@Qfﬁae%@ﬂﬁswa%ﬁn\’@b%n%%é Li:gd §§55g%9QWU of PLG CTAB

cationic mc%]% articles were wei into a glass vial and resuspended with
5 m vol ubl B SPETPHEOLT PIiE-E B it B fo oy i@t tis i d pOW or pSI NCP
cont ai ni ngicyEi#es vthe PEBgag)r | The vidl ks setBu fh fhalrer (s gesigparfsicomigias vort exed
Q;Of a_one, -yt %E&x%ih%%ymﬂewe% é&ﬁé&@domﬂ‘a&b&@?&ﬂa@ﬁe@&aﬁ” the DNA

olution. The vial was set on haker | ow speed) at 4 C tor overnight .:
- adsor pt iR 1A ewpteradite W%er‘i‘ﬁaﬁtr“ﬁ-bcépﬁ“ﬁe@:@é@qwta&%tTP? Y& down at 8000
- rpmon a Belk mmewilCEI IR tufft Gerefugpendid thbaliettrels BRchftrdspsupertat ant was

col | ect edspghgg INA ltégpgﬁg ‘JfngbF %Q%&%\Aﬁﬁ?\gg%g%g Qhce with I X TE

buf fer by resuspendi sing wwth a
spatul a dﬁé‘méféﬁwlmf@ﬁ@rlwefhvﬁ%%wzﬁbm disparsing (e il Tt & Spe Wﬁ@ﬂh nal pellet was
resuspend@ézeldﬂaa@namnmtmﬁup@m&tmibc@&)@em@mzed water (about 2 nml) by =
di spersing t dr| Eﬁgo on a bench top

'yophi 11705 ( CABEBHED) " sroR SRR e Raemsbr Rt “(6u s aayed Tor DNA
content bymaueta8lig actsmed b S omlsamEE et BB Olstiy sobacting e amowt n the
supernatant from the total DNA input {1 mg per 100 mg of microparticles. The total load was

estirnated by dissolving 5 mg of final forrmdation i 6.5 M NaOH/1% SDS solution and reading the

clear sohution after hydrolysis at 260 nm.

: Example 2
( ' '_ Preparation of Submicron emulsion Microparticles with Adsorbed Nucleic Acid

A submicron exmiision formed from MF59 and DOTAP was prepared by providmg DOTAP

(i 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
Ommi homogenizer with a 10mm probe at 10K revs/min in order to provide 2 homogeneous
feedstock for final emulsification. This was passed 5 times through a Microfuidizer M1108
homogenizer (Microfiuidics Co., Newtor, MA) at ~800 psi. The zeta potential of the emulsion,
which 15 a measure of net surface charge, was measured on a DELSA 440 SX Zetasizer from

Coutlter and found to be approximately + 55 mV.
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Anmount of DNA adsorbed on the mcroparticles was cal cul ated by subtracting
the anobunt in the supernatant fromthe total DNA i nput (I ng per 100 ng of
rnicroparticles. The total |load was estimated by dissolving 5 ng of final
formulation in 0.5 M NaOH | % SDS sol ution and reading the clear solution
after hydrolysis at 260 DM Exanple 2 Preparati on of Subm cron emul sion

M croparticles with Adsorbed Nucleic Acid A subtract on enul sion forned
from 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), :
Squal ene (5.0% w w) and Span (0.5% w w) were added and honogeni zed for 1

m nute using an Owmi honobgeni zer with a 10mm probe at 10K revs/mmin order
to provi de a honbgeneous feedstock for final emulsification This was
passed 5 tines through a Mcroffuidizer M | OS honogenizer (M. crof
uidics Co., Newton, MA) at -800 psi The zeta potential of the emnulsion,
which is a neasure of net surface charge, was neasured on a DELSA 440 SX
Zet asi zer fr ombNGGithd: e g BiTd-1 EEUNTINA or (fenma PYSQxd DN, edeggnt4n BBV, 52 DNA

(either .% [NA.cpresent in pCW or
pSI NCP) vvagyﬂ\lggjgora%a é!a?% ncumga?n{\Y?m%rtlnlivvlﬁglhm%£ Eg&%ﬁg?ﬁ&cr on grrul si on overni ght at
4C. Exanple 3 Preparatl on of ELVIS Vectors and O her Vector Constructs for
Adsoretion to Mcronaarticles Construction of al phavirus-based ELVIS and
repliconvectors was performed usi ngaSplatlbis virus as a representative
exanpl €. As ﬂg%ﬁogﬁﬂ@w@&foﬂta%th&b&mfr @!)]JSTQI\MS %Aﬁg@hog?o l.f(&i@%&tcﬁés _appl ied to
the derivation of vectors from an avkrus one 0 [I in the art.
proxi mat el y ooy of aiphavirgsbpspdE. %WPFF%VP%HSWP#O{HW@“@MB@ém ron strain
f Si ndbi s vivk ks tSep(ebehEGedeppBi Ls WRk20wBiated\pie fdliowidkIpay 0A0Q)y apfliedro MO of 1
PEU cel | . - e t ot al
was i sol at eg d%?g%&ﬁ%t%ﬁksﬁﬂ%@%%gme%%?:ﬁinl&%}e{ s POEE‘EJQ% EJCS%EE) accor d| ng
to the maflf wELifpedqdvah 'fhﬁ§1€\?3t9€lt1ﬁ°’bﬁ'ﬁf§m ofRdEr v UATEG dearst BR 26471 4l MA was '
di ssol ved i9)1sapk m@eafflmeemwtaemmmaqbomqmﬁ@,daﬁeﬂa@omc@dpmot@0C for

subsequent Rﬂz%fagls%la%%@ﬁ L8100, o PHALIRSLS, @l ol WS, AccRID! | shed by POR
bi

anplification, usin r| rre set nucl eot i de
nunberi ng Fﬂﬁi@fa@erﬁfédﬂsﬁ‘@}“wﬂéa%ﬁﬁf WWW)WﬂF\@@%@%@ﬂT @WP@T AATGERACCAGCCT GATGC

11472-1145 quﬁo%(gmﬁ Er-NQ: 289C for subsequent use in cDNA dlonizg,
Symhes:ts of cDNA was accomplished by PCR amplification, using the primer sefs shown

below (Sindbis macleotide munabermg indicated for each primer):
i CCACAAGCTTGATCTARTGTACCAGCCTGATGE  131472-11450 (SEQ ID NO:29)
1.1 CCACGAATTCAGCCAGATGAGTGAGGE 10364-10381 (SEQ ID NO:30)
CCACAAGCTTCAATTCOACGTACGCCTCAC 10394-10375 (SEQ ID NO:31)
CCACGAATTCATATGGEGAAATCATGAGCC 9614-9634 (SEQ ID NO:32)
CCACAAGCTTCATAGACCCTCACTERCTC 9648-9630 (SEQ ID NO:33)
CCACGAATTCAAGAT TAGCACCTCAGGACE 8878-8899 (SEQ ID NO:34)
CCACAAGCTTCTACACGGTCCTRAGGTGEE 8908-8887 (SEQ ID NO:35)
.1 CCACGAATTLGTCCGATCATRGATAACTCC 8294-8315 (SEQ I 'NO:36)
CCACAAGCTTGCGCCACCEAGEAC 8347-8334 (SEQ ID NO:37)
CCACGAATTCACTECCATRTGEAGEEC 7797-7814 (SEQ I NO:38)
CCACCTCGAGTTTACCCAACTTAAACAGCC 7368-7348 (SEQ ID NO:3%)
.1 CCACGAGCTOGCGACATTCAATGTCGAATEE  5426-6446 (SEQ ID NO40)
CCACCTCGAGGAACTCCTCCCANTACTCGTE  648B-6468 (SEQ ID NO:41)
CCACGAGCTCRACCTTGRAGCGLAATETLCC 5843-5862 (SEQ ID NO:42)

LS I LS T 1% )
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1.1 CCACGAATTCAGCCAGATGAGIGAGGC 10364-10381 (SEQ I D NO 30) 2
CCACAAGCCTTCAATTCGACGTACGCCTCAC 10394-10375 (SEQ ID NO31) 2.1
CCACGAATTCATATGGGGAAATCATGAGCC 9614-9634 (SEQ ID NG 32) 3
CCACAAGCTTCATAGACCCTCACTGGCTC 9648-9630 (SEQ I D NGO 33) 3-1
CCACGAATTCAAGATTAGCACCTCAGGACC 8878-8899 (SEQ I D NG 34) 4
CCACAAGCTTCTACACGGTCCTGAGGTGC 8908-8887 (SEQ ID NO35) 4.1
CCACGAATTCGTCCGATCATGGATAACTCC 8294-8315 (SEQ ID NG 36) 5
CCACA4 GCTGCGCCAOOOAGGAC 8347-8334 (SEQID NO37) 5.1
CCACGAATTCACTGCCATGTGGAGECC 7797-7814 (SEQ ID NGO 38) - 6
CCACCTCGAGTTTACCCAACTTAAACAGCC 7368-7348 (SEQ ID NGO 39) 6.1
CCACGAGCTCGCGACATTCAATGTCGAATGC 6426- 6446 (SEQ I D NO 40) 7
CCACCTCGAGGAACTCCTCCCAATACTCGTC 6488-6468 (SEQ ID NO41) 7.1
CCACGAGCTCGACCTTGGAGCGCAATGICC 5843-5862 (SEQ I D NO. 42) 53 8
CCACCTCGAGTTTCGACGTGTCGAGCACC 5900-5882 (SEQ 1D NO43) 8.1
CCACGAGCCT C@C@TW@&%&%SZ 6B DSNQIB Ap:439

v-zm? éféﬁtgﬂ:ﬁ 64 (%@%%%gﬁ;%? 10. 1

A AT AT TP A AT AR 377 75 Bt B 11
CCACCTCGAGATCAAGITGIGIGCCCTITCC 3464- 344 .1
S 4By | BERIB e

CCACGAGCT COCAGHEIAMMATEAFOGIEAS TP Y56e546 1 4
CCACCT CGAGGCT GT CATAAET TCATETO0G 2822804400 SEQ (SBQNONGLE) 12. 1

CCACGAGCTCGAA 76- 52) 13
gﬁwcmngAg@@%éﬁmgﬁﬁﬁon %64’5]5 %g@%“g = 13.1
' AETHOTFEEETROLIA 047 Z{4BEDP] BSERD? NQA@O) 14
%g %CAGCC@AT TSIRCEIECAG e RobeR2s ( SE6s1BnNGRE 5?5 Nok4. 1 -
pal rs wer e

sed for ol oming SRAbE P Al TE bR %%@aée%. e pairs b 14
were for the ubrUSAWMOIFSECT UCATRCAICTOTOGe n2yerie&l (SERIIYONUB) eotides in pairs
1-5 contained 3 1 (CACRAGCTCRRAGAMCGSGTATCETTCE  1029-1047 (SEQ ID NO:54

14 CCACCTCBABCCGRRATGTACGTCAC 1069-1052 (SEQ ID NO:55)

14,1 CCACGAGCTCATTGACGGCGTAGTACACAC  1-20 (SEQ ID NO:56)

Primer pairs 1-5 were used for cloning of the virns structural protein genes, while pairs 6-
14 were for the virus nonstructural protein genes. Oligomcleotides in pairs 1-5 comtained
additional sequences representing restriction enzyine sites for EcoRl and HindlH, which are not
present i subgenomic RINA of Sindbis virus, Oligonucleotides 6-14 contained sites Tor Stel and
— Xhol, which are not present in the whole genome of previously sequenced straing of Sindbis virus
C, _ ' (these sites are undertined).
‘Bach reverse franscription {RT) reaction was performed I a 50 jl volume using the
Superscrptll enzyme (GI_BC'O/BRL}, according to the mamfacturer’s instructions. Reaction
mixtures contaimed the amount of RNA equivalent to 10° cells and 50 pmoles of each primer
shown below,
Mizturel: primersl, 3 and 5
. Migture2: primezs 2 and 4
Mixture3: pﬁmers 6, 9and 12
Mixtured: primess 8, 11 and 14
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addi ti onal sequences representing restriction enzyne sites for EcaT T and
H nd11l,'which are not present m subgenom ¢ RNA of Sindbis virus.

A i gonucl eotides 6-14 contained sites for Sacl and Xhol, which are not
present in the whol e genone of previously sequenced strains of Sindbis
virus (these sites are underlined). Each reverse transcription (RM
reaction was perfornmed in a 50 | volunme using the Superscripts enzyne

(@ BCABRL), according to the manufacture 's instructions. Reaction

m xtures contai ned the amount of RNA equivalent to 106 cells ‘and 50 pnol es
of each primer shown below. M xturel: primers], 3 and 5 Mxture2: priners
2 and 4 Mxture3: priners 6, 9 and 12 Mxtured: priners 8, 11 and 14 54
RT reactions were frozen and then used subsequently for PCR anplification.
PCR reactions were perforned using Vent DNA pol ynerase (NEB) as
recomended by the manufacturer. Each 50 | PCR reaction contained 3 pl of
RT m xtures descri bed above and 50 pnoles of priners. Atotal of 14 :
reactions mere1ne&%mﬁmmmhiﬁ@hhﬂhﬁ)mdTﬁ@@ﬁmﬁﬁﬁ?@Raﬁﬁﬁﬂmgnﬁnt Primers N of RT

reacti on. f 8 2. 2and2.1 2
boo 9"y 8 9‘?"&‘# GEVE ané\mﬁg’m%mﬁh?ﬂ%qg“ém o é&% 1 670 6 6and6. 1
3 062 7 7amefchrey %@éov@@r@ﬁﬁ@n@n@mﬁﬂﬁﬂeﬁ(’f ngsigesiggibed Hog3gi S0 0 10and10, 1 3
912 1 111 p&lﬂlds of frirdersd A €448 of 14 reactions were performed (Table 1).

TABLE 1
C ‘ N of fragment Primers N of RT reaction. | Length of the fragment (bp.)
| T | Teadll 1 1128
2 2and 2.1 2 800
3 3and 3.1 1 789
4 4 and 4.1 2 644
5 5and 5.1 1 670
6 6and 6.1 3 962
7 © Tand 7.1 3 6566
g gand 8.1 4 1107
9 9and 9.1 3 - 638
10 | 10ad 101 3 912
. 11 11 and 11.1 4 743
(::a _ 12 12 and 12.1 3 870
13 i3 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
0f 95°C for 30 seconds, 56°C for 30 seconds and 74°C for 90 seconds. For fragments 6-14, the
mumber of cycles was changed from 12 t0 15, A small aliguot of each reaction mixiure was
analyzed by agarose gel electrophoresis to confirm the presence of the fragments-of the expected
size. The remaining reaction mixtrre was exiracted with phenol-chloroform and DNA fragments
were precipitated using ethangl.- -
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12 12 and 12.1 3 870 13 13 and 13.1 3 1034 14 14 and 14.1 4 1088 PCR
reactions for fragnents 1-5 were perforned using the follow ng conditions:
12 cycles of 95C for 30 seconds, 56C for 30 seconds and 74C for 90
seconds. For fragnments 6-14, the nunber of cycles was changed from 12 to
15. A small aliquot of each reaction m xture was analyzed by agarose gel
el ectrophoresis to confirmthe presence of the fragnents-of the expected
size. The renmining reaction m xture was extracted w th phenol -chl orof orm
.and DNA fragnents were precipitated using ethanol. 55 Fo'r cloning,
fragments 1-5 were digested wthH ndl Il and EcoRl, and then ligated with
plasmd pRS2 (pUC19 with additional restriction sites in polyliulcer)
treated with the sanme enzynes. Fragnents 6-14 were di gested withSacl
andA7zol and ligated with the sane pRS2 plasmd treated with Sacl and
Xhol . Al'l reconbi nant plasmds were transformed into the E. coli XL-1 Blue
strain (Stratagene, La Jolla, CA). In addition, eDNA clones representing

t he subgenbnid%pmmmnﬂmgmmegﬁommam¢w3WﬂeﬁdﬂHadﬁkﬁén@ﬁamﬂﬁﬁws@hons al so were

gener at ed " i TCGGTTACTTCCACAGC
(SEQ ID N5 57) @ﬂ](‘j}@%ﬂ?%ﬂ&ﬂ@é cece Q%C%Iymég%éﬁ | DQ}%% 58) YSI N2F:-

5' - GATGTACTTCEGRERRETE rordesies 198559 d\%fé?quzﬁlgated A B some PRS2
5 - mm@ammmmmmmﬂﬁmm@s&@smem@sﬁmed mRaBd 2 kare col oni es for

each transfor ts{rgg(sﬁgtg‘,%negﬁaqm Igr plasm d purification using a Q AGEN kit

according to t manhuf act rer' s i'nstructions. The fragnents, designated p
| -pld corr esBHdTRyFNA Aereer e EisEhsHoBY HOFPS FHe B/EPFSpri at e vect or
conf i gur abRsslated REIOBARS birtlghdrOM neibg e EAdKAE ¥l gird:ayer ed Vector Initiation
gisten1(ELVIS) and an al phavirus vector construct for in vitro
transcription of repl con vector RNA was acconplished . using the Sindbis
vi rus cDNA c| OTf88IFpP -GATCGHTHEACTIREASGHE BRI NEAY 3' - end regi on fragments

as follows. Anfpal sMictcid@gmentercantraisphngnbihg pronoter for SP6 RNA
pol ymer ase an re, I IS, MIr enonmi.c RNA, was ligated with
t heMscl Xhol g?%%%ﬁ%fégﬁgéﬁﬁﬁggggggﬁﬁéﬁﬂgéﬁg?ﬁ8g§ al flol digested plasmd

PRS2. The r esUiSEi2Rg SpR@APAABCIASAASTREIT ApABACNBKATTTERE (SR NLER

Positive colonies for each transformation were grown for plasmid purification using a -
QYAGEN It according to the manufacturer’s instructions. The fragments, designated pl-p14 -
correspondingly, were then agsembled into the appropriate vector configurations.

The construction of a2 Bukaryotic Layered Vector Initiation System (ELVIS) and an
alphaviras vector construct for m vitro franscription of replicon vector RNA was accormnplishad
using the Sindbis viras cDNA clones pI-pl4, plus the subgenomic and 3°-end region fragments as

. follows. An.dpal-Mscl fragment, conteining the prometer for SP6 RNA polymerase and siart of

C the Sindbis virus genomic RNA, was lgated with the Mscl-Xhol fragment of cloned fagment 14 m
Apal-Xhol digested plasmid pRS2. The resuliing plasmid was naﬁ:ecl p15. Next, the Sacl-EcoR1
fragroent of p8, the BcoRI-Nsil fragment of p7 and the NiI-Yhol Fagment of p6 were ligated into
Sacl-Xhol digested pRE2. The resulting plasmid was named pl6. Next, the Socl-Munl fragment
of p12, the MunI-Nhel fragment of pI1 and the Nhel-Xhol fragment of pl0 were ligated into Saci-
Xhol digested pRS2 plasmid. The resulting plasmid was named p17. The 4pol-Apall fragment of
P15 and the Apal.l-Xhol fragment of p13 then were ligated into Apol-Xhol treated pRS2, resuling
in the plasmid nemed p18. Next, the 4pal-Nsil fragment of pl18 and the NoiT-Xhol fragment of
p17 were ligated together in Apal-Yhol treated pRE2. The resuliing plasmid was named pld.
Finally, the Apal-dwH fragment of pl 3, the Awll-SalGI fragment of p? and the SeiGl-BamHI -
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fragment of p8, the EcoRI Nsil fragnent of p7 and the NslI |ol fragnment of
p6 were ligated into Sacl Xhol digested pRS2. The resulting plasmd was
naned pl6. Next, the SaclMunl fragment of pl2, the Mini-Nnhel fragnent of
pl| 1 and the Idhel Xhol fragnment of pl0O were ligated into Sacl- Xhol

di gested pRS2 plasm d. The resulting plaasm d was naned pl7. The Apal Apall
fragnment of pl5 and theApalLl Xhol fragnent of p13 then were ligated into
Apal - Xhol treated pRS2, resulting. in the plasm d named pl8. Next, theApal
Nsil fragnent of pl8 and the Nsil- Iw fragnment of pl7 were |ligated

t oget her inApal-Xhol treated pRS2. The resulting plasm d was nanmed pl9.
Finally, the Apal Avll fragnent of pl9, the Avrll-Sald fragnent of p9 and
the Sald@-Banlf 56 fragnment ofpl6 were |igated together into a previously
constructed Sindbis replicon vector expressing the GFP reporter (see
Dubenslcy et at, J. Virol. 70:508-519,1996; Polo et al, 1999, ibid; and

- U S. Patent 5,843,723), that had been digested wi thApal-B=Mto renove the

exi sting e\i\!gﬁﬁﬁtromts W@ kigaRH %@Aeflmgeﬁeﬁeuﬂ;r E@stﬁ;&&iﬁmﬂ&ﬂ@ph&inméims- vector
construct, I C al ns LV Iron virus
strain and® ’%’feésg“g]ﬁ%g%’eegmﬁr %’ ?f'le?%;mz %%8%%3593&??%0 ot - GFP (al so
known as DE&8P&SINgPot 3, ﬂﬁé@anlathabwemﬁgeﬁ@phﬂldMwa nemwthhp}ésﬁl@por ter

construct, n@f&r&eeﬂallm@éﬂ éhé@d’ﬁle%esﬁiﬁgE‘ﬂ&bm%%EJnHﬁEtswhﬁ’cﬁQJn%ﬁe@an\!@r i ous ot her
het er ol ogo uence E’{ gﬁ)ﬁ ant i ns FI‘PI bed in the specification and
bel ow) vast Pﬁ*&&“ﬁ?/: R 31“°dt‘°““°hae BREGIEHG BRE , fol | oned by

invitrot Smmﬂ@mﬂso&nwmss PCRPbEEEEr Pmpakmgteofﬁﬁl&oq:mﬂzyﬁmfh@ema@ descri bed
%VI ously c&nEtQJctoas 3 QTSmdﬁmeeger CM%%%SSQL vbus othbrabtggioocél s%&r@gsl y, the same

dbi s sequences were used for asse into an al phavj rus-based
Eukar yot i c @say@ieay dgeded by setifestiop 84 b@%}ét vehReriere! bylgerizgionafihes o and
6, 015, 686) DNkRsispF2h fllbved bi # &N Einkcibtion thing backedphagashslpbiyersgasvect or RNA t akes

pl ace di reﬁés):r}é”‘é\&e%l% S?((E!TO lt§ %}@ﬁg&%% Ez)ransfect ed eukasyotic cells via a.

eukaryotic merise || gr onoter). An ELVI Splasmid
DNA, whi ch aI sén‘%%bf%%@?fl@ﬂeﬂ"é?ﬁrvﬁéﬁma\fﬁéﬁ@% %W%H@P]@Hmbvsqdepl aci ng
Si ndbi s vemu@oﬁdeﬁyewede@@gﬂeme@temmsean sesdistdzng doi’/bss), meeiote W t h t he

correspondin o\ P seque ve f h t he previously
descri bed Ef%i%vé{gﬁg: p“%ﬁuﬂ %%T%rl %g%%%& thms%LaVI%ﬁ%glrdo 72:950-958, -
1998), thetﬁlﬁfa%ﬁ#@aﬂm%le%ﬁea@kmﬂc RARRS e (i Wéaolwragﬂbemﬁm iig the plasnmd
backbone: wit{s tpiagaﬁa 15140 %Mlsipfbkse(( @Mrreﬂyﬁﬁeﬂﬁcoﬂ&m@éd by reglacinRiSh@is.

74:2628- 2635, .20 n found i.n é%ﬁpﬂ’ asmd, to
generate the® [RIGEf r?%%‘l Béfuegméﬁn§t ?e'li‘,\gtveckoI g & ﬂ%%%ﬁ Next, one of the
‘two Sacl  sietiescegfcBL&ANS| SIHFOR v(h the HF‘@@Slﬂ@HS@b@IELVISO’GCF% pSI8] NEBtiharan
etal, J. Virol 72:950-958, 1998}, the plasmid backbone first was modified by substitubng the
plasmid backbone with that from pCMVLink (zwr Megede et al, J. Firol 74:2628-2635, 2000)
. using two Sacl sites found in each plasmid, to generate the intermediate construct known as
( BLVIS1 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 Hgating into the modified site, a Pmel linker 5°-GTTTAAAC-3’, The comect plasmid withowt
the targeted Sacl site was designated ELVIS1.5CBdiSac, This intermediate plasmid then was
prepared for ingertion of the new SIN nonstructural protein genes by digestion with Sacl and Xhol.
The corresponding nonstructural genes were obtained hy PCR armpification from SINCR-GFEP
- using the cligonuclsotide primers
5"CCTAT G'AGCTCGT’ITAGTGAACCGTATTGACGGCGTAGTACACAC (SEQ ID NO:61)
and 5’CCTATCTCGAGGGTGGTGTTGTAGTATTAGTC (SEQ ID NO:62), followed by
digestion with Sacl and Xhol, and }igaﬁo'n, to produce the intermediate construct SINCP-Not.
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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'-GITTAAAC-3'. The correct plasmd without the targeted Sad site was
designated ELVIS 1.5CBdlI Sac. This internediate plasm d then was prepared
for insertion of the new SIN nonstructural protein genes by digestion with
Sacl and. Xhol. The correspondi ng nonstructural genes were obtained by PCR
anplification from SNPCR-G-P using the oligornel eotide prinmners

5' CCTATGAGCTCGTTTAGTGAACCGTATTGACGGCGTAGTACACAC (SEQ I D NG 61) and

5' CCTATCTCGAGGGTGGIGITGTAGTATTAGTIC (SEQ I D NO. 62), followed by digestion
with Sacl and Xhol, and ligation, to produce the internedi ate construct

SI NCP- Not . 57 Fi nal | y, one of the two Notl sites present in this construct
was elimnated by partial digest and Klenow fill-in, to | eave only one
Notl site in the polylinker. This newWy constructed ELVIS vector was

desi gnated SINCP (or pSINCP). Insertion of heterol ogous sequences (e.g.,
ant i gen- erideli g offertes o sitsgresenien Sl NGRgrvaSHikiGRed tapphd visissd vect ors i s

per formed jaLh Bty 1By o &@ﬁr&ﬁ S0 LAAQ, Iﬁ!satléwhocroagﬁe%dlgms,va&&' | oned by
ligation with a desired DNA fragment that also bas Xl 2ollNotl or Xhol (Xbal
termni A P8l er rpEER: sites may be bl unt-ended or other polylinker
sites may be I’ﬂwm&)fmgcd}fgblelssaqhmﬁee(eql ag@eu&ncoemmﬂmhmycbaam@ aced) to

al I ow cl Orb!l R85 R e fndl ﬁg&ﬁéd[ s env %gﬁxﬁzoimpzf %ﬁ%@%&)ilofvwe& }%e HI V-1

p55gag (SF stral nz g straln) enco s were

i nserted ilgtige m‘@ﬁfé‘@?%@é’i’f"‘ff“’f 6% HEFivo W‘ﬁl‘?@d H VvV
p55gagnod Mjemﬁﬁbe(bﬁﬁl&nﬁ@mmipblymmeﬁsHaﬁeuse?@af&ﬁi&ha@@@&gbﬁatI on 09/ 475, 515;

gur Negede el DL VB NRES S4B G B8RS LG, W MGEI LS W L

ol / Xbal fai ne y di gestion W|th
SalllXbal PH’TH@SSgﬁse@Eﬂ s@rmﬁgnww@wsm @rma)eagfrogm@aemawsm@ﬂedp@g@eﬁg and

Sl NCP- p559@@ars %Féaahaafr kﬁécod@@m&mmmrﬁss?g@%a LelnieMe @Rl AOSaM4RA0ES (descri bed
in Exanpleg 1 42,;) wer e

Ba
i nserted i Tt%t %10 ({?"ﬁg} 5“e§ %@d)ﬁfa%mr‘?{t%gy%emﬁ‘éﬁl&m ¥He constructs
SI NCR- gpl WID@deMCSBM@@m@pIpmagnﬁéﬁmramtmd yfcigBtiv ShFPRERIGTENA (pSi NOP) and

RNA vect Or \%@&J‘vﬁere &ﬁ?&@ﬁm@@%ﬂg& ¥ - 556;%%5" §£&1§|0N%9Ahﬁﬁéﬂ ds is

perfornmed _as escrl % reinth r;_p Exa | muni zat i on- of
Rhesus I\/Bé-g& Wq.ewes (desc ed m Example 10 ar.dBamart et al, 2001, J. Viol. 7 5526-4)

were inserted into both the SINCR and SINCP plasmids to generate the consitucts SINCR-gpl40
and SINCP-gp140. Formuldation of ELVIS plasmid DNA. (pSINCP) and RNA vector replicons
franscribed in vitro from the SINCR plasmids is performed as described elsewhere in the

Examples,

Q Example 4
Immamization of Rhesus Macaques with
Antigen with pCMV or pSINCP Plasmids

using Microparticles or Submicron emulsions
PLG polymer microparticles and MF59 submicron ernulsions were formed as described

above in previous Examples 1 and 2. Groups of microparticles and submicron enwlsions were
made I oxder to analyze the different effects of immunizing rhesus macaques with a plasmid vector
construct, pCMV- gp140 o1 pCMV-p55gag (see commonly owned U.S. Patent Application

059/475,515), on microparticles or in a submicron emulsion, as well as comparing the effect of using -
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Antigen with pCWwW or pSINCP Plasm ds usingM croparbcles or Subm cron

enmul si ons PLGpol yner m croparticles and MF59 subm cron enul sions were
formed as described above in previous Exanples | and 2. G oups of

m croparticles and subm cron enul sions were mnade in order to analyze the
different effects of imunizing rhesus macaques with a plasm d vector
construct, pCWwW- gpl40 or pCW-p55gag (see commonly owned U.S. Patent
Application 091475,515), on mcroparticles or in a subm cron enul sion, as
wel | as conparing the effect of using 58 an ELVI S plasm d, pSINCP-gpl140 or
pSI ' CP- p55gag, constructed as descri bed above. Six groups of aninmals were
i muni zed with different fornulations as follows: Goup | used pCw- gpl 40
and pCW - p55 gag without mcroparticles or submcron enulsions. Goup 2
used pCw- gpl 40 and pCW - p55 gag adsorbed on PLG CTAB microparticles.
Goup 3 used pCW- gpl 40 and pCW - p55 gag adsorbed to an V§9- DOTAP

subm cron emul sion. Group 4 used pSI NCP- gpl40 and pSINCP - p55 gag wit hout
i cropart i @ﬂﬁSJIS)ﬁ}as&wpﬂE[imP%lmﬁf@ﬂﬁ%POﬁSgag Gratipredasdsetbe PBLNCR: gpl140 and

pSI NCP - P35 gammgor bed on Plﬁ%éé;l;ﬁ%% an%&oapﬁﬁt' cles. Goup 6, a control,
used no anfi’ §%n no mcro ar and no subm €ron emul sions. For each

group of ani nalGsoup BUMSPM%HGB@MWMIE%VAW%WG@PW &)sulyre@ i nmuni zed
with suffigh@nt quantities of material such That t he dosage of vector with

- gp140 DNA was 1,0 d.v or,.con gag DNA was 0.5 ng
each, except f OH’B%TESE‘%CE\&'S?&& kP> A SQI ‘?q’@gﬁﬁ"é% s were immunized a
second ti neicfopaiciepeeks after the first immunization, and a third tinme 14

wg:eks after th%mﬁ;{»(ﬁ%e%;&dﬂ%@ﬁﬂ@inhg%hw %aga\t@fm@e@tw%@mpweeks 2 (2wpl), 6
wp

(RwT2),11-12  wee and The route of imunization was | M
TA Fol | owi A™ Wﬁﬂ?}’?sﬁ’ tions, plasm ant i -p55gag and anti-gpl40 IgGtiters
wer e nmeasur ed, Gtdug4 nsedspﬁtﬂﬁ@— gt 40mnd xHINGD{ré ages bgtcovmitrppartifledal @dmiZro@and 3 as
geonetric pean.titers. 59

Group 5. used pSINCP- gp140 and pSINCP - p35 gag adsorbed on PLG/CTAB
micropat‘ticles. ' ‘ '
Group 6, a conirol, used no autigen, no microperticles, and no submicron emulsions.
For each group of animals, 5 thesus macaqnes {only 4 for group 6) were homunized with
sufficient quantities of material such that the dosage of vector with gp140 DNA was 1.0 mg each,
-and vector containing p55 ga;g DNA was 0.5 .mg each, except for the control which had none. The
anitnals were immtmizéd a second time four weeks after the first ivummization, and a third time 14
weelcs after the first impmmization. Sermm was analyzed at weeks 2 (2wpl), 6 (2wp2), 11-12
weeks (7wp2), and 16 (2wp3). The rowe of inymunization was IM TA. Following fmmumizations,
. plasma anti-p55gag and anli~gp140 IgG titers were measured, the resulis of which appear below in
(;- Tables 2 and 3 as geometric mean titers.



Table 2 Serum1gG Titer for anti-p55 gag (Geonetric Mean) G oup Form of
DNA 2 | 2wp2 7wp2 2WB 1 PCNIV in saline solution 7 19 19 118 2 PCW _
adsorbed on 490 10770 4360 1637 PLGE CTAB articles 3 PCW adsorbed on 142
5702 1480 3536 MF59/ DOTAP emul sion 4 SI1VCPin saline solution 8 7 8 45 5
pSI NCP adsorbed on 728 19256 3426 856 PLG CTAB particles 6 none 12 9 8 7
Table 3 Serum I gG Titer for anti-gpl40 (Geonetric Mean G oup Form of DNA 2
| 2 2 7wp2 2wp3 1 CW in saline solution 5 517 81 2460 2 PC- W . adsor bed
on 5 2762 5290 1913 PLG CTAB particles 3 pCW adsorbed on 5 564 112 4823
M _F591 DOTAP enul sion 4 pSINCP in saline solution 8 488 20 70 5 pSI NCP
adsorbed on 15 11289 4266 1002 PLG CTAB articles 6 none 12 14 11 11 The
same group of animals as was used for the preceding animals were anal yzed
for induction 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 rhesus nacaque which
showed 10% or nmf&e specific lysis of the target at two or nore consecutive

ET -
- Serom IgG Titer for anti-p55 gag _ i
{Geometric Mean)
Gronp | - Form of DNA Zwpl 2wp2 Twp2 2wp3
1 PCMYV in saling solution 7 19 19 118
2 PCMV adsorbed on 490 . 14770 - 4360 1637
PLG/CTAB particles )
3 PCMV adsorbed on 142 5702 1480 3536
e MFES9/DOTAP eplsich
C ' 4 pSINCP mn saline solution | 3 7 8 45
’ 5 | pSINCP adsorbed on 728 19256 3426 856
PLG/CTAR particles
6 BONE 12 8 8 7
 Table 3
F - o Sernm IgG Titer for anti-pp140
) - (Geomeiric Mean) .
Group Form of DNA 2wpl 2wp2 7wp2 2wp3
1 pCMYV in saline solution 3 517 81 2460
Z pCMY .adsorbed on 5 2762 5290 1913
PLG/CTARB particles
3 pCMYV adsorbed on s 564 112 4823
MESS/DOTAP spmilsion
4 pSINCP jn saline solution 8 48 20 70
5 pSINCP adsorbed ox 15 11289 4266 1002
_ ' . PLG/CTAB parficles '
C 6 none 12 14 11 11

The same - group of animals as was used for the preceding animals were analyzed for
mduction of a CTL response. The effector 1o 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 rhesus
macague which showed 10% or more specific lysis of the target at Two or mote consecutive E:T

ratios.
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rati os. 60 Table 4 Nunber of ResResponders 55gag) G oup Form of DNA 2v,|
2wp2 7 2 2wpp3 1 pCW in saline solution 0 4 1 4 2 pCW adsorbed on 3 3 2
3 PLG CTAB particles 3 pCW adsorbed on 01 1 0 M59/DOTAP enul sion 4
SINCP in saline solution 0 1 0 0 5 pSINCP adsorbed on 0 3 1 1 PLG CTAB
particles 6 none 0 0 0 O Table 5 Nunber of Res onders ( 140) G oup Form of
DNA 2ML 2 2 7 2 2v p3 1 PCW in saline solution O 0 0 0 2 pCW adsor bed
on 0000 PLGCTAB particles 3 pCW adsorbed on 0 0 0 0O 1v1F59/ DOTAP
emul sion 4 pSINCP in saline solution 0 0 01 5 pSINCP adsorbed on 0 1 0 1
PLG CTAH articles 6 none 0 0 0 O The sane aninmals were al so anal yzed for

| ynphoproliferation. This assay neasures specific proliferation of T cells
in vitro in response to restinulation with antigen. Rhesus nacaque

peri pheral bl ood nononuclear cells (PBMC) were purified fromheparm zed

whol e bl ood by centrifugation on Ficoll-Hypaque gradi ents. PBMC were
cultured at the nunber of 2x 105 per

Table 4
Number of Responders (pS5gag)
Group Form of DNA 2Zwpl 2wp2 Twp2 2wp3
1 pCMYV in saline solution 0 4 1 4
2 pCMV adsorbed on 3 3 2 3
PLG/CTAB particles
3 pCMYV adsorbed on 0 1 1 0
MESS/DOTAP emnision
. 4 pSTNCP m saline sohution 0 1
C ‘ 5 PSINCP adsorbed on 0 3 1 1
’ PLG/CTAB particles
6 . none 0 0 0 0
Table 5
Number of Responders (gpl40}
Group Formm of DNA 2wpl 2wp2 Twp2 2wp3
1 PCMV in saline solution 0 0 0 0
2 pCMV adsorbed on 0 0 0 0
PLG/CTAB particles
3 pCMV adsorbed on 0 ' 0 0 0
MFESS/DOTAP emulsion
4 PSINCP in saline sohttion 0 D 0 1
5 PSINCP adsorbed on 0 i 0 1
PLG/CTARB 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 o response to restimulation with antigen. Rhesus macaque
pe:riphera?n blood racnonuclear cells (PBMC) were purified from heparmized whole bleod by
centrifugation on Ficoll-Hypaque gradients. PEMC were cultured at the nurmber of 2% 10° per -
well in flat bottom microtiter plaies in the presence or absence of 3 micrograms/ml of purified
recorihinant p55gag protein. Six replicate cultures per condition were initiated.  After 4 days of
culture trtiated thymidine (PH]TdR) was added (1 microcurie per well). Cultures were continued -
overnight and harvested ihe following day. Cells were deposited oxito glass microfiber fitfer sheeis.
Filter sheets were exposed 1o scintiliztion fuid and counted in liquid scintillation counter. For

each condition [’H]TdR incorporation, measured as the mean counis per min (cpm) for the 6
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well in flat bottommcro titer plates in the presence or absence of 3

m crograns/ m of purified reconbinant p55gag protein Six replicate
cultures per condition were initiated. After 4 days of «culture ntitiated
thym di ne ([3H TdR) was added (1 m crocode per well). Cultures were
contnmed overnight and harvested the follow 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 mean counts per mn (cpm
for the 6 61 replicates was cal cul ated. The results appear below in Table
6. Geonetric Mean Stimulation Index (GWSI) is calculated as counts per

m nute (cpm of pS5gag stinmulated cells divided by cpm of unstimulated
cells, thus, the larger the GWSI, the nore positive the result. Table 6
GvBl G oup Form of DNA 2wpl 2w p2 7wp2 2wp3 1 PCW in saline solution 2.6
5.1 3.0 3.2 2 pCW adsorbed on 6.6 15.4 5.9 4.6 PLG CTAB parldcles 3.

pCM/adsorbe 9. SINCP in saline
sol ution 7° g‘“%esé”aﬁ”%% eg ﬁ%‘“&éﬁﬁﬁéﬁb ?i’é%&lﬁb@ ?ﬁfmfﬁmktf T%n%ﬁéioﬁ 4.4 PLG CTAB
particl es Bdpd@ESILis galchlafd & c@mth p@ mirfin EpweaiesSeagistrallaed wdls dvidel kocpanal yzed for
i nduction gfudintitacehd dhlsaihe 1yt AL 8081 m&a&yﬁsmnhmsmhl s assay neasures
speci fic production of cytokines by T invitro in response to brief
restinulalion with antigen. Rhesus macaque peripheral blood nmononucl ear
cells (PBNC) WEbie 6 pur| f| ed from hepar| zi ned whol e bI ood by cent rifugation
on Ficoll ' X ' mul ated with
a_pool of K@{m@pm m s—éﬂ@t gpan j’lE a7 | env)

otein quulencepa;m 8nPLB8ENCE Qlg a ¢0- i nuifatogy anfi- €k28 ponocl onal
anti body. [ By eTlel demrvAdb@da .added @ al I owishe gccupml atj oriz@f new y
synt hesi zged cytokp@sTAB fzhikler cel |s.  After overnight incubation| PBMC were

stai ned W t s commeteiValisbypedaal | abloa, fluorescent| yizlsabel edios
MESS/DOTAP emnlsion
4 PSINCP in saline solution 7.5 6.6 4.1 4.3
5 pSINCP adsorbed on 10.4 13.8 5.4 4.4
. PL.G/CTAB particles .
6 none 1.4 1.5 13 1.2

The same animals were also aualyzed for mduction of intracellular cytoldne production.
This assay measures specific production of cytokines by T cells in vitzo in response to brief
' restimulation with antigen. Rhesus macaque peripheral blood mononucleer cells (PBMC) were
purified from heparizined whole blood by centrifugation on Ficoll-Hypague gradients, Aliguots of
1% 10° PBMC were stinilated with a pool of synthetic overlapping peptides that span the gag (or
env) protein sequence in the presence of a co-stimulatory amti-CDD28 monocional antibody.

C Brefeldin A was added to allow the accumulation of newly synthesized cytokines within cells.
After ovemight iw_lcubation PBMC were stained with commercially available, fiuorescenily labeled
monoclonal antibodies fo.f the presence of mtracellular interferon~y (IFN- v) and tumor necrosis
factor-o. (TNF-o) and for cell surface CD4 and CD8 markers. Stained cell samples were analyzed
on 2 fHlow cytometer and data were acquired for approximately 50,000 - 100,000 PBMC. The
frequency of cytokine-positive cells was determired for each sauple vsing commmuercially available
software. The results for gp140 and p55gag are shown in Tables 7 and 8, respectively. The Tables -
show the mumber of responding animals, where a responder is defined as an animal scoring greater
f.han 100 CD4 cefls per 100,000 expressing TNF-o. and IFN- ¢ a3 measured by nfraceltular .

staiming.
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nmonocl onal anti bodies for the presence of intracellular interferon-y (IFN
y) and tunor necrosis factor-a (TNF-a) and for cell surface CD4 and CD8
mar kers. Stained cell sanples were analyzed on a flow cytoneter and data
were acquired for approximately 50,000 - 100,000 PBMC. The frequency of

cyt oki ne-positive cells was determ ned for each sanple using commercially
avail able software. The results for gpl40 and p55gag are shown in Tables 7
and 8, respectively. The Tables show the nunber of responding animal's,
where a responder is defined as an aninmal scoring greater than 100 CD4
cells per 100,000 expressing TNF-a and |FN- y as neasured by intracell ul ar
staining. 6? Table 7 :zpl40 cytol dne m ponders G oup Formof DNA 2 27 2 2
3 1 CW in saline solution 1 0 0 2 pCW adsorbed on 1 2 0 PLGE CTAB
particles 3 pCW adsorbed on 0 0 O M59/ DOTAP emul sion C 4 SINCP in saline
solution 0 0 O 5 pSINCP adsorbed on 0 1 0 PLG CTAB particles 6 None 0 0 O
Table 8 55 ag ¢ oldne res onders Goup Formof DNA 2 2 7wp2 2wp3 1 CW in
saline solution 0 0 0 2 pCW adsorbed on 2 1 0 PLG CTAB particles 3 pCW
adsorbed on 0 %m£7 | v F59/ DOTAP emul sion 4 pSINCP in saline solution 0 0 0

) epl40 cytokine responders
Group Form of DNA 2wp2 Twp2 2wp3
1 pCMV in saline solution 1 3 0
2 pCMV adsorbed on 1 2 0
' PLG/CTAB particles
3 pCMV adsorbed on 0 0 0
( MESS9/DOTAP emulsion ‘
" 4 pSINCP in saling solution 0 0
s pSINCP adsorbed on 0 i 0
PLG/CTAB particles,
6 None 0 0 0
Table &
pSSpag eytokine responders
Group Form of DNA 2wp2 Twp2 2wp3
1 pCMYV in saline sohution 0 0 0
2 - pCMV adsorbed cn 2 1 -0
PLG/CTAB particles
3 pCMV adsorbed on 0 0 0
MF5%/DOTAP emmilsion _
4 pSINCP in saline solution 0 0 0
5 pSINCP adsorbed on 1 1 0
: PLG/CTAB parficles
6 none -0 a 0
Example 5
RNA Vector Construets

RINA vector consimets (e.g., replicons) may be adsorbed to microparticles for delivery of -
heterologous nucleic acid sequences to the cells of animals. The RNA. vactor consiuet generally
«comprises a viral RNA which has had a region of the genomic RNA (e.g., siructvral protein gene)
replaced with the selected heterologous sequence, derived from the DNA coding sequence for the
gené-pro duct of inta.rest. Representative exau:—aples of RNA vector constructs include, but are not
limited to, alphavinus RNA vectors (see for example, US Patent 5843723, PCT publication WO
86/1 8226, and Polo et 4L, 1999, PNAS 96:4598-4603), picornavirus RNA vectors (see for
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pPSE4CP adsorbed on 1 1 0 PLGE CTAB particles 6 none 0 0 0O C Exanple 5 RNA
V ector Constructs RNA vector constructs (e.g., replicons) nay be adsorbed
to mcroparticles for delivery of heterol ogous nucleic acid sequences to
the cells of animals. The RNA vector construct generally conprises a viral
RNA whi ch has had a region of the genomc RNA (e.g., structural protein
gene) replaced with the sel ected heterol ogous sequence, derived fromthe
DNA codi ng sequence for the gene-product of interest. Representative
exanpl es of RNA vector constructs include, but are not Ilimted 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), picomavirus RNA
vectors (see for 63 exanple, US Patent 6156538, and Vignuzzi et al., 2001,
J Gen Virol, 82:1737-47), 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

const ruct Sefl. U8 fukllelshss aﬁﬁﬁ@@awmn%/o@mb%h%@m& b A DG Lbt al ned from

plasm d c constructs as a source start the standard
process of v et ipresepinsertshet H i PsEelogetséPent béﬂda‘BJBV@)RNASiE’WIF arly to

pl asnid DN@Tefcsrta@fﬁ@ Ehgécaéﬁﬁmonoooqnﬁrhlrmbsulshmwx J&ﬁuﬂ@k&@m&aﬂm& 0 |

m cro art|c of .the jnve S¢ ere e exanpl es.
For eg anpl’e I?ﬁe% ecog%g%d?’%c FER: eb%aL { j"S‘S‘or yéd” Séjhrtceoor} Hes w

m cr opartlfefif@@L mﬁhelsh%fiaﬁa{%qquﬁfmﬂﬁgﬂswﬁ@éﬁ@fﬁ!ﬂ@cesmbwbﬁamhlﬁpes inal nmg(m
sol ution 051asﬂhbﬁmzmé@mfrecﬁrhﬁsmfmgenmaﬁe%aﬂbém&h@@p@ﬁcﬁsa%n separated by
(entrl fugati on shed W h TE 1?%%?1%‘ and the mcroparticles

reeze-dri %‘é‘fﬂmﬁgc%ﬁ%‘iag ?Eim& T %fmﬁjéeis BrETEFiiirat ed RNA vect or
const r uct sadiogbed patd thempicrppsrticlgty md@s@sﬂ@e@ of @#OHEIW@@IM@; mfedrmg/mdxanpl e at | east

1 ug, 10 ugnickQPpaa x0fc Q0L ngnﬂo;,&@aaemla ﬁE@QpaBM@‘ch@ﬁﬁiQéaﬁ&Qﬁ@t ruct for

delivery. vants in e, An experi ment was

per f or med Etg%gﬂ%ﬁng\ﬂ‘ e?”?@ﬁf“‘“ﬁ?ﬂfgﬂ s AP Eh o RPTHT deb‘ﬁ%’§ hate (al um

in mce. Rhmdlglrfe’nmmimcﬂ@g&v@ﬂocdommmﬂmemrdwnmsfoﬂmwem@é&cr| bed with or
example at least 1 ug, 10 ug, 100ug, or 1000 ug of formulated RNA vector construct for delivery.

Example 6
Adjuvants in Mice
An experimoent with mice was performed to analyze the effect of the adjuvant aluminum
* phosphate (alur) i 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 (¢ and 6, withowt or

C without alum  The resulis, as geometric mean titers of antibody, are shown below m Table 9.
Table 9
Sernm XgG Titer for anti-p55 gag
{Geometric Mean/Standard Erroir)} .
Group Form of DNA 3 weeks 6 weeks 9 weeks 13 weeks
1 pCMYV in saline soluiion 28 149 6238 5274
2 | pCMV adsorbed on PLG 5022 21652 346856 171301
microparticles ,
3 pCMV i saline solution 1336 3039 125070 92438
plus alpm
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wi t hout pCNV-p55gag adsorbed thereon. 10 m crograns of DNA, whether naked
or adsorbed to the PLG mcroparticles was injected in groups of 6 CB6 F1

m ce on weeks 0 and 6, without or wthout alum The results, as geonetric
mean titers of antibody, are shown below in Table 9. Table 9 SerumIgG
Titer for anti-p55 gag (Geonetric Mean/ Standard Error) G oup Form of DNA 3
weeks 6 weeks 9 weeks 12 weeks 1 CW in saline solution 28 149 6238 5274

2 pCWadsorbed onPLG 5022 21992 346856 171301 mcroparticles 3 pCW in
saline solution 1536 3039 195070 92438 plus alum 64 Exanple 7

El ectroporation with Mcropa ticles and ELVIS Vectors and RNA Vector
Constructs Electroporation may be used in conbination with polyner

m croparticles or submcron emnulsion meroparticles made with any of the
nucl ei ¢ aci ds descri bed above, such as plasm d DNA, ELVIS vectors, and RNA
vector constructs. Exanple 8 Induction of |Inmune Response in Rhesus with

Pri me and Boost | muni zations An experinent was perforned to determ ne the
effect of primng with DNA and bogsting wth protein adsorbed to PLO

m croparticl es. Partlcularly, PLG— nlcropartlcles were prepared as
.descri bed abovcEReatop il agspartislerna BLVIS Nedio SR A Ectop HEEIAXE anpl | cat i on

PCT/ US99/ 17308, and purified reconblnant p559ag protein was adsor bed

thereto. A gr %Pm%oran%%ﬁéuea%%%ﬁ%%ﬁ&[ ]Eaﬂo%m[lﬁ ﬁ%{m&%gag The

animals were inmu al n at weeks. The

ani mal s WePELHRBSPRFLIR TR HESEA] Tp Pt pis uebrsde seh PLBIRPYAopar ti ¢l es at
41 weeks. FiES teeswllabERrY Rctchomtuctsn Tabl e 10 bel ow, which shows anti body
ti-ter for responders, induction of helper T cell |}nphoproliferation (nean
sti mul ati on index of responders), and induction of C TL (nunber of
responders, based on greater thanEi@®eBysis at two or nore consecutive ET

rati0s). Resul t Baedher RaS-80hah Ridu-WRe kS -PASH 03 TanRLIwR for the prine

An experiment was performed to determine the effect of priming with DNA and boosting
with protein adsorbed to PL.G mieroparticles. Particulatly, PLG-SDS microparticles were
prepared as'described above and in commonly owned International patent application
PCT/U899/17308, ard purified recombinant p35gag protein was adsorbed thereto. A group of
animals was immunized with 1 mg pCMV-p55gag. The animals were immunized again at 4 weeks,
then agam at 8 weeks, The animals were boosted with p55gag p:rlotem adsorbed to PLG
microparticles at 41 weeks. The results are showa m Table 10 below, whick shows entibody titer
for responders, induction of helper T cell lyrmphoproliferation (mean stimulation index of

-respondess), and induction of CTL (mumber of responders, 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
C . columns, and 2 weeks post boost for the boost columns, Numbers in parentheses indicate the

mymber of yesponders out of 2 iotal of 4 animals,

Table 10
Vaceine Antipody Titer | Lymphoproliferation CTL
| (S0
prime boost prime boost . prime boost prime boost
pCMV- FLG/ 4401y | 1777{4) | 25(2) 21.8 (4) 4 4
p55gag p55gag



colums, and 2 weeks post boost for the boost colums. Nunbers in
parent heses indicate the nunber of responders out of a total of 4 aninals,
Tabl e 10 Vaccine Antibody Titer Lynphoproliferation CITL (SI) prinme boost
prinme j boost prinme boost prine boost pCW- PLE 44 (1) 1777 (4) 2.5 (2)
21.8 (4) 4 4 p55 gag 55ga 65 Exanple 9 Induction of Neutralizing
Anti bodi es The sera fromthe rhesus macaques in Exanple 5 above were tested
for inhibition of two different H V-1 strains (SF2 and SF162) using
PMBC-grown virus stocks and a CCRS+/ CXCR4+ICD4+ T cell |ine based assay.
Sera were used at a dilution of 1:020. Inhibitory activity was neasured
and expressed as a percentage inhibition. The inhibitoryactivity of the C
animal s’ sera prior to i munizations were subtracted fromthe results for
each animal. The results for each of the five animals in each group are
shown in Table 11 bel ow. Table 11 Percent Inhibition Goup Form of DNA
HV-1sF2 I-11V-18rx62 2 2 2 3 2wp2 2 3 1 pCW in saline solution 0 0 0 00
0017 0s00 00012 00O 5§@%m%§LNV adsorbed on 58 40 3 0 PLGE CTAB
particles 0 41 6 0 0000 727 '

) Induction of Nentralizmg Antibodies

The sera from the rhesus macagues in Bxample 5 2bove were tested for inbibitien of two

different HIV-1 strains (S8F2 and SF162) using PMBC-grown virus stocks and a

CCRS5H/CXCRAHCD4+ T cell kne based assay. Sera were used at a dilution of 1:20. Inhibjtory

activity was measured and expressed as a percentage inhibition. . The inhibitory activity of the
( o avimals' sera prior to immunizations were subizacted from the results for each animal. The resulis

for each of the five animnals m each group are shown it Table 11 below.

Table 11
Percent Inhibition
Gl"O'llp Form of DNA . Pﬂ-v-lsm I‘HV"lsFlég
2wp2 Zwp3 2wp2 2wp3

1 pCMV i saline solution 0 0 0 0
0 0 0 17

0 8 0 0
¢ 0 0 12
0 0 0 52

2 ~ pCMV adsorbed on 58 40 3 0
PLG/CTARB particles 0 41 6 0

¢ 0 o ¢

72 70 0 ¢
43 61 11 10

3 pCMV adsorbed on | o 100 0 0
C : MF59/DOTAP emulsion 0 0 0 0
76 100 3 4

81 100 ] J

15 93 0 0

4 pSINCP in saline sclution 0 0 0 0
0 0 0 0

0 O 12 1

0 0 0 0

0 0 16 0

5 pSINCP adsorbed on 73 50 15 0
PLG/CTAB particles 43 0 .29 0

91 0 4 0
€3 0 32 )
91 23 not available 0
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48 61 11 10 3 pCW adsorbed on 0 100 0 O M59/DOTAP enulsion O 0 O O 76
100 34 81 100 0 0 1593 0 0 4 pSIATCP in saline solution 0 000 00O
0O 00121 0000 OO0 16 0 5 pSINCP adsorbed on 73 50 19 0 PLGE CTAB
particles 43 0 29. 0 92 04 0 69 0 32 6 91 23 not available O 66
Exanple 10 Preparation of Plasm ds Plasm ds encoding H V-1 p55gag and

gpl 40env driven by the human cytonegal ovirus (CW) pronoter were grown

i nEscherichia tali strain DH5a, purified using a Q agen Endofree Plasmd
Gga kit (Qagen, Inc.), and resuspended in 0.9% sodi um chl ori de (Abbott
Laboratories, North Chicago, Ill.). The pCW vector used contains the

i mredi at e-early enhancer/pronoter of CW and a bovine growth hornone
termnator-and is described in detail elsewhere (Chapman, B. S., et al
1991. "Effect of intron A fromhuman cytonegal ovirus (Towne) inmedi ate-early
gene on heterol ogous expression in mammalian cells.” Nucleic Acids Res.
19: 3979-86). The H'V gag plasm d DNA vacci ne (pCWgag) contains a

synt hetically constructed p55gag gene, with codons reflecting manmalian
usage, derived fromthe HIV-1 SF2 strain as previously described (zur
Megede, 1., et al 2000. "Increased—é%ﬁgé%5|on and i munogenicity of
se(Tuence nodi fi ed human i ‘ aydsvi rus type | gag gene.” J Viro

74:2628- 35) . $ﬂ§md‘"eﬁéo§z@'ﬁfp l 1%§Mﬂ%€)ﬁm driven by the human cytomegalovirus

(CMV) promoter were grown i Escharichia coli strain DHS5e, purified using a Qiagen Endofree

Plasmid Giga kit (Qiagen, Inc.), and resuspended in 0.9% sodivm, chloride (Abbott Laboratories,
< - -North Chicago, I]l) The pCMYV vector used contains the immediaie-early enhancer/promoter of
CMV and a bovine growth hormone terminator and is described in detail elsewhere {Chapman, B.
8., et al. 1991, “BEffect of ntron A from human cytomegalovirus (Towne) immediate-early gene on
heterologous expression in mammalian cells.” Nucleic Acids Reg. 19:3979-86). The HIV gag
plasmid DNA vaceine (pCMVgag) contains a synthetically constructed p55gag gene, with codons
reflecting mammalian usage, derived from the.HIV—l SF2 strain as previously described (zuor
Megede, 1, et al 2000, “Increased expression and frmmuno gemicity of sequence-modified human
imnmnedeficiency virus type 1 gag gens.” J Virol 74:2628—35). The HIV env plasmid DNA
vaceine (pCMVgpl40) consisted of a nren Hissne plasminogen activator (tPA) signal sequence
and the gp140 from HIV-1 SF162 sizam, codon opﬁmized for high level expression n mamumahan
cells (Barnett, S. W., et. 2001, “The ability of an oligomeric human lmmunodeﬁmency viros type 1
(¥fV-1) envelope antigen to elicit neutralizing antibodies against primary HIV-1 isolates is
improved following partial deletion of the second hypervariable region ” J Virol. 75:5526-40). The

C SINCP plasmid vector with either HIV-1 p55gag or gpl40env has been described in Example 3
above.
'Examp_le i

Pieparation of Proteing
"The protein and cDNA sequences for the gp160ery.SF162 have been published in Cheng-

Mayer, C., M. Quiroga, . W. Tung, D. Dinz, and J. A Levy. 1990, “Viral determinants of human
rormmodeficiency virus type 1 T-cell or macrophage tropism, cytopathogenicity, and CD4 antigen
modutation,” J Vird;ol. 64:4390-8. These sequences can be found under Genbank accession number
M65024. Recombmant HIV-1 g140,SF1 62(dV2) protein was expressad in Chinese hamster ovary .
cells and purified as previously described (Bamett, 8. W., ET. 2001, J Virol. 75:5526-40),
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vacci ne (pCWqgp] 40) consisted of a human tissue plasm nogen activator (tPA)
signal sequence and the gpl40 fromH V-1 SF162 strain, codon optim zed for
hi gh | evel expression in mammalian cells (Barnett, S. W, at. 2001. "The
ability of an oligoneric human inmunodeficiency virus type 1 (HV-1)

envel ope antigen to elicit neutralizing antibodi es against primary El Y-1
isolates is inproved followi ng partial deletion of the second
hypervariable region.” J Virol 7x5526-40). The SINCP plasm d vector with
ei ther H V-1 p55gag or gpl4Cenv has been described in Exanple 3 above.
Exanple 11 Preparation of Proteins The protein and cDNA sequences for the
gpl 60env. SF] 62 have been published in Cheng- Mayer, C., M Qiroga, J. W
Tung, D. Dina, and J. A Levy. 1990. "Viral determ nants of human

i mmunodeficiency virus type | T-cell or nacrophage tropism

cytopat hogenicity, and CD4 antigen nodulation” J Viral. 64:4390-8. These
sequences can be f ound under Genbank accession nunmber M5024. Reconbi nant
HIV-1 g140,5F16 was expre n ,Chi.n 58 ha ter ovary cells
and purifi g ae t?%%%éﬁ% gﬁ?“?ﬁ JB é%??%wmg YOER SSEHE. Viral

75: 5526- 4OVHM@@$R@EdﬁbmﬂﬁwmﬂﬁmwﬁmmsﬁﬂCﬁsShgﬁégﬁﬁﬁﬂ@ﬁﬂmwaﬁm@ﬂpressed in’

yeast and @%&h&hﬁ@m@y(Géﬁdﬁ%&ﬂ%&ﬁEﬁﬁgﬁmmﬁﬂ&ﬁﬂa&ﬁgﬁﬁﬁhmlﬁﬁbh&ﬁnmcorporatlOn
Emeryvill e, L ﬂ%ﬁ&&lgﬁégNA &auence fromthe strain of M-1
(Genbank al€®% ?@WF?? 67" @m%ﬂ%%%ﬁﬁ?ﬂ?ﬁOEﬁ% *i n expression
vector, resglidenthersmotirertatiird rom ok egkydiine taresiaricld nes 6omithe N-term nus
of the “‘|Qm&%ﬁ?@ﬁ%%&%ﬁﬁg%mm$ﬁﬁw5%%9%@%%& 185%&%&@B£&&&hﬁmﬂas extract ed

fromthe yeast cell pél usin 6M urea pH7.9, followed
iy S—fract%‘@%ﬂ“ﬁ‘%ﬁ??%‘ﬂ%”)wﬁm&ﬁ tg&??&ﬁ@émé’f’i‘?lﬁ“ﬁg‘%‘ﬁ FYCD- BiUt i on of the

- p55gag wasesobitgipmédwasi ot bashi-ve NaCl gradi ent (peak at 0.4m NaCl). The
estimated purity was 90% by SDS- PAGE. Exanpl e 12 DNA- adsor bed

nol y(acti de-co-giycolide) PLG mcropa-ticles PLG polyner (RG05) was
obt ai ned from Boebri nger | ngel hei #E8el%ni ¢ nicroparticles were prepared
usi ng a nodified sol pEAtdsewaIOk @@&Bﬂo@@&ﬁ@@&Gnﬁﬁqg@ 8, the nlcropartlcles

ot hyl 6ne- chi bFT HETR Fhr o p R gretsia e Bl Chblte Yok Rl O 00 g
speed usi nYEEFCHRRACSHS AEgEER! sdtent evlan@ahm TS yRaie i @P @ﬁmp particles were '
prepared by emulsifying 10 mt of a 5% (wt/vol) polymer solution in methylene chloride withl mi of
phosphate-buffered saline (PBS) af high speed using an IKA homogenizer. The prizaary emulsion
was then added to 50 mil of distified water containing cetyltrimethylammoniom bromide (CTAB)

(0.5% wifvol), resulting in the formation of a water-m-oil-in-water exmlsion, which was stirred at

6,000 rpm for12 b at room temperature, allowing the methylene chloride to evaporate. The
resulting microparticles weré washed twice in distilled water by centrifugation at 10,000g and
. freeze-dried. Plasmid DNA from Bxample 11 was adsorbed onto the microparticles by incubating
C ': 100 mg of cationtc microparticles Sml of a 200 microgram/ml solution of DNA at 4°C for 6k The
nhcropartides were then sepavatsd by cenirifugation, the pellet was washed with TE (Tris-EDTA)
buffer, and the microparticles were freeze-duied. -

Example 13
Protein-adsorbed P1.G microparticles
Blank microparticles were prepared by a solvent evaporation technique. Briefly,

microparlicles were prepared by homogenizing 10ml 6% w/v polymer solution in methylene
chloride, with 40 mi of distilled water cbn‘rainjng SDS (1% w/v) at ligh speed using a 1 0mm
probe, This resulied it an oil in water emulsion, which was stivred at 1000 rpm for 12 howrs at
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was then added to 50 rut of distilled water containing

cetyltrinmethyl ammonum brom de (CTAB) (0.5% wt/vol), resulting in the _
formation of a water-in-oil-in-water enulsion, which was stirred at 6, 000
rpmforl2 hat roontenperature, allow ng the nethylene chloride to
evaporate. The resulting mcroparticles were washed twice in distilled
wat er by centrifugation at 10,0009 and freeze-dried. Plasm d DNA from
Exanpl e 11 was adsorbed onto the microparticles by incubating 100 ng of
cationic mcroparticies 5m of a 200 micron amim solution of DNA at 4C for
6h The mcroparticles were then separated by centrifugation, the pellet
was washed with TE (Tris-EDTA) - buffer, and the mcroparticles were
freeze-dried. Exanple 13 Protein-adsorbed PLG microiianticles Blank

m croparticles were prepared by a solvent evaporation technique. Briefly,
mcroparticles were prepared by honmpgenizing | O 6%w v polyner solution
in methylene chloride, with 40 m of di stllled wat er containing SDS (1 %

w v) at hi usi inan oil in water
enul si on, ‘a?’ﬁl V\%’é %ﬁd%l}ﬁ@%ﬂmfg?ﬁﬁ%wsge Hor Pe I?Ta%oureéesa%“g 68 room

t enper at urr@cromnﬂleivrﬁee Rreredtiybesh e 3 ol ngehy wmsmahﬂ diled witey, ®Vbgeor at e. - The .
resul ting il ehapRkdehSs ML ofatibel €kt UGH 2 BarRicBWABsh, Washed 3
times in d(é’is“ ] e ter, anduggeeze- dried. The size distribution of the

m cropar t | ¥PEE &ML EFHEREH UFsi ng a particles size anal yzer (Master

si zer, Mal ver rnb0pytphiired ADS blaldpaicled @ergindulyagd hiith P. zechf SDJedpragikiparti cl es were -

i ncubat ed e ﬁuﬁmﬂlﬁInM%%ﬁatng%Pﬂi%'GﬂIjréaomrncgg‘mleﬁon]ﬂgablr&kér Om25mM
Ber-at e buffer HO with 6M Urea Particles were left. _on a | ab rocker,

(ALi quot  rif*spt =g PUE B POR P B0 PertpEt AbUPEHIBI =5 HisUrE™ The
m cropart ifmlmet@ invgtfatonse i byt cemirifugaionand heSThnelads mahedvpewithBlryte _
centrifugafkon mé‘@f}reﬁﬂ&tﬁp&uﬁ?ﬁbﬁs&q@?@mé@@ﬁﬁ?&h@@e with Borate buffer with

6M Urea then three tinmes Wt wat er, and |yophilized. The | oading
" level of prot el floxEed ﬂ@%prqt%uqﬁoeh%ﬁsgwqp@rpféegw%élgfexagtfzfg}yms%%a HPedi ssol vi ng
10nmg  of tdide ficpofRE hel & S% EDS-2 0l sefimbir SBSsdhighv ﬁ)ﬁldtatilmrd‘ﬂzydl’ oxi de sol ution
at room t epar ab %Fon%! 8% e@ b&ﬁ’ §ﬁ&%,%%£a%§ﬁeréé%d&%%ﬁo§) }r CA protein

assay (Pierce, ot erit I al Both bl ank and

adsor bed W@W@Er@ﬁhé%ﬂ%fﬁ%@%ﬁ?%hw W@S%edwwé\ﬁwé@aa @#aqeyzer ( Mal ver n
| nst r unent®avdd Lwmspopl € 14

Example 14
Prepacation of Protein with MFS9 Adinvant

Recombinant HIV-1 g140.8F162(dV2) protein from Example 12 was combined with MF59
. adjuvant as previously described (Bamnett, S.'W., et, 2001. J Virol 75:5526-40),

Example 15
Immunization :
Male- and female rhesus macacues were housed at Southem Research Institute (Frederick,
- MD).

Plasmid DNA immunization was performed at weeks 0, 4, and 14. Rhesns wers given
mvranmiscular infections of 0.5 mg of pPCMV gag from Example 11 (in saline or forzalated with
PLG/CTAB microparticles as desoribed in Example 13 or formulated with MEF59/DOTAP as
described in Exarple 2) and 1.0 mg of pCMVenv from Example 11 (in saline or formulated with
PLG/CTAB micropa:ticleé as described in Example 13) at 4 separate sites per animal (0.25 mg
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Preparation of Protein with W9 Adjuvant Reconbi nant H V-1 gl 40. SF162(dV2)
protein from Exanple 12 was conbined with MF59 adjuvant as previously
described (Barnett, S. W, et. 2001. | Virol 75:5526-40). Exanple 15

| muni zation Male and fenmal e rhesus nacaques were housed at Sout hern
Research Institute (Frederick, MD). Plasm d DNA i mmuni zati on was perfornmed
at weeks 0, 4, and 14. Rhesus were given intranuscular injections of 0.5
ng of pCMvgag from Exanple 11 (in saline or forrmulated with PLG CTAB

m croparticles as described in Exanple 13 or fornmulated with MF59/ DOTAP as
described in Exanple 2) and 1.0 ng of pCW env from Exanple 11 (in saline
or fornmulated with PLG CTAB m croparticles as described in Exanple 13) at
4 separate sites per animal (0.25 ng 0'9 pCWgag in upper right arm and
upper right leg; 0.5 ng pCWenv in upper left armand upper left |eg).

Al ternatively, rhesus were given intramuscular injections of 0.5 ng of
pSINCPgag from Exanple 11 (in saline or fornulated with PLG CTAB .
m cr opart i gl zasn descighthecdnd wpexghtipk;e.508) pChvafeal id uerniegh :of anp GpICPenv from
Exanpl e 11 440, Sﬁkﬁ%ﬁa xheﬁﬁ%%g%%aﬁmséu& ﬁ&%ﬁﬁ%rﬁﬂﬁg@&%ﬁ&%ﬁ&?s as

descri bed i n Exanp 4 separate Sites per ani us were boosted

by int ranus%"ﬁ?ﬁléerlll(lﬁfﬁé‘?ﬁf @Wﬁ%ﬂ@%@@@&%ﬁlﬁ%ﬁs tEsbpad Bireriseth/ PLG . .
m croparti cheso ff APSECREP fren Edmalt mzelemna?c@foarﬁmhte\m&hpm/ﬂn‘m reconbi nant

ap! 40env(dV22r Igﬁgde@!n%%ﬁgmﬁ 1%5‘:&42 gn;pm%alﬁ at week 38 Exanpl e 16
ovm n

Ant i body resp nses vari ous i muni zati on, Eal’l ni zed
bl ood was col I@@{%HBIPPC@Wdé’ﬁ@gWW%WOﬂQW?T‘E$@°°a:ﬁjéanm5émm Pecovered by

nét_ rifug atm@@wMﬂomrﬂxMap@ag ataRek JERM vaR L. B e RSine BiR 40cpRARMI ed by
y

nzyme- | i nke sor as ELLSA) as follows. Wells of mcroliter
pl at es werpé'g%coﬂaﬁ 53 V\nmiltho?e}é ?%aéﬁlvtlx 'V-1.02 p55gag protein or reconbinant

HI V- 1. SF162 gpl.40env protein at 5 mcrogramm in PBS, 50 mcroliters per
well, and incubated at 4C overni ghtzmddie plates were washed six tinmes with

wash buffer (PBS, 0.3% Tween 20) an Ilg; gcked at 37Cfor I h wth 200
mcroliters per well of blockin BS, 0.3% Tween 20, 5% goat serum.
Test At various times following imoamization, heparmized blood was collected from anesthetized

(2

-animals and plasma was recovered by ceminfigation. Anti-HIV Gag and Env antibodies were
measured by enzyme-linked inmunosorbent assay (BLISA) as follows, Wells of microtiter piates
were coated with recombimant HIV-1.8F2 p55gag protein or recombinant HIV-1.8F162 gpl40env
protein at 5 mierograny/ml in PBS, 50 microlers per well, and incubated at 4°C mremight. The
plates were washed six times with wesh buffer (PBS, 0.3% Tween 20)_ mnd blocked at 37°C for 1 h
with 200 microliters per well of blocking buffer (PBS, 0.3% Tween 20, 5% gost serum). Test
samples were diluted 1:25 and then sezially diluted threefold in blocking buffer. The block scllut‘ion

 wwas aspirated, and then the plates were incubated at room temperaire for 1 h with 70 microliters

C -- per well of each plasma difution, After being washed six fimes, the plates were incubated for 1h at

37°C with horseradish peroxidase-conjugated anti-IgG (1:8,000 Ghation). Following sty washes,
the plates were developed with TWB substrate for 15 mimuies. The reaction was stopped with 2N
HCl and the optical densifiss (OD) measured at a wavelength of 450 nm. The titer was caleolated
1o be the reciprocal of the dilution af which an ODmm of 0.5 was achieved.
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sanples were diluted 1:25 and then serially diluted threefold in bl ocking
buffer. The bl ock solution was aspirated, and then the plates were

i ncubated at roomtenperature for I h with 70 mcroliters C per well of
each plasma dilution. After being washed six tines, the plates were

i ncubated for I hat 37C with horseradi sh peroxi dase-conjugated anti-IgG
(1:8,000 dlution). Follow ng six washes, the plates were devel oped with
TMB substrate for 15 m nutes. The reaction was stopped with 2N HCl and the
optical densities (0OD) neasured at a wavel ength of 450 nm The titer was
calculated to be the reciprocal of the dilution at which an OD455, mof 0.5
was achieved. 70 Table 12. Rhesus Anti-gag plasnma antibody titers wks Vks
wks Wks wks wks Vs VWks Tie(l) Pre 2 2 7 2 6 10 731 post post post post
post post 1st 2nd 2nd 3rd 3rd 3rd Pl asaudDNA Forrmul ati on Week 01 2 6 11 16
20 24pCW pbbgag saline Gen 5 6 19 19 118 66 91 41 1684 ~,. nearr 1 LLf1 5
58 8 68 32 60 22 955 UL(3) 5 8 42 41 206 133 138 78 2971 pClviw-p55gag
PLG CTAB 6,490 10770 436Q 1637 550 349 286 9968 LL 5 302. 6672
2325 970 3%%’@S%ﬁéﬂ“ﬁ?é‘ﬁ%ﬁm@%ﬁmlnm 8179 2762 890 642 435 13484
pCW- p55gag L MES9/ DAOTA CeqQnean 7 142 5702 1479 3536 1481 1183 854 2126 P

LL 5 35 2p75 577{1158 535 4787233 464 4L 9256 1420333796 10797 4098 2931
31031 9664 pS11{CP- saline Genpdeans|6pdd 7pod| 48t 24 43201003 pb5gag LL 5
555 18 13 23 14 386 || | L|S| D% 1% B - se1 HA63q 837272606  pSDr Cp-

l V. Kplwi o A oiaQ .o )
PLE CTAB ‘mﬁoﬁmzéowégz\%u gl :CJ) O 91‘6 UZDJ8Z1_?% 41};\1“P559ag LL 6 635
10711 2258c a8 Bakine 396 1] g Ue[ThoB35:34aI90 199 1429 723 975 1194
312 mgen® '
A(?__ : g 5 3 8- 8 58] 32] e0l- 22| os5)-

[ 51 8 42 41f- 206| 133] 338] VB[ 2971

pCMV-p55g2g [PLG/CIAE  |Geomean | 6] 450 10770] 4360 1637] 550| 345 288 9968
il 5| sonl s672| 23251 70| 340] 190| 188) 7370
UL 8| 705] 17384] 8175] 2762] 80| 642 435| 13484

pCMV-pS52ag MESS/DOTA [Geomean | 7| 142] 5702 14791 3536] 1481 1183) 854) 2126
P

LL 5[ 35 2275 571 1158 535] 478 235 468

UL S| 56B| 14283 3796 10797| 4098] 25931 3103} 9664
pSINCP- saline Geozpean | 6 8 7 8 45 24, 42 32 1003
pSSgag :

LL 5 5 5 35 18 13] 23 14| 386

UL 8 11 11 13) - 114{ 46| 78] 72| 2608
pSINCP- PLG/CTAR  |Geo mean B 728| 19256] 3427 8561 489 648 &87] 23543
-|p35gag

- LL 6| 635 10711] 2258 586|331y 431| 396| 13750 -
UL 11) 835] 34619} 5189 1229 723 975) 1194 40312
C - {none Geomesn | 5 12 9 g 7 7 8
LL 6 7 5 5 5 5 3 5 5
UL 13 19 16 14 9 11 14 14

) Relative to plasmid immvnizations done st weeks 0, 4, and 14
) Geometric mean for the proup )

) Gyoup arithmetic mesns and stindard errors caleulated from Jog-transformed titers.” 1.1 = antilog (arithmetic meas -
standard error). UL = antilog (arithmetic mean + standard error)

“) R ecombinant pS5gag protein adsorbed to anianic PLG microparticles administered at week 29
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--none Gen972987887LL675555555 UL 13 19 16 14 91
11 14 14 9 (hl Relative to plasmd inmunizations done atweeks 0, 4, and 14
(~1 CGeonetric nean for the group (al Group arithmetic nmeans and standard
errors calculated fromlog-transformed titers. LL= antilog (aritlnmetic
mean - standard error). UL = antilog (arithmetic nmean + standard error) (4J
Reconbi nant p55gag protein adsorbed to anionic PLO m orroparficles
adm nistered at week 29 7i Table 13. Rhesus Anti-env plasnma anti body
titers Tinet Pie 2 2126 10 13 17 23 2 WKks 8 wks V& wks Ms W :s wks
u$s wks wks udcs post post post post post post post post post post pos
protei protei 1st 2nd 3rd 3rd 3rd 3rd 3rd 3rd nnt4l Pl as mi d For m
ul ati oWek 0261116 20 24 27 31 37 40 46 DNA n pCW- saline Geo
5 5 589 81 2460 342 30 26 24 13 35807 17926 140env neanel LLQ 5 5 273 32
1703 227 10 9 9 5 28151 14079 ~.,. 11Lt31 5 5 1272 202 3555 515 94 72 69
31 45544 22824 pCW- PLGE CTA Geo 6 5 3200 5290 1913 236 261 43 42 29 27939

13992  1408HN 1 BrABG Mk bmB1:5m: k30612430 879 87 201 18 17 13 18016 9019 UL 8
5 7841 11515 4163 640 338 105 101 64 43329 21707 pCW- MP59/ D0 Geo 7 5 659

112 4823 %89 25§ 223 o7& "E2] 5699 3 012 gp|‘;£8k AR meanslLL 5 5 176 51
s 525742 630 451 304

2125. 169(90 79 (64 48| 972| 645 Wg Bﬁ
. i po. t, ) m’[

33409 16903 pSI|NCP- kal i he|%&o 4 m? rd 3312-3: TR 15294 7660
| 40env ne id |Pormmilatio| Week] 0| 2| 6] 11 27 37| 40] 46

DNA bl .

pCMV- isalins - Geo| 5| 5| 589 83{ 2260| 342| 30| 26| 24| 13]35807117926

gpl40eny mean®
] ‘ 118 5| 5] 273 s3] 1703] 227f 10| 9 9] 5{28151[14075
C UL®l 51 s 1272 202| 3555| 515] 94{ 72| 69| 31l45544]22824

pCMV-  JPLG/CTA Geoi 6| 5] 3200( 5290| 1913| 236) 261| 43| 42 29|27939{13992

gpldleny B - meen
LL| 5| 51 1306| 2430] B879{ 87| 201| 18| 17| 13)18016f 8019

ULi 8| 5] 7841111515] 4163; 640! 338| 105 101 64)43328121707

pChV- MESS/DO Geo| 7] 5| 633 1121 4823 589 258} 223| 171[ 121 5698 33C]

gpldlenv  [TAP mean, . ‘
L 5| 3| 176 51 2125| 168 80| 79 G4 48] D72| 645

UL] 9 5| 246]| 248[10946] 2052; 742 630 451| 304]33409}15503

pSINCP-  |salirie Geo| 8] 5f 44 200 70| 36 12 12 14] 12]15204 7650

gpl40env .| mesm
LLl 5 51 12 8 13[- 10 5 5] . 8] 5] 7853] 3931

L[ 8] 51 168] 49 366) 127| 31 30y 37| 3112578714926

C{pSINCP-  PLG/CTA Geo| 8| 15] 8735] 4266] 1002| 228! 20{ 33| 18} 15;33801)16921

gpldQenv B . Inean
LIy 6 8 3015) 2817 656; 152{ B8] 15| 8] B|27002)13521

UL} 11] 30[15214) 6459 1531 341| 46| 74| 38 31{42313121175

C nome none Geo] 9 120 11 maf  1n] i} aa) axl 10 18] 12| 1z
g mean;
i I G R G EE S 5 s
oL} 13 28] 23] 25| 26] 24| 22 25| 22 32 290 @0

O Relative to plesmid immunizations dope at weeks 0, 4, and 14
@ Geometric mean for the group
® Group arifimetic means and standard errors calowlated from log-transformed titers, 11, = antilog (arithmetic meas -

stendard exror). UL = anfilog (arithmetic mean -+ standard egor)
) Recambinant oligomeric gpl40env(AV2) protemME39 adjuvant administered at week 38
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LL 55 12 8 13 10 5 55 5 7853 3931 UL 8 5 168 49 366 127 31 30 37 31
2978714926 pSINCP- - PLGE CTA Geo 8 15 8735 4266 1002 228 20 33 18 15 33801
16921 gpl 40env B nean 11, 6 8 5015 2817 656 152 8 15 8 8 27002 13527 UL
12, 30 15214 6459 1531 341 46 74 38 31 42313 21175 none none CGeo 9 12 11
11 11+ 11 11 11 10 1312 12 ne | LL6 5555555555 UL 13 28 231 25
26 24 22 25 22 32 29 30 (1) Relative to plasmd i mmuni zati ons done at
weeks 0, 4, and 14 Geonetric nmeanfor the group 13) G oup arifhnmeac neans
and standard errors calculated fromlog-transforned titers.

LL=antil og(arithnmetic nean- standard eror). UL= antil og (arlthnetlc mean +
standard error) (4) Reconbi nant oligoneric gpl 40env(AV2) proteind4 59

adj uvant adm nistered at week 38 72 Exanple 17 Cytolytic T Lynphocyte
(CTL) responses A pool of 51 synthetic peptides 20 am no acids (aa) |ong,
overl apping by 10 as, and spanning p55 gag, and a pool of 66 synthetic
peptides 20 as |l ong, overlapping by 10 as, and spanning gpl40 were
prepared. Rhesus macaque perlphergamQIde nononucl ear cells (PBMC) were
separated from heparinized bIood—Jygcentrlfugatlon on Ficoll-Paque
(Pharnaci a Biotech, Pi Sl attrepess. PBMC were cultured for s
days in 24-well plates at 3 X 106 per mell in 1.5 mM of ALM V/RPM 1640
(50:50) cul t urgodvefH] Bthétd ptiRes BRIminthad tha) 16 2ovekanide ¥y )0 =8 upiphammnt ed with 10%
fetal bovine serum Gag-specific CIL were stinulated by the addition of the
gag pept i desspeoind apg! oféhwubgie pipfidec20@Tbnaneverzyts brid ataedispying 4pé40addi t i on of
the env peptide pool. Cultures were supplenented w th reconbi nant human
€~t erl eul d?iereiprfplaﬁ_d Fhesusanarrgpeppriphid by cdepamaser offs FRYCHBET Erarsiofii™)  Hunan

conbi nant 2 Prol ey i ays 1, 3, and 6.
St abl e rhggﬁmm§%P§an°%Fﬁ%?‘m ﬁm#%%ylHg§m%g@a%f§£v%?%w§ggived by exposi ng
'PBMC to he H&%ﬂTﬁMﬁhwR%&h%d%Q@E%&ﬂbﬂﬁwﬁﬂkéMﬁEl@ﬂ&%ﬁﬂﬁi§B&ﬁkﬁ@”‘the S594
cell line (Falls L et al. 197 Properties of a
V/RPMIY 1640 (50:50) culture medivm (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 stimmalated by the addition of the env peptide pool. Cultures were
supplemented with recombinant human interlenkin-7 (TL~7; 15 ng/ml; R&D Systems, Minneapolis,
Mimm.). Human recombinant 11-2 (20 IU/ml; Proleukin:Chiron) was added on days i, 3, and 6.
| Stable rhesus B-lymphoblastoid cell ines (B-LCL) were derived by exposing PBMC to herpesvirus
papio—co;taining culture supematant from the S554 cell ine (Falk, L., et al. 1876, Properties of 2
baboon lymphotropic herpesvirus related to Epsiein-Barr virus, Int J Cancer. 18:798-807 .l Rabin,
C H, et al. 1976. Virological studies of baboen (Papio hamadiyas) lymphome: isolation and
characterization of foamyvireses. T Med Primatol. 5:13-22.) in the presence of 0.5 microgram/ml
cyclosporin A (Sigma, St Louis, MO). Auwologous B-LCL were infected w'Ithfecombinant
vaccinia virus FVV) encbding HIV-1.8F2 gag-pol (1VVgag-pol) or HIV-1.8F162 gplaleny
(TVVgpl60eny) (PFU:cell ratio of 10) and concurrently labeled with Na[*Cr},04 (NEN, Boston,
MA) at 25 microcurie per 1% 10° B-LCL. Afier overnight culture at 37°C, rVV-infected, > Cr-
lzbeled B-LCL were washed and then added (2.500 per round-bottomed well) to duplicate wells

containing threefold serial dilutions of culfured PBMC. Then 10° unlabeled, tminfected B-LCL
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baboon | ynphotropic herpesvirus related to Epstein-Barr virus. lit J
Cancer. 18:798-807. Rabin, |i, et al. 1976. Virol ogical studies of baboon
- (Papi o hamadryas) |ynphoma: isolation and characterization of

foamyviruses. | Med Primatol. 5:13-22.) in the presence of 0.5 m crogram m
cyclosporin A (Sigma, St. Louis, M) . Autol ogous B-LCL were infected with
reconbi nant vacciniavirus (rVw) encoding H V-1. SF2 gag-pol (rWag-pol)

orl 11 V- 1. SF162 gpl 60env (rVVgpl 60env) (PFU.cellratio of 10) and
concurrently | abel ed withNa[ $3Cr] 204 (NEN, Boston, MA) at 25 microcurie
per I x 106 B-LCL. After overnight culture at 37C, rVrv-infected, 51Cr-

| abel ed B-LCL were washed and t han added (2.500 per round-bottoned well) to
duplicate wells containing threefold serial dilutions of cultured PBMC
Then 105 unl abel ed, uninfected B-LCL 7a were added per well to inhibit
nonspeci fic cytolysis. After 4h incubation at 37C, 50 mcroliters of
culture supenatants were harvested and. added to LumaPl ates (Packard, .

Mer i den, , and radioactivity was counted (counts g mnute (cpm) with

a Mecr obet“éerﬂlaﬁé‘i‘ipffl“i%?%@@ﬁ?%ﬂe‘f SSTPIHHS Af%%%‘%&ﬁm@?‘fca 0 migsglterh ¥y sbur g,

PAID). 5 g@ rel eas ed froml Vs et |izednby, using the -
formul a: 9% peeélFefm el Ifi@nle%%éaléeddgée bog@m%?la%\ﬁépaﬁmgﬁer gTH ‘il cpm- SR)/ (MR -
SR), wher &, &Rty 78 8imE @ dibs 9%@&9@51)3‘»@%0%@45%@& IRaRsgPm from targets
exposed to Trlton X-1 00. An" animal was determ ned to have a positive,

p55gag- spewinfdr cWwies gansemisf Mat ' Critles6:0 RER B iatets Gishbiti 0By wefg thehe gag
pepti de pool-stinulated PBMC the Iysis of rV Vgag-pol -infected B-LCL

eeded |fymids: %@hecrivA/gieBOen V00p e (@eh exbeBreni@lophySRAMR eS8l viEB%Rand i f at two
déﬁsecutlve dilutions of cultured PBMC the lysis of rWw pol-lnfected
B- LCL by the=y@y Pesredelopoyst M9 rdam bErEagetr dritop iigf“g
Vgag- pol -inf cte g -sti at ed by at least .
10% An éﬁ?%a %ﬁtmﬁ%%é?%¥LOSwggg%ﬁvgmﬁmmsgﬁ?#%ewgmm$mﬁﬁké%%0|f|c response
if at two £ePsSeeLHibMSoidhhithli@RRcQfs gﬁsl@@ff%é’ag—@@%fécéé@}%-ﬂgg%xc&ﬁédﬁ}éis ated |
PBMCt hel ysi sof r Wgpl'60env-i nf ect edB- LCL exceeded |ysis of r Wjag- pol -i nf ect ed
B-LCL by afruwpsstentOfeiai®LCl bvat ledsvD%GaNS Ghtt dodsewhe Hitktited Riswekedcul t ured PBMC
the lysis of rVvgpl 60euv-infected B-LCL by the env peptide pool -stinul at ed
PBMC  exc @8 Clikedyss obiViVRas\Wglohie0d Bvi-GLivy tie baa derBdd rGbl-styyulagrd fBIHE proede '
pool -stinmul ated B-LCL b | east 10% 7 R Table 14. Gag-specific CTL
| nduct i on 56¥ “IEEgEEok %%F?ﬂ&L@TﬁWB?m#ﬁﬁﬂFW@?mdﬁ&ﬁﬁ@?“5*“gb§r$ﬁve ani mal s

per group a:glmal %u)as determined to have a positive, gpl 60-specific response if at two consecttive dilutions

ofthe env peptide pool-stimulated PBMC the lysis of TVV gpl 60env-infected B—LCL exceeded -
ysis of V'V gag-pol-infected B-LCL by at least 10% and if at two consecutive dilufions of crdiured
PBMC the lysis of 1'VVgpl60epv-infected B-LCL by the env péptide pool-stimulated PRMC
exceed Iysis of r'VVgpl60env-infecied B-LCL by gag pepiide pool-stimulated B-LCL by at least

10%.
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Week-2 2 6 11 16 20 24 Vaccine '+ Tinme: re 2wpl st 2w 2nd 7wp2nd 2 3rd 6yi
3rd 10 3rd pSINCP: 01000 SINCPMPLGOO3110CWO0041431
CW/PLG0O 332311 pCWAIF9001100NneO0O0O0O0OO Table 15.
Env-specific CTL Induction of gpl40env-specific CTL by vacci nes- Nunber of
positive animls per group (n=5) Wek:-2 2 6 11 16 20 24 Vaccine Tinme: re
2 st 2 2nd 7 2nd 2 3rd 6 3rd 10 3rd pSINCP 0 0 0 01 0 SINCPPLGO O 1O
10w 0000011 pCW/PLGOOOOOOO CGOMVAVIESS OOO0O0O0O0O
none 0 0 000 0O Idle 18 Lvm hhoproliferation assay (EPA) 2 x 105 rhesus
PBMC per well were cultured in the presence or absence of reconbi nant
p55gag protein or the pool of synthetic env peptides. Six replicate wells
were established for each culture condition. After 4 days of incubation
cul tures were pul sed overnight with 1 mcrocurial/wellof [3H TdR :
I ncorporation of [BHTdR into cells was determned by liquid scintillation
counting (BetaPl ate. Wallac, Githersburg, MD). Stinulation Index (SI) was
calculated as SI = nmean_cpm (gag or env stinmulation)/mean cpm
(unst i nul at®@gj* Cpesrpefl @116, Rhesus Anti-gag | ynphoproliferation
stinmulation indices Timef Pre 2 2 7 2 6 10 13 2 8 11 17

Induction of p35gag-specitic CTL by vaccines

Numtber of positive animals per group. (n=5)
; Week -2 2 6 11 16 20 24
Vacoine! . Time:pre | 2wplst | 2wpZnd | wplnd | Zwp3zd | 6wp3id | 10wp3rd
pSINCE, 0 0 1 0 0 0 :
pSINCPPEG 4] 0 3 1 1 0
("- pCMV | 0. 0 4 1 4 3
- pCMV/PLG 0 3 3 2 3 1 1
pCMV/NIESD 0 0 1 1 0 0
[ Nome: | 0 0 0 0 0 0

Table 15 Env-specific CTL

- Induction of gpl40env-specific CTL by vaccines

] Number of positive anirmals per group (p=5)
: Week:-2 2 6 il 16 20 24

Vaccihe - | | Timespre | 2wplst | 2wpZod | Twp2nd | 2wp3rd | 6wp3zd | 10wp3rd
pSINCP | | 0 0 0 0 1 i

SINCP/PLG o 0 1 0 i 0
pCMV | 0 0 0 0 0 1 1
pCMV/PLG 0 0 0 0 0 5 0
pCMV/MES9 0 0 0 0 0 0
none | i o 0 0 0 0 ] 0

(:, Example 18

Lyvmphoproliferation assav (LEA
2% 10° rhesus PBMC per well were cultured in the presence or absence of recombinant
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 pulsed ovemight with 1
microquﬁa@é]l of PH]TdR. Incorporztion of [H]TdR into cells was determined by liqrid
scinﬁﬁéﬁdﬁ‘cbuntmg (BetaPlate, Wallac, Gaithersburg, MD). Stirnulation Index (SI) was
calculafted a5 81 = mean cpm {gag or env stimulation)/mean cpm (imstimulated),
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Vs Vks wks wks wks wks M~ Wks Vks wks wks post post post post post post
post post post post post Id 2nd 2nd 3rd 3rd 3rd. 3rd prot prot sin ern Prot
Prot (A ernernPI|l asmi -DNADel i very Wek 026 11 16 20 24
27 31 37 40 46 pCW-p5bgag saline neals 1 35332527942 1JSst 12
4232324622 ,0 374436311137 3 pCW-pS5gag PLG CTAB Gen
nean 2 7156 554~28754 IS, 1373332 24322 UL 219 34 12
7 8 8 4 17 25 11 8 pCWN\-p55gag MF59/ DOTAP Geonean 1 9 30 14 11 10 9 11 19
108 51 LL1513766569443 UL118 65 27 17-15-15-21 42 25 14 7
pSL~TCP- p55gag saline Gee nean 1 81 6 4 46 6 3116.65 LL1432333
26433 UL11513 8 6 10 12 4 17 9 12 8 pSI NCP-p55gag PLG CTAB Goo nean
10 14546 76 13656 LLTI--/ 94344410534 U 115 217609
12.11 16 7 8 9 .onenone Geonean 1 1 2111212111 ClLlI, 111111
112111 UWUW?222211213111 t'1l1 Relative to plasmd

| mruni zati ons done at weeks 0, 4, and 14 t21 Geonetric nmean for the group

0) (8 ouP aehi BRELE JEAR, ANG SLANAALALELEGLS cal cul ated Trom

| og-transforned titers. antilog (arithnetic mean - standard error).

UL=anti | og Vaf'th.s{.pfﬁef“T+e§H§nﬂﬂF“ ““g“r‘]édgk- epRgant pSsgag

protein adsorbed tto ani onijc BLGg'm E- AN owaf-@kied at week 29 76
: . post| posti post) post| post post] post] post| post post| post

1%} 2nd| 2nd| 3rd| 3xd{ 3rd| 3rd} prot| prof
einl ein{prot! prot]

_ ) einf ein| .

Plasmid DNA  {Delivery week| 0 2] 6] 11] 18] 20 24] 27] 31| 37] 40| 46

pCMV-p55gag  |saline -~ Geo]l 1] 3| & 3] 3| 2} s 2 7 of 4 2
mean®}

I8 3 a2l 4 2y 3] 2l 3| 2 s 6 2 2
1l 3] 7] 4] 4] 31 s 3] 11l 13 A 3

pCMV-p55gac  |PLG/CTARB Geomeanl 2| 7| 151 6| 5] 51 4 2 & 7 3| 4
Lid 3| 30 71 3% 3t 3] 2 21 4 3 2
UL 16 34; 12] 7 8 4] 17{ 15 11f B

DCMV-pSogag  |MFSS/DOTAP | Geomean| 1] 5| 30] 14| 11] 10| 9 13 19| 10| 8§ 5
Ti| 3] &5 13 7] 6| 6 5 6 o 4 4 3

pSINCP-p5igag |saline Geomem| 1| 8| 6] 4| 4] 6 6 3 11| 6 & 3
I EEREEREEEE R
ULL 1] 15] 13] 8 & 10{ 12f 4 17] 9 12| s
pSINCP-p33gag |PLG/CTAB Geomean| 1;-10] 34| 51 4] 6] 71 &l 131 6 6
L) 1] 7 o) 4] 3] 4 4] 4f 10 5[ 3 4
UL 1f 15 21] 7 8] ol 13f 13l 18] A & ©
none Tone Geomean| It 1| 2] 13 1y 1 2] 1 2 1 1
C;‘ g o) 3] 3 3l oxf oy o) a3 1
ULl 3 2] 2] 2 3 1 1y 3 i s

43 Relaiive to plasmid jmmunizations done & weels 0, 4, and 14
® Gapmetric mean for the group
@ Group arithmetic means and standard emors caloulated from log-fransformed titers, 1L = antilog (arithmetic mean -

standard error). UL = antilog (arithmetic mean + standard ezTor)
“ Recombinant p55gag protein edsorbed to anionic PLG microparticles adminstered at week 29
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Tabl e 17. Rhesus anti-env |ynuhouroliferation stinmulation indices Tiner Pre
2 27 26 10 13 17 23 2 8 v4dcs wks wks wks dcs wks wks wks wks VAs wks
post post post post post post post post post post post 1st 2nd 2nd 3rd 3rd
3rd 3rd 3rd 3rd plot plot emein (4) Plasmid DNA Delivery week 0 2 6 11
16 20 24 27 31 37 40 46 pCW-gpl 40enr saline Geo 4 4 3 4 4 4 4 22 9

nmneans. s) LL(s' ~3323322126 iJL~66456©65 40 15
pCW- gpl 40env PLG CTAB Geonmean 5 2 33232 1581LL 322212284 DL
934425331 36 PCW-gpldOenv Wh9/ DOTAP Geonean 6 55 5 7 7 4 18 1 LL
4 A 43553139 77L 97 7 7 10 10 6 25 16 pSINCP-gpl 4Denv saline Geo
mean 9 6 7855441 23 L L54453332312 DL 759 12 14 9 8 6 74 45
pSI NCP- gpl 40env PLE CTAB Ceonean 10 3 4 6 6 4 3 3426 L L7 33433219
15 DL 15 4 6 10 9 6 t4162 none Geonmeaa 2~ 212121213 U (i>

Rel ative to plasm d inmmuni zati ons done at weeks 0, 4, and 14

Table 17. Rhegus anti-env Iyipphoproliferation stinmlation indices

Time ™ Prel 2] 2] 7] 2| 6] 20} 13 7] 23] 2] 8
whs) wics whksywhs{wics| wis| wicswhsiwios| whs! wics
post/postpostipostipost|post! post|post|postipostipost
1st] 2nd| 2nd} 3rdf 3x4| 3rd| 3rd] 3rd| 3rd

profjpret

ein] ein

@

Plasmid DNA Delivery Waek 0| 2| 6] 11 16| 20 24 27| 31| 37| 40| 45

pCMV-pplaleny  |sakine . Geo, : 4 4 3| 4 4 4 4] 220 9
: < . . mean® 9 _ :

. L6 3| 3l 2l 3t 3 of 212 s

TLEA 6l 8f 4l 5] & 6 5| 40 15

pCMV.gpl4lery  [PLG/CTAB Geo mean o2 3] 31 2 31 2|15 8
i - LL 3 & 23 21 1] 2f 2 B 4
' 9

UL 31 4 4] 2 31 35 31 16

" |pCMV-gpl40eny  [MFSH/DOTAP |Geomean 6| 5| 5t 51 7 7 4| 18 12
’ 11 4 4| 4 33 51 5 3| 13| 9

UL or 7t 77 10 10 25 16

pSINCP-gp140env |saline (Geo mean B & 7 8 5 5| 4| 41 23
L 50 4| 4 5.3 31 3] 23 12

UL 350 9] 12t 14 8 & 6; 74| 45

pSINCP-gpl40env |PLG/CTAB Geo mean . 10| 3] 4] 6| 6 4] 3| 34] 26
L : 70 3] 31 40 3 31 2| 19) 15

UL 15 4| 6110 & 4l 62| 47

none none Gen meas 20 20 1f 2] 1f 21 1] 3 1
LL HER IR IR 20 1) 1 1

3 01 1 1

) Relative o plasmid fmmumizations done at weeks 0, 4, and 14

® Geometric mean for the group

) Group erithmetic means and standerd emers caloulaied Fom log-iransformed tiess. 1L = anfilog {arithmetic mean -
standerd errar). UL = antilog (arithmetic mesn + standard erver)

“ Resombinant oligomeric gpl 40env{AV2) protein/MTS9 adjuvant administered at wesk 38

) blank values: assay not performed
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Geonetric nean for the group G oup nthnetic nmeans and standard errors
calculated fromlog-transforned titers. LL=antilog(arithneticnean-
standarderror). DL =antilog(arithnetic nean+ standard error) (47

Reconbi nant oli goneric gpl 40env( AV2) protema, 6F59 adjuvant adm nistered at
week 38 (5) blankval ues: assaynotperfonned 77 Exanple 19 Intracellul ar
cvtol dne i munof | uorescence and fl ow cytonetey Rhesus PBMC (1 x 106 per
wel l) were cultured overnight in the presence of Brefeldin A (Pharm ugen,
S an Diego, CA) and anti-CD28 nonocl onal anti body (rnAb) (Pharm ngen) and
in the presence or absence of the gag or env peptide pools. Duplicate
wells were prepared for each <condition of stinmulation The next day cells
were stained with peridinin chlorophyll protein (PerCP)-conjugated
anti-CD8 mAb and al | ophycocyanm ( APC) - conj ugated anti-CD4 rrAb (Becton

Di cki nson, San Jose, C 4), fixed and perneabilized (Cytofix/Cytoperrn,
Pharm ngen), and stained with fluorescein isothiocyanate (FITC)-conjugated
anti-tunor necrosis factor-a (TNF-a) mAb and phycoerythrin (PE)-conjugated
anti-interferon-y (1FNy) nAb (PhiE&%Een). Stained cell sanples were

anal yzed usi ng a FAGH@skild) uickée fnrbvsioydsgret:ef fioamdotek | Quest T"4 sof t war e

(Becton Dickinson). The fraction of cells positively stained for IFN-y and

TNF- 2 was_calsuhalsngh ooy QR EnaRta BB de nLokelinsibset s, The number

of gag- or env-specific cells was cal culated by subtraction of the average
| FN- y/ TNF{Phafnfiried §0midz6 @A BuitdTe8 dastibii thitfo @t 2oy Pilingie hkdis the om The
average |FN-y/ TNF-a fraction found in the gag- or env-stinmulated wells. For
i ven T poeduts ostbbmertof bORE +8v pptidEDBkiDyrhatdv-tateiegena@dagadr env) a
zgponse was designated as positive if the fraction of antigen-specific

cells was C%de%ﬁé‘%m@h‘?E%Th%ﬂ%Fl}é Wi%“m@@’l‘%beé‘é‘iﬂf‘ PorrRsAPPRPa  CD4+ T cel | s

I nducti on .of .p550a /TN , cel |.s acci nes Nunber
of Positi e —lc_orj%‘&fg sﬂd oup EQ% ﬁ“me( os"%omﬁ“?egﬁ%z%ﬂ%%% Post 3rd Post
Protein %M DQkﬁgorQ SQ Jélse, CQ&%E&QBA&D ﬂex%egaﬂlged%C}Qozﬂjcwoperm, Pharmingen), and '

stained with fluorescein isothiocyanate (FITC)-confugated anti-furnor necrosis factor-o (TNF-ot)

mAb and phycoerythen (PE)-confugated anti-mterferon-y (JFN-v) mAb (Pharmmingen). Stained call

samples were analyzed using a FACSCalibur™ flow cytoxﬁeter and CellQuest™ software (Becton

Dicidnson). The J"I‘aciion of ceils postiively stained for IFN-y and TNF-o was calenlated for the

CD4+S; and CD&+4- T cell subsets. The number of gag- or env-gpecific cells was caiculﬁted by

subtraction of the average IFN-v/INF-o. fraction found in the wstimulated control wells from the
( " average IFN—yfTNF-a fraction fownd m ﬁe gag- o1 env-stiroulated wells,

For a given T cell subset (CD4+8- or CD8+4-) and antigen (gag or eav) a response was designated

as positive if the fraction of antigen-specific cells wag at least 0.1%.
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CWO0O0O0O0OO0 CWPLGOO201 pCW/ M59 00000 none 00O OO.
*Positive: Frequency? 0.1% Table 19. Env-specific IFNy'/TITFa' CD4+ T cells
| nducti on of gpl 40env-specific IFNy'I TNFa' CD4+ T cells by vaccines Nunber
of Positive Animals Per Group (n=5)* Pre Post |st Post 2nd Post 3rd Post
Protein pSINCP 0 0 0 03 pSINCPPPLGO 0103 CW 00102 pCW/?LGO
0203 CWM59 00000 none 00000 "Positive: Frequency? 0.1%
Tabl e 20 Gag-specific IFNv'/TNFa' CD 8+ T cells Induction of
p55gag-specific IFNj.'/ TNFa' CD8+ T cells by vaccines Nunber of Positive
Ani mal s Per Group (n=5)* Pre Post 1st Post 2nd Post 3rd Post Protein
PSINCP 0O 0 000 pSINCPMPLGOOOOO PCWOOO0O210 PCW/PLGOO100
PCW/MF59 0 0 0 0O O None 0 0 OO0 *Positive: Frequency? 0.1% 79 Tabl e
21. Env-specific IFNy'/TNFa' CD8+ T cells Induction of gpl4oenv-specific

| FNy' / TNFe CD8+T cells by vacci nes

Table 18. Gag-specific IFNy/TNFo! CD4+ T celis

Induction of p55gag-specific IFNy/TNFor” CD4+ T celis by vaccines
Number of Positive Animals Per Group (o=5)*

Pre Post 1st Post 2nd Post 3xd Post Protein
pSINCP 0 0 0 0 1
pSINCE/PLG 0 0 2 0 0
pCMV 0 0 0 0 0
pCMV/ELG 0 0] 2 0 1
(—- . pCMV/MES9 | it 0 0 0 0
_ none O 0 Q 0 0

#Positive: Frequency > 0.1%

Table 19. Bnv-specific IFNy/TINFa' CD4+ T cells

Induction of gpl40env-specific TFNy'/TNFo™ CD4+ T cells by vaccines
Nurxber of Positive Animals Per Group (u=5)*

Pre Post 15t Post 2nd Post 3rd Post Protem
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/MES9 0 9 0 0 0
none 0 0 0 0 0
#Positive: Frequency > 0.1%
C R Table 20. Geg-spegific TFNy"/TNFo' CD8+ T cells

Induction of p55gag-specific IFNy'/TNFo.* CD8+ T cells by vaccines
Nurpber of Positive Animals Per Group (n=3)*

Pre Post Ist Post 2nd Post 3rd Post Protein
[ PSINCP 0 0 0 0 0
pSINCP/PLG 0 O 0 0 G
PCMV 0 0 0 1 0
PCMV/PLG 0 0 1 0 0
PCMV/MEF59 0 ¢ ¢ 0 0
None 0 0 0 0 0

*Positive: Frequency = 0.1%
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Nunber of Positive Animals Per G oup (n=5)* Pre Post 1st Post 2nd | Post
3rd Post Protein pSINCP O 0010 SINCMPLGOOOOO CWO0OO0OO0OO0OC
pCW/PLGO O OO0 CW M59 00000 None O00OO *Positive:
Frequency>0. 1% Al t hough preferred enbodi nents of the subject invention have
been described in sone detail, it is understood that obvious variations
can be nmade without departing fromthe spirit and the scope of the
invention as defined by the appended clainms. C 80 REFERENCES: Ref. | -

I nternational patent applicationW9/24578. Ref. 2 -International patent
application W99/36544. Ref 3 - International patent application

W09/ 57280. Ref. 4 - International patent application WXO0/22430. Ref 5 -
Tettelin et alL, (2000) Science 287:1809-1815. Ref. 6 - International
patent applicati onW06/29412. Ref. 7 - Pizza el al (2000) Science
287:1816-1820. Ref 8 - International patent application PCTILB01100166.
Ref. 9 -Bjune et al. (1991) Lancet 338(8775):1093-1096. Ref 10 -Ful casawa
et al. ( 2 . 8 Ref. 11 -Rosenqvist et al, (1998) Dev.

Biol. St : stantino et al . (1992) Vaccine
10: 691- 698. Ref ALIDQ et 1251-1263.  Ref .14-
Vat son (2000) Pa ?"é‘?"ra%f {’H’E%’ﬁ Aﬁiﬁ‘%ﬁ&* o Splifapl _Rubin (2000)
Pedi al r [OIT T Nor U AN 247 2591489, P¥ei2nd | Postdrd | Post Protem
pSINCP 0 0 0 1 0
DPSINCP/PLG 0 0 0 0 0
pCMV 0 0 0 0 0
pCMV/PLG 0 0 0 0 0
{:‘ pCMV/MF59 0 0 0 0 0
None 0 0 0 0 0

*Pogitive: Frequency > 0.1%

Although preferred embodiments of the subject invention have been described in some detail,
it iz understood that obvious vaniations can be made withowt departing from the spirit and the

scope of the invention as defined by the appended claims,
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butyric acid, a polycaprol actone, a pol vorthoester, a polyanhydride and a
pol ycyanoacrylate and (ii) a detergent. 2. Use of an adsorbed vector
construct and a second antigen in the nmanufacture of a nedicanent for

rai sing an i mmune response in a host animal, wherein; (a) the vector
construct conprises a heterol ogous nucleic acid sequence encoding a first
antigen in an anount effective to elicit an i mrune response; (b) the vector
construct is adsorbed onto microparticles conprising (i) a polyner

sel ected fromthe group consisting of a poly(a-hydroxy acid), a pol yhydroxy
butyric acid, a polycaprol actone, a pol yorthoester, a polyanhydride and a
pol ycyanoacrylate and (ii) a detergent. 3. The use of claim1l or 2 wherein
t he adsorbed vector construct is selected froma plasmd DNA and an RNA
vector construct. 4. The use of claim3, wherein the plasmd DNA is an
ELVI S vector. 5. The use of claim4, wherein the ELVIS vector conprises a
cDNA conpl ector construct derived froma nenber sel ected
fromthe g%gﬁﬁ;Eﬁﬁﬁ?g?%ﬁém%?mmgﬁfﬁgV|rus pi comavi rus, togavirus,

fl avi vi r us Refc@r-ouraetiona patenpariampx @0PY1G%,2. and yel l ow fever virus. 84 6. The

use of C|amg?éFkMﬁg&ﬁﬁBm&pg@ﬁhﬁbﬁﬁbﬂﬁ§%lS sel ected fromthe group
consi sting S ndbi s”vi rus, m 1 ki Forest virus, Venezuel an equine

encephal i th§f Qﬁ P‘ﬁ@’eﬁnd’ﬁte‘%@gmn%owéw”'V| rus. 7. The use of claim3, wherein
the pl asm deDiNAncoaphil sest @richih Wpeassper / enhancer. 8. The use of any one
of claims % tg ;temm%%ﬁ%ﬁgﬁ)ﬂ@g@wm second antigens are selected from
the group consisting o altigens, hepatitis Cvirus antigens, and

l.uenza A virus antigens. 9. The use of claim@8, wherein the first and
s’qond antigens selected fromthe group consisting of HV antigens gpl20,
gpl140, gpl60, p24gag and p55gag. 10. The use of any one of clains 1 to 9,
wherein the second antigen is adsorbed to mcroparticles conprising (i) a
pol ymer selected fromthe group consisting of a poly(a-
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hydroxy acid), a polyhydroxy butyric acid, :a polycaprol actone, a

pol yorthoester, a polyanhydride, and a pol ycyanoacrylate and (ii) a
detergent. 11. The use of any one of clains 1 to 10, wherein the adsorbed
vector construct and/or second antigen is coadm nistered with ar adjuvant.
12. The use of claim 11, wherein the adjuvant is MF59. 13. The use of any
one of clains 1 to 12, wherein the polyner conprises a poly(a- hydroxy
acid) selected fromthe group consisting of poly(L-Iactide),

pol y(D, L- 1 actGX¥MS and pol y(D, L-1 acti de-co-gl ycol i de) and wherein the
detergent conprises a cationic detergent selected from CTAB, benzal koni um
chlori de, DDA and U@pgf‘ a&s%rbea_ & Q{ucfiqythg%m?ffa tﬁljeadfrgﬁmgdléagle 3 Wner en
the vector construct is mni'stered two or nore times ore Lhe second
antigen is adusing gt iaymge responseling host gniofal, ehhetieim 14, wherein t he second
antigen is al so adni ni gt.e St claim
15, wherein the v torﬁ%:eo{r;]cgﬁtﬁé\%ﬂ%st % ni st ge?‘?am og&fjngc;le;gha%l&&%ugwl nitial
admi ni strati @modf(ﬂﬁ)i fingt anfigen mnpmomﬁ@tffﬁcalmgwrf@}mla@nmeksesmn@m the initial

adm ni strati on, (c r i t he
initial admni st rat| o}lhea‘;emg ﬂé&éﬁﬁg{a rbgggg{r? anpgﬂégﬁ@?&sﬁ% En%”ql)s‘?er ed (a)
at a tine pertiobger F%??@qdr@m thsrer@psonyirtiag of farnohiq-hulroxy acidyl a B@l?ﬁYﬁIiOSI ration
and (b) at abmypfe @&al og bl brBfctodd, OM goll%ow&ks fﬁ&

adm ni stration. euseo any one of clainms 1 to wherelnthe
animal is a r?&}?ﬁ?ﬁm%’@ﬂ?é‘i:@'@dﬂ)ﬁ%eﬂhesus macaque and a human 18. The use
of any one of clains 1 to 17, wherein the vector construct and the second
antigen are adm ni stered subcut aneous| y, intraperitoneally, intradernally,
intravenously or intranuscularly. 19. The use of claim1, wherein said

i rmune response conprises a Thl or CIL imune response. 20. The use of
claim1, wherein said inmmune response is raised against a viral,

bacterial, or parasitic infection. 21. Use of a microparticle conposition
in the manufacture of a medi canment for (a)

2. Use of an adsorbed vector construct and a second antigen in the manufacture of a
medicament for raising an immune response in a host animal, wherein;

(a) the vector construct comprises a heterologous nucleic acid sequence
encoding a first antigen in an amount effective to elicit an immune response;

(b) the vector construct is adsorbed onto microparticles comprising (i) a
polymer selected from the group consisting of a poly(e-hydroxy acid), a polyhydroxy
butyric acid, a polycaprolactone, a polyorthoester, a polyanhydride and a
polycyanoacrylate and (ii) a detergent.

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, picornavirus, togavirus, flavivirus, coronavirus, paramyxovirus, and yellow

fever virus.
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i mmuni zi ng a host animal against a viral, bacterial, or parasitic
infection, (b) inducing a Thl or CTL i mmune response in a host aninmal or
(c) reducing the level of infectionin a C host animl having a viral,
bacterial, or parasitic infection, wherein said mcroparticle conposition
conprises a pharmaceutically acceptable excipient and a mcroparticle with
an adsorbent surface to which a first biologically active macronol ecul e
has been adsorbed conprising: a mcroparticle selected fromthe group

consi sting of:. (alfhausef giair S.nheredpthe alpldvisus ig eeipntddsraneythe gropp gonsistingner

sel ected frogy&REnGNALY CANRI REdsDIin® vandada @c[umé%%}{alﬁi@'vﬂ—)m, of! Ross

pol yhydroxy butyric acid, a polycaprol actone, a polyorthoester, a

pol yanhydr i d&iVegésa  pol ycyanoacryl ate; and a detergent; and (b) a

subm cron emul sion conprising: (i) a mnetabolizable oil; and (ii) one or
nor e enulsifging agents; and the first biologically active macronol ecul e,
wherein the first TBf dsegpfcalainy hewherein thacplawid eBNPe cpmprseq icME aci d

nol ecul e conPﬁﬁﬁiéwm@mu§east one vector construct selected fromthe group
consisting of an ELVIS vector and an RNA vector construct. 86 22. The use
of claim 21 wherein said host animal is a human. 23. The nethod of claim 21

or 22, whereign sairHe §¢iTiaGy i EMOMiSE Po 7,Swifetdie fle Fistatd s@aadanfibésaRrarticl e.
24. The use of clajm 23, erein (a)_ the osl is a %EQFGDOId and (b) the one

(a)
or nore enufEeHSs Fem dife B1oUP ConsHnG B HRY 23iiechb Mepa Shpc ety §¥nt s and
one or nore gakk@AiACvirdeltpegents. 25. The mcroparticle of claim 24,
wherein the oil is squalene and the one or nore enulsifying agents
conprise a pol yoxyethylene sorbitan fatty acid ester, a sorbitan fatty
gCid ester, and DTHARse tlaith!se wheRinothe Gtsfbfit sttor@l antigens \skledi&l fiort @tied pol yner

microparticle is sel ect s said 1croparticle. 27 e use of claim 26,
wherein the §5’f’9W‘SW&:&MW?%PW&MQ@&B{GQ’ p&%ﬁjg(aﬁ‘;p 8 oxy acid)
sel ected fromthe group consisting of poly(L-lactide), poly(D L-lactide)
and polY(D. Lyhaot ifer 0utly Rl didehe 8o, ThGeH: ot S sl &/ 0 the
microparticles comprising (i) a polymer selected from the group consisting of a poly(o-
hydroxy acid), a polyhydroxy butyric acid, 1 polycaprolactone, a polyorthoester, a
polyanhydride, and a polycyanoacrylate and (ii) & 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.

¢ s

hydroxy acid) selected from the group consisting of poly(I.-lactide), poly(D,L-lactide)

The use of any one of claims [ to 12, wherein the polymer comprises a poly{o-

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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16. The use of claim 15, wherein the vector construct is adminisiered (a) at a time of
initial administration, (b) at a time period ranging 1-8 weeks from the initial
administration, and (¢) at a time period ranging 4-32 weeks from the initial
administration, and wherein the second antigen is administered (a) at a time period
ranging from 8-50 weeks from the initial administration and (b) at a time period ranging
from 8-100 weeks from the initial administration.

17. The use of any one of claims 1 to 16, wherein the animal is a mammal selected

from rhesus macaque and a human.

18. The use of any one of claims 1 to 17, wherein the vector construct and the second
( " antigen are administered subcutaneously, intraperitoneally, intradermally, intravenously

or intramuscularly.

19. The use of claim 1, wherein said immune response comprises a Thl or CTL

imtnune response.

20. The use of claim 1, wherein said imrmune 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: (2) 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 o:] 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.
27. The use of claim 26, wherein the polvmer 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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