WO 2010/085509PCT/US2010/021547 WSGR Docket No. 28890-717.601 COMPOSITIONS AND
METHODS FOR INDUCTION OF ANTIGEN-SPECIFIC TOLERANCE CROSS-REFERENCE
[0001]This appieatioRsEriins the benefit of U.S. Provisional Application N&&804#35921, filed on
January 2Q,:2009. Mhigh.apRlication is incorporated herein by reference. BACKGROUND OF THE
INVENTION [0002] The first step leading to the initiation of an immune response is the recognition of
antigen fragrieMEQHIEEEFR NI METHEIRE GO RIND B {SFoOY MG BN SIHECEDIO BokERANCE molecules.
Recognition of antigens can occur directlycwbengherustigans are associated with the MHC on the

surface of forgiggy cellsyay fissuies, orindirectyawhen the antigens are processed andihen associated
with the MHC on t & s%r(]{%ce'o? professional antigen presenting cells (APC). Resting T lymphocytes St
n_

recognize such Amigen MHIC RS ARIEL BERBMHE LA s  Esociation of these complexes with
the T cell receptor (Jenkins et al., J. Exp. Med. 165T302-319 1987; Mueller et al., J. Immunol. 144,
3701-3709, 1990). A living organis#i“&ég%}?imggs %%ﬁg’(ﬁmune response to a self-composing
antigen. This 1808411k fsteciealeetingrates inditiion ol eyimante kerenreeis Oprebredibreiivatizeh even if an antigen
is originally héterage pegusdd: ssdicingrorgamsembiitonayariatiteaaipte (VTNmia£cRpoaswhich is
displayed on gasinenofthe-antigen Wererding-arhen-bisArerdunow itdsHosed meddn what form it
s dosed. Thiss.cahsthacaulied iqgianes . oeisale.only alimuiias, DeHab e T gell receptor,
without receiving anfado’lltlonal costimu atorf&gnalf they become nonresponsive, anergic, or die,
resulting in dSWRIARSEISERTDP RS RIFTHE ?8’&?66%@&%’&%]&?‘%"8&% &Egetvan Gool et al.,
Eur. J. Immuieiz2d(@i-zosrers beooy spigirote ereiatiB] cblesH(re)gEs 3id thepDabysdevwever, if the T
cells receive @stwosd sighal NMetmet] ostimidstonelkreells Alexndelced, toqratifenate)and become
ftﬁncti%nal (Lensehomn @glaggme&npa@ia%%@(dﬂfmmm&&%&;&g&@ﬁﬂg@@ggm%mﬁﬂ ﬂéﬁ%’&nition is

thought to oc t teraction level of anfigen presenting cells (e .g. dendritic cells or
macrophage%%%ﬁ?’%%ghqcﬁe% Fﬁ(%%]%%%\%&%gnﬁg? %I?F%gflagt?%%%jgg ki Paj féneral long-term
immunosupprESSIER RSO FiaF S BEEBL R ROITSeE e AR SRR C?é%fiﬁgfé'éd@.ﬁ‘??%toimmune
disease, graftféjertien) &rsoBasen Brntié fisrrg-terHi adetihistriztdnt drprividoaetifysimmiisdosuppressive
drugs, for exaspiled sigaak 17l odkers sliciagafartiexampia cyitlespor vihdERAyikikda06 (tacrolimus)
and corticostereitlsalengriern® Usaiohhishanssseidiesaiivgsran Alsehayetexicsideseffects.

Moreover, evefyiigee-RalienianaLale Ableplavialelapas dpi0s. fhe reaurgment for life-long
|ﬁgcant 1 u?'fo nciu

immunosuppregggi\g/:e dru heBEa{)dy carries a S|?n sk of severe side efftects, Ir ing tumors,
serious infections "REFRFAEXIOT And mEaBone tidtrars (Ao F6e 2R wrg 'T888). (0004]
Methods of inttiEmgtamtigeie g5 eritretd erlifeeiadeevee fasoambperchntridingieelResupling of an
antigen or peptrdeckorBidintle The shaammethodzpdptidadngiticedcoet Bonpteditalereinte involved
collection, sepaiatiphsatd:tanimeatatiperinheml-Ripadsalia wifhgdisease specific autoantigens and
the ethylene ?@d{?ﬁ’%@'&%@%ﬁ&?&a@i&@ i{)@g&gf%gnnq%n sterilllgnglegsgg:pdiBilts)or} émaand c)csml‘#pdsequent
re-infusion into_thé donor/patient. This process Is cos%ly and must be conducte under ¢ osely
monitored coRdReE! TS HEET IROEE S8 b e Skt BB P SRR ifited in the
number of ceffBRsHRENCA e et R Irseaetire dTHclussaoPie tlgntb bblasists mightisdorarrier cell type
expands the potentiakbaeroest(CinglHE0a lagenei) donotscthusdnCoeasing:thef sighpyeoffsource cells
dramatically ang pakebiiall expanding.thedelinanefitisthetamiiaany Seiting, catifiegdor blood

ransfusion. (i aienalhaehids Alaclihids e e, ol elhylenc.caibadinnids xed autologous
splenocytes. These cells express the peptide for which antlgen-specmc% erance Is sought. However,
collection and BrepRralioR SF &5 |rcs'iesﬁrgﬁf?%?fg?gs’dﬁlgﬂg’?gﬁr@éﬁﬁbﬁiﬁi&‘?ﬂﬁ’fﬁrﬁ'ﬁ‘iﬁ?8?8; to the broad
utilization of tAf"P8EfRbISES for treating human autoimmune disease, transplant rejection and allergic
or hyperimmup4espanses nfhagaapprogciie slhave sigitifnalatdetaritiahdinitationsiag tgrms of supply
og 39_urcehce:lgn a?geﬂep&ﬁﬁateyffxaf Jiﬁﬁiﬁ@,m@ﬁe mézlﬁs&.'wahg mmi%ﬁéénéw%%pﬁc&s‘ego t_:j_e Ca"ier-l_ln
addition the reatment o utoanti via presents a sjgnificant quality
control issue.g é%clt\s/(l%lf&e&a?t'[Edjoag?[;a%ﬁ?f%?sﬁi%%gcﬁoﬁé?gsi%gpl?r%fﬁ?j‘é&p zclé(c:)?ﬁ%f%}%%ﬁafgrgfﬁduction of
antigen-specii® BB iRl T R Ra Frerh e e S g iiise 4 A BistO e digiRaling
molecule and®EdtrERiEspe JiderTEE02 TS Adass sopradisiperdatpiveslismsrg vididndiéonsse of a
composition for induction of antigen-specific tolerance comprising a carrier particle attached thereto an
apoptotic signaling molecule and an antigenic peptide in the manufacture of a medicament for
reducing an antigen-specific immune response in a subject.
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10004e] In a third aspect, there is provided the use of a composition comprising a hanoparticle or
microparticle comprising: (a) an apoptotic signaling molecule; and (b) a pathogenic antigen; in the
manufacture of a medicament for treating ai autoimmune disorder. 100051 Achievement of immune
tolerance is desirable in certain instances, for example, autoimmune disease, transplant rejection and
allergic by kiyifledipamuimne rresddniestcAocordinglysthrerisrative ednfosrdupr duad@preadiesithaf are
capable,of gificiently JoducnadongrierrpmAnLaleange icnt s asRd ar.dmipistRon of high

initial doses of Immunosuppressive dru&;, or the use of biological material as a carrier. [0006] In one

embodirfersesing raspr gsviest s brovnadcal vombesmoi o emartins e fiaitgent dpetifiembrance
comprising a-€ay ierpadide airchediheiete anapopiolic sigralingmotkauleansr amaatigenic
peptide. In another embodiment, the Rresent ‘i’h%%éoc%ﬁE%{rr%"é‘i 2 %9{%‘%?%&'1?” for;nguction of
antigen-Specific tolerance conglprlsﬂhg a carrier particle a tathed théreto an anflj(f:]enlg peBtlde. Ina
preferrethieraisdimesitthidosariorqletithe mdpeakstyrené pHttc. irone asplstiapiesedffposition
induces gutigen:spesific laleranasiin Agubieati \Mbala desied. g antiganiansntide ganke an
autoimmune antigen, a transplantation antigen or an allergen. For ir]stanccey the. antigenic PePtilde is
myelin BESRPFROEEIRCR SRS Fo RGO EHEIGENBYS aht G APPSR oGO HERTFEEy S entia
glycoprdisimtpantreatic betappblbdptigencdiisahid pgletam ioacish d ecanbeixyiageo(GAD) zc oflagen type
LL humag.galiclageanie: [pAaaiRARe ipiralipid prairie. i laripismallaudealarprofein, thyroid
stimulating factor receptor, histones, glycoprotein gp70, pyruvate dehydrogenase dehyrolipoamide
acetyltratigferisesigreione pahEicesiitiésHitigen or human tropomyosin isoform 5. In another aspect,
the antigenic peptide is coupled to the carrier by a conjugate molecule. In yet another aspect, the
apoptotic signaling molecule is a scavenger rgtdpiakdand such as annexin-1, annexin-5,

phosphatj ine, cholesterol, milk fat.globule-EGFEFfactor FG-E8), or Fas:ligand. Where desired,
tho anigE ek et R s O e e e e e e ot e
carrier comprises aquamnanidotifvssHisiistintesithestadisrineldelfdrimer aipegormsrdtmicelle.
The carfgiod ale0:06,8 AA0PRALICIE Pt MIGIARAILEIR 15 Less (AR A0GRMIIPRP R ATRIER The

nanoparticle or microparticle can be biodegradable. [0007] The present disclosure also provides a
method BIYEEERAERIP AR RGeHISEEHR AR ReSHOMERPRP LU Bt ERR A SBGAVSRIBE M e step
of administedng tacsaisguhjeca-casipasitetiorhidigtion ot antgertspaaifisstalgranee: hi one
embodirgl%nft: tthe composition comprises a carrier particle attached thereto an apoptotic signaling
molecule aﬁg an antigenic peptide, wherein said composition reduces an antigen-specific immune
respons@irié sinbjelctdlmsarothercembodiinkit; thecCompasititiorcamprises acarmeripirticle attached
thereto an a EQS&L%B&BHQE‘EgWherem said composition reduces an antigen-specific immune response
in a subject. In a preferred embodiment, the carrier particle is a polystyrene particle. Where desired,
the antigeni@heptitfeHERALY HERENGIRREHetbd is an autoimmune antigen, a transplantation
antigen, or @ allergemdpesRmeirstances, the autoimmune antigen can be one to which the subject

mounts an Jmmune fespopse. 100081 The present disclosire fanher provides a method of treating a
subject having an autoimmune disorder comprising administering to the subject a composition
comprisit¥§i% nawdisarticiet of mitropartietecThdwandp driers iR alticteagsnspiise () @A inherent
Olr addedi_ig&@atagﬁs%igg@f&ﬁ@aim%ﬁgaiﬁge%rwrm@gegg%ag&g%&@%%% hbe @rﬁﬁiaat@isclosure f
also provides a method for ameliorati elinating. disorder in a subject in nee utilizing any o
tho comBETISH BRBBEAE HEraiR TBCAR PE LN b URL0A DR R o ATeRIBRATe 12 SRR e incucing
antigen spatcificabteranesccorpigbimgidlaloacs afimmpartigheraside(tivan arttigenicopapidedounditd the
carrier partjcle,INCORPORATION BY REFERENCE 100111 All publications and patent applications
mentioned in this specification are herein incorporated by reference to the same extent as if each
individual publication or patent application was specifically and individually indicated to be incorporated
by reference.



BRIEF DESCRIPTION OF THE DRAWINGS 100121 The novel features of the invention are set forth
with particularity in the appended claims. A better understanding of the features and advantages of the
present invention will be obtained by reference to the following detailed description that sets forth
illustrative embodiments, in which the principles of the invention are utilized, and the accompanying
drawing#8#alhicknfeabsiifigurbepyepicis teeurn emvidtinicalmostmfdeclidictbsigfreteEAE following
treatmeRpusiRg Reptides aeniugaled-ieanatiligial cartigtcbhe anbRhowsihalprishaens
microspheres coupled with the PLP eptide rowdeg rotectlon from PLP139., {1/CFA |ndufced EAE
and abr8GAEURE e %&“8?‘8&1{}%(’ 1&%"%& FESSRRES TR RIS R S HRBICRE (R Shelr et
administratiipn-sfqEptidecoupiedpolysty erenictosphitrdsdithet pricmtggeocaitpiidadiction of

P'-P139p1§f1:r}@&’%%9d§€eﬁt'%%&?;e%lrﬁ&?e 18 H&Qﬁs‘}r\é‘ﬂ REPlde-cuURlSH-Micr Q&BE@Jx%rHH@&J&
priming with P12139 151 Complete Freund's d uvant (CFA); (B) Pre-treatment with peptide-coupled

microspAEIELHRET 5 [HerRg Wit el 78 esa $St§<zﬂﬁbfe%aﬂﬁ?aﬁﬁ&f&iﬂ%ﬁﬁ%&ﬁﬁ%@ﬁﬂljﬂ%@?e
Post- treaﬁn@m ﬂmﬁnﬂﬂmﬂdmmmedomgmmsmesoioﬂma@ i aungewithoBEleid 839 1ibbasiComplete

Freund's AUMVANLHfEf Mk WO,R01ARERIRR LA 5&?;%9’85_&0%@3@%6’ S @FQQ%%%IN B 830417.601

100151 |gure 3 depicts the effect of administrafio coupled polystyrene microspheres on

de|ayedh9fﬁecﬁ%yﬁé%@n§}wm %@F@%‘Fﬁﬁb‘iﬁf%‘?%&@é &5@5& Cfbmiyﬂz?ghlré‘%ﬁ%% 8hfeet of
admlnlstiﬁﬂtmlmmepﬂﬂ&:@gﬁ@l@@b@om%emesﬁmr@@pmﬁegr@ﬂa;ﬁ; NS-idiltrationief lkukeeytgsointo the
CNS. L ukoc arke were assa d |naI Lol ces a d stained for: (A . (B)
CD4+C § f cél Coﬁdp{%’i‘ @cﬁ’p@i d)/éi (ITg{ng?g gure df p|c sq &8 ltr ns%ra qlﬁlc?t) E}Il
peptide- &dhdte@rpﬁﬂwm@n@mm@wmre@%méldm@@mhqwd%d@ @%AW%S@WP‘TF@N OF
THE INVENTIQN,[00d 8l Mathads foe industion:alantigensspesHicolarance aadesiabletenigvent or

diminish |mmune reactions in several instances mclugf[sg treatmerllt of artoug:}\une disease

transplafrBISEHE A RS PYTE S Ty BRITARUAE PR S 1 &S FEXERE iRRA to%%"&ﬂl&&%% carrier to
present &iatigenie peditdes andljpratbinghodesirnim esistenpapisischabw @i dehingupentic

anigen-saegic plaranee AMIERERRIIna el sush Asdeudiiiaale andmasiophages.

ordinarily trigger an immune system cascade, but these same cells are capable of inducing tolerance
when th&*EifigeR JengFERgnRasRIh e 3Hsellcd 5 oS FATIRIIE e MBMERAEEC S Y BIcTRRALRT &tils of
inflammatary cyielcines (D&l@@é&@r meeihﬁd»pammumﬁwapﬁassw@@geﬂm@m reduced

aIIostlm yl\/?ﬁl eerstelrensdpglng d Ic_)lrerlvesc;Jade Qrm |1|1§ Idge n |ng§§&9 c(i)éndllver[fgfent gQQAecular
phenoty Immunol 4 g)‘l) Plemontl eta? '&lucocorticoids affect human

dendrmcaéém@qﬁe?éﬁwrw malmafb?étr@mf @Wﬁ%{?ﬁ]@g mzﬁﬁgémﬂwmﬂ%@h%?% %he
present invention may be bound to an antigen conjugated to a substance (e.g. ethylene carbodiimide
or ECDI) which would allow the particle to be perceived as a self antigen by an antigen presenting cell
(APC) of the host reticuloendothelial system or directly by T-cells and allow presentation of the
associated antigens in a tolerance-inducing manner. Without being bound by theory, this tolerance
may occur by presentation of antigen without associated upregulation of molecules involved in immune
cell stimulation (for example, MHC class I/l or costimulatory molecules).
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[0019] In some embodiments, an inert carrier, such as those described below, are effective to induce
antigen-specific tolerance and/or prevent the onset of an immune related disease (such as EAE in a
mouse model) and/or diminish the severity of a pre-existing immune related disease. In some
embodiments, the compositions and methods of the present invention can cause T cells to undertake
early eventigasgeciftedlwitivd - tednactivatidnsisuthe oangtoaliow chioptiscta aag)isirgaeftdctorfuattion. For
example adpinistAtenc sompaslions. obine RiSsent eaiancany esyllin beells bang.

quasi-activated phenotype, such as CD69 and/or CD44 upregulation, but do not display effector
function 2Rl AR HrcEBR IS naRe 8t 3ERRigGr T anpthgy rmbadimpntsHin eoBWSHHARIHB EdMinistration
of compesitienseftbepraseMisrentiin Fastifsind -calshaving anguastaciivate diphenetype without
having conversian of nalve antien:specific T-celis o ateglatonyphenoiype.sich, as hose having
CD25'/FcB<p lp]henol%ypeg. fé?) Eﬁn orme Instances, the carrieris further onjugaﬁe(ﬁ)?gay}’no?ecule
that minegiglgofékegalsicralgHalaTriseniuielinivie ofitired poprotidisiynaiihey molesuiensnimgugheto,
specificalyhsighaligmanBRCa RomdanoerousaRARIQUS wptake:sighal which.ipdicrtes 1@ theost that
the associated antigens are self antigens WO 2010/085509PCT/US2010/021547 WSGR Docket No.
28890-7%.%ﬁiegd’&o?'g’%ﬁi‘f’iﬂngufBFeIi‘T%aﬁﬁsf’esponse. In other Stances, the carrier particle does not
include &0§égiaraite mpoptdiid signliftgrmoledtsle Mifthinittiveiing Dobjrd: byiheorypthiewanrer particle
carrying 40, RRIGEARREC G RERILE Sl RIS JArgela mmaie-E.ane T £all548i9. i the spleen, bone

marrow or lymph nodes) to affect tolerance. 10021] The invention is usefu] for treatment of immune
related dEGITEFE Lt cH AL HIBTR M S tERAEE TIPSt PSR AISHEa Y AR IaERsHE G bstitution
of a synthelicylbicadpatiateogasitemsystem capable of carrying a cellular substrate to induce an

antigen-gpa6ificfQ '8{«%&%%&91%&9@%0%9%&%%&%8@%? Almangizeting,preadavailapility of

therapeutic agents, increase uniformity between samples, increase the number of potential treatment
sites andaThiERtResh P rEHHFES AR SEIERGEPRASHIRY BiIREP IREES to a carrier cell. [0022] As used
herein, tfeternFiltemhe delspanrsessic iidesdrcel mddiatedtapdioed gelimadiataccimmune
responses, bXSRIPIAN: IHMLAGERPANPRS INCHIR T CRIMBSBANRAS £-Su Ui Y@ production and
cellular cytotoxicity. In addition, the term immune response includes immune responses that are
indirectly effected by T cell activation, e g., antibody production (humoral responses) and activation of
cytokine responsive cells, e.g., macrophages. Immune cells involved in the immune response include
lymphocytes, such as B cells andiIRCERACRITIOCBS-RERERRHKTRZ cells); antigen presenting cells
(€.9, ProjRssiond ARG GSEpIog ‘al?ﬁ&'ﬁqali'&ﬂ AR ALNAIHELE S MRGIOANAORS R NV BRBNCYISS:

Langerhans cells, and nonprofessional antigen presenting cells Such as keratinocytes, endothelial
cells, asEFOEGHSE HibtoBIRSE EHGEAETAPIRgTESTah B P R5HEs QERRt ARpERSPBAIRS Sseiepdly and
macrophagieriansinaphils, toashecelisrhasophilsreand granulocytes. 100231 As used herein, the term
"anergy," "tolerance," or "antigen-specific tolerance" refers to insensitivity of T cells to T cell

receptor-mediated stimulationgRysh HSCPRIVEYIN IRNVmnigargRecific and persists after

exposure to the antigenic peptide has ceased. For example, anergy in T cells is characterized by lack
of cytolcli®plobbraeys Egures < the Luirite gy SUCOr whkRtedrEH e Besoaeritd datigentand
receive aditstsiginak(diigcdithiekepios ardGB-dmediatad sigratiindheabsebeelodiacgdsanttsigaal (a
costimulpiory sianall. Ynsertess capdiions: r:expostis oL e A8ls (oG same. anlgen (@ren I
re-exposure occurs in the presence of a costimulatory molecule) results in anure o produce cytolcines
and sub&sgaeeigtatliliedoprohferenenmmysLranie & protice eytolcines prevents proliferation.

Anergic Toeslis mansonegier iRrabfarateidhcibuw et withcaytalgings i dolib¥ig). framexample, T cell
anergy can also be observed by the Jack of I -2 production by T lymphocytes as measured by ELISA
o by o SO SR S R L or LTI TP Ay s e UM MY Ean be
used. FoheRbpiptidamryidet pelle-fiai forinitibte:d L X génedransEribiiond sbdeméed By scheterdlogous
promoter Ynderthe.comntipl.of the 5' 11--2 gene enhancer or by a multimer of the API sequence that

can be found within the enhancer (Kang et al. 1992 Science. 257;1134). ) ‘
[0014] Figure 2 depicts the effect of administration of peptide-coupled polystyrene microspheres either

prior to, or after induction of PLP3015; induced EAE in mice. (A) Pre-treatment with peptide-coupled
microspheres prior to priming with PLP,3g_ 15 + Complete Freund’s Adjuvant (CFA); (B) Pre-treatment
with peptide-coupled microspheres prior to priming with PLP;+ ¢ + Complete Freund’s Adjuvant
(CEA); (C) Post-treatment with peptide-coupled microspheres following priming with PLP;3g 5 +
Complete Freund’s Adjuvant (CFA).



[00241 As used herein, the term "immunological tolerance" refers to methods performed on a
proportion of treated subjects in comparison with untreated subjects where: a) a decreased level of a
specific immuMsiagie4fi&8ponse (thought to be mediated at least in parf6y BrfitdrSpecific effector T
WO 2013/385809PETUSER010/021547 WSGR Docket No. 28890-717.601 lymphocytes, B
Iymphocytiﬁ ?slti]?ody,3or their equivalents); b) a delay in.the onset or progression of a specific
immunolog i3 BB B1oE) e it el a iR TP R YRsidsrprisT eakisiar Sispseisefnunological
response. ‘SREEPRRTABIGY B clerine & e ceawss Wish immunological tolerance is preferentially
invoked agHiGBi]CEgiaL ABigs it bifan STRakSQRANHN B Hapha- {002 pMatigus-aspesis.ak therkvention
are describgghinfuhesdetalindglelavingsuhsesions. Ganiars: 926 Ihs Antigensspecific

tolerance iggy%&p%z%%s tiotn_s é E}% ﬁggggﬁnvegg&n ma; +beI roduced with any of a large variety
of carriers inciuding, bUt not limited 1o, particles, beads; brafiched polymers, dendrirners, or liposomes.

Preferably Pl ébFimrds pavtihaediesnd ereratijosphemtdr-onipsbreiistyodeshigpeeheriotiular, or
polyhedral ipishapeiz&ltersatively, however, the carrier may be of an irregular or branched shape. In
preferred embodiments, the carrier is composed of material which is biodegradable. ft is further
preferred that the carrier havBEdt ABUIRHCRIFEIRN@FChEFBYVENTUONtO reduce non-specific binding

to cell surfagesyviighedDEaRRIRIDR3E A AL REBRINGCRAINS-FNE CRTFIRIS RN RE: cRRARIGOf being

conjugated, siiher girgsly gL ndirectl, o, an,anten to hich ioletance s desired alsg fepred to

. t : | .
herein as an antigen-speci |ca5586t|3e, anﬁgenlc peptide, autoantigern inducing antigén or tolerizing

antigen). IFPSORETTRIERER G CHFRETSTIH PSR TIRAS R BIFAHG RitedtiAuaserr RPHEF A ultiple copies
of the antigertspdeitic ipuptid eveirposedionadney asduth edileetiipwiiofodetolarafgizee sponseg The
carrier maydiaMedene aaligeniaipeptide opmihe Gaiigrsuriacearmuliiple:differaniastigenic peptides

on the surfage, SHEMANEIN PNRYE 1 HBELATIRE A0S 3SR RIUBIGN.CoRINgating moieties
may be adstort‘.)l?gownf;)?ut chemical bond formation. 100271 Ign%(gr’gg instances, the antigen-specific

peptide is delvéred 1o an |E(jseﬂr111 p?reggﬁﬁﬁti%neT s W&B"%ﬁ&%’ ARt g bes) or macrophages,
where lympHBB{resRestrEgE My st rieshmebierPranshisspmsividrgimedsdarditinesds nodes).
There are residemdikR@s bdickR@sfdecelaphpletyirS pife fininome 42004, iFBIMUPaAcdinipl nodes.
Alternatively, the-antigansspesifichaptide-mayine elolivared taperipheral ARGSAI REasdiere they

first internalizs e qauriets. ANdNS0IVUAGIR Sies.ALIMDRIRGYISMAIALoN (6 Gushleen, bone
marrow, thg@ﬁg@égﬁ&godea to activate a tolérance response. This' generally occurs Wlﬁ‘lln 1-3
i Fat'si

days. Resiff&h &S ST PREE R H AHTFA IS RINEY B (RSB A8 AIYERIEHIEY The overall
size and weIHEGrIFetEg it Bre thisditaneiiorsiiistaaiohyserefedapilly ird callsars dievmicroscopic or
Nanoscopiprksepizigr nfole ewstcienhmnige:solu bikiypavioisphessHalerc iphoditnrdbeadigdhsytaggregation
in vivo andq faciliaiempineartopis.Larticie slzgcan b dasiarinipiakedamdisinierstitial space
into areas %f il){%g %Y%%n@%%}%a&%%mmle, MHC class I/II or costimulatory molecules).

{0019] I some embodiments, an inert carier, such as those described below, are effective to induce

antigen-specific tolerance and/or prevent the onset of an immune related disease (such as EAE in a mouse

model) and/or diminish the severity of a pre-existing immune related disease. In some embodiments, the

compositions and methods of the present invention can cause T cells to undertake early events associated

with T-cell activation, but do not allow T-cells to acquire effector function. For exampile, administration

of compositions of the present invention can result in T-cells having a quasi-activated phenotype, such as

CB6Y% and/or CD44 upregulation, but do not display effector function, such as indicsted by a lack of IFN-y

or [L-17 synthesis. In some embodiments, administration of compositions of the present invention results

in T-cells having a quasi-activated phenotype without having conversion of naive antigen-specific T-cells

to a regulatory phenotype, such as those having CD25" /Foxp3” phenotypes.

[8026] In some instances, the carrier is further conjugated to a molecule that mimics a tolerogenic signal.

The addition of an apoptotic signaling molecule is thought to specifically signal to an APC a non-

dangerous apoptotic uptake signal which indicates to the host that the associated antigens are self antigens
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[00291 In various embodiments, the largest cross-sectional diameters of the composition of the
invention are less than about 1,000 pm, 500 pm, 100 pm, 50 pm, 25 itm, 20 pm, 15 pm, 10 um, 5 pm,
1 pm, 500 nm 408380 nun, 200 nun or 100 nun. The composition 8f HEHE4e Rt vention may
be cho¥&f Bo-rmEx iz @&livery to lymphocytes, for example, immature lymphocyte such as those
found in the spleen, WO, 2010/088509P GT/1I520100021547 WSGR, Dockel Np. 28890:717401
thymus, bone marrow o?ljlynﬁzpﬁ hodes. In some embodiment , carriers have maximum diameters of

about 5-86PRRCHE HEMALTR BRI Ldrri S e AL R YU R e - fa B 8T BB 3T 18 27 3His o 20-60 nm,
or 30-50 riecificgeptide enthedintentts, iteatyreBaibdvibight Seaf thehe aphiersbane tesewvarivapbut 10,000
kDa, less Haaa)ab@gﬁc&&a@d&l}a, or less than about 1,(_)00, 500,_4_00_, 300, 200 or 100 IcDa. [0030]
Preferab'y{66%1?aﬂé%%%%@%%&aﬁ?%?@%%%%%%%?&Lx%&?ﬁm%@géﬁ?a?%%%&@%i?éa&”wa”ted

biological interactions. Interactions between the particle surface and the interstittum may be a factor

that plays FFEEIHUFRASR AR BB & T9B p AR LeR A RS HAS e REHRRA B HF L Al to prevent or
decrease rRoRtisE e e ciiBnabSierite StddsitizanvisyesHtiig parriesvma T tayers such
as poly(ethftenetghcol) tRkG) dnbkits chpalymecssuchiasehk LRONIE be(irciuding-copotymers of
poly(ethylens giwcol-Rl-nehiuanvens alveal-hoaly (i ens,aueo N s sesuss.thaqon-specific
interactioncgr\iglvélt,ré cB.roteins of the interstitium as demonstrated by improved lymphatic uptake following
subcutaneous injections. All of these facts point to the significance of the physical properties of the

particles it0EHh S orshipRRE STk BBEEgRaabRe BER hest mdp sreedPerhiard?st or some of
the polymaérsrandéeropsestiElesoplag/ ondayersrBisd dgiadidbiel pelymess aaayyinrdegoddegraaidtion, for
example, byasestietfivnsticaaborodpsHheaciing with thewatania-the seluticonsIhe: oty
“degradatigrlasyseCheiinialers ssoming.sal hlf.eiherRLIpdudian alymelseular weight or by
conversion of hydro hoblcd%%oups to hﬁ/nolllrlo hI|IlC{ g{OLfE%..P&I?merS with ester roups %reégenerally
subject to SPORAR &8sy draTaessy™ polylactdes and pofyglycondes: Mans “p&?t‘l'ﬂ g sequences
subject tospeaifccelrARhasea ek dreknBiAne T2 el RasRer B ERH s faserr Jpssional
metallopreieigasesesegueircestthadarettegiadedmpbigly, Byybiplogical Fregeradicallmechanisms are
not specifigalivdadraded. Rolumarsanthdungiorabgiaypsithatiarenxidaligi-sepsitiuaswill be
chemically altered by, mjld, exidizing agents, witha test farihe same heing.gnhangegsolubilization by
exposure to%% ydrogen peroxide for 20 h in vitro. [00311 Carriers of the present invention may also
contain adaiiBHE BEHEEBHERTES For example, carriers may have imaging agents incorporated or
conjugate P83 3h&vzrddrerdin bxtemplenerkn "Ciridened o Spiere-frevitigteleraprdgiriereigent that is
currently casamengialiyraviailaieds thepipaadiacsightnano Sphielisstasiadrg aaauanimmgeconfined

lumi nescepLaRnA’ }!é@é ’aEQPéé\’{Jb_é?ﬁe%%@%ﬁb&%%@ﬁ%%'@éﬁ%d@ﬁ&%%@?aﬂi@ i Qs i FR ET
appllcatlorg :thtelr héq)h 1(%quigmttgn*‘!ﬂ}éleld a d.tunabligg%:dqpendent Stok S%hl S permit dgferent sizes

to emit from Biue o Infrared when excite tiz?ﬁl’é{"'%'lhgIe ultraviolet wave evﬁégefh. f fuchez, et aﬁ?, Science,

1998, 2812 I RfETFESA e SrA Rt esHaft it g metinisd Agna a8 RaglBAET SKk Methods
Enzymol. $986(248ir88a0B rimal). BEHdE hermciAlions) 09&07r 66 8) ccllytrihgmmotstizgradhvess hybrid
org ani.c/ inm@&g&m&miﬂm@mm & aoalaﬁ;&ﬁbpabyme@rkmm asuengrmess;ymdy:ssed in
biological Jabeling, Imaning. 230,0Ri0R RIQReNSNg.SYHIEMS: LSRN pEl&ks sl hem. Soc. 2000,
122, 12886). Unlike Ehe traﬁdltlonal S r}thes,lts of in rganic yantum q]c} ,{:he anqtheﬁjs Hf these hybrid
eroic T cells ¢ owever, proliferate 1 uimﬁE% ith ¢ (()}CIBCS E.F. % or €X l})le CF
guantum do noparstlc $90e€ o require high'tempetatures-or highly toxic, unstable reagents.
(Etienne, 88y EppropRyssred b8 heigrkaf &-2prgyomihy b uarsr Mah S URATFCaH &l Sty
2010/085%99pcHik1 2 8%a/02ihb 47 WISBR-Eidoket 02880 G- 23600882 Ut sareuerbodiments,
the antigerospRGIHE, iRleENTelRduCipg.ERIMNOSEIARSAl eI eapBidByaRtRIGMppisadscarrier which
is a microparticle of naNgRAGe, . some INStaRcaS.INRD G BRaRicle QLRARORANILIR,I5. Substantially

spherical bead or a porous bead. [0033] Carrier 9?}3@%{95 can be formed from a wide range of

materi als.“ﬁiﬁ’gl&fr napeer ;5%?&%‘1"6 y1 992 Science. 25

[0024] As used herein, the term "immunoltogical tolerance” refers to methods performed on a proportion
of treated subjects in comparison with untreated subiects where: a) a decreased level of a specific

immunological response (thought to be mediated at least in part by antigen-specific effector T



composed of a material suitable for biological use. For example, particles may be composed of glass,
silica, polyesters of hydroxy carboxylic acids, polyanhydrides of dicarboxylic acids, or copolymers of
hydroxy carboXQRVAERS"End dicarboxylic acids. More generally, the carfffef e tay be
compos&dbpeiedtéts 6P straight chain or branched, substituted or unsubstituted, saturated or
unsaturateg, li r =lin licanyl, haloalleyl, thioallcyl, aminoallcyl, aryl, aralkyl,.aaralkenyl,
heteroaryl,%%%%%%’%ﬁ roivgﬁc?gsﬁ%%%&%ﬁﬁ? iaeaiegfql)gt%?g %a?:’ﬁ%%?ne_é’?%ggﬁ ﬁgg’s%cb %Tt?tuted or
unsubstitutSg 5 FATRY S HSIR AR QG A Earst BrbeEhmuise BRSETFRARARsF ffioallcyl,
aminoallcyErarytokeeitic ysnseen Ap et Bk dnphrislomeelapidranecaiieyrs "diciroxydle srsidslemukditionally,
carrier partickésenashmgiahiyimdotsaanenmpasadpiguamiunaieds, such as quantum dot
polystyrenqaagialeslousnanehalm(RARR)RANGME 2 %18 U8 KHLRNBAMIFIES.IDElding mixtures
of ester and anhydride bonds (e.g., copolymers of glycolic and sebacic acid) may also be employed.
For example, carrier particles may comprise materials including polyglycolie acid polymers (PGA),
polylactic detig8lymers (PLA), polysebacic acid polymers (PSA), poly(lactic-co-glycolic) acid
copolymerg0@h Gy, spopefastichicoetehacic)atigleopainerst (RiptAk polatvealicsepraalacic) acid
copolymers,{RG$69. g ey bicsampatiblie. bindegisdalle RANMErsaeiuinthearesent invention
include polymers,of copolymersekcapralaciancs, carbanates, amides.amine apds, rihgesters,
acetals, cyanoacr Ates'ana égraa_a e uret ane_§), as well as opolymers of these with straight chain
or branchet Beb ey BP TR REE ARETSI ¥ Hk BRNEYT troaid i mar Ah oz aRERty1, or
aromatic hydhsked denti-bamsbricmbidsndrtsatid ithorer ih cobipderic by oitizh i dnedverabids. With
reactive siderafteinbgraashaudcasidysiRes asgiaing, A sparie acide ghiamie agile saindpdhirroONINe,
tyfrosme atr_asing)ég@@tgi _&fﬁtasgrmnﬂ%@@ DAY Q&A%ﬁ%%ﬂ&%ﬁ?ﬂ@%&ﬂ%@%%%@ﬁ%%ﬁi the oot
aforementipned materials to provide reactive groups for con ing to antigen peptides and proteins
or conjugatgl ﬁlﬁ_gnr'ﬁ%ll]éi aetg?.l’ 1@5%11?? éﬁTénnﬁrg?el féfs%mﬁ%?e@&%%%‘%%?&ﬁfsi(r%érn [ ar@ SAEKTTE BLA, PGA,
and PLGA Wﬁﬁ%%ﬁ%ﬁ&&ﬁfﬁg’ﬁlﬁ@%ﬁt HHRHTRfEGfadabRE iR dr RIS Ay iER 67 4A<(I58 in the carrier
particles ofatitigemventions Egrrexamhprerirom:licde grdidabtenpolysens ofdacntate syudiblylemdsvinyl
acetates, agyhsubgtiuadisefiose-AsRialen inof~de adabip i eihanes.SiyeRes Tvi-shlorides,
viny! fluorides, pdimidazaies, shloiesyabopaled.oletinn: Sene. ey alcahals TEFLON

|
(DuPont, Wilmington, Del.), nylons may be employed. [0034] Suitable beads which are currently
available BT FO e DAY Ce R A E SRR TG HFPTOHS, Eugene
Oreg.). [00%5PhrbTiEherhBEMsIePradiRERsHaRticles or nanoparticles are taken up by AFC's. The size of
the microp#ttizte nrsoandpattielalis prgtargbbytinptpeddn gditertd goeriphggaeyiagic i alMngytosis in the
APC. In som&, e/abeaimenisaibe) BIFERRAMIEIS RLHERRPASIAE Seithacranae el ARRH (LOARIM,{0 50pm, 1

pm to 40 pm, 5 pm to 30 pm or.10 pin to 20.gm. In some emhodi ts, the naicroparticle or
anopartc R S T2 TS e T Bocker K SUB 0 A0 TEss than
100 gm, SEFFY-2B/HS B0 kD 289 A B: ¢ X erReso§ i i 16ty RRfBist e mbodiments,
the micropastivherd ¥4 opRitie K scriior dinh dreralvethaomms agthammises ireits00nphxes nm, 800
nm, 900 neabirdicite. O3] Bonhtmeraooaime:; Mitiopacicie scanik A arapaiietpsmascTiaken up in
areas havipg, immatire WRBhOSHISS (RHuaR!RRR, HORE éﬁ%%cwm%a%zlmbeﬂﬁ%ﬁ)%As
document grgh rein, size is related to carrier uptake and retention in areas having immature
lymphocytes:. ft'is desirable to obtain both efficient uptake and retention, since carrier properties, such
as size and®@aiatle chardcterratese et HER RS IfGiFg EHBAsifeiErRs AT Smblep&riiies have
better uptake tharstapger partiches utitevireeret entidan€ syubiig ywathid migd bicabpitabonsrasabout 10
pm diametey aigepigientodiaatisanscnithipmediaterapnieciatenthal alktbesangasandisalues within

the explicitlxtégg;gg%m Ae.co Q@tgglatgrgdmgSmn, 50nrn, 100 run, 200nm, 300nrn, 400nm,
500nm, 600nrn, 700nm, 800nm, 900run, Ip.m, 2grn, 3grn, 4p.m, 5um, 6p.m, 7grn, 8grn, 9p_rn or

. ! . . 19 ar
10gm. Thel A FaFEraS TRES BRatle ReS LORBCHEI TR BPHEPRLILS SaP R HoMES A amifeter from
about 5 to &bbst h@0ebavt. { PsanSWilltmigibdia il yapiiraciaehat alinh tamdasahdwaites within the
explicitly staiesboargesoare, contaiapiatesh 1y« sepaaul 12 iecabol o dimay hecsbéan eistribution of
such a collgction ofpaHicles, cARRE SABlrledisqthat.A ﬂseﬁ@ts_géhva@&mﬁ;&ﬁ&qpﬁé@@&y'aﬂon
divided by mean patrticle size) around a mean diameter of a collection of the particles may be less than
about 50, about 35, about 20, about 10, or about 5 rim. A person of skill in the art will immediately
appreciate that all the ranges and values within the explicitly stated ranges are contemplated. [0037]
Physical properties are also related to a nanopatrticle's usefulness after uptake and retention in areas
having immature lymphocytes. These include mechanical properties such as rigidity or rubberiness.
Some embodiments are based on a rubbery core, e.g., a poly(propylene sulfide) (PPS) core with an



overlayer, e.g., a hydrophilic overlayer, as in PEG, as in the PPS-PEG system recently developed and
characterized for systemic (but not targeted or immune) delivery. The rubbery core is in contrast to a
substantially riYREEEEEE%Nn a polystyrene or metal nanoparticle system® GHeEstH P HBbery refers to
certain‘Y&é&ifeftt fnat@tials®esides natural or synthetic rubbers, with rubbery being a term familiar to
those in tﬂﬁy&%b/%% %%vf & 1%%%81!“118!% Cﬂ??%@%k%gmm@%c@am%% tiga?%%% rmdaam¥ ;ﬁﬁh \f rubbery

core. PPS IS a polymer that dégrades under oxidative conditions sulfoxide an

polysulfon® A BRsIHSHRY Tr%ﬁ?‘g?’i?’a‘?éfﬁ‘ﬁmﬁg‘% ialce shaiti \R/ﬁ?él”%%?ﬁ@”b%gé Other
sulfide polmé@mytb@%ﬁﬁﬁe@%mééwmstﬁé%ﬁwmIﬂd@ﬁ@iﬁ@r‘e@ﬂ@ﬁg@e &pdigmer with a
sulfur in thedackbore=0frtlas mar ak3ih e sberyopalymersdhaionay, be used are polyesters with glass

transition r%m?r@mbmﬂ g]mgs@rl@gcg@mrug&%&@r Ide83 dhan.akau, %Z&me%m@%% core can
be advantg% eous y used wi hilic ov§rla%ter since the cﬂc%re and ove %gil 1‘1II tend not to

dr
mingle, so el%\e/%? e ‘Fé?ra““ Bsp BRI B BERd AR H O A EBHE R 21879184 particle
that has aﬂﬁv’e‘r‘ it it Emespsr veteie (Bhaniihtirrariesvaniy staledgith pormoit ot PFFé"%‘b?é A layer may be
adsorbed drcoevadenthedifuinttrtpastiSteriosebilzanabpersdlichatitiellewh dlobty hyesoptiobic cores
are advanﬁg%&@a@&%@ﬁ@ﬁ@&@é&%ﬁ@@?&ﬂﬁSﬂ@i@&@r&b&%ﬂ%&&@ﬁﬁ&ew0

O L R LlNeLophale RIS, SR YIRS A BS540, M6 st gleglispene) cores

in that hrgﬁ oadings of hydrophobi¢ drugs can be cCarried by the particles with the rubbery
hydropholfE5Pees ‘1"66@%?‘7&‘%? & BF?{%F&%{P6?86’8?@??%8%&1&5’88@%&%‘5#?@%0 "8rophilic
material nislcranee s SiskiisityAh oftirse Braphezde thgram frerdnef thardsing oreroesiiiked. Steric
stabilizatigrarofl pdrtietes aithaplydiogitilic aldepekicapimprovesupialed isomitha mterstitittz by reducing
non-specifig{pigtaciionshaweNeh, theRatlioles.dnateasar siga/thanaty @gﬁ&tﬁﬁ%ﬁ&h&ﬁﬁle
mternalrzagron bs}ﬁf%%t' é:rglregsrpeaa Ielg%&a%ln‘ga@m esgluxgrﬁr‘pﬁgcg% e challengs%(pf balancing

these com etln eatures a en met, hOW€V€I’ an IS & CatIO OC ments the creation of

nanopartﬁ%?’?é?%‘ﬁé‘b‘fﬁ?@l’i’%ﬁ sHakie %ﬁ@ﬁ?ﬁ“ﬁeﬁogﬁalﬁﬂ@r“ﬁﬁéé’ﬁ PIYREHHBRESs. Some
embodiméwrtsciriehicl erondsyd kodteibllsompom Belymeeny wishlesjeszesiuby eheogshetid irrabigéhte Examples of
suitable hyskaphiic; Maiapals-alcpoRa@idmaie pipakaliyglene vxides, palyeihdenaaxigessic

polysacch@d}%m%@%xmedég arr%eixemﬂ%n;g@em?&,u@rowamsgi Qefymrw adayer can be
adjusted tg r%rov eau e uI ag of ste rjc Qégdrance in \{'Voblﬁcgﬂ rom%ﬁ\ ollyt1 about 100,000
valu

or even mo nslgrr? ia %%ff? app’?ema e that all e%hwﬁhln he explicitly

stated ranfE<isre E@H?éfh?ﬁlﬁfé&“@‘ﬁm Ef@t%‘é%’r’f‘ﬂGW%%HW?‘S@@“[B‘G@QF‘F‘!@&%B}%%Iés may
incorporatesfuactio rredaravpsienchdrthiebiredatiory, Rpretion AP Yraws fo péomtefeezichiorvimelude
electrophilgea| a4sieeBhilr Srihasa B GARMaNE Bllenersting withather. melecuiss. &xamples of

nucleophis, 3 AMAY. A0 S8, Helss ANCLVEIONsxRmPIee SLsiecliantiies Ats giseimidy

esters, aldeh des, Isocyanates, and maleimi 00401 In preferred embodiments, carrier beads are

emproyed*ﬁavﬁra’érﬂﬂﬁ%rgaﬂé t&rérﬁ&%g%lrgﬁwrg%ﬁﬁ&rﬁl ORGP S BEB GB35 100nm o
about 40-3oisariq@eu AR el BpareTOIARaMTEh A)oH8 M diEsaRrBlgR USeeeEE &s or
nanoparticlies! asiaie SCHRET aphtichiane thatnghtquanerorisicre aunbige sike-gaptides S{ae4 ditn one series of
embodimepts,RerRERseal iDveRtiRmPIRIdes-sompaRsitionsand mathoeds g the dadustion of tolerance
using ant|9§n|% éaeégtapesattac & rhaig%l%leqc%rrﬂfe ABart'C(Iﬁ In égﬁg %éﬁ%agfr%%ghe carrier also

contains an apoptotl%gggg |ng mgfec e Cal’l‘lel'é)e tIC € may e solid, hollow, or porous.

Polystyrens®5e8as 4 %EWWM?BE%SQ%M b RE R B KA At RS s%‘ea&?iﬁltolerance
effect for antigasicplitidetshutivdreonihevsuirfacetnitolimthelareeth tbreas spoptetiecailsimsing molecule.
In one emhadiree it Hibiedgianeititingpiovithe S:etepaliskedefinectioralizdtpaly styrehadnedits;. having
excellent @rrapﬁrdﬁzﬁq@lﬁls@ﬁ@Aﬂﬁemwmmsrmﬁﬁ%m&uﬁtﬂm@%@@r@léaﬁe,fdewty

swelling p rEo!r))ecrtres and or to er% e to s solvents and reagents used in Q lﬁ mer s%/nthesrs In
CIES T X1C, Unsial
some pre rredqemB]o iments. the beads have su \;)ghror oa ng c aragterrstrcs in some preferred

embodimdRiEo iR atPh R5E: & fatiint Epatifit

Microbead or Nanobead Carriers



of at least about 50 umole per gram of bead; of at least about 100 tunole per gram of bead; of at least
about 150 Rmole éﬂﬂ’ ESgsam of bead; of at least about 200 grnole per gram of bead; of at least about
250 gmole pe?”&r f¥ad:; of at least about 300 'smote per gram of H’éﬂé%lu%f}g’m@%”f about 350
pitnole rYé‘FRWEE)T“zGSE@I’OB‘BSOQPCT/U82010/021547 WSGR Docket No 28890-717601 gram of bead;
of at least ﬂ%%% rno er gram of bead; or a;fﬂ%ast ab ut 450 nmog er.gram of bead. In some

embodime e bead he as é’tnleoadl qgml élbﬁc‘ﬁ rom a %Cf’ﬁ Oﬁnfr%% er grgm & bead to about
350 urnole”b‘@f‘%‘fﬂ%ﬁ%ﬁ%ﬂﬂfﬁ’} bﬁ)?é’ﬁ‘%"é’ﬁ@‘ﬁé“rﬂ’é‘l‘é’%"ﬁﬁ“fh’é" réﬁ@‘énf‘)f%%ff iR BEORERR to

trigger a dangevrgigivkl secogtiziedibsperahitedce ka8 IraPolystyrene beads are known to
aCCUmU|at@0i§31§]@%eﬁ1g%ﬁétchﬁt%ﬁeﬁﬁ@aﬁ?oﬁi&%ﬁc(é‘x@d@@l)ﬂﬁ%ﬁaﬁb%éﬁ&%ﬂéﬁ%é%@f&m}and larger (>100
) sizes. d SR aneas RSk s Rar clesbalesn 10900, £0-Sonm, 3penen ™
40-50nm may be deswe [00 po ys%ene eacf(sn e important’in triggering a signal for

DCs becafiEpREY ‘T’?We%%ﬁ?é& %‘?‘3‘88@?\? @W&Fﬂ%@?ﬁﬁ@%@cwmﬁﬂ@lfé%}mféo ould control
successfullBeerargawntiositdscofrdictpsiviertda i seimgrBectmtzeiipy Dls tithe oexipiséry .
Additionallyf phipesittictlteightiiaispleemipat suisealido o piakeafiticspardticles bymackhphages. [0046]
In various %@-@Qt@&eﬂﬁnW@aﬁ%g@ﬁ%@ﬁrsﬁﬁﬂgﬂﬁ}ld@W%ﬁ %ﬁ%ﬁcﬁ}m}%ﬁt%ﬂa}ﬁe invention are

less than a%( %yggg&y amﬂs 0{881 yant de?gfgggi tcr?mrpl o?gréﬁéheﬁu r@fiu]fed Br uzisébgg}édlhpm 500 rim,

400 nm, 360 i nm or e composition of the present invention may osen to

maximize a@w&%&%&ﬁ%ﬁ&g ‘?Bfrgﬁfd}ﬁlfﬁ‘é afkarh fateaRvh Shervt LaerleirBSe IS in the
spleen, thyaiersLisoeenmiaketreaylhyrmtkrriotesbérvio maie s timintsrdanrietsidtave bneairmom
diameters aftglaptiniRsBO6 pimnidiasnative s ganiersdayyhaadpaxiBunvdiameteaebabout 100-500

nit, or 25050044001 303560, 27 -4 SQTE: men 5 are less
than about 609—6;00 2Ic a, I%jss th %n ab ut b, Olé):r\(f)iglgl%ﬁj)l or é%sf%?égr’lxgg%yﬁq’ fég(%ﬁ gégh %Oégf%%gg 200 or

100 IcDa. (%ﬂ.hfn onsgbg%lﬁg% & Frﬁ)sotf ?neérﬁ (s)y?%e (’rreexsa‘re]El % Ve efngamcrgsv cmé‘?nposmons and
methods féPREAIhEEEHEa RS’FX@P@F&‘I‘%éé‘%%?ﬁ@“%‘ﬁﬁ%%ﬁlcpﬁ'éﬁﬁﬁ‘éaé}ﬁé’@mffdpé’ﬁb RIKFFERFE BEAC In some
instances, thigraantiPSAic ipdiitice-ieliniked dothie polystyréPleddoaeb ridethe dNdrmithugdof the antigenic
peptide to {bposarkomlsSiies-BRtie ROy SRR BRASH 1S PEIATIRCOSLBR LAFIRER]SO contains an
apoptotic 5&%‘39&%&1&%‘&%& RIANENEE FQYMELGARGIRIRGOIIIEES L0Q48LIN some embadiments,

&
the tolerance ind ucing cfomposmons of tﬁ!it presgtnt invention | comprises a carrier which is a branched
polymer, sERRRCRECS: HBISHATERC B AH ARBEFHOR ATS A AR MR oS TR as Br AR Sich can be

functlonallfwlmﬁﬂfé?%WPéﬁﬁ%’é%ﬁ@a{é@% aehiiiplieinparsmeshtbamddelrritbmplexes,
either diredihyatylnehitestythibegh eonjugt hglmoietiet-c 40640} Sodndrpadlirer sy sidmidie
themselves:panopadieitlats and-areiivcludediinthe.daum aaggaamgignmp%ﬁmegﬂﬁmn rners are a

class of polymet thaan:be panseariculale. e NIANGS, These RAlDerS compiss ghioh
number of functlonal a‘%s At their sur ace, for example >which have been used t6 conj u%eate to

biomolecuf®& %\’:ﬁﬁcéf?f@’f“ %@“ﬁﬁﬁf&)ﬁ%’éﬂf%ﬁ?&é‘ﬁ BSURG BECCHRRTH &Y R SFRPERNSE e r surface.
Moreover, RFERTE ORI G reIEcEe R drerdiinvarduifaceledio lmske optmmi Zeramderivgidthént
activation, FonexambtespslnyeroRydasiam:Ble me whetdrdngerd DN At afnp lexesidharadse snidemonstrated to

activate capplementefendiinss e RMINSISEIREBRNBRALIC Hiate charnigiimthaty
acetates, acyl substituted cellulose acetates, non-degradable urethanes, styrenes, vinyl chlorides, viryl
fluorides, vinyt imidazoles, chlorosulphonated olefing, ethylene oxide, vinyl alcohols, TRFLON®
(DuPont, Wilmington, Del.}, and nylons may be emploved.
{0034] Suitable beads which are currenily available commercially inciude polystyrene beads such as
FluoSpheres (Molecular Probes, Eugene, Oreg.).
[8035] In one embodiment, microparticles or nanoparticles are taken up by APC’s, The size of the
microparticle or nanoparticle is preferably in the range to trigger phagocytosis or pinocytosis in the APC,
In some embodiments, the microparticle or nanoparticle is in a range of about 100nm to S0um, 1 pm o

40 pm, 5 pm to 30 pmoor 10 pm to 20 um. In some embodiments, the microparticle or nanoparticle is

8



WO 2010/085509PCT/US2010/021547 WSGR Docket No. 28890-717.601 could be adapted for
lymphatic targeting using the techniques described herein, for antigen conjugation, and for
complement %‘H‘f’%’b as in U.S. Pat. Pub. Nos. 2004/0086479, 2806102044384 and in U.S. Pat.
Nos. 6%95‘@?1%1%&?9679@8‘ 115, which are hereby incorporated by reference herein to the extent they

do not confra |ctlygggmsﬁ§ﬁgh9 %@&%ﬁe&%%gggg}%(gn th é%g%&and po%ndnr%rﬁlhaveashape that

is highly dependent e solubility of in‘a given enwronment and can
change diaTRetiEans RcBiImE et R eBIvaHeis isBR FB&ﬁ’dfﬁ g O AEnt O f@ﬂfﬁ%r@ﬁjre pH,
ion contentpditafier YdtakebpaDC. In contrast, nanoparticles that have physical dimensions that are

relatively papsgjsiakle e dendrime éx&taﬁm@m@m&m& BEE){G}%SMW@G useful for
storage p? gses or as re ate%oto or biol 1%lcal ac t&ﬁ% %e r} rgg(rigc\évrggn% egropst;éllcl:sgqroga will
consisten K/‘P'ﬁ s’gnt(tehge Eorona to ts envirgnmen or Some embodiments o nanopartlcles
rely on paftitaBEtHRpET R B QERRIAERS PO SRS mmét{féséi§8ﬁ@°&ﬁ6?ﬁ?hba‘i}% a core that is a

cross-linkedi¢grd rptpét: svdPRStisasednantpanticitiss not asdendrimefanchiagedssiofidacdres 100511
Dendrimetspilsngddin Rsadil otslienscasles motascuie spaandiific-paelymerss m feagtal polymers, are

highly branehied reasiamaleeules KSING PIaRGEs SIR0aIE oM. aGenliahenig- Dendrimers can

be made from various materials, including, but not limjted to, po ami oamlne polyamidoalcohol,

polyalkyleRERiRE! %ﬁfi’fﬁe&@tﬁgﬁ}ﬁ%?%ﬁ%ﬁﬁﬁé’ %P Wﬁ%ecﬁg ’r‘iﬁﬁétabeéll?&ﬁ&?fé%"é’@ﬁ%ﬁhéﬁdpoIystyrene
or polyethyter?énmoifethébd polyitliowtietrpol)pimosifbioni 6MmpolPSitoxéitempélyemiben.Bolyaryl polymer,
or combingtigngthereok Rendrragrs Werambemm&gﬁar@& m@mmmﬁe@e& wRAylysine)

Preferably, Jendrimsis AL TRV ISH I IIRSIE. S oL ADSEDegaY Y. dharged reactive

groups inorder to faC|I|tate con gatlon endrimers are known in the art ang are c emically

defined gi8bHfAFHEGIB¥LIBYCHE Péﬁ?%?!e‘ﬁ‘&?eg ERER e & B PEE R & FERR BB O R ARt ctional
monomerdos iz Brtietietosiisbitirellesten o ppritionratisccrairoled oA ngestidshnerh. Int. Ed. Engl.
29:138-75priAtvaedydadideviciin afsdad > Knes Daeide saeh Rexe Haibat edfaly anidoamine; the
olye:hyleﬁaﬁliagma@@@ 19&'?‘19!3%9&!@5@33&%@3@?%%&@?%‘BOEXWEPL@B}{@QI&Qf!&‘}%?%&%?&%ﬂ%ﬁhguprgsimt
invention include star starbur suc escribed in a
Nos. 4, 58?3551@%%5%%5”1@ éy %&E?ﬁ hciudn %’aé)g étmuf oarr %ilden AMETS %T?DAMAM) Still
other mulﬁ?ﬁ@ﬁﬁ §tﬁ§(cer molecules suitable for use Wlthln the present invention include
chemicallySa&Tingdsind nrpsiyimericasa belroyl platfernpamiclecuigsisuc itasthosedisciosedin U.S. Pat.
No. 5,552,390 RixinapphsaiiondublisationaMEHINEADHOPriMG) BGMMI8E, IMRARE251, WO
95/ 07073s&QQe%QdQQé%%%%aMa%QﬁJr&H}Q% YL tﬁl@{lﬁéi%%&ﬁi&) ﬁ@;?%&é@&%ﬂd will be known

to those of skill in the agﬁ g} exam Ie dendrlmers and Qlryise are descriped in US Pat App No.
y

200702385 78 Which Miicorporated gy S BTSSR t??%r?yre B4y %‘ﬂ) Héndrimers
include b&P’&FétﬁBF%Fﬁit%th&%ﬂ?ﬁ&éﬁFﬁﬁfé igameA R vren dHPTERRCTh SR BT BRIl Mithe) (PP1)

dendrimesshyoty{tniaizidecersdrmeisstpely(etherinadrosgitdnseein PEHARubiendréfeers, which may
have their4:groups-nadifiet orsalecied te- foreadbaohelalingagentsaxclusivelmintodhe.dendritic

polymer inteflo ?FrrllQ %MP&Q%WM&%@&Egﬁﬁﬂé%%‘bead&%&"téﬁo%% }Jé’:@p‘ﬁ’éﬂ%tﬂgb&l\/’%m PPS
2010/085509PC U82010/0215 7 MGR.Docket No. 288 surface of thé dendritic polymer.

Exampled dtGmeE élﬁf‘(‘:ﬂ%?fé’@@%oéi’%a?ﬁ%§%‘%ﬁﬁ%t%°ﬁﬁ¥f?ﬁgfaa€fl\ﬁﬂﬂ}{’H’é’ HgaRE®such z groups are
hydroxy!, Egwitiopiapifrerdrydeephrbis b ia » Aydnshigty doisl-wlidheastiarce ahspialfirnaygrgroups
especiallythase: dspmi svmide etitame keanmiddét hytetlariaintmes polymer with a sulfur in the backbone

of the mer. Other rubbery polymers that may be used are polyesters with glass transition temperature

under hydrated conditions that is less than about 37°C. A hydrophobic core can be advantageously used

with & hydrophilic overlayer since the core and overlayer will tend not to mingle, so that the overlayer

tends to stericly expand away from the core. A core refers to a particle that has a layer on it. A layer refers

to a material covering at least a portion of the core. A layer may be adsorbed or covalently bound. A

particle or core may be solid or holiow. Rubbery hydrophobic cores are advantageous over rigid



tris(hydroxymethyl)amine, carbomethoxypyrrolidinone, amido, thiourea, urea, carboxylate, succinamic
acid and polyethylene glycol or primary or primary, secondary or tertiary amine groups with or without
hydroxyl aIkyI%%i’iﬂ’é‘ﬁ‘ﬁ?ﬁHs. Other suitable surface groups may include%ﬁﬁ%ﬁgﬁ'%ﬁéﬁonaﬁty that

would affeirk Zegsoeidtitre ‘attachment (associate with) the dendritic polymer surface and include but are

not limited {9 gRRieLediaied IAAHAC ALRMRS Lt ol iy anilhodise, Anihagyagments,
single chain antibodies, proteins, peptides, oll_ omers, oligopeptides, or genetic materials) or other
gﬁﬁl‘f‘lk), Wﬂ?ﬁiﬁ

functionalitf INAEYGS BYd PREANA LI SEB ;S BrEATEE B IHSPE BPRASHE K& toxicity. In a
preferred el®flsddinmetitrite sehetripaey ss Cormaincapiivdoahiditor. cahydryiiadingBitesydrthe surface.
100541 Suitalieiglendsisaerandch m_wm&mﬂmmﬁ&aﬁ&mmmem&guymmmmw&dmine
dendrimers,sychas RigRRW s dendimers:(hendsiech: Midland . Michn o SRt m

dendrimers termingte I, efher amine gigups, of caroymetyl gipups Which may be ised, with or
without further madification, and with or without interposing conjugatin efies, to conjugate antigen

peptides aHEVBrotBRR S ke kimist d ot drtisese aFhalraciisoBsT Ry BrfEtH EFHYE SpoksAmater production,
dendrimerdavevsy ntiddisizadlivatwalke inamisabeoreatino [ caterbyisegie piiatiac Yitioinof dalyers of
monomerspEhenfitshsonnds of depdrimear symihesisiadds aghaglenlayamok @enerations of Ilsanomers to

the core, wih, RGRMONEME" AAYING. Ak [GASHORRIGEH{ GREING IRIBIONSHiAER SRR AHENt round of

polymerization results in the excpan ion of t,ge de rirrll,er bXS’?Pr‘]‘e Ia}/er andﬁlncre sels the nunf1ber of
free, reactiVa 8RN PR S e S O D S RS A P R R S B8 S r RS HEA T AREY & of desired
diameter oP¢haSS n8 e genzinfiyrieddoranene esnierdasesireiphidmestbiancedianabrys
themselves imthedenn of e0sphere sureouridingydllowenidehsityrecse. iBeell for exgarypibydthd. Pat. No.
5,338,532, wriighnmis:hgiebysincorporaied By safarence:In s anticive hdsidition, by varying the shape

of the core les, dendrimers may be produced in rod-shaped, disk-li nd comb-like fonns. The
eaulting GARSHE S e R R AR S o RRES o i i e 17
multiplicity ‘YrafGGRsAp éstrde seaamprstamrrayhies b Aataty Bitruirading SithfdiEctly. In a
preferred envbodisnétntbies dEmairbissare mplvayiealss, dvold dnd dhvdyeyio 0B6tHe nigierienshaay vary in
weight, sizereShapenaad satebal-nfdamibaleaciive-grampss For example, dendrimers may range in

weigh frorfuh0f} 18 1080003, 1 20040-3000.03. O1. 23010, 2000502 Lenddesa gy also range
size from 0 1000 inn, 30 to 500 nut, ar 50 to?gg%)léréna in the longest dimension. 100571 The use of
€

t
dendrimerd &% PRRIR 6P BE HendriRTER: % - #h8%reation of cationic spherical particles with
a specific AB#dberofesmineibindisransitagdre ibiedrieeshTsecsipisropatielse paretesidancbe selected to
optimize loadingeanchish Aiebizesiete: binthanasspatwaeidsurface linked antigen peptides. For example,

in most ap%ﬂi&é%‘%ﬁ%@%ﬁ%‘%f%ﬁ%ﬁéﬁétﬂi %&ﬁﬂ%@ﬁ%&&%&&%ﬁ%&%%@&m 1 VO
2010/085509P _T/US%010/02_1547 WSOR gcket No. 28 90-71].6 1 panicles of 50 - 125 kDa
mduc’ﬁgfn O 6) f:t@)bce usin an%%eémc R]eg? = ﬁacheé) to anamlo articie carrier particle, SO .
molecular weights, )0"angstrony dia erfrc_)ug ly similarin’size as nemaoglobin, H%%or histones),
and 100- 15@eRagitRs SUFFAcEYIotPS foemss|vitsaianrorsterdRurrrr RiTety Brivitsfties are useful
in the practickowsf thpomveention, and in various embodiments the multivalent spacer is bound to
between about 3 and about 400 nucleic acid moieties, often from 3 to 100, sometimes from 3-50,

frequently g&lg{g Sé%Qb»?aQQ sometimes more than 400 nucleic acid moieties. In various embodiments,
the multivalent Spacer 1s conjugated to more than 10, more than 25, more than 50, or more than 500

nucleic acitPSIERSEImERr kP Bl TrLiemh e shdimrias PRifL e Sppretiste rAdie ertain
embodimentstidontpeizl totle sy afitmusiacerd fcahpepitbrsisrolitanolepdy deisemiedisightly
different molepmatist pictide srdsdinxia fapleoaird ictatgrafthadsresen snudiatignopeaiederdomposed of
a somewhaf heteroaeneoms mixm e Al Raaieedle sRrodu etk & waomRksinadifiarentiaMmbers (within
or predomingntly witin, 2 determinable sange. ol pelelc acid molelies lsgo fagh dedrimer
molecule. [n'a preaférre em cﬂm’ént_, the dendrimers are of a similar size ana shape, Le B

have superior loading characteristics, In some preferred embodiments, the beads have a loading capability

of at least about 50 pmole per gram of bead; of at least about 100 umele per gram of bead; of at least
about 150 pimole per pram of bead; of at least about 200 pmole per gram of bead; of at teast about 250
pmole per gram of bead; of at least about 300 pmole per gram of bead; of at least about 350 pumole per

10



composed of numbers of nucleic acid moieties that vary within 20%, 15%, 10%, 5%, 2% or 1% of each
other. [0059] Non-dendrimer branched polymers may also be employed in the invention, and may be
produced fronTHé’e¥iE General classes of materials as dendrimers. THE SH¥E%318¢’such branched
polymer8§S*&rstst Wrel*kéiaM in the art. [0060] Branched polymers may include at least 5 termini, at
least 10 termjni, L akleast 100 termini. Branched polymers may include between 5 and 500 termini,
preferably l%ﬁgg%algoogr% %86%‘#;%%%0 ﬁ%r%%r% eraply 6@ wééiho B GRS B TR PStB ] In
some embdBRMERTEbAIEBTer i CeaiHs ilvadinsrrimokitiy né fsiisbopt ddbriniventipmidsides for the

production gf-oorjogaiaspaheseinfadalerance inducing complex is conjugated to a branched or linear
polymer. LipgsaesGauisrs 10062 h.same Smpadiments, he mtimeric antigen eptde or protein
conjugate cdog&ggise a carrier which 1s a liposorne or mice fe. Jpoé%mes, gf'ép %léjllle ﬁ%lqﬁv icles, are
aqueous cOMPARMents RefoEd By TSR S S Rie Rl RSt RidH By il ¥Hieing a
suitable lipidfriah st daugiiesithams aer dtasifig. 08 xepd ey, o poserriistting. thrysirder eattcideld a
dispersion bftwesidles00iarivustionnis-ofdipesamasminalydingsitatlamellar vesicles and rnultilamellar

vesicles, ma ureshifdhe.PresealBue Rl AR NARH Micellar.ysIams mayalRe. display he same
useful chargg:?ggﬁs&l)cs as descrlped abov%é%%%glgg nﬂllcge les Tormed fruit, AB and ABA block

copolymers of poly(ethylene glycol) afid P &R ST o R P YE e iE  holecular
fraction of POy EaIFRIE Vw1 trAs recnsritrddly Rign Bgpeminhene dsdibenalip iz suavsrepishespherical
micelles cawlpe éxdeitdivofohnofifid erddrcin manditiars. These micelles can be small, e.g., meeting
the f&ze meodigs) e @h?wﬁsfﬁﬂomﬂmaﬁ@ ﬁfﬁ%c?eﬁﬂs@&%ﬂ%ﬂ@%)( &%gégﬁsgswm@ﬁl&\é%@xﬁr of PEG,
or otherwise in rate r other polymers o achigve sjmilar
2010/08556%56%%%%5%‘6‘?67%%1%%7% %é% X@E%ké‘?ﬁa?;é‘éb%@%.%p%ﬁé"rt?e%%é‘r‘@ﬁ?&r, they can
be conjugatBd Wit antigen: 29 engHORereid rassgrssgriitorpsm iatamienmeshe asade. The block
copolymer Bexiséandiistey it irhglthoseyl Groupnits vomple ivenhastivatina; thoe foisdqianticspaely, beneficial
to have thetyydeophilisitockoterninatad & bydéntograu, sardbahibis:RydrasydarouR wilbhg more
readily avajigslp o WemiceliarDag0RAUIEIS. sifas. k. camplement Bindipd, Such hygrgxyjated such
efl r

surfaces cap, be tailored to effectively activate complement. A particularly us ydro ihic Block is
%O'g}dé ina gﬁ%&e%?%}ﬁ% T BHHEN 15 PRI RIS G B OTHiep élfﬁ‘l’fill&ﬁ%f “block sizes

PEG, terminat
and block SstiharigoeaPHkbaiceley trepmteeuiar 482:8a%280 THdEB® 0 exists a number of other

possible céMitialcompositit pstoflimioellar forsanl atiensihadiaaychepusachs[RQG4dIvdanetaer series of
embodimepigudhe presemnMenianRrRvidesdondhr ARdMEaRof sudtimeric.antigen peptide and
protein conjyqales,inabich 2 iRl elanjagn.pepides.and prpleins are conpgated to the outer
surface of a liposome. [0065] Li osolrj*nes may be prepared from a varletygof'ﬁﬁg)ma erials including,
but not Limci%xéb&%’shtﬁ éag the polystyrene beads. In Some instances, the carrier also contains an apoptotic signaling

molecule.

Branched Polymer Carrers/Dendrimers

{0048} In some embodiments, the tolerance inducing compositions of the present invention comprises a
carrier which is a branched polymer, such as a dendrimer. Branched polymers have numerous chain-ends
or termini which can be functionalized and, therefore, can be conjugated to a multiplicity of tolerance
inducing complexes, either directly or indirectly through conjugating moieties.

[0049] Some polymer systems are themselves nanoparticulate and are included in the term nanoparticle.
For example, dendrimers are a class of polymer that can be nanoparticulate in the nm range. These
polymers comprise a high number of functional groups at their surface, for example which have been used
o comjugate to biomolecules and other groups. Analogously, antigen could be conjugated to the
dendrimer surface. Moreover, the functional groups on the dendrimer surface couid be optimized for
complement activation, for example by hydroxylation. Some dendrimer-DNA complexes have been

demonstrated to activate complement. Dendrimers represent an interesting nanoparticulate chemistry that
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of phosphatidyl choline, phosphatidyl serine, phosphatidyl inositol, phosphatidyl glycerol, phosphatidyl

ethanolamine, phosphatidic acid, dicetyl phosphate, monosialoganglioside, polyethylene glycol, stearyl

arrnine, ovole®thfydfeSeHolesterol, as well as mixtures of these in varyRigF SibitidmEtties.

Liposori&® lad-Usegffiéresl, may also be formed from non- Iipid amphipathic molecules, such as block

copolymers Xl d%o[,}/dgoxe\éeégylen -%lgﬁ)éprengsp oigg%cttm}/le? T nq%&hgﬁl:lkefolr;&ireferred embodiments,
IpI ative

the Ilposomes are prepare form ne osomas *SHeH'Zs those
produced frs$hi Wﬁﬁﬂ%ﬁ?&%‘g@ﬁ?fb edicEiR PiloSHnEte, dzﬁqmé 6@6@%@11@%&1‘1{%066] The
surfaces ofdipsomés MaywElsE15d Modifibditor ety @eqrmmm&igecfﬁzm;c@het@!pr@md exgpnirenient
reactive gr&umé&fu@ﬂsﬂﬂh&gﬁii%xﬂi&ﬂ?x@mkﬁ sialic acid or other carbohydrates, or polyethylene glycol
or other alkyby kel ROme A% DR A'26ed A9 ihe: srface.of 2 iosom o geduuce
|mmunogen|C|ty AI'[ernatlveFul 1|posomes may be pro uce epr;ﬂ a conjugating 0|esty such as
biotin by |rf8fﬂ§?8ﬁ‘tdf°§’§1ﬁﬁ§a??n%]’§? pat e"rﬁ!f"?ﬁf’l@% tally according 1 he solven br
biotin-X-dipsditaityipd dspratitpksthinripenine. (W@le@ﬁnaﬁe@rem Firdete 2 Ofedn camtthrs liposome.
Means of G:enpigrtiathantigepspeptidesaind ratansiio-a Caciendf0té Acgreatvariehsof means, well

known in the-agtuinay.pedused éﬁé&@ﬂéﬁ@&%&ﬂﬂ%@k&&%&ﬁ%&%%&&%@%B?&@f&g?&ﬁ LE5E methods
include any stanq%rc chem s£r| é\{lhlch 0 nohdesm%t%r severt%é/cllmlt the blO|OgIC&| activity of the

TC Wi COrQ 8 t rona 1ts £nvin
antigen peptides and proteins, an Gliow for a sufficient number o antlgen pe E fides and proteins

to be conjt T@jdf‘{%" (R SFRSEIFSE B TR R BRI Pa A AR P B e o4 E#'peptide or
protein witépre Betfhate!il euliorderpicrr Clen érafipsmiatind Hedarelpref@f-bassdhickreoitjadgate the
C-terminakisagiensaf am astigeiapeptide or protein, or the C-terminal regions of an antigen peptide or

proteln USes B olfll 63K L A8 SR IR il B SOUISE °RENCBARIS, nature of

the carrier materjal, the presence or absence of C-terminal fu5|onst e antlgen peptlde or protein,

ancUor th&" EP@% 3“8?636%8??&018?‘3?%]%13%&?ﬁﬁi‘é‘ﬁ@%‘”’m\?@fﬁeﬁmﬁ Pro¥ssivii1s47
WSGR Ddeeidi§0pg800s77601: [008814 b cwb ialtef upslrandsaniveatedavdtalsghatticle as needed

for availabphity:IQhedodatianicandg asysaengio bpsobrielminndR, hetyabyepolymer pipelynaers that are

Layers on g casial-pRleess Rinaiss ehsisdio.she %@ﬁﬁ&%&@%@a@@m@iﬁﬁe@r& included
herein that debscr be BEG §t%blld;:mgmaav¢ glnogartlcles tgril;t can be reﬁd ly funct onal zed for specific cell

targeting or protefﬁnan pe tide dr ellvery 100601 ¢ ConJ méltlg%ascbch fs% ene ‘earbodiimide
(ECDI), h@i&%ﬁﬁyﬁﬂ@%ﬁ?&?&ﬁ%@ OrSISNETBERRS ?ﬁrlﬁiﬁaﬁ/?&ﬁé?%m&ﬁ e Eloxy residues,
and epichlgrshyrorden spyfasdigsengrisefidestion of peptides or proteins to the carrier surface. Without
being bourui$n) thearyadmGRIdS suspacted.ef Gaunangytibremajenivpctionsdeeiadugetion of
tolerance: (a) it GREMIGAILY 99%94&%@%43{{3%@49&9}1&9&&591 thé,Gel-sliases Y LRilsisplpeptide bond
formation between_fre aml % free c% oxyfng%uB aﬂ;d lg) %lnduces t X rler to m|m|c

apoptotic Cel d&at PZCh antlgen SNA

rEsShting ceeﬁs in the Spleen and
induce tol&FaKBe> w&*w%#&ab&ﬁww&é@r@w ok B TaRRfslERIBads to

direct induétiowlatyataedgmdn eioradotivescsl isviniadditionr, E@B sseipdsragsapetenrstimulus for the
induction gbspesifiereguaiodysFisells. 09 1. Woones seties of grbodimenis siheiantigen peptides and

proteins Ay ol bR, aIRLY| apﬂx&%‘?@&ﬁ'&ﬁﬁﬂ'ﬁﬁh&%@ SRLSATRIS FUBRGMGIOUP O
moiety near the C-terminus of the nt| en (e. f%e% -terminal car up, or a hyd rox;t/ll thiol, or
ROl R e U

amine grotip troms ARG A ek Heec Elig S BRR ARG Giv FEHRAE PR or moiety
on the surtagesrifderdriids fefgt, Beny et oxyi cﬁ“‘éﬁﬁ?o%f’ﬂh@%ﬂﬁ@fh&ap?_%wplﬂ@?ﬁ B)éh}fﬁér a terminal
amine or CaruRyl Wroapwka: deadrivadr] o sl MY roaA; aNsoxydior pliebshate-gieuppedess pxospholipid)
by direct chamicald @actiomodhesmailyghudin8rSe art. For example, dendrimers and their use are described

in US Pat App No. 20070238678, which is hereby incorporated by reference in its entirety.

[00S53] Such dendrimers include but are not Emited to polyamidoamine (PAMAM) dendrimers,

poly(propyleneimine) (PPI} dendrimers, poly(triazinejdendrimners, poly(ether-hydroxylamineg) (PEHAM)

dendrimers, which may have their Z groups modified or selected to force the chelating agents exclusively

into the dendritic polymer interior or in combination with encapsulation, allow association with the

12



may be a conjugating moiety which covalently conjugates to both the antigen peptides and proteins
and the carrier, thereby linking them together. [0071] Reactive carboxyl on the surface of a
carrier may bé”%ﬁ‘l‘é‘ﬂ‘}%:flgee amines (e.g., from Lys residues) on the an[% %815‘(‘&&& protein, by
reactlng“ﬁ?éﬁ?"*mﬁﬁ t&F-exéinple, I ethyI -343,9-dimethyl aminopropyl] carbodiimide hydrochlorlde (EDC)

or N- hydro&&%%%ﬂﬂ@@:ﬁd%% po yme % ni”?‘opgog}e % rEevfr?i £s8 IStr@ﬂ mea\%hw% clijosgoq acp %ate free

amities on the surface of a carrier with free carboxyls (e rom the C-terminus, or from Asp or Gin

residues) oRtHEXh e Bﬁ’ﬂ)‘ﬁfj@%}fyﬁ?&&r“f“ﬁ&t%?ﬁa‘i’ﬂ’i’éiﬁ”ﬁ‘%’@’]écrﬁ?ﬁ% ﬂ%ﬁp@%ﬂ%ﬁé"gﬂffﬁ’ée of a carrier
may be covatemihbidrord gyens epenipyhitte & anamdottins L. omideigelvtraplidéner protein fusion
proteins, usiiagribic- B chinausttymessentialydsooe sehde thiby-Al ane, elridx (ka9 LBiasanjug. Chem.
2:71-6. [00424 Lad%mlawwm%w%&w Ieww@ws@%ﬂwmm {R:Hag; antigen
peptide or gtelr} a]%, an d%ntl -li ogg attagr\sgsg%gce carrier may, c(% %e anggce;}la? the dcarrler
For examplé, a biotin ligase recognition sequence & rﬁange ome ermirus of an antigen

peptide or ﬁ‘?B‘E’e?FF“&ﬁ*d”fﬁf?f&'@‘%éV%ﬂé‘%%’fWIﬁféﬁ‘ﬂ%ttﬂ BﬂmﬁégﬁaeFﬁédbﬁﬁﬁﬁ%‘&Wﬁ%ﬁ lspted as a
ligand to nenreeratentijetd tiagtite thveraitigef!paptidentrqdictemitodavidimartsstregtalidin which is
adsorbed chatb@ewiseibal pebladhaistidase nbieiaaie paraimrtiligansmAlietaativelydifithe antigen

peptides a%ﬁé%@iﬂ%@ﬂ%&lﬁﬁﬁﬁﬁ;@%ﬁ@ﬁ?@ﬂpQ&Hﬁﬂ?H?%l@dgﬁéré&ﬁcﬁg 'ﬂs[zﬁga@}e@s described
above, the P¢ domain may act as a iggmd Wod%rca$0855 9PCT/US2010/021547 WSOR Docket No.

28890-717" ffdmed’ prote ) T LAV enﬂ? or non 0"’(‘?(’)va mrﬁl%} %sé)ﬂlrt]cffmfﬂe 'surface of the carrier,
may serve @83tleSaithigardinss oricovalemytbonpigkrcemmenule irgedsthdorigeandin to the carrier.
Other means:diganaiidire Bmrbartiie aiduhich(Dayrbee vplaye dtohnonke Susdiently dodjilgate antigen

peptides a%ﬂ@%&t@%@%J&W@Mﬂﬁﬁé@ﬂ%ﬁ%&ﬂ%ﬂ%%a&?&m%lﬁ%&@|y His tag at
the C- termlnuc§f%fttlge r&t“%ln ow?ﬁqu Nold oltelrg or aaln oI %0 Stl%em%r teln fu3|o roteins, and a
Ni'-coated carrier), d these methods may /'be su]bgtltu ed Tor those al?)ie%lellﬁger‘:'e %66“}

ConjugatioffSFa ﬁ%%??%‘&?d’%?éﬁ??éeﬁ platfonn molecule can be effected in any number of ways,
typically inve#$#igrone wethed i drakitieldrduaten tsr@ricdinctiontiegrodipgvondtfiennucteic acid moiety
and platforformaleeyiaduinkingaaioips aye-adeeddadpatiornms g stansRid syntbelicenemistry
techniques :'réi%'ﬁl:@gf 9[0 S Q?zﬁ‘&%ﬁxgré%'l!{ﬂ%lg %ﬁ&lﬂﬁ%@&n@%&%@g&[‘g@ﬁ@?&%@mmqUes

Apoptos s S',mei‘ ing m culest 4] In some embod menLHse the toler %e in ucm composmons of
the preseni IVention c%“nfa Nah %uﬁo f@slgmﬁaﬁaa ﬁée?nctﬂ ex??f‘emérb%p otiC S|gnaI| gmf‘ﬁoﬁeéules

serve allow s EnFFrsFstE DB PRTCe st Hachys ApoioTiRUBeRFB AN JEITRESErIPY L8NS '6f the host, such
as cells of thetlnesendtivatoehdotheliabsystenast s tilldersipreSbatadicheoitheassbemtechpeptide

epitopes inaieles aneRd RAUEIMNEIDANOR M of a sphere surrounding a lower density core. See, for example,
U.8. Pat. No. 5,338,532, which is hereby incorporated by reference in its entirety. In addition, by varying
the shape of the core molecules, dendrimers may be produced i rod-shaped, disk-like, and comb-like
forms. The resulting dendrimers may possess an arbitrarily large number of free, reactive termini, to
which a multiplicity of antigen peptides and proteins may be conjugated, either directly or indirectly. Ina
preferred embodiment, the dendrimers are spherical or ovoid in shape.
{0056} Dendrimers may vary in weight, size, shape and number of terminal reactive groups, For example,
dendrimers may range in weight from 100 to 10000 kDa, or 200 to 5000 kDa, or 250 to 2500 kDa.
Dendrimers may also range in size from 20 to 1000 nm, 30 to 300 am, or 50 to 250 nm in the longest
dimension.
[0057] The use of dendrimers, e.g., PANAM or PPI dendrimers, cnables the creation of cationic spherical
particles with a specific number of amino binding sites on the surface. The size of these particles can be
selected to optimize loading and minimize steric hindrance between surface linked antigen peptides. For
example, in most applications PANAM dendrimers of 6-7 generations have been used resulting in

i3



Without being bound by theory, this is presumed to prevent the upregulation of molecules involved in

immune cell stimulation, such as MI-IC class I/ll, and costimulatory molecules. These apoptosis

signaling mole®BI8441887%Iso serve as phagocytic markers. For exampl8CENSHI4IEI&gnaling

molecul&@&Eitable fFtHEepresent invention have been described in US Pat App No. 20050113297,

which is hefﬁ%%XléQSPgBorﬁt?ﬁﬁ&B eneein | q StMolglcuI§ ee le fol he %Zresent invention
ages

include molecules that target phagocytes, it |c inc macrop e’ndm iC Cens Thonocytes and

neutrophils (B8 R &TE Sl fiELsHad 199 ab?ﬂff‘[%‘ﬁﬁ’%?@‘ﬁ%ﬁﬁ%"ﬁ?&lecules act to enhance tolerance of the
associated §eptiddsitisaditioacdly witlcavridstbolintitocarapefict tsignaliagiielectitosamdie bound by
Cl g in apopitits eRil dasLRaRIlie fiMaltas§i:etal bddQA8helly MNILAA 2 BARB 20 4338) Far example,

molecules I le srnl e phos hatrd Is rin nnexin- |,
umexin-S %ﬁﬁ%‘?ﬁ*fﬁ%ﬁbﬁrfgé&?%%%&%%éﬁ%@@% A e

Thrombospori 1?‘1%“161?3051&?5?11 R8P B FReR W%%?&ﬁ@‘fﬂﬁ?‘ﬁﬁ%ﬁrﬁ&?@iﬁa&ﬁItctd?]%’i?lrhéﬁ c&itTo- matrix
communicdfrTrey tegdte metkan S restyisadimpigtits subigeradis thnehrepaiti frmeadidition,
thrombosperitie-biESRed )is, bxpress edtofiapgopieticcals antdiisinygved inthairdecpgnidion by
macrophageguliembaspandinsdds: thatelorertatbe rRhagaputicRaRke! that saRheises fo enhance

phagocytoegi)@eac%&%@%% Yl the invention. Magig h?,%eﬁaﬁcgge PE SRR ARoRIe go's via
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the CD36 molecule, which is present on the surtace o macrophages an é?g present on

apoptotic cBHE SRR HOE Ri& & WER AR REwEs), 9f ra @iﬁ@ﬁ?gm@gﬁgﬁﬁ complex
on the surféesdramalsoitoficaostiirrey fobadimdigahodoridiyieny theetelitda sompledeponsisting of
alpha(v)betardCEIRGAEGR:AsoN matcapldagesiel it:passivadhatbinding@f & Pedota € BDR4cds mediated
by interactigRepf the TSR-1 domain of TSP-1 with a conserved domain called CLESH-1 in CD36. In

certain emg&grﬁa ts WQ 20%0/0 S O9PCT/U82010/021547 WSGR Docket No. 28890-717.601 of
the inventi Oy oS DR AR BB RS A5 e S IRXrd o h&é‘?ﬁ“ﬁ?"&ﬁﬁ%ﬁqb%"% a

TSP1/C Dsﬁ%ﬁﬁ%&eéﬁnﬂ% defacd %rtaﬂee IPofendoraes  dhesypttsysdé ivey hiepehe! Tepmas GBISE, or

TSP1/CD38<tdmpsiextbdthme cell. In certain embodiments of the invention a TSP-1/CLESH domain

complex isrdm%m%&eum[m&aﬁuerre;i\serl;ﬁgrnagqmriallymﬁ;? BhRA0EYHE matker may

comprise zaﬁmolggult)ﬁe1 }(e o hMyﬁ% E8, blggv cgﬂ)éc a#a &Eﬁ |n, etc. trgag er)v S as, gngn ent between
suc

macrophages an elr targets, or ag}ortlon 0] a mol CUTé mar ers may, 10r example

facilitate re%&ﬁrﬁ*ﬁﬁgeﬁa‘?}?'ﬂiﬁ%’§f)‘h%ﬁﬂﬂ &Y macrophages or be mdependently recognized. Other
markers thHi04id blsorkrowiiocenhnséeplagodytogisomsisidenprdtaimSethargrowtipraviéstispecific

gene produed f=A%tHn aNchiRLaLSEemp eMancompanantsHiae iy dingeRut Aotdimiad teifagtor B, Cl q,
and C3. Asmentioned above, MFG-E8 is a secreted glycoprotein, which is produced by stimulated
macrophages and binds specifically to apoptotic cells by recognizing aminophospholipids such as

phosphatidé_lserine %PS). MFG-ES8, when engaged by phospholipids, binds to cells via its RGD
(arginine- e) motif and binds particularly strongly to cells expressing alpha(v)beta(3)

integrin, sUébtd} imaorophagitsenyd least:ttivespliatzaoreaiids afpohdlel i ase: khvadyRef sathieh the L

variant is helieyad I@@@@C&\@J&t&t{ﬁu@&@a%@@é@%@}é}&}él&d&@%@é&@&ﬁ?&ﬂ%&@@%%@mn“0”
the phago%t %q]%rkeF: reemprses i theal1 spllce yariant MFG !Eiﬁ ({\/IFG -E8-L In certain embodiments

en a snital d
of the invention the p agocytlc marker comprls S aﬁ rminal domain o G- 781 Annexin |

is another PREGBEHR I RE RSP IR AL B trsel é‘&@o"rﬂﬁ?ﬁrfﬁ”ﬂ‘i’e ‘6?1%"@&’?1‘1‘9%8#@1‘3 of

liposommes, including unilamellar vesicles and multilamellar vesicles, may be used in the present
invention.

[0063] Micellar systems may also display the same useful characteristics as described above, including
micelles formed from AB and ABA block copolymers of poly(ethylene glycol) and PPS. When such
copolymers are formed with a molecular fraction of poly(ethylene glycol} that is relatively high, e.g., in
excess of approx. 40%, then spherical micelles can be expected to form: under certain conditions. These
micelles can be small, €.g., meeting the size mentioned above for lymphatic entry, and may optionally be

grafied with an overlayer of PEG, or otherwise incorporate PEG or other polymers to achieve similar
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Briefly, the 37 IcDa protein annexin | (Anx-1; lipocortin 1) is a glucocorticoid-regulated protein that has
been implicated in the regulation of phagocytosis, cell signaling and proliferation, and is postulated to
be a mediator*¥? tt¥tdHicoid action in inflammation and in the controIP&Té‘t*ﬁ@ﬁ%’PzﬁWnary hormone
release WAFfEXiH' EX3re58ion is elevated in apoptotlc cells and appears to play a role in bridging
phosphatldylg%peg %r%&%pﬁw&%% %g R}hagg&y %5% % é}g\ c%n reco Qgﬁg &fba&oapg%l ic cells by

phagocytes stich as macro e hot wis |ng 0'be boun it IS possible that the
phosphatid}f&g ?rf@rf;’é:ﬁe&% BWﬁ?ﬁﬁll%?fﬁéﬁ’e@Fé%ﬁﬂlié‘gdé‘?ﬁﬁ’bgﬁ?ﬁn %ﬁof"é}eﬁ‘%?ﬁb'f {;”Bofﬁ*fhlnlng
annexin antliPStispiktbarniieiiiid e e fodrrebig hitdridoyiae e Ao A Srinto sl thetérs. Additionally,
other DC targeting:siusias usecorjdateditaigeling igandsauehas-antiabdas- 288 rREHmnti-CD1 Ic to

increase DQ@Q@C@&%&@&}&M@Q@{@@@Mmﬂwaeem&w'&m&%m felecyle may be
conjugated to tme §n§§ r%cw:c%%)ggﬁem%ﬁ some |Q§tan ?‘J p]tJQt J&nallng Hmlecule and

antigen- spgal?lc pept njugate & Ereation o te|n s used herein, a "fusion
protein” ref&FeRs 37O ﬁﬁ%\é‘ﬁ%@ﬁ‘ﬂ‘é’ﬁ%ﬁﬁ @P%%‘é@f‘ﬁﬁ%ﬁ@?ﬁtféﬁﬁﬁﬁ@b‘éﬁﬂ&é (or a fragment
or a variansttheresfitoratioasisoremnbke of lehef m@pop@gq@mgmahﬂg}m@m#éawp@ﬁaﬂgment ora
variant thekg@thalr6¢ the creation of fusion proteins, the terms "fusion protein,” "fusion peptide," "fusion

polypeptid 00@5}%%L‘é%%ré%rQ?Q%'dn%oQ’&H@eﬁe' %@%F% %"E‘Q&’ SRS [LAIMEN!S,of tmu?umeﬁc

antigen- specmc peptide include any frag ment of the full- leng peptl et at retains the function of

generating THERSEHT %fﬁ‘étﬁ”éf)é’é‘fﬁ%t%‘l‘é?‘"é’ﬁc&ea O BRI OP AR preREE et proteins are
2010/085569PEFHIS S5 Torg 21527 SASBROBecket No. 28890-717.601 invention. Suitable fragments of

the apoptofieisiy m@mwegrapmmmwmnammmﬂ Heagth, papiidedhad €tais the

function of gepgratin %&B@% IR SRS L',‘&ﬁt 30 GHELIE HIQAIRINS
containing gﬁ a}{gléﬁg 4 8 %g§50/ exg/o 5% 96% %igé%%rgg % i enilcaII% the

c c1 sphate, moro. side. pol eﬂ} col, .ste:
reference polypepti ence eg gn(i Ben “Speci c e or A % % ic éna’llngarﬁ]olecule or

the fusion ﬁf@té?nofﬁé“fé%ﬂ %%‘ﬁﬁ*ﬁ@%é‘ﬁw“’ﬂﬁ?g@’f‘ﬂ’éﬁt%f fﬁ‘?FéBf"W&‘a%‘ﬂm}i‘@Fé?g‘t% LipsRPRicteotide or
nucleic acidselifferengfeyrsa refereptéonusieitratidudinp iy paptiées butiretdonkgrpshertadiproperties
thereof. GangiakyeiMAERMS:aFRQUEHIClORei S iy 1Nt (RmaRLF8giansHdantisabiathe reference

nuclefc acig gL RARERIIE AL HPRANRIE] dyaﬂ,@gaa uiElBIaIaan Akigen-snedlfipheptide, apoptoti

signaling molecule or fusma protejn thereof differing in }e;quergge from an antigen-specific peptide,
apoptotic STYRBTAY hETES B Sr FRL SR BFo TRl T IREHIEY BFIFETHUEAES, respectively, but retaining at

least one flPfeafd ridkarddens tidinpputticiprapre iy Hediisdft¢acductriggapaataliiod reviimimune system or
produce anapeajtotie:sigeathuiheresent inVien iandst-aisoiditettedia prataisant)ieh comprise, or
alternatively, GRRSistOfi,ah &HRQ ﬁ@d&@ﬁ&g@g&m}m@ @& !@Q&teg@(/ﬂw&lér{ﬁccgg%ohﬁgc/ﬁw%% 97%,
98%, 99% or, 100% |dent|c§d to, gg{agxg(@mlp %othf?s amino uence of .an ntllgen sgeglflc peptide,
apoptotic S|gnaf|n molecule or fusion pr rot in thereof ftlhe |nvent|o 1080%3 91 The fusion protein may
be created%g}leaﬁ%Eﬁ*ﬁaaﬂgﬂﬁﬂé“ﬁmﬁ@ﬁ%ﬁ YeRE RSN e R TIBAPBPERETH N Generated by
translation bfripmsie{bisicitisdyoemdeimpifinte- aip isAissiostide encoding all or a portion or a variant of
an antigen-specific peptide in joined in frame to a polynucleotide encoding all or a portion or a variant
of an apopwmég@gm%{ﬁglmlﬁ é%ﬁggy\égﬂgggm%pwgfused either directly or via an amino acid
linker. The polypc tldcs funning the fusi rotein arc t Il ked C- termlnus to N-term

although th@&%i 4188 Ba“?ﬁkégai %nfé?"r%?r%’g%%qfermmu% N}%ertrﬁf}r? JEE N ué ﬂ“?{;rmlnus to
C-terminué’fﬂﬁ’éﬁ[ﬁ%ﬁﬁ‘@&@l—&%ﬁﬁ%%gﬁwwaﬁﬁ%ﬁ %W%ﬁ?“ﬁ?ﬁ%ﬂ??%éeﬁé‘ﬂﬁ “é%efé%rs to
conservativiett inodified-sladavits o polymdgphicridriandtpratalesydnidaniio s ibsegtiane syaia
interspeciesrhamalpgs ok the ahiligenstbahmaks wadheafusionpsateinichheusioRpratein may also be

interaction of the antigen peptide or protein with a cognate T cell receptor. Generally, methods are

preferred which conjugate the C-terminal regions of an antigen peptide or protein, or the C-terminal
regions of an antigen peptide or protein fusion protein, to the carrier. The exact chemistries will, of
course, depend upon the nature of the carrier material, the presence or absence of C-ierminal fusions to

the antigen peptide or protein, and/or the presence or abgence of conjugating moieties.
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created by chemical conjugation. Protocols for generation of fusion polypeptides are well known in the
art, and include various recombinant means and DNA synthesizers. Alternatively, the apoptotic
signaling moleXRRE A8 HRtigen-specific peptide fusion protein can also Be'd&EilPeréed using PCR
amplificatdrrarmdiaithol primers that give rise to complementary overhangs between two consecutive
gene fragmepts hal.ean subseduently be annealed and reamplfied fo.denerate. a chimetic gene
sequence. For éxamplloe, an apoptotic signaling rholecule Can be fased In-frame With an ™ >
antigen-sp&EmiE PEpHfe PR BYE ROMIE SN Y BRI TE HysH ot S Rantiy o Ribeneisr
antigen-sp&tificpeptidetivdy Be ihtidetexminiat pertidnded beeifubiodeprite FE(EOBLERusion proteins
may generalysheiprs pakeshusirgisiansarsdechnis uesifnsindingisherpicalis o weatieunRreferably, a
fusion protggﬂ‘jéjgxpressed as a recombinant protein, allowing the production of increased levels,
relative to a non-fused protein, in an expression system. Briefly, DNA sequences encoding the
polypeptide C8m SOREEIE N Bl isarfpaeiuaps e ﬁﬁﬁ’ﬂ@%}éﬂt’i AHSCEH R FEPRE B Session
vector. Theliszlgridyisthire it Aogemiomesyenidutingrd nreichbipbepstidesz bmpehenfistigattntridgth WO
2010/085569 réehit 1520 132 bkl WSGRiDeick et o b 8899; FE P16 ugenithadiaype ptidedinker, to
the 5" end gf.2,LhAISRIHERGRRACRHING IS GSERGRAYNSRIECILIRRADADLIS haltha teading frames

of the sequences are | e. This permits translation into.a single fusion protein that retains the
biologionl AT Al Bofaas e oL B R B o S R oved
to separaté tHE TSI HRIPEAPeHAtS SRSt FRcR SR eme s Al R e st e rdlird that each
polypeptidérfoiieriraes imtawdondary e thistissynsttigetotost Berdh ia peptidenint@nisdephondiis
incorporateehdste dhefugicndprataiaysing:siandasddachniguasivedidmnenws i thewansauitable peptide
linker sequgpgas-MavReLResenbase Qpsthe following factors: (1) their ability to adopt a flexible
extended c%nf%rmation; (2) their inability to adopt a secondary structure that could interact with

functional &DHOPES B THE TRETRI BERS T SENFFR PRILE BAATS I EI 2R B HYarBPIbBR or charged
residues tHav#Hswkhvaiet Wik Haesponpiie praetisreaa rrapity pes tpefermsar peiheentisfde-gequences
contain GlyheX3reanchiSenoegidives,. Oihetneds thel talnsing powrdids, suchiasdhsiéntdAannay also be
Ihose iscise s M S B ey e USA
those disclg in Mara . al,Gen :39- ; Mur t al., Proc. Natl. Acad. Sci.
g3:0255. 630 (1D 0L Pt o b ies D ol AR L B Ll &3 cience may
generally BEHSH FH6°3HSEPEURART SR A& MRamhginid) hdied sttt aienndtsRgtirahifen the
first and seestie petypeptitascivaebifdraveisattietivaserirbaizirdisoidmgrynsdthmtderie used to
separate thie: tuntiighatidamiaipstanddgearent steric interference. [0083] The ligated DNA sequences
are operablyohiked. i SUIARIEARSCURHRNALAL UADSIANONAL \RUIAIOY RIEIENLS. Ehedagylatory
elements r%spggslbl?hioa; expression rofrc[}%é\ilrﬁbarg Io&attgd O‘QM1 5;t% xtar}g P Ae t}?eﬂ%@c& e tc?dlng the
first polypepfl_ges.gﬁmllaﬁﬁ_sfgﬁ codohs _reqLﬁreaC t0 nﬁntransﬁa_fipn' ana r"angcriupg.io_nl ermination
signals are*BSPERYSEAtegdtgrifrchpskeahissid e entdetierire<isstirpeniiedtidarikitigehic peptides
and nroteinsn{Go84kiNhmapiacttio rawhagk ferabarodche weidorfaragenyitsea martoeyvbdmbinations of
this inventigsn e irdusiRgantigenpsesantinibs omnbinatioppantibstesiathespasificiy of the
to'eroge”'%ﬁ%og%%% 59ﬁIe'&}@a@%}SﬁgcM%?BJQ%@H%%&%&M&@%&&?H&%&&%9,%F" which is the

antigen prestent or todbe platced in the stu,b%ect, belgig g&%e which IS a t,an[get or tf edulpwanted

immunolog €4 TeSBEE AN TOr WHIER t8lePARE & IS deair A BT AR UG ARty 6 this
invention iy BEd FoRFpesidépotyHtleotide, carbohydrate, glycolipid, or other molecule isolated
from a biolfigity| Bausaer antbinaynbh e mchemaaiyhs paihesiz dchsmellHihel ecule gotypias oor derivative
of a biologigalmatetiab-RIMcing.1hbas, the-abilitnig JRguEE: inleraner R arLMiRg fe-lisdeseription
when combinedaith the mucosa, binding camponent. J0BS5]In ceptain embodiments of this invention,
the inducing antigen is a single Iso atecfo,r : o i

and this Tag may be biolinylated by biotin ligase. The biotin may then serve as a ligand to non-covalently

conjugate the antigen peptide or protein to avidin or streptavidin which is adsorbed or otherwise bound to

the surface of the carrier as an anti-ligand. Alternatively, if the antigen peptides and proteins are fused 10

an immunogiobulin domain bearing an Fc region, as described above, the Fe domain may act as a lgand
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recombinantly produced molecule. For treating conditions where the target antigen is disseminated to
various locations in the host, it is generally necessary that the inducing antlfgen be identical to or WO
2010/085509P¥FAESETH/021547 WSGR Docket No. 25890-717401 BV RABREAN; related to the
target dffyer-ExaffiplE$%f such antigens are most polynucleotide antigens, and some carbohydrate
antgens (Giehasploot aronn ANy aens). 098 hess. e taidel palaen. s Risferepially expressed

on a particular organ, cell, or tissue type, the practitioner agaln e optlon of using an inducing
antigen wATEH &S RROSTNAEPBY ?ﬁ?ﬂﬁ%ﬁﬁ%ﬁlﬂfgﬁﬁw PEPAE B O (R YR CHRET SH=HBSHEVEP thikre is also
the additidmarsptits of tisigranbastigtored Hichnserdspsarrdbefor ateampgetdF ik madginaftigen which
may not basdmmunalagicaliieiaipdutpdhetaimged @ptigang bublisisede s nitally-expressead in a tissue
where theaxmﬁtp@mg%pﬁt%mﬁﬁggp%pwgrga?mﬁwfo@wemeagtf@@&w@méﬁc%@y%der
suppressign Is 1 %g suppression |sa§r%0;q1&tlve gel nﬁmglclhated process that down regulates the effector
arm of the ImMUNe res %nse af fe targe ceﬁ fe suppressor cells are specifically stimulated by the
inducer arB&eH &waéégmﬁﬁa@é,ﬂmﬁmméaf@@ﬁ%a‘éﬂgﬁ@\kﬁ@?féct%mawa@r ghtigen is
preferentiatiyexpiedsda.oMrpughrandeteradindoreytotdh uniaidtedmechianistridhadocalized
suppressargelisthsnapwndieailaie effectirselis.fardndisess-ot.afieatancelismdpdha.agighborhood,
regardiess.ofutial g AigLgRelly . adanet Il ihe allarlangells ate sRerili AL et diferent from

the inducing ar?tlgen then'the result is a bystander effect. For further elaboration of the bystander
reaction and a list of tolerogenle peptides having this effect, the reader is referred to International
Patent Publiegiiansigralionsnizsies An implication of bystander theory is that one of ordinary skill need
not |dentlfwowmlatenaquhafstmg@tmugm@g@mﬁ;ﬁmmstaﬂefaﬂe&ﬂsﬂ%mdcm@ad@r to practice

the prese QL&B%@QH%H&&Q %BE&QE“QH@&;B%Q&EE%% ARl 003Nl eastang 'EI%QJ&QHL%&QJ@“EVE ntially
expressed at the ta g %lte for use as an 'rﬁjs lcin ntlgv1 94061%8 "

an ! % I‘tall;:l e ents of this
invention, Th& REIEi fngﬁensp hot N the same form as exp resseg e ‘%.ﬁnﬁemg treated, but
is a fragm%ﬁ"teé’r 6[@ ﬂ\?é%%i‘?‘iﬁé%l?ﬁ@%ﬁl?ﬂéﬁ@éﬁﬁﬂ%ﬂ%ﬁﬁ@ﬁ%ﬂﬂ@%ﬂ%‘?b%ed ona
molecule ¥itherdppopraddsheatficity butadaptechbydrabmertalition ke sidiseuBabswiution, labeling,
conjugatiopwandien tusianwitbupentides basng othek functhierahblanedies.&headaptatiammay be
performed, far any desikablg RUINARES, IGYIng P&%QQ&A!@ ted Qithe.ch ',;E{LJ NI Qf anx.ppdesirable

property, such as toxicity or immun cit F%o enhanc rable property, such as mucosal
binding, MEEREE HENatSHaH, ec{);rrtg S f?ﬁ%f‘q’[?ér%‘ c()#t & f%ﬁ%%)g g%(?é})é}%r?% q’é |msr?11unL PASHBREE Terms

such as insliffrisastiaés %Hﬁ@eMﬂéﬁﬁﬁé% @W%W%@éﬁ%@ﬁﬁ&é’}‘%‘%&ﬁ &N, refer not
only to thehagacitsubtialt lblitlalsatepialietypiadaridsimtheticnaraitsufragiments, fusion peptides,

conjugatef@Rfl gthelderivatives hal.coniainAresiemibat is hemelegous.traferally(QPo identical,
more prefer Jg 8%{%‘@ %'C‘E‘lc%r};d even more }pr?fgra{gﬁﬂl 0% |gcurlt|cal gt t0 3‘?"59 aC|d level) to at

least 10 aﬁ? refera consecutlve amino a I SO e es ective mo ICh itis an
analog, wﬁ%‘i@ﬁ?‘iﬁ%ﬁﬁﬁﬁ%ﬁﬁb@g%ﬁﬁhabf(ﬂ%%éﬁwwg redtintithe ?égf?@?fﬁ?/é“ﬁ]gFélﬁ‘t molecule
an ability thairmydis tetérasepottotissigariies mnligdes. [ODEOPIpIRhrEddgRizeduhatitolerogenié regions of an
inducing aniigengiyeeiiEry difierenidrons dywnie aadam vTaatepitppesntor the stimulation of an antibody
response. JPJer QRGNS ALG Eﬁﬂ?@'%@&!ﬂm« s&@égmabm@;m%m@eﬁiww%'ular

mteractlons |nvoIv Tcells Tolero enlcﬂrel\ ions m Presentan c ucing tolerance

PheRR %ié?ﬁ%*‘% l‘-:f’éa’r’/ 8021547

ca 10y € ate
upon pre<BATRLBA AR RGEN SomeBRty
thrombospcndm—l (TSP~1) is expressed on apoptotic ceils and is involved in their recognition by

macrophages, Thrombospondin-1 is therefore another phagocytic marker that can be used to enhance
phagocytosis in accordance with the invention. Macrophages recognize TSP-1 on apoptotic cells via the
CD36 molecule, which is present on the surface of macrophages and may also be present on apoptotic
cells. While not wishing to be bound by any theory, it is possible that CD36/T5P1 complex on the surface
of an apoptotic cell may form a ligand bridging the cell to a complex consisting of alpha(v)beta
3/CDA6G/TSPI on macrophages. It is possible that binding of TSP-1 1o CD36 is mediated by interaction of
the TSR-1 domain of TSP-1 with 2 conserved domain called CLESH-1 in CD36. In certain embodiments
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WSOR Docket No. 28890-717.601 contain cryptic tolerogenic regions, in that the processing and
presentation of the native antigen does not normally trigger tolerance. An elaboration of cryptic
antigens and W&ifiH4KtH ation is found in International Patent Publicatn W& 8412634. [0090] In
certainV&fdudrhie 8 is invention, two, three, or a higher plurality of inducing antigens is used. It
may be de [ahle e&%l ergengépgsée e e%q)dlgpiegatgmwgaeq there are a lygglllt Cgfgtgrgetﬁgtlgens or to
provide a ura ity of b Fm nders fort e targgt or examp e, both'in n and glucagon can be mixed
with a mudGS3tbFREmIG EBMpYFER thaRd' Featirat Bﬁdpa‘(lcﬁfﬂé@f’lgrtﬁ‘ég Hido HRGeifaBre to provide a
cocktail ofi&rtidfermntder tvidr sdlyératipissibiedahatnaftve targtes aHEP  Kaphe dereockiaitiof is
histocompa#ibiity antigen. fragments could be used to tolerize a subject in anticipation of future

transplantgfips, WAH&%EE é 991[ %Illd%fo%}( NRWHLRRENOL }QEE«;MQ @&% sé%%%ﬁ‘emﬁﬂ‘ mﬁ‘i«‘c‘?ﬁ%ﬁyte

antigens are known In the art: mmuno enetics 2 In another exam a mixture of

allergens RYRIREIRA gg}ﬂﬁhﬁfﬂﬁs 5‘?1?@%% tﬁ?‘étgﬁ‘??éﬁ?%‘fpgfléﬁvnfb@@i aﬁ%&frc(iﬁ@pé{ﬁ}?ﬁé’ﬁs can be
prepared ByFaaiovisde- Sutdermigusskiosrrirpthdeartattepraaiing efptheritlifesitie molecule.
Polynucleoticeppahipe ptitdsmndaarbobydrateant gensredntbe: isolated inortels ok theyepecies to be
treated in whieh {hRy-AQRRSHE t- SOt RERIFES X conYe NNV IERABE-RM RmIPcasid synthesis.
Longer polei, oW seauece.can e Rigearsd brauIesing an 2 codng spavence o
PCR-amplifying 5n encoding sequence frofh a natural source or vector, and then expressing the

encoding SBGTREMIER |ﬁ’%°§ﬁﬁ?éﬁqgcﬂ%@fé?ﬂ}‘]8fﬂgﬂﬁﬁﬁ}%‘ﬁ%eﬁ% tiagr %@fﬂﬁ CERARE DS Biments of this
invention, resoizind imarkpheepmlinideych soplixtinises 6fatbeds othedveegréedivya cell or tissue, one
or more obudgiehiplay sitaetselaiofiinduiy aptige nd ythe aphges sshdynheiid hedeamziof whole cells,

either mtamgf;%@m wafsmmwam%t%a&mql% aldghydewraleohgl.the antigens

may be in t Fm a cell I crgated b}/ ater ;B solubi kzauon or. meghanlcal rL%Qture of cells or
) arlant 18 beilev < act or
tissue, foIIowe n’fma?lo e ant| ens may a

Btained by SUbEaTRiAT fractionation,
partlcularlﬁeﬁﬁ‘%ﬁ’f‘fﬁ’rﬂﬁ’éﬁ‘ﬁ Bftﬁfdg\’ﬁ%{lﬁié‘?ﬁb’i‘%?éyﬁﬁ T@&?ﬁﬁ?ﬁ@?@ﬂ% g@&ﬂ?é’?é‘ﬁffaﬂfé\é?ﬁfﬁﬁgatlon

optionally felfsinedLbrdeterg embsbiubili zd tlentandididly sizeOtiie medparatipristech iduestare also
suitable, S&lﬁhhas}ﬁzﬁh‘mwr ion exchange chromatography of solubilized membrane proteins. [0093] In

one embofiipgNi e aRanic.PeRids anrale NS AN AUleangen, AD @Lg%@g%me%&transp'antatlon

antigen. In yet a ment, the autoantigen is selected from the gro sE consisting of

ot artlc arem
myelin ba?EcﬂFo{B‘?r? é‘ﬁ?&’g‘é%ﬁ“ﬁ%‘@%&ﬁ% ThEPRETIRNA FHIvESTIsRY FsR ST BRI
mitochondiset profiesied Bribk prittisate MBeealigsibrethss[d0s4Pd pelifrsivtiompirovieisitdichednduction
of tolerance:tranoapicactigenfatithenthehimento halitohn toune dissasepiiiasmmstentegthe antigen

for which %Eﬁﬁ%ﬂﬁx@%ﬁ %@1&&%@?@&%{&10 cells and appears to play a role in bridging
phosphatidylserine on apoptotic cells to phagocytes and to enhancing recognition of apoptotic cells by
phagocytes such as macrophages. While not wishing to be bound by any theory, it is possible that the
phosphatidyiserine receptor on macrophages recognizes either annexin I or a complex coniaining annexin
{ and PS, or that annexin I facilitates recognition by aggregating PS into clusters. Additionally, other DC
targeting studies use conjugated targeting lipands such as anti-Dec-203 and anti-CDD11c to increase DC
specificity.
{0079} In some embodiments, the apoptotic signaling molecule may be conjugated to the antigen-specific
peptide. In some instances, the apoptotic signaling molecule and antigen-specific peptide are conjugated
by the creation of a fugion protein. As used herein, a “fusion protein” refers to a protein formed by the
fusion of at least one antigen-specific peptide {or a fragment or a variant thereof) to at least one molecule
of an apoptotic signaling molecule (or a fragment or a variant thereof). For the creation of fusion proteins,
the terms “fusion protein,” “fusion peptide,” “fusion polypeptide,” and “chimeric peptide” are used
interchangably. Suitable fragments of the antigen-specific peptide include any fragment of the full-length
peptide that retains the function of generating the desired antigen-specific tolerance fimction of the present
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autoantibodies directed against the myelin basic protein (MBP) are observed in patients with multiple
sclerosis, and, accordingly, MBP antigenic peptides or proteins may be used in the invention to be
delivered usm\j%l%?ﬁﬁ’ésmons of the present invention to treat and prévEREIAIEHRE Ssclerosis. WO
2010/088509RCF AS2010/021547 WSGR Docket No. 28890-717. 601 [0095] By way of another
non- I|m|t|r1g exam uita}i?]lg_g%x{dual ho |s Candl ate fo[ecu rans nt fr om a nor}thd%{&ﬁ ?al twin may

t1o ent; ‘ﬂc 91 es ine t
suffer from re ec jon o e ce SSU S OI’ rgans, as F[m%l tlgens arg%relgn to

the reC|p|éﬁP“§?i???ttﬁfé¥%§ﬁ1&%ﬁHFﬂ?é ‘Pfa%%‘f@ﬁf‘ﬁ?&ﬁ?@ﬁ‘ﬁ??@‘ﬂﬁ‘é‘ ﬂ@"rﬂi@“ﬁ"@f‘ﬁﬂ‘%ﬂ?@éﬁ% $rssduces later
rejection. Reduetiorranigliminatiertidsehlasi 6@htsrBaotionitcrapi@sinay be aetieiedtdyottve practice
of the presemiiveption: it aRetherexample: magyasiginmhediseases.are chatagteriagd by a
cellular imgayne, r¢ %@B?}EL?%& é@oﬁ%&%ﬁf ‘%‘ﬁ%gxﬁe%?slih%%geﬂan@!@{&% & e, '”?mPé‘eeoSyStem to the

endogenous antigen is desirable tq control the disease. [00 urther exampe sensitization of an

individual Y8 &%fffé?‘ﬁéﬁ?ﬂf&ﬁ?fw%ﬁé‘ﬁ?ﬂ&ﬁl 26| RPNV RA H BB S ST U RIRRGBE, presents a
hazard of Gfftrirarefespsiqae apgoredideari eisfleshathdividoareivnmidasioy dka rdaieechemical, in
particular indlaie fcikna:gbtheeidemicaldtneted Wwithdtierénai vidnabs prdpgaRqustaeoistpstimay be

desirable g@g.tméqe&@a@é@}%@%&@ﬁq@&mg%gméﬁgme&@@mﬁ% 40037] Allergens are
other antlgen or which tolerance qf the | lespanse thereto is a%lsq gswa le. 100981 Notably,

C 51 0 e:cu £ or smn ro em‘t er nven.tlon, re iV
even in dlsggses w ere%ﬁ“e pathogenic utoar%é;en IS un nown, gtandee¥ suppressFon may be

induced uSHd ERiRTE e P LERPTHTHE R SHT ﬂ%.ﬁﬁﬁﬁﬂﬁ@%ﬂé%ww& RS SIS ERRESR MSllagen are
observed i thantevasisiehRr thiritiscasvt inxedmding by drastifdg erneineptiitiroeramapivegiiiked as the
antigen-expiigissing:gefeomodidtincordamia ifeakyheuastgiuhardmits{seere; psehoy(3000) Curt Opin

Investig Diygs, ldeﬁgcﬁ%ﬁ 1%#&%13[@%@&%%&&9&@@%@% loanligens may He iized to prevent
developmentci lgqecu(fhabg}e (S;seee rB?Zp and Chatenou (2001) Ann Revlmmunol 19: 131-161).

[0099] As anoth exam e, autc Y i85 directed a9 agalnst myelin oligodendrocyte glycoprotein

(MOG) is HI8&8HEw msmwﬁﬁm%@ﬁé@w&vﬂy@m@% {Preregsysctie RS Hiedsedhs well as
multiple sclekesis{ses ecgerbgiesiasetaibny 200h ) Ehadt:-22:84 i Abtbrdinghucliesadefhd&@gantigen
expressingicRngisHeisHn thednventionaliows:fes teatnsnbatomiiple sclesasisremel.asrglated
autmmrnuall]fe dglsortglers of the qe@tral nenous sf}istem1 10&1§tlll 0 h%’i examp se&)f ﬁlandldate

101,01 & variant of an apoplotic si § i
autoantlgens fOI’ use Iin treatlng aut0|mmune Isease Incliu pancreatlc ela-ce ,g%ens insulin and

GAD to tr&3ESHE it B Rt LAt E S FRaHR ﬁ%ﬁdﬁéﬁ%{ﬁzé?\g&)ﬁé“ﬁ‘in MR ARl 848 (HCgp39)
and 130-Reamigsde Ngenmime atihryshBurrarcidodiiinke! Mmigatinisasic-protain Msminietdolipid protein

(PLP) anadmyets) elifodettsocieaiieaThiesly@ds &BB: fusion protein can be in any order. This
term also refers to conservatively modified variants, polvmorphic variants, alleles, mutants, subsequences,
and inferspecies homologs of the antigens that make up the fusion protein. The fusion protein may also be
created by chemical conjugation. Protocols for generation of fusion polypeptides are well known in the
arf, and inchude various recombinant means and DNA synthesizers. Alternatively, the apopiotic signaling
molecule and antigen-specific peptide fusion protein can alsc be easily created using PCR amplification
and anchor primers that give rise to complementary overhangs between two consecutive gene fragments
that can subsequently be annealed and reamplified to generate a chimeric gene sequence. For example, an
apoptotic signaling molecule can be fused in-frame with an antigen-specific peptide. In the present
invention, either the apoptotic signeling molecule or antigen-specific peptide may be the N-terminal
portion of the fusion protein.

[0O81} Fusion proteins may generally be prepared using standard techniques, including chemical
conjugation. Preferably, a fusion protein is expressed as a recombinant protein, allowing the production of
increased levels, relative to a non-fused protein, in an expression sysiem. Briefly, IDNA sequences
enceding the polypeptide components may be assembled separately, and ligated info an appropriate

expression vector. The 3' end of the DNA sequence encoding one polypeptide component is ligated, with
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above) to treat multiple sclerosis; fibrillarin, and small nucleolar protein (snoRNP) to treat scleroderma;
thyroid stimulating factor receptor (TSH-R) for usc in treating Graves' disease; nuclear antigens,
histones, glycBiitatHlfi%3#70 and ribosomal proteins for use in treating sf&yﬁﬁ{:ﬁm’ﬁﬁl?ﬂrythematosus
pyruvatédehydrogiffeasetehydrolipoamide acetyltransferase (PCD-EZ2) for use in treating primary
billiary C|rrho l\%gQalrfolléclgng tlg%l %t;&.lo aﬁﬂtj\eau% T[pg&la @geatahgepcq man fropomyosin

isoforrn 5 Fsein treating ulceratlve coljtis atm& folerar

2010/08550§E@$/8§%1%%1<§E*f AT REIND %@Wﬁ%ﬂ[&é&%ﬁ@éﬁ%ﬁﬁ%ﬁ.ons can be
tested for theniebilityttppitcrhictecialieriinie 45y oo reetivg eXpesitidents with isolated cells or in animal

models. [0@8821A pest fRriplerogenis.astivity iy dhe shiliviafamdniactaatignspitagment to
stimulate the productior dlsIaaT”e %‘LHBE%B{ & t&‘%&%&%’é&ﬁ‘{a&!}&%@{&%ﬁ'&g he mmunoregulatory cytokine

released b suppressor cells at the target site Is thought TGF-Il (Miller et'a, Proc. Natl. Acad.
Sci. USA §%°ﬁb§‘?fs p@ff?@r“fﬁ‘&f&f’%‘ﬁ?&? W&?f’ﬁ’é"ﬁ%&ﬁ(‘?&f AR Hiieesnsie cytoldnes HA
and LL- 1@%%%%%@@@@@%&3%%%%%% thex be sharradegsling BefiEinune
destructiomsesretptiytaking scsuoh agdzibit stedadlod famaipaEENbditantdjthe @fficacycofdrgandidate
inducing agtigen aanhaekAlaledHy BRI HngdSABLIMIQ I RIBIDSARBIORH IS ¥pRIOT
cytolcines, JQO4OSIAIN, (s, Jomind, 2 (anid. serceniag lestdor dalsiagshic.saiones ALAE inducing

n

antigen, effectivé mucosa ing components, effective’ ¢o ations, or effective modes and

schedmespsrrwﬁj%gafe&a?ﬂ?ﬁﬁ B B DT ST S ST GEHEICHARIRE ALHRARS for i vitro
cell assaysdNdirvraisainebtrestod bt dnlocuysiosuffaine sidsthietesstviorh positorc iy exmoirk time are
challengedswikxpaianie rda dministratiaa-aéthe-dqrgek antgen (eennNeiey kraLiTde.agiuvant. Spleen

cells are isplafed; mcégl%@%@z\@f@@dp@fsemeﬁ@ws%i@@nm@t@nmemﬁ qseongeRtiation of about
50 ug/mL. Tar%et anti genercﬁ:\rl)b upstltgted ith %aarégs Jia%tte r%ﬁ) dE ins or subcgrsaagmepte%éo Emap the
e

location Ofs%g%el’ce epl O es toi<|ne secr Ion Into ium ca e uantltat standard

immunoas¥y. tm@%&&%&%ﬂm’%ﬁ@ BuiressHpp it S RIS ATARP Gfléfﬁ%‘P‘&Séﬂ%t E?a‘hbﬁésﬁjetermlned
using cellsdsedatestirdmdnaninnalirmmimized sidtl terfkargst antigen, or by creating a cell line

reSIOOnSiV@otmsmQ‘E@E@%@ﬂ@g@ﬁc{ﬁg&sml%@hy Telitbd o M P eknd ik Q8198 10s 150 @Re variation of this
experiment, tlﬁ‘? SUBRressoncel.ng OUIaéﬁlér)rrl‘]exll EQs!'%.X?]ﬁ{café@é%qcﬁ%QQH%ﬂr@Q%%%%?&ﬁ?’%%&%Qrevem

prollferatlon the Suppressors are co-cu fured with the responder cells, and then tritiated thymidine
mcorporatmé?‘qk‘)i"?cff‘??ﬁgﬁdhfbﬁﬁm 8ﬂﬁ3¥8dﬂﬁesmﬁ?§r§tﬁ€€°§8ﬁ§/ff§%ﬁ'f§ REIBITREPE 2 another
variation, trresstipisresuomneddh pisptitatiornmetime Faetuiies selrpepeneaitne dresewidred in the upper
and lower jeyglstaka dual chamber transwell culture system (Costar, Cambridge Mass ), which permits
the populations to coincubate within 1 nun of each other, separated by a polycarbonate membrane

(WO 93/1%@42mlnth approa Qghlrradlatlon

[0084] The practitioner has a number of choices for antigens used in the combinations of this invention.
The inducing antigen present in the combination contributes to the specificity of the tolerogenic respomnse
that is induced. It may or may not be the same as the target antigen, which is the antigen present or to be
placed in the subject being treated which is a target for the unwanted immunological response, and for
which tolerance is desired.

[0085] An inducing antigen of this inveniion may be a polypeptide, polymucleotide, carbohydrate,
glycolipid, or other molecule isolated from a biological source, or it may be a chemically synthesized
small molecule, polymer, or derivative of a biological material, providing it has the ability to induce
tolerance according to this description when combined with the mucosal binding component.

{0086] In certain embodiments of this invention, the inducing antigen is a single isolated or
recombinantly produced molecule. For treating conditions where the target antigen is disseminated to

various locations in the host, it is generally necessary that the inducing antigen be identical to or
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of the suppressor cell population is unnecessary, since the proliferative activity of the respondeis can
be measured separately. [00105]In embodiments of the invention where the target antigen is already
present in the 1 itiHH8UEI there is no need to isolate the antigen or precdtfibihE {8 the mucosa]

binding*Eéeharpsiert Ear &ample, the antigen may be expressed in the individual in a certain fashion

asaresult1 ann a Qlattq?gl%go%@!eﬁﬁ)qggl%n %‘dﬁ#ea%inﬂa matory bowel disease or gﬁ%ia disease) or

through diges%no% a allergen. Test Egnis ﬁaén oersn%e%l%yaﬁ%f’r%aﬁ%n RUEOSAr B an component in
S‘F?f%g‘?é‘ﬁ@f‘aé

one or mote BTSSR GTNBHHR SR ATiNG HL2BRR I omote tolerization against the
antigen in RE7] 000614 hexefiedtirs npschtdinpesitioh srancmotie srafadmin sikatiopdahdéreatment of
specific dispaspcangaisebeel3haratedina ﬁ%&%ﬁlﬁ;ﬂ?&ﬂ%ﬁ&@@&&%@%&ﬂ%@hﬂ@ﬁ%@? of the
treatment symptomato 0 isease is.monitored at the level o

Crculatng B R S B & B S0 R 54580, 717 601
and immL?ﬂ‘{ffwga{f’ﬁtgﬁWSTBTSﬂﬁéncﬁ%tégigéﬁ%%i@?&%@%ﬁ*@gﬁ%%‘ﬁ%%?%nd gross clinical
features a¥approprinrefoptninraicibéing tsmplwiettheredimitiery &eapnpied ofamiinakimordels that
can be usedidactefttingeate ifbkdad-iniiie-falovwing saehaniof01.04 Fhelinvemntian.easicmplates
modulatiop.hiRisRRCH DR MAURh HAIESRAMEG o He tasponsertil/ IESHQRRE,Qr @ combination
of these respanses, Modlating TIL responss encompasass. chanaing expression of .4,
interferon-&amma. Mogu atinsé I—l& response encompasses (;(hangin expression of’,ve.g., any
combinatiBtFBFIF-A TS EFEEHY BPI3sefy Hiedis) %ﬂfff&?@&@éﬂ(&%@f@ﬁ@@ﬁﬁ@ﬂ%ﬁbnse will
comprise 8x prefeabapiesre add) thealoressidaeofitteasivneinfuferdof pfctik <) &r the-13; more
typically afigitiersd, (@eEHRaS6) ifal e tRSRAASE AheOIMpE SA310r BALERs &Hi fxRrassiga of at least
two Of IL-4debeim ik e lilLised ntRASAUPICALY AN INEIERSR (AT 8RS A N1 IR SEROSE. Will comprise

an increa%esitg gtrllgast thre 1L-4 EL-5, IL-10, or 11-13, Wéjﬂe hglleall an |Tregse (decrease) in

11-12 res%’énsneew %%or%fﬁ%e lgtn#ﬁcgfécﬁsaeu 8%”&%%13%‘5[? tefﬁre%%ioﬁlg all of 1C24; Itf_’-5, IL-10, and IL-13.

Modulatin§FPeiPrehctrAgasiedien Ay iig Expréadiemictio. of bitemlydiserisghat poo ef gripay 23, and
effects le\ds ofell ndt7daitiR oaipdait 2211004 084k diestaghnal whehprdsent inventd i adspite
acceleratgsheliseasg-arpehavaiarsiseasinsikiencantae vesinwassadiseademes time in CD200K0
mice, wheresedygtion indisease &é&@ﬁ%%?&%rﬁiﬂﬁ&%%"ﬂ%XEted numbers of regulatory T cells and

the presence of high IL-10 secreting splenic myeloid cells Tater in_the disease process. The CD200K0

enhanced! PfETaRcE 5 SRR BRMG BRI P K PHetnsfRe BESBBBRE AL BE FesT8the altered
phenotyp&xafarOrheiedradyil heamg tieeied cuhipoiegesioliderivative thereof. Inducing antigens of this
invention include peptides based on a molecule of the appropriate specificity but adapted by

fragmentation, residue substitution, labeling, conjugation, and/or fusion with peptides having other
functional properties. The adaptation may be performed for any desirable purposes, including but not
limited to the elimination of any undesirable property, such as toxicity or immumogenicity; or to enhance
any desirable property, such as mucosal binding, mucosal penetration, or stimulation of the tolerogenic
arm of the immune response. Terms such as insulin peptide, collagen peptide, and myelin basic protein
peptide, as used herein, refer not only to the intact subunit, but also to allotypic and synthetic variants,
fragments, fusion peptides, conjugates, and other derivatives that contain a region that is homologous
(preferably 70% identical, more preferably 80% identical and even more preferably 90% identical at the
amino acid level} to at least 10 and preferably 20 consecutive atnino acids of the respective molecule for
which it is an analog, wherein the homologous region of the derivative shares with the respective parent
molecule an ability to induce tolerance to the target antigen.

{0089] It is recognized that tolerogenic regions of an inducing antigen are often different from
immunedominant epitopes for the stimulation of an antibody response. Tolerogenic regions are generally
regions that can be presented in particular cellular interactions involving T cells. Tolerogenic regions may

be present and capable of inducing tolerance upon presentation of the intact antigen. Some antigens
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type and an enhanced Th2 switch in tolcrised CD200KO0 mice. Tolerance induction in the CD200K0
mouse was efficient, with up 50% of eyes still protected from disease 28 days post-immunisation (see,
e.g., Murphy 3Hé28&#87¢2002) Nat. Rev. immunol. 2:933-944; Sun-Pay&r/B81*2898) J. Immunol.
160: 129ZR2E8 M HEAtH :and Shevach (2000) J. Immunol 164:383- 190 Ronearolo, et al. (2001)
Immunol. Rey. 182 68%: Pelserand G rgl&n (t2c sst ull obes Infect 9v159 Go don (2003) Nat.

in resentation of the g antige
Rev. Immunoal 6§TF e StUdIeS of the present Invention, there Wasga C ear Increase in

CDllblLT"@?"i‘Iuééﬂ%gﬁﬁ %’ﬂé‘b‘fe‘éﬁéﬂ’ﬁ?&ﬂ‘i‘ ShERTErER0 N 5 SRR B ERE Mice at day 28.
These cellstsvateridtatet Foiciktingev popargiions of CD1Ib1LI 01' present in all experimental groups

from day Zdgobhe.highiiavalaiibnlé dalestadnascososnousaskelisveiriaaaivsestditectly ex vivo
without any adglifianal &Sﬁ“ﬁé‘m&&%ﬁé%&%ﬁ%d%lé%%%ﬁ%r'42%92 %XL%E@%&%&%{%? din A.or other

Golgi inhibitors. Further analysis o0f these cells indicated that they were CDllcilow, CD 5RBinthate and
13220' ant§ H8YH 5&%&%9&8%%?%?%‘8?& OISR Bé?ﬁ‘&%‘i& Efég%fﬁ%‘?ﬁ{ﬂé{%henotype
but CD45RBAgkrewhbeiperreraraeity fir Uitrbren ol diebeias: Inmanalsabedesisslatearfidinahe spleens of
normal Chié&iileimdesand areciervaledskibinalidkhican sgeniCho eaumbie 0edsiiiké 3 weeks to
cliferentifg oo and e SiLAes CLIISRLESIENRIIAN@PASALILEDADAOSpleens 3-4 weeks
after diseas se. Qyﬁg{g est Stind aigtop ug{mn‘ge sti ueagﬂn grr!\gn/tor severta}l roun[da(of ell division are

. n Ons C an
involved. one marrow erlve asmac tompcelﬁ’s}%ere also tofe?ogenlc an flgeneratlng

antigen sa&éﬁr&%%%&c?&r&aﬂ%&&m? %707 W%ﬁﬁ%@%@ﬁ@ﬁ@%ﬁﬁﬁﬁf@ ifgﬁ*f TSGR Docket
No. 28896124 (ilSiepvificeatipftheiertmoft@D8¥C D4-1L-10+ cells weie not found in this study, but a
trend towasds1iNGkRasd-iERbeste biefda GPANRE2 bt iR =R QK micmauasdtpushapgtisis was

significant, I, folgrised AoHPs AhLalk Jime jagfpg@pnlige&a EAty a@%tig;@uwgagaﬁxa effgct, e.9., by
inhibiting e Pressmn of 1L-2 or IL- 0 In ction of O and suppression of IL-2 ina Iéﬁrou s at day 28

of the study BF TS B B R e RtoR T R S STERE St TIRTRHST BF FSBiTARBHY F2aTR &Y the disease
process, &fd TdieHTs RMER §TAIS S8 PAERAN SEFa RS @Péﬁﬂ&@ﬁ%l‘fﬁ THICFREITNE 8% T dRese@Y§™°Shevach
(2002) Nair RiRrarndifyingcn 2138940 8:Mats divke ane il o6 02)edirerads timmemessig8i4b0455; Herrath
and Harriggad200:):Dad iRe\:thnaHdRSha B adadddc BIs@stione and Abbas (2003) Nat. Rev. Immunol.
3:253-257, ton and Shevac 98) J. Exp.Med. 188:287-296: Jonuleit, etal. (2000)3. Exp. Med.
192:1213- Rg‘}g"g aickach % é$t al. (gz%l lg‘n‘:ler%%) t&ﬁ?@%ga gf‘??%fﬁf&f@&%ﬁan?em tgo %utoantlgens

and autoiAMHESARSHREHER aa%@@%ﬁ"ﬁy"ﬁc\?éﬁ’é?fﬁ FrihEk RSt lUBtE#EG 8RR Wlection of
self-reactiveiZmsatisy ipe théhefyrmes whderrbieathis inlsch pioesdsh evigh tdlsrirrondorstiroeldshivdreactive T
cells that greapehhyie Aletiomantiae fonnd indhepesphenivanpleseisamaghanisms that
provide peripheral.l Galld9lgraneecivagigPeLaRceRtkSe i A RIS ARl G L IS SRQRRIVeness to

autoamlgeg T)é%qbkm’% mﬁﬂ &'P}{;!.%E,'g” ,an alctlvatlorhllgeglug ceII de pal%fbself actlve‘gcells In
addition, regu “have been ownatro Be invoived inme gderlp eral tolerance. See, for
I 1

example, Mﬁtfémlacwéﬁzyﬁme&mwm APRYRGPY Stere ey S@H@U@?&ﬁ a1 Hrimunol. Rev.
182:58-6Achrsipmecsitigationsaiperiihidratud es afindttor am sxtvastigermistdespiyobseikeiliydnd an
autoimmune-diesRohrseignsues. For example, in an animal model for EAE, activation of antigen

presentingofisap ﬁ&n&%m%%gm;re%@%t&bwwgﬁocss%ggﬁtmggmw&%fﬁme'f -tolerance and

result in the induction of EAE (Waldner et al 4) J. din. Invest J
transplantation antigen. In vet another particular embodiment, the autoanngen is select

om the group
consisting of myelin basic protein, collagen or fragments thereof, DNA, nuclear and nucleolar proteins,
mitochondrial proteins and pancreatic B-cell proteins.

[6094] The invention provides for the induction of tolerance to an autoantigen for the treatment of
autoimmune diseases by administering the antigen for which tolerance is desired. For example,
autoantibodies directed against the myelin basic protein (MBP) are observed in patients with multiple
sclerosis, and, accordingly, MBP antigenic peptides or proteins may be used in the invention to be

delivered using the compositions of the present invention to treat and prevent multiple sclerosis.
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[00111] Accordingly, in some embodiments, the invention provides methods for increasing antigen
presentation while suppressing or reducing TLR7/8, TLR9, and/or TLR 7/8/9 dependent cell
stimulation. AS¥§e¥etitiseherein, administration of particular NISCs res sl H@H#geHresentation by
DCs ormaPOswhilessuppiessing the TLR 7/8, TLR9, and/ot TLR7/8/9 dependent cell responses
associated with immunostimulatory polynucleotides Such suppression may include decreased levels of
one or moF Y RE KGR e My AR E L R B AS R ThSdsiA O TAF eIt e R dE e hdent cell
stimulatiorr@rédenssbi Pt arifeh fistoeistimpreisbecaiirtbapeiisabassocisted. withe EhRdieethods of use
[00112] Thetigwe aéatnr oy desdipihadsiafsegulatifghardpmunavEsponse inaadnghadual, preferably
a mammalpmgre; Rrelarabiié RNRR, RemREsuRIRIRISR UG- he dividual an.agtiggn-carrier

complex agchollg‘gé%rib%g herﬁin. %}aﬁthods of irn re tL[;lleartion {ovided b .theuirrgvgntion include those

u
that supprass and/or iMABILan _mngiees?rrlﬁ%ﬁﬁeﬁ%%?ésponse, fAclading. But not Mited to, an immune
response SHTGIEIE] BYiRTHaR BERRE FTBDSpBIVP SptraE s aLir i antifsaiifelsare prote O
2010/085509R07 1k;S281610R EsdFVISS R DockenNGi28896717.601 [00113] The antigen-carrier
complex igegg)inisterad:iBamamewi-sudlicientia iRoM Alga i RURRILRNAREGAS, desgdbed herein,

regulation.of A0 MG S3RANSE MaRC, hune @l adianeellular, and a measyred using standard
dasd I herej ] bodi

. : £ L.
techniques In the art and as desScribed herein. [00114] In certain embodiments, the individual suffers

from a disBYHEPEESBERES TR OrH5AERHcHn I BRFERE B o R PR S SRR 1R 5B BF condition,
allergy anéndistfnsia sdagengivisngisinratiticb afesmbly e Mivandes br e seshraticnalsrRinpeniohath a
recognizablensyemteneof an existing allergic disease or asthma. [00115] In certain embodiments, the

individual ﬁ}éfé@fﬁf&%@ disgrdenassasipter Vit HRWARIEC IMMURS Atvatian, sush asautoimmune

disease a?glo'b% amn%zf\tory d_isgase. Anhindividut%I having an autgimmune disease or inflammatory
disease islan HANVIAUE Wit P RSS RS AR IR RAMPHE B R ST R BUTBiImTINE HRREEL D
inflammat&iy bfsadised poog YEigaRiteieriviUiR B oRseasiss! viinbe Knvriewnls msastdaticategines:
organ-spesiichana:Sirsiemicichividiminseadiselands ircluge:-awtiing dimitasobs whlkkgdnataid arthritis
(RA), systemiedupms:arythanatesds (@i ieisdiabatesanelitss cyredl dalstesagllitus, multiple
sclerosis (Y2);JBmINe sMsAiAteA. TGl SHeh AR PremAlile ovanian failufs, sElsradsma, Sjogren's
disease, vitiligo, alopecia (baldnessrf?po’ly Tandular failure, Graves disease, h P roidism,
polymyos T ERENG 18 LIRS BERTP oIS TRh L L h (SRR BIVBFEISZaL iHelbling Crohrs
disease a2t crathnthentidspitoiprmiihvditsaliratind dgadedinglithelicadsuiciartasiidriaepatitis B virus
(BBV) andiiepaiitiséerwdius Lhteduhyaepitiditansnts giatir weisushRoshs isease {Gvilly ranypearditis,
Addison’s Ql%@@%eé‘%‘?_@éﬁ%@ ék{ﬁbgﬁ@{?&@& éé‘-’@i}!%c@&ﬂ%ﬁlﬁ%@&%@gaﬂ@&@%%&ﬂ@?hym'd'Sm-
looL171 Autammung diseases,may alse Include. wilout imitation, Hashimotois thyraidits, Type | and
Type I au‘fp?mmune po’ftf/gefén ular syndromes, parangop astic pemphigus, uffug pemphigoid,
dermatitis FEFPETR AT S 1B Big¥8se, epidermolysis bullosa acquisita, erythema nodosa,
pemphigoiftjésiatiGrisetbic atricibpahrmplidodcpinésing $santial ceydglebuimemsalichroiduballous
disegse o;;&t&ﬁd&x@@gabsm%ﬁg,aaﬁm%&@m%&%&a&%&a&%@@@m@u@aﬁwﬂwme,
autoimmuge peulropenia. MYAstenis aravis kateRskambert myasthenic, sundrame, sif; man
syndrome, acute disseminated encephalomyelitis, Guillain-Barre syndrome, chronic ihflammatory

demyelinaiffﬁitj B PN B o BITPU ISRy PR R RSP RIBIFSPERRY St SSRGSk, chronic
neuropathapeitrier etk ghrmtisoRatiyy it pabred oneelm pestriaa B o frret ctredratar
degeneratigfigid stimulating factor receptor (TSH-R) for use in treating Graves' disease; nuclear antigens, histones,
glycoprotein gp70 and ribosomal proteins for use in treating systernic lupus erythematosus; pyruvate
dehydrogenase dehydrolipoamide acetyltransferase (PCD-E2) for use in treating primary billiary cirrhosis;
hair follicle antigens for use in ireating alopecia areata; and buman tropomyosin isoform 5 (WTMS5) for use

in treating ulcerative colitis.

Evaluating tolerance
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encephalomyelitis, retinopathy, primary biliary sclerosis, sclerosing eholangitis, gluten-sensitive
enteropathy, ankylosing spondylitis, reactive arthritides, polymyositis/dermatomyositis, mixed
connective tis¥tf&2A188#%6% Bechet's syndrome, psoriasis, polyarteritis n@§34&2¢a0éi3jid anguitis and
granulomatosis fChtwgrBtrauss disease), polyangiitis overlap syndrome, hypersensitivity vasculitis,
Wegener's granulomatosis, temporal arteritis, Tadcayases arteritis, Kawasaki's disease, isolated
vasculitis STThEtert ARt S0y srtpd R S (R SRl A e B RAsE R e SRS ne phritis,
and cryopiidssiaikdesis colnditionsmadelwell known in the medical arts and are described, for example,
in Harrisonts Rnciplgs Rl tespaldMadicingy &b 8disybariCinhod-ati g, 48N Yiokki.Mgeraw-Hill,
1998 WOQ,2RMIRPR0IRCTISEORIOR AL WSIRF DISELING, 889011501100 16lIn some

embodiments, the invention relates to uses of compositions of this invéntion prior to thé onset of
disease. TPBRHEFERbbHRTSES Hia ibamibl PeilES eSS theredipdstbhis df Hhi&Svkntion to
inhibit ongisityy: @ideaiseotntiad my earotirrihitdng hadpvetiohaettfdsesd dmaliBrafingdisease in a
subje_ct. By@mti@rmi@gﬂﬁ@ﬁ&@ﬂ@@@t@jﬁ@hﬁ@gﬁ&@&hﬁ@ﬁ@ﬁ@&%ﬁ@smm@&er s_uppressing
the diseasg, i he Subiest. 09L1 SN some pmbadimants+he, inventienfelaies io Areventng the

relapse of disease. For ex,am_FIe,,an unwanted immune_response can occur at one region of a peptide
(such as S ARIRGEHIRASERRRIR ALY HTipee s L B AReSERHSERh an unwanted immune
response ¥ Bdcurir Havimgriash rmrid neaedpoes ntckeatediffererf the gidrriog thtgpeptide. T-cell
responses:iftGoait e tindiie spansentiSafaars, cnaudingsMbetadiathe ek hld kdwagdiated autoimmune
diseases, Ga.he.dxnamic.Ansheylva duinghe contse. af talapsing RImitting, 2RI ys

chronic-progreseive disepse s, ynamic nalre. oL e Lol feperialie has mpiigations,for reatment
of certain diseases, since the target may change as the disease progresses. feviously, pre-existing
knowledg&6THHa! BRI Hiored B ess ARl ridE SeR RN b prutfi ctiah s sk s The
present inwdmti@inmpriovitiebeconypositidrs diget 2ot pep rey enicthgagftect Db dyitawpisic Tangiagigisease, a
function ofzepiteRe:SRIEAMNGnd A RN dR] IR FRlaPSE:S A INMNIASriERETIRR dapRERLeOlipid protein
(PL®) as amedel Lrmulile seleipsis (Melulnilialinmune.lesRNze.can ocour by a response (o
PLP[39.451. Subsequent disease onset can occur by a relapse immune’response to PLP178..191.
CompositiSHL %1 the preelneive AribioruRrsedn sHERRTeFesirands feepratkeinesdsing the PLY
model. 1084204 f@ertaimermbodimeartsveh thisaravemtiernrel dtectaprrmirsy bfdrmpmsiedaldrance in an
individual aekpraseldnislerized by therapeaatia intervention chbese:ermbodimeptsgenakally involve a

plurality of agpainistiations.abf:cominalianal antiorpAnd Ayicesal pipding.compenent. Typically, at
least three administrations, fre U{%‘Qt at Ieagctr_ oyr ad |n|strat|o({1t}sl, argid spmetimes ﬁtflﬁfﬁégx
a

.. SUPPIESSOrS AT Co-Culiur € IESpOLH ceils en totiate Tidine inCorporaion o
admlnlstran%%s are per?orme urlng priming n or’cfélr %O agﬁleve ayfong-elaréq[lﬁpg result, Ugh the

subject mEPEHSMAAHTTE e oHEBTYE R AHE S T AP BPTRE C BUAREPET FPEAHARCTHE WBETHTER each dose
is given agatioiorsaadimimestratiorseb nosigteined-tbmadilationsea pablevef nvdsofaliveleaseare also
suitable. Wheseinukipleyaeiioistiaimnsaie: perforwed: faeding-hepuesmad twRiskiationsisigenerally
between 1 day-and Inwegks.ApdypisalbeiveenabouhhdaysAnd & %@%ﬁn&&%ﬁiﬂ%&he same

antigen angtﬁgucosal bindgng S&rﬂgonent are present at the same concentration, and the

administratiol [SRGI a6 therSanta MiESEar St TAes MBIV ARAt SIS IRy B R A faes during a

course of BEHRFPATSNbe accommodated. 100121]Other embodiments of this invention relate to
boosting gpeptEndingiitedaecsistenecobaipienot gy egta blished ireagnedele iareanditioss,
embodiments 8anaLail Bl & ONe ALRIRISEANAR PHASHO oML ealpat atA dimgwhen the
establishagglerange, s declioing, or, &t Rk ehdeclining Boosng s geferaliperiomet f,month to|
year, and typicaily 2 to 6 months after priming or a previous Boost. This mventon also includes

embodim&Htd M At rRBRIE Y EG PP TEThEE al RS S FsI ST AReRap figestion of a food allergen. Testing is

performed by giving the mucosal hinding component in one or more doses or formulations, and
determining its ability to promote tolerization against the antigen in situ,

{06186] The offectiveness of compositions and modes of administration for treatment of specific
disease can also be elaborated in a corresponding animal disease model. The ability of the treatment to

diminish or delay the symptomatology of the disease is monitored at the level of circulating biochemical
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schedule of administrations that occur semiweekly, weekly, biweekly, or on any other regular
schedule. WO 2010/085509PCT/T52010/021547 VVSGR Docket No. 28890-717.601 [00122]Other
embodiments P HTHtion relate to treatment of pathological conditibh® YetalHG 8 an unwanted
hypers&isitivity N THECHAsErsensitivity can be any one of types I, I, lll, and 1V. Immediate (type I)
P s Pl Ml RIS ARG OB AL AL AN RIGTIRTL AL EOIRIQQRRIG Tagments

thereof as the inducing anti frequency of administration will typically correspond with the
timing of JRGEACRPBENRS & RS A AT A FRRRETs B AR T TRE A TP R TP 82 5% el et al.,
Am. Rev. RespirfeDistingg3a9uded goheeittarse atetirMed. Chem. 39, 2055, 1996; and WO 96/35418).
[00123]Otjner embotdigianisies thisinvealiopdaiate iodiaasplantadnndhEneiasde, hearansfer of a
tissue sampie f qrﬁt%tf%g@réedeq% Angiyakig.a tﬁb%lﬂé%é’rﬁf‘%ﬁ;ﬂ%@%k%%s%fformed on

human recipients who need, the trss e in order to restare srolo ical function hagrovrded by the
tissue. TiSSHReVh S LFE PR R TR EHE D areaﬁn op tm§ Whole-organs stch as kidney, liver,
heart, lungurEERT eéﬁt@oﬁﬁ@ﬁ@lét?ét‘li’agfékrﬁ Mt%%%é?n@@ﬁqﬁé“é%eﬁﬁ@i%m%ensrons
such as boxe maseywiblisanst eulivresiicelisselosted dnbtxpetded ¢ dhbBAs Mafrow or

circulatinglpodandpwhgiedhierdst aesiisionsriodidls sariupRetantiakeamiicalioonat any
transplantalion, NSHes o ﬁ%gsr% Pf;ftgo%'t %H?M%‘é&ﬂ%%&&@&%‘?%ﬁﬁ@&&ﬂ&&@@:ﬁ”graﬂEd tissue.

Dependrng on the nature and degree o rence there ma be a risk of an immunological
assault ofcff’r’épa?ﬁf‘fltﬁ?f’t??éeﬁ‘ogttbﬁ?H’F“fﬁ%frlt[oét%y ﬁ%’br’aeﬁ Lot Bt S CB T nze tent z he risk is
determinebHByfotowing! teerssrorasepmidterdtra %Gﬁﬁﬁt}%%ﬁ%%ﬁaﬁﬁfé&%%ﬂtﬁ&t@ with a similar
phenotypejantagTatatingdhsvaticusgassibietenttibgtimgFaeters actoming! tb.28edhdctepted clinical
procedurag, Jhe impupolegigat assault may be the result of a preexisting immunological response
(such as rr)g §o#ired a trbo ) Arone that IS |n|t| aboufe r{gdtc{ne S(‘gfotra S rtltgtlon (such as the
generatio f ceIﬂs%‘

he venil £ 3CCe
ody, pfﬁ ceWs or C S may e Invoivea in a comsbrnatlon with each

other and ‘ﬁﬁt‘l‘?%ﬁ%éeﬁ’l’éﬂﬁts FAERd A el %Q@%"tﬂ?ﬁ]ﬁ TR rﬁf}j@t‘t"d’f‘ &5 FERESA Yo provide
materials emntiprgicetiriestiatpéomitiresvspiantatitnadobbeqonduweteddiabdbrifineridistaridard surgical
proceduresydutiith decreaseddisicri-an. adversminmunalegicataaciicntalthefecientafithe
transplant, 1A OFRANES t@\t&t\r&i tgtgtlgrrape&%ﬁers é%@h%%%@%&%ﬁéﬁ&ﬂ%t@%&&eﬁto% versa, or

both. The tolerizing is performed adminis et sse planted
HS AP ERE, L mwlcﬂse’#on (%%% s afn% e i The éstrgee? [%%S

tissue, or |n a compos inven en may be,

resen

for exampletativgeHErcel Sxurat of ﬁ@@%tﬂﬁq%‘tﬁégar%éﬁﬁé%854?%?8?@’6%9"&1’?% nt cell types,

and any oag,oMurbsenf ReiecatbogpusiiRansplanted Afie3thet; Suri-Payer, et al. (1998) J. Immunol.
160:1212-1218; Thormon and Shevach (2000) J. Immanol. 164:183-190; Roncarclo, et al. (2001)
Immunol. Rev. 182:68-79; Peiser and Gordon (2001) Microbes Infect. 3:149-159; Gordon (2003) Nat.
Rev. Immunol. 3:23-35).
[60109] In the studies of the present invention, there was a clear increase in CD11bILIC™ cells in
the spleens of both sham tolerised and tolerised CD200KO mice at day 28. These cells were distinct from
larger populations of CID1 16 TL10"™ present in all experimental groups from day 21. The high level of I
10 detected was endogenous as cells were analysed directly ex vivo without any additional activating
stimulus or artificial sequestering of cytokine by brefeldin A or other Golgi inhibitors. Further analysis of
these cells indicated that they were CD11c/low, CD45RB™ ™% and B220" and had plasmacytoid DC
morphology. Tolerogenic plasmacytoid DC with similar phenotype but CD45RBY" can be generated by
in vitro culture with IL-10, can be isolated from the spleens of normal C37B1/6 mice and are elevated in
Y110 transgenic mice. The cells take 3 weeks to differentiate in vitro, and in the studies of the present
invention appear in CD200KO spleens 3-4 weeks after disease onset suggesting that prolonged
stimulation and/or several Tounds of cell division are involved. Bone marrow derived plasmacytoid cells

were also tolerogenic and capable of generating antigen specific IL-10 secreting Tregs, in vivo.
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individual may pose a risk for which the procedures of this invention are appropriate. For example,
endothelial cell antigens complicate renal transplants, and passenger lymphocytes complicate hepatic
transplants. [0§228]°E&1R%n embodiments of the invention relate to decféa<iig @7k of host versus
graft diseaSesktaadithy ¥dF€jection of the tissue graft by the recipient. The treatment may be performed
to prevent.or reduce the effect pesacyte. acute. or chranic. rejection response.. Treatment is
preferenti%’lﬁulj%f%fgtréuclzlnbfjrf'fi%ient%1 E%JI’II}% a%\faenscg ofgtlhe(%rangl Ia%trgogl’that tole_raﬁce will be in place

when the BFaReTS ThSRAIERABT hEr ERRILHS AutpBedmi e dtmem taiseidatssdigum®areously with
or followirwdj thee treints plagss caV@-201 O/E85500RGT YL ERG1L 0/0 254 ESGRPeckef N #8890-717.601
RegardIess.qﬁ&h}@i&kmemflmiﬁiaﬁmaﬁatmmi&il hgereapallyaenti ﬂgmea;m@gsﬂag ';ntaewaiszéﬂroat qust the
mst mOth*ﬂst%Lk%wggg\Jm%a@lﬂh J?%L%Y%{%Pf’@é@%dﬂ@’tﬁ%&%gé%%@é&_ dﬁgmaﬁgﬁmm ;nr]pfhdatlonftof

e grafi occurs, but can be resumed if thege. is any evidenc iop or inflammatian of the gratft.
Of course?dfﬁléutggfaeur??é’ |81ﬁlﬁ%‘é’iet e, ﬁi“m&?%%ﬁz%h grﬁ%‘ff%gﬁgﬁfgfﬁé ‘Wﬁlﬁ%t %prl?;(;*}(arﬁﬁg’of

immunosAfressiad Yollsdrigve srds bamsmt et &R orirsiethod BoyeserEl SmBoim &mteugtinis
invention ef2ie 10, Bocreasiag tibas SOOTdiaReerbusirob B disease Thethis sel s ofet8iiments, it is

necessary:ig. alerizesadiviog, toneiagainst@iargeasl. andiger.of thefigveigeail, eeainiensbefore the
transplantﬁgglgu%p%{g%s_(g e tolerance is achieved, the cells or tissue of the donor are harvested and
the transplant is performed. [00128] Animal models for the study of autoimmune disease are known in

the art. FAPEIhn I CLHF L RE TR e A ar AR SN AT TS L AN AR RO MRS e Héease include
animal stranhelinhichatpordanicousyl esivpletiyh thethenecet nrebparme wircddease Framples of
such modglsiinal uderehitivamecaot ditndeshtonthe narchese s-diabetio (N PDyimoUBemphicit develops a

disease sijuilarta.lype LAiabeles,RRdtUpyzke diFeRS RIS N IPAIS «SUsRas: Ngw-Zealand hybrid,
MRL-FasIPT and BXSB mice. Animal %ogels in which.an aLétoiElmune %jiseaa}:séﬁ Q%p&eﬁinduced

. @sponsiveness (o autoaniigen, ¢ mmung deviation, and activanon-rduce ” -
include, but are noteﬁmlte(ﬁo, e>§pe’r|ﬁt1en al'autoimmune encephalomyelitis (EAE), w ich is a model for

multiple sERFEEE CYRdpAMHITRIuEEBTH A RS, R eI e Moa6! IBGHRsAcErlifis, and
experimemtiratofivmionrsanpditih (A )2 WRIER) iNah Reodeiforad sl SABlsnadiracddRO%r autoimmune
disease haygalsorkeanxseated bngenalicdy) paipulai aneanek ekiseokarzexanpl er hrakéh] -10

knockout mice farinflammatory hawel disease,Fas A'.Rag iaaRcksnockdt iR bExapd LI receptor
antagonist knockout {o%&%l atolg,@ﬁhrltls. Administration an Ass?ﬂ S(egﬁgé&f [he Icmangyne Response
Isté

fhing cells throu {e Immune receptors. was shown o br ole e
[001291 TREEARTST Can' be” admiRistered Th combinaton with other pharmaceutical agents, as

describedrrretemtha dustinnisd ok Birder vt A 48PS idragiEarRtalddeistabid carrier thereof (and as such
the inventjofiiidludesctidisgconapostitasinddne hairienimayrbddanytidhdscdessnbedib@rein.
presentation while suppressing or reducing TLR7/8, TLR9, and/or TLR. 7/8/9 dependent cell stimulation.
As described herein, administration of particular NISCs results in antigen presentation by DCs or APCs
while suppressing the TLR 7/8, TLRY, and/ot TLR7/8/9 dependent cell responses associated with
immunostimulatory polynuciectides. Such suppression may include decreased levels of one or more TLR~
associated cytokines. IRPs appropriate for use in suppressing TLR9 dependent cell stimulation are those
IRY that inhibit or suppress cell responses associated with TLRY.

Methods of use

[00112] The invention provides methods of regulating an immune response in an individual,
preferably a mammal, more preferably 2 human, comprising administering to the individual an antigen-
carrier complex as described herein. Methods of immunoregulation provided by the invention include
those that suppress and/or inhibit an innate immune response, including, but not limited io, an immune

response stimulated by immunostimulatory polypeptides, such as myelin basic protein.
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[00130]Compositions of this invention can be prepared for administration to an individual in need
thereof, particularly human subjects having an unwanted immune response. The preparation of
compositions RFHEIFHER is conducted in accordance with generally aBEESES rtEdures for the
prepardtifrPotpharitfacettical compositions. [00131]Procedures for preparlng pharmaceutical

compositi o d crlk{ed in Remin nsaFéIhnarma utical Scu?n&%s .y I\Qartm ed. , Mack
Publlshlng{%ﬁ E qﬁﬁ Hucosal co%axésomponent ana tﬁmoantlger?l?n h%lf eragel\?gn separately or

together) BBt ARTFERThBRFEY AR SAm el A NERIBORE AT, edrene and/ Exeliantsdind
stabilizersr#islditionak attivedcorhporemdsbo bitetesticratrd dengnthat enhance the tolerogenic effect of
the combipatiem at the-mucassiisHfac. M axamnpie-piamadsditionakactive campenantis a cytokine,

exemplifiggl By, | Laéhftl% Os%gﬁ‘a@% %LHIS%%GBPQJ%QE% €A, SRMRASIHONS:CAN. DS SURR L% ggl in unit
dosage form suitable for administration of ﬁg;remse amount. WO 2010/085509PCT/U52010/021547

WSOR DEURE M558 8G6 71 B0 o142 T SHRERIoR SHIBRIAR A AR it B A Hation of the

present int8mtion for modulation of an immune response can vary based on the individual, what
condition [sdo1bp treatechandniheriactormavidentigare aldindrirthecait-Faatois«tmte considered

include rO%ﬁe%&%ﬂﬁr%QQsmxme% %&Qﬁ%ﬁr&%&? é&%@ﬁ%ﬁ&é&%@vﬁﬁgws are known in
the art and |t IS We||XVIthIn the skill of those in.the art t%un}a t%such dg{ggmlnat ons without undue

experlmenf'a%on VR SUitable %ngt?gn jacase S Ay provides fhe geaired re re%u?aﬁoahng Fimmune
response TEYIEHS RS OR BIERRRSFBERREr cytokine production) Useful dosage ranges of the carrier,
given in aip@Lidls okoarriendeliseted cmay diadédirexaimpid chtegrriaboutaanyeafithedefowiing: 0.5 to 10
mg/kg, 1 tﬂu%mg.dgad&;gb&mgékgw%m&mm, HelonB GG R (MEIkGsdrir Lgung/kg, 5 to 10 mg/kg.

A'temaﬂv%thegs%%m%“ be.administe lcusdtyassgza@téhaaambsmag,@e&&%F&g:;f example, useful

dosages of'the carrlermglven in amounts of carrier delivered, ma or example, from about any of

the followgH3rd SHEF KT TOR PIEFH68Y1150 f%%“ToTIBQ?ﬁET@sSﬂf@“‘&l&éiés"%%;f%t}ﬁgiﬂﬁpf?& 1x109
particles pexédsse, robiFandulac foBue Gia Gy fiagaie] dsrpipriten. G irowe e DORRBRI0YpETticles per
dose. Therabsolutaairrensningmemtereach pidestitepindsan'plismaedidgicsivpropesties such as
bioavaiIa@%ﬂ@@éﬁ%@ﬁ@@%ﬁg@%&t@@mﬁaﬂ% @@@'ﬁ@v@ﬁé&%&%@@l%%ﬁ@@@tame

carriers, Iuen and exci |ent§S %QQQEO% ore oagll: moal%e tlc%l c§m£m3|t|oEm s and
formulatlor?g) ajre prowd%ra cﬁsemmlngtons eutlc Suences T8th"Edition, 1990, Mack
Publlshlng"W‘“’SEﬁ’ﬁB“f’lP%“‘@S‘ﬂ‘”‘%?@ﬂ 1i‘5151"ﬁB?’@B’;}”rifﬁf?@‘i’borated by reference in its entirety. 100133]
The effecti®@ &fhountamdmetiissef admnimstdatiznvohthelparicnl dkddanier fonmidgtioRyeah vary based
on the individriakpatientdesi R spsullaniesipe ohdistdrpdigmsiaganithegisaase and other
factors evident {0 pog.skilled .16l ke, ra%a@&&ﬁ%mm&a&m u@@%&%&@-rt'culw application

are apparent to ong of skill in the art Routes of ad |n|stra jon include but are ngguﬁn F? to toplcal

dermal, trRARRRBR LTI TR LS STaRVAT AT BAFE SavAT g(% 0|n é%fimal and naso-pharyngeal and

puImonarV?ﬁﬁéﬂ?ﬂMg%ﬁWé%ﬁ%F*ﬁﬂ'ﬂ%ﬁ%ﬁ?%W% §ﬂﬂ%@ﬁ6§§@’é"%@é%ﬂ§ﬁéﬁhm provides
sufficient Heltrcomiainiyrgtoom gositidito-bitaterarissiiencoreénra o fi-otahodioiné @cpteM as measured
by blood Igygisiniiae Abselke.AmauntioiveBde:-eachopalient depandsarpharmasalggical properties
such as biogvailal 9"”&%&%&%&%{&5&3&& %%E&Tan%é%ﬁfgm'wﬁﬁ%EtQM%QQ%%&IQ Esa@%mventlon

provides Cartier formulations suitable for to application inclu ing, bu but not limited to, physiologically

acceptabl BRI HERt & BRI S S P PR R ARSI PP S E L8R BIATY TOUTEE BY dermal administration
are those e amytEesTiveRsie BUBH oY iPaNStRerfalIFA TSR RESIsrE Ep LI RISR#dhinistration and
subcutaneausiajec tokyida@3aldyans cdectiva hadititais tratiopoistisdcomplisheds byiagploatiomcof a
cream, ri%m&ﬁée&t&? B@ﬁm%drome, psoriasis, polyarteritis nodosa, allergic anguifis and granulomatosis

(Churg-Strauss disease), polyangiitis overlap syndrome, hypersensitivity vasculitis, Wegener's

granulomatosis, temporal arferitis, Takayasu's arteritis, Kawasaki's disease, isolated vasculitis of the

cenfral nervous system, thromboangiutis obliterans, sarcoidosis, glomerulonephritis, and cryopathies.

These conditions are well known in the medical arts and are described, for example, in Harrison's

Principles of Internal Medicine, 14th ed., Fauci A S et al., eds., New York: McGraw-Hill, 1998.
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of allowing the carrier to penetrate the skin and enter the blood stream. Compositions suitable for
transderrnal administration include, but are not limited to, pharmaceutically acceptable suspensions,
oils, creams al@ &it{H&#E applied directly to the skin or incorporated irt6" 2t carrier such as
a transterriadabvigEc(8ostalled "patch”). Examples of suitable creams, ointments etc. can be found,
for instanC@ érééspe Prg/sician'sdDesk Reference. T}ransderma% transmission may also be accomplished
by iontophOredis, fol e RER BT LG % S1 AVSPERIT ATRIMBTS PR it B s B PERE uct
continuoudty “TRO°S GBS BB ebaiSEoE(E A1 Sn o SOR Dvekef i oppedteE1f 61 through
unbroken skiutdoi petiodscoisey eratdayssonmore:didsetotibisameathodalowsdoiccont cliede
transmissign, qfpharmacsuticaheamnasitionsinglatively gealeRAGENRIANS, Pefpisiusion of

combinatign gragss a allt9w§ for contemporaiaeous use of an absorption promoter. [00136]Parenteral
€ OISCans H1LENE sU

routes of administration méﬁﬁde.but are not limited to electrical (iontophorcsis) or direct injection such
as direct inf@&f8h inforamesmPaf A US B HRPAFEHS B ATEsRRLE (RRPSH o dpestoRefal, intradermal, or
subcutanevesiijectionakal muiators ofsc amiercsutabiodgrpeienteiad Garhpsistratiganire generally
formulatediépdd@Rvaterne viatendne njostien wnd-may ividh encomprsapkhhuifarsy salis dulldng
agents, PresaREIlGS PO ARALRAGRHIEHY RGGRPALIS RXCIRIENS JIyIHANPRYAIOD
polynucleotldedfor, alr%,%te{f‘l |njdecﬂorjF r%g_be f,otrmu tated in %)dharmaceugicgll acce tablle sterile
isotonic sotitRE S a8 BAME AW BHOSPRSHE B LTS La RS Pisras ?oﬁ%ﬁ’ffl [B4Strointestinal
routes of AFHAIAERER PhEFEELIR D HBYRTTREePHOPRRESHS §ists rdbebmotrs Saiw8 ¢dbrificiude the
use of, forcelkampypiersshanmdicainic thtragceptabiepoviderss, pills:didigigia s:fprhagestionand
SUPPOsitogs.iebigstakadminisialinn. 0kl 38d-Mase-phacyaesabapcpullwnancadmigistration
include arg. ageqmBlhed iy alalon ISR AvenQuigs G0 A3 DIrRaasl,fransbronchial

and trartsalveolar routes. The invention includes formulations of carrier suitablefor administration by

inhalation THETLE GBIt AEPRRGE LTS G Q¥ SREBHETEA G NG QB SESE L95 RMIF4E Bowder forms
for dry povreiBanicatatl selkripidsyiamBLE) ey oagdslieabretiole adwaridhisomiby! immatation of carrier
formulatiorspsshude phuit Bye reidisaite P ;ai0rhibesg cuafiarzesssenahuizesy anthap/ipawder

inhalation delivery,de¥icss. tARLIAAS dpehKoRWRRIR8.H beplienskSksnensiops used for the

routes of a[]eraLnistratithPq%scri(p?d herein can include any one or more of the following components: a

sterile diluent SUCh &S Watanfoof:lnjection, saline solution, fixed oils, polyethylene glycols, glycerine,
propylene 81281 or SRR syRIETS SABN S D FAkrAPEGESES SaeMsobEmsy IafedrHY St nethyl
parabens;rantioxitaintsisucid hstasapniciserdegicsotiamn doiberdfitents Beleatiiyiagdrs Muchtast
ethylenediaminsteimascelic-asidaluiferssue asacsiotesitl taipsernphasphates andmagents for the

adjustment,of tanigity sSueh a5 sadiursh iprida L dextinse. il canbe.adivsied. it agids or bases,
such as h}lgdrfolc%gégr c acid .or sodiu h%/dro,mde. Thi garente[al @{g@g@tlon,caﬂ be enclosed in
i 31 ag asgorp

ampoules diSpBsanie & HRGEs oF Multipie doSe VRIS A or b BIaStE may show
manifestations of tolerance early in the course of ireatment. Most often, each dose is given as a bolus
acdmindstration, but sustained formulations capable of mucosal release are also suitable. Where muitipie
adminigtrations are performed, the 1ime between administrations ig generally between 1 day and 3 weeks,
and typically between about 3 days and 2 weeks. Generally, the same antigen and mucosal binding
component are present at the same concentration, and the administration is given to the same mucosal
surface, but variations of any of these variables during a course of treatment may be accommodated.
[60121] Other embodiments of this invention retate to boosting or extending the persistence of a
previpusly established immune tolerance. These embodiments generally involve one administration or a
short course of treatment at a time when the established tolerance is declining or at risk of declining.
Boosting is generally performed 1 month to | year, and typically 2 to 6 months after primning or a previous
boost. This invention also includes embodiments that involve regular maintenance of tolerance on a

schedule of administrations that occur semiweekly, weekly, biweekly, or on any other regular schedule.
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[00140]As is well known in the art, pharmaceutical compositions suitable for injectable use include
sterile aqueous solutions (where water soluble) or dispersions and sterile powders for the
extemporanedti@ Prép&EEfion of sterile injectable solutions or dispersion? FEF#t&Teidls
admini$t&t e SerEstE'egrriers include physiological saline, bacteriostatic water, Cremophor EL170

(BASF, Parsippany, N.J.) or phosphate huffered saline (PBS). In all cases, the compagsition must be
sterile ani@%e fﬁ}éﬁﬁgn%%%g&ﬁﬁéﬁ? 135%“?%@??%}5& i‘fi"/%')%’ét%pﬁt%{g}’r%g STABHSAERYHHE conditions
of manufattire i Steragsiany mbskmsprsdetrededyanrstane’ sontdifidbifg Botlarediate
microorgafiisais isueheastivagie riaieatic fumgd bF heganier cancb&@adatvwdnteer dispensiaic medium
containing-{eh SxaRIe Matahieihanelpoel Honaxanmlex el I apyianc. s epaliquid
polyethylene glycol. and the like d suitable mixtures WO 2010/085509PCT/US20101021547
VoR Do e AR el L F RS M LR B ol e by the

use of a cORRG SBERELiEciHhit by tHe Widifehah &b therrddubed b%ﬁi@ﬂ?@f&?ﬁ%é Rase of
dispersiorl@Hd By thehersambidimrfaetd fts iRratantiber of theeoteirofThicdorgatismsséanise achieved
by variousiantbagiriakandrantifingalagents farexampleipampbens: sileebuianehdahanol, ascorbic
acid, thimgrosal.apd 06 k.2 MG SRR IRCIYAe I SRIIGRIEMS SRR R MRS JarS,

poiyalcohgls such as marmite", sorbifol, sodium chloride in the composition. ProJonged absorption of
tho mjoctelTEoEh e SRR R e Ao G e R s o R i
delays ab&BE0BR FOPBXEHHTEChA RN B Hih Be RS T MY PRt foDPEasions Sechas| PR¥fown in the
art, sterilerajectable ®dlotiors danr!bespregareicippidrdiporatirgutievactisiedampblantiésiiin the required
amount invaRiappsapHaiasark/ent with one or a combination of ingredients enumerated above, as
required, fgliQwgd by filtered sterilization Generally, dispersions are prepared by incorporating the
active coml%pouﬁl intos%ng%éﬁTee?/éhf&%PW ﬁ%%ngoﬁ%inmgsg %a%fgn |ssp1)lgsrs|{())nn1 medium and the required

other ingr8REHTFORT el uthiks heg ias doae R e das e dhstate o drssdriAdigrastaration of
sterile injeétsbtesetativhs! thénprafelrzicehnestid 5 thf padparhtibeehre dkthon Wrifingaihdrfreeze-drying
which yielsglapowder ahthetactiveningiad pi-plug angbpadiiional desise guitgr adieapdrammafpreviously
sterlle-fllt%qg,ggglyggg& EQSE%@QQQJ%&@QW@gé&?&ﬁh%g‘?ﬂé%%&ﬁé’ﬁ&gﬂﬁ E@Jﬂﬁ_@u‘&#'ts gnd _
reagents if which one or aye. Companent iz bigvided I, 2 separats contpiner, optionlyuith written
instructions, For Besentbly of & pharmaceu fca compaosition by the patient or the adminis ering health

professioR A ESEANPTES 98 AsRoptHitach AsRFFRTReBReme At BT PRE PR R RS Phave been
shown andf tlesetipatidadreih astiwiicbarabbyids telihicbuisidiicthiceiheralt it wecheermlodiments are
provided hyywaytaf2axampleacmndyhNuin @ UG Rk atfens thange sndadsubstitutions will now occur to

those skillpfd 1asine AEL WHthou S&%@Eﬁ%&% SRSVERNUOR, %Léﬂ%%ﬁ?&ﬁ%@ﬁﬁ%&%ﬂi%%ﬁous

alternatives to the empodiments of the invention described herein may be em I&%}Iled in practicing the

bed

invention. 'ft 38 eI AT At IR & iR T ESAEGetiRe: (S S pE 6 & THIEAtBN ZHd that methods
and structifresrfiReifitfecdenydhertreisat efdhns amirthdireaieichrents P olrEréd s Example 1.
Induction wfttelérmpoe to: Hokbr.relajpseasing BibPTpepinies conjuiated to polystixane spleres.
1001441 Falystysgnadniciasphaiesineracoup e aikher with-c ncephaliiaganie epitergs or control

invention, The farget antiger: may be, for example, allogeneic cell extracts. The graft may be a complex

structure of many different cell types, and any one or more of the cell types transplanted into the

individual may pose a risk for which the procedures of this invention are appropriate. For example,

endothelial cell antigens complicate renal fransplants, and passenger lymphocytes complicate hepatic

transplants,

[60126] Certain embodiments of the invention relate to decreasing the risk of host versus graft disease,

leading 10 rejection of the tissue graft by the recipient. The treatment may be performed to prevent or

reduce the effect of a hyperacute, acute, or chronic rejection response. Treatment is preferentially initiated

sufficiently far in advance of the transplant so that tolerance will be in place when the graft is installed;

but where this is not possible, treatment can be initiated simubtancously with or following the transplant.
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peptides to determine whether active EAE can be induced using artificial carriers. [00145] Methods for
determination of inhibition of induced EAE followed procedures as previously described (Smith and
Miller (2006) WY AUH§#th. 27:218-31; Turley and Miller (2007) J Immuffol/F#ES913420). Briefly, 5J1,
mice, Bu¥xeekRyoldiviese purchased from Harlan Laboratories, Bethesda, WO
2010/085509PCT/US2010/021547 VVSGR Do s No. 28890-717.60 ce wer housed
nder spelH Lﬁ?a%w*‘;'ge A SR B R S M SRR
Medicine. ParaNysealamieianirae- Srbrasn desearey ebRs rewsud At rorommesr e tresbrite YG
Carboxylate prifrosphdreésavérespuneh #3defiromy Poliescien cas;timcer(Warimgiompk)gsinthetic
peptides RbR:Sish{¢dkictoWidalil DHEE 1nandiid YABZ 33 SQAN BIARAE INEAGR) were

purchased from. g&@%@’&%§%§E@9ﬂ1&}§x%w%ev¥§x?sﬁp“des were coupled to the microspheres using

ECDI to a specific number of active amino or carboxyl sites on the partlcles 00147] Polystyrene
mlcrosphelpcE K7 peﬁ§@%ﬁm§@\?\iﬂﬁeﬁ%‘&f8@é plrgeating g iffide (BED1).
Microsphetessdrébiyasire d 2xtipd RBSs, itisusperdcd aicd2rl0blenibier PBSsWithraetmgiean obf each
peptide angk 3Qubongleniio it aiBioakemalia Jollas. OA) anRchineihaled Dk kiato#Gswith periodic
shaking. egg@gngpgpmmgép@eg%wgﬁst ehwashed 3X in PBS, filtered through a 70 um cell
strainer, uspended 50x 106 microspheres/m1 in PBS. Female m| 8-10 weeks old were
injected |?‘kr¢§%/g§ou§|§}' teq %56%%18 ﬁ‘}@fcogtae(‘? Ersra SR Ear oxylaté? éﬁx #TRon microspheres
coupled WAPLIEgl Whish WWNSSZSE’S@%WWW@%%@@SWW%WWp‘i@@_‘[ﬂlf}”Cornplete
Freund's Agjuteant{ FAdignaddgh Gclietivicitk paiinails diere:Obsemiedoénshnbdidaykdaridtclinical
scores Wefg 2838388t MaasealRLtAdlrsioinwsuL, wﬁekamaasgaalmeakmlm {@il-gy thind limb
WeaKNeSS e R ARSI IAIDR WERINE Sk 2 RANALIUNCL IR RARIEIS A SAABRIRIS hind ImD

paralysis. Data are reporte as the'mean dailly clinical score. Mice were observed for clinical signs of
EAE for aAHadiTsAel A0 )< B aE R cE e fss eSS L EoR > BB IS8 mi PBS on the
indicated eppsimeoal parumiastioacrspimcity (AR reterifc e By dissddivir et 2o§8esimm spinal
cord blocksdwetermmediple yifidze n ik (Milesdidboniigries tpldiasiial N)ttrligeieuriittgen. The
blocks wegegioredats §%dia e@e@ﬁlpm Rrave - dabydrationsaks micrameles dhigkigross-sections

from the Iumba%%p a&;%g L2 L vr}e ['F%%]Oak ;%Ie:rﬁ %Migpcu{)c 1 850 cryotome

(Leica, Deertiel mounte uper fost ctrostatic des (Fls er, Pittsburgh,
PA), air dﬂ@ﬂ"sgtr{&sﬁb?@ﬂ*%“%ﬁd‘gﬁﬁ@’é%@‘gﬁfﬁé‘éf??&?ﬁ@“ﬁg?%m ] é?fé‘l%fﬁ%‘i’l‘ﬂcatlon (TSA)
Direct kit @EKis.Boston, MA) according to manufacturer's instructions. Lumbar sections from each
group were thawed, air-dried, fixed in 2% parafomialdehyde at room temperature, and rehydrated in Ix

PBS. Nongpecific staining.was blockert wsing aplil-R16/CD32, (FC1F1/11R, 2.4G2; BD PharMingen),
and an awﬁln/ hiotin blockln klt (Vector _aeratorLeng |n ad |t|tg % the blocki ? reagent provided by
e

the TSA ki 0'f‘l‘sgs%ues WSPE EtaTRSE T Bigtn: conju S anti-mouse ( Eﬁﬁf Ao .19) (BD

Biosciencecs:A reda, eporahtcanbirabydh aﬁ%e y eeaﬂfa'g‘? BURRGSTTS (0hgS BEtti6ns were
coverslippeekwith vectesheetcamperitimg) riibckemieimely béng AR P festordi dbwratories, Burlingame,

CA). Slidegyyses e@ﬁm(ﬁggﬁﬁn@g@&w&rgg@s&my@&mﬂme%@% UG NeSROT RT
camera (Dot m";kst{ﬁge%s% eiing Heobis. M a0dMelamarh,mading sofware (Universal
o] n

Imaglng OWHIFFQIO on-seria umbar SeCtIOI’]S from each samp € per group were
analyzed 5?%%&’% wma&rﬁ%ﬁgﬁ in accordance with generally accepted procedures for the

preparation of pharmaceutical compositions.

[00131] Procedures for preparing pharmaceutical compositions are described in Remington's
Pharmaceutical Sciences, E. W. Martin ed., Mack Publishing Co., Pa. The mucosal binding component
and the antigen (whether given separately or together) are optionally combined with other active
components, carriers and excipients, and stabilizers. Additional active components of interest are agents
that enhance the tolerogenic effect of the combination at the mucosal surface. An example of an additional
active component is a cytokine, exemplified by IL-4. Although not required, pharmaceutical compositions

can be supplied in unit dosage form suitable for admimstration of a precise amount.
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WO 2919/085599PCT/US2910/021547 WSGR Docket No. 28890-717.601 [00149] The results are
shown in Figure 1. Fluoresbrite Carboxylate YG 0.50 micron polystyrene Microspheres (Polysciences,
Warrington, PXPESHEG*ith PLP139-151 via an amino linkage, but noPWAtHBUXEISEB39, were not
only effé&fiPetinpr8¥divi¢ significant protection from induction of PLP139- 151/CFA-induced EAE but

more mp&?@té%mmglga }/abro ated the m({ e#ﬁn of Ia se fa[%g{l ver%ggtsrmqwui:g This may

indicate t sion or an apopt IC SI na onthe mert carrler may n € necessary d'iependlng on

the compSSRITBITAE TR P2 éﬁfﬁférfl%ﬁ%ﬁ\’éﬁﬁﬁ%‘ﬁ@Lﬁ%Féf%ﬁ%@‘fﬁ@i@ﬁ1Th|s
example deseniesitheifitadhmietion IGtpoly{ ectidedodiydolideut (PrdB)maictosphd fesnsuliable for

encapsulaingsand slalivering-antgarmspecificaepiidas. Ahamiciasphanas Arauarepamd:kging a double
S0P SEEA AL, Hh AR Ol M Ol B R8I stkbich Sl Db B B Priam Res,

8:713-720, 1991) RG502H is used as the polymer, and polyvinyl alcohol is used as a stabilizer,
Encapsulé’f‘b‘ﬁ detisdryiLeminigne’ M@%Wﬁﬁﬁ#&eﬁ?ﬁfﬁsﬂné’ BN RFARBPIKAR organic phase

(dichlorompestistied) (38RO Gormey raidcswhithe s, ebelamsovtts afcimiredebaaadedian fericrosphere
diameter (@&bapik) toalooi: by tim): Bomamipte s> Brepagationob kipegamat Gempositiongdgrtaining

myelin baﬁ'ﬁx@i@@'ﬂ;é@@%ﬁ%h@\ ”31{%' 1@9 b&%&&f@ﬁ?'ﬁh&'\i@%ﬂ lpOSOme: sati.is.detarmined
umplrlcall¥ b}{ mgtho S previ cr| &1 repare the MBP/lipid c?mbma& n tlae

icl e e use s Vi ts [y}
components arafir<t BYoGGhtto roan tém S fﬂ ipid 11 27 glnlqurqy -Sh- gfygero “B5hosph-
oeholine (@i@@)%ﬂmlpgﬁ? phapitey AEtheAplip R v e ais i d Toltelitrdfion dP 1 PETHRIGHRRT is
dissolved dnstertidnyButahol léﬂtglnen@m@mfﬁmemﬁrgwmlvgew JtHE patvitsatedos, obfiein 2xW&ar solution.
MBP at 4Qmghhbigialasdisselved indentianbuianaanemoptexadispatid adh palids anegdiasolved. The

two solutigng are.then combinagl %Q@éﬁ%@é@%% %@o&m;mme desied Ie.ALMBR/iposome,
mixing by vortexm% frozen at -80C. for 1-2 h and X;ophlllzmg rnight to a er pQWde rior to storing

at -20C. R PR G S S R AT DI S B ARO9E R P xammllélcﬁ CYRIRESE 8
Poly(Glu- £yt qwﬁ?m%mw@m@%wﬁ%%tﬁm@%? CEas éﬁlﬂWM@%a\lﬁwgg

poly(glutafhic Biok/yeined Ap ol utberepl- instneroeddo e M-is-Emew.glutamic acid y-benzyl ester
(Fmoc-Glygg)Bz{)-0hi) L?f&ﬁ@@!;‘%@&ﬁ’z NeFabRé J:Y%H&%ﬁs%h%ﬂﬁé &AM&@A& Wrihehreagents are

commercially ava 'ab v% o) %ﬂe -Novabiog SCEn Qerf % SIAY gisease and
dusopropylclg'% ||m| e and1 ug]h‘i/droxy enzotrlllazoe € resulting dipeptide,

Fmoc-GIluBs 25 Sidseti oeakiisd %ﬁ&%%&%@ﬁ&ﬁ?ﬂ@ﬁ&?ﬁ@‘?&lP@W@W)ﬁiﬁlﬂuoroacetlc acid
to yield H-@hi¢@Br 15 tuyra(EHy-O bhe Phekdfi petptide. Britesabathvenitative aighysorherizeditotfétm a mixture
of varyingighain demgihsaayeeanbediimidear pthensopdansatign-Aliesaatvely nitaptdatngd length is
desired, dgprptection, of e i ierminakwih.pineidineta sl Jsl- Gl QBzl L YR{4xQtBU and

deprotection_of the carbox %I terminal with 95%
sufficient IRP-contaifiing composition to attain a tissue concentration of about 1-50 M as measurad by

blood levels. The absolute amount given 1o each patient depends on pharmacotogical properties such as
bioavailability, clearance rate and route of administration.

[60134] The present invention provides carrier formulations suitable for topical application including,
but not Llimited to, physiclogically accepiable implants, ointments, creams, rinses and gels. Exemplary
routes of dermal administration are those which are least invasive such as fransdermal transeission,
cpidermal administration and subcutancous injection.

[068135] Transdermal administeation is accomplished by application of a cream, rinse, gel, etc. capable
of allowing the carrier to penetrate the skin and enter the blood stream. Compositions suitable for
transdermal administration include, but are not lirpited fo, pharmaceutically acoeptable suspensions, oils,
creams and ointments applied directly to the skin or incorporated into a protective carrier such as a
transdermal device (so-called "patch™). Examples of suitable creams, oiniments etc. can be found, for
instance, in the Physician's Desk Reference. Transdermal trangmission may also be accomplished by

iontophoresis, for example nsing commercially available patches which deliver their product continuously
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WO 2010/085509PCT/US2010/021547 WSGR Docket No. 28890-717601 trifluoroacetic acid to afford
Fmoc-Glu(08z1)-Lys(Z)-011 enables condensation of the two dipeptides with carbodiimides to give
Fmoc-Glu(OB¥DAHEEFREu(OBz1)-Lys- (2)-003u. Repetition of this cy&ecargh&1547
poly(Ghﬂ(@Ez@mhyséZ))‘?@ﬁa defined Iength For either the random polymer or the defined-length
polymer, the be rotectln rou lutamic acid and th CBZ tec roup on lysine can be
removed g’ﬁ‘fu gfy i g’tﬂer ?IS‘E}' SPGPORG ECAg 4 metﬁ?gﬁ? Wﬁgogcomg’l?
trifluorom&fvamEs I ohreaRRIcHRS RS e AN At B bt fre e 2 SR PRFEE CafBSa A groups for use
in attaching:aisitigen-dpecific qieptide sanrd/orapoptotte signllingimolecwtles. The free amino groups can

be reprotegip@syithBRcBPRGArJF RGARHRS HIAIOE! 1o RER YeRLIAGHQR LG SRrkaization of the
carboxylatg g:roues by usin Standard methods in.the fle{d of tlde chemlstrx Example 5.

Antigen- specﬁlc pepfl e- conjumi"fttejc‘ic Y Iﬁte?l%célcfawﬁosugmeé %35 An‘tlgen SEECIfIC peptides are

conjugate @O IYEISES Bﬁﬁ?}?‘tﬁ%ﬁ‘ﬁ%}ﬁ%’@n}” ety eptriest rized
liposomes:fornigetintpduetion pftolelnta t@ﬁﬂt@aanngeﬁﬂs@emmpepndmamm&tﬁ_%@mﬂponents of:

60% pentacosadiynoiaiaaidllar sipicva9:8%chalatordipid-kQ¥namiae:tersingtad. lipid and 0.5%
biotinylategl linid arecombinad.i &H&@#&%&@é@%ﬁﬁ‘&ﬂ@&%@&‘f;’e%ﬁ:ﬁ%\éﬁrﬁ%}%ﬁ%&‘c\é@@&@ted Water is

added to yield agofolutlon that is 30. mM in acy lch algs The li teHJ ater mixture. is sonicated for at least
one hour. Bﬁ‘f}'Png sonicatl c}ﬁm e ut D“st‘fﬁe soﬂj on'i Q%’natam%(frﬁe wlélgn ringccél@lwnh NaOH and the
tem peratdl@?fﬁalntaﬁ?@@&%@@&ﬁ@%@ﬂ?ﬁ@@lﬁf%ﬁawwﬁa@ﬂm?b?%@ﬁé%fi Hefkerated by
sonicationoilikeatipasomosiate tsansitered:tpla poithaishicabtingpnbs bediakypélsicdigndsifsadiated at
254 urn fqggg{gggg@%@gwn@ @p}mgtggm'g{;&@plymerized liposomes are collected after passage
through a fil or ific tlde -890ju ated rized liposomes, 2.3 itg
avidin is c@'ﬁg dt\%%l i %f’%“ E ?ﬁual% %Sﬁy In pn(%élp lért% buttere J’Tgun“eg‘gn i;Boutml :3 molar
ratio and iRetyBafelvEr ToBRs i%@%#ﬁ@%ﬁ%@%@&%ﬁﬂ%%%ﬁ@ﬂ*%tﬁcﬁﬁ id, of the
above forfeedupolymerized: pitdiniosdndtretdrdie dial 40 oviednghttodormittddoaltigén-specific
peptide-CQRiyGaIad ROYMAIIZeLHIINOSOrIEs: foxam pland dYlethad of prducingRanoparisies
[00155INgnoparticles ks %@5@%&%PM\A@@%&%&Q&Q&MM@&OGm/éte eonidision,is created by
adding the PEG block cop o‘%/ $ﬁ emuds({ﬁ?r PQ%IC F- 27 Sigma- -Aldrich, Buchs, Switzerland)
and the mBHBRTE: BREPVIEhERLIHEE B U E G Water ﬁﬂ’ er constant stirring. The protected
initiator pdAtdéRjthrite it imivesiei g etsiematsyparmigingitddeHe. 2ot P oo T frsadium
methylate seltitigihersid e fishicikg 401 40 sinork-ofl owinifpdizprotesiiensthetdriitidtbeissteeasadded to the
monomer @ision @ﬂ%&&ﬂ&t@t@&@@dg wttttﬁmgglgﬂazag@c@&btﬁygm@mn@acﬁ%@&e (DBLT) is
added to the reaction. and allowed g s U SAPUBIHRLIR A TS8R DGl BURARPREIE: The

nanopartle?ms are then expose {o all’ In oraer tO proauce ISU e cross-link Ing
ascorbic acid or sodium bisulfite; chelating agents such as ethylenediaminetetraacetic acid; buffers such as

acetates, citrates or phosphates and agents for the adjustment of tonicity such as sodium chloride or
dextrose. pH can be adjusted with acids or bases, such as hydrochloric acid or sodium hydroxide. The
parenteral preparation can be enclosed in ampoules, disposable syringes or multiple dose vials made of
glass or plastic.

[60140]  Asis well known in the art, pharmaceutical compositions suitable for injectable use include
sterile aquoous solutions (where water soluble) or dispersions and sterile powders for the extemporaneous
preparation of sterile injectable solutions or dispersion. For intravenous administration, suitable carriers
include physiological saline, bacteriostatic water, Cremophor EL™ (BASF, Parsippany, N.J.) or
phosphate buffered saline (PBS). In all cases, the composition must be sterile and can be fluid to the
extent that easy syringability exists. It can be stable under the conditions of manufacture and storage and
must be preserved against the contaminating action of mieroorganisms such as bacteria and fungi. The
carrier can be a solvent or dispersion medium containing, for example, water, ethanol, polyol (for

example, glycerol, propylene glycol, and laquid polyethylene glycol, and the like), and suitable mixtures
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WO 2010/085509PCT/US2010/021547 WSGR Docket No. 28890-717.601 [00156] The nanoparticles
are purified from remaining monomers, base, or free PLURONIC by 2 days of repeated dialysis with a
12-14 kDa MWE& H&¥¥fane (Spectrum Laboratories, Rancho DomingifeZ Vel 32&4ainst ultrapure
milliQ wetersFre. prANGpParticle size distributions are determined by the use of a dynamic light
scattering instrument (Maé\rlle 'n, Warcestershire, United Kingdom). Example 7, Myelin Basic Protein
R R e e e M e R e
functionalf2 it miehensicofabprotrebrpbRfiae if PES R {GEE SHITRE G DrBTEIREst peptides A
conjugatidmeseiieme iseprésenfedcinothisi exarapte jorithe pyoteinnantieriery etihabaliezgrotein (MBP)
using a freg.pustaineseriduedatchemisalcaniigatianRibhaidunstionalitieswanbesused in related
Schemes. sl ASATINGS AR MIGHR.0 A NaltBIRaIGS AR Iog Y alage adsorbed to

nanopanigflé surfaces. [00158]For conjugation of MBP to_nanoparticles, Plutonic divinylsulfone is

synthesiz& g RIRAIR ARG CBBAEISN T8 P ers e NG §PSE B o W RS Ee  RO R R E G TiSEPL action.
Synthetic detais fotidithistbperapresiivernisetolr fobdSoitruPie P2 Pxesi)maymiidryisulfone (Fluka),
sodium hysigdedrdarighyetaliene (VWR), acetic acid (Flub), diethylether (Fisher), dichloromethane

(Fisher) ar]zﬁ;ﬁ%yite MachasyNagehare Used aslasevedi-dhelsastionds GAtisSRMlynder argon
(Messer). IFI NMR is measured in. d&uterated chlorl%f%%rg S(é‘r{gpﬁaé)lbend cheg&ligg] sr. |fts£are given in ppm

relative toaﬁ&‘?rﬁ%r?%ﬁﬁ&%r%t{l&rr%%ﬂ %/Ts(:i%h%l fhRa signal at Bﬁcrﬁ)r 0 Bja,&osno(futlon of Pluronic

F-127 in tS1Ef&HiE0ts aHser s 406 us pravinifaprrdenfyicsd eamistiok Ha5 ¥ heSoitinn 3 cooled in an
ice bath spaiumdiydnideisataitibel s¥ie reaption mixusterls eirbd forhlkSmains amesdivirpgiseifone
(Sigma-Algkighhis,addesarickiveAffaistirringdnmihe dadaiobiday sraheeamdamspriaiue-the reaction
is quenched by &% | Agelicacd AL listing &\4@&&51@@@%&9&%@%}@,94@eafalraaterﬁgger reduced

pressure to a small volume the product is pfrec(lfﬁ)lta edinl Iitte{ of ice(-lggjd igth}}/l thegdiT e solid is
filtered ofPHiEEHAGEE R & MR AR S R AR e RS FEEHSTETIES < diethylether
four timestipraterevidvehptttndiised sevionteicohcuum and stored under argon at - 20C. Example 8.
Flow Cytomey|& AnalsissbadianisranN arepasniieirténiernatidatigatk iatakietnnddP Gereincluding DCS
[20161] FQ\A&&%@W@M@AA@M%&&?%@S&%@ﬁaﬂwi&l}i&@ﬁﬁapg&%sﬁdﬁf@%@%@&ﬂn Iynlwph g%des
that are internalizing nanopatrticles,. Following staining, lym e cell suspensions are analyzed by
flow cytonﬁ’e ry ?gﬁp Oﬁé%sﬁlgﬁg},’ 8?@5%?%“5?%%%%%?%%3@% rz‘:’ﬂl%lsss|1§nfglsi'performed using FlowJo
software (TreeStar, Ashland, Oreg.). APCs and DCs with internalized fluorescent nanoparticles are
determined to be MTICIFTITC+ and CD1letITC, respectively, FITC representing labeling of the
nanoparticles. DC maturation following nandb%ﬁﬁf ernalization is evaluated by calculating the
fraction of cells that expressed CD86 and CDS.

[00543] While preferred embodiments of the present invention have been shown and described herein,
it will be obvious to those skifled in the art that such embodiments are provided by way of example only.
Nurnerous variafions, changes, and substitutions will now oceur to those skilled in the art without
departing from the invention. It should be understood that various alternatives to the embodiments of the
invention described herein may be employed in practicing the invention. It is intended that the following
claims define the scope of the invention and that methods and structures within the scope of these claims

and their equivalents be covered thereby.

Example 1. Induction of tolerance to EAE relapse using PLP peptides conjugated to polystyrene spheres.
[60144]  Polystyrene microspheres were coupled either with encephalitogenic epitopes or control
peptides to determine whether active EAE can be induced using artificial carriers.

[06145] Methods for determination of inhibition of induced EAE followed procedures as previously
described (Smith and Miller (2008) J. Auioimmun. 27:218-31; Turley and Miller (2007) J Imrounol.
178:2212-20). Briefly, SJL mice, 67 weeks old, were purchased from Harlan Laboratories, Bethesda,
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WO 2010/085509PCT/US2010/021547 WSOR Docket No. 28890-717.601 Example 9. Modification of
Quantum Dot Nanopatrticle [00162] The amine surface of the quantum dot nanoparticle including
dendrimer-end4P3titEEFfuantum dots is modified with a linking agent sREHESSUISEMCC
(SulfosuceinimidybdsiN+ 1maleimidomethyl cyclohexane-I-carboxylate) to form a maleimide-activated
quantum dot. Any excess reagent is remagved by size-exclusion chromatography, a o '
commonly*EmploPEs TEEHPIETE tBCepariteriie BBist AENECat e dnd ﬁ%&%ﬁﬁﬁ%ﬂ NFYRSHS for
encapsuldtmirnigntenrdirs Witichefirmrerdaraaioeeriblordnd foriexarrple foeiaehwetel. (J. Am. Chem
Soc., 200Qydiagd}1 2886)-the-conents:ofwhicharriacetparaiaskdarainysatacenae. [00163]

Formatioq@gg}@gﬁ% _ gm{%gpgé?g&ggepﬁ%ﬁ %@%&Mﬁﬂ%@@gﬁctivated QD is reacted
i I-mq ited ti

with the sulthydr ified A or a limited. time to prevent multiple QODs from attaching to multiple
proteins. I\(II%J f?)Iei'{‘e“‘ro&s%ﬁ%r%%é}ﬁ”pefefgl\l/rﬁrés eSS %Igfcg’hslﬁ%gr%ﬁ%é) anct eREBR G 4fe molecules.
The reactistehaterrbirsapmamemie G5 SrREia o < rsHTAtSPa PR Exahfife ctdbaviethod of
producinggeleinsimers 100165] PAMAM dendrimers are composed of an ethylenediamine (EDA)
initiator coip i foryadiating denaten Aims ARG SyRiRG i zedssinghrepglitive.1eaaHaR:
Seauercer s Rbe e Mishashardlion abmeth e als (VA nd candensaion
(amidation) of the resulting ester With large exeesses of EDA fo produce each successive generation

Each suc8RGarE tinam O thEaRalte stés i7é &) 8t ShAcE AHhire g 5ups, which
can be activiing Partilmetiolvd ivatierhofh e eg Hrtresizhed o8 iyl Hoeugamdedelind the
molecularswgighthbsdharpdtauntsoe 10ER6388:64m3 h brG Peanand-iha average sumber of primary
amino groynsihasegn detetmined:by RaleiamSiie i alinnia.Re &l dample ddspfharacterization
of Dendrimer £unclqgal CroupsRoLoClAGetaton, of e dendumer, (0016 Facetylalion i th firt
requisite St8B 11 the syntliedid of defdrmers. PATIAl accly ation is used 18 neutralize a fraction of the

dendrimer SifaRdFFonPRAHEr Fedividen Bimaterire rRsemadimteralctoinithf PR RSEI 85T Sy stem,
therefore prewenting wan-gfetdicihterattonsirormaiteurrhig:l tring Byhtrdsicakeayihg ladraction of the
surface amings man:aeehdaiedadlewsdomaliachneatyet funcienal gindpsvieatylalioaoithe remaining
amino groyps Iesulis ININGEASRdWASISUHRIUNY. (ANRLEL T SoRMaation) sakawing g dendrirner to

disperse more freely within aqueous media with increased targeting specificity, as compared to many
conventionaiiediums (Quintana et al., Pharm. Res. 19, 1310 (2002)). Example 12. Conjugation of
Functional®@téls tgizcetyatethpigptiihrsrfused with 30 ml PBS on the indicated days post-

immunization. Spinal cords were removed by dissection, and 2- to 3-mm gpinal cord blocks were
immediately frozen in OCT (Miles Laboratories; Elkhart, IN) in liguid nitrogen. The blocks were stored at
—80°C in plastic bags to prevent dehydration. Six micrometer thick cross-sections from the lumbar region
(approximately 1L.2-13) were cut on a Reichert-Jung Cyocut CM1850 cryotome (Leica, Deerfield, IL},
mounted or: Superfrost Plus electrostatically charged slides {Fisher, Pittsburgh, PA), air dried, and stored
at ~80°C. Slides were stained uging o Tyramide Signal Amplification (TSA} Direct kit (NEN, Boston,
MA) according to manufacturer’s instroctions. Lumbar sections from each group were thawed, air-dried,
fixed in 2% paraformaldehyde at room temperature, and rehydrated in 1x PBS. Nonspecific staining was
blocked using anti-CD16/CD32, {FIIVIIR, 2.4G2; BD PharMingen), and an avidin/biotin biocking kit
(Vector Laboratories) in addition to the blocking reagent provided by the TSA kit. Tissues were stained
with biotin-conjugated Abs anti-mouse CD4 (H129.19) (BD Biosciences, San Jose, CA) and anti-mouse
F4/80 (BMR) (Caltag, Burlingame, CA). Sections were coverslipped with Vectashield mounting medium
including DAPI (Vector Laboratories, Burlingame, CA). Slides were examined and images were acquired
via epifluorescence using the SPOT RT camera (Diagnostic Instruments, Sterling Heights, MI) and
Metamorph imaging sofiware (Universal Imaging, Downingtown, PA). Eight non-serial lumbar sections

from cach sample per group were analyzed at 100x and 200x magnification.
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WO 2010/085599PCTT S2010/021547 WSGR Docket No. 28890-717.601 [00168]Conjugation of
fluorescein isothiocyanate to acetylated dendrimer. A partially acetylated PAMAM dendrimer is used
for the conjugifibit 8 ft8tescein isothiocyanate (F1TC) in order to incréSd& & Ybtitiity of the
dendrinmféeR Phis: pattiaiy ‘datetylated dendrimer is allowed to react with fluorescein isothiocyanate, and

after intensj jalysis, lyophilization and repeated membrane filtration the dendrimer-FFTC product is
oo OB e e e et 1o
the partiallYisesRiaee & phoricefsh tisrasaeddnteiatedicEh S B et brie orartdirdiriasni by Btween the
y-carboxy| b iy 8338136 % eickand die gfimiarjyramiidigregpsichtiredendrime indhipned BB Pnixture is
added dropswiseAgna.salutionof R-Walekheantsining:de ndomed izl 806 vigoreLsivsticeddor 2 days

(under nitrggep aﬁm%ﬁ?&aw&&l%! s lolic, Agid I ll-Goudate to.the dengiiimer-FITC.
Example 13. Evaluating Tolerance by T cell Pheno,tyglc Analysis 1001711A nanoparficle-MBP(83-99)

complex ofFRESHYAFTEN"IE USSHIVBE M BhOSPRAEBafSred saline (PBS) and injected into Female

Lewis rats intraperitoneally in 0.1-0.2 ml containing 500 Fig of the nanoparticle-MBP complex. The
control groeymeieiFeecaives 6f P10 2MmilcefPBS. Nine to ten days after the injection, spleen and lymph

nodes (ingiipAl@ndfumban A eLaneHe s i ralsandalnglacellaUspersigns.chianed by
macerating tisgics thiough a 40,pan nyion el strainer. samples are stained in PBS (3 FCS) with the
appropriate dnufion ol?fc?ﬁe re]]n ant monoclon Antpodies. Propidium logide staining cells are excluded
from analy4GubS SR tarkrigue (rBofdtidss eRMA IR & D E%?}é&e%’ég,e%éﬂ)aﬁ'ﬁd analysed
using FACBDNA $GMy el Y Thesex ie ssides tfcthdyactivat onlymark eke@DOBCP 44288621, CTLA-4,
CD45Rb, anecks:R8Risarlzedionsplensey esmnddyiprnodaaallisdso m thesatscdpigated with the

nanoparti C{@i‘c@ﬂﬁ’fg’m%ﬁﬂ?ﬁﬂ?%l&ﬂn%%ﬁ: kgl Iromdhe camplexlneried S EXRRR diltker 111/

CD45R131' phenotype, which is characteristic of anergized CDC T cells. There is also a higher
percentag& BFEDRERME #R4ML cD25h1and FoicP311, suggesting the induction of regulatory T cells.
1001721To assess apoptosis, CDS+ T cells are isolated from splenocytes using a CD8a isolation kit
(Miltenyi Biatag£3e ragap)iacengingia! thenpasifviarivsetiseproibcadsistatned with anztexin V and Pl
(both BD Biggaifnces) eaasdingineiae &M@@%{ﬁﬁ&ﬂé%@ Raddhenanalyzesay, lowpytometry.
For intracellular staling, of (pranzvme B ang el Jgells are permneabilized with BD gytofixioytoperm
kit (BE) Bi8rsc‘:?elﬁs'c%si ana s{all 'e§ i | rat-anti-mouse Granzyme QBFED A (é loscience) or
hamster-affifdtges BEe ThEfRd il A BT B sgisrces Phaprdfitahre Oritrsls arai&fBrrhdiiusing the
appropriatésatigpesmrAbs.] samplestar@aridlyy ed/inyifl dwsdytd m edtyarwiicholseksideonsim the art.

Houston, Tex.) then sonicated to obfain a clear solution. MBP at 40 mg/ml is alsc dissolved in tertiary-

butanol and vortexed until all solids are dissolved. The two solutions are then combined in equal amounts

{v:v) to achieve the desired ratio of MBF/liposome, mixing by vortexing, frozen at -80°C. for 1-2 h, and

lyophilizing overnight to a dry powder prior fo storing at -20°C. until needed. Each treatment vial contains

75 mg MBP.

Example 4. Synthesis of Poly{Glu-Lys} Polymer

[60152] A polypeptide polymer suitable for use as a linking carrier is poly(glutamic acid-lysine)
{poly(glutamyl-lysing) or poly{EK}). N-t-Fmoc glutamic acid y-benzyl ester (Fmeoc-Glw(OBzl)-OH) is
coupled to N-E-CBZ lysine t-butyl ester (H-Lys(Z)-tBu} (both reagents are commercially available from
Calbiochem-Novabiochem, San Diego, Calif.) using diisopropylcarbodiimide and 1-
hydroxybenzotriazole. The resulting dipeptide, Fmoc-Glu(OB21)-Lys(Z}-t{Bu, can be deprotected using
piperidine followed by 95% trifluoroacetic acid to yield H-Glu(OBzl)-Lys(Z3-OH. The dipeptide unit can
then be freely polymerized to fonm a mixture of varying chain lengths, by carbodiimide or other
condensation. Alternatively, if a defined length is desired, deprotection of the amino terminal with
piperidine to afford H-Glu(OBzl)-Lys(Z)-0tBu and deprotection of the carboxyl terminal with 95%
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Example 14. Evaluating Tolerance by T cell Proliferation [001731A nanoparticle-MBP(83-99) complex
of the invention is dissolved in phosphate-buffered saline (PBS) and injected into Balb/c mice
intraperitoneaf{FiR'PA85Y ml containing 500 jig of the WO 2010/085508FEHRIPEEBI021547 MGR
Docket Ri§R 28B90-217- 601 nanoparticle MBP complex. The control group of mice receives 0.1-0.2 ml
of PBS. Nine.to ten s after.the. inje o lee mph nodes (inguipal and lumbar) are
harvested Gcl)ﬂr"ﬁoﬁ aéerﬁlc‘éldatﬁ frg?%%én C(E @Bszg s Zé%kltgaxf?lgel Ben%’éscgtel?%tlrgtggﬁhssu%%eﬂﬁlf%ﬁgh a 40 pm
nylon cell SHRiFEPeETIEs o %.9&@8&%@&%@%&%@%3@@% pidbiatisls kit (Miltenyi
Biotec, Gernataing)rabtcrdingpitheZm ahufatteddegtrotocitiePluy ifiedh G Pulink: oalis difengladadn(5 X
104/well) ipdrplicate withhdcall dopeteguinaciaiesd 200062 ) e RAR: SHBMIAIRL (R4 305) for 72 hr,
2) syngenelg, splsuanisady (0n) Bs SOMPIe AN GhS (A4%:2 m&hi%r%?ﬂﬁfm%{eﬁg Al priorbol
|2-myristate 13 C ﬂ% %8%?@% 0 NM ca§|um lonophore (ilonomycin, Sigma) tor rtotal with
a pulse of 1BeiveTtH Py ffﬁeeai%? 8°4 SHRPTIT! AU EB%’B@%W‘&’%W%&?&%I{& of DNA
replication ReeEHRS H@P&ﬁtﬁl@ﬁ%@%ﬂk}ﬁ The frresene epfnscinitaonifitnd vithds-Eoonter
(Beckman € duide grémes iFerliorto preGA)eStipe inaiadts fidmtan by G xshiryisaigcuds osllssape harvested

at 48 hr, anddhespredsstiomofidle Sris-sletenpingd by measuring proliferation of the IL-2-dependent cell
line CTLL-2 in the presence of anti-1L-4 antibody (I 1B 11), where 1 unit is the amount of IL-2 required

to support half-maximal [3F1]TdR mcorporatlo | 00174]T cell proliferation may also be assessed by

directly visEEHIRY tHE HRTSTERS S EENLIGSANY SIS IS rRS AL EANLGTC dye, Carboxyfluorescein
Diacetate $Hd&HimidyhiEstene(iic 8@)idror CSFEdrb alirdyofodetitlisplencoy tes frotigdhepemide injected
with the nanpparticipdMBRaomplex asesdacy baiad wilbuddeM-EhamiMe acwarRrgbas: UK) for 3 min
at37Cin I 9§PBS. In each well of a 96 well-plate, 2x 105 CFSE-labeled splenocytes are stimulated
with 1x105 rra% ted (80 Gy) temperature-induced RMA-S coated with MBP(83-99) peptide (10 p.M) or
an wreleva% roI 14eig ﬁa‘é‘p‘ffﬁ% i1t 6 Ry RSB SsHEE s HRidr &8 yfé@%ﬁﬁl@%ﬁ SHARIRT 10 U/mI
IL-2, 10 ngAmEts 5 gadibie Misinrae Haihate Homghinag & heiipied estadtaththagbroprite time point,
stained wittvipbdearndsehjedted itoyEE & biprofiling ibyoitav eydenabiys. Exanple &5 Avaldating
Tolerance Qm&te@k@ﬁ@&%ﬁ&ﬂlmng CoMQUDNGHY i D i AR5, 11004 2hAY between 7 and 8

nanopartlclemM@B fﬁ?? xof the in el t|o 's d£ solved |n ph é)gat%buffertebd alalkne (PBS)

and |nJecte Into Balb/c mlce mtrzlaltrgenrlﬁ%ih&éng n talnan u ﬁ/anopartlele MBP

complex. TREBERFSPYHSTHS b Hf dRrempsias f@"?dfﬁ Iad1‘:f§'l§]§h Rfﬁ‘fégtﬁntéh“gag/‘é’%fl?@ta’fﬁe injection,
spleen andrydiipsd #Gdesuifyaihaband m@mlmharmeﬁmmdlhemmes arddodienie el

suspensioa&a@&a&&e@t&mmﬁ@i&&inﬁmsMm%@ﬁ@%daymgﬁﬂd%@mﬁﬁéﬁ%ﬁmre antigen
specific IFM%O%Q%%&DA&% (ﬁ?gg E%%l &%Iya}ggg from fy%lﬂep gcute tes u§y1 a %541% ce! isolatlon kit
ur

(Miltenyi Biotec, Germany) according to the manutacturers protoc cells are

stlmuIated"’“ﬁ’lﬁrtEﬁ‘é":é‘ﬁ‘ﬂ)%’ﬁ"iL ASH SRR SHRRFATYEF @N?ﬁ%ﬁs%‘fh‘% EEPRF’?“EEI‘S& Heighcdte cultures

are the above formed polymerized liposomes and incubated at 4°C. overnight to form the antigen-specific
peptide-conjugated polymerized liposomes,

Example 6. Method of producing nanoparticles

[60155]  Nanoparticles are synthesized by inverse emulsion polymerization. An emmision is created by
adding the PEG block copolymer emulsifier, PLURONIC F-127 (Sigma-Aldrich, Buchs, Switzerland) and
the monomer propylene sulfide to ultrapure milliQ water under constant stirring. The protected initiator
pentaerythritol tetrathioester is deprotected by mixing it with .20 mL of 0.5 M sodium methylate solution
under stirring for 10 min. Following deprotection, the initiator is then added to the monomer emulsion and
5 min later 60 pl of the base diaza[5 4.0]bicycycloundec-7-ene (DBU) is added to the reaction and
allowed to stir continuously for 24 h under an inert atmosphere. The nanoparticles are then exposed 1o air

in order to produce disutfide cross-linking.
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WO 2010/085509PCT/U S2010/021547 WSGR Docket No. 28890-717.601 plated for each different
experimental condition on 96-well round-bottom plates. In each well | X104 splenocytes from the mice
injected with tR& A%HEPRcle-MBP(83-99) complex are stimulated with BEI82%H4AEd (80 Gy)
temperdttifeRirdtice@RMALS coated with MBP(83-99) peptide (I 0 uM) or an irrelevant control peptide,
pSVo9. The prigte cultures are supplemented with 10 U/ml IL-2, 10 ng/ml 1| - ml 1L-15 or
B ngimi Do R B R e e oot o o R OB
EFN-y is nféx8atad dbasndhre et ISR Mt arrmbrere (Sarriyatheorm vy i SEerbn Degyn e activity in
experimentali§areglesusascertdifeesifige thegtatvdardeclinviduobm eaniadsorsbincgaatuds (OD)

versus the giluien: of ceaembinantleN (uivihae sepairatant hidikoassays [00176] To measure
antigen specific IL-2 production, purified CD44 T cells from the mice injected with the
nanoparticle-MBP(83-99 c%mplex are stimulated, culture supernatant harvested and IL-2 measured

using IL-2 GEFENanfErt B &flEr?tfﬁecgﬁﬁgﬁ‘%?ﬁé?\%%%aé“@ﬁhe IL-2 assay is performed exactly as the
EFN-y assHig1AHer 72tsonrsniBairiglnancrstijsterrrataitishenisbsddy, nstistelirty frwekdacontaining
CTLL cellsv(mxl0)panshénctiateddordbaiédrours prbhcal lsepi:p ul seclupithh3ftibtleymidiasday adding 1

uCi 3[1-1]-thymiding.tosach el and Jocihad sf@é;@téﬂﬁhﬁip}Zsi?l@lér§ceTJ§}ﬁé&QPéEMJQf§szerimenta'
samples is sc.egained sin&@?éﬁ?pda curve of mve{es&lsséhe 9@%&9{; of.recor&téigant 11-2 in the

. { | , 1 -
supernatar? CREErRALN ai?,nmurlne 2rom the seuupiﬂ’erﬁ%ﬁ%ﬁt mgy &measured Bsyasandwmh ELISA

using anti-1 PSR AbSHER B B sCRsigeR Y ele by edsoked ipparPra s BtRGt activity of CD84 T cells
from the miee fifject&éde withnthernafigparticie:BR{(83F38)conpiakisaete nmhedzéd 4-fioulr
‘chromiumyeiease @ayS. 38R MBls-éh tumphcaliarthRiMAr RLals spatetowitiMBREE3-99)
peptides o, MHC class I:binding control peptides. chromium-release assays are well known in the art.

Cvtolcine EﬁSaA{ [00178] Purified CD44 T cells from the mice injected with the

nanoparticl8%i8b 8B eeyoIApiSienrs Lrinitatene ket e it smidich Rumr e HBY as
described keteimabGiez). diggigloheyfitiond Jivhtderdingatic-Fisted anfl Clite (Blapheted NogdBarFGRLP, and
TNF-u are sneasuie dieycyiokineasaachat ahdbrlalgod Osingrihier stamdiaka-proto colsBR<Biosciences).

Increased prodWGHON Qb dhemich sH8 apdote 3 ISl RiGalY ass0cia el inA.MRdsRapanse. 11-10
and TGF-pgg%%/%lcaJ% %somated with a regulatory T cell response. Example 16. Evaluating
e

Tolerance i)y thuppreg%’f\‘ie Activity [00179]A nanoparticle-MBP(83-99) complex of the invention
is dissolvetfi§hosprrateiprfdiasruaing (PESYans fiets dmierBafid ierineaieantoriadly in
0.1-0.2 m| egntiningtbats poodiithenanbpstide-MisRde dmplek Thh egtntrabgratipsofreiite eceives
0.1-0.2 ml g RBSsMiganigdtensiays atiesihe dnecianssRlasnandd R aaedes daguinaand lumbar)
are hawvesigsh e Miee ANG.SIple £l aiFRensiane SRIAHIRA-REASRIANLIRSHERprouah a 40

um nylon cell’strainer, To measure , s o _
the filtraie under reduced pressure to a small volume the product is precipitated in 1 liter of ice-cold

diethylether, The solid is filtered off, dissolved in a miniroum amount of dichloromethane and precipitated
in ice-cold diethylether four times in total. The polymer is dried under vacuum and stored under argon at -
20°C.

Example 8. Flow Cytometry & Analysis and In Vitro Nanoparticle Internalization: Uptake by APCs,
including DCS

[00161] Flow cytometry analysis is performed to quantify the fraction of APCs and DCs in tymph
nodes that are internalizing napoparticles. Following staining, lymph node cell suspensions are analyzed
by flow cytomeiry {CyAn ADP, Dako, Glostrup, Denmark). Further analysis is performed using Flowlo
sofiware {TreeStar, Ashiand, Oreg.). APCs and DCs with internalized fluorescent nanoparticles are
determined to be MECIT'FITC and CD11c¢'FITC', respectively, FITC representing labeling of the
nanoparticles. DC maturation following nanoparticle internalization is evaluated by caleunlating the
fraction of cells that expressed CD86 and CII80.
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WO 2010/085509PCT/US2010/021547 WSGR Docket No. 28590-717.601 suppressive activity, CD4+
T cells are isolated from splenocytes using a CD4* T cell isolation kit (Miltenyi Biotec, Germany)
according to tN&HaHEFEE urer's protocol. 0D4-ECD25+ regulatory T celfSEARHE €8/ ed using 01325
microbe&as>EB0L 80T CUltire the CD4+CD25- responder T cells (Tresp) (3 x104) in U-bottom 96-well
plates with Treg (0134+01325+) from the mice injected with the nanoparticle-MBP(83-99) complex in
the presence of soluble 0.5-0.75 tigiml a-CD3 and 2.5 - 4 pent a-CD28 for 2-4 days. 3 x104 irradiated
(3000 RadyFedfiadfndisaisprRifyaies PaTBECRYEEY as APCs instead of a-0D28 in the co-culture.
Label Tresi#¢dl withhGESE sofdistifguishthenidrommthdcls cglediils denthizneosnulteieteMeasure

proliferatiog.afitheaGDdHcdRRa wisspander.d-eelisiy naerparationiel3dmthpigdine for the last 6-16 h
of culture qf by G &4 'L% 99&%@%50%{&9%8‘%9?‘&% %@zﬁ&%%&%@e&%&%éﬂ?ﬁy%@& death

analyses of CFSE+ responders sh ou performed based on forward’ scatter or Annexin V and

propidium f%ﬁ’é‘%f&??ﬁ??& bF ¥y fRS1%YeE Wqﬁg?ﬂ%ea B R O RS A TR 183-09)
complex areregpeliieoChsimppiassingthd pheilfdratemrsf thesraspoming Ci3sEpo5aF cells. Example

17. Inductioswbdiile fancenit gnadPe ptidend nCHivo JO0 LBLHAL brin &t ¢ ditilagentkC yiph3e:
(263-275)- &%g}gg&q{%ﬁcﬂ,}ty%Mersensitivity (13TH) assay suitable to monitor tolerance induction

with pepti IS deve ed, I zation &g mlce with HC -39 (263-275) in incomplete
Freunds ac@{ﬁ%%% \r}v1§ |vén"|ur117f1 8¥$1| 0N Fﬁ'f? SISI P l%sponse following challenge with the

uva
HC gp-39 (é%ﬁwsy\&éw&@.W@tﬁe%laér@%%‘éa’im%%@ﬁ@%@%ﬁ@%@ﬂmﬁmaﬁdﬁ of the
13TH respersaitbyupiateQlar abapplicition obhakapariclesubmugatécking s MEgR:304R63-275)
peptide. Application-tthrinananasticles canikgatad withdd s 8P {263rdia)peRLa AR Rion

dose- depquent manner, downmodulates the HC gp-39 (263-275) induced 13TH response, indicating

that the nanopartlcles conjugated with HC gp-39 (263-275) peptide can efficiently tolerize a
peptide-specific response induced with HC gp-39 (263-275). Example 18. Induction of Tolerance in a
IILADR2 THaemspleriie MebesbofoonBoipaderditietsh-carrier complex of the present invention, when
presented joy B3MHG maleaLigri6an iRduep FaNtERNogisaldelara IER AN aidikhanizet rmeuse model of

multiple sclggasis Hsing.aREPIde SelRGiad o, } %&9@&&1&%&%&@%%@%%@&@@ (MBP)
correspon gﬁ% V\iQEP 140- %t 41th | %J&) r‘go |s tra félehu 1an M MHC. ?Iecule
HLA:DR2 ?él # Bi R}i‘é @3 NEUTTEX fé(ﬁgﬁ\f & fduction of
anergy or ERZRGEel ﬂﬁ@@w&uﬂwe@i F%ﬁﬁiﬁlﬁﬂﬁﬁfﬁm}é@%ﬁw&% ARV (154
antigen-cadnigriedin plebmefisivéemenitoradupy abicduotiondiviieddd froliferdtiomowién challenged with

the antigenynnaaqsMathads ANtigeasalyzed and the molecular weight has been found to be 26,380 g/mol by

GPC and the average number of primary amino groups has been determined by potentiometric titration to
be 110.

Example 11. Characterization of Dendrimer Functional Groups

160166}  Acetylation of the dendrimer.

[00167]  Acetylation is the first requisite step in the synthesis of dendrimers. Partial acctylation is used
to neutralize 2 fraction of the dendrimer surface from further reaction or intermolecular interaction within
the biological system, therefore preventing non-specific interactions from occurring during synthesis.
Leaving a fraction of the surface amines non-acetylated allows for attachment of functional groups.
Acetylation of the remaining amino groups results in increased water solubility (afier FITC conjugation),
allowing the dendrimer to disperse more freely within aqueous media with increased targeting specificity,

as compared to many conventional mediums (Quintana et al., Pharm. Res. 19, 1310 (2002)}.

Example 12. Conjugation of Functional Groups to Acetylated Dendrimer
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WO 2010/085509PCT/US20101021 47 WSGR Docket No. 28890-717.601 [00184] MB? peptide
140-154 is synthesized using L-amino acids and standard F-moc chemistry on an Abimed AMS 422
multiple peptid®RBEI¥er (Abimed, Langenfeld, Germany). The sequBREE T MAPEptide 140-154
is GFKGYDRAOGCTESKIE#MB? peptide 140-154 is conjugated to the nanoparticles as described herein.

Purified Protein Derivative of Mycobacterium tuberculosis (PPD) (Veterinary Laboratories, Addlestone,
Surtoy) is TETEh & CORBAEATL ST SO LR SR H VAo ATAYE T Ana Tolorance
Induction RYSEAEH fspdeprm s trap &jabicoareetienioiissiendrdsatirtisuse F IR Q@ spedsfit patiogen-free
facility. Withirsdaighttreabméntgretfhatiatdiredothtagd@ibar webksidn desaxvimaichedehice are
pre-treated yitacl AR us.of MB 2Remins.A40- 158N eonhef Rhosahalahufieessaline (PBS) or 25 ul
PBS aloneé(pgggglgr%grnau% idyazé@e_cg’ -6 and -4 prior to immunization on day 0. [001861Mice are
immunized subcutaneously at the base of the tail and hind limb with 100 ul of an emulsion consisting

of an equaltdfithe SPEuHimRAE Bisemide xefvshitesEnstand PBS containing 200 ug MBP140-154
and 400 udiea@eikill €g-idynobat telivamidubérquiosily, sstralincHBzftAiifen] Betrolt, ddichiy. A control
grOLi P 01; m@%e@fﬁv@ﬁ&%y&at@mu@eﬁ &_@Ms_m@iﬁ %?”B”’@ ized MHQR&J&Q‘;{%H&%- aL%Q,_Aét?oﬂf{Qt&@gaS_?rl]
pm-treatment follawed. by immunization. give rise to three groups ice: Group. A is tolerized wi
P55 ot e e B R TN i 3 on e
154-nanopanticfBd YA LT i Ser WitRoen 8 Sag e osrires Mo Eethafetopiides: S4By Group Cis
both tolerizedismatd inthadmdenayfF ©BS. Lymph Node Proliferation Assays 1001881After 10 days,
draining popliteal and inguinal lymph nodes are removed aseptically. The nodes are disaggregated,

washed a@g&;ggge@gga{&gcﬂ%gcﬁj e (BioYWhittaker, Maidenhead, UK) supplemented with
5x 10-5M iglg}efr aptoethanol and 4 rnM L-glutamine, Cells are plated in triplicate at 5x105 cells well

and cultur or WIS VAR ConceRiPRIEhY BF MEFBE USRS PP TR S UERA) for 72
hours. To EHEEKBP e d% 88 pd A A mZA T ST HRERR RS Hate lcb Rsrhrenpstiata sWitke PR (50 ug/ml)
as describeshapeis:-ERtuseplarcTheisedofgrdiredcfing ZGikeurs-witobrmSi [&id t-Ehymidine. Cells are

harvested apehiE:a6ll Rieliferaignis.exRresaetas StmuioRndes Rl utaHecie ¢.LALEES per minute

(ccpm) antigen containing Guilre/copra cilture Withopt antigen: RESUIS. samples are stained in
PBS (1% FCS) with the appropriate diiution of the relevant monoclonal antibodies. Propidium iodide
staining cells are exclided from analysis, Samples are acquired on an LSR2 flow cytometer (BD
Biosciences, USA) and analysed using FACS Diva software. The expression of the activation markers
CD2s, CD44, CDE2L, CTLA-4, CD45Rb, and CD69 is analyzed on splenocytes and bymph node cells
from the rats injected with the nanoparticle-MBP complex. The CD4™ T cells from the complex-injected
rats express a CD25" / CD45RB™ phenotype, which is characteristic of anergized CD4™ T cells. There is
also a higher percentage of CD4" cells that is CD25™ and FoxP3”, suggesting the induction of regulatory T
cells.
{60172]  To assess apoptosis, CD8™ T ceils are isolated from splenocytes using a CD8a isolation kit
(Miltenyi Biotec, Germany) according to the manufacturer's protocol, stained with anpexin V and PI (both
BD Biosciences) according to the manufacture's protocol and then analyzed by flow cytometry. For
infracelhular staining of Granzyme B and Bcl-2, T cells are permeabilized with BD cytofix/cytoperm kit
{BD Biosciences) and stained with rat-anti-mouse Granzyme B PE mAb (eBioscience} or hamster-anti-
mouse Bel-2 FITC mAb (BD Biosciences). Specificity controls are performed using the appropriate
isotype mAbs. Samples are analyzed by flow cytometry, which is well known in the art,

Example 14. Evaluating Tolerance by T cell Proliferation
f0G173] A nanoparticle-MBP{83-99) complex of the invention is dissolved in phosphate-buffered
saline (PBS) and injected into Balb/c mice intraperitoneally in 0.1-0.2 mf containing 500 pp of the
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[00189] Mice that are pre-treated i.n. with PBS and then immunized with MBP peptide 140-154 (Group
A) respond to antigenic stimulation when re-challenged with MBP140-154 in a dose dependent

manner. With YR PEL4#%oncentration of peptide, the SI, a measure of WipREEHE Pidliteration,
|ncreas‘é’§3$mmﬂé}<’rﬂ@€9raﬁﬁ?}f 2. 5 to 10. All the mice |n this group demonstrate that PBS administered

intranasally, CouldnolRpuGe ! 3&;}'@4@5 Atk InEoMash KFARASALRISCH BANRRN! with MB?
140-154-nanoparticle have E ect on the prollferatlve response of lymphaocytes stimulated

Yy
with this pESHIE YRS EIL JiRgEPhies Wﬁhﬁﬁ@"&%‘%ﬁ%&l’fﬂ%ﬁﬁfﬂ%ﬁﬁq degree,
even at th@mgﬁlpmm’e@m@mvma @F‘?@SQ’U’@W (3 HmeriantS) srReTY Ak et dld aetientated
proliferatiofoin dpieaug-B: Wil 200.0/0885Q8RG fil 8200/ Rth4 LW SR Boakst INthe28890-717.601 as
compared WitheGrAUR ﬁo!éc%v'%ﬁﬁel Eeﬁqt@eﬁbe\é/ﬁlmwheM@&M%ﬁé&z@@m@ﬁﬁt@k@s of the present

invention |nd ce toleran tes L 001901 Lymphocytes. extracted from
ated, n'raci:at real%gg ly stimu atorsli Al(%%g@ %&2& Jng& efaﬁ en W ¥§§< 8

mice Whlcﬁ Rave ‘beenp and immunized wi to shiow any response to

MB? 140-P54 %Uﬁ’é“e%l%‘cﬁ%’ﬁ@‘ﬁ%@)f"é f&itanr &kieh éﬁ?’%@éﬁ‘&ﬁ’s@f&yﬁ‘ﬁ# Anacstedirar pad
immunized¥gainstde RRDantigenmTdis ek pbrdsporss, tMBRIpast dEiwithiN B FéB &reonfirms
that the proliferative rRSPONSR sREPIALGIAL niniscitdeeDaN aspaise dadicampuslization with MBP

140-154, and fhat m@rsi%pel@%eé&@%m 3&%&%@9&%{&%{%@ RS A ang C are

antigen specific. As the roI| tlont 40-154 is anti S fic, inductio ftoleranceto this
molecule |§“§F§6"’?B§érf’ %%%OF pé%g deégr%ghncf)par‘fa%l F{zﬁe invention, e.g.,

MEP 140-48amisad %@?Wﬁéﬁ?ﬂ#@’m&?ﬁb éﬁa?mﬁﬂ%%im&wmemﬁfww%ﬁéhﬂes can
induce tolersihady thBh Hdrmiristered intramssadLEXxampte tIuiresinieneohi ABIRIM the
Antigen-Capgigtofapplex Immunizations and EAE Induction [001921 MBP peptide and peptide

analogs ar, é:lf Iv hpsphate- buf{er d salln%£P§Se); nd erlnuIS| e Wlth an equa Xo!ﬁgne of
incomplet jfj%ﬁd?iﬁ afr)l%gs)ﬁomlm%enteéﬁ% ' 4 n%’gqicl t heat- gﬁ/c‘gmgle?enﬁm tlljbel’CU|OS|S

E137Ra .nﬂaﬂrfesﬂe&meam&ef&féeb?ﬁ@%%ﬁ% &wgﬁdﬂe% SBr Thiritmizeg e
subcutanedisslis.ariineoprs & wh thrantiad wm@m@.ﬂlm@%mﬁmk@%m&%‘béﬁﬁwme%uIsion and
are monitaregefouslivicalrsigas i)l EAR is scaredanastale efdwklias foovws:fitelinipdlly normal, 1,
I'r?cc'd t?"c%sﬁmek@@bp ?éé s?fml}i;agdl%mp Q?E)aliyx%iﬁalt_:éd Jé@@émql ' Mfﬂiaﬁéﬁfﬁﬁlziﬁ%‘ [0_019?] 'Q

is syste erim phalomyeli indu ale Lewis rats by
injection of%f@cg“(g%‘gé% epltﬁ 869 8 eﬁrr? tAJlil\t/raSjn‘f %Ag%{ggt 8 of the tail. Nine days
later, rats &PEFeHURFCRLIHEE W‘g’%ﬁ?ﬁ“ﬁ? Wﬁl]‘ff&%ﬁd@&%‘ﬁ &g Wféc{éar\ﬁlﬂﬂgi‘%l Zmglkg of
either MBRIpéEplideedendsicier thy mmoptnt! hepide, sperdmithal mdoyholsied(SYWARE (1H0E2Y). Animals
are monitotied dadiyefey, disease symptoms and scored in a blinded fashion on a nonlinear ascending

scale of 0-4 with increments denoting increasing paralysis Each individual score is averaged with
group cohorts to obtain the mean clinical score.

Example 15. Evaluating Tolerance by T cell Cytokine Profile and Cytotoxicity

iN-v assavs

[68175] A nanoparticle-MBP(83-99) complex of the invention is dissolved in phosphate-buffered
saline (PBS) and injected into Balb/c mice intraperitoneally in 0.1-0.2 ml containing 500 pg of the
nanoparticle-MBP complex. The control group of mice receives (.1-0.2 mi of PBS. Nine to ten days after
the injection, spleen and lymph nodes (inguinal and lumbar) are harvested from the mice and single cell
suspensions obtained by macerating tissues through a 40 pm nylon cell strainer. To measure antigen
specific IFN-y production, CD4 "™ T cells are isolated from splenocyies using a CD4" T cell isolation kit
{Miltenyi Biotec, Germany) according to the manufacturer’s protocol. Purified CD4™ T cells are
stimulated, culture supernatant harvested and TFN-y measured in an IFN-y ELISA. Triplicate cultures are
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[00194] The disease severity in those animals treated with the MBP peptide-dendrimer is about 50%
reduced compared to the control group. The MBP peptide-dendrimer reduces the severity and duration
of the disease™R #i4/1HB8&I system. [00195] Although these results cledifyd&MbSte that MB?
peptide*&erdtirérsitiibitd'the development of EAE a murine animal model system of EAE has also

been deve| /3 (H-25) m ni E fesponse to
mmunrzatr%r?%% M%B?’ 3g1§§3x%eeptr %%\ﬁlg 2011 /085 B‘g fgfo%ﬁ?%i \@S@Q& Docket No.
28890- 71?%6?%%%8@@%%‘%?%@%%@%% TW@EWBWH@W%F’SB’@%E@ a5 @‘99 dendrimer
to inhibit theadised ¢ [Svetraipritae-POaEd BME1DH eqreed D MBR{AI8% neritife €16 dibitrapetitdeeally weekly
for 4 weeks:with2f:imoiky Ofreiheraconimmhpe plidepplihapepiis ecanaiag.z] he-animals, ace then
monrtoredX{MﬁeQS@ ﬁyﬁg/thw@x%ﬁym&m%o IFJ&MR-' QEA{%PQ %RE@@&@&E}A@P&Q‘”“'”Q

around da 20 mmtge ;%0£§£30| greup Qat I@H&ga oxrn%;}f / 3w %rnnrnc%oerﬂmd day 70, a
relapse occurs reacﬁrng & mearr chnical score o wévoer %/a %egg with the MBP
peptide (88“@‘9?&%%%?%FWW&W%MNV$%@@§%@%@FB’Ffﬂé & 'ugiddist phase,

but also reduwe $itiveiseveritycohtirerdidpsdn Exawrpiet@. Production and use of peptide-coupled
polystyreng migsespieres Production of peptide-coupled polystyrene microspheres 1001971 If

necessanyiefe} " saLbLmGIoRanieee: Balnk CotRIng BuTehandpenk WashStorage
|

Buffer (Polysciences, Inc., Warrin 0 room temperature arboxy cropartrcles can

be used fovl&Q?ﬁFgﬁf%tfﬂT’%Bg%gr%%?ﬂ@%V‘ﬁfﬁﬁ}ﬁ‘tﬂﬁeﬁnéug%%’?ﬁ“ﬁ% Wﬁi E2soluble
carbodiimigle{E &g helclirboiintidelredetd wisinhiationhess A iGho Jpasere stecdpraedivedister that is
reactive tawardiprimaryyamipes anith e pioteinetinterest: PipekdiSmglafamicropartieiaminto a 1.5
polypropyleger MlgLQsentillig s tubf-aRal el iR picrepaiicles Mﬁe@%ﬂtﬁifﬁmﬂwlﬂe%ﬂ&m@wes at
approxrmat tygl_lg%:(l)o )&HCIB Res s%ﬁ d the emi cropart%é)eg%t in Q%Smtl;)t%ftgo Lrgrrléqul{plrng Buffer.

Pellet agafrr Vi rttxrjtu aron or 5-10 minutes a?a roxrmat egend the

m|cropartrét’é“’ﬂé‘iIE‘t‘t‘ﬁ"l"‘ﬁFt‘l’*ii’fjn‘i‘lf’’Btg ﬁ&l\ﬁ?ﬂ?&déﬁvﬁﬂﬁﬁ’%ﬁﬂé'fs %é‘t B%Pérﬁ“s‘@‘bb?@ﬁ% £3omg/mIECD1
solution byusizsashning 0wty 2o pliinicl=CDin s GupePaigtimk (o ushingeB e fendaid BORA withe ECD1

solution toathermicigipadiiclgssuspansiern. Mix gently end-over-end or briefly vortex. Add protein
equivalent{g;q, BLP139-151, PLPii5.191 or OVA323-339) to 200-500gg. Mix gently by pipetting.
60 minutes at room temperature. Centrrfuge mrxture for 10 mrnutes at a proxrmately

Incubate for 3

10000 x GL 6%%73 thisBUIBRRASTEN T Ha R AT RS RiRatr Sy BB Tt sgus Bend
mrcropartrerelﬂéﬂet4#%@@&&@@5@@&1&%@8&@%%@%@@% mgenieHibidRMAd edlifol (001981
Resuspenchin-dmitofSitilcoPBGriRass Mispénsibhigitroesaclfgrdeandshratiained tssenmoveclumps of
cross-linkeghipastigles.iRaise volume to 4mL with sterile PBS (500micrograms of coupled

Cyiokine ELISA

[60178] Purified CD4" T cells from the mice injected with the nanoparticle-MBP(83-99) complex are
stimulated and the culture supernatart is harvesied as described hereinabove. Levels of cytokines
including H.-1, FL-4, IL.5, IL-6, IL-10, IL-13, TGF-, and TNF-u are measured by cytokine sandwich
EILISA using the standard proiocols (BD Biosciences). Increased production of IL-4, TL-5, IL-10 and IL-
13 is typically associated with a Th2 respounse. 1L-10 and TGF-J are typically associated with a regulatory

T cell response.

Example 16. Bvaluating Tolerance by T cell Suppressive Activity

[00179] A nanoparticle-MBP(83-99) complex of the invention is dissolved in phosphate-buffered
saline (PBS) and injected inte Balb/c mice intraperitoneally in 0.1-0.2 mi containing 500 ug of the
nanoparticle-MBP complex. The control group of mice receives 0.1-0.2 ml of PBS. Nine to ten days after
the injection, spleen and lyroph nodes (inguinal and lumbar} are harvested from the mice and single cell

suspensions obtained by macerating tissues through a 40 pm nylon cell strainer. To measure T cell
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microspheres is sufficient to dose 20 animals) Inject suspended particles into mice via the lateral tail
vein. Example 21. Peptide-coupled polystyrene microspheres induce specific tolerance for both
prevention and &4HBIHDf PLP-induced EAE [00199]This example de3EABESHREZRHECt of
administfatierofpi&-cotipled polystyrene microspheres either prior to, or after induction of

PLP139. 1?%} egﬁl)%,e QCE].VI (H?)E-m lf%eli %%%Q%%@é%%ﬁo@%yé 81%92 115 e?l 150%18;0 kl:i%OCket No.

28890-717 he production o ept| e coupléd microspheres was performed either as

described %%Wrﬁi?éei OrERRRsEEEEE %F‘W&f%ﬂ%‘i’?ﬁ’cﬁic frot 6V A H 93 d) FeHle was
coupled toP® i kiet ivfeedsSperésobdmiée were injected intravenously with either the PLP139.151 or
control (O\{#@28) 338)peptideoundsnigsespharesicithepon-day m (“Rissasefueyertion) or day 12

(‘Disease Frg Hﬁﬁ%ﬁiﬁ?ﬁéﬁ IQ&[%&Q&H&Y&HQ%E@%?&%&EEN@ é%gsmm braund srAdjuvant
(CFA) on serve an s described n e l. Theﬁﬁ% _ilts are shown

d
in Figure 2° qépﬁﬁgl'g tred %rcl%) 818izseas %s‘ﬁls‘ét fwith PLP 1%1 coa acOr &lhowed a
decrease #fefistalersrEcomrasiades ahmasneated Rihsham- E}é%.‘&’sr(ﬁ‘ﬁ?é%ﬁ?ﬁé}]éyﬁéated with
ECM but nerpe ptidieishibe ttesultsradsolshonibdnalsimitattdedréaseciprdiiisiaéscohe P 4réadiient using

cells treategkjenhave:-Bik Byl 39.3&kti0R drercalsiifacs (seesHGs2Aand 2R} ririmalsitigated following
disease OﬁgaWétDel?&E% A5iECoRtes.micy 9&@?5!%%%@&%%&}%&59‘@’56& @P%%Q %%%ﬁdgs%@lﬁ@lécore

compared to animals who were either untreated or treated with microspheres aw%g a control peptide

(see FIG é’é')f"FF??SPé‘fS?e"“tF?éWPé%ﬁ?%t%ﬁaﬁ“ﬂ%éﬁ}’e%ﬁﬁé%f‘ﬂ%’écb‘éepﬁ?fad’@“éoEbﬁ%&f% dtyrae
microspherigs isiestefiifoteeererasipg- HRBRASE Devanisr priviersbiatd fotowing Beakbraimet Example
22. Recalltesppnsiag orgrnmed -andispread epitopes are decreased in tolerized recipients [00201]This
example describes the effect of administration of peptide-coupled polystyrene microspheres on

delayed ty. ItIVI a mouse 0 ice were prepared and treated using either
B ) I TR e e

PLP /apish co ‘bound microspheres. Recall responses of CD4

tid
T-cells Weff%“ﬁ?éésu ’(9%&1?@/?)E%%?@ih?ﬁffllfﬁﬁl?yegttwm?rFé‘Pé‘ﬁvéyt@Eﬁﬁﬁﬁ@YW|th
PLP139_ I&iabie RLdaﬂ@rl@@ﬁ@mnﬁ&@t@ Fidurdtsldajisrant (CreApon ldayOzdisrdedtriiide dipreviously
(Smith and Milirr £200GkIousnal iafMataprmmiaily A f 2l 8r3ilis kiaelah (AR RNAS 306:14527-32).
Measure W@@B&Je?ﬁthzmg%h(}ﬂ&%e%mﬁé‘% heLeay §¥¥§H&”ﬂ}&é§i@§1@e SEDavrealswiling assay

Pre- challengg e%rt ickness was determined usin aMmito mod
used to detect modulation of the DTH response by parentera. ication o nanopamc}es conjugated with

HC gp-39 (263-275) peptide. Application of the nanoparticles conjugated with HC gp-39 (263-275)
peptide, in a dose-dependent manner, downmodulates the HC gp-39 {263-275) induced DTH response,
indicating that the nanoparticles conjugated with HC gp-39 (263-275) peptide can efficiently tolerize a
peptide-specific response induced with HC gp-3%9 (263-275).

Exampie 18. Induction of Tolerance in a HLADR2 Transgenic Mouse

[60182] An antigen-carrier complex of the present invention, when presented by an MHC molecule,
can induce immunological tolerance in a humanized mouse rmodel of multiple sclerosis using a peptide
selected from within T-cell epitopes of myelin basic protein (MBP) comresponding io MBP 140-134. The
mouse model is transgenic for the human MHC molecule HLADR2 (DRB1*1501) (Madsen et al. (1999)
Nature Genetics 23:343-347).

[D0183]  The induction of anergy or changes in the CD4+ T-cell population in a mouse following
administration of an antigen-carrier complex may be monitored by a reduction in T-cell proliferation
when challenged with the antigen in vive,

Methods

Antigens
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engineer's micrometer (Schlesinger's Tools, Brooklyn, NY). Immediately thereafter, DTH responses
were elicited by injecting peptide into the dorsal surface of the ear. The increase in ear thickness over
pre-chalIenge"i[r?e"élé‘ﬂﬁi Bnts was determined 24 hours after ear challeﬁﬁ@(%&%ﬁ@%f{e shown in FIG.
3. The KieaPrirets#BitinGg h mice pre-treated with PLP139.151 microspheres was comparable to
control, w th ntrol (OV, . 339) peptide, ar sham bqund microspheres, resulted in
increasedlgw?e?ﬂg%&%%ggp Féégli I g?r%glxcsas et%ﬁ%é’f%%lrﬂc%%?ﬁ&oeag%%n gaﬂéaétﬁjet%mﬁ?c%eeﬁl %ﬁi mals from
later inflanffridRBrsLréMSoe s inlapapide suntheratt (Gt demerds PR B eNsS infiltration
1002031 TKi&Rpeativol 4éte St g hEieHeCT bYiadnitiBrativn Blgeptidecaapiet pelystyrene
microsphesgsanicid o infitiation-ef qukeoey tes i o e NS NofzR4INisavate pieramd mid treated
using eithey RLE139 45T, SROUGLAQVAR3-339) REPHYR RRUAT RICIORMAREES YlRiERot treated with
any microspheres. Mice were injected on day -7 relative to WO 2010/085509PCP1J52010/021547
WSGR Do?ff%%?ﬁ%%%b-?l?.ﬁm priming with PLP139.431/Complete Freund's Adjuvant (CFA).
Mouse infiltistisil splaenesdgdaditaio the CNS were examined by immunohistochemistry, as described
previouslyj(@nsih amil Mibier (2006)idavkial afiAlteisarinigedn 2 §B<81; phtidgy-andiditier (2007) .1
Immunol. 1/8:2212-e0 B mike wWersrieshelized sacperfusadyvith. 30l HR 340 #e indicated
days postmmunjzaiion. Shinahgards yuere ynioed by dissegtionand mmgdiately,frozen in liuid
nitrogen. Six nﬁcrom.etg?pt Ick cross-sectlong rom t?je lumbar region‘were cut and mounted on
Superfrostriesai étrosetiang: chaidddenedtrsialoptdifh, PA), air dried, and stored at -80C.
The result§d8i88hoMicerne IBrdniSlidescwarasiainde forecs]iarityrd B4 4ah P 1egDg+ucells (FIG.
4B) or FoxpaitseeUsikhlEschindhe LS. Jhespuuisaicate;ihai tratient it RkA3%851 treated
ra'Cfospheﬁgmﬁu&%'M&%ﬁ{g@eﬁﬁm@w@%&&m&%&m&&gm&mU,%Ea@mp'e 24.

Effective of peptide coupled microspheres on splenectomized anjmals [00205]This example describes
the effect SPEHhIERFLi 81 BF PEHER 85%‘6?}51%5%%?@%% lhr%'icarrgélb“ﬁiénrueLs o‘?flﬁrgﬁ]’l%téJ T cJ’WeFr)e
splenectorifi®d#lo dxtiminm hretretireivience by plearrigtivn ghnrisdo Heerctiorr b tolseatiter A
is tolerized with PBS and smmunized with MBP 140-154 (7 mice); Group B is tolerized with MBP 140-
154-nanoparticles and then immunized with the same peptide MBP 140-154 (7 mice); and Group C is

both tolerized and immunized with PBS.

Lymph Node Proliferation Agsays

[00188]  After 10 days, draining popliteal and inguinal iymph nodes are removed aseptically. The
nodes are disaggregated, washed and resuspended in X-Vivo 15 medium (BioWhittaker, Maidenhead,
UK) supplemented with 5x 10°° M 2-mercaptoethanol and 4 mM L-glutamine. Cells are plated in triplicate
at 5x10° celis well and cultured with or without varying concentrations of MBY peptide 140-154 (1-150
ug/ml) for 72 hours. To check for successful immunization of mice, lymph node cells are plated with PPD
{50 ug/ml) as described above. Cultures are pulsed for the final 16 hours with 0.5 uCi ["H]-Thymidine.
Cells are harvested and T-cell proliferation is expressed as Stimmulation Index (SI): corrected counts per
mimzte (cepm) antigen containing culture/cepm culture without antigen.

Resulis

[06189] Mice that are pre-treated i.n. with PBS and then immunized with MBP peptide 140-154
{(Group A) respond to antigenic stimulation when re-challenged with MBP140-154 in a dose dependent
manner. With increasing concentration of peptide, the SI, 2 measure of lymphocyte proliferation,
increases from a median of 2.5 to 10. All the mice in this group demonstrate that PBS administered
intranasally could not induce folerence (o MBP 140-154. In contrast, intranasal pre~-treatment with MBP
140-154-nanoparticle have a profound effect on the proliferative response of lymphocytes stimulated with
this peptide. Lymphocytes from Group B mice are unable 1o respond to any significant degree, even at the
high peptide concentration of 150 ug/ml (S] median 3). The marked reduction in proliferation in Group B
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[00206] The production of peptide coupled microspheres was performed either as described in
Example 1 or Example 20. Splenectomized or intact animals were treated with PLF139-151, control
(0VA323_339FFeBtideB8Und microspheres or were not treated with anyitrd&iétes. The animals
were tré&&t8 dowittr iicrospheres on day -7 relative to priming with PLP139 191/Complete Freund's
Adiuvant (lealpd R EPUIR E SR ok e Bl DB S AL IRLIONAPERn RS0 RER T G 0BG

mlcrospheres showed a mean clinical score similar to animals that wera n ttreated with any
mmrosphe’FB’?Wﬂé’?‘Bﬁ?B%’f?‘F?ﬁF@éygm?ﬁoefﬂ‘i‘%g&%%é‘&ff‘fhat were treated with PLP139451
microsphelé&L&plowésra derimaseirteffeantokinicakk barebed SoiAHATd S:CnAkiEd +8h PBS 1. A
compositiqu-den iDpiomet antiganrspeoifisrolerance comprisingrricaEier patisigatiaghed thereto an
apoptotic §ignaling Q@!ﬁa@&%%%&ﬂz@&%@!%@??ﬂ%ngm smﬁ &Q@}Po%ét{%i%@c'%% 1, wherein said

composmon [nduces antigen- S ecjfic tolerance in a su The composmon of claim 1,

e
wherein ths ARG B TR R AR PHIT A ARG é‘ir‘&n%ﬁ%rﬁéﬁ&%ﬂﬁ&@ﬁ”&%ﬁ allergen. 4.
The com pé%%i@i%f"él’dﬁh MBR i1t tatife i preptia 69 MBI bhkesrBiBiM west)Icholine
receptor, ehdggenadsantigepsmayeliic olighd endifasyde glytiprateity pantreaiiecdieiangeiliantigen,
insulin, gluamic.acid decachesdasest@Al e collagen type 11, human cartilage gp39, fp130-RAPS,
proteolipid protein, fibrillarin, small nucleolar protein, thyroid stimulating factor receptor, histones,
glycoprotein gp70, pyruvate dehydrogenase dihydrolipoamide acetyltransferase (PCD-E2), hair follicle
antigen or@%%%é%t%/gomyosin isofonn 5. 5. The composition of claim 1, wherein the antigenic
peptide is Kapldd tothEBEanitidbyeseratifiardtdeainstationes g MBP THel éaripositiortofolaim 5, wherein
the conjugatrdsisthylanmicarhodinrdetlcCg I moldukheLanpasiionsot crimdziwhetin the
apoptotic gignaling molecule is annexinl, annexin-5, phosphatidyl serine, or milk fat
globule-EGF-factor 8 (MFG-ES). 8. The composition of claim 1, wherein the apoptotic signaling
molecule is Fasligand or TNF-alpha. 9. The composition of claim 1, wherein the antigenic peptide
is fused toﬁ*?é’%!ﬁéf)t@f?&@%%ﬁ@ﬁh‘&%&ﬁléﬂﬁgm foriT{eEBlfiposition of claim 1, wherein the carrier

particle is honmane :
[00192} MBP peptide and peptide analogs are dissolved in phosphate-buffered saline (PBS) and

emulsified with an egual volume of incomplete Freund's adjuvant supplemented with 4 mg/mi heat-killed
Mycobacterium tuberculosis H37Ra in oil (Difco Laboratories, Inc., Detroit, Mich.). Female Lewis rats
are immunized subcuianeously at the base of the tail with 0.1-0.2 ml centaining 500 ug of peptide in the
emulsion and are monitored for clinical signs daily. EAE is scored on a scale of 0-4, as follows: 0,
climically normal; 1, flaceid tail; 2, hind limb weakness; 3, hind limb parabysis; 4, front and hind limbs
affected.

[ORI93]  In this gystem, experimental aliergic encephalomyelitis (EAE) is induced in twelve female
Lewis rats by injection of MBP({83-49) peptide in complete Freund's adjuvant (CFA) at the base of the
tail. Nine days later, rats are divided into two groups of six animals and subcutaneously injected with 13.2
mg'kg of either MBP peptide-dendrimer or a conirol peptide, sperin whale myoglobin (SWM) (110-121).
Animals are monitored daily for disease symptoms and scored in a blinded fashion on a nonlinear
ascending scale of (-4 with increments denocting increasing paralysis. Each individual score is averaged
with group cohorts to obtain the mean clinical score.

[00194] The disease severity in those animals treated with the MBP peptide-dendrimer is about 50%
reduced compared to the control group. The MBP peptide~dendrimer reduces the severity and duration of
the disease in this model system.

{00195]  Although these resulis clearly demonsirate that MBP peptide-dendrimer inhibits the
development of EAFE, a murine animal model system of EAE has also been developed. The SIL/F (H-25)

mouse develops a chronic relapsing form of EAE in response to imrnunization with MBP(83-99) peptide
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49 11. The composition of claim 10, wherein the nanoparticle or microparticle is between 1 and 20
microns in diameter. 12. The composition of claim 10, wherein the nanoparticle or microparticle is
biodegradabld”© 201%*%5¥Re composition of claim I, wherein the carrier fEfrtHEPEHHEESs a quantum
dot. WSERDPH@CHIfifo$ition of claim 1, wherein the carrier is a dendrimer. 15. The composition
of claim 1, hetein e, eaier IS alRoSoms Al WseGo poph: FhScomBosiionshelaim L. further
comprising a secondary ‘antigenic peptide. 17'Use o egcompos tion for induction of
antigen-spEHiie Yolstfied comprising a carrier particle attached thereto an apoptotic signaling
molecule d##1861 antigepioPdptiten]natiadivrteduifdebane ahlymedibdd vtdis ratuiding/ kool
antigen-spaeific JoHRPE-H8SBONS Bctiid Shldb £ athe animdiB arltBebIsRHBbRIAIR didaWhesein: the: antigenic
peptide is %&%&Wﬁ&%@%@&ﬁsﬁ&%@%@@%@#@w&?ﬁ |G Dsntrol grodp HAFMSE Of claim

18, wherein the autoimmune antigén is one tQ whic subject mounts an iImmune response. 20.
The use ol SR TPARRG e the B DA ORI BA e TREA B e GRS Boeptor,
endogenotfoErtifericvnyehrdligsesndroe e RIcopideds - paneréaner betireateaigeriliinsulin,
glutamic aeithatedaroaxylabedBsAbl) toliagehatydetbly dnantcastilate GE33+Hpi30-RAPS, proteolipid
protein, fibrillarin, small nucleolar protein, thyroid stimulating factor receptor, histones, glycoprotein
070, pyruvate d ogenase dihydrplipoamide acetyltransferase (PCD-E2), hair follicle antigen or
human tr%ﬁg}%gﬁ%ﬁ%&?ﬁnﬁ% e gﬁp%%%ﬁ%?ig?cﬁ%%rﬁe wherain the antigenic peptide is coupled
to ECDI. 3SR {ePEEsis USRS BRI ptotic signaling molecule is annexin-1, annex
n-5, phospgA&RA séfimesssarmitikefatiglobieEGiofadidesSENMEBLES Y1 BY BuffpSnd Relyidukof claim 17,
wherein the apeptelicrkighalingsanlesule. Sshasqligand pb I h-@fffuture. Carboxyl (COOH)

microparticies can be used for covalent coupling of proteins by activating the carboxyl groups with water-

PERLIGC-EOLIHEC DOHSTYTEAE T

soluble carboditmide (ECIII}. The carboditmide reacts with the carboxyl group to create an active ester
that is reactive toward primary amines on the protein of interest. Pipet 12.5mpg of microparticles into a 1.5
polypropylene microcentrifuge tube. Pellet the microparticles via centrifugation for 5-10 minutes at
approximately 10006 x G. Resuspend the microparticle peliet in 0.4ml of PolyLink Coupling Buffer.
Pellet again via centrifugation for 5-10 minutes at approximately 10000 x G. Resuspend the microparticle
pellet in 0.17ml of PolyLink Coupling Buffer. Just before use, prepare a 200mg/mi ECDI solution by
dissolving 10mg PolyLink ECDI in 50ul PolyLink Coupling Buffer. Add 20ud of the ECDI sohution to the
microparticle suspension. Mix gently end-over-end or briefly vortex. Add protein equivalent (e.g.
PLPy35.151, PLP17g.191 07 OV Agaszag) to 200-500pg. Mix gently by pipetting. Incubate for 30-60 minutes at
room temperature. Centrifuge mixture for 10 minutes at approximately 10000 x G. Save this supernatant
for determination of the amount of bound protein. Resuspend microparticle pellet in 1ml sterile PBS.
Centrifuge again at 10000 x G.

Injection of peptide-coupled polystyrene microspheres

[00198] Resuspend in ImL of sterile PBS. Pass suspension across & 40am mesh gtrainer fo remove
clumps of eross-linked particles. Raise volume to 4miL with sterile PBS {500micrograms of coupled
microspheres is sufficient to dose 20 animalg). Inject suspended particles into mice via the lateral tail

vein.

Exarople 21. Peptide-coupled polystyrene microspheres induce specific tolerance for both prevention and
treatment of PLP-induced EAT
[00199]  This example describes the effect of administration of peptide-coupled polystyrene

microspheres either prior to, or after induction of PLPyyy.y5; induced EAE in mice.
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24. The use of claim 17, wherein the carrier is a hanoparticle or microparticle. 25. The use of claim 17,
wherein the carrier is a dendrimer. 26. The use of claim 17, wherein the carrier is a liposome or
micelle.  27"PHEEEBF claim 17, wherein the antigen-specific immun&-ESp8HEE 18 an autoimmune
respon¥eStdthertyyr; HEHME! graft-versus-host reaction or graft rejection reaction.  28. The use of

claim 17, in the compaosition is delivered orally, nasally, intravenously, intramuscularly,
parenteralvgg{cﬁ Iartl]yﬁlg ?ﬁ%%thot‘é%%gﬂ% 37%@?%?3%%@?3%%3%@r%egﬁlfg?%fﬁgegcﬂ%eﬁdﬁarticle or
micropartiefE@Bhprshigmele 20. EGiharPiBoptoficasigialiffg\electirspiédtoyas courled o Hathvgenic antigen;
in the manukaciphiewf Minedicdment fiarireatinl antaite:d BOPLNG, disardeko! (0BA,.The epnraposition of
claim 10, WhgkBindHgRARRRRISIE.0" MiesRRACiCIe IS HStyasm 3 Misron.and AL Mistans i diameter.
31. The corg&osig% }g}ffplaimolg her%ﬁ'&:yz};e19;%99?9%5%%%0531@['&19%1'9%;5 é)e W‘%eﬂ geggnometers and
10 micron& in drameter. = 733 Th&Eompoation of tlarn 10 ereih the hanoparticie or microparticie
is betweel BREHSHSER AR E TR SRS hetde resultsye v st Brelai Td Pitierein the
nanopartic¢iedisrasiorep antichi-hassacnitedi migreseliens ebew of 260:800inelindrieters corpad F he
compositieninficlaimd O;miienreirdkenaneparticle.06 MiGrapaIiiciedsafiart 500 amdindiameter. 35.
The compgsitian. Qfuaiain.d.ahereindhe-prricie.comnrisgsaohdlagtscoobenlic) aglldBLGA)-

PCTluszos&r%ch(:ch%ﬂGl ?Aoa%iizz .OAnimals treated following disease onset with PLP 3g.151-coated

microspheres similarly showed a decrease in clinical score compared to animals who were either untreated
or treated with microspheres having a control peptide (see FIG 2C). Therefore, the results show that
treatment using peptide-coupled polystyrene microspheres is useful for decreasing disease severily prior

to and following disease onset.

Example 22. Recall responses to primed and spread epitopes are decreased in tolerized recipients
[00201] This example describes the effect of administration of peptide-coupled polystyrene
microspheres on delayed type-hypersensitivity in a mouse moded.

[00202] Mice were prepared and treated using either PLP 135151, control (OV Az, a30) peptide, or sham
bound microspheres. Recall responses of CD4 T-cells were measured by delayed-type hypersensitivity
(DTH) at day 40 relative to priming with PLP;3e 151 0f FLP75.40//Complete Freund’s Adjuvant (CFA) on
day 0, ag deseribed previously (Smith and Miller (2006) Journal of Autoinmmunity 27:218-31; Luo et al.
(2008) PNAS 105:14527-32). Measurement of DTH was done by measurement of ear swelling using a 24
hour ear swilling assay. Pre-challenge ear thickness was determined using a Mitutoyo model 7326
engineer's micrometer (Schiesinger’s Tools, Brooklyn, NY). Immediately thereafier, DTH responses
were elicited by injecting peptide into the dorsal surface of the ear . The increase in ear thickness over
pre-challenge measurements was determined 24 hours after ear challenge, Results are shown in FIG. 3.
The mean net swelling in mice pre-treated with PLP,30.15; microspheres was comparabie to control,
whereas the control {OV Asps a39) peptide, or sham bound microspheres resulted in increased swelling.
These results indicate that microparticles can be used to protect animals from later inflammatory

TESPONSEs.

Example 23. Effect of peptide-coupled microspheres on CNS infiltration

{60293}  This example describes the effect of administration of peptide-coupled polystyrene
microspheres on CNS infiliration of leukocytes into the CNS.

[00204] Mice were prepared and treated using either PLPyag 151, control (OV Asp_ a3} peptide bound

microspheres or were not treated with any microspheres. Mice were injected on day -7 relative to
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1/2 SEQUENCE LISTING <110> NORTHWESTERN UNIVERSITY MYELIN REPAIR FOUNDATION,
INC. <120> COMPOSITIONS AND METHODS FOR INDUCTION OF ANTIGEN-SPECIFIC
TOLERANCE ¥23t1/%8880-717.601 <140> PCT/US2010/021547 <141%20F0041954¢150>
61/145;9%1 Rek8 Fo- 289901 - 20 <160> 4 <170> Patentin version 3.5 <210> 1 <211> 13 <212> PRT
<213> Artglr(i"rlr?illgs \%C(IILII 13e9_151/C0mpiete Freund’s Adjuvant (CFA}. Mouse infiltration of leukocytes into the
NS were examined by immunohistochemistry, as deseribed previously (Stith and Miller (2006) Journal
of Autoimmunity 27:218-31; Turley and Miller (2007) F Immunol. 178:2212-20). Briefly, mice were
anesthetized and perfused with 30ml PBS on the indicated days post-immunization. Spinal cords were
removed by dissection and immediately frozen in liquid nitregen. Six micrometer thick cross-gections
from the lumbar region were cut and mounted on Superfrost Plus electrostatically charged slides (Fisher,
Pittsburgh, PA), air dried, and stored at -80°C. The results are shown in FIG. 4. Slides were stained for
cellularity (FIG. 4A), CD4+CD3+ cells (FIG. 4B} or Foxp3+ cells (FIG.4AC) in the CNS. The results
indicate that treatment with PEP;s0.5; treated microspheres resulied in a decrease in leukocyies in the

CNS compared to control.

Example 24. Effective of peptide coupled microspheres on splenectomized animals

[66205] This example describes the effect of administration of peptide-coupled polystyrene
microspheres on mice that were splenectomized to examines the requirement of spleen activity in the
induction of tolerance.

[68206} The production of peptide coupled microspheres was performed either as described in
Example 1 or Exarmple 20. Splenectomized or intact animals were treated with PLP 135151, control
(OV Az as0) peptide bound microspheres or were not treated with any microspheres. The animals were
treated with microspheres on day -7 relative to priming with PLP 30 y51/Complete Freund’s Adjuvant
(CFA). The results are shown in FIG. 5. The control (OV Agy;_339) peptide bound microspheres showed a
mean clinical score similar o animals that were not treated with any microspheres, whereas both mice
splenectomized or intact that were treated with PLP 13¢5 microspheres showed a decrease in mean

clinical score.
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<220> <223> Description of Artificial Sequence: Synthetic peptide <400> 1 His Ser Leu Gly Lys Trp
Leu Gly His Pro Asp Lys Phe 1510 <210> 2 <211> 17 <212> PRT <213> Atrtificial Sequence <220>
<223> Description of Artificial Sequence: Synthetic peptide <400> 2 lle Set Gin Ala Val His Ala Ala His
Ala Glu lle Asn Glu Ala Gly 151015 Arg <210> 3 <211> 4 <212> PRT
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WHAT IS CLAIMED IS:

1. A composition for induction of antigen-specific tolerance comprising a carrier

particle attached thereto an apoptotic signaling molecule and an antigenic peptide.

2. The composition of claim 1, wherein said composition induces antigen-specific

tolerance m & subject.

3. The composition of claim 1, wherein the antigenic peptide is an autoimmune

antigen, a transplantation antigen or an allergen.

4. The composition of claim 3, wherein the antigenic peptide is myelin basic
protein, acetylcholine receptor, endogenous antigen, myelin oligodendrocyte glycoprotein,
pancreatic beta-cell antigen, insulin, glutamic acid decarboxylase (GAD), collagen type 11,
human cartilage gp39, fp130-RAPS, proteolipid protein, fibrillarin, small nucleolar protein,
thyroid stimulating factor receptor, histones, glycoprotein gp70, pyruvate dehydrogenase
dihydrolipoamide acetyltransferase (PCD-E2), hair follicle antigen or human tropomyosin

isoform 5.

5. The composition of claim 1, wherein the antigenic peptide is coupled to the

carrier by a conjugate molecule.

6. The compositior of claim 5, wherein the conjugate is ethylene carbodiimide
(ECDI).

7. The composition of claim 1, wherein the apoptotic signaling molecule is annexin-

1, anmexin-5, phosphatidyl serine, or milk fat globule-EGF-factor 8 (MFG-ES).

8. The composition of claim 1, wherein the apoptotic signaling molecule is Fas-
ligand or TNF-alpha.

9. The composition of claim 1, wherein the antigenic peptide is fused to the

apoptotic signaling molecule.

10. The composition of claim 1, wherein the carrier particle is a nanoparticle or

microparticle.



<213> Artificial Sequence PCT/US2010/021547 16.02.2010 2/2 <220> <223> Description of Artificial
Sequence: Synthetic peptide <400> 3 Glu Lys Glu Lys 1 <210> 4 <211> 15 <212> PRT <213>
Artificial Sequence <220> <223> Description of Artificial Sequence: Synthetic peptide <400> 4 Gly
Phe Lys Gly Val Asp Ala Gin Gly Thr Leu Ser Lys lle Phe
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11. The composition of claim 10, wherein the nanoparticle or microparticle is

between 1 and 20 microns in diameter.

12. The composition of claim 10, wherein the nanoparticle or microparticle is

biodegradable.
13. The composition of claim 1, wherein the carrier further comprises a quantumn dot.
14, The composition of claim 1, wherein the carrier is a dendrimer.
15. The composition of claim 1, wherein the carrier is a liposome or micelle.
16. The composition of claim 1, further comprising a secondary antigenic peptide.

17. Use of a compesition for induction of antigen-specific tolerance comprising a
carrier particle attached thereto an apoptotic signaling molecule and an antigenic peptide in
the manufacture of a2 medicament for reducing an antigen-specific immune response in a

subject.

18. The use of claim 17, wherein the antigenic peptide is an autoimmune antigen, a

transplantation antigen or an allergen.

19. The use of claim 18, wherein the autoimmune antigen is one to which the subject

mounts an imumune response.

20. The use of claim 17, wherein the antigénic peptide is myelin basic protein,
acetylcholine receptor, endogenous antigen, myelin oligodendrocyte glycoprotein, pancreatic
beta-cell antigen, insulin, glutamic acid decarboxylase (GAD), collagen type 11, human
cartilage gp39, fp130-RAPS, proteolipid protein, fibrillarin, small nucleolar protein, thyroid
stimulating factor receptor, histones, glycoprotein gp70, pyﬁwa‘[e dehydrogenase
dibydrolipoamide acetyltransferase (PCD-E2), hair follicle antigen or human tropomyosin

isoform 5.
21. The use of claim 17, wherein the antigenic peptide is coupled to ECDI.

22. The use of claim 17, wherein the apoptotic signaling molecule is annexin-1,

annexin-5, phosphatidyl serine, or milk fat globule-EGF-factor 8 (MFG-ER).
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23. The use of claim 17, wherein the apoptotic signaling molecule is Fas-ligand or
TNF-alpha.

24. The use of claim 17, wherein the carrier is a nanoparticle or microparticle,
25. The use of claim 17, wherein the carrier is a dendrimer.
26. The use of claim 17, wherein the carrier is a liposome or micelle,

27, The use of claim 17, wherein the antigen-specific immune response is an

autoimmune response, allergy, asthma, graft-versus-host reaction or graft rejection reaction.

28. The use of claim 17, wherein the composition is delivered orally, nasally,

intravenously, intramuscularly, parenterally, ocularly or subcutaneously.

29. Use of a composition comprising a nanoparticle or microparticle comprising:
{(a) an apoptotic signaling molecule; and '
(b) a pathogenic antigen;

in the manufacture of a medicament for treating an autoimmune disorder.

30. The composition of claim 10, wherein the nanoparticle or microparticie is
between 1 micron and 10 microns in diameter.

31. The composition of claim 10, wherein the nanoparticie or microparticle is
between 5 nanometers and 10 microns in diameter.

32. The composition of claim 10, wherein the nanoparticle or microparticie is
between 5 nanometers and 1 micron in diameter.

33. The composition of claim 10, wherein the nanoparticie or microparticle has a
maximum diameter of 250-500 nanometers.

34. The composition of claim 10, wherein the nanoparticle or microparticle is about
500 nm in diameter.

35. The composition of claim 1, wherein the particle comprises poly(lactic-co-
glycolic) acid (PLGA).



