WSGR Docket No. 28890-717.601 COVPOSI TI ONS AND METHODS FOR | NDUCTI ON OF
ANTI GEN- SPECI FI C TOLERANCE CROSS- REFERENCE [ 0001] This application clains

t he benefw0 20f0/085%89 Provi si onal Application Nos. 61/ 145pe4ais26ioloecs4Dn
January 20, 2009, which application is incorporated herein by reference.
BACKGRAIR & TREETI7MVENTI ON [ 0002] The first step leading to the initiation

of an i mmune res onse is the recognition of anti fragnents presented in
associ aliQMPOFHTRONS AND MESHORS KR MHRPVETIPN: OFANGICEN SBEGHEIG EQL ERANCE
Recogni ti on of antigens can ocCcgROSSREFERENGIEN t he antigens are associ ated

wth theg%ﬁg on_the surface of foreign cells or tissues, or indirectly when
the anti 1 ar dhis eeplisasion glaiss dhertbshit 3L Y Froyisiagal ApphicapioneNas &3/ 148 9¢h fledgh f ace
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t hese conpl exes wth the t al. . Exp. Med.
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Wi t hout  &@igei-MHOZoRpPleRd Bédoin® BetlvatéDa AsEdelafbrdYhesd @ﬂ@iexestv{imyrxeh&fen R&Reptor

nonr espo i Ve, n ownnoau i nmune
s ponoo et et 1 E bt Stedrlose g b Tl s aoia: Lk 38R fls, 135, jmune
29( 8) : 236ving &ganisﬁ%nerd{l?elﬁésmoedlspdﬂy 1mmB{eO€Bﬂorﬁé(o h@If- &ih@'as@é.antlg&oﬁl)ls iskidsever,

if the T cellg rrm%g ﬁlaa%?o?er}gncé 'cg'%ﬁae dthe} d PR ' | a% (I)n%plhll):r Aﬁﬁ'u' s are
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at the ipfgs ﬁﬁ%éno&pénﬁiﬁg lon %eﬁn& haen hQ\K/ ﬁsseaagedqu ﬁ%lhhtsfo&@n g dodlg! ”ﬁﬁs il dfefel 'S

or macrophages hocyt es. 03] Conventional clinical strategies
for genefdPirgddelerance il poleansonly siymdat téwuslﬁhqﬂ“ ecyrrerspter, agb%'éreeal‘é@g 4 th an

undesi r eguditbHal B6timEERH:5Ral( BePbecorfdtofic§PoRinR, Ab@@a&%e ghadidg ik S‘dv@ﬁ{oﬁlﬁmonar e
based on é e | ong- tern1agn1n|strat|on of _br t|n i MMuUNosuppr.essi ve

dr ugs, Spogﬁegaﬁ folerange o theantigen, (¥pn go nblvnéuney%?( 8Fh A
(CsA), Fl@@ﬁ(c(ehémdt dll, Broos ys(ammwm 2avoy Hewaledsfthd_megs teediva dss@ndfigil, gimetos es

of these drugs.c | so. C .Si eff ver, .even i.n those
oLl ot ool ftRich o ot 5d80ER 1o 98 ear? oo Sle SileRona DL RENE o 4 AR KBy
| i fé-1 onfniynolbb233plRoes %vslﬂmugelfmp«)n i thowghet® oacusatglm mtr:naamn lervelsalﬁ of

severe s r nephrotoxicity
and ot aly e ang el 05 ek (iR nBropRkish i L PBEKIEF™ | 5004 "Nt hods of

i nduci ng[09A3]i Gummensiprat ¢linicel S@retPEPSafmnqn@lwgmmmp@mn in digdrdets asgpciptet |

coupl i NgwRk arARdARLd iBRIAnOfes3RRYE L Sautiftfur msggé Sraftl oD /A HRERLER
i nduced cel | coupled tol erance Tnvolved coll ection, separation and

treatme nfdnalrlstﬁé?q S REoRd acting ERIRPnePprEssiXp fimesfos eulecimmal I bleckers fushAt Pgens and
t he example cyclosporin A (CsA), FK506 (tacrolimus) and corticosteroids. Long-term use of high doses of

these drugs can also have toxic side-effects. Moreover, even in those patients that are able to tolerate these
drugs, the requirement for life-long immunosuppressive drug therapy carries a significant risk of severe
side effects, including tumors, serious infections, nephrotoxicity and metabolic disorders (Penn 2000;
Fishman et al. 1998).

[0004] Methods of inducing antigen-specific tolerance have been developed, including cell coupling of
an antigen or peptide. For example, in one method, peptide induced cell coupled tolerance involved
collection, separation and treatment of peripheral blood cells with disease specific autoantigens and the
ethylene carbodiimide (ECDI) coupling reagent under sterile GMP conditions, and subsequent re-infusion

into the donor/patient. This process is costly and must be conducted under closely monitored conditions
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et hyl ene carbodiimde (ECDI) coupling reagent under sterile GV conditions,
and subsequent re-infusion into the donor/patient. This process is costly
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for i ndéeeattbriantiiistadibh 6B RRRL fdses $ahSfuatuBpreQIRAIBIER, ¢ tIRAISE 8f biPREchiGhaerial
attached thereto an antigenic peptide In a preferred enbodi nent, the earner
parti cf¥ Y'Y pol ystyrene particle hi one aspect, the conposition induces
anti ge [00DBE T dricGniboliieteat) B4R prdterd iSkRii@GIroMR AR oAl Ssiticdtor InB@:tion bf HHREL

pept i e an aut oi.mmune . anti | ranspl ant ati on en or a
R T I IR TN R PRl BPE o oRE P oo
acet yl ahigeningeptide. em:mbt,helemﬂmgmu $heaﬂéslegeﬂ\;entme;brbﬂdés| a c@mﬂ»esnddsmy tn@uction of
gl ycopy ot el el n t?a reatl c bet a-cell anti a%achecrl'ﬁ}é I n ut arm Ci

decar box) TANCESPTIRGERE F §Tder PRIUCK Gl TSt ?naggg%nb pI 3- RAPS,
prote obnpfe@reqb pmb@llm@nt;‘ thb cﬂmamamcma bolpsiyrerpasticle rlroorm aspect, Itlgeroomdosmmmdimas ng

factor ! C r,

donyr of 1SS (LabREE gl CORER EURIINS e BUE LURUERDALORRNARE | | o
tropo rrgnsgprn ajteap$ndangatisn pptiggn of dncallergepeber instanee, dlrrt Angjgenicraptdn is dwelinbasisupl ed

t 0 t hep,Baid) afetdhoBnE RBEJAIE R0 FRbES A iEen, h@eﬂxpéllg@@%nﬁ%te%ﬁrégﬁ%teﬁ BgcARepPt oti c

signal | ng nol ecul e is a scavenger receptor and such as arnexm1

annexi Pescellangaein aspliy Elutnnand desarbasylase 65 ADK collagen fypg L bwmen Eafielass g3

( KFG EL 30-&5&?@8@&&@&1@@% l@ibﬂﬂ&inr &dall ﬁ@&oﬁﬂbﬂoﬁsﬁﬂ )ki§rde Bﬂiﬁlﬂ@tﬁ%&ﬂct&%ééfbﬁ)@d to

the apoptotic signalli nol ec er . as t, the r. .

c orrpng onpe q%}%i“rf‘é’ g g?ﬂ)? hy#gggﬁgeecie armde acgtyﬁransferase (Séf)ﬂ?%), hair
follicle antigen or human tropomyosm 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
receptor ligand such as annexin-1, annexin-5, phosphatidyl serine, cholesterol, milk fat globule-EGF-
factor 8§ (MFG-ES8), or Fas-ligand, Where desired, the antigenic peptide can be fused to the apoptotic
signalling molecule. In yet another aspect, the carrier comprises a quantum dot. In some instances, the
carrier is a dendrimer, liposome or micelle. The carrier can also be a nanoparticle or microparticle is less
than 1000 microns in diameter. The nanoparticle or microparticle can be biodegradable.

[0007] The present invention alse provides a method of reducing an antigen-specific immune response in

a subject. The method involves the step of administering to said subject a composition for induction of
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[0013] Figure 1 depicts the mean clinical score for clinical signs of EAE following treatment using
peptides conjugated to an artificial carrier. The graph shows that polystyrene microspheres coupled with
the PLP peptide provided protection from PLP,3.15;/CFA induced EAE and abrogated the relapse of
active EAE in SJIL mice.

[0014] Figure 2 depicts the effect of administration of peptide-coupled polystyrene microspheres either
prior to, or after induction of PLPy395; induced EAE in mice. (A) Pre-treatment with peptide-coupled
microspheres prior to priming with PLP;3¢ 15; + Complete Freund’s Adjuvant (CFA); (B) Pre-treatment
with peptide-coupled microspheres prior to priming with PLP;75.1¢; + Complete Freund’s Adjuvant
(CFA); (C) Post-treatment with peptide-coupled microspheres following priming with PLP 39455 +
Complete Freund’s Adjuvant (CFA).
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t 0 i ndpeeentifibh gfhe ss@e@atéd zmtfgaiseﬁ a fl@ a8 dlducing hved! wlhﬁum&@tboﬁﬁd B®nthédriune
rel ate sdt8 ease suc m n| h thg sevl%éty

of . pERRER Y e R rema T e sutovt s Rl aRl Iolgepes o
conposintimpnse aﬂbbtmﬂdmd(;fooéxahipe MHS dads I/iImremtummatcxamn(ﬂ@uutee) T cells to

“”de”gdi) of fi 'o&e%‘{n%”és artssoc' at ed; é’lwsugllm_.astﬁose ded Béd"t% 0Dt Q%éct 49, m%t al I ow
T-cel | §t0" acquire e FEeY UhEtion Bdm At {0

conpos arttigemspeoffictidierapreenént prevenethe ooset cian 1meslu¢ telata:ﬁ discael (Isus:h haEAﬁgn a mouse

quasi - ﬂl%&él)’ﬁltdﬁ)g dﬂﬂﬁﬂﬁ){h\éggverim p@é—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 example, administration
of compositions of the present invention can result in T-cells having a quasi-activated phenotype, such as
CD69 and/or CD44 upregulation, but do not display effector function, such as indicated by a lack of IFN-y
or IL-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.
[0020] 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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anergy can also be observed by the lack of IL-2 production by T lymphocytes as measured by ELISA or
by a proliferation assay using an indicator cell line. Alternatively, a reporter gene construct can be used.
For example, anergic T cells fail to initiate IL-2 gene transcription induced by a heterologous promoter
under the control of the 5' IL-2 gene enhancer or by a multimer of the AP1 sequence that can be found
within the enhancer (Kang et al. 1992 Science. 257:1134).

[0024] 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

immunological response (thought to be mediated at least in part by antigen-specific effector T
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[0028] The overall size and weight of the carriers are important considerations. Preferably, the carriers
are microscopic or nanoscopic in size, in order to enhance solubility, avoid possible complications caused
by aggregation in vivo and to facilitate pinocytosis. Particle size can be a factor for uptake from the
interstitial space into areas of lymphocyte maturation.

[0029]} In various embodiments, the largest cross-sectional diameters of the composition of the invention
are less than about 1,000 um, 500 pm, 100 um, 50 pm, 25 um, 20 pm, 15 um, 10 um, 5 um, 1 pm, 500
nm, 400 nm, 300 nm, 200 nm or 100 nm. The composition of the present invention may be chosen to

maximize delivery to lymphocytes, for example, immature lymphocyte such as those found in the spleen,
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Microbead or Nanobead Carriers
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[0034] Suitable beads which are currently available commercially include polystyrene beads such as
FluoSpheres (Molecular Probes, Eugene, Oreg.).

[0035] 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 50pum, 1 yum to

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



any of the aforenentioned materials to provide reactive groups for
conj ugating to antigen peptides and proteins or conjugating noieties.
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et hyl v cohols, TEFLON(r) (DuPont, WI m ngton, Del.), and
nyl ongﬁﬁaggég‘ge%oo l*ngéje [ 0034] Suitable beads which are currently avail able
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nanoparticle is in a range of about | OQOhmto mm t o
30 nmeerilig@rgrfeets [pgenerl Wrallsrd?mwéqﬁ@etﬁ l??ﬁﬁt@takﬁ H@nﬁqr%qr@pralﬁke? blrtéow

nanopqstkﬁtmnec&ﬁ%%h%%%% alMat 5 Rﬁ%&QboZMo ;Qx%la'nf‘e&% ak*}ﬁ*&e&é&o af@ins 3 MM 25

nm nm nnor I'n ot her enbodi nents,
t he ml@fr@éiaﬁebi @p@%te thaa Ak Ehfrf{”ig@? @1d| @l%whlp Fﬁlmxmbmmtats@raﬁms Q@ nteAPlatgo

nm  6QQ, N&}hm /o £ 008, HARmNIBRAM, éodml 60GHX3 Ghorl) 886 SBBRM] TR0 Lum,

m croparticles and nanoparticles are taken up I n areas having | mmature
| ynphctyn, dgm( Bing SHgp endimdhe erdOpowl he ipapastides thayrhgimade desgollepigon that of

docunephefls haf fis 'ame%h %H%nie{%r h@ﬂn%&ﬁ Stt9 bt I(Boer[m %ﬁs@&ewﬁrli%{eﬁfaéﬂl deHaciafé tRdteas
havi ng i mmat ure %wdbe@@#lﬁls desirabl e to obtaln ficient

upt ak @llabgrangss éIPﬁ Yaéws W itly ptatsd mpges dreeontesipiaieds §. gs ifr,?@ aézﬁer 19¢ phone

char achkd, 3hé e diGabutla\6e s Bfcbil&etibMer RfRS dn bd ébnﬂ@lﬂ'h%rsa khat & BRUHi&Ent of
particles have better uptake than larger particles but |ower retention.
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artis zpaﬁlcmts inlay bmmmlad &oyit S MERAE B aBout Da,tab&lﬂlotcfiabétaﬁgﬁﬁ APesoradfURS itHehi n
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4mm 5nmmﬁlmsﬂ 7nm 8mm 9mmor 10mm The nanopart| cles may be nade in a

col | ect hat of rticles th has a ne t 5 t. bout
700" Db e BgpBRes ik et sl o A SR Bt ubtRpen  her Rk RRGBE oSy ol ves
Wi t hi mrdahhavmgphmmnnb ymphadyed. T@sgmsluads memmbﬂmmpattmdwoh agrigidity onpubliypitiéss 10

to ab%%}n 781b%£n mentf e%aseﬁ ogl the u(:toI eOIél Of géf#fﬁ;{r pg/le%% 1%1 c]'é?%"))ot)re%{htl cles can

be control at a coefficren evi ati on
di vi dedetayeneana prdrophilicovsilaysy, aandtﬁ@t ag imtbe AP BHPEGey sem afcentlyodsivélepadiapd  of

the p%ﬁ&rﬁ&é&%d ﬁ}%éys@é?mk ?ﬁﬁ n&th?r@ct@(p&‘lﬁmﬁlge) (ﬁh@é& ’I?Ié ml:ﬁ)la%reag in &QQ&E 1), Of

about nm person o inthe art” wll”imed atel gpr ecl ate that
al | tﬁébsraaﬁﬁbfsngaﬁeprm igaPOolstyFnA Of Metaknapenagtialg sysfgma?wemn@ &y sfers to

cont ekt Fedmerlitmalsmayiaes%{m@ Bpﬂﬁ‘afﬂe’u@ﬁlbﬁérﬁf vaAlhSObbedy Bdifth fefin ﬁmhar to those
nanoparticle's useful ness after uptake and retention in areas having

i mat @ Be PYRRLHF B exapRlecrosinkrdd Tgep Bnpsed fo %Faﬁé'wlp@gobyuehb%cqr? gFdity
or rubbepdRe&Shat Segmeeutuwlbﬂamvs candtidde sesbiilfaxiddaemyl £ fs1Rsulbny. , a

poly( era%) t){c|>n(lanngefrosnliI la Lycg'ggho()w ru ber to aeiny\c%opghc, water-soluble polymer. Other sulfide polymers
may be adapted for use, with the term sulfide polymer referring to a 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 a 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 hollow. Rubbery hydrophobic cores are advantageous over rigid



overlayer, e.g., a hydrophilic overlayer, as in PEG as in the PPS-PEG
systemrecently devel oped and characterized for system c (but not targeted
or i mmuneyodeloosssoy. The rubbery core is in contrast topratasbemantsual |y

r gl g RALE, RSkl 3?0l YStyrene or netal nanoparticle system The term
rubbery re efers to certain resilient materials besides natural or synthetic

rubber g, dﬁﬂf)ﬁ(ﬁlcr o &u¥h gedrfb%lﬁl L2k ﬂ%sfnga lh cagé)oflt}JB%t?fhéng)rctg%% E arts.
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For exanple cross-| 1 nked PPS can bé use 5%ery

core. Brdingsothydephokis dupntande graadhy the e@fuclswahthe\mbb@tyddfdmpmc mes _

pol ysul é@s] %oafeﬂpﬂysfaal dréi)epc? hsvtﬁyé&ﬁa& hﬁr@nﬁm %hﬂ@orﬂlﬁ%d-ﬁ nma' c
rubber to er-sol ubl e "pol'yner.. e po ynmers may
be ad aﬁ‘?lé'ﬂhfyd? Wageé of %lftaﬁ Iy gram pey liferaniieniitde uisaesylinked rSagrierstabiigation of ppgikpsith
Wi th apgatbpnific %)d]yrh&@ cé?ﬁﬁl!ﬁmg Ftﬁl@e 88 1B AtersGBE by FARORE YorPQLNAE frféer&éﬁ@ﬁs, nmay

be used are esters with ass transjition tenperature under hydrated

Condi t PBHEVeh RBR P EcI g dRgreasrebieallpaturesp elso Ndﬁwﬁmb%ﬁtlen byplagegpicisells in areas

advant agestisifatuts %dnﬂﬂo&ﬁcs’olThé’dfaD&{gb ot Bal&iéﬂx@'tl@c)ﬁ@émﬁ;!eﬂﬁ@fc&ﬂ%&s GeN Beer Bt
overlaxer will . tend ot t g gl SO thq% the o e%la ﬁnds to sterlcly
expand "SHES" PO ‘s melicatip dockmgts tHe,cZptipno ngnopagiglesifey St TRRetind FHERIO on
it. A lm},send othEreARCy i0 l)&llpl‘ﬁtoﬂésl 8bme anmdlmgltﬁhclheaazshydmmrctmmpomt ehe atgee. A
| ayer dsorbe it icle or e solid
o bt PEMy RS ARSELERE i bley S Sl Bt e i BRI E R Rinof €l Boc i o1
No. 288@@657 &dyﬁﬁbmcrtmmp Ipob's@cwdefs polsmﬁlca:slds,rayné pallybthq:r@ The ngllagkyweight dfn
the ca i ro I

i oge DO rsA KoL BEAGALAS pro i tBianfldiIEor L BRARGE 1y INETADIRM Shout

[ 0038] lﬂﬁ%tqmutplﬁw%aﬂ eveR Bte; Aising wilhimmedidtely epmema}td ﬂ@pﬁl the tanges and values
hydr opwuiﬂnqhy&tpﬁ&u@kta@y Q@sveﬁe BonpRhpiRid, b%)’bétarec\ﬁ@f(ﬁfoo%d%ﬂécﬁaﬂ 1 gram per
liter when it is uncrosslinked. Steric stabilization of partlcles Wi th

hydr op 1039t Thepsnepsrticlenmay wpprperetedipctiresl goyps fonBirthenrescsion tunetionyl srewe &irng
non- s p@gihts ©adtidh FlcRik LRASophNAE Widleophlls; BRdddrEl R Senildd &réaREEL Shifaht nature
can al so_reduce |nternaI|zat|on by phagocytlc cells in areas having

i mat ufRleeysh ksayplesof npplgortst 3 a’g@alafanmﬂszéh@bn@dthxé@éyléfﬁmmeﬁ gt qlgo&pnm&
has begR st®inimliVawed, alddided, NoSy-aRBd, af@khbenig@cument s the creation of
nanopartléles for effective lynphatic dellverﬁﬁto DCs and other APCs in

| ymph HSHEL In msfmed ppbrnett saripdieadiers Ying an avsrAgs dismeter gf gpout 3

| ayer ofooaynd t@pd0 hrh,20M0e, 30-106m0a63be6t 40f505kh.t abl e hydrophilic materials
are on nor.e of 6% Ikylene oxi des, pol yet hyl ene oxi des,

pol ysa@tﬂﬁél Patigen-spafific folerprice may pe induced fhraegtinse AEPICToPRiSleR BT MOaPaAHCIGRAS ght  of
pol yneﬂ&cnlﬁhdavﬁnayﬁéb@ﬁaub&leaﬂhméﬁﬁg&ﬁcpdfpﬁdésde a useful degree of steric
hi ndr a e&)n Vi vo, g 3Jrom bout 1,000 to about 100, 000 or even nore;
arti sah®4 Ih}"‘}er?ﬁ%‘?flozﬁ ’é‘P %‘Fsémtlﬂ‘éffm%ﬂ Proyifies "t"ﬁ’ﬂ?@%‘m&ﬁﬂ Wﬁﬁhﬂé%fof/\ﬁhf hi n

t he ex pidhaiohontosetratcedsm@mg@slnap@uaemaenm tahadnopemgle capiet peeidle. 10,5006 and
50, 000, ¢ 0039 # T%g nﬁnogﬁrtlg es‘pgyl gﬁ aHg uncti onal roug Sﬁg
f ur t hel"SPREEPOHRTIEIR FYEHAT “TAPIRISES FigIp 8‘% 36?‘?‘8‘?11’%% © 50

el ect r bghiwl, espaousnucl eophi | es; these are convenlent for reactlng wi th ot her
nol ecul es. Exanpl es of nucl eophiles are primary am nes, thiols, and
hydroxyl s. Exanpl es of el ectrophiles are succinimdyl esters, aldehydes,

i socyaBelygtwrenebrddsral ei mi des. [0040] In preferred enbodi ments, carrier beads
are e - 0 - )

20- 20000 BB isRoal: AELRATHATERR anty AcRe ol D Bhect R SRR, e
may bepmd@ﬁd@dnd Wrtmlﬁfaes\@ltlwt W aecddar an appristiorignabingppalesyle | lngpng gmbodiment,

the invention provides crosslinked, functionalized polystyrene beads, having excellent properties, such as

exceptional uniformity in bead size distribution, pore size, density, swelling properties and/or tolerance to
solvents and reagents typically used in oligomer synthesis. In some preferred embodiments, the beads
have superior loading characteristics. In some preferred embodiments, the beads have a loading capability
of at least about 50 pumole per gram of bead; of at least about 100 umole per gram of bead; of at least
about 150 pmole per gram of bead; of at least about 200 pumole per gram of bead; of at least about 250
umole per gram of bead; of at least about 300 umole per gram of bead; of at least about 350 umole per

10



descri bed which are bound to one or nore antigenic peptides. [0042] In one
series of enbodinents, the present invention provides conpositions and

nmet hods fwo 2bfvmssseducti on of tol erance using antigeni c peptisd@oattsached to
a NaRERFdl &l Sshdfrkher particle. In sone instances, the carrier also
contains an apoptotic signaling nolecule. The carrier particle my be
solid i

been T dumat ey aRASHRu K HAHY b8 R SRR of el MR oY pcr RS ot
pepti dds Smmﬁm@tﬁetl@@pﬁm aatling wepabllity ofdfesh dtout H9 japdpbatgran sf igadtd ng
nol ecul g, LBy gmgleererpodl the invention provides crosslinked,

functi onalf i zed pol pys yrene abeads havi ng excel | ent properties, such as

except i[00w] bei}lsfyme’m}pamdemmhﬁaﬂngd TeI0ehi0Sint rb khdvato tiigefa Banger, mﬁﬁﬂﬁ:bdg&’uzed by

ised i nonfiREOES) Gl BBl AR o B R RRE Mgl
superi &40 hmbzdomgha@hmahm(éﬁ g} arxdslarg¢rr(>is(l§)(m)mze$ én sanak iestineds, pelyttgrend beetldmads
have alQadi 5(%%@ hsl f 5 | e per gram of bead; of
at | east abo%1 1 rEnQrSPljiIX 3(e6r7og¥rnélr’rlle@?§0bnﬁp[§wbe 5! ‘east about 150 mmmol e per
gram oﬂow&d",he@blyawreheb@ti saboay be Ofpomtant 1etrpgprug;aasigrmt folo B beafiscddCH lpaet

about of
bead: Sf A PemeBie Ry Plonctaofh 18 Ghe i ERR St ool R R B o
bead:; o'vrlth&prrﬁcélwtze@\b@ds bejugrepeenized pe DCg irptie périnhemdAdditionatly,| tbastucwmzfttheﬁo
mol e BﬁEerQEI%PnQéIfQQ%le bnhéeaﬁclegmﬂamages the bead has a | oading

capabi | | of from about 100 mol e ‘per gram of bead to about 350 mol e per
gr am ofl04#64 dn vqrisos apbastiments, Yhed preess sioss-teriéanal dameters ofihg gompositipnsf theanyentien
known I d

Pol yst b%é%\%kl%ggggﬁé?gagnoaﬁ }tggalggéﬂ m?ggt eggﬁmzﬁg{ﬁ H%’Jg Og%l n%%?cn%%l Sa(t)to e

si zes EEHYAMhym.AOP amy Fhns g | Q0am. (D Cﬁ‘rﬂ’oﬁwqf qseseptinGtipinay beehosenta some

I NSt aneRKimiPOAYiSEY tERE pH@Jg‘és CloPSxalpleBERatdhQ 158 H3BY te 22h 30 MTbe éQndEmﬁ@ spften,
40- 50nm may be desired The pol ystyrene bead size nmay be inportant

in tri GYEPERgnemereSr IWP neﬁfg Betogisan eﬁﬁv@ﬁ&&méawf@%@e@ﬁw@f ohquly|
sizer anges nmﬂﬂEerb&ﬂﬂzdlySctai@ars inbersk %aﬁlmd&@lﬂaﬁﬁct‘é&mf'é_ﬁﬂut SO SRSEH, Wr 2529500 nm, or

t ar get with correctly sized beads bein cogni ze in the
per i phéﬁ@”"/&a& F Bimg o dif dbe eRerieeTS Pke eé%ﬁCfeéﬁégnDcﬁs% 1909040t ake
of thelqsaﬂmmeﬂoassbgombﬂlaksamboﬁtaanﬁ] 50004002800 280 enpodkDaent s, the | ar gest

Cr oss- ional di.aneters,.of t e conpositi.on of, the invention are_ | es than
Shoct TOUTh ke Bt T o eiB i e R sk O S e gt o G &

nm  50Gdneriond®®lerance 306g arigeO Peptide attachlo Iﬁl]mly?ﬂjrfbne Bémoﬁl $onrin@inckd) ehe
E;g‘sengnti%ennl_ﬁg%pt% 1%?1%((&?% tﬁ? %oﬁgs?yrtﬁr% bea% lgléhg Oegrﬁd \ﬂse {) antgx?qg E%)%\é% ﬁyt%fsor
bone mearberyl gites byﬂpmh@fd@se b¢ads.slorseme frisedéasethe sam@alsplcemtsmhavwomm pigmaling

di anet g,8.@f about 10-500 nm Alternatively, carriers may have maxi num

di ameters of about 100-500 nm or 250-500 nm or 300-500 nm hi sone

enbodi nents, the overall weights of the carriers are |ess than about 10, 000

kDa, Iggaslcﬁejaeml dhrRrsd9Qakiia,s Or | ess than about 1,000, 500, 400, 300,
200 or n one series of enbodinments, the present invention

provi dgg)4§b }ﬁ)metqn@ﬁgxwﬁ@ the tofesens e inglpcipg gompositions 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
to conjugate to biomolecules and other groups. Analogously, antigen could be conjugated to the
dendrimer surface. Moreover, the functional groups on the dendrimer surface could 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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i nduction of tol erance using antigenic peptide attached to a pol ystyrene
bead. In sone instances, the antigenic peptide is linked to the pol ystyrene
bead vi a wbeol/dsssomi nus of the antigenic peptide to thepcanisexylo2si4t es on

t he wRG! NSLXE, %gg”p,%@lds hi some instances, the carrier also contains an
apoptotic signaling nol ecule. Branched PoI ymer Carriers/Dendrinmers [0048]

I'n S ONgyuRITRQELITERI oS tyndplfiic t%@‘tfn@%ﬁnﬁ 'tﬁ'éqy&hﬁge&%@%% B«?r&ﬁ SfoP&ntlth:Econfslfggﬁ&ﬂ

i nvention conprises a carrier whi ¢ ranc Suc

o | o Bl aEB AT, 454y H S, AP Non HADHORAALS, B0%/OAAR Sk akS can

be fungh NaRas hgash %ﬁ@' 6 99@ 1 (IR arcGRRLD ErcE ROy G bkefeAcPh el to tRE &:Gdrk ¥he§f
tol erance i nducin exes elther directly or indirectly through

conj ugrohePBfist ¥ 15?‘8‘@4‘@]&1 ¥&d-pol ymer systenms are thensel ves
nanopahseubALR méhﬁﬁ%anmag Bl ﬁhﬁﬁﬁh&t@{ ﬁrgm;l BERAGN: 61 ﬁe s&%mf«y@ﬁml e,

dendrinmers are a class of polynmer that can nanoparticul ate in the nm
r ange. SOMRERD! PV IpFEs 2 %Wp?rivg%mae%aaﬁ mﬁls%ac d&fm#lﬁﬂl:YtQCB‘Pfé‘Flg&?% pRIvest of pej r
sur f acRlutdsQfoud 8P4 echahge@ Ih RAYErafaes PHUSE dorltéht, CR Rftetdplae bpa DICOIMIAGM,ES and

ot her ro S 0 ant i coul d be_ con e e dendyi ner
SRR o e R A e R b B e AR A S
opt i m Iﬂadlyfbﬁarnchndrmlyame Bistedichiv Bt useful fdr Gtoragx augpbes biyashyldted xydratidlogical Saivizy,
Doy 1 B A ST B RS RS\ ACIBNSLIB ek ASHIn L s SSMBRETER

Doc k et Addordii®y8 9@me dridbagliientoeflndndpertmbia pileon pagticlésythgslast iot d«tndngwetsn orghaidavep t he

not 1 e anadER iAol el Eh fore B i ALORRIAIUURR) 3D IBLA raBlpai BT ITE ™ o
in U, Slengrimer andhas agoliégore71 and 6, 998, 1 15, which are her eby i ncorporat ed
by refgp %ﬂCJFeJ&% ?:h”al&@lﬂ-fg értbg %}Q%ie%%l&ﬁfes Qigﬁirfti%% SNBL rdcfal E&‘lﬁlnhl ity

di scl ose 0050 rimers have a ape t ghly

dependenbighls btqneheé@mmmlqoyle@ 111 wltlsh e hfsoehen emprate,/fiem 8 C?Wahcctj? vléﬁldnmers can
envi r aRRE froaﬂ%nt%@élnaa@d@ %cﬂfdﬁgaﬁdt &8 rXitedqS %%&Qiohﬂn{e NS 1paliyaonar

solutes around it, e.qg., %as in terrperature ion content, or after
upt ak eobplk! eaemnrerfuelb%ﬂnogﬂopy ﬁ@ﬁ&rqrpeb@téylfwnﬁw&aﬂwwﬁ gugh ag PR

that godeft§leat, lp\églemexnpagmaieaia} golrybmpmm ipBEkifoxefe, pSIPAHidERoRkY1 PsigMmen ed
polyrrer st.ens, ca sefs;h for tora Bﬁ‘r oses or. as related to or

bi ol odi® na%%‘lslt]?ﬁr?(\? @@E‘mﬁr aé"éf"s%l ‘E?Brf’é W i e PEY y&‘ﬁ%? will
consi Strefdiably, ndtmebits afefbmgt@m Rhich Gerimlirfitedin CarboyirdNdtherAe g0ivelly REdryed saive
enbodi nent s of rga?%ﬁ?rtl cles.rely on particles that are not dendrinmers, or

that HAQHPS Ip ggerdo atg COMUBRHON- 4" and/ or have a core that is a cross-|inked
hydr Oq9052]m&ﬁﬁﬂbﬁ$%iqﬁarm@@ﬂ]bfart@h@aﬂe%hmbalbz d&ﬁﬂ@lirgldsmﬂar ambch]as ganesallyi d core.
[ 005 scade ritic

pol y né){_respare(cjl bynPe w{se pr rcgfratlve rea}cﬁon af rﬁug)lglﬁ.ﬁncti%lafi morﬁ)m(frsnio ogtaln a] ec i< e(p sctl]:ucturv(\i_I ch

t he br(mh@sT@n:dmai el flﬁwmﬁalgcwnﬁlhm ImtoEda EnEieﬁ%m&ﬁ%i)sAofamtbef dradlletnérs ar
var I Y an T mers.
Liélgoal Céo (i ﬁe-tgh}lﬁlnﬁl‘ing nuﬁbﬁmﬂé’@ ghtﬁ{}lfef?éi*mm% @g&%&ﬁ% éh%{HuH@de dri

p0| nelrm ne en€el m ne
pol yetEiSﬁ’méh‘éi WﬁmerpyﬁeilallkW@rﬁéeré dfeventEen 1@@11%’119@9#@ @PIYH@FS):‘E ﬁ@‘b@fﬁb

pol yetﬂaganermwmh&%td@memlw RNPSPRANE Y87 3190k ¥S8 5 DX aRtee, 1 P IMaiLIHEing
pol yaryl” pol ymer, or conbinations thereof. Dendrimers have al so been

prep arH?H’(‘f’I?JSﬂ@P%Eﬁ*?)ri’SmHEP%%("FéNbAM")p %qﬂyptygr rﬂéi)lmenc spacer molecules suitable for use

within the present invention include chemically-defined, non-polymeric valency platform molecules such
as those disclosed in U.S. Pat. No. 5,552,391; and PCT application publications WO 00/75105, WO
96/40197, WO 97/46251, WO 95/07073, and WO 00/34231. Many other suitable multivalent spacers can

be used and will be known to those of skill in the art. For example, dendrimers and their use are described
in US Pat App No. 20070238678, which is hereby incorporated by reference in its entirety.

[0053] Such dendrimers include but are not limited to polyamidoamine (PAMAM) dendrimers,
poly(propyleneimine) (PPI) dendrimers, poly(triazine)dendrimers, poly(ether-hydroxylamine) (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
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Preferably, dendriners are enpl oyed which term nate in carboxyl or other
negatively charged reactive groups in order to facilitate conjugation.

[ 0052] Dewdr2btvaisssoar e known in the art and are cheni cal lpgTdstémweehisg obul ar
nol e@#{}lk%smgoeg al.Ly prepared by stepw se or reiterative reaction of

mul t unctlona nononers to obtain a branched structure (see, e.g., Tonalia

et al. : sﬁ&&%g}ﬂfo‘r&gfd%w%me hi%m%igsdof sgﬁ{g Luch%gdsuil'f@% Z@t osA“}fl?crh'd%tnY)t Bteract with

dendri mers are known, e-termnate oam

pol yet 1A ligaad; hehel awapsmw W@Wleetnleﬁ%ﬂ r@ed@ﬁ@pxmrsslts Ekﬁlmﬁl)ew&% giehay forrer s

usef ul emngtl@ﬁy&&@a 8dkipd &ﬁ&%l‘y%sb ﬁeintaquoeﬁﬁﬂé r&h&rth 1&%}5@1& or
"starburst™ polyners suc hose descri §' No$. 4, 587, 329;

5, 338, &Bh ydé?i@rnﬁthzl?mma@ﬁ)@ﬁhemownwwé@ahlpWéa ua@nwb%\a@ SUCEPART )

Still atiand paildchyTedel gy s PR GRimaPPbrgritlaBs sqhdadPbertinty auﬁﬁe g%&ﬂalvnthtdy SifRb&S ent
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sal ts, pRkdid 16 theGlERlo? theSdtalticds for exanpl e hydroxyl groups especially
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car bomEURSk ymgreraethes ofsrrdrimarprduction; drndemers arcesanthesize QRtV’Ia’éﬁ m 8 gef€i nani ¢

aci d amlda@w% kﬂﬁeam&ﬁl@f 1d96rs RF BRSer® rThQ kBRI uYel oﬁﬁéaeﬁ@l@rrsmés& Kathary
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ﬁrsorrrﬁ

surf ac SPeraren’ L eroRrpes iR H‘CFB‘E‘?C‘E’it‘bFFéP i“t“?"‘flﬁa*{a"% @t lgash Preoige; reactive

assoCi edrinitRs. dHatinabsERDéNt (AME OF hélierivatith reble ikl dxpahiién mhw@anﬁlaf lfy?&ﬁ 18/3€
i ncl ude put are. not

to.receptor nediated targeti rou (e.qg.,
ol i o Z Hereit 1 St ot BRS res0ity P bt BoeSh i b EHAIH APt fpeds
pr ot ei pﬁ)ﬁluq:}ﬁhhtﬂrdﬁﬁs ofiﬂeslg@ll’tbz{rﬁqtermir e Ap thedessity ©f thg oneths intedaeds| the S)tediost

g;[ 23: SP I(z?r(rr;a%llg!: Eﬁéfnu% Ve, 1{1 lélf(grrrI o Iuspix%rg‘ g & bl é)ln% a owcr 961151& é/c%re See &'or example,

enbodi He‘hti’at NoeS, 3h2i whicls lschowbmmommat@d ba m@f#mnceoartbmtyetbllnddmgors by emyop
the supfags. of &Q%é% nﬁﬂé&?eglq‘%gcﬂﬁﬂéig TP bS prORLER o8- sﬁa[f)recli %%fk' 1M<b @l %fﬁp hiRe

commerci a I ncl ude pO oam ne dendri mers suc

dendr i fRsms: T{ ertilting demstimersanayrssent anparitrarity dargy pyohgr gﬁf(qensea@@nmrtg

t er m NghRhiaRuBbgIRRY oPHkiB& %ﬁ&@%@ﬁm&a{s%mgﬁ]uém&r Eﬂﬂa?dlmhf Br ABYech$. HSLd,
with or without further nodification, or w thout er posi ng

conj ugBtEfengd Fupedime, the dendgpieriqag wh %ﬁ*ﬂal ‘g‘é’i’YC"ﬁé’bﬁl}aH%s and proteins to the
sur f ac o3k DREGEn& b} 8415 in ¥AQRDJizd5hapd ﬁmdrrﬁlhhseldofqémﬁeam eHabtiRgrdtp o6 b aQipie,

dendriners are synthesized outward from a
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 500 nm, or 50 to 250 nm in the longest
dimension.

[0057] The use of dendrimers, e.g., PANAM or PPI dendrimers, enables the creation of cationic spherical
particles with a specific number of amino binding sites on the surface. The size of these particles can bé
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
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nol ecul e by sequential addition of |ayers of nononers. The first round of
dendrinmer synthesis adds a single |ayer or "generation" of nononers to the
core, w tWwoeammssmponer having at | east one free, reactipeg/usesion1ss7 Each
subsgguent . tound,9f, pol ymeri zation results in the expansion of the

dendri nmer by one layer and increases the nunber of free, reactive termni.
Thi s PragRRS LN DB WRRRALSH: Rl fozstﬁ_%ﬂrg@t& dBFRAP GG RE G

desi re% di arr%ter or mass. As th IEﬁsensm ' nﬁ Slranéer es mcr%ggg%g;st he

out er né‘§‘f‘°§?'ﬁﬁé§@§fh#5§°a?@e’mtiﬁ%éﬂpﬁtwﬁﬁ“ﬁh@g’f@\ﬂ’m of a sphere surrounding a
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i ndi r egliah25, théte &hapr50f @micéelthaArbOrhUTRN aCIdﬂa@iaqiemdmcHaf@ bafiR s&ROeY diFakntP 't

ovoi d i ape. . [ 0056J. Dendri ners in si ze, shape and

P ar 0 BY BRIk ParE T YR BRn et PEiat PRI B Rire b RGP Apgidena
wei ght pf)]ﬁlrhdnoﬂl&@thtshgliﬁﬁﬁﬁerkt%mlﬁmaﬂ ﬁﬁwﬁﬁes5ﬂﬁ@:xdﬁﬁiﬂe, defidr2inds bfah2mO&knkiD@ention
Dendr i ner

to 250 n%] c corﬁ)]ose %fna sgg%wﬁet%gﬁ%lrsolzggrhgo{l 0166%%: t g‘lecu(?es 198 dug0 186? i (??gr?pglrs]m dgfereng)
PANAM onmb¥$ (vothirdori meiogunaeﬂabrhtem atdeeroingldt rzmgc)af nwacw anid mosqubsa_]lolnedito each

parti C#i?rﬁiﬁx Wet Hlo%aﬁé’efi' 4 Sﬂrgfe{} en@%dé‘&n@nﬂéik Rg o?h%l?rﬁ Pélzet J?B &Ce The
size o ese partic can be se ect’ed to optim ze 3 (i
st eri ceoipriedy \méewlewqiemeletlmked/aemm@em %3, dek, 5%02% exla%plf ea,tchi n

nost apgls cati ons PANAM dendri ners of 6-7 generations have been used

resul ti n% i NWBGR Docket No. 28890-717.601 particles of 50 - 125 kDa

mol ec ul@Phogiserdringy brandged palysiersoraylserhstemiplqyedinghe ipverition) and njay bg progueed
henogl @Binine datHe gBherhli B Q0 88 hatefllfasdldAdrimdre e BGiIthaR oF WichBrdhc YR nerd i FRS]
Mul ti val ent spacers with a variety of valencies are useful in the practice
of theYelkeowt ®ibeathd in vari ous enbodi ments the nmultival ent spacer is

bound {(060EBARRR.ARBHMersm ch%@@&{tie eﬂhiﬁi eﬂleasam Qni%] e; at%st Rbt&Ridir om 3
to 100, sonetines from 3- uent | % rom3 tinmes nore than

400 nuBrasrhedpolvnernat lrﬂelgdc ‘?%W‘?F& it SO irsiah ﬁtﬁﬁ?r%bly Pwemﬂﬁnéép‘émpe@er

is conmwreﬁrabgmweensommtermﬁe than 25, nore than 50, or nore than 500
nucl ei f@%@hd noi etle (which nay be the sane or dlfferent% It will, be

appr ec I3 somme, en?bﬁ e oA toleTNsA MU FRE CorpRpsitiors ofdheprrisp 1PYE£F’%?T°¥‘6%§:@F

t he i nieptddaBidadBbiestead wheRid fioictimcMntiticisd dopdpldx)is Eirfjifgatea is a Frah@ed belinear
structur.es. For exanpl e, dendriners of the present invention may be
corrpos BYYBF a somewhat het er ogeneous m xture of nol ecul es produced, i.e.,
conpri si ng different nunbers (within or predom nantly within a determninable
range) ¢ g gﬁc&gi grsam d noieties joined to each dendriner nolecule. In a
prefer the dendrinmers are of a simlar size and shape, i.e.,
conpos HWo6di Imwrtwn&o@fmenmcthehmltm antiges ipe@sle bhprbteiracopjughte kompr2e94a cdrbiéf

10% 5 % O h 5 i may
al so b\é@mgﬁ{%aol éo{%é)ér g&lﬂzn% ?eolr%slg] a(l)s% c%iledwg) %ge%{l , dar;(% ‘E‘Q‘};‘ggﬁgﬁ?ﬂﬂlg& Jefosed
gener aby bplégmreeﬁs ped & it3a>|l<@113®rme¢1bbr mmndmgﬁheta@wmgu ag agieoyymbdibmaandhed

poly maEh%tkiné, éﬂrﬁ@mg, or sonicating the mixture to yield a dispersion of vesicles. Various forms of

liposomes, 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, e.g., meeting the size mentioned above for lymphatic entry, and may optionally be

grafted with an overlayer of PEG, or otherwise incorporate PEG or other polymers to achieve similar
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wel |l known in the art. [0060] Branched polynmers may include at |east 5
termni, at least 10 termni, or at |least 100 termni. Branched pol yners
may i ncl uwle 2baosemn 5 and 500 termini, preferably betweeoTAS2&002400

ter rQVéFHRD%QQNonREQHQE?f erably between 50 and 250 termini. [0061] In sone
enbodi nment s e tol erance i nduci ng conpositions of the present invention

d |
provi deg,tRifes. tm&ewep tghlgﬂebr gn\%gega WARLESNNS ta%tgt H%réu? dﬁﬁ% a'l Y6IND the

conplex 'S conjugﬁg d or I hear rrrers
[ 0062] migrlisswacenthisdlask serolymereamigrmpingte in «thmﬁwgernumémqomplemenmccmon, and

con; ugattlep&aémmysoeeae&laq@Jﬁavethe\t@a&p}m@bect ﬂeﬂﬁﬁé’c% Dhydi5EEbfp, sk HRPRATES,
al so called |lipid vesicles, are agueous coggg tments enclosed by [ipid

menbr afgLoxyd gPug el oy ﬁt%f‘a«tetdglyw%e{f ofphespisplian grgpgaicls sptass fies cpmptealemn an
aq360U$>1ﬂaﬁ@l Sﬁ&flh@ﬂhdxﬁhl%bd%ﬁ suracky é&glbegallo&ﬁ tcii@ﬂfécﬁaély Mlvﬁt@%orﬁb%ﬁtb'ﬁteAtlo yi Ie: d
a disp n.o ari.o orns o i posones, inc uni | anel | ar
vesi cl Qggléﬁﬂdwe%{\?ﬁ%‘ﬁ%‘ﬁ%b gﬁ@s ternpgye EWXYI@I‘ELWeI“pﬁdg ?0 st i on.

[ 0063] fddnied dodymes yrchiresbures yloak ﬁﬂesdh&']?lbaysxiehfeu@aﬁﬁ‘bblﬁdﬁégtﬁd t€ Foaiaetiirst i : Ccs as
descri bed_ abo ' cI u m ce s for rrom AB and Al copal yners
of pol SEvHgFenCrgriEsH S ARymiper o e Bu gL PP Lons & e RE e Pienk

nol ecultlaitmhyh@usedn of poI y(et hyI ene gl ycol ) that Is relati veI y hi gh, e.g.

[ ted.tq.for m

in exc r OX. er cal .mcelles.ca
undor L0040 ARBIE et B BRI o1 oo R e for e RRRRERE
si ze mentigeo peplida bud/profeor conjpgpbeinivchichrat myitiplaitg ofrenytigeppeéptided ang pheeigy aé t ed
wth an, W se incorporate PEG or other polyners to
achi evg @M%%dqg%&g{ebo‘gé‘etgﬁ&%gﬁéo 717 601 properties. Mreover, they can
be conjl@& &dposprnts raayttiegeepared droneargdtietyivé lipidnmatelatryesluding val it Gmitbdtohligitis t he
m cel | t for
Bf SHOSHIRASY ¢ &ﬁteb;lh%gégaaﬁ&&ﬁ’%r}%?r hoSiiha 1(%@ Fd&lgbg r{ﬁ.ﬂ it @J‘%@E%@’ %ho%%&ttﬁyt

conplene t ‘activati on tICU
hydr opRibprcodaniing ko phatidicasics dtcﬂytaphwldtamwn@mdﬂxpngl@@td@, watyethiiese glyetd sreptyl

group Wnhihe, R6o18GIHE a[n@%ﬂélkéfer@lvgé WaPdsEniRrds rE&?th"e‘leﬁﬁ Iv.l:u?fng @mettﬂ&l EipSdi2GE
for conpl enent bi ndi ng, ch hydroxyl ated such surfaces can be tailored to

ef f ect PrrdIb§Tede oy albe betsaﬁercb%ﬁeon-}aplﬁawhl@aqhemkmfsewh W%ﬁﬁpqlmera Phck is
PEG t géij{oRdétRdereh-Bo A ¥ Mle- GyRHE)-andl hedltdiTh pRfferted efib6dilneftt Ah&TiREoREY YeTET

architectures, hlqck sizes and rati os can be select to form
vesi cuP%?Parg‘Ff?%Bﬂg%@?t "‘Fﬁé?‘é“ %ﬁggtb"e&ﬁli’é’f ‘Z{Ep‘?fﬂ??‘ﬁ‘“e UGS RopRProfise ’I“e cheni cal
CONMPOS phdsphsidglf settie; eHcbtgl pHosyhate! @idi difgrisidybhosplyatidr agiﬁedf [00ﬁ4] | n anot her f
series odi pent the present inventjon provides fqr the production o
o ot TR PR oY SR pLme B de B bRty o lylPUB | o1 Ly
of ant b@ﬁ'ﬁmﬁﬁ@éalcﬂ&sgraﬁﬂ f@f(ﬁhﬁga’tﬁ)naﬁ‘cﬁ ecomjlel gatieakid or dthe cabbigidr#dsl brace of a
l'i poso ones. ared f r epal s
i ncl ud?qéct{lﬁmtc 4!?' 5t (F °§he{ e%yltor)énﬁen% 6> m% %{a%l eaﬂ? b K0 |°ﬁé)¥aﬁ?|osgmﬁiﬁ i dyl
ser i neredpévosplvat gatidityi Altsnatiotly, lmwsmsamayd?} Iprcglluwdéxeexhng qadmﬁlghtatgl mtybty such as

Sg p;gghepté gemc tt%ﬁ gb@tnlﬁﬁn@@ Shrcetlag% For BARGRO Bl An-IRR2SAL RAARALIQRL de,

thanolanune (Molecular Probes, Eugene Oreg.) in the liposome.

Means of Conjugating antigen peptides and proteins to a Carrier

[0067] A great variety of means, well known in the art, may be used to conjugate antigenic peptides and
proteins to carriers. These methods include any standard chemistries which do not destroy or severely
limit the biological activity of the antigen peptides and proteins, and which allow for a sufficient number
of antigen peptides and proteins to be conjugated to the carrier in an orientation which allows for
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-terminal fusions to

the antigen peptide or protein, and/or the presence or absence of conjugating moieties.
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arm ne, ovolecithin and cholesterol, as well as mxtures of these in
varyi ng stoichi omet pes Liposones, as used herem may al so be fornmed from
non- hpi d wopbiopssdsbc nol ecul es, such as bl ock copol yner CofUS2010/021547

pol YL Qxpetdy) £R670z0 soprene-b-oxye- thylene) and the like. In preferred
enbodi nents, the |iposones are preparedfromlipids that will form
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sur f ac eigle groups préerowe onie,cozd radyrhrs ofpelihere (ghat ere laydyos aicoram pglemersiotherwise t o

Pr ovi deekRqie meeaaalcieemtlhef&cg rRbRSied QL i RRAb4 AL 3¢ df&‘ibemz!ﬂﬁl&zu?é @bl C
acid or other carbohi{? rates, or polyethylene glycol or other al

al keny PapaBRsigies dat Grape Fradis funetinealized forispectfifrael] daseqing ar prpﬁgs@#@ert&eﬁemce
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of , 069} onweatpy weh an oddiens spippdishide HE DI deramatiens dgsoshanate. popyleneglyael
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anti ge[heg%uuqleotgﬁecg}{cqre [iflody4Si PR protein, to the earner. The exact

chem stries wl rse, depend upon the nature of the earner material,
t he pr E¥YAL & one Sarb@eaﬁ e@b@hmﬁms,élnemnnadm feptides and proteins @rechonindyrthpeptiérda or

pr ot ei r 1 i efl] ket
Ro. " 2a808 A Pl R pBaT SRE P sk REEuR s BN HAR TR LR MRS, (D
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on t hebeQnfughel MivBily @6 a %!:tm%f(ﬁlptop Boicdf &n tha¥iffaSe MNhSchRERe.L) a RRUYIERLS
otherwi se tethered to @gartl cle. For_instance, exanples are. included

her ei n°# Py gawR i ao%“b@é’ BRI PARLaRERA Shertoxy) %gurt HardepdHngerrReadi | y
Ij ulnpt i Hj?tﬁb)lyéaﬂgrgf)ﬂﬁcgs pmpﬁatd:grsﬁi of at;ﬂ;bgtﬂﬁqui@) uazrdm@emlg:malag&ne@ gn[)tedﬁuddw {Ghere
elivery. n suc e ene carbodi.i m de e
ox aneTHy PhAE MBS PRGN SRR B GIGEE o aPayrs S1ap] SPHES b PRIFTSAtai n
2 epoxwepaﬁk?ﬂefqﬁyanﬁngmeﬁ]hbguﬂmhydr| \r/lvgrﬁy ?ebused for fixation of p(lzptiI des
or pro o the carrier surfa out bei : is
suspect BT R SrE PRl B BT e SBey BRI LT Ao (F5) EPEhes.
(a) : t residess) omthe yntigeu pE@gie bhpropiny be raatfrepbéndeih for éxampleel ethglis- taa@-ém\etlazlt
cataly A n e
gr oupsgrhﬁ1 @Io?ﬁf‘pa&l%o%ﬁm? g’glf gg(?:éa Cg‘% m%’"%?&& apop ‘? S%c ceé)l S e%flﬁcﬁs%ch
t hat t frene chemispyy okgde ugpd bg/cqwteefm rgees pr tsewrfaca of Tedrtier with fravsabprdet-sand
i nducefr&ﬂ'tﬁé@%nug tor 'fl%mtlk'ép%r @fl@ﬁa@ﬂh&s bﬁ){llle tagtléég ggptl-ﬁe %Pﬁéo&lﬂ Qlt@matlvely, free
non-i munogeni ¢ fashion that |eads to direct uction of anergy In
aut or B gEOURLPn the syrfrceelih qarréng maE@E)P"‘@éqn‘ihébmH’é tQansigeepgrtides avd PIRSciRsoPr t he

i nduct yRigeRbeptiR®S Jriein BG RbRInY, ubing@UIFRSIAB chemistry, essentially as described by Arano
et al. (1991) Bioconjug. Chem. 2:71-6.

[0072] In another embodiment, a non-covalent bond between a ligand bound to the antigen peptide or
protein and an anti-ligand attached to the carrier may conjugate the antigen to the carrier. For example, a
biotin ligase recognition sequence tag may be joined to the C-terminus of an antigen peptide or protein,
and this tag may be biotinylated 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 to

an immunoglobulin domain bearing an Fc region, as described above, the Fc domain may act as a ligand
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[0070] In one series of enbodi ments, the antigen peptides and proteins are
bound to the carrier via a coval ent chem cal bond. For exanple, a reactive
group or woizetopsemar the C-term nus of the antigen (e.gprCcTiUse01002BAM Nal
car o, ,_)'%v]dockg 0%9907 k@ hydroxyl, thiol, or amne group froman am no acid

si de aln econjugated dlrectlytoareactlve group or noiety on the
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thrombospondin-1 (TSP-1) is expressed on apoptotic cells 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/TSP1 complex on the surface
of an apoptotic cell may form a ligand bridging the cell to a complex consisting of alpha(v)beta
3/CD36/TSP1 on macrophages. It is possible that binding of TSP-1 to CD36 is mediated by interaction of
the TSR-1 domain of TSP-1 with a conserved domain called CLESH-1 in CD36. In certain embodiments
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pr oduced by stimul at ed macr ophages _.and binds specjfically to apoptotic
cells [89, 9] 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 fusion 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 function of the present
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1nvent10n, either the apoptotic signaling molecule or antigen-specific peptide may be the N-terminal
portion of the fusion protein.
[0081] 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 system. Briefly, DNA sequences

encoding the polypeptide compoenents may be assembled separately, and ligated into an appropriate

expression vector. The 3' end of the DNA sequence encoding one polypeptide component is ligated, with
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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

20



factors: (1) their ability to adopt a flexible extended conformation; (2)
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t heor Yfragments, 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 amino 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
immunodominant 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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tol erance upon preséntation o e I ntact anti

No. 2889@1@11 rcygques arstadgosuigabiay such ag affinitngrdan exq%é@e@h@marqsramhh@f gohwbilized

pr ocessinfidRpehthesent ation of the native antigen does not normally trigger
tol erance. An el aboration of cryptic antigens and their identification is

f ound [9093] dr engrbogdiagnt, g aaf genig vt gt YIS avpuppBtgen, IEYoTTtigshotder t ai n
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enbod CARIEE GHBYFlinharie P, aolﬁﬁgﬁﬁl o fragpegip thegrogdtN Arfticlgarad nggleolar proteins,
mitochondrial proteins and pancreatic B-cell proteins.
[0094] 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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thyroid stimulating factor receptor (TSH-R) for use in treating Graves' disease; nuclear antigens, histones,
glycoprotein gp70 and ribosomal proteins for use in treating systemic lupus erythematosus; pyruvate
dehydrogenase dehydrolipoamide acetyltransferase (PCD-E2) for use in treating primary billiary cirrhosis;
hair follicle antigens for use in treating alopecia areata; and human tropomyosin isoform 5 (hTM5) for use

in treating ulcerative colitis.

Evaluating tolerance
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achieved by the practice of the present invention. In another exanple, nmany
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[ 0010 Conmbi nat1 ons can ested for their ability to pronote tolerance

by co r‘ﬁﬂ%’fqﬂﬁ@h‘é’? wqm&%@r \Iﬁaﬂﬁnfl&f&ﬂmsédﬂe@ pegmiss the ﬁomtwaﬂf torppettate wigon b2)
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measured separately.

[00105] In embodiments of the invention where the target antigen is already present in the individual,
there is no need to isolate the antigen or precombine it with the mucosal binding component. For example,
the antigen may be expressed in the individual in a certain fashion as a result of a pathological condition
(such as inflammatory bowel disease or Celiac disease} or through digestion of a food allergen. Testing is
performed by giving the mucosal binding component in one or more doses or formulations, and
determining its ability to promote tolerization against the antigen in situ.

[00106] The effectiveness 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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suppressor cells at the target site is thought to be TG-b (MIller et al.,
Proc. Natl. Acad. Sci. USA 89:421, 1992). Oher factors that may be
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these cells indicated that they were CD11c/low, CD45RB™™%=% and B220 and had plasmacytoid DC
morphology. Tolerogenic plasmacytoid DC with similar phenotype but CD45RB™" can be generated by

in vitro culture with IL-10, can be isolated from the spleens of normal C57B1/6 mice and are elevated in
IL10 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 rounds 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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ethods of use

[00112] The invention provides methods of regulating an immune response in an individual,
preferably a mammal, more preferably a 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 to, an immune

response stimulated by immunostimulatory polypeptides, such as myelin basic protein.
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Signi ficant nunbers of CD3+CD4+TL-10+ cells were not found in this study,
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suffi %o%&gloﬁa@ g£rﬁxg%a%{ﬁoﬁ'3nééigﬂd9 fyoclonus syndrome, cerebellar degeneration,

encephalomyelitis, retinopathy, primary biliary sclerosis, sclerosing cholangitis, gluten-sensitive

enteropathy, ankylosing spondylitis, reactive arthritides, polymyositis/dermatomyositis, mixed connective
tissue disease, Bechet's syndrome, psoriasis, polyarteritis nodosa, allergic anguitis and granulomatosis
(Churg-Strauss disease), polyangiitis overlap syndrome, hypersensitivity vasculitis, Wegener's
granulomatosis, temporal arteritis, Takayasu's arteritis, Kawasaki's disease, isolated vasculitis of the
central 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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response. As described herein, regulation of an i nmmune response nay be
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gl onerul o ritrs nd cryopat hies. These conditions are well known in the
medi c&nd mcgllhmwsﬁn@be@&qwm 2 wesks. é%@&?fﬁﬁlse the spmpigptiges gpfl gucosal 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.
[00121] Other embodiments of this invention relate to boosting or extending the persistence of a
previously 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 1 year, and typically 2 to 6 months after priming 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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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.

[00126] Certain embodiments of the invention relate to decreasing the risk of host versus graft disease,
leading to 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 simultaneously with or following the transplant.
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decreasing the risk of host versus graft disease,
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 administration of a precise amount.
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routes of dermal administration are those which are least invasive such as transdermal transmission,
epidermal administration and subcutaneous injection.

[00135] Transdermal administration 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 limited to, pharmaceutically acceptable 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, ointments etc. can be found, for
instance, in the Physician's Desk Reference. Transdermal transmission may also be accomplished by

iontophoresis, for example using commercially available patches which deliver their product continuously
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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 microorganisms 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 liquid polyethylene glycol, and the like), and suitable mixtures
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as salmedanmaand tpdfwgtptedtomebulgfedreed foal tlhm efgmeriefl eledvie dn the @eeI Alerile powders

Gastr g &ﬂh@g&gg)@lgg o b Ourgéctaa,mgmu%hg CpQ&e&éa%aﬁ&s obbarepﬁgtﬁmrs@é valciuml a@qlgt o,

|ngest|on es an can i nclude the use , for exanp
phar masefieszedriing whicle piekdb b oydsnaé the actpie|ingsedient plug emwdft@ﬁahdﬁg@étl%?fh% d

SUPPOSiohPd previohsdy stérfiE Fitbre@ UThitinshéradsi On. [00138] Naso-pharyngeal and
pul rmnarééadm ni'stration include are acconplished by inhalation, and

i ncl ud@OIRI i vEexain embadimentcef this inventioaelatgito kitsraad sesEenvci wicherg or more

tr ans%h%ﬁ&leﬁ{ is pRWIdES in aTslaﬁarht@\é&ﬁﬁlh&noﬂtﬁﬁilmﬁl &Jﬁﬂiéﬂ&h@iﬁkt@(ﬂﬁ 1of ass@hbly 6f a
suitabl e for adm nistration é i nhalation includ |ng, but not limted to,

| i qui @hETepRHss! SPrPIsHionpy thA netjen oF B dfminitering hralhPrefesiieael f orms for dry
powder inhal ation delivery systens. Devices suitable for adm nistration by
i nhal ati on of carrier fornulations include, but are not limted to,

atom zers, vaporizers, nebuli zersy Eﬁg{ powder inhal ation delivery
devices. [00139] As is well known™ e art, solutions or suspensions used
for the routes of adm ni stration descrl bed here| n can include any one or
nor e f anponent s steri nt ,

i nj ect {lﬂfﬂ? %ﬁl I ieg}rgl, (ﬂ*nents f t%c Presen 61|ve ﬂlﬂ Ve be%ﬁl (\:N%l an%éﬁ%ﬁbgdg{eﬁeg},

pr opy litemidl bgloyciobs to IthOG‘t ﬁ@iedéyﬁmhatthdt swblev@mhgrenta Atei pbfacdeélhyaﬁayaé ml%mh as
o2y NuBlefih Oheislond AL, REY BRRHRIon QM1 R RO (RE Qi iABRALNLhodC] O OF

sodi um ns%p 1gent s such as ethyl enedi am netetraacetic acid;
buf f edspastingetfroms thedrsentions It fiowld ke andesstoqstibal yhraqvs glternelivayerthacrpbodingngs of the

adj us Hﬁ%ﬂtﬁonqesér@@él fdrkiX nﬁ?%@ eﬁﬁ]o§&g1h%?3cﬁah9{ﬂe%eﬁﬁorﬁ 8k iR&Rled %t G lBRing
adj usted w aci ds or bases, such drochloric acid or sod |fg§se claims

hydr oglaies deﬁﬁé tkﬁé?@?to&hﬁlmﬁﬁ‘écp’eﬁﬂéfh%ﬁ’e@ai‘ﬁ g SEPLTrES BHNR theSRoRS A
di sposabiieir skl NGRSboverud thekbg dose vial s made of glass or plastic.

Example 1. Induction of tolerance to EAE relapse using PLP peptides conjugated to polystyrene spheres.
[00144] Polystyrene microspheres were coupled either with encephalitogenic epitopes or control
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) J. Autoimmun. 27:218-31; Turley and Miller (2007) J Immunol.
178:2212-20). Briefly, SJL mice, 6-7 weeks old, were purchased from Harlan Laboratories, Bethesda,
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[00140] As is well known in the art, pharmaceutical conpositions suitable
for injectable use include sterile aqueous solutions (where water sol uble)
or di sperwoeos/msaysteril e powders for the extenporaneowsTmsepanaisypn of
sterile |keg z%gggll%l e solutions or dispersion. For intravenous adm nistration,
sui Vablre ear T er $%4 nel ude physi ol ogi cal saline, bact eri ostatic water,
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embodPRRIKEan] 3 Fyme/m EGLI(CalBigghem.La Jplls Cé%?eﬁ*ﬂﬂﬁ%?“"%tﬁg@if é% ab% R/‘éi]lﬂbB‘m?F‘*é? such
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int hg AR |r?sl“§ﬁ?n éggﬁﬁvﬂc& PRFETS: smgggoffﬂuflﬁﬁuce%]ggﬁ &% ﬁ;&é &l umi numg
nonos ﬁnﬁaneatlﬁtrmadmgsrl veith m9 of 010 indlichteAS iosesbvitk ICatbogylate IYIG 0.5@miurdn mitephdres

t bl th .
I nj ec &r gd)s 191{1 Hons ¢ B _3§ EQr ei(jrelggve to%g r\%E e §8T Sl&ﬁmllé(eﬁ{lreund s

conpolindt e U|réﬁ one or a
conbi ralfuvent (6FA) ongdae'd] dndlsldeaiunma@tw«a ab@v@d e@sy léqlm, @ud clinidal spared weye

el ad. sl & b bdaferoORas (GG B ity abHLARAHS | QHoALP o HiRPRS ebhess; 2 = limp

i ncor porati e active conpouna | nto ont ai ns a

basi c tadl asrplézm lipeb weadtessn Jm partisl duindd il maedym, Hercomplptelind limb parakypis IPriw are

enumeral.ady ?st{Hé/l%earJ cﬁﬂ? BEniCASROTMRE Held SbsQOUOBE amfléar sif rPASISF A ddaftiondl
sterile injectable solutions, the preferred nethods of preparation are

vacuuw‘hOéPXFr ng and freeze- dry| ng which yields a powler of the active

i ngr e(iomtsF Pl Nceate M&l&ﬁz@@ hd &’?ﬁkéd@sﬂtﬁ RANEEE L thE AR RERWoUS| Y
sterile-filtered solution thereof. [00142] Certain enbodllr%rlebg?f;bof this

i nventinEHNiZaion; $pipad et Wers semeved B dtssection. apf 2o A pinghsp ¥EEnt i s
provi G’lﬁﬁiledhﬁ‘te@ FERPRMANET QAiMsdiaB6htoried EleRa| INY inNidultl ¥frddeheThe HIGdks Wetei saaed atf or

assenbl har maceuti c osition b atl ent
i ST TRt 7 ey SR SpopiRrEr [T e L P P rosion
eﬁbodi(dﬁpfﬂxﬁnalélym&jpmﬁbedﬂt ot mnaamdrtelmlge:y@:ubém Swwmomadmil@sbmrﬁdd IBer ei n,

it will be.obyiou Qse | e C i e
provi 3&1‘“‘89 U\éyp er% Sseglz‘alse @ros arlcauylﬁgar rdoSEIEgS ar| Gt ?ggr%& i EAﬁgggge&aTt%ga Rofdl
subst iat tRO°OrSlidas Wbrerstawedwnga'tfy)ratrmsﬁegr@anbbﬂcahnn (T drirectifit FN, Boetpar t i ng

from ‘r@g)dac A&ﬁﬁ%k&@a 1{1&“&&%&&&&0 escr@a%?c%q Ao ¥m YRk 'gmas w%!fet tﬁw&t alv @ﬁe& 0

the e e |nvent|on ereln é¥
pr act ifisphig 22hparpioveaidshpde at reon tempprabyg) apfl ehydratedia 1k 3509310?1“@6‘%}1'1%%@“&&3!5 ne

the s %ﬁfaﬁedqlfsmfgfaﬁu idhisipRNERAITRhALGIEID osVANLn S bidiaL Hi@Sbbtit BlobkihdBit SCOpe
of t h%\slgct(?r L%!bg‘itones) 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 (BM8) (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 software (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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and their equivalents be covered thereby. Exanple 1. Induction of tolerance
to EAE rel apse using PLP peptides conjugated to pol ystyrene spheres.

[ 00144] Rebystoysssve ni crospheres were coupl ed either w PtoTase@phalsst ogeni c
epit o ] pepti des to determ ne whet her active EAE can be i nduced
usi nvgsgg?jﬁ%h g’?%%?‘lé{%ri ers. [00145] Methods for determ nation of inhibition

of ind al C a e sghiped (Sm.th and

v 11 or MO8E) T RERE REAFSHBEEL S Bl LR e T P g o B o
178: 22MicrpgphereBRobfstignceS Warringten, Pév) eoupdaiowittoPIeh 1 394 6 b vipan elmawdhkéigeobatidat | an
Labor at.ay.i o t. 289Q- 7 ' 1 i
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easl er i PEif Snice. tmsfr%qn@&% W@ B usib PO %oﬂf&ti&%ﬁﬁﬁmttﬁc HAc gﬁﬁg%%} % e

m crospheres were purchased from Pol ysci ences, I nc. (Warpngton,” PA).

Synt heh§gsspslependingpp the gomposition @i thg@aragubesds) and OVA323- 339

(| SQAVHAAHAEI NEAGR) wer e purchased from Genened, San Franci sco, CA. The
pepti des re coupled to the m crospheres using ECDI to a specific nunber
of act EW‘\{Q?T?TF@”B?E‘&%%@WME‘WS&“% the particles. [00147] Pol ystyrene

M Cr oS piAse] SUBREHGIPRSIVERIbEs 66 tineRtiv & REH RS- gihablge- § (G )ahierosph
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T R et e i e R T e R e L e
39 15i (aboutgltetouFi@umil' s Adj uvant (CFA) on day 0. I|ndividual animls were
observed every 1-3 days, and clinical scores were assessed on a scal e of

0-4 as follows: 0 = no abnormality; 1 = 1linp tail or hind I'inb weakness; 2
= | i npExamile nBreparatibnlof fipovsed GenwosiGon-Congining nyplimbhsicipndieipar al ysis; 4 =

conpl e ind L. b Sic . - . . i Lni cal
ccor c. RO, M FLSRRLALFhSte SR DR FERGRE g A pag iR gtk
days. PEOUR] dasidhed (DT epreenrhibe Midkilipid dophintissciie ppppngs pe irBBrayahitne

i ndi cafgh HAYS RS ThI TR 122k Ry oL PRber SIS pAEE G0l ) 0Nyt PEREL pRid;
and 2- to 3-nmspinal cord bl ocks were rmediately frozen'in OCT (Mles

Labor altgr pabaster) ladet a canggntiation plgh20dngimt is diseqiverin tostiasy-Rutaged (Bisher Spigwfifies

- 8C0C HBusda st Fihagdichied RY S8Rk cHahyRiiish. MBP & 40 rﬂ%/ RIRL A ssd1CK tertiary-
Cross-secti| ons fromthe ely L were cut on a

unbar region (approxi mat 2-L3) we
e o heP PR Sy GEnBtL SR for BT EBPE Ao Bl fre tronbtaed i GuyA Rpe0i
Super f (o tto Rihitse elecietifed Fitit of 0B/ lipasbiae, griding bl desexidg, &bsdn,at Rotd. F&UI-YH, anPA) |

R O R O I TGP MR

manuf a¢f mgMBB i nstructions. Lunbar sections fromeach group were thawed,
air-dried, fixed in 2% paraf ormal dehyde at room tenperature, and rehydrated

in Ix PBS. Nonspecific staining was
Example 4. Synthesis of Poly(Glu-Lys) Polymer

[00152] A polypeptide polymer suitable for use as a linking carrier is poly(glutamic acid-lysine)
(poly(glutamyl-lysine) or poly(EK)). N-a-Fmoc glutamic acid y-benzyl ester (Fmoc-Glu(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(OBzl)-Lys(Z)-tBu, can be deprotected using
piperidine followed by 95% trifluoroacetic acid to yield H-Glu(OBzl)-Lys(Z)-OH. The dipeptide unit can
then be freely polymerized to form 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)-OtBu and deprotection of the carboxyl terminal with 95%
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bl ocked using anti-CD16/CD32, (FcllFIIR, 2.4&; BD PharM ngen), and an

avidin/biotin blocking kit (Vector Laboratones) maddition to the bl ocking

reagent pwowboedsisy t he TSA kit. Tissues were stained WpPCH/US2010/021547

bi Otvb% coniHoaked s anti-nmouse CD4 (H129.19) (BD Biosciences, San Jose,
Sé anthlp'- rmus7e'0 4/80 (BMB) (Caltag, Burlingame, CA). Sections were

cover S{Afeeﬁ)qceefctaad\/@&%&& mn%% elgeﬁgg %z?‘éﬁieé{ﬁbie%déﬂ n%l?ﬁe & &des .
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Downngt own, non-senal |unbar sections from each sanpl e per group

wer e aﬁ%iwireawéﬁmrbwtea% Fomerganciacidiend theWBZproisetineg erogp, ondgsnrar by 601

[ 00 149}em-5h&1 §1ﬁ§hﬁrfc§us@f &1@%16& HZVPdFer&'d;r% adids FlcuQk ﬁ&&)& Hrer AR R Esulfbhni® - S0
m cr ongé)(g rene Ber es, am{)%sm ences, Warrington, PA) coupled with

PLP 13 s %‘ﬁ‘ eHREG © REROXY| &prevmgemﬁgchlwgmmeﬁ? y
ef f ect pepedesmnp/roeypo@tomg s@h:giihgfmdtétﬁlcs [The ke hrinido gfdu@manméueﬁrbteaemlﬂli’e?& BpOc

151/ CFA-ji nduced EAE .b ut nor & or antl ted t
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i ncl usstmdaufmahocbmmb(ﬁb]dmfse;gtdabhmsttyhe |nert carrier may not be necessary
dependi ng on the conposition of the carrier beads. Exanple 2. Fornul ation
of PLG M crospheres [00150] This exanpl e describes the fornul ation of

pol y( | Bxanipdes. cbn@cy@mdf@amﬁd%@mﬁ)gatn@ Bolymptiwed ddposern¢sabl e f or encapsul ati ng

and de NgxR # repar
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used e tige pol yner, and polyvinyl alcohol is used as a stabilizer.
Encapsul ation efficiency is found to increase with increasing PLG
concent®03484lon Lipidichmpencgia et dOpiresecdsddiphrioacidiidrdini) 29. %ﬁﬁ@@omlm 10% amhine h
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about 10 anple 3. Preparation of Liposomal Conposition Contal ning
nyel i nBASP d, pVefereis ndcteémzl}i amAlugon thatp 3 inrpeplehipias. Jihe digidfvateyBpXrg ipos ome

ratio ichicdRl edriat REA oRIMRIuF. ik xorbyauegttm oﬂh@ydlﬁuﬁlhé’mgﬁﬁxﬁ{eﬂ Beichcbrl7 dnd 87O
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en

is dissolve ter r.y- but anol her ientific,. .Houston, X,

ot STt e on A edBR o PEheR e Lt Sy ibo o e ctiesiebebeg i n
t e:’ ti allSayébigE &ﬂ@.{gham;,lyrﬁﬁlttf&x&dfoﬁﬁiﬂel anﬁkén-@@diﬁdﬁepﬁﬂ@ccﬂi_]ng&QH‘pGQmeﬂ-fBﬂ lipd&bmes,

sol uti

ons are then conbined in equa chi eve the desired
Fatio bf BREEAR iheERed "i‘ﬁqk]id'rﬁg”%?} ﬂ%t%c{ﬁlplﬂgodsyf éa&%%h ¢ bubpializedh a0 IR, ang
l'yo gh:j bl Iraﬁo tex\eelhfuwtata at o taﬁpetrdt@w&rlspﬁm&es treis Sblafiddig cahbuslé’cf)@@t ; 130041 #f
neede c reat nen VI conta ynthesis_o
Pol y( c&hﬁaE‘t g forms paiamcriasd Ig 910“%&5 i ‘f}i}é’ﬁ?f‘”g%‘lygow}?é%%n&ﬁgﬁaﬂ}eén%ﬁn Beefics a
l'i nki Fﬁ@pﬁ&’-édt@fgaﬂc&p@l@hﬂﬁ@d%b&d&r@s aci d-1ysine) (poly(glutanyl -lysine) or
pol y(EK)). N-a-Fnoc glutam c acid y-benzyl ester (Fnoc-Gu(OBzl)-OH) is

Example 6. Method of producing nanoparticles

[00155] Nanoparticles are synthesized by inverse emulsion polymerization. An emulsion 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 0.20 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 to air

in order to produce disulfide cross-linking,
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coupled to NNE-CBZ lysine t-butyl ester (HLys(Z)-tBu) (both reagents are
commercially avail abl e from Cal bi ochem Novabi ochem San Di ego, Calif.)

usi ng di iwopompgbsmar bodi i m de and 1- hydroxybenzot ri azolpeT/URb®onesuyt ti ng
di PeRELR H ke BG4 OBzl ) -Lys(Z) -t Bu, can be deprotected using piperidine
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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 lymph
nodes that are internalizing nanoparticles. Following staining, lymph node cell suspensions are analyzed
by flow cytometry (CyAn ADP, Dako, Glostrup, Denmark). Further analysis is performed using FlowJo
software (TreeStar, Ashland, Oreg.). APCs and DCs with internalized fluorescent nanoparticles are
determined to be MHCII'FITC" and CD11c¢'FITCY, respectively, FITC representing labeling of the
nanoparticles. DC maturation following nanoparticle internalization is evaluated by calculating the
fraction of cells that expressed CD86 and CD8O0.
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Cytonmetry & Analysis and In Vitro Nanoparticle Internalization: Uptake by

APCs, including DCS [00161] Flow cytonetry analysis is perfornmed to
quant i Exantpie] ¥. rGatdcterizasion APBsnduimebr B@wtipnal IGyenpl

[00166] Acetylation of the dendrimer.
[00167] Acetylation is the first requisite step in the synthesis of dendrimers. Partial acetylation is used

to neutralize a 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 (after 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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[00172] To assess apoptosis, CD8" T cells are isolated from splenocytes using a CD8a isolation kit
(Miltenyi Biotec, Germany) according to the manufacturer's protocol, stained with annexin V and PI (both
BD Biosciences) according to the manufacture's protocol and then analyzed by flow cytometry. For
intracellular 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 Bcl-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
[00173] 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
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Example 15. Evaluating Tolerance by T cell Cytokine Profile and Cytotoxicity

IFN-y assays

[00175] 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 0.1-0.2 ml 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 splenocytes 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 IFN-y measured in an IFN-y ELISA. Triplicate cultures are
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T cell response.

Example 16. Evaluating 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 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 0.1-0.2 ml 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 um nylon cell strainer. To measure T cell
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0.1-0.2 m of PBS. Nine to ten days after
Example 18. Induction of Tolerance in a HLA:DR2 Transgenic Mouse

[00182] An antigen-carrier complex of the present invention, when presented by an MHC molecule,
can induce immunological tolerance in a humanized mouse model of multiple sclerosis using a peptide
selected from within T-cell epitopes of myelin basic protein (MBP) corresponding to MBP 140-154. The
mouse model is transgenic for the human MHC molecule HLA:DR2 (DRB1*1501) (Madsen et al. (1999)
Nature Genetics 23:343-347).

[00183] 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 vivo.

Methods

Antigens
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Cells are harvested and T-cell proliferation is expressed as Stimulation Index (SI): corrected counts per

minute (ccpm) antigen containing culture/ccpm culture without antigen.

Results

[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 increasing concentration of peptide, the S1, a 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 tolerence to 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 to respond to any significant degree, even at the
high peptide concentration of 150 ug/ml (SI median 3). The marked reduction in proliferation in Group B
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with NBPNCRUSIIM (7 mice); Goup Bis tolerized with MBP 140-
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and resuspended in X-Vivo 15 nedi um ( Bi owii ttaker, Mi denhead, UK)

suppl emented with 5x 10 5 M 2-nercapt oet hanol and 4 nM L-glutam ne. Cells

are pl@abagid . ﬂehnﬂ{ehf:&}tmnﬁeﬂe%ngslt&l%é 4@5&9‘ cultured with or without
varyi ng concentrations of P peptide 140-154 (1-150 ug/m) for 72 hours.
To ch ti dyc ni zation of mce, |ynph node cells are plated
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Results [ 00189] ce that are e tre th PB t zed
wi t h el suorRtnaously at o OA heﬁ%@wgh@ 92 avfﬁ] %?Oréﬁgﬁg peRtig
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to NBPO&&] 15[11[1 this sygtgnr{,t éx%grgmerlitaq fleargl%sérallcl: Ri gm)trgll(tals E%tls mduced n twelve female
Lewis rats by injection of MBP(83-99) 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 control peptide, sperm whale myoglobin (SWM) (110-121).
Animals are monitored daily for 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.
[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 results clearly demonstrate that MBP peptide-dendrimer inhibits the
development of EAF, a murine animal model system of EAE has also been developed. The SJL/J (H-25)

mouse develops a chronic relapsing form of EAE in response to immunization with MBP(83-99) peptide
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Centrifuge again at 10000 x G.

Injection of peptide-coupled polystyrene microspheres

[00198] Resuspend in 1mL of sterile PBS. Pass suspension across a 40um mesh strainer to remove
clumps of cross-linked particles. Raise volume to 4ml. with sterile PBS (500micrograms of coupled
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
treatment of PLP-induced EAE
[00199] This example describes the effect of administration of peptide-coupled polystyrene

microspheres either prior to, or after induction of PLP;3.15; induced EAE in mice.
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into areatr@np@ln)amepmel mueledpclmmm muctqsglwmsubeseﬁzé Ifdrdbcreahmgrduawse pewetiiyqiri®s Vi a

cent pfygad foAhws rd ga;g nutes at approximtely 10000 x G Resuspend the
n‘icrop%argft?[li 8? bl et nsg}) 4m  of Pol yLink Coupling Buffer. Pellet again via

cent pfugati on for 5 10 m nut es at approxi mately 10000 x G Resuspend the
m cr O@Jahxbféb@ ﬁ@éah %s;xéﬂ@esq C%Emea d dprdad leblwge&f&e Bédr&geﬁﬂft(fl%zed Jééﬁien’%ef ore

use, prepare sol Ut on by dissol ving | Pol yLink ECDI in
som  H8P3A%I nk T@@@mmmg desgtitfes thedigetad administratinn Eoprtidswperl ediplystrretse

m cronﬁe&gmeeseﬁaawlt% &s@R MY ieoR¥ @loagnd or briefly vortex. Add
protein e%gl val ent 139 i5i°, PLPm or OVA323- 339\% to 200- 500 M x

gent | JJOB302}; pMieq \ﬁge pﬁ-‘eersee@ ifgied 3eing gither RLP e siatonfralMAsmpe) Beptie or sh

Cent r ioUGemITrasht&. RREalliEspohRY bEEDAT-RAPH e intERS BV byl Bd-¥pShypRYLndifiNi
supernatant for determnation of the anount of bound roteln Su%;%AGon

mi cr ofRTEY & By JR relaiveite,priming $ith PLPess ppey iy i/ FogBletedarind st Adniant(
| nj ectdapo, Bfdeqeipéd slevic@uplsatthpad MEllet(2008) IﬂuﬁfaDﬁﬂK\.ﬁélﬁﬁm{nQQ 298]s-Requspeand in

| ML of _st PBS . P t

ol 25 BB 0 4TS PBRu e el T ot U108 BY SRRt i S 2y es g = 2

( SCOmbonoGr amiﬂmgfassrapumeexﬂalmxge o iicnes was dsmﬁﬁmed g atMmtomnadbl asdemal s) .

o) o BHER SRRl IEeSRad A B0 SRR NS HhALEARN, dbdncl Bl Rudple 2
C duce speci

Pept i dé oupl ed m crosp CBI eran or both
preve meroeliciedbyt m@amngmpn@f infoltke q‘tqjml; sufaEengt the ear . The increase in ear thlckness 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;34.15, microspheres was comparable to control,
whereas the control (OV As;;_339) peptide, or sham bound microspheres resulted in increased swelling.
These results indicate that microparticles can be used to protect animals from later inflammatory

TESponscs.

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

[00203] This example describes the effect of administration of peptide-coupled polystyrene
microspheres on CNS infiltration of leukocytes into the CNS.

[00204] Mice were prepared and treated using either PLP;30 151, control (OV Aaa; 339) peptide bound

microspheres or were not treated with any microspheres. Mice were injected on day -7 relative to
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[ 00199] This exanpl e describes the effect of adm nistration of
pepti de-coupl ed pol ystyrene m crospheres either ppor to, or after induction
Of PLPi 39 Wbkoiomsdssped EAE in m ceWBGR Docket No 28890- 71Pce0k20100203@1 The

pr o 1,909 ept).de coupled m crospheres was perfornmed either as
desg]?ﬁ%%qﬁhgsgég%?le 1 or Exanple 20. Either PLPng-isi or a control

(OVA 23; bde ] { ] - ~.njpect ed
T e o R R i 1 R e
bound $Z Ferpshanasd by inpraynobistoghgmistyy, ps dyserihgd prepoasiy mléhanddwllahﬁ}oqég Journal
(" D seas@uoihmahiipnt:3 )s-5 € ralibVadihNeiney 2007)9 kil PRI 2282.08). BMeiPlRicd é8rel +
Conpl ete Freund's Adjuvant (CFAzi on day 0 . Animals were observed and

scor edfns¥hetigetandperused WFEJ?QH’B‘F BBj on ’ql‘ﬁéncg@«gqﬂdpgs RSLIERBW PR %Hl% Frdypwere

ANi mal emb¥ ey ks @R hnd iehntHdf@as oRN e g hilko flaPiSix3@icronidter@mial &@ss-sections

m crospheres showed a decrease in clinical ore conpared to anj.nmal s

C et SEPTMNEHHRYRE FRRSELS (RS BOHET e SHRFderEl R FlecfroRE eI Hhorsrg SHep ey
The r ertidbasehaPA) ais dvd dndistGdedrat -80°C0 €tk e@aks drd siwinrih FHG. 45 Shides weare btaigad foent
using cells t t PLP_.39-151_on,th ur f.a see FI G 2A and
28 Ay EREARES P RGioRly W 3T ERRa o Flo et R B G sl

m cr osipieatethatstraxithaut With EhBuweed tecattd arigaspberenresulied icatlecsmerie laxbngpdesaatheo

ani mal j r untreated or treated with m crospheres having a
contro %\gﬁ%ﬁfggﬁe&gl G 2C). Therefore, the results show that treatnent
usi ng peptide-coupl ed pol ystyrene m crospheres is useful for decreasing

di SeaseREKON Lo B pebRIOR Lt QUiGel PSR En RS anidiag P! € 22, Recal |

responses to prinmed and spread epitopes are decreased in tolerized

reci pil@ARES][ 0023 EKrambie desesibaytheccletaf pilyindstratien affrpriide-copledipalystyeneat i on of
Pept i dErfodtitl & 4n RALY BN LOG1EHGhAZBNES &SRB tlcéerkam%ﬂleﬁtydqu1befmﬁaanﬁltﬁé vity
in a nmouse nodel. [00202] M ce were prepared and treated using either PLP

i 1, cdaficten ofte®ns23 339) peptide, or sham bound mi crospheres. Recal
respongezod)l Phé pribat&ioh®r %%i)&iﬁe PR R Mo el WY S oy R YRR GERABED thVi t Y
(DTH) at day 40 relative to primng wth PLP 139 i5i or PLPi

78- i 9i xemlsl letrdxpoalg 8 Splepctpmizad of axtas) amalg ypregreated vabdd Piped cpitedi ousl y

( Smi t hoand,,M,) ﬂ)@ﬁdé BRRE nictoiphBat o0herdHbtQicaids Rith ¥nyrhicddsBhedds. ;The dfinfls vadre
(2008) PNAS 105:14527-32).. Measurenent of . was done. by neasurenent of
ear sVEPIH RGNGRFTREP S22 i r@atﬂveéwm%g“ yoo-! ampiely) lfrﬁ‘i@es Adjpvant

t hi cknega) Wil rdeilte artish@ch mFHIGgS.aThd dotfr 1O VDL ) peplde engd meesspBersd dhb@ads er
(Schl esi nger. s Tool.s,, Brookl - diately thereafter, DTH responses
A L R D LTI TR B S R R e
i NnCr eapknédonsia¢d drhintadt tes & e\nented with Ph8] x4 @ngierosptasas shovesdiaglep@asedetneami ned 24
hourscigkgga%%r chal l enge. Results are shown in FIG 3. The nean net
swelling iTnmce pre-treated with PLP 139-151 m crospheres was conparabl e
to control, whereas the control (OVA 323-339) peptide, or sham bound

m crospheres resulted in increased swelling. These results indicate that

m croparticles can be used to protect animals fromlater inflammuatory
responses. Exanple 23. Effect of peptide-coupled m crospheres on CNS
infiltration [00203] This exanple describes the effect of adm nistration of
pepti de-coupl ed pol ystyrene m crospheres on CNS infiltration of |eukocytes
into the CNS.
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[ 00204] M ce were prepared and treated using either PLPj 3 151 , control
(OVA 323 3 ) peptide bound m crospheres or were not treated with any

m cr osphewe2o1odssmower e i njected on day -7 relative toWBGRUSeekaR15MD.
28890517, R0 rim.ng with PLP s-~/Conplete Freund' s Adjuvant (CFA). Mouse
i nfi %l}%tlﬁagh%c%%MPg]Gkocyt es into the CNS were exam ned by

i mt m nohi stochem stry, as described-pipysously (Smth and MIler (2006)
Journal of Autoimunity 27:218-31; Turley and MIler (2007) J | nmunol.

178 WHAT ISOLAMER{APY,  ni ce were anesthetized and perfused with 30m PBS on
t he indi cated days post-imuni zation. Spinal cords were renoved by

di ssection aNQ dmpRGitidh B IndubthQIT ahtilehls Pt tblefah@ORhprising a GhfiE iRl T hi ck
cross-secti.ons fromthe I,un%gr r %i on re cut, and nounted on Superfrost
Pl us eif@chefl SAres? fEaopiptie HgR 8"51?? H]§§n‘¥\§‘f%‘ﬁ‘§?n,‘°ﬁpflfi%bur gh, PA), air dried,
and stored at -800C. The results are shown in FIG 4. Slides were stained
for cel |l ul at.i tThe céhfasitidbApf claiid i, GliBreirc@ld ®nfpb$iton B)cepantigex-pReifcadlbmdnce in a
(FIG4Su .eLn the CNS. The results indicate that treatnment with PLP139
151t r eAt8d" mi crospheres resulted in a decrease in |eukocytes in the CNS
conpared to control. Exanple 24. Effective of peptide coupled m crospheres
on spl enect dniThedoraprsitign of flaigp D 3yherrin he antigapic eeriiels éy dnpatpimmunefigen; 2 of

adm ni gk AdeRdnQhtiRARE ktitesHpP! ed pol ystyrene m crospheres on mce that
were spl enectom zed to exam ne the requirenent of spleen activity in the

i nduction of tol erance. [Q0206] The production of peptide coupl ed

ni cr ospher €% SC?TEWSBPHQgClé‘FIt &heﬁgpﬁéégﬁeﬁéaeﬁtﬂe Yipgasic oty anpl e 20.
Spl eneb@rhaa® réeptof) leAdigedks Bitl gen Weyelin bligaicadiositd §lydipRitedR-phhdreatic detaiceio|

i or oS HEFe LS Ph B R B L o BB A L8 Br O P B Er ot 2 TP 8 at  ve

t o priBRAPS) pratédiipfaldPotaia, fitwillafongplaitneclEslaymatein, tAghoitvsiintulati@E fKctor Tdeeptoesul t s

are shown in. Fl e r - i ' K S
v P et T o B QAT el AR L MR IR IES, |
any mfolligbphtgenr hwhar eepomyotihisaform Sspl enect onmi zed or intact that were
treated with PLP139 151 m crospheres showed a decrease in nean clinical

scor e. WBGR Doelge F:oxjg\&rsiti%ﬁ %99?1?11117, -v&ﬁ@geilgi@‘%emptﬂdgi%lm thec-t_'carﬁer b@\a

conposition for induction of antigen-specific tolerance conprising a

carri e°ony8e Mojesiist t ached thereto an apoptotic signaling mol ecul e and an
antigenic peptide. 2. The conposition of claiml, wherein said conposition
i nduces anté.gdahe s@BEdsitio of Ahigd B RaRreimtha c@ljilaeas eth@encldatbodinijie SECDDN oOf
claim1l1, wherein the antigenic peptide is an autoi mmune antigen, a

transpl ant aj i antigen n al l.ergen. 4. . The. b1 | gi .
whorepn ¢ he-aner SomETbadt sk £ oiArRe apbpaldS SRR, Shacfifh Hndsin
r eceptH phosphatidglesstus onmilk (¢ globulpdiGEafagtior §OdEGdi8dcyt e gl ycopr ot ei n,

pancreatic beta-cell antigen, insulin, glutam c acid decarboxyl ase (GAD),

col I agen tyge thl coptiRidn 686 1hinf ], 3R rHPBE apdpRiid Qignaling molecule is Fas-ligand or TNF-
alpha.

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

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

11. The composition of claim 9, wherein the nanoparticle or microparticle is between 1 and 20

microns in diameter.
12. The composition of claim 9, wherein the nanoparticle or microparticle is biodegradable.
13. The composition of claim 1, wherein the carrier further comprises a quantum dot.

14. The composition of claim 1, wherein the carrier is a dendrimer.
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RAPS, proteolipid protein, fibrillarin, small nucleolar protein, thyroid
stinulating factor receptor, histones, glycoprotein gp70, pyruvate
dehydr ogewezeiosbhgol i poani de acetyl transferase (PCD E2pcThaeeiofoeishicle

ant h tpoponyosin isoform5. 5. The conposition of claiml,
mhekgﬁﬁh%ﬁg %%?Pgeﬁlc peptide is coupled to the carrier by a conjugate

nol ecul e. ate is ethyl ene
carbodllnlde }E%f@?ﬂﬁgﬁh%Fgggg%ﬁggﬁ?ﬁ%gm% q Qh %B@mﬁ@$%#% t he apoptotic
signaling nolecule is annexin-1 , annexin- 5 phosphatldyl serine, or mlk
fat gl obul elEdibe FererRasHiop of HEm Eéyﬁheeconmml%@mﬂw arfigsnic@FRtidh 1, wherein
the apoptotic signaling nolecule is Fas-ligand or TNFal pha. 9. The

conposi ti onDfA énobitidn coiRisRiza polistyrnt bk attdtaet theletol ad ahtigeR depridene
apoptotic signalling nol ecul e. 10. The conposition of clain11 wherein the

carrier par articl croparticl osition of
o m o, "anth & Repfa S RRERE Rt Pk A Fobs® n BiediBRPATER G 2o

M cr orsiministetirrte sad subjet a ddvepositiop ﬁsumducmmoff agtigehsp&ifioshleraptacanipeising a

nanop I S

o1 o e 0 AcEEARBdl o afod i R L BAN Fong bt ARS8
conposiompositiesf redicas am antigghepeeifin immpneggsponserin p subjectiendr i mer . WBQR Docket No.
28890-717. 601 15. The conposition of claiml, wherein the carrier is a

|'i posome or91TRe efhiod dPelaitd 8, GRERRASHS drfiPer?d péptiad ian authitirhRané: ising a
secondary antjgenic peptide. 17. A conp05|t|on conprising a polystyrene
partl6?@“&??%@Hé@“?ﬁéf@%%kéﬁnant|genlc peptide. 18. A nmethod of reducing an
anti gen-specific imune response in a subject conprising adm nistering to
sai d subj ec0. he ahos bf ¢laim fOwhermilubd dutsimefunamnttigges-capecwiitictht eltgécamoents
conpr|5| a carrier particle attached thereto an apoptotic signaling

nol ec i’ amfrﬂpm¥ﬁlgenlc peptide, wherein said conposition reduces an
antigen-specific imune response in a subject. 19. The nethod of claim 18,
wher ei n t he2laidhé gethiod opdpim e whereinrthaantig¢minpaptidais miyghmbasie tretamsgsietyivhaliieon
ant i g%@cep{or,eéﬂd ell(ﬁfsQﬁqg?n,zrﬁyéelgﬁ&ggéﬁéhﬁ}ggth%Iygdp%t&h 19 ncrdlRMRlakel DRy Zg@Htlﬂéu'ﬁﬁune

ant i S one ect nountS an I nmfune response.

met howhewmwaaidrﬁe%boxmeq EAP) erdlaggn typpei Bupriysertistagp spify B1PArRAES; profspbinidi n,
acet yl ghehi fgifa86 S0 rnuclsm&lqg@taa UsiyrdfH dtlgﬁfhnné%%{ok Fbcéﬁtbr?&gt%ﬂéif gaga/apa)tem

gl ycoprotein, pancreatic heta-cell. anti Insulin mc acid

decar EBY{IPXEwate dapyfirogspase é‘ét-i/FPl’P%%‘diicetS% %raea?Ptql%F%)gBm@ ile gl PrRAPS,
pr ot eukah Gopsosinisofédrs.l l arin, small nucl eolar protein, thyroid
stinmulating factor receptor, histones gl ycoprotein gp70, pyruvate

dEh.ydr ogen eTge hglilopcﬁalm lq;ew C]%‘linwl E%)EceIl;e% e 1(sc 5%2)]33(2?{1" r follicle

antigen or ‘Humah troponyost n’i'so aim 18, wherein
the antigenic peptide is coupled to ECDI

23. The method of claim 18, wherein the apoptotic signaling molecule is annexin-1, annexin-5,
phosphatidyl serine, or milk fat globule-EGF-factor 8 (MFG-ES).

24. The method of claim 18, wherein the apoptotic signaling molecule is Fas-ligand or TNF-
alpha.

25. The method of claim 18, wherein the carrier is a nanoparticle or microparticle.
26. The method of claim 18, wherein the carrier is a dendrimer.
27. The method of claim 18, wherein the carrier is a liposome or micelle.

28. The method of claim 18, wherein the antigen-specific immune response is an autoimmune

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

29. The method of claim 18, wherein the composition is delivered orally, nasally, intravenously,

intramuscularly, parenterally, ocularly or subcutaneously.
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23. The nethod of claim 18, wherein the apoptotic signaling nolecule is
annexi n-1, annexin-5, phosphatidyl serine, or mlk fat globul e-EG--factor 8
( MFG E8) .w4o10fdsssonet hod of claim 18, wherein the apopt etirwssdgnaising

nol %bﬂl%cket%lo Eas-ligand or TNFal pha. 25. The method of claim 18, wherein the
carrier 1s a nanoparticle or mcroparticle. 26. The net hod of claim 18,
wherein the A in the
carrier is %&%{%&@%%%ﬁrg@uaﬁl&cﬁg W&% Sggcz%e rret H&g?% %&Wﬁereéﬁ t he
ant i getPMPpEHT ¢amprisyeg a@ pokystyrsng parficle gompriping amﬁmeem@mnrse al l ergy,

asthma, graft-versus-host reaction or graft rejection reaction. 29. The

net hod of ci@iThe kRthoWdEEIRIN30, RBCRAITROKIHEEDR chi§ughtdd ¥ Beqd1yRfyfnk YartiB@aght V.

i ntravenously, intranuscul arl y, parenterally, ocularly or

subcutBnébusl y. WBGR Docket No 28890-717 601 30. A nethod of reducing an
antigen-specific i mune response, conprising admnistering a conposition
conpri si ng az a pehydbditratisg pabjacCiavinganpitbiimgealisoaichogaiishgatiningedding3d The
met hodc € sub ec I 30 1t1Wh<% eln@ ! Qle arafntaI g:?en rlmslcrgoarHlé‘l (a:‘cgrg nstno the polyst yrene
parti cfe S R R S B P S AT TR 2ct "H&vi ng an aut oi mune

di sorder corrpr(a)5| ngmamptmncsigahmn@lcmﬂehenckubj ect a conposition conprising a
nanoparticle onposi ng: (a) an apoptotic signaling

nol ecul e; and?lE)b) a pagg%%cginnﬁé&lantl such that the subject is treated

f or suchdhas theshhipal Fretredied dorde aut@@man ¢fé€f- for aneliorating a denyehnat ny

di sorder in a subject in need of a A kit for inducing antigen specific

tol erance CMOSENAL for %el&rﬁﬁfg%&fem@aidahﬁé @s0r@étGh 4 BibjednindREd M kit RePL i de
bound to the earner fpart icle.
inducing antigen specific tolerance comprising:
(a) A carrier particle; and

(b) An antigenic peptide bound to the carrier particle.
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