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119(e) to U.S. Provisional Application Serial No. 61/387,873 filed

Sept enber 29, 2010 which application is incorporated herein by reference in
its entirety. Field of the Invention [0002] This invention is directed to
conpositions and nethods related to i mmunol ogy and nedicine. In particular,
this i ”"tﬁﬁ*[‘fftﬁb? FOIE RSO iNG Qﬁ?ﬂﬁmM@ﬁEﬁfl@Eh@ﬁ @@ﬂ@ﬁéd&@kﬁ%@]&agnos' S
and treatnment of auto I nmmune conditions, particularly diabetes. State of
the Art [0003] Antigen va#3i§ABSOBBAGHE DANQSRHEBES he i nduction of T-cell
tol erance in autoi munity. Administration of autoantigenic proteins or

peptides in solution can | Pl . progression of

autoi nmunity in experi rregP(l’s?%netf)%gﬁcsé@fﬁ %{“g%@@g‘/‘“ Psease (Waith et al.
1989; Metzler and Waith, 1993; Liu and Waith, 1995; Anderton and Walth
1998; Kenulh eThiadtpp,licethQAJ)laimH@vieMEﬂmdéﬂ Iied. ¢l il ad UtS: Padvssioml humans

enpl oyi m lar. r t.with fai

(el o PPEGEn SHhaityd, T80 33 RRUSBlMRE 20 ARLI AR o bt Sl BiatFP ey a1
2000; Gk@mpbyﬂﬁd&ﬁEenﬁﬁikdmeﬁaooz Kappos et al., 2000; Bielekova et al.,
2000). This suggests that the principles guiding the choice and conditions
of treatnent are poorly defined.and, as result, inadequate for hunman
appl i cation. [0004] Spontaneougraadﬁﬂ“éﬁﬁﬁ?th aut oi nmune di sorders resul t
from conpl ex responses agai nst nunerous epitopes in nmultiple antigens that
ari se geom2| aneRuEh¥ntion idisécsnasbimpositivhs @hd eRtheapreadidtioakhtnsRgyence. This
coaneX|ty IS conpounded by the fact that |ynphocyte clones recognizing

i dent i &vadicds b paisicuian dyje mamtigenreiipblo dnaseyice AphteBPritey fedhpiiagnosveC)

o1 eCUb iR rAuRIARTE ARARiOAL Aicishl GBneiche strength of uhi ch

correlates wth pathogenic potential (Antani et al., 2000; Santamari a,
2001; Liblau et al., 2002). Consequently, the outcone of any inmunization
strategy for the prevention of alitate Ayt is likely to be WO

2012/ 041968PCT/ EP2011/ 066994 i nfl uenced by the choice of autoantigen(s),
dose, di I r i

[0005) AL " Sigup Qpechlofih e BB GuGRH of XM IRAR BB g,
T-cel | s&dnmlstrzttbmszé adtoaﬂttgenn; PEMODY onpapadeteueblopomcmlmtmlﬁe 1ﬁm@tloma@$@| y
resenbling huma t. results se ve destruc pancreatic
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contri but| on of CD4+ cells, there is conpelling evidence that T1D is CD8+

T-cel | 18%Dehtoaterer bmited phitisad trlaiwtlurr@pbﬁlaalowgé}mﬂar stigfogies haveglgosheen
di SCOV%&ﬂatlptttet ithirgiRird gweﬁtter f 6Lt QR ed 7], B9 RRRIGIvH £U1 TH. p@z!zhﬁ I n

m ce use CDR3-invari Val7-Jad2+ TCRs, ‘reférred to as’ '8. 3- i ke'
( Sant amaeh,2069; Catoup DLBIGT IVEr AHFuBRrpRts cadl., ZOQ@L%eleM@rackague?rOOQX T?hls , 1997
Di Lorenzo et [l s, C nize the m e , NRP- A7
Caer nadttsSh B wsabsbles e aRug Bioid b S LB MR kot B8 BT AGRE he. Wi
ol eculagd, 4d a (ADHEhsdBsquet fcalhumaﬂ;aﬁlﬂ)c,atlaﬂ.e al ready a significant conponent of
the earliest NOD isl et CD8+ infiItrates (Di Lorenzo et al., 1998; Anderson

et al., 9;., Ant ani are 0 c (Ver uer et al.
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gl ucosgpfinihameivat asiepeainahiltipe antibinitiat bedeahestaiiond1iima (to&RRBNc Add oHear man
et al 2003), a protein of unknown function (Arden et al., 1999; Martin et
al ., 2@9&I)edlctﬁhl@ seDERCR: o] his camplexibyes sgRpoundet by thedest it mmbrpro slongs,

el 5) (PPRRRE ARl B I B S e B Sy AP AMIC) 1 Car esst on
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o 608y <Lk APy Rablidpi AR or ble! 1B I8 CBRRATEY’ Bunt or par
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i slet-associated CD8+ cells in NOD mce recognize nultiple | GRP epitopes,
indicating that 1GRP is a dom nant autpantigen for CDB8+ cells, at least in
murine T1D (Han et al., 2005). NOD islet-associated CD8+ cells,
particularly those found early on in the disease process al so recogni ze an
insulin epitope (Ins B15 23 (Wng et al., 1999)). [0006] Associ ation

st udi es have suggested that certain HLA class | alleles (i.e., HLA-A*0201)
afford susceptibility to human T1D (Fennessy et al., 1994; Honeyman et al.,
1995; Tait et al., 1995; Nejentsev et al., 1997; Nakanishi et al., 1999;
Robl es et al ., 2002) Pathology studles have shomn that the |nsuI|t|s
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[0011] Thus, there renmains a need for additional conpositions and rel ated
met hods for the treatnent of diabetes, as well as other autoi nmune

di sor der swOSUMMARGSOF THE | NVENTI ON [ 0012] It woul d be @cfireuhiieddos treat a
patient with peptides because, as is the case of IGRP, this would require
several mlligrans of peptides per dose. Delivery of antigen/VHC conpl exes,
e.g., peptide/ VHC/ nanosphere conpl exes (w thout costinulatory nol ecul es),
on bi oconpati bl e, bi oabsorbabl e nanospheres are provided herein. It is

cont enphiflefthdtiiahe Eﬁb‘?&%f%ﬁ%%t@%ﬁ(%%"&o'sé p@ﬁod’f&f;ﬁ‘ofttf%hﬁ{e‘ﬁg QR FoukdaHa BRRLE des

al one or non-bi oabsorbabl e nanosphere conpl exes. [0013] Aspects and

enbodi pemirgstafionhi s application include the discovery of a new paradigmin
t he treatnent of autoinnunity Traditionally, vaccines have been used to
expand n t n r cancer
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to met hods of selectively reducing or expandi ng |'s according to the
ant i gedindesspeeid/i ¢99% Aofranitveall, 2081), sre dﬂttet@fempé\/endaguesefaél il 8%%e ¥ erdagbert he
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Enmbodi nents of the invention are directed to nethods di ag n05|ng
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aci d, r boh id or oth mol ecyl e _ar co d that can nodul ate
t he acth¥FP{ e‘& Y ﬁ%@é LF@‘ SgPW*?ﬂE‘é syt ﬁﬁsﬁﬁ‘la&elfi'(ﬁ?% ﬁ%‘g‘ﬁ& RRRIEBHERt of a MHC
or MHCpluiiste IORB epikddes bRLRR g itrt IGRPRSE dhiBant @Rt Ralsorbatidis tay 1kt t he

nanosphere conplex is critical to the invention as i1t prevents |long term
accurulimmiuppe §1D(Han erarioQer BOD klefassociied ¢ R well pottpelasly Hgse @%ng it

arisin f it enic,
nanosp%%@%gﬁ%3%%§F§%gg&§&ﬁ§§§g%% ]Q%?eﬁ&gﬁﬁg%kﬁggﬂipgz3\”8&%%ere?% p?ed to

an antigen-Mel C conpl ex. The antigenVMHC conpl ex nmay be coupled directly to
such a[6ds phepaatorn sridaeschalvé pkaerestedthpr esftemriéldA chnobyd ledaséi. ¢ ML AvxtR61)

conpri se. a bi oconpati bl e, hi sor babl e I nsore . a dable, WO
5015 oaTeRiet PRI B e AEen RIS RIS e B R R R K S S P ey

f ur t henoenmujésvar §QUenT, ngakemslslr&ehl 10D9.qt s el ezoot)e%tﬁm@dgy@amléaelae@m ly
coupled to the antlan VHC conpl ex streptavidin_or_avidin aor other

known FoPEEthrede insebitg %Sla@%%feﬁww%&mé%d Ragenta R Broetdy of (Y- elptsdr n
aspect Sestdorddl) CEHABLAIR |(Bottd2 2983 O S AGKIRRMARR NEIBur GO THIO; @St AR T i al
sel ected fromthe group consisting of, for exanple, iron Il oxide,
trical ci um phosphate, chrom um galllugi as well as bioconpati bl e,

bi oabsor babl e pol yners such as PGA, LA, PGA, PDLLA, PCL, PDLGA, PLDLA,
PLC (all of which are available from Zeus, 3737 Industrial Bl vd,
Orangeburg, SC, 29118 USA under the tradenanme AbsorvTm), hylaurinic acid,
al gi nate, pol yhydroxyal kanoates, and the like. In further aspects, a

bi oconpati bl e bi oabsorbabl e nanosphere is a netal or nagnetizabl e or
super par amagnet i ¢ nanosphere. The bi oconpati bl e, bi oabsorbabl e nanosphere
may further conprise a biodegradable coating fornmed from dextran



U S. Pat. Nos. 4,671,958, 4,659,839, 4,414,148, 4,699, 784; 4,680, 338;
4,569, 789; 4,589,071; 7,186,814 and 5543391 European Patent Application No.
188, 256 fwo 2012di4s8Ssi on of conjugating conpl exes to m ECOERRMILOE@®34 Or
nanoparticles. [0022] An autoi mmune di sorder may include, but is not
limted to, diabetes nelitus, transplantation rejection, nultiple
sclerosis, premature ovarian failure, scleroderm Sjogren's disease, |upus,
vilel ego, alopecia (baldness), polyglandular failure, Gave's disease,

hypot hyfiah g &M o HANASH S dyi Boo2PRER DI HU$993KeMBZ eI S P@ﬂeAﬂ&ﬁHohtah& I's,
aut oi mmune hepatitis, hypopituitarism nyocardititis, Addison's disease,

aut oi mMavéarerk il P94 Merasaks e alv 8P99; tinggavpen al.cAWUs Vdmfémraalsmlmmdoaum oi di sm
and/ or [ I ec nt of an
ant 1 gesPRENE: Bhdu BRSTE' desa b AR 3 BSR e o RS Fnr SRR cant 1 gon
or an a\uﬁl@mtaﬂlggtaftemdrﬁ)p@ate@dorﬁ»rgﬁ(srbteytehelc,aeﬁs Samatﬁiavledt &l 199®. aut oi nune
response to be probed, nodulated, or blunted by the treatment. In

partic . aspects he,  au n.is pti de drate, or |ipid.
o e Jafth SRS « kR i QP hRTRk R PP s fcise RN RS ufingie of
pr ot ei m1DC@EV &1ty dr. atoeo; mmkﬂd@u@l jsosell @ﬁ&ﬁ&fbéhd%l}tomd‘haﬁ@ bso@Tomastidd,ect ,
such as pancreatic beta cell S, and i ncl ude, but i s not [imited to a

f r agme AP0 Nakerma q79é (3405; Kep 6t 2085 Theduairn nsyhn Bligineneppeiothi-nds or
epitop @, t The
ot R A A 0 AT A s i bortin B B PUERRALP RS (Mo
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or the | In.,still er as ects of this i ntion
corponaiiiga! RN i ey i B PSS b ppfaseind s 2H g Bfpenigtd o=
non- cl ag&iacedciaMdC D8 ‘aBsells fasm MEQR -AFa3® -trdnsp&iyejetih € GarRosTamtA- The MEC
cl ass I co onent can conprise all or part of a EILA-A,

HLA- F A0G nol ecul e, particularly all or part of a HLA-A nol ecul e, such
as a HLA-A*0201 MEC class | nol ecul e. The non-cl assical MEC cl ass |

CO”DOHTMOS arl(ﬁ@%ﬁ&leis &badd ﬂgﬁa Q&Je‘%ﬁ%&t% on ﬁ%o%@rﬁé 32 (MLARENET nt may
nprise a part of a HLA-DR HLA- DP n certain aspects,

t he antz%]éhlh%'E@’eé]émﬁ (3% |SESCGMDIIEM<Z;’UM ﬁ@WEF@MIPI oBBd9Rema P | y or
non- co r en/ anosphere
conpl ewg c(ialyzs(tﬁj)gglt% rL é;%%&l};%eﬁiréd%ﬁpfﬁeh{?ﬁ@dm gg%rta %Elﬁdbfoaﬂﬁ eglodr? b%JE{EHnanog phere.
| n one reatandé mEnimantTh® (Takads ph@’r eoa@mmOsIé:BAaA’mQDanmdmgodpltaﬁesldf(hnman iron

oxi de. r enbodi t, the nanos re.co i ses..a,bi qc atibl e,
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bi oabs MREIRRs i-Befidish® NOIS hhidebbredfd MIHBAL 210201 tﬂah@geﬂ@mmzltev &l e®0oby) Vivo
is limted. Peptides of the invention can be chem cal Iézcoupl ed to a

subst r Atagabln dhq inlepagsegiatad &P8c dugsile af thipse huleﬁemdc’all%f\* Helpnisgrni¢ Mifker .  CD1
ol ecul,gse &fiGtoR FURMRACORN - sRRDRLATPIKA (kK DRhiesbhg, Non-cl assical MHC
nol ecul es dre characterized ‘as non- pol ynor conserved anobng speci es and
possessi ng narrow, deep, hydrophobic |igand b| nd| ng pockets. These binding
pocket iO(H% chigaly MOPfmige e@elm pregengdbycixppisan driev phdsm huibrepcrtd@ GRR'Nat ur al
Killer ( C r e popul ation

t hat coelesx %%lglsﬁlﬁn fNKﬂ-lee s édesﬁﬁltﬁouq a%‘]lu-v?nnﬂar Pgh otf%né@%l For (TCR).
They araeugdﬂipslpe@ﬁ& @cbellmoleﬂaﬁcer(egd:ﬂemamn 19‘941 Toasreak agpﬂms?esnasgoeu\@tsed with a

broad range of diseas 0024 n cert enbodi the T cells
expandéﬁo‘mth@wéeafmea ?@Wﬁ‘llmék&%iﬂﬂﬁr‘@l vag ”E}Lf%edawgdé%@ﬂﬁ%%ss

and haye R IGRPYL Y,  PORAOL ¥DET subBet B) 8clRSRRAT dele"fm%%ldn%ty%éé SSrdstiaprarkerigact i ve
precursors recogni zing the target "epitope with low avidity. Avidity can be

det er mthﬁeldglwt affiniey foanentidsiMUCHdnusiay abr200hke Thekeobsmaeorfsumwdethe aspect,

the an bot h
prior o %gwter t 9@%{1\%&?5&?1 |bnv;gsclgl @g{yég%[sgkg? ?Jrl gc% talé)l?llrlr%uﬁr}e di sease
of i nt éligktviditynclehotlype mcrﬁajr(érhlareda@m Aﬁtfmtnmﬂ)mgdldmwdmﬁl(andepcaerﬁﬁaﬂp t hat
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met hods of the invention nay al so include assessing a subject's autoi mune
status, including the assessnent of any autoreactive inmmune responses. In
certain aspects, a T cell is a CD4+ or CD8+ T cell or a NK T (NKT) cell.

[ 0025] Further enbodi nents of the invention include nmethods of expanding
anti - pat hogeni ¢ autoreactive T cells conprising adm nistering an

anti gen/ VHC/ nanosphere conplex in an anount sufficient to stinulate
expansion of a anti-pathogenic autoreactive T cell. In certain aspects the
T cell is a CD8+ or a CD4+ T cell or a NKT cell. WO
2012/041968PCT/EP2011/066994 [0026] In stlll further enbodlnents the
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WO 2012/ 041968PCT/ EP2011/ 066994 [ 0036] FIGS. 5A-5J. 17.6a/8.313 CD8+ T
cells spontaneously differentiate into nenory T cells with regulatory
functi on.wbl2®2/@B#g68Repr esent ati ve FACS profil es of spl erCe/BERD81/0d698€! | S
from 17. 6a/ 8. 30- NOD. TCRa-/- versus 17.4a/ 8. 30-NOD. TCRa-/- mce. FIG 5B,
Percent age of CD44111CD122+ CD8+ T cells wthin spleen (n=12 for

17. 6a/ 8. 30-NOD. TCRa-/- and n=9 for 17.4a/8.300-NOD. TCRa-/-), PLN (n=9 for
17.6a/8.3 f3-NOD. TCRa-/- and n=6 for 17.4a/8.30- NOD. TCRa-/-) and BM (n=4
for 17 -NPRr JipRs [ /- Tg
mce (n‘ﬁg{l%g%q M cre;rwer eglon{s?gg%egi f&qulépz?é%%rgaS%ge géggr ;T-?egﬁé aa%(} %mp-é%
prof i | ¢heofansipl dhaativ@p@¥erh wigk ldgsefrange. 17. 6a/ 8. 300- NOD. TCRa-/ - mni ce st ai ned
wi th NRP-V7/Kd tetraner versus anti-CD 122 Ab. Val ues are neanSE of five

Sl ont SOUSE AR Remel it it B RO Qo BRI o AP INKPL R TETTY

r epr es anghatosasef’ (afloxahfﬂretasdtPE (/NR]é)IAQeufﬁordedeﬁ X poteetaoh Thas wes assddidfed Bith

ol enol oL ea S kR Rty DAl et RO S g pen

exper i geiits coﬁit@par@:wh@hd%rél@élé‘tk@ Uilepbétedy Cch%tréétﬁ@tﬁt'wﬁlﬂﬂgh d&Baofa Tg
mce. FIG 5Ci Eanel representative FACS profile of the

prolif élr%ltqf%mfty ) epthe mtigd|lizangd GRRPeps- m)cféﬂli’ #ferdepmasena o cyt oki nes
IL-2 a%g()tééﬁOJIS%Bﬂ(ﬂl Eﬂtl 1%1%% dJt gléeréd-: )&ncel'&)ﬂﬁ{neg %ﬂl%st ng Rl}ﬂPz%s 2,94%%‘[% @Sma' ve
vVer sus menory 3 from1ly/.6al8.30 -mce In response to
di f f er eslis, bmn@mSe@pOMt@hs pL CD8 agrdls Ir(tcogﬁlzm@@thrr KtﬂéP eleampes ehhiatddwe tof at

| east thr eri . FIG  5H Production of enic n lve CD8+
T el | SOTT SRS PRl hance ARy g b Bs R Wi Rl

cel | s fof dtdréetrddh SRpNIDtelilclinty ﬂﬂn%tho@eﬂ18$@@@$ﬁllt§Qlolﬁ€§(}M|e$@lj mosjml

ug/ mLNRP- A7 after 24 and 48 hours. Intra- ceI | ul ar | FN—y st ai ni ng
from spresiftion supneaedhg mathegiafipad qush@gl@d%s?@aé £00).Ndpforteraialy. hisce ver sus
hai ve %ﬁféoﬁﬁ%%@&ﬂre@@ﬁﬁl \Jltlﬁﬁlaln%rf)\yvqug%%f m%og‘gaﬂm&[gz?&targ&cﬁft response
to DCs pulsed wth 1 ug/nl t 6 hours oduction of IL-2
and pr ehgdestrt tharpepndertbegppinisell switddde ppayested cwiet HDL ug/ mLNRP- A7 at di f f er ent
time-points. Data in FIG 5H and FIG 5J are representative of four

experi t I r rqdrents.
o0a7] TEE GMarRh sl Shodto Rl Rl ERERShhe o dbintl BRI BT

Prol i f ereatimeanofafiatieleSkas| vadbedsathet dutdah8uid0di€do@ers. T cell s in response to NRP- A7
pul sed DCs in the presence of naive versus nmenory CD8+ T cells from

17. 6a/ 8. 30- NOD. TCRa4- nic + T cells from

17. 4a/ 8. 3f 3- NOD ver sus LWW?@WV@F@W Data are representative
of at least five experinents. WD 2012/041968PCT/ EP2011/066994 [0038] FI G
7A- 7B. [0@E2Dr yit HéulddeqlifBitdlt (C08eat d patednt s/itkiphlbtichmbécgesm m&sl&cbaWGHPI is 7A,

In vitro t ot.oxi cit fres |solated

17 hal 8osbstesseresedmMigring of pohuide Reioee. A FrrgAg i CoRTHE COmAEes 1 om

17. 6a/ 8.93 phINHERR M0 s fHe e ofPhdxBs il &Znﬁﬁl&t& Moﬂ)ééhl%@ﬂ oBMobBpatldad a are
repr esent atl ve of three experinments. Purif were pulsed with 1

ng/ M RRRbygrbaple mnpsghgred areapeyider firein. [tsaqutﬂ@@m@tha&thﬁwmlexes will be

Ef f ect 0] e ) . Super nat ant
nas. hasies FLdBLpl AbbEbiinded AU ol bR Ao A on L oy

NRP- A7- pul sed (CFSE10) or TUM pul sed (CFSEhi) B-cell (upper panels) or
freshl y0Q1Sp| aAspdcts phcéemb,ochmdntmf DGs1pplicatien iq@ardeltl@g dipwrveryioijpeetwedradeno Tg

hosts at 1.1 rat cel I fres re

ool at STt R BiSEhaRy afmol R VRS B R B 4 g o
pept i despab@ of AffoadifiSprovetheshaidsafah@@dnyéitdanédr. I té Te1bvT3cells tAaCRIE, NRP- A7:
0.3 1.1IMCFSE) for 3 mins at 37C., washed 3 tlnes and 4- 5x106 cel]s from
each pGRHANEIUHMEINEY | APRscted ﬂierﬂfﬁﬁefl’rféV%lé’fl gelatafq a poveb tpg f svaRsine thadr e
sacri f '@@&w@@%&%?ﬂfé Cf)ﬁﬁlo%"fﬁutgt%%w%'@jg’rzc%ﬂs w[tQQ&Q]autEln@n&é&?r@b&ﬁ& a
magni fi ed i nage of conjugated PLGA (Poly(D, L-1acti de- coglycollde))
nanosphed.as the[S@md@]nel:llh@dgle‘cj@rmfcﬂtu@r@mw €N§ c@bmﬂwﬁhdgym npwkE) s t o

| GRP/ Kd- PLGA nanosphere conpl exes at the indicated nanoparticl es/ well
concentration. DETAILED DESCRI PTI ON OF THE I NVENTION [0041] It is to be
understood that this invention is not Ilnlted to particul ar enbodi nents
descri bed, as such may, of course, vary. It is also to be understood that
the term nol ogy used herein is for the purpose of describing particular
enbodi nents only, and is not intended to be limting, since the scope of
the present invention will be imted only by the appended clains. [0042]
It nust be noted that as used herein and in the appended clains, the
5|ngular forns "a", "an", and the" i ncl ude pIuraI referents unless the

T N L . - —y r o Y - v



[ 0052] An "auto-reactive T cell” is a T cell that recogni zes an
"auto-antigen", which is a nol ecul e produced and contai ned by the sane

i ndi vi duawotzheto4ewnt ai ns the T cell. An auto-reactive TPCEHP2@an6dye4 a CD8+
T cell or a CD4+ T cell. Furthernore, the CD4+ T cell can be classified as
a TRL (T Regulatory 1) cell. [0053] A "pathogenic T cell"” is a T cell that
is harnful to a subject containing the T cell. Wereas, a non-pathogenic T
cell is not substantially harnful to a subject, and an anti-pathogenic T
cell's ragjeﬁ%%,bmcbaﬁrﬁgtts%e_ ArBERE bifoi Rty BEARUESIE NEhdAM Rbinfnt hogeni ¢ T
cell. fo 54] The terms "inhibiting," "reducing,” or "prevention," or any

vari at iastoreaftive{eRe” T-selir(antivhathogenadC P ¢ehle) subpiiesssausmedcoive Trrell sgspeisks tat | on
i ncl udes. ) r abl ecre i.nhi kit i on. hi eve a

dosi red AR PERE HsBR s Sorf e E G A TRl Gh gl AT ARk BE UG

conj uneianasr (wict, hodahie suppiddsing other agomgLtive M-ddigesponielss Adlfepilt, tle@tment
specific%&bon may. mean "one," but it is akso consistent with the neani ng of
“one oI type-cfyvaganesian BAE preventandiy amstionts blIY.1pa el Ra resiqre056] The term
"anti - pethQIERhfa of BERESIUBsCIRLdISint HptreRR¥BiANODAhRE Witheurhligsd agai nst
causi ng di sease. For exanple, "anti-pathogenic autoreactive + T cells”

r ef er s gerereledel smpyaesuppression. pihot wiotacy saebd anplicaiaiortye trgament'ofgthier fapeHogeni ¢
aut or eact, + ’ t . protective

o't oot AR nlne ek S BBl LM e L i bt BoR B CE
subsectiaospladtationt | ed: DI AGNOSTI C AND THERAPEUTI C TARGETS. [ 0057] By
"nanosphere” herein is neant snmall discrete particles that are

adm ni le.to.a subj ect. certain enbodinents,, the.nanospheres. are
aubst a7 yoiilembR S ot e R B EL St d AR JREREP R ERIAR' 5
used her etpfandiiEaneilé AabrdifetoIhaptigahic kh@ifoak lof eleeScdlioeTharefordlems ate from a
sphere b%vﬁnre t han about 10% Various known antigen _or_ peptide conpl exes

of t he PPiRMEA T RiepasPeBdNaHPT 62 RegiSEh fisaraeios Pl natrnboollsili pHreewge of t hi s

| nvent i0R EREE shdh AIFEITHOTHAP s L Mok tiRe HROM inkeRtidiBaABE ysda'tgT er abl y,
from about nmto about 1 nm Snaller nanosize particles can be obtained,
for exanplee, tréatagtanwhartcmtamarabyliseises $ugh geIDPYE thurthesncae shapreganed t o
settle;1/,A0 3QUeQuUs) Rl ULI oM Hherunpet, 9Lt an. 8 rteE‘c?meSz%'tHrtn' it Snsl hEN
recover ed. 'S Uppér po oI 8 enriched in sial | er §i7e partic e<™> The

pr oces so paiehardrepeidrachelibiatd diccaske batted baviessaleeld. ze 1 s generated. [0058]
Throughout this application, the term"about"” is used to indicate that a
val ue incl ud he standard deviatiqgn of erro or. .t he device or nethod

boi g MLy dembefiagt phR e ERtor v BReed i ook ShdogptR BRI IEGR6004

[ 0059] trEhendisau@fimhfife URbRIer &mpristhgtddthigibtdiifBar stids@VHObIREMpatl/ Or "

unl ess explicitly indicated to refer to alternatives only or the

al t er n&tqapeasbaplenangsnhgre spmple tagisylyectan amangent sudicgnsielessudansupports a
defini t ; LS TLRUONAY 2l defr: i sTe W1 i -41sed
her ei ntpgﬂn)lgg%ng@%ﬁ&erg%ﬁlg? rnsc?“ %)'he £ %rg:% I@I%e%l’g%as " %(t) r 'ﬂlg%ar)ruan oogilpgg%?% Réﬁé&ré’e used
i nt er c hacgeabidycabehydete tiptdor ather ofoleseleer abmpdmdsis caf metulatetthe akivyy ol at ed

pr ot ei hat..function. as part of the i re of ~an. ani mal, or

Peci pi dnicl™ ST e prrotiticRs ‘TR the Py o guirirgE MG ke Piplfealicr o d ¢

pr ot ei BEbsthROGhE bAILILSERMIIE bEIhE nhBph&E BBMpleXTALLNRGEND thed §Rdmtion & it

"I munogen" or "antigen" are used interchangeably to describe a nolecule
capabl &TEN HngdeyRERMP oM of the neraspheses b nee vaHANN SECqRRaBy g dexicity
adnini§hgﬁ%hgﬂfhgla recipient, either alone, in conjunction with an

adj uvant, or presented on a display vehicle. [0062] As used herein, an
"am no nol ecule" refers to any ami no acid, am no acid derivative, or am no
aci d nil¥R18] k fgwkedimenthef te inveniporciaelude iolespdeneh, nenesrhergsivempeisingaes of t he

pr ot ei 0ol f tials. W {2l -am n | e
ot er r GRS e BB Bted B bl O BB R e s,
t he seM@Geempiy neyherdosgled deedly tormuch ananespiiere@r Mialadaikke Aptrefdrtegls. | n
particul ar enbodi ts, the sequence.of residu of the protei naceous

Pol c ol Da HEBrTHapRERe B COBI BIEOI GO e G161 SIkh Goster K igs.

[ 0063] Accordingly, the term "proteinaceous conposition” enconpasses an no
nol ecul e sequences conprising at | eastc one of the 20 comobn am no acids in
natural ly synthesized proteins, or atfieast one nodi fied or unusual am no
acid. [0064] As used herein, the term"treatnment” or "treating" means any
treatnment of a disease or condition in a patient, including: preventing or
protecting against the disease or condition, that is, causing the clinical
synptonms not to devel op, for exanple, in a subject at risk of suffering
fromsuch a di sease or condition, thereby substantially averting onset of
the disease or condition; inhibiting the disease or condition, that is,

. o " o e ~



[0067] It is contenplated that nanospheres coated with antigen/ MHC

conpl exes (anti gen/ VHC/ nanosphere conplex) wll expand the type of

| ow avi diw9 2art(419s8t hogeni ¢ aut oreacti ve CD8+ cel | s t hatCaffPor1d®6s994 D
protection in APL-treated mce (Han et al., 2005, Maree et al., 2006). It
is also contenplated that these nanospheres will expand pre-existing pools
of nmenory autoreactive CD8+ T-cells (i.e., they do not induce nenory T
cells de novo). It is believed that these pre-existing pools are

pr edomynaBidianid éoaﬂf?%. %a‘rﬁﬁép‘h@}eﬁa\fﬂﬁﬁéﬂ R a LAWRY bAiHeM of other

(anti - pat hogeni c) autoreactive CD8+ clonotypes. The high-avidity

count empdgduiss dfat tarelreeatilc eduptedtoihteranpaerigdneamplet (e, sipdptaladinot awdinvirve i n
Vivo a | D i at. not | imti I ion to any
parti cﬁ’fﬂagfﬂ‘?‘f]‘élo&‘§i,e°@8%‘és§§3 %k%{l/ ng)gﬁlee?goonaélg{ﬁhéfée?? oﬂrllIa fgrﬁadﬂé{%g&é’eal | death upon
chr oni biesPEstible biaxbidiBible emdogrroissnpraégehatkgilaceell fraut thaptdugen. 1t i s
bel i eved t hat ese nanospheres need not have to target a preval ent

popul atPRYFIaE 0@3?%@51@ % {ren Ebe%ldfp-te%%kFlg{ntpélOHgla@fCPwWegﬁgwm "}Sé’}le%r"’és ul'ts
ver e obfRbMAeski i, ibabaRBIISs SSes Qaded PEILA ML ISU IPdDTpIANtA Bent iPde/dAIC
complex. In addition, it is believed that this technol 08}/ does not require

t he ded$LghAoPLARRE obvhitbfarqvailable HomyZquam 73R dndupisiabBld, QiankelyentSiCdes), and

thus h t t -1 ar ~ i i VHC
target 20| PSR hSrad B AE AR B R B e RSBl AN bIER BbPRARNE, THC

i n NODand de liket In fuethbryaspéctgabsedmpitible bivalsattabletnaadsphere it membsit
conparable, .if. not better, than those tained wth anti - mAb treat nent,
Sl SRR R R e R R e
trials n{anahd cBipale a bidddbéidaKRYBRMEBmedd fBdm dexdRBSpoly (BRBBE glylcol)s bel i eved

that the conmpositions of the invention can be used to expand pre-existing

pool s @plyfshene axidedrrezmatpl poletidroratkangage)s pf e PHBWRHVadaspignd gffisear to be
ble tq. ¢ ~ -exi sti |
o eqom A RTRRBAN Ly Shotl & Sl e MRS BEE Bt i oy © 7

(anti - pat hogeni c) autoreactive CD38+ clonotypes. The high-avidity

count elYH7] s drtaithaspectTofabe inyerftwintihclpde hetheds andaomipoesitigns cdocanmhg sur vi ve in
vivo A3nfisenry &% C%l iltisn ane Qirnegg rpn [ sntfrI mgﬁ%is Str eSiTopad i ﬁv & Tecﬁclielss'e lti'Eiesi S
further c%nferrfﬂpafea Yhat “narve" e erts urid’er%o PEef p% P - PP ’

2012/ 041968 RCHS R h1dERs IPdsdad bihetipolcalogegt fgvoke or induce an antigenic or

aut oanti gen/ MElI C/ nanosphere conpl exes in _the absence of costinmulation and
S0 t he NAVERH SRS HEFPothredaredtie ahaitigansy df RAGERREASPeete theanigan B5HN

ant i - dirRREtOORRhE BN h dutG8ddiSe addlen GRBP&IN AIORS tfleser | bed need not
target a preval ent popul ati on of autoreactive CD8+ T-cells to be effective.
In certain enbodi nents, the conpositions and nethods can be used to induce

aut or edQ1i8} e Peptids antigenseipglde buf weeoy limited tg htnsBrapilaY BALYRM (SEID

bi odeg I Glﬂgoabs gﬁ% @hﬁj AM | ve s b1 expect ed
resul tg\ﬁgg lgr e 218636&- I @X??S@% corrIE;?)('aé)?/)(é\éﬁ%oa?t“éﬁ3 Qﬁ%@%pn&b %gzegq]adabl e,
non- bi &b 3Pr -6 .sdMYLKSIPYDL (SEQ he O dNeXBBcA K YNEANALL (¢dQude decr eased

of "t he NAABSSRENS (P DoRe it N u PRI AR SERAP Bl oo

t oxi ci tyABY/(FRIENYEVEI(SEQ 1B NI@OhRager INS 87 4 (10e5V CeURE GEgiERD: T@Eponse,
such as a decrease in inflammation or a decrease in tissue danage of organs

t hr ougRd el eneensigayand nipternsieiosns 1AAGS thublertion ZRBYL 08P Y. 3bsddsnent s t hat
can reagiol el AELE Y AEdnYintiReskt) | ed artisan by known nethods. It is
al so contoeﬁrélg%{at ed 1t hg1tr thIelp%liné eara abl e, bi oabsorbabl e nanospheres will be

nore tolerated by the body. This may lead to a reduction in therapeutic
dose od0MQ]i norcedaie agnecivoy reptifl¢ anticen forttieatmgneof THD tsdsPpBhSet125The t her apeuti c

dasor Bad TR S REOE Qo8 B A KRB (P hA TS PRIRROTSERIA - e

bi odegnaddbA@TDHi AN sSHEQ D INO: hd)t GFAR);4b5, ChAROQVHV ($IEQ SRIND.@d); EAi2H,ci an

based on ' L0 Vviyo I f-1ife r The half-life
is onel@ﬁgr%mgéﬁ@g‘@ﬁéé B& et Mﬁvﬁ%@gﬁﬂgﬂg&p‘& PEE of t he
nanosphere such as the material used and the size of the nanosphere. In a
preferred enbodi ment, the rate of degr@dation corresponds to the tinme frame
that the clinician determ nes to be one in which the maxi mumtherapeutic
effect is achieved. Therefore, it is contenplated that the biodegradabl e,

bi oabsor babl e nanospheres wi Il have inproved and superior therapeutic
potential due to selection of a material that will degrade within a
predicted tinme-frane and have the | east adverse side-effects. I1.
PHARVACEUTI CAL COVPOSI TI ONS AND ADM NI STRATI ON [ 0071] The present invention
i ncl udes nethods for preventing or aneliorating an autoreactive condition.

A S o o, o o o, . o o




[ 0078] Various conbi nations nmay be enpl oyed, for exanple

anti gen/ VHC/ nanosphere conpl ex adm nistration is "A" and the additi onal
agent is wB2012A14B/68 B/ A/B B/ B/A Al A/B A/ B/ B B/ Al A A/ B/ BPBTHIP2618B/08984 B/ B/ A
B/BIAB AANA B/ BAB ANBABB A B B AABABABAANBANANANBBAANA
AIBIANA AlA B/A [0079] Adm nistration of the peptide-MHC conpl ex
conpositions of the present invention to a patient/subject will follow
general protocols for the adm nistration of such conpounds, taking into

accounty iR Fis g3y 1D No: Q{S)}lppIAfPP'5 5, ﬁﬁ@&@i@dﬁ(bﬁ@ Ibf}@otzﬁf%fl@fﬁg gycles

woul d be repeated as necessary. It also is contenplated that various
st andafdIYh®Y Api(EEQ IDUSA:23% Ikdtnatd.dil, WHHYMid (&E@IID@E)O 28); éGRBnnapl on with

t he de eutl S

Enbods TS AP NB DAICIREEUL PR ORISR PNORR TR S0

D ffer WLW @EQID NO: Iﬁ)dmzzglzﬁVEmmmwsm(@E@ImNmm] E}fablssﬂﬂ; an
effective of a antj VHC/ nanosphere conmplex compositign to a

sub; ect Hgldntnoisb B (B bRhpast REbAA st BTN I Eranstimesnb nat i on
wi t h modivi Vet mf (SEQED Norss: prﬁﬁﬁﬁl'ﬁhusyqum% Ltqs @D/\Nblzggqn@r ally be

di ssol ved or di sEer sed in al&ﬂgr maceuti cal |y acceptable carrier or aqueous

medi uminstbog14 LBALESEEQIMMNPPR dlipiiesalinys-1a S ¥EAGBEQ ID NO:31);

h ul t
chat | aereuRAES i IPSERENTE Ed ] RO, PRy By AT TN COERISEOIOE 0 e
adm ni N(eBé)dPtoemamiuammﬂJYL\é@GEH@r(SEQsIDtN@Mhd?renrrsuhﬁmhza,rmeéﬂwm ly

coat | ngstO AN BTk Bre-Hruidie a6 0 CRGET Y1gSROB NG e R aor pt i on
del ayi rEErRRGEINY B (SEQ D Nte3b) k-indhfsHSE E@Gmmcﬁmm 3DePloSinbing,s.

phar maceuti cal active substances is well known in the art. EXCEB)/ i nsof ar

as any ccAVIEH TRIHA(SHREP & %33)a§@nlﬂlsq1§1Bz7m@6?PﬁﬁERRﬁféEmt(%EQ AR NRBPY &Ero-

i ngr edi; i 48 eu Sy
cont ey B AL P g e r RIE p ALEOEORRS PPN be
f or mul ﬂcemsﬁlmrczq:)oar &E(DKRQIVEQWSEQSIUMOMdm Pre-ng;u 1n,i1c1(r IIVEQELC TI(SEQ|IBCt i on

ot es MR BIERR bt ORILE T S B RO DM e e SERUFACRER G O

ant i genp MdG4ppsiaspibaibotafplesx that nodifies the subject’'s inmune condition
will be known to those of skill in the art in Iight of the present

di sclosure. Typically, such conpositions can be prepared as in ect bl es,
ei t her 1329 ¢ Hﬁgﬁﬂl‘ff RDRS!s BEPIKIS SPRFRES Btseciated Wity W}P glﬁ selgiopls Yrbase to

WO 201%4&%%@&%@@/ EB?@Z%J{%O@Q%%LEEW@EQ Mgt%?m%g%ywmmwpon t he

addition of a u r|or to injection can also prepared; and, the
pr epar &FQAQ mﬁ%a besse ﬁﬂLFsSSﬂ)Fé?d (S@QGQS‘]TO"F% h@ﬁ%mme%hSRﬂ%ﬂWGér(ﬁEQ

suitab tabl WS5 ?ﬁ}‘y us )
dlsperglﬁ(ﬁl@@#m%llé{z?ons |PF &%ife]gyr(rje 6alﬁsu |b’lP of ag] &us
propyl eneN@byE MOGand,, ﬂmp(a)vm(\m $D N SRhM@@bEﬁQMIDEUU\‘EP‘{DI(mIIBti on of
sterile_inje le s S n al h m nmust be
stori | SRR me Rt N Chse L S St e EERERGE (50 Ppect oa. 11
al so shayksh. BEOGH AN RINGEFLERE (SO D IN®BS). of BN v s AIg ASEQOr age and
nmust b?\gfr eserved agai nst the contaminating action of mcroorgani sns, such
as bacty:Pa) @WmeHﬁQOnStFQJQM] The conpositions may be formulated into a
neutral or salt form Pharmaceutically acceptable salts, include the acid
addi ti ogogal t1g h # MI@(E it fik hand whi ch
are fo(r?rred?wl t ﬁélltt%orgg%ﬁéyé Je;dél:tl gn suc cm@ 8%{%% | e édgg%@%%ﬁe%gﬁtcgor

phos phoriaspberesddescrdred g, dbrgamnehraxtmg $neals>da1f ebjogatmg alnagosphere t@an c,

mandel i_C,. e like. I formed with t ree. car box n al so
o der FOuaF S IE oals S Sine B s A IR e SO BT D Bt
anmoni ieretyabmhidfhan aiitide@NTHC - bytalplex;iage $b) radting 4 dlbcom@atit] € blodegsdadte

i sopropyl amine, trinethylamne, histidine, procaine and the |Iike. [0085]
The campResphese &nthe a?fnbléx af gen (Ganin one embé’B’él?eélF dhe metbrd ReRRearICRYAtng
exanpl ene MRk of%%e%ﬁﬁ')odeforg leﬁf&lmlﬁé Q&p &?jaﬂpeld%theg E¥66difRlent, MeRBYLERGLI! yCOl ,
and liquid poly(ethylene g yco ,_and the like), suitable nlxtures thereof
and vegetable oils. The proper fluidity can be nmaintained, for exanple, by
the use of a coating, such as lecithin, by the mai nt enance of the required
particle size in the case of dispersion, and by the use of surfactants. The
prevention of the action of m croorgani sns can be brought about by various
anti bacterial and antifungal agents, for exanple, parabens, chlorobutanol,
phenol, sorbic acid, thinmerosal, and the like. In many cases, it will be
preferable to include isotonic agents, for exanple, sugars or sodium
chlorlde Prolonged absorptlon of t he |njectable conp05|t|ons can be

I T o " o o v o o oy




[ 0091] Antigens, including segnents, fragnments and ot her nol ecul es derived
froman antigenic species, including but not limted to peptides,

car bohydrwiDesi12/d4i@8ds or ot her nol ecul es presented by clrasgireal/oesvds

non-cl assi cal MEC nol ecul es of the invention are typically conpl exed or
operatively coupled to a MEC nol ecul e or derivative thereof. Antigen
recognition by T | ynphocytes is major histoconpatibility conpl ex
(MEC)-restricted. A given T |lynphocyte will recognize an antigen only when

it is Qg&ﬂgoﬁlpng%s Q@i@{ek&%ﬁ‘&lomcaé@ﬂ{ %Lye’?anoltﬂbr %B&'hﬁient thel %%Qﬁﬁ&taﬁémm e
stinmul ated on presence of self MEC nol ecul es, and antlgen 'S

r ecogniceegrizes HQ%ﬂmlﬂlmldﬂ(4trh@elandqbgefmarmdgbﬂjlzyld)@§m S\DEEF bl ecul es. MEC

restri cyt e, AN N e antigen
r ccogne s eRE G IRARRL ARGl ke, SRR M G e ¢
f r agmeidul foguccinim jpigt-6i(¢-ul ety |- ases rigly kieo Jteluimaio) h@eﬂﬁatwﬂrdut becapait(®d Wi th
certaln IVEC nol ecul es or pol ypeptides _derived there from _[0092] The term

" oper at' POt ole%ﬁﬁé)dmr By copbhaggn t hggeoas@& ¥ &r Biten Publicafien 2 7£0§%%7éat i on
wher e iUnglipgk MRl 4891 Y5 RlcSI83¢ & 4.4, 148ECH 0BTk a0 9881 L£5d0€789: 4, 59LP11; de)
conponents are conbined to formthe active conplex prior to binding at the
target7§ﬁ6§14ﬂ@d5%%éﬂbE@°P§WJhﬁwmﬁ@Pb@m$nhmhi Jdbualdiscusiensf t uat i on where
the in nts are synt hesi zed or
reconbghth#y g§%¥%§§£ %5893%5 u%%@??ﬂgs%lated and conbined to forma

complex, in vitro, prior to adnlnlstratlon to a subject; the situation

wher e 40623i maz?uil eutoimmure; dgorgroinyayepdlisdke btiis eot, livvi@d to, diabetes melitus,

2012/ 04196 /EPZO 1/ 06699 f gch dlscrg rotg.pﬂlr qg ent#pf t he conpl ex
i s cont@Mh ad1 ‘r‘?néelg‘f g1 B8 Ept B Chal RS & ST FéETZ 19888 5hbi nant |y
expr es gedasaslupil, viklagd, alopamd sldndypipodldandulpplaylpepGiae's dpepkexes are added
to the nanospheres to yield nanospheres with adsorbed or coupl ed

pol ype By PBYeBks @b &8 PerPhigys. & reln niipses Celﬂtltﬁoil‘é@mf%‘éneﬂl?ﬁﬁé‘rs of
nanosF"ﬂ?ﬁ%lﬁlﬁAﬁﬂ? Iﬁ}rogﬁ?dﬁgﬁu}\ddl%n lcﬁ@e§§e 2hBHim Qe s@in ﬁ?e%gesam%tlso 1, 0.5, 1,
10, 100 10 or nore’to: 1, nore'typically 0.1:1 to 50 The

pol ypeptingrousenemat hmomlia,élynadn@mpm@(ceshmtcbé adfltiteyr i netmhumsspnqs stntide d
techni %gr%sonent oft\ﬂﬁ antl etﬁgﬁ—# 9e:r3 l ntlerxal(s: lerllxlfleldarr dg‘sqd %ﬁorrr?‘ &5 ! l!.tgélln?

anti gens presen qU|§ ere éPTen 8sH 0 thé Sy STER™B8th in
terns of af aﬁagmgém e;nto@awrefmlaﬁ@ﬂlew@f aﬁ\e)N@ap&reSaetouﬁfreﬁefﬁspdnsem f antigens
to T cells di stinct classes of nol ecul es. MEC cl ass

( VEC- |)pr%e> R %@ggurl%ész@q FRmei EhPartquiarAepegiss e atoantiien dh

proces %hﬁlﬁieP@JrM@Mﬁate Bepﬁlud@nscéﬂem aéeétti Eﬁ%thtfg@H'?sla! M@aena%it%ner are
presented to CDB8+ by | ass mol ecul es, whi ch are expressed on
Vi r t ualpeytidglaf acpecbtblg% camnhb/éra@wlr lamélexmlemd bY‘IWl’@GhCQﬂ]éIOf yeebigraprflass are
present ul h rtain
Ecopt Ponatdls SeiceTy Rl bl Rl PR B PR i RLC A0 TR

gener atpﬁﬂelfl]’ Wmlemmwpmﬁ @apitoe Iha‘te?,be@ﬁ 1@@’[1%11 R)r pwemay nﬁalamempnesent ed on

MEC- | cule In macro S as ind c.ce n certaln
ebodi NRHIEOBT TR PAgD MR oo pﬁat‘ﬁfvf bl Y5y Plods R,

aut oant@an ehdockide bt Aduk@eind BsPsRAE Bl @ts pBrilidle RERhAAAINEHNAROS pher e
complex in the context of an appropriate MEC class | or |l polypeptide. In
certain aspects, the genetic_makeup of a gﬁgéect may be assessed to
det er mil%23hni laktilEethssrspsespof ths ingentignshe cogpongniRfith¢ cul ar patient and
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NK cell markers and a sem -invariant T cell receptor (TCR). They are
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[ 0095] Certain aspects of the invention |nc?ude met hods and conpositions
concerning antigenic conpositions including segnents, fragnents, or
epi t opes of pol ypeptides, peptides, nucleic acids, carbohydrates, |ipids
and ot her nol ecul es that provoke or induce an antigenic response, generally
referred to as antigens. In particular, autoantigens, or antigenic segnents
or fragnents of such autoantigens, which lead to the destruction of a cel
via an aut oi nmune response, can be identified and used in nmaking a

IVHC/ nanosphere conpl ex descri bed herein. Such autoantigens can be presented
on pancreatlc |sIets or ceII supportlng pancreatlc |sIet ceIIs Enbodinents
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Ref er ences Sequence GADG65 114-123 A2 VWNI LLQYW (SEQ I D NO 14)
Reactivity detected in inmunized HHD mce and T ID patients Bl ancou et. al.
2007, Panwoa012/041968Bor di gnon et al . PCT/EP2011/066994

covalently or non-covalently coupled or attached to a substrate (antigen/MHC/nanosphere
complex). The substrate is typically a biocompatible absorbable nanosphere. In one
embodiment, the nanosphere comprises a metal, such as iron or iron oxide. In another
embodiment, the nanosphere comprises a biocompatible, bioabsorbable polymer. In either case,
the nanosphere undergoes bioabsorption in vivo such that accumulation of the nanoparticles in
vivo 1s limited. Peptides of the invention can be chemically coupled to a substrate and in
particular coupled via a chemical or a peptide linker. CD1 molecules are an example of a non-
classical MHC molecule. Non-classical MHC molecules are characterized as non-polymorphic,
conserved among species and possessing narrow, deep, hydrophobic ligand binding pockets.
These binding pockets are capable of presenting glycolipids and phospholipids to Natural Killer
T (NKT) cells. NKT cells represent a unique lymphocyte population that co-express NK cell
markers and a semi-invariant T cell receptor (TCR). They are implicated in the regulation of

immune responses associated with a broad range of diseases.

[0024] In certain embodiments, the T cells expanded by the treatment have been pre-activated
by the disease process and have a memory phenotype. In one aspect, T cells arise from
autoreactive precursors recognizing the target epitope with low avidity. Avidity can be
determined by a tetramer binding assay or the like. In a further aspect, the
antigen/MHC/nanosphere complex is administered prior, after or both prior to and after the onset
of clinical symptoms of the autoimmune disease of interest. In still a further aspect, the method
may include a step that comprises assessing a biological parameter of an autoimmune condition,
such as the subject’s blood sugar levels before and/or after treatment. The methods of the
invention may also include assessing a subject's autoimmune status, including the assessment of
any autoreactive immune responses. In certain aspects, a T cell is a CD4" or CD8" T cell or a

NK T (NKT) cell.

[0025] Further embodiments of the invention include methods of expanding anti-pathogenic
autoreactive T cells comprising administering an antigen/MHC/nanosphere complex in an
amount sufficient to stimulate expansion of a anti-pathogenic autoreactive T cell. In certain

aspects the T cell is a CD8" or a CD4" T cell or a NKT cell.



1995, Mallone et al. 2007 536-545 A2 RWEYGITW (SEQ I D NGO 15) Reactivity
detected in plasm d- i mmuni zed HHD m ce and TID patients Blancou et. al.
2007 GFAPV048121819682 NLAQTDLATV Reactivity detected in PCrBprp@tlioesyws Cuyang
et. al. WD 2012/041968

[0026] In still further embodiments, the invention includes methods for protecting cells of a
subject, such as a pancreatic islet cells, from an autoimmune response, particularly a pathogenic
autoimmune response, comprising administering to a subject an antigen/MHC/nanosphere
complex in an amount sufficient to inhibit the destruction of the cells or tissues comprising the
cells, wherein the antigen or antigenic molecule from which it is derived is from an autoantigen

associated with cells.

[0027] In yet a further embodiment, the invention includes methods for diagnosing
autoimmunity comprising assessing treatment-induced expansion of anti-pathogenic CD8" or

CD4" T cell responses as an indication of active autoimmunity.

[0028] Embodiments of the invention may include methods for preventing, ameliorating, or
treating rejection of transplanted tissues by allogeneic or autoimmune responses by
administering an antigen/MHC complex operatively coupled to a substrate (i.e., an
antigen/MHC/nanosphere complex) to a subject in an amount sufficient to expand anti-
pathogenic autoreactive T cells, or inducing expansion of anti-pathogenic cells recognizing

alloantigens or autoantigens expressed by transplanted tissues or organs.

[0029] Embodiments of the invention provide methods of increasing or maintaining the
number of functional cells, e.g., islet cells, of a predetermined type in a mammal by preventing
or inhibiting cell death or killing. In certain embodiments, this method is used to treat an
autoimmune disease where endogenous cell and/or tissue regeneration is desired. Such
autoimmune diseases include, without limitation, diabetes melitus, multiple sclerosis, premature
ovarian failure, scleroderm, Sjogren's disease, lupus, vitelego, alopecia (baldness), polyglandular
failure, Grave's disease, hypothyroidism, polymyosititis, pemphigus, Crohn's disease, colititis,
autoimmune hepatitis, hypopituitarism, myocardititis, Addison's disease, autoimmune skin
diseases, uveititis, pernicious anemia, hypoparathyroidism, rheumatoid arthritis and the like.
One aspect of the invention provides a novel two-part therapeutic approach to ablate existing

autoimmunity while re-educating the immune system.

[0030] In certain aspects, the antigen/MHC/nanosphere complex need not be administered
with an adjuvant in order to induce an immune response, e.g., an antibody response. In

particular embodiments, the antigen/MHC/nanosphere composition can be used in conjunction
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A2 SL SPIvBBh12RaamsBi vity detected in T ID patients QuyamrgTaP2@1/066994 ( SEQ | D
NO 18) 2006

with well known polyclonal and monoclonal antibody techniques to produce an antibody using

reduced or no adjuvant(s).
DESCRIPTION OF THE DRAWINGS

[0031] The following drawings form part of the present specification and are included to
further demonstrate certain aspects of the present invention. The invention may be better
understood by reference to one or more of these drawings in combination with the detailed

description of specific embodiments presented herein.

[0032] FIGS. 1A-1C. The low affinity autoreactive 17.60/8.3p CD8" T cells are anti-
diabetogenic. FIG. 1A, Frequency of diabetes in 17.60/8.33-NOD (n=95) versus 17.40/8.33-
NOD mice (n=598). FIG. 1B, Insulitis score in Tg mice (n=6 for 17.60/8.33-NOD, n=3 for
17.40/8.33-NOD). FIG. 1C, Frequency of diabetes in NOD (n=56) versus LCMV-NOD (n=10).

[0033] FIGS. 2A-2B. Developmental biology of the 17.6a/8.3p TCR. FIG. 2A,
Developmental biology of 17.60/8.3 versus 17.40/8.33 TCR in Tg mice. Upper panels are
representative CD4 versus CD8 dot plots of splenocytes. Lower panel is the comparison of
CDS8" T cell staining with NRP-V7/K® tetramer. FIG. 2B, Developmental biology of the
17.60/8.30B versus 17.40/8.3 TCRs in RAG-2-/- Tg mice. Upper panels are representative
CD4 versus CD8 dot plots of splenocytes. Lower panel is the comparison of CD8" T cell
staining with NRP-V7/K® tetramer.

[0034] FIG. 3. Frequency of diabetes in 17.6a/8.38-NOD.RAG-2-/- (n=13) versus
17.40/8.33-NOD.RAG-2-/- mice (n=106).

[0035] FIGS. 4A-4B. Developmental biology of 17.6a/8.3p versus 17.4a/8.3p TCR in
TCRo-/- Tg mice. FIG. 4A, Upper panels are representative CD4 versus CD8 dot plots of
splenocytes. Lower panel is the comparison of CD8" T cell staining with NRP-V7/K* tetramer.
FIG. 4B, Frequency of diabetes in 17.60/8.33-NOD.TCRa-/- (n=14) versus 17.40/8.33-
NOD.TCRa-/- mice (n=28). Values in the dot plot FACS panels correspond to the percentages
of the cells within each quadrant and values in the histogram panels correspond the percentages

of the cells that stained positive (mean+SE).

11
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[0036] FIGS. 5A-5J. 17.60/8.3p CD8' T cells spontaneously differentiate into memory T
cells with regulatory function. FIG. SA, Representative FACS profiles of splenic CD8" T cells
from 17.60/8.33-NOD.TCRa-/- versus 17.40/8.33-NOD.TCRa-/- mice. FIG. 5B, Percentage of
CD44"™ CD122" CD8" T cells within spleen (n=12 for 17.60/8.3p-NOD.TCRa-/- and n=9 for
17.40/8.30B-NOD.TCRa-/-), PLN (n=9 for 17.60/8.33-NOD.TCRa-/- and n=6 for 17.40/8.3 -
NOD.TCRa-/-) and BM (n=4 for 17.60/8.33-NOD.TCRa-/- and n=3 for 17.40/8.3-NOD.TCRa-
/-) of TCRa-/- Tg mice (mean+SE). Mice were 9-18 weeks old. FIG. 5C, Representative FACS
profile of splenic CD8" T cells from 17.60/8.30p-NOD.TCRo-~/- mice stained with NRP-V7/K?
tetramer versus anti-CD 122 Ab. Values are mean+SE of five different experiments. FIG. 5D,
Phenotypic analysis of naive versus memory splenic CD8" T cells from 17.60/8.3-NOD.TCRa-
/- mice. Data are representative of at least two experiments for each marker. FIG. SE,
Comparison of CD122 staining in CD8"CD4" thymocytes versus CD8" splenocytes from TCRa”"
Tg mice. Data are representative of four experiments. FIG. 5F, BrdU uptake by splenic CD8" T
cell from TCRa”™ Tg mice. FIG. 5G, Upper panel: representative FACS profile of the
proliferation of splenic CD8" T cell from Tg mice in response to cytokines IL-2 and IL-15 (both
at 100 ng/ml). Lower panel: Fold expansion of naive versus memory CD8" T cells from
17.60/8.30B-NOD.TCRa"" mice in response to different concentration of IL-2 and IL-15. Data
are representative of at least three experiments. FIG. SH, Production of IFN-y by splenic naive
CDS8" T cells from 17.40/8.38-NOD.TCRa” mice versus naive and memory CD8" T cells from
17.60/8.3B-NOD.TCRo” mice in response to DCs pulsed with 1 pg/ml NRP-A7 after 24 and 48
hours. FIG. 51, Intra-cellular IFN-y staining from splenic naive CD8" T cells from 17.40/8.3p-
NOD.TCRo” mice versus naive and memory CD8" T cells from 17.6a/8.38-NOD.TCRa” mice
in response to DCs pulsed with 1 pg/ml NRP-A7 after 6 hours. FIG. 5J, Production of IL-2 and
proliferation in response to DCs pulsed with 1 pg/ml NRP-A7 at different time-points. Data in
FIG. 5H and FIG. 5] are representative of four experiments and data in FIG. 51 are representative

of three experiments.

[0037] FIG. 6. Proliferation of CFSE-labeled 17.40/8.3p CD8' T cells. Proliferation of
CFSE-labeled 17.40/8.3p CD8" T cells in response to NRP-A7 pulsed DCs in the presence of
naive versus memory CD8" T cells from 17.6a/8.33-NOD.TCRo”™ mice (upper panel) or naive
CD8" T cells from 17.40/8.3B-NOD versus LCMV-NOD mice (lower panel). Data are

representative of at least five experiments.
12



A2 KLQVFLIVL (SEQ I D NO 21) Reactivity detected in T ID patients
Panagi ot opoul os et al. 2003, Jarchumet al. 2008 9-17 A2 FLI VLSVAL
React i vi twodet2at®d in T | D patients Quyang et al. ( BEQHEPD 1N@5A2)

[0038] FIG. 7A-7B. Memory 17.60/8.3p CD8' T cells kill antigen-pulsed APCs. FIG. 7A,
In vitro cytotoxicity of freshly isolated naive CD8" T cells from 17.4a/8.308-NOD.TCRa”" mice
versus naive and memory CD8" T cells from 17.6¢/8.30p-NOD.TCRa”" mice against NRP-A7
and TUM-pulsed BM DCs. Data are representative of three experiments. Purified BM DCs
were pulsed with 1 pg/ml NRP-A7 or TUM and labeled with [*'Cr]-sodium chromate.
Effector:target ratio=8:1 (40000 effectors: 5000 target cells). Supernatant was harvested after 8
hours. FIG. 7B, In vivo cytotoxicity assay: NRP-A7-pulsed (CFSE'"®) or TUM-pulsed (CFSE™)
B-cell (upper panels) or freshly isolated splenic and LN DCs (lower panels) were injected into
Tg hosts at 1:1 ratio. B cells or fresh DCs (from spleen and LNs) were isolated using anti-B220
or anti-CD11¢c MACS beads, pulsed with 10 pg/ml of peptides for 2 hours, washed, labeled with
CFSE (TUM:3 uM CFSE, NRP-A7: 0.3 uM CFSE) for 3 mins at 37°C., washed 3 times and 4-
5x10° cells from each population were injected into the hosts. After 18 hours mice were

sacrificed and splenocytes were FACS analyzed.

[0039] FIG 8 depicts a magnified image of pMHC conjugated PLGA (Poly(D,L-lactide-co-
glycolide)) nanospheres.

[0040] FIG 9 depicts the IFNy responses by CD8+ T-cells to IGRP/Kd-PLGA nanosphere

complexes at the indicated nanoparticles/well concentration.
DETAILED DESCRIPTION OF THE INVENTION

[0041] It is to be understood that this invention is not limited to particular embodiments
described, as such may, of course, vary. It is also to be understood that the terminology used
herein is for the purpose of describing particular embodiments only, and is not intended to be

limiting, since the scope of the present invention will be limited only by the appended claims.

[0042] It must be noted that as used herein and in the appended claims, the singular forms “a”,

“an”, and “the” include plural referents unless the context clearly dictates otherwise. Thus, for

example, reference to “an excipient” includes a plurality of excipients.
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2006 | GRP 152-160 A2 FLWSVFMLI Reactivity detected in T ID patients Quyang

et al. (SEQ I D NO 23) 2006 211-219 A2 NLFLFLFAV Reactivity detected in
T |1 D pat iwote2daiwium et al . (SEQ I D NG 24) PCT/EP2011/066994
L Definitions

[0043] Unless defined otherwise, all technical and scientific terms used herein have the same
meaning as commonly understood by one of ordinary skill in the art to which this invention

belongs. As used herein the following terms have the following meanings.

[0044]  As used herein, the term “comprising” or “comprises” is intended to mean that the
compositions and methods include the recited elements, but not excluding others. “Consisting
essentially of” when used to define compositions and methods, shall mean excluding other
elements of any essential significance to the combination for the stated purpose. Thus, a
composition consisting essentially of the elements as defined herein would not exclude other
materials or steps that do not materially affect the basic and novel characteristic(s) of the claimed
invention. “Consisting of” shall mean excluding more than trace elements of other ingredients
and substantial method steps. Embodiments defined by each of these transition terms are within

the scope of this invention.

[0045] By "biocompatible", it is meant that the components of the delivery system will not
cause tissue injury or injury to the human biological system. To impart biocompatibility,
polymers and excipients that have had history of safe use in humans or with GRAS (Generally
Accepted As Safe) status, will be used preferentially. By biocompatibility, it is meant that the
ingredients and excipients used in the composition will ultimately be "bioabsorbed" or cleared by
the body with no adverse effects to the body. For a composition to be biocompatible, and be
regarded as non-toxic, it must not cause toxicity to cells. Similarly, the term “bioabsorbable”
refers to nanoparticles made from materials which undergo bioabsorption in vivo over a period of
time such that long term accumulation of the material in the patient is avoided. In a preferred
embodiment, the biocompatible nanoparticle is bioabsorbed over a period of less than 2 years,
preferably less than 1 year and even more preferably less than 6 months. The rate of
bioabsorption is related to the size of the particle, the material used, and other factors well
recognized by the skilled artisan. A mixture of bioabsorbable, biocompatible materials can be
used to form the nanospheres used in this invention. In one embodiment, iron (III) oxide and a
biocompatible, bioabsorbable polymer can be combined. For example, iron (IIT) oxide and

PGLA can be combined to form a nanoparticle
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2008 215-223 A2 FLFAVGFYL Reactivity detected in T ID patients Quyang et
al . (SEQ I D NG 25) 2006, Jarchumet al. 2008 222-230 A2 YLLLRVLNI
React i vi twodet2at®d in T | D patients Jarchumet al. PEE@PRD 1/865926)

[0046] An antigen/MHC/nanosphere complex refers to presentation of a peptide,
carbohydrate, lipid, or other antigenic segment, fragment, or epitope of an antigenic molecule or
protein (i.e., self peptide or autoantigen) on a surface, such as a biocompatible biodegradable
nanosphere. "Antigen" as used herein refers to all, part, fragment, or segment of a molecule that

can induce an immune response in a subject or an expansion of anti-pathogenic cells.

[0047] The term “about” when used before a numerical designation, e.g., temperature, time,
amount, and concentration, including range, indicates approximations which may vary by ( +) or

(=) 10%, 5 %, or 1 %.

[0048] By "killing" or "kills" it is meant to cause cell death by apoptosis or necrosis.

Apoptosis or necrosis can be mediated by any cell death pathway.

[0049] “Autoimmune cells" include, for example, adult splenocytes, T lymphocytes, B
lymphocytes, and cells of bone marrow origin, such as defective antigen presenting cells of a

mammal, that have activity towards the organism from which the autoimmune cell is derived.

[0050] A "mimic" is an analog of a given ligand or peptide, wherein the analog is substantially
similar to the ligand. "Substantially similar" means that the analog has a binding profile similar
to the ligand except the mimic has one or more functional groups or modifications that
collectively accounts for less than about 50%, less than about 40%, less than about 30%, less
than about 20%, less than about 10%, or less than about 5% of the molecular weight of the

ligand.

[0051] An "effective amount" is an amount sufficient to achieve the intended purpose, e.g.,
modulation of T cell activity or T cell populations. As described herein in detail, the effective
amount, or dosage, depends on the purpose and the antigen and can be determined according to

the present disclosure.

[0052] An "auto-reactive T cell" is a T cell that recognizes an "auto-antigen", which is a
molecule produced and contained by the same individual that contains the T cell. An auto-
reactive T cell can be a CD8+ T cell or a CD4+ T cell. Furthermore, the CD4+ T cell can be
classified as a TR1 (T Regulatory 1) cell.
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2008 228-236 A2 LNIDLLWSV (SEQ I D NO 2) Reactivity to the correspondi ng
epitope fromnmurine IGRP (differeing at 2 am no acids) detected in

i muni zeowOakeki41®8 al . 2006 HHD mi ce 265- 273 A2 YCEEPBHAI6GISEQ | D
NO 3) Reactivity detected in i munized HHD

[0053] A "pathogenic T cell" is a T cell that 1s harmful to a subject containing the T cell.
Whereas, a non-pathogenic T cell is not substantially harmful to a subject, and an anti-

pathogenic T cells reduces, ameliorates, inhibits, or negates the harm of a pathogenic T cell.

[0054] The terms "inhibiting," "reducing," or "prevention," or any variation of these terms,
when used in the claims and/or the specification includes any measurable decrease or complete

inhibition to achieve a desired result.

[0055] The use of the word "a" or "an" when used in conjunction with the term "comprising"
in the claims and/or the specification may mean "one," but it is also consistent with the meaning

of "one or more," "at least one," and "one or more than one."

[0056] The term “anti-pathogenic” refers to cells that have a protective effect against causing
disease. For example, “anti-pathogenic autoreactive CD8" T cells” refers to cells that have a
protective effect against T1D. “Anti-pathogenic autoreactive CD8" T cells” also refers to cells
that have a protective effect against other autoimmune diseases such as those listed under

subsection V. titled: DIAGNOSTIC AND THERAPEUTIC TARGETS.

[0057] By "nanosphere" herein is meant small discrete particles that are administrable to a
subject. In certain embodiments, the nanospheres are substantially spherical in shape. The term
"substantially spherical," as used herein, means that the shape of the particles does not deviate
from a sphere by more than about 10%. Various known antigen or peptide complexes of the
invention may be applied to the particles. The nanospheres of this invention range in size from
about 10 nm to about 150 pm and, preferably, from about 10 nm to about 1 pm. Smaller
nanosize particles can be obtained, for example, fractionation whereby the larger particles are
allowed to settle in an aqueous solution. The upper portion of the solution is then recovered.
This upper portion is enriched in smaller size particles. The process can be repeated until a

desired average size is generated.

[0058] Throughout this application, the term "about" is used to indicate that a value includes

the standard deviation of error for the device or method being employed to determine the value.
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m ce and recent-onset T ID patients Takaki et al. 2006, Unger et al. 2007,
Jarchum et al. 2008 293-301 A2 RLLCALTSL Reactivity detected in T ID
pati ent s vOoypareg4ed6sal . (SEQ I D NO 27) 2006 Pro- PCT/EP2011/066994

[0059] The use of the term "or" in the claims is used to mean "and/or" unless explicitly
indicated to refer to alternatives only or the alternatives are mutually exclusive, although the

disclosure supports a definition that refers to only alternatives and "and/or."

[0060] As used herein and in the claims, the terms "antibody" or "immunoglobulin" are used
interchangeably and refer to any of several classes of structurally related proteins that function as
part of the immune response of an animal or recipient, which proteins include IgG, IgD, IgE,

IgA, IgM and related proteins.

[0061] As used herein the terms "immunogenic agent" or "immunogen" or "antigen" are used
interchangeably to describe a molecule capable of inducing an immunological response against
itself on administration to a recipient, either alone, in conjunction with an adjuvant, or presented

on a display vehicle.

[0062] As used herein, an "amino molecule" refers to any amino acid, amino acid derivative,
or amino acid mimic known in the art. In certain embodiments, the residues of the proteinaceous
molecule are sequential, without any non-amino molecule interrupting the sequence of amino
molecule residues. In other embodiments, the sequence may comprise one or more non-amino
molecule moieties. In particular embodiments, the sequence of residues of the proteinaceous

molecule may be interrupted by one or more non-amino molecule moieties.

[0063] Accordingly, the term "proteinaceous composition" encompasses amino molecule
sequences comprising at least one of the 20 common amino acids in naturally synthesized

proteins, or at least one modified or unusual amino acid.

[0064] As used herein, the term “treatment” or “treating” means any treatment of a disease or

condition in a patient, including;

e preventing or protecting against the disease or condition, that is, causing the clinical
symptoms not to develop, for example, in a subject at risk of suffering from such a

disease or condition, thereby substantially averting onset of the disease or condition;

¢ inhibiting the disease or condition, that is, arresting or suppressing the development of

clinical symptoms; and/or
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I nsulin (SEQ 1D NO28) T ID patients 2007, Jarchumet al. 2007 L3-11 A2
LWVRLLPLLWOSEQ/MDGBIO 29) Reactivity to the correspondi ngCeEPRa@pacdIpoOLmM
murine proinsulin 1 (differing at 5 am no acids) detected in HHD m ce
Jarchumet al. 2007 L6-14

e relieving the disease or condition that is, causing the regression of clinical symptoms.

[0065] Other objects, features and advantages of the present invention will become apparent
from the following detailed description. It should be understood, however, that the detailed
description and the specific examples, while indicating specific embodiments of the invention,
are given by way of illustration only, since various changes and modifications within the spirit
and scope of the invention will become apparent to those skilled in the art from this detailed

description.

[0066] Observations to date (Han et al., 2005) suggested that, to be effective in autoimmunity,
peptide therapy would have to target multiple epitope specificities. Soluble peptides can induce
peptide-specific T-cell tolerance, but cannot blunt poly-specific autoimmune responses. The
inventors reasoned that it would be highly impractical to accomplish this with peptides because,
in the case of IGRP alone, this would require several milligrams of peptides per dose. Because
peptides are much more tolerogenic (i.e., at lower amounts) when bound to MHC molecules on
fixed APCs (Miller et al., 1979), it was contemplated that systemic delivery of antigen/MHC
complexes, e.g., peptide/MHC complexes (without costimulatory molecules) on nanospheres
might be more tolerogenic than peptides alone. This thought evolved from the availability of a
reagent initially conceived to image islet inflammation. The inventors sought to specifically
deliver a probe amenable to magnetic resonance (MR) imaging to circulating 8.3-like CD8" T-
cells (iron oxide nanospheres coated with NRP-V7/K" complexes) (Moore et al., 2004). In
particular, the inventors contemplated coating these nanospheres with several different
antigen/MHC complexes as a way to induce the simultaneous deletion of multiple T-cell
specificities below the threshold required for T1D development. Most surprisingly, it was found
that pMHC complexes attached to a solid support function by expanding, in an epitope-specific
manner, autoantigen-experienced autoreactive CD8+ cells that suppress the recruitment of other
autoantigenic specificities. This therapeutic avenue exploits a new paradigm in the progression
of chronic autoimmune responses that enables the rational design of disease-specific
'nanovaccines' capable of blunting autoimmunity without impairing systemic immunity, a long
sought-after goal in the therapy of these disorders. According to the above paradigm, any single
epitope (pMHC) specificity involved in the disease (among hundreds) can be used, when coated

as a ligand on NPs, to blunt complex autoimmune responses. The particle/solid support

18



A2 RLLPLLALL Reactivity detected in T ID patients Mllone et al. (SEQ I D
NG 30) 2007 B5-14 A2 HLCGSHLVEA (SEQ ID NO :31) Reactivity to the
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component is essential, because multimeric soluble pMHCs cannot elicit the type of immune
responses induced by their NP-coupled counterparts. The particle enables superior
multimerization of pMHC and affords these pMHCs powerful receptor crosslinking properties.
Therefore, this paradigm and the therapeutic approach that enabled its discovery provide a

platform for a new class of therapeutics in autoimmunity.

[0067] It is contemplated that nanospheres coated with antigen/MHC complexes
(antigen/MHC/nanosphere complex) will expand the type of low-avidity anti-pathogenic
autoreactive CD8" cells that afforded T1D protection in APL-treated mice (Han et al., 2005,
Maree et al., 20006). It is also contemplated that these nanospheres will expand pre-existing
pools of memory autoreactive CD8" T-cells (i.e., they do not induce memory T cells de novo). Tt
is believed that these pre-existing pools are predominantly (if not exclusively) comprised of low
avidity (anti-pathogenic) autoreactive CD8" clonotypes. The high-avidity counterparts of these
T-cells (with pathogenic activity) do not survive in vivo as memory cells, possibly, but not
limiting the invention to any particular theory, because they undergo activation-induced cell
death upon chronic exposure to their endogenous target beta cell autoantigen. It is believed that
these nanospheres need not have to target a prevalent population of autoreactive CD8" T-cells to
be effective: similar results were obtained with nanospheres coated with a subdominant
peptide/MHC complex. In addition, it is believed that this technology does not require the
design of APLs of defined avidity (unlike the case with peptides), and thus has the potential to
accommodate any target antigen or peptide/MHC target. It is contemplated that this technology
will restore normoglycemia in NOD mice with newly diagnosed T1D, at rates that are at least
comparable, if not better, than those obtained with anti-CD3 mAb treatment, a non-antigen-
specific approach that has shown some promise in clinical trials (Herold ef al., 2002; Keymeulen

et al., 2005).

[0068] It is believed that the compositions of the invention can be used to expand pre-existing
pools of memory autoreactive CD8" T-cells (i.e., they do not appear to be able to induce memory
T cells de novo). These pre-existing pools are predominantly (if not exclusively) comprised of
low avidity (anti-pathogenic) autoreactive CD8" clonotypes. The high-avidity counterparts of
these T-cells (with pathogenic activity) do not survive in vivo as memory cells and

predominantly exist as naive T cells. It is further contemplated that naive T cells undergo cell
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(SEQ ID NOI) Reactivity detected in imunized HHD mce and T ID patients
Toma et al. 2005, Hassainya et al. 2005, WD 2012/041968PCT/EP2011/ 066994
B14- 22A3, WOYLMOGERSAl | (SEQ | D NO 32) B15- 24A24 LYLVCGEREGET/(EBEQ110E59M0. 33)
B17- 25Al , LVCCGERGFF A3(SEQ I D NO 34) B18-27Al,VC GERGFFYT A2, (SEQ I D NGO 35)
B 8, B18 B20-27Al , GERGFFYT B3(SEQ | D NG 36) B21- 29A3ERGFFYTPK (SEQ I D
NG 37) B25- C1BS8FYTPKTRRE

death upon engaging autoantigen/MHC/nanosphere complexes in the absence of costimulation

and so the invention may both delete naive pathogenic T cells and expand anti-diabetogenic

memory T cells. The compositions described need not target a prevalent population of

autoreactive CD8" T-cells to be effective. In certain embodiments, the compositions and

methods can be used to induce autoreactive T cell tolerance.

[0069] It is contemplated that the biodegradable bioabsorbable nanospheres will have
surprising and unexpected results compared to pMHC/antigen complexes coated on a non-
biodegradable, non-bioabsorbable solid support. These unexpected results include decreased
toxicity. Decreased toxicity can refer to a reduction in the accumulation of the nanosphere in
organs and/or tissues throughout the body. Decreased toxicity may also refer to a decrease in an
undesired biological response, such as a decrease in inflammation or a decrease in tissue damage
of organs throughout the body. Inflammation and tissue damage are assessments that can readily
be determined by the skilled artisan by known methods. It is also contemplated that the
biodegradable, bioabsorbable nanospheres will be more tolerated by the body. This may lead to
a reduction in therapeutic dose or an increase or more efficient therapeutic response. The
therapeutic response as it relates to autoimmunity can be determined by assays described in the

Examples.

[0070] In one embodiment of the invention, the biodegradable, bioabsorbable material is
chosen by the skilled clinician based on the predicted in vivo half-life of the nanosphere. The
half-life is one that can readily be determined based on physical properties of the nanosphere
such as the material used and the size of the nanosphere. In a preferred embodiment, the rate of
degradation corresponds to the time frame that the clinician determines to be one in which the
maximum therapeutic effect is achieved. Therefore, it is contemplated that the biodegradable,
bioabsorbable nanospheres will have improved and superior therapeutic potential due to
selection of a material that will degrade within a predicted time-frame and have the least adverse

side-effects.
I1. PHARMACEUTICAL COMPOSITIONS AND ADMINISTRATION

[0071] The present invention includes methods for preventing or ameliorating an autoreactive

condition. As such, the invention contemplates "vaccines" or immune system modifiers for use
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(SEQ I D NO 38) B27-05B8 TPKTRREAEDL (SEQ I D NG 39) C20- 28A2SLQPLALEG ( SEQ
| D NO 40) C25- 33A2ALEGSLQKXR (SEQ I D NO 41) C29- ASA2SLKRA VEQ (SEQ I D
NO 42) AWOARE4VEQCCTSI (SEQ | D NO 43) A2- 10A21 VEQCCTSPCTEE 111Dy 44)
Al 2- 20A2SLYQLENYC (SEQ I D NO 45) Pinkse et al. 2005 Reactivity detected in
T ID patientsToma et al. 2005 Reactivity detected in T ID patientsTona et
al. 2005 Reactivity detected in T ID patientsToma et al. 2005, Hassai nya

in various embodiments. Compositions proposed to be suitable for use as a vaccine may be

prepared from autoreactive molecules including autoreactive proteins and their fragments. The

invention includes compositions that can be used to induce or modify an immune response

against an autoreactive antigen, e.g., a polypeptide, a peptide, a carbohydrate, a lipid or other

molecule or molecular fragment and against developing a condition or disease caused by such an

autoimmune response.

[0072] Compositions of the invention may be conventionally administered parenterally, by
injection, for example, intravenously, subcutaneously, or intramuscularly. Additional
formulations which are suitable for other modes of administration include oral formulations.

Oral formulations include such normally employed excipients as, for example, pharmaceutical
grades of mannitol, lactose, starch, magnesium stearate, sodium saccharine, cellulose,
magnesium carbonate and the like. These compositions take the form of solutions, suspensions,
tablets, pills, capsules, sustained release formulations or powders and contain about 10% to about

95% of active ingredient, preferably about 25% to about 70%.

[0073] Typically, compositions of the invention are administered in a manner compatible with
the dosage formulation, and in such amount as will be therapeutically effective and immune
modifying. The quantity to be administered depends on the subject to be treated. Precise
amounts of active ingredient required to be administered depend on the judgment of the
practitioner. However, suitable dosage ranges are of the order of ten to several hundred
nanograms or micrograms antigen/MHC/nanosphere complex per administration. Suitable
regimes for initial administration and boosters are also variable, but are typified by an initial

administration followed by subsequent administrations.

[0074] The manner of application may be varied widely. Any of the conventional methods for
administration of a vaccine are applicable. These are believed to include oral application on a
solid physiologically acceptable base or in a physiologically acceptable dispersion, parenterally,
by injection and the like. The dosage of the antigen/MHC/nanosphere complex will depend on

the route of administration and will vary according to the size and health of the subject.

[0075] In many instances, it will be desirable to have multiple administrations of a

peptide/MHC/nanosphere complex, about, at most about or at least about 3, 4, 5, 6,7, 8,9, 10 or
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et al. 2005 Reactivity detected in T ID patientsToma et al. 2005 Reactivity
detected in T ID patientsToma et al. 2005 Reactivity detected in T ID

pat i ent sTwoRoE048d68 2005 Reactivity detected in T | D parcempadionesdes al
2005 Reactivity detected in T ID patientsToma et al. 2005 Reactivity
detected in peptide-Hassainya et al. inmunized HHD m ce2005 Reactivity
detected in peptide-Hassainya et al. inmmunized HHD m ce2005 Reactivity
detected in peptide-Hassainya et al. inmunized HHD nm ce2005 Reactivity

det ect gghrb NTRERI AR RS MY &Sl %/%nge'fmﬁy@ 'dé}gﬁi) e MR 2RU9REeRGE Vity to

the correspondi ng nouseJarchum e . proinsulin 1 epitope (differing at
one200 Psuatly Apnacieadp tae ek eterivals. HMDIodicdmoRemsat ingérvals died. &dtyedrsi wsually two

pepti de}'\/_e ,Séiﬁib%yﬁsiga%leat malw%g&%dﬂ_@ omhcquﬁ?n %e system. The course of the

administrations may be followed by assays for autoreactive immune responses and T cell

activity.
A, Combination Therapy

[0076] The compositions and related methods of the present invention, particularly
administration of a antigen/MHC/nanosphere complex, may also be used in combination with the
administration of traditional therapies. These include, but are not limited to, the administration

of immunosuppressive or modulating therapies or treatments.

[0077] In one aspect, it is contemplated that a antigen/MHC/nanosphere complex is used in
conjunction with a cytokine treatment. Alternatively, antigen/MHC/nanosphere complex
administration may precede or follow the other treatment by intervals ranging from minutes to
weeks. In embodiments where the other agents and/or antigen/MHC/nanosphere complexes are
administered separately, one would generally ensure that a significant period of time did not
expire between the time of each delivery, such that the agent and antigen/MHC/nanosphere
complex would still be able to exert an advantageously combined effect on the subject. In such
instances, it is contemplated that one may administer both modalities within about 12-24 h of
each other and, more preferably, within about 6-12 h of each other. In some situations, it may be
desirable to extend the time period for administration significantly, however, where several days
(2,3, 4,5, 6 or 7) to several weeks (1, 2, 3, 4, 5, 6, 7 or 8) lapse between the respective

administrations.

[0078] Various combinations may be employed, for example antigen/MHC/nanosphere

complex administration is "A" and the additional agent is "B":
A/B/A B/A/B B/B/A A/A/B A/B/B B/A/A A/B/B/B B/A/B/B

B/B/B/A B/B/A/B A/A/B/B A/B/A/B A/B/B/A/ B/B/A/A
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GAD65: 65 kDa @ utam c acid decarboxyl ase, GFAP: glial fibrillary acidic
protein, |IA-2: insulinom-associated antigen 2, ppl APP. |Islet anyloid

pol ypept iwo 2preauregsor protein, | GRP:. Islet-specific gl uposEPEIpledphat ase
catal ytic subunit-related protein Table 1B EILA class I-restricted epitopes
for M5 HLAAmM no Aci dComment sRef erences Sequence A2SLLLELEEVRecogni zed by
CD8 T cell linesTsuchida et al. (SEQ ID NO :46)generated from M5 patients
and1994 heal t hy indi vi dual s A2LMAKI GPVRecogni zed by CD8 T cell

| i nesTsuchi da et pah s/ ASERDBNG/A7ABenenakod APRABADEBIgNts and1994 WO
2012/ 041968 PCT/ EP2011/ 066994 heal t hy 1 ndi vi dual s MAG 556-564 A2

VLFSSDFRI (SEQ | D NO 48) Recognized by CD8 T cell lines generated from M5
patients and

[0079] Administration of the peptide-MHC complex compositions of the present invention to
a patient/subject will follow general protocols for the administration of such compounds, taking
into account the toxicity, if any. It is expected that the treatment cycles would be repeated as
necessary. It also is contemplated that various standard therapies, such as hydration, may be

applied in combination with the described therapy.
B. Pharmaceutical Compositions

[0080] In some embodiments, pharmaceutical compositions are administered to a subject.
Different aspects of the present invention involve administering an effective amount of a
antigen/MHC/nanosphere complex composition to a subject. Additionally, such compositions
can be administered in combination with modifiers of the immune system. Such compositions
will generally be dissolved or dispersed in a pharmaceutically acceptable carrier or aqueous

medium.

[0081] The phrases "pharmaceutically acceptable" or "pharmacologically acceptable" refer to
molecular entities and compositions that do not produce an adverse, allergic, or other untoward
reaction when administered to an animal, or human. As used herein, "pharmaceutically
acceptable carrier" includes any and all solvents, dispersion media, coatings, antibacterial and
antifungal agents, i1sotonic and absorption delaying agents, and the like. The use of such media
and agents for pharmaceutical active substances is well known in the art. Except insofar as any
conventional media or agent is incompatible with the active ingredients, its use in immunogenic

and therapeutic compositions is contemplated.

[0082] The active compounds of the present invention can be formulated for parenteral
administration, e.g., formulated for injection via the intravenous, intramuscular, sub-cutaneous,
or even intraperitoneal routes. The preparation of an aqueous composition that contains a
antigen/MHC/nanosphere complex that modifies the subject's immune condition will be known
to those of skill in the art in light of the present disclosure. Typically, such compositions can be

prepared as injectables, either as liquid solutions or suspensions; solid forms suitable for use to
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heal t hy individuals Tsuchida et al. 1994 MBP 110-118 A2 SLSRFSWGA (SEQ I D
NG 49) Recognized by CD8 T cell lines generated from MsS patients and
heal t hy iw0i2oizd4adés Tsuchida et al. 1994, Jurewi cz et alPCTEPI@INGIFIL14-122
A2 KVEDPFYW (SEQ I D NO 50) Reactivity detected in peptide- inmunized HHD
mce Mars et al. 2007 MOG 166-175

prepare solutions or suspensions upon the addition of a liquid prior to injection can also be

prepared; and, the preparations can also be emulsified.

[0083] The pharmaceutical forms suitable for injectable use include sterile aqueous solutions
or dispersions; formulations including sesame oil, peanut oil, or aqueous propylene glycol; and
sterile powders for the extemporaneous preparation of sterile injectable solutions or dispersions.
In all cases the form must be sterile and must be fluid to the extent that it may be easily injected.
It also should be stable under the conditions of manufacture and storage and must be preserved

against the contaminating action of microorganisms, such as bacteria and fungi.

[0084] The compositions may be formulated into a neutral or salt form. Pharmaceutically
acceptable salts, include the acid addition salts (formed with the free amino groups of the
protein) and which are formed with inorganic acids such as, for example, hydrochloric or
phosphoric acids, or such organic acids as acetic, oxalic, tartaric, mandelic, and the like. Salts
formed with the free carboxyl groups can also be derived from inorganic bases such as, for
example, sodium, potassium, ammonium, calcium, or ferric hydroxides, and such organic bases

as isopropylamine, trimethylamine, histidine, procaine and the like.

[0085] The carrier also can be a solvent or dispersion medium containing, for example, water,
ethanol, polyol (for example, glycerol, propylene glycol, and liquid poly(ethylene glycol), and
the like), suitable mixtures thereof, and vegetable oils. The proper fluidity can be maintained,
for example, by the use of a coating, such as lecithin, by the maintenance of the required particle
size in the case of dispersion, and by the use of surfactants. The prevention of the action of
microorganisms can be brought about by various antibacterial and antifungal agents, for
example, parabens, chlorobutanol, phenol, sorbic acid, thimerosal, and the like. In many cases, it
will be preferable to include isotonic agents, for example, sugars or sodium chloride. Prolonged
absorption of the injectable compositions can be brought about by the use in the compositions of

agents delaying absorption, for example, aluminum monostearate and gelatin.

[0086] Sterile injectable solutions are prepared by incorporating the active compounds in the
required amount in the appropriate solvent with various of the other ingredients enumerated
above, as required, followed by sterilization. Sterilization of the solution will be done in such a

way as to not diminish the anti-pathogenic properties of the peptide/MHC/nanosphere.
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A2 RTFDPHFLRV (SEQ ID NO 51) Reactivity detected in peptide- imunized HHD
mce Mars et al. 2007 MOG 172-180 A2 FLRVPCWKI (SEQ I D NO 52) Reactivity
det ect ed WO 2pe2pi4i®8- | rmuni zed HHD mice Mars et al. 200PCHBB20I7966088 A2

KI TLFVIVPV (SEQ I D NO 53) Reactivity detected in peptide- inmunized HHD
mce Mars et al. 2007 MOG 188- 196

Generally, dispersions are prepared by incorporating the various sterilized active ingredients into
a sterile vehicle which contains the basic dispersion medium and the required other ingredients
from those enumerated above. In the case of sterile powders for the preparation of sterile
injectable solutions, the preferred methods of preparation are vacuum-drying and freeze-drying
techniques, which yield a powder of the active ingredient, plus any additional desired ingredient
from a previously sterilized solution thereof. One such method of sterilization of the solution is
sterile filtration, however, this invention is meant to include any method of sterilization that does
not significantly decrease the anti-pathogenic properties of the peptide/MHC/nanosphere
complexes. Methods of sterilization that involve intense heat and pressure, such as autoclaving,
may compromise the tertiary structure of the complex, thus significantly decreasing the anti-

pathogenic properties of the peptide/ MHC/nanosphere complexes.

[0087] Administration of the compositions according to the present invention will typically be
via any common route. This includes, but is not limited to orthotopic, intradermal,
subcutaneous, intramuscular, intraperitoneal, intranasal, or intravenous injection. In certain
embodiments, a vaccine composition may be inhaled (e.g., U.S. Pat. No. 6,651,655, which is

specifically incorporated by reference in its entirety).

[0088] An effective amount of therapeutic or prophylactic composition is determined based on
the intended goal. The term "unit dose" or "dosage" refers to physically discrete units suitable
for use 1n a subject, each unit containing a predetermined quantity of the composition calculated
to produce the desired responses discussed above in association with its administration, i.e., the
appropriate route and regimen. The quantity to be administered, both according to number of
treatments and unit dose, depends on the result and/or protection desired. Precise amounts of the
composition also depend on the judgment of the practitioner and are peculiar to each individual.
Factors affecting dose include physical and clinical state of the subject, route of administration,
intended goal of treatment (alleviation of symptoms versus cure), and potency, stability, and
toxicity of the particular composition. Upon formulation, solutions will be administered in a
manner compatible with the dosage formulation and in such amount as is therapeutically or
prophylactically effective. The formulations are easily administered in a variety of dosage

forms, such as the type of injectable solutions described above.
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A2 VLGPLVALI (SEQ ID NO 54) Reactivity detected in peptide- immunized HHD
mce Mars et al. 2007 MOG 181-189 A2 TLFVIVPVL (SEQ I D NO 55) Reactivity
det ect ed WO 2pe2pii®8- | rmuni zed HHD mice Mars et al. 200PCNBB220H62%4 A2
RLAGQFLEEL (SEQ I D NO 56) Reactivity detected in peptide- inmunized HHD
mce Mars et al. 2007 PLP 80-88

C. In Vitro or Ex Vivo Administration

[0089] As used herein, the term in vitro administration refers to manipulations performed on
cells removed from or outside of a subject, including, but not limited to cells in culture. The
term ex vivo administration refers to cells which have been manipulated in vitro, and are
subsequently administered to a subject. The term in vivo administration includes all

manipulations performed within a subject, including administrations.

[0090] In certain aspects of the present invention, the compositions may be administered either
in vitro, ex vivo, or in vivo. In certain in vitro embodiments, autologous T cells are incubated
with compositions of this invention. The cells can then be used for in vitro analysis, or

alternatively for ex vivo administration.
1. MHC COMPLEXES

[0091] Antigens, including segments, fragments and other molecules derived from an
antigenic species, including but not limited to peptides, carbohydrates, lipids or other molecules
presented by classical and non-classical MHC molecules of the invention are typically
complexed or operatively coupled to a MHC molecule or derivative thereof. Antigen recognition
by T lymphocytes is major histocompatibility complex (MHC)-restricted. A given T lymphocyte
will recognize an antigen only when it is bound to a particular MHC molecule. In general, T
lymphocytes are stimulated only in the presence of self MHC molecules, and antigen is
recognized as fragments of the antigen bound to self MHC molecules. MHC restriction defines T
lymphocyte specificity in terms of the antigen recognized and in terms of the MHC molecule that
binds its antigenic fragment(s). In particular aspects certain antigens will be paired with certain

MHC molecules or polypeptides derived there from.

[0092] The term "operatively coupled" or "coated" as used herein, refers to a situation where
individual polypeptide (e.g., MHC) and antigenic (e.g., peptide) components are combined to
form the active complex prior to binding at the target site, for example, an immune cell. This
includes the situation where the individual polypeptide complex components are synthesized or
recombinantly expressed and subsequently isolated and combined to form a complex, in vitro,

prior to administration to a subject; the situation where a chimeric or fusion polypeptide (i.e.,
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A2 FLYGALLLA (SEQ I D NG 57) Recogni zed by CD8+ T cell lines generated from
M5 patients and healthy individuals Tsuchida et al. 1994, Dressel et al.
1997 MBRwvoryeld4meBasi ¢ protein, MAG nyelin-associ at ed PgTEPOEIO6EH, MOG
nyelin oligodendrocyte glycoprotein, PLP: proteolipid protein [0098] In
certain enbodi nents, the size of a protein or polypeptide (wld-type or
nodi fi ed), including any conplex of a protein or peptide of interest and in
particul ar a MHC/ peptide fusion, nmay conprise, but is not limted to 5, 6,

7, 8, Qachlfscréid pro%fgn cén?lponleﬂtz ofkRe cola@pleg-iz coft@ined in a single polypeptide chain) is

synthesized or recombinantly expressed as an intact complex. Typically, polypeptide complexes
are added to the nanospheres to yield nanospheres with adsorbed or coupled polypeptide
complexes having a ratio of number of molecules:number of nanosphere ratios from about, at
least about or at most about 0.1, 0.5, 1, 10, 100, 500, 1000 or more to: 1, more typically 0.1:1 to

50:1. The polypeptide content of the nanospheres can be determined using standard techniques.
A. MHC Molecules

[0093] Intracellular and extracellular antigens present quite different challenges to the immune
system, both in terms of recognition and of appropriate response. Presentation of antigens to T
cells 1s mediated by two distinct classes of molecules MHC class I (MHC-I) and MHC class 11
(MHC-II), which utilize distinct antigen processing pathways. Peptides derived from
intracellular antigens are presented to CD8" T cells by MHC class I molecules, which are
expressed on virtually all cells, while extracellular antigen-derived peptides are presented to
CD4" T cells by MHC-II molecules. However, there are certain exceptions to this dichotomy.
Several studies have shown that peptides generated from endocytosed particulate or soluble
proteins are presented on MHC-I molecules in macrophages as well as in dendritic cells. In
certain embodiments of the invention, a particular peptide derived from an autoantigen is
identified and presented in the peptide/MHC/nanosphere complex in the context of an
appropriate MHC class I or I polypeptide. In certain aspects, the genetic makeup of a subject
may be assessed to determine which MHC polypeptide is to be used for a particular patient and a

particular set of peptides.

[0094] Non-classical MHC molecules are also contemplated for use in MHC complexes of the
invention. Non-classical MHC molecules are non-polymorphic, conserved among species, and
possess narrow, deep, hydrophobic ligand binding pockets. These binding pockets are capable of
presenting glycolipids and phospholipids to Natural Killer T (NKT) cells. NKT cells represent a
unique lymphocyte population that co-express NK cell markers and a semi-invariant T cell
receptor (TCR). They are implicated in the regulation of immune responses associated with a

broad range of diseases.

B. Antigenic Components
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19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36,
38, 39, 40, 41, 42,
WO 2012/041968 PCT/EP2011/066994

[0095] Certain aspects of the invention include methods and compositions concerning
antigenic compositions including segments, fragments, or epitopes of polypeptides, peptides,
nucleic acids, carbohydrates, lipids and other molecules that provoke or induce an antigenic
response, generally referred to as antigens. In particular, autoantigens, or antigenic segments or
fragments of such autoantigens, which lead to the destruction of a cell via an autoimmune
response, can be identified and used in making a MHC/nanosphere complex described herein.
Such autoantigens can be presented on pancreatic islets or cell supporting pancreatic islet cells.
Embodiments of the invention include compositions and methods for the modulation of an
immune response against a particular cell or set of cells that carry out a particular physiologic

function.

1. Peptide Components and Proteinaceous Compositions

[0096] Polypeptides and peptides of the invention may be modified by various amino acid
deletions, insertions, and/or substitutions. In particular embodiments, modified polypeptides
and/or peptides are capable of modulating an immune response in a subject. As used herein, a
"protein" or "polypeptide" or "peptide" refers to a molecule comprising at least five amino acid
residues. In some embodiments, a wild-type version of a protein or peptide are employed,
however, in many embodiments of the invention, a modified protein or polypeptide is employed
to generate a peptide/MHC/nanosphere complex. A peptide/MHC/nanosphere complex can be
used to generate an immune response and/or to modify the T cell population of the immune
system (i.e., re-educate the immune system). The terms described above may be used
interchangeably herein. A "modified protein" or "modified polypeptide" or "modified peptide"
refers to a protein or polypeptide whose chemical structure, particularly its amino acid sequence,
is altered with respect to the wild-type protein or polypeptide. In some embodiments, a modified
protein or polypeptide or peptide has at least one modified activity or function (recognizing that
proteins or polypeptides or peptides may have multiple activities or functions). It is specifically
contemplated that a modified protein or polypeptide or peptide may be altered with respect to

one activity or function yet retains a wild-type activity or function in other respects, such as
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62, 63, 64, 65, 66,
WO 2012/041968 PCT/EP2011/066994

immunogenicity or ability to interact with other cells of the immune system when in the context

of an MHC/nanosphere complex.

[0097] Peptides of the invention include any autoreactive peptide. Autoreactive peptides
include, but are not limited to hInsBo.1s (HLVEALYLV (SEQ ID NO:1)), hIGRP228-236
(LNIDLLWSV (SEQ ID NO:2)), hIGRP3¢5.573 (VLFGLGFAI (SEQ ID NO:3)), IGRP;6.214
(VYLKTNVFL (SEQ ID NO:4)), hIGRP3g6-214 (VYLKTNLFL (SEQ ID NO:5)), NRP-A7
(KYNKANAFL (SEQ ID NO:6)), NRP-14 (KYNIANVFL (SEQ ID NO:7)), NRP-V7
(KYNKANVFL (SEQ ID NO:8)), YAI/D® (FQDENYLYL (SEQ ID NO:9)) and/or INS Bis.3
(LYLVCGERG (SEQ ID NO: 10)), as well as peptides and proteins disclosed in U.S.
Publication 20050202032, which is incorporated herein by reference in its entirety. Other
peptides that may be used in conjunction with invention as autoreactive peptides or as control
peptides include, but are not limited to INS-19 (LYLVCGERI (SEQ ID NO:11)), TUM
(KYQAVTTTL (SEQ ID NO:12)), and G6Pase (KYCLITIFL (SEQ ID NO:13)). In certain
aspects, 1, 2, 3, 4, 5, 6 or more peptides can be used. Examples of peptides that can be used in
conjunction with the present invention also include those provided in Table 1. These peptides
may be associated with specific nanosphere/MHC molecules or multiple peptides may be
associated with a common nanosphere and one or more MHC molecule. Administration of
combinations of these peptides includes administering a population of nanospheres having
multiple peptides attached and/or administering multiple nanosphere populations each having a
specific peptide attached or a combination of such nanospheres that includes nanospheres with 1,

2,3, 4,5, 6, or more peptides attached to 1, 2, 3, 4, 5, 6, or more nanospheres.

TABLE 1A HLA class I-restricted epitopes for T1D

Antigen Epitope HLA Amino Acid Comments References
Sequence
GADG65 114-123 A2 VMNILLQYVV  Reactivity detected in immunized HHD  Blancou et. al.
(SEQ ID NO:14) mice and T1D patients 2007, Panina-
Bordignon et al.
1995, Mallone
et al. 2007
536-545 A2 RMMEYGTTMV Reactivity detected in plasmid- Blancou et. al.
(SEQ ID NO:15) immunized HHD mice and T1D 2007
patients

GFAP 143-151 A2 NLAQTDLATV Reactivity detected in T1D patients Ouyang et. al.
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86, 87, 88, 89, 90,

WO 2012/041968 PCT/EP2011/066994
(SEQ ID NO:16) 2006
214-222 A2 QLARQQVHV Reactivity detected in T1D patients Ouyang et al.
(SEQ ID NO:17) 2006
I1A-2 172-180 A2 SLSPLQAEL Reactivity detected in T1D patients Ouyang et al.
(SEQ ID NO:18) 2006
482-490 A2 SLAAGVKLL Reactivity detected in T1D patients Ouyang et al.
(SEQ ID NO:19) 2006
805-813 A2 VIVMLTPLV Reactivity detected in plasmid- Blancou et al.
(SEQ ID NO:20) immunized HHD mice and T1D 2007
patients
PplAPP 5-13 A2 KLQVFLIVL Reactivity detected in T1D patients Panagiotopoulos
(SEQ ID NO:21) etal. 2003,
Jarchum et al.
2008
9-17 A2 FLIVLSVAL Reactivity detected in T1D patients Ouyang et al.
(SEQ ID NO:22) 2006
IGRP 152-160 A2 FLWSVFMLI Reactivity detected in T1D patients Ouyang et al.
(SEQ ID NO:23) 2006
211-219 A2 NLFLFLFAV Reactivity detected in T1D patients Jarchum et al.
(SEQ ID NO:24) 2008
215-223 A2 FLFAVGFYL Reactivity detected in T1D patients Ouyang et al.
(SEQ ID NO:25) 2006, Jarchum
et al. 2008
222-230 A2 YLLLRVLNI Reactivity detected in T1D patients Jarchum et al.
(SEQ ID NO:26) 2008
228-236 A2 LNIDLLWSV Reactivity to the corresponding epitope Takaki ef al.
(SEQ ID NO:2) from murine IGRP (differeing at 2 2006
amino acids) detected in immunized
HHD mice
265-273 A2 VLFGLGFAI Reactivity detected in immunized HHD Takaki ef al.
(SEQ ID NO:3) mice and recent-onset T1D patients 2006, Unger et
al. 2007,
Jarchum et al.
2008
293-301 A2 RLLCALTSL Reactivity detected in T1D patients Ouyang et al.
(SEQ ID NO:27) 2006
Pro- L2-10 A2 ALWMRLLPL Reactivity detected in HHD mice and Mallone ef al.
insulin (SEQ ID NO:28) T1D patients 2007, Jarchum
et al. 2007
L3-11 A2 LWMRLLPLL Reactivity to the corresponding epitope  Jarchum ef al.
(SEQ IDNO:29)  from murine proinsulin 1 (differing at 5 2007
amino acids) detected in HHD mice
L6-14 A2 RLLPLLALL Reactivity detected in T1D patients Mallone ef al.
(SEQ ID NO:30) 2007
B5-14 A2 HLCGSHLVEA  Reactivity to the corresponding mouse Jarchum et al.
(SEQ IDNO:31) proinsulin 1 epitope (differing at one 2007
amino acid) detected in HHD mice
B10-18 A2 HLVEALYLV  Reactivity detected in immunized HHD Toma et al.
(SEQ ID NO:1) mice and T1D patients 2005, Hassainya
etal 2005,
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B20-27

B21-29
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B27-C5

C20-28

C25-33

C29-A5

Al-10

A2-10

Al2-20

A3,
All
A24

Al
A3

>

Al
A2
BS
BIS
Al,
BS

A3

>

B8

B8

A2

A2

A2

A2

A2

A2

ALYLVCGER
(SEQ ID NO:32)
LYLVCGERGF
(SEQ ID NO:33)

LVCGERGFF
(SEQ ID NO:34)

VCGERGFFYT
(SEQ ID NO35)

GERGFFYT
(SEQ ID NO:36)
ERGFFYTPK
(SEQ ID NO:37)
FYTPKTRRE
(SEQ ID NO:38)
TPKTRREAEDL
(SEQ ID NO:39)
SLQPLALEG
(SEQ ID NO:40)
ALEGSLQKR
(SEQ IDNO:41)
SLQKRGIVEQ
(SEQ ID NO:42)
GIVEQCCTSI
(SEQ ID NO:43)
IVEQCCTSI
(SEQ ID NO:44)

SLYQLENYC
(SEQ ID NO:45)

100, 110, 120, 130, 140, 150, 160,

PCT/EP2011/066994
Pinkse et al.
2005
Reactivity detected in T1D patients Toma et al.
2005
Reactivity detected in T1D patients Toma et al.
2005
Reactivity detected in T1D patients Toma et al.
2005, Hassainya
et al. 2005
Reactivity detected in T1D patients Toma et al.
2005
Reactivity detected in T1D patients Toma et al.
2005
Reactivity detected in T1D patients Toma et al.
2005
Reactivity detected in T1D patients Toma et al.
2005
Reactivity detected in T1D patients Toma et al.
2005
Reactivity detected in peptide- Hassainya et al.
immunized HHD mice 2005
Reactivity detected in peptide- Hassainya et al.
immunized HHD mice 2005
Reactivity detected in peptide- Hassainya et al.
immunized HHD mice 2005
Reactivity detected in peptide- Hassainya et al.
immunized HHD mice 2005
Reactivity to the corresponding mouse Jarchum et al.
proinsulin 1 epitope (differing at one 2007
amino acid) detected in HHD mice
Reactivity detected in peptide- Hassainya et al.
immunized HHD mice 2005

GADG65: 65 kDa Glutamic acid decarboxylase, GFAP: glial fibrillary acidic protein, IA-2: insulinoma-associated
antigen 2, ppIAPP: Islet amyloid polypeptide precursor protein, IGRP: Islet-specific glucose 6-phosphatase catalytic

subunit-related protein

Table 1B HLA class I-restricted epitopes for MS

Antigen Epitope HLA Amino Acid Comments References
Sequence
MAG 287-295 A2 SLLLELEEV Recognized by CD8" T cell lines Tsuchida et al.
(SEQ ID NO:46) generated from MS patients and 1994
healthy individuals
MAG 509-517 A2 LMWAKIGPV Recognized by CD8" T cell lines Tsuchida et al.
(SEQ ID NO:47) generated from MS patients and 1994
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healthy individuals
MAG 556-564 A2 VLFSSDFRI Recognized by CD8" T cell lines Tsuchida et al.
(SEQ ID NO:48) generated from MS patients and 1994
healthy individuals
MBP 110-118 A2 SLSRFSWGA Recognized by CD8" T cell lines Tsuchida et al.
(SEQ ID NO:49) generated from MS patients and 1994, Jurewicz
healthy individuals et al. 1998
MOG 114-122 A2 KVEDPFYWV Reactivity detected in peptide- Mats ef al. 2007
(SEQ ID NO:50) immunized HHD mice
MOG 166-175 A2 RTFDPHFLRV Reactivity detected in peptide- Mats ef al. 2007
(SEQIDNO:5D) immunized HHD mice
MOG 172-180 A2 FLRVPCWKI Reactivity detected in peptide- Mats ef al. 2007
(SEQ ID NO:52) immunized HHD mice
MOG 179-188 A2 KITLFVIVPV Reactivity detected in peptide- Mats ef al. 2007
(SEQ ID NO:53) immunized HHD mice
MOG 188-196 A2 VLGPLVALLI Reactivity detected in peptide- Mats ef al. 2007
(SEQ ID NO:54) immunized HHD mice
MOG 181-189 A2 TLFVIVPVL Reactivity detected in peptide- Mats ef al. 2007
(SEQ ID NO:55) immunized HHD mice
MOG 205-214 A2 RLAGQFLEEL Reactivity detected in peptide- Mats ef al. 2007
(SEQ ID NO:56) immunized HHD mice
PLP 80-88 A2 FLYGALLLA Recognized by CD8+ T cell lines Tsuchida et al.
(SEQ ID NQO:57) generated from MS patients and 1994, Dressel et
healthy individuals al. 1997

MBP: myelin basic protein, MAG: myelin-associated glycoprotein, MOG: myelin oligodendrocyte glycoprotein,
PLP: proteolipid protein

[0098] In certain embodiments, the size of a protein or polypeptide (wild-type or modified),
including any complex of a protein or peptide of interest and in particular a MHC/peptide fusion,
may comprise, but is not limitedto 5,6, 7, 8,9, 10, 11, 12, 13, 14, 15,16, 17, 18, 19, 20, 21, 22,
23,24, 25, 26,27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 48,
49,50, 51, 52, 53, 54, 55, 56, 57, 58, 59, 60, 61, 62, 63, 64, 65, 66, 67, 68, 69, 70, 71, 72, 73. 74,
75,76, 77, 78, 79. 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99,
100, 110, 120, 130, 140, 150, 160, 170, 180, 190, 200, 210, 220, 230, 240, 250, 275, 300, 325,
350, 375, 400, 425, 450, 475, 500, 525, 550, 575, 600, 625, 650, 675, 700, 725, 750, 775, 800,
825, 850, 875, 900, 925, 950, 975, 1000, 1100, 1200, 1300, 1400, 1500, 1750, 2000, 2250, 2500
amino molecules or greater, including any range or value derivable therein, or derivative thereof.
In certain aspects, 5, 6, 7, 8, 9, 10 or more contiguous amino acids, including derivatives thereof,
and fragments of an autoantigen, such as those amino acid sequences disclosed and referenced
herein, can be used as antigens. It is contemplated that polypeptides may be mutated by

truncation, rendering them shorter than their corresponding wild-type form, but also they might
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pol ypeptides may be nutated by truncation, rendering them shorter than
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[0100] Amino acid sequence variants of autoantigenic epitopes and other polypeptides of these

compositions can be substitutional, insertional, or deletion variants. A modification in a
polypeptide of the invention may affect 1,2,3,4, 5,6,7,8,9,10, 11, 12, 13, 14, 15, 16, 17, 18,
19,20, 21, 22, 23, 24, 25, 26, 27, 28. 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44,
45,46, 47,48, 49, 50, 51, 52, 53, 54, 55, 56, 57, 58, 59, 60, 61, 62, 63, 64, 65, 66, 67, 68, 69, 70,
71,72, 73, 74,75, 76, 77. 78, 79, 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94. 95, 96,
97. 98,99, 100, 100, 101, 102, 103, 104, 105, 106, 107, 108, 109, 110, 111, 112, 113, 114, 115,
116, 117, 118, 119, 120, 121, 122, 123, 124, 125, 126, 127, 128, 129, 130, 131, 132, 133, 134,
135, 136, 137, 138, 139, 140, 141, 142, 143, 144, 145, 146, 147, 148, 149, 150, 151, 152, 153,
154, 155, 156, 157, 158, 159, 160, 161, 162, 163, 164, 165, 166, 167, 168, 169, 170, 171, 172,
173, 174, 175, 176, 177, 178, 179, 180, 181, 182, 183, 184, 185, 186, 187, 188, 189, 190, 191,
192, 193, 194, 195, 196, 197, 198, 199, 200, 201, 202, 203, 204, 205, 206, 207, 208, 209, 210,
211,212, 213, 214, 215, 216, 217, 218, 219, 220, 221, 222, 223, 224, 225, 226, 227, 228, 229,
230, 231, 232, 233, 234, 235, 236, 237, 238, 239, 240, 241, 242, 235, 236, 237, 238, 239, 240,
241,242, 243, 244, 245, 246, 247, 248, 249, 250, 251, 252, 253, 254, 255, 256, 257, 258, 259,
260, 261, 262, 263, 264, 265, 266, 267, 268, 269, 270, 271, 272, 273, 274, 275, 276, 277, 278,
279, 280, 281, 282, 283, 284, 285, 286, 287, 288, 289, 290, 291, 292, 293, 294, 295, 296, 297,
298, 299, 300, 301, 302, 303, 304, 305, 306, 307, 308, 309, 310, 311, 312, 313, 314, 315, 316,
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317,318, 319, 320, 321, 322, 323, 324, 325, 326, 327, 328, 329, 330, 331, 332, 333, 334, 335,
336, 337, 338, 339, 340, 341, 342, 343, 344, 345, 346, 347, 348, 349, 350, 351, 352, 353, 354,
355,356, 357, 358, 359, 360, 361, 362, 363, 364, 365, 366, 367, 368, 369, 370, 371, 372, 373,
374,375, 376,377, 378, 379, 380, 381, 382, 383, 384, 385, 386, 387, 388, 389, 390, 391, 392,
393,394, 395, 396, 397, 398, 399, 400, 401, 402, 403, 404, 405, 406, 407, 408, 409, 410, 411,
412, 413, 414, 415, 416, 417, 418, 419, 420, 421, 422, 423, 424, 425, 426, 427, 428, 429, 430,
431, 432, 433, 434, 435, 436, 437, 438, 439, 440, 441, 442, 443, 444, 445, 446, 447, 448, 449,
450, 451, 452, 453, 454, 455, 456, 457, 458, 459, 460, 461, 462, 463, 464, 465, 466, 467, 468,
469, 470, 471, 472, 473, 474, 475, 476, 477, 478, 479, 480, 481, 482, 483, 484, 485, 486, 487,
488, 489, 490, 491, 492, 493, 494, 495, 496, 497, 498, 499, 500 or more non-contiguous or

contiguous amino acids of a peptide or polypeptide, as compared to wild-type. A peptide or

polypeptide that results in an autoimmune response and in particular a pathologic autoimmune

response is contemplated for use in methods of the invention.

[0101] Deletion variants typically lack one or more residues of the native or wild-type amino
acid sequence. Individual residues can be deleted or a number of contiguous amino acids can be
deleted. A stop codon may be introduced (by substitution or insertion) into an encoding nucleic
acid sequence to generate a truncated protein. Insertional mutants typically involve the addition
of material at a non-terminal point in the polypeptide. This may include the insertion of one or

more residues. Terminal additions, called fusion proteins, may also be generated.

[0102] Substitutional variants typically contain the exchange of one amino acid for another at
one or more sites within the protein, and may be designed to modulate one or more properties of
the polypeptide, with or without the loss of other functions or properties. Substitutions may be
conservative, that is, one amino acid is replaced with one of similar shape and charge.
Conservative substitutions are well known in the art and include, for example, the changes of:
alanine to serine; arginine to lysine; asparagine to glutamine or histidine; aspartate to glutamate;
cysteine to serine; glutamine to asparagine; glutamate to aspartate; glycine to proline; histidine to
asparagine or glutamine; isoleucine to leucine or valine; leucine to valine or isoleucine; lysine to
arginine; methionine to leucine or isoleucine; phenylalanine to tyrosine, leucine or methionine;
serine to threonine; threonine to serine; tryptophan to tyrosine; tyrosine to tryptophan or

phenylalanine; and valine to isoleucine or leucine. Alternatively, substitutions may be non-
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conservative such that a function or activity of a polypeptide or peptide is affected, such as
avidity or affinity for a cellular receptor(s). Non-conservative changes typically involve
substituting a residue with one that is chemically dissimilar, such as a polar or charged amino

acid for a nonpolar or uncharged amino acid, and vice versa.

[0103] Proteins of the invention may be recombinant, or synthesized in vitro. Alternatively, a

recombinant protein may be isolated from bacteria or other host cell.

[0104] The term "functionally equivalent codon" is used herein to refer to codons that encode
the same amino acid, such as the six codons for arginine or serine, and also refers to codons that

encode biologically equivalent amino acids (see Table 2, below).

TABLE 2 Codon Table

Amino Acids Codons

Alanine Ala A GCA GCC GCG GCU

Cysteine Cys C UGC UGU

Aspartic acid Asp D GAC GAU

Glutamic acid Glu E GAA GAG

Phenylalanine Phe F UuC UUU

Glycine Gly G GGA GGC GGG GGU

Histidine His H CAC CAU

Isoleucine Ile I AUA AUC AUU

Lysine Lys K AAA AAG

Leucine Leu L UUA UUG CUA CUC CUG CUU
Methionine Met M AUG

Asparagine Asn N AAC AAU

Proline Pro P CCA CCccccacecu

Glutamine Gln Q CAA CAG

Arginine Arg R AGA AGG CGA CGC CGG CGU
Serine Ser S AGC AGU UCA UcCcucGgucu
Threonine Thr T ACA ACC ACG ACT

Valine Val A% GUA GUC GUG GUU
Tryptophan Trp W UGG

Tyrosine Tyr Y UAC UAU

[010S5] It also will be understood that amino acid and nucleic acid sequences may include

additional residues, such as additional N- or C-terminal amino acids, or 5' or 3' nucleic acid
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sequences, respectively, and yet still be essentially as set forth in one of the sequences disclosed
herein, so long as the sequence meets the criteria set forth above, including the maintenance of
biological protein activity (e.g., immunogenicity). The addition of terminal sequences
particularly applies to nucleic acid sequences that may, for example, include various non-coding

sequences flanking either of the 5' or 3' portions of the coding region.

[0106] It is contemplated that in compositions of the invention, there is between about 0.001
mg and about 10 mg of total protein per ml. Thus, the concentration of protein in a composition
can be about, at least about or at most about 0.001, 0.010, 0.050, 0.1, 0.2, 0.3, 04, 0.5, 0.6, 0.7,
0.8,09,10,1.5,2.0,25,3.0,3.5,40,45,5.0,55,60,6.5,70,7.5, 80, 85,9.0,9.5, 10.0, 50,
100 pg/ml or mg/ml or more (or any range derivable therein). Of this, about, at least about, or at
most about 1,2, 3,4, 5,6,7,8,9,10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26,
27,28, 29,30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 48, 49, 50, 51, 52,
53,54, 55, 56, 57. 58, 59, 60, 61, 62, 63, 64, 65, 66, 67, 68, 69, 70, 71, 72. 73, 74. 75, 76, 77, 78,
79, 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99, 100% may be
peptide/MHC/nanosphere complex.

[0107] The present invention contemplates the administration of a peptide/MHC/nanosphere
complex to effect a diagnosis, treatment or preventative therapy against the development of a

disease or condition associated with autoimmune responses.

[0108] In addition, U.S. Pat. No. 4,554,101 (Hopp), which is incorporated herein by reference,
teaches the identification and preparation of epitopes from primary amino acid sequences on the
basis of hydrophilicity. Through the methods disclosed in Hopp, one of skill in the art would be
able to identify potential epitopes from within an amino acid sequence and confirm their
immunogenicity. Numerous scientific publications have also been devoted to the prediction of
secondary structure and to the identification of epitopes, from analyses of amino acid sequences
(Chou & Fasman, 1974a,b; 1978a,b; 1979). Any of these may be used, if desired, to supplement
the teachings of Hopp in U.S. Pat. No. 4,554,101.

2. Other Antigenic Components
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[0109] Molecules other than peptides can be used as antigens or antigenic fragments in
complex with MHC molecules, such molecules include, but are not limited to carbohydrates,
lipids, small molecules, and the like. Carbohydrates are major components of the outer surface
of a variety of cells. Certain carbohydrates are characteristic of different stages of differentiation
and very often these carbohydrates are recognized by specific antibodies. Expression of distinct
carbohydrates can be restricted to specific cell types. Autoantibody responses to endometrial and
serum antigens have been shown to be a common feature of endometriosis. There has been
described a serum autoantibody response in endometriosis to a number of previously identified
antigens, including 2-Heremans Schmidt glycoprotein and carbonic anhydrase, that is specific

for a carbohydrate epitope (Yeaman et al., 2002).
C. Substrates/Nanospheres

[0110] In a certain aspect, antigen/MHC complexes are operatively coupled to a substrate. A
substrate can be in the form of a nanoparticle comprising a biocompatible, bioabsorbable
material. A substrate can also be in the form of a nanoparticle such as those described previously
in US application 12/044,435 which is herein incorporated by reference in its entirety.
Nanoparticles can have a structure of variable dimension and known variously as a nanosphere
or biocompatible biodegradable nanosphere. Such particulate formulations containing an
antigen/MHC complex can be formed by covalent or non-covalent coupling of the complex to

the nanosphere.

[0111] The nanospheres typically consist of a substantially spherical core and optionally one
or more layers. The core may vary in size and composition. In addition to the core, the
nanosphere may have one or more layers to provide functionalities appropriate for the
applications of interest. The thicknesses of layers, if present, may vary depending on the needs

of the specific applications. For example, layers may impart useful optical properties.

[0112] Layers may also impart chemical or biological functionalities, referred to herein as
chemically active or biologically active layers, and for these functionalities the layer or layers
may typically range in thickness from about 0.001 micrometers (1 nanometer) to about 10
micrometers or more (depending on the desired nanosphere diameter), these layers typically

being applied on the outer surface of the nanosphere.
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[0113] Preferably, the compositions of the core and layers may vary provided that the
nanospheres are biocompatible and bioabsorbable. The core could be of homogeneous
composition, or a composite of two or more classes of material depending on the properties
desired. In certain aspects, metal nanosperes will be used. These metal nanospheres can be

formed from Fe, Ca, Ga and the like

[0114] As previously stated, the nanosphere may, in addition to the core, include one or more
layers. The nanosphere may include a layer consisting of a biodegradable sugar or other
polymer. Examples of biodegradable layers include but are not limited to dextran; poly(ethylene
glycol); poly(ethylene oxide); mannitol; poly(esters) based on polylactide (PLA), polyglycolide
(PGA), polycaprolactone (PCL); poly(hydroxalkanoate)s of the PHB-PHV class; and other
modified poly(saccharides) such as starch, cellulose and chitosan. Additionally, the nanosphere
may include a layer with suitable surfaces for attaching chemical functionalities for chemical

binding or coupling sites.

[0115] Layers can be produced on the nanospheres in a variety of ways known to those skilled
in the art. Examples include sol-gel chemistry techniques such as described in Iler (1979);
Brinker and Scherer (1990). Additional approaches to producing layers on nanospheres include
surface chemistry and encapsulation techniques such as described in Partch and Brown (1998);
Pekarek et al. (1994); Hanprasopwattana (1996); Davies (1998); and references therein. Vapor
deposition techniques may also be used; see for example Golman and Shinohara (2000); and
U.S. Pat. No. 6,387,498. Still other approaches include layer-by-layer self-assembly techniques
such as described in Sukhorukov et al. (1998); Caruso et al. (1998); Caruso et al. (1999), U.S.
Pat. No. 6,103,379 and references cited therein.

[0116] Nanospheres may be formed by contacting an aqueous phase containing the
antigen/MHC complex and a polymer and a nonaqueous phase followed by evaporation of the
nonaqueous phase to cause the coalescence of particles from the aqueous phase as taught in U.S.
Pat. No. 4,589,330 or 4,818,542. Preferred polymers for such preparations are natural or
synthetic copolymers or polymers selected from the group consisting of gleatin agar, starch,
arabinogalactan, albumin, collagen, polyglycolic acid, polylactic acid, glycolide-L(-) lactide

poly(episilon-caprolactone, poly(epsilon-caprolactone-CO-lactic acid), poly(epsilon-
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caprolactone-CO-glycolic acid), poly(B-hydroxy butyric acid), poly(ethylene oxide),
polyethylene, poly(alkyl-2-cyanoacrylate), poly(hydroxyethyl methacrylate), polyamides,
poly(amino acids), poly(2-hydroxyethyl DL-aspartamide), poly(ester urea), poly(L-
phenylalanine/ethylene glycol/1,6-diisocyanatohexane) and poly(methyl methacrylate).
Particularly preferred polymers are polyesters, such as polyglycolic acid, polylactic acid,
glycolide-L(-) lactide poly(episilon-caprolactone, poly(epsilon-caprolactone-CO-lactic acid), and
poly(epsilon-caprolactone-CO-glycolic acid. Solvents useful for dissolving the polymer include:
water, hexafluoroisopropanol, methylenechloride, tetrahydrofuran, hexane, benzene, or

hexafluoroacetone sesquihydrate.
D. Coupling Antigen-MHC Complex with Nanosphere

[0117] In order to couple the substrate or nanospheres to the antigen-MHC complexes the

following techniques can be applied.

[0118] The binding can be generated by chemically modifying the substrate or nanosphere
which typically involves the generation of "functional groups" on the surface, said functional
groups being capable of binding to an antigen-MHC complex, and/or linking the optionally
chemically modified surface of the substrate or nanoparticle with covalently or non-covalently
bonded so-called "linking molecules", followed by reacting the antigen-MHC complex with the

nanospheres obtained.

[0119] The term "linking molecule" means a substance capable of linking with the substrate or

nanosphere and also capable of linking to an antigen-MHC complex.

[0120] The term "functional groups" as used hereinbefore is not restricted to reactive chemical
groups forming covalent bonds, but also includes chemical groups leading to an ionic interaction
or hydrogen bonds with the antigen-MHC complex. Moreover, it should be noted that a strict
distinction between "functional groups" generated at the surface and linking molecules bearing
"functional groups" is not possible, since sometimes the modification of the surface requires the

reaction of smaller linking molecules such as ethylene glycol with the nanosphere surface.

[0121] The functional groups or the linking molecules bearing them may be selected from
amino groups, carbonic acid groups, thiols, thioethers, disulfides, guanidino, hydroxyl groups,
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amine groups, vicinal dioles, aldehydes, alpha-haloacetyl groups, mercury organyles, ester
groups, acid halide, acid thioester, acid anhydride, isocyanates, isothiocyanates, sulfonic acid
halides, imidoesters, diazoacetates, diazonium salts, 1,2-diketones, phosphonic acids, phosphoric
acid esters, sulfonic acids, azolides, imidazoles, indoles, N-maleimides, alpha-beta-unsaturated

carbonyl compounds, arylhalogenides or their derivatives.

[0122] Non-limiting examples for other linking molecules with higher molecular weights are
nucleic acid molecules, polymers, copolymers, polymerizable coupling agents, silica, proteins,
and chain-like molecules having a surface with the opposed polarity with respect to the substrate
or nanosphere. Nucleic acids can provide a link to affinity molecules containing themselves
nucleic acid molecules, though with a complementary sequence with respect to the linking

molecule.

[0123] As examples for polymerizable coupling agents, diacetylene, styrene butadiene,
vinylacetate, acrylate, acrylamide, vinyl compounds, styrene, silicone oxide, boron oxide,

phosphorous oxide, borates, pyrrole, polypyrrole and phosphates can be cited.

[0124] The surface of the substrate or nanosphere can be chemically modified, for instance by
the binding of phosphonic acid derivatives having functional reactive groups. One example of
these phosphonic acid or phosphonic acid ester derivates is imino-bis(methylenphosphono)
carbonic acid which can be synthesized according to the "Mannich-Moedritzer" reaction. This
binding reaction can be performed with substrate or nanosphere as directly obtained from the
preparation process or after a pre-treatment (for instance with trimethylsilyl bromide). In the
first case the phosphonic acid (ester) derivative may for instance displace components of the
reaction medium which are still bound to the surface. This displacement can be enhanced at
higher temperatures. Trimethylsilyl bromide, on the other hand, is believed to dealkylate alkyl
group-containing phosphorous-based complexing agents, thereby creating new binding sites for
the phosphonic acid (ester) derivative. The phosphonic acid (ester) derivative, or linking
molecules bound thereto, may display the same functional groups as given above. A further
example of the surface treatment of the substrate or nanosphere involves heating in a diole such
as ethylene glycol. It should be noted that this treatment may be redundant if the synthesis

already proceeded in a diole. Under these circumstances the synthesis product directly obtained
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is likely to show the necessary functional groups. This treatment is however applicable to
substrate or nanosphere that were produced in N- or P-containing complexing agents. If such
substrate or particle are subjected to an after-treatment with ethylene glycol, ingredients of the
reaction medium (e.g. complexing agent) still binding to the surface can be replaced by the diole

and/or can be dealkylated.

[0125] It is also possible to replace N-containing complexing agents still bound to the particle
surface by primary amine derivatives having a second functional group. The surface of the
substrate or nanosphere can also be coated with silica. Silica allows a relatively simple chemical
conjugation of organic molecules since silica easily reacts with organic linkers, such as
triethoxysilane or chlorosilane. The nanosphere surface may also be coated by homo- or
copolymers. Examples for polymerizable coupling agents are N-(3-aminopropyl)-3-
mercaptobenzamidine, 3-(trimethoxysilyl)propylhydrazide and 3-
trimethoxysilyl)propylmaleimide. Other non-limiting examples of polymerizable coupling
agents are mentioned herein. These coupling agents can be used singly or in combination

depending on the type of copolymer to be generated as a coating.

[0126] Another surface modification technique that can be used with substrates or nanospheres
containing oxidic transition metal compounds is conversion of the oxidic transition metal
compounds by chlorine gas or organic chlorination agents to the corresponding oxychlorides.
These oxychlorides are capable of reacting with nucleophiles, such as hydroxy or amino groups
as often found in biomolecules. This technique allows generating a direct conjugation with
proteins, for instance-via the amino group of lysine side chains. The conjugation with proteins
after surface modification with oxychlorides can also be effected by using a bi-functional linker,

such as maleimidopropionic acid hydrazide.

[0127] For non-covalent linking techniques, chain-type molecules having a polarity or charge
opposite to that of the substrate or nanosphere surface are particularly suitable. Examples for
linking molecules which can be non-covalently linked to core/shell nanospheres involve anionic,
cationic or zwitter-ionic surfactants, acid or basic proteins, polyamines, polyamides, polysulfone
or polycarboxylic acid. The hydrophobic interaction between substrate or nanosphere and

amphiphilic reagent having a functional reactive group can generate the necessary link. In
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particular, chain-type molecules with amphiphilic character, such as phospholipids or derivatised
polysaccharides, which can be crosslinked with each other, are useful. The absorption of these
molecules on the surface can be achieved by coincubation. The binding between affinity
molecule and substrate or nanosphere can also be based on non-covalent, self-organising bonds.
One example thereof involves simple detection probes with biotin as linking molecule and

avidin- or streptavidin-coupled molecules.

[0128] Protocols for coupling reactions of functional groups to biological molecules can be
found in the literature, for instance in "Bioconjugate Techniques" (Greg T. Hermanson,
Academic Press 1996). The biological molecule (e.g., MHC molecule or derivative thereof) can
be coupled to the linking molecule, covalently or non-covalently, in line with standard
procedures of organic chemistry such as oxidation, halogenation, alkylation, acylation, addition,
substitution or amidation. These methods for coupling the covalently or non-covalently bound
linking molecule can be applied prior to the coupling of the linking molecule to the substrate or
nanosphere or thereafter. Further, it is possible, by means of incubation, to effect a direct
binding of molecules to correspondingly pre-treated substrate or nanospheres (for instance by
trimethylsilyl bromide), which display a modified surface due to this pre-treatment (for instance

a higher charge or polar surface).
E. Protein Production

[0129] The present invention describes polypeptides, peptides, and proteins for use in various
embodiments of the present invention. For example, specific peptides and their complexes are
assayed for their abilities to elicit or modulate an immune response. In specific embodiments, all
or part of the peptides or proteins of the invention can also be synthesized in solution or on a
solid support in accordance with conventional techniques. Various automatic synthesizers are
commercially available and can be used in accordance with known protocols. See, for example,
Stewart and Young (1984); Tam et al. (1983); Merrifield (1986); and Barany and Merrifield
(1979), each incorporated herein by reference. Alternatively, recombinant DNA technology may
be employed wherein a nucleotide sequence which encodes a peptide of the invention is inserted
into an expression vector, transformed or transfected into an appropriate host cell and cultivated

under conditions suitable for expression.
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[0130] One embodiment of the invention includes the use of gene transfer to cells, including
microorganisms, for the production of proteins. The gene for the protein of interest may be
transferred into appropriate host cells followed by culture of cells under the appropriate
conditions. A nucleic acid encoding virtually any polypeptide may be employed. The
generation of recombinant expression vectors, and the elements included therein, are known to
one skilled in the art and are briefly discussed herein. Examples of mammalian host cell lines
include, but are not limited to Vero and Hel a cells, other B- and T-cell lines, such as CEM,
721.221, H9, Jurkat, Raji, as well as cell lines of Chinese hamster ovary, W138, BHK, COS-7,
293, HepG2, 3T3, RIN and MDCK cells. In addition, a host cell strain may be chosen that
modulates the expression of the inserted sequences, or that modifies and processes the gene
product in the manner desired. Such modifications (e.g., glycosylation) and processing (e.g.,
cleavage) of protein products may be important for the function of the protein. Different host
cells have characteristic and specific mechanisms for the post-translational processing and
modification of proteins. Appropriate cell lines or host systems can be chosen to ensure the

correct modification and processing of the foreign protein expressed.

[0131] A number of selection systems may be used including, but not limited to HSV
thymidine kinase, hypoxanthine-guanine phosphoribosyltransferase, and adenine
phosphoribosyltransferase genes, in tk-, hgprt- or aprt-cells, respectively. Also, anti-metabolite
resistance can be used as the basis of selection: for dhfr, which confers resistance to
trimethoprim and methotrexate; gpt, which confers resistance to mycophenolic acid; neo, which
confers resistance to the aminoglycoside G418; and hygro, which confers resistance to

hygromycin.
F. Nucleic Acids

[0132] The present invention may include recombinant polynucleotides encoding the proteins,
polypeptides, peptides of the invention. The nucleic acid sequences for autoantigens and MHC
molecules for presenting the autoantigens, are included and can be used to prepare a

peptide/MHC complex.

[0133] As used in this application, the term "polynucleotide" refers to a nucleic acid molecule

that either is recombinant or has been isolated free of total genomic nucleic acid. Included within
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the term "polynucleotide" are oligonucleotides (nucleic acids 100 residues or less in length),
recombinant vectors, including, for example, plasmids, cosmids, phage, viruses, and the like.
Polynucleotides include, in certain aspects, regulatory sequences, isolated substantially away
from their naturally occurring genes or protein encoding sequences. Polynucleotides may be

RNA, DNA, analogs thereof, or a combination thereof.

[0134] In this respect, the term "gene," "polynucleotide," or "nucleic acid" is used to refer to a
nucleic acid that encodes a protein, polypeptide, or peptide (including any sequences required for
proper transcription, post-translational modification, or localization). As will be understood by
those in the art, this term encompasses genomic sequences, expression cassettes, cDNA
sequences, and smaller engineered nucleic acid segments that express, or may be adapted to
express, proteins, polypeptides, domains, peptides, fusion proteins, and mutants. A nucleic acid
encoding all or part of a polypeptide may contain a contiguous nucleic acid sequence encoding
all or a portion of such a polypeptide of the following lengths: 10, 20, 30, 40, 50, 60, 70, 80, 90,
100, 110, 120, 130, 140, 150, 160, 170, 180, 190, 200, 210, 220, 230, 240, 250, 260, 270, 280,
290, 300, 310, 320, 330, 340, 350, 360, 370, 380, 390, 400, 410, 420, 430, 440, 441, 450, 460,
470, 480, 490, 500, 510, 520, 530, 540, 550, 560, 570, 580, 590, 600, 610, 620, 630, 640, 650,
660, 670, 680, 690, 700, 710, 720, 730, 740, 750, 760, 770, 780, 790, 800, 810, 820, 830, 840,
850, 860, 870, 880, 890, 900, 910, 920, 930, 940, 950, 960, 970, 980, 990, 1000, 1010, 1020,
1030, 1040, 1050, 1060, 1070, 1080, 1090, 1095, 1100, 1500, 2000, 2500, 3000, 3500, 4000,
4500, 5000, 5500, 6000, 6500, 7000, 7500, 8000, 9000, 10000, or more nucleotides, nucleosides,
or base pairs. It also is contemplated that a particular polypeptide from a given species may be
encoded by nucleic acids containing natural variations that having slightly different nucleic acid
sequences but, nonetheless, encode the same or substantially similar protein, polypeptide, or

peptide.

[0135] In particular embodiments, the invention concerns isolated nucleic acid segments and
recombinant vectors incorporating nucleic acid sequences that encode an autoantigen and/or a
MHC molecule. The term "recombinant" may be used in conjunction with a polypeptide or the
name of a specific polypeptide, and this generally refers to a polypeptide produced from a
nucleic acid molecule that has been manipulated in vitro or that is a replication product of such a

molecule.
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[0136] The nucleic acid segments used in the present invention, regardless of the length of the
coding sequence itself, may be combined with other nucleic acid sequences, such as promoters,
polyadenylation signals, additional restriction enzyme sites, multiple cloning sites, other coding
segments, and the like, such that their overall length may vary considerably. It is therefore
contemplated that a nucleic acid fragment of almost any length may be employed, with the total
length preferably being limited by the ease of preparation and use in the intended recombinant
nucleic acid protocol. In some cases, a nucleic acid sequence may encode a polypeptide
sequence with additional heterologous coding sequences, for example to allow for purification of
the polypeptide, transport, secretion, post-translational modification, or for therapeutic benefits
such as targeting or efficacy. A tag or other heterologous polypeptide may be added to the
modified polypeptide-encoding sequence, wherein "heterologous" refers to a polypeptide that is

not the same as the modified polypeptide.
IV. DIAGNOSTIC AND THERAPEUTIC METHODS
A. Immune Response and Assays

[0137] As discussed above, the invention concerns evoking or modifying an immune response
in a subject against an autoantigen. In one embodiment, the resulting immune response or
condition can protect against or treat a subject having, suspected of having, or at risk of

developing a disease or symptoms related an autoimmune response.
1. Immunoassays

[0138] The present invention includes the implementation of serological assays to evaluate
whether and to what extent an immune response is present, induced, evoked, or modified by a
peptide/MHC/nanosphere complex. There are many types of immunoassays that can be
implemented. Immunoassays encompassed by the present invention include, but are not limited
to, those described in U.S. Pat. No. 4,367,110 (double monoclonal antibody sandwich assay) and
U.S. Pat. No. 4,452,901 (western blot). Other assays include immunoprecipitation of labeled

ligands and immunocytochemistry, both in vitro and in vivo.

[0139] One method for quantifying the number of circulating antigen-specific CD8" T cells is
the tetramer assay. In this assay, a specific epitope is bound to synthetic tetrameric forms of
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fluorescently labeled MHC Class I molecules. Since CD8" T cells recognize antigen in the form
of short peptides bound to Class I molecules, cells with the appropriate T cell receptor will bind
to the labeled tetramers and can be quantified by flow cytometry. Although this method is less
time-consuming than an ELISPOT assay, the tetramer assay measures only binding, not function.
Not all cells that bind a particular antigen necessarily become activated. However, correlation
between ELISPOT, tetramer, and cytotoxicity assays has been demonstrated (Goulder ez al.,

2000).

[0140] Immunoassays generally are binding assays. Certain preferred immunoassays are the
various types of enzyme linked immunosorbent assays (ELISAs), radioimmunoassays (RIA) or
bead based assays, such as Luminex. RTM. technology, are known in the art.

Immunohistochemical detection using tissue sections is also particularly useful.

[0141] In one example of ELISA, the antibodies or antigens are immobilized on a selected
surface, such as a well in a polystyrene microtiter plate, dipstick, or column support. Then, a test
composition suspected of containing the desired antigen or antibody, such as a clinical sample, is
added to the wells. After binding and washing to remove non specifically bound immune
complexes, the bound antigen or antibody may be detected. Detection is generally achieved by
the addition of another antibody, specific for the desired antigen or antibody, that is linked to a
detectable label. This type of ELISA is known as a "sandwich ELISA". Detection also may be
achieved by the addition of a second antibody specific for the desired antigen, followed by the
addition of a third antibody that has binding affinity for the second antibody, with the third
antibody being linked to a detectable label. Variations on ELISA techniques are known to those
of skill in the art.

[0142] Competition ELISAs are also possible in which test samples compete for binding with
known amounts of labeled antigens or antibodies. The amount of reactive species in the
unknown sample is determined by mixing the sample with the known labeled species before or
during incubation with coated wells. The presence of reactive species in the sample acts to
reduce the amount of labeled species available for binding to the well and thus reduces the

ultimate signal.
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[0143] Irrespective of the format employed, ELISAs have certain features in common, such as
coating, incubating or binding, washing to remove non specifically bound species, and detecting

the bound immune complexes.

[0144] Antigen or antibodies may also be linked to a solid support, such as in the form of
plate, beads, dipstick, membrane, or column matrix, and the sample to be analyzed is applied to
the immobilized antigen or antibody. In coating a plate with either antigen or antibody, one will
generally incubate the wells of the plate with a solution of the antigen or antibody, either
overnight or for a specified period. The wells of the plate will then be washed to remove
incompletely-adsorbed material. Any remaining available surfaces of the wells are then "coated"
with a nonspecific protein that is antigenically neutral with regard to the test antisera. These
include bovine serum albumin (BSA), casein, and solutions of milk powder. The coating allows
for blocking of nonspecific adsorption sites on the immobilizing surface and thus reduces the

background caused by nonspecific binding of antisera onto the surface.

[0145] In ELISAs, it is more customary to use a secondary or tertiary detection means rather
than a direct procedure. Thus, after binding of the antigen or antibody to the well, coating with a
non reactive material to reduce background, and washing to remove unbound material, the
immobilizing surface is contacted with the clinical or biological sample to be tested under
conditions effective to allow immune complex (antigen/antibody) formation. Detection of the
immune complex then requires a labeled secondary binding ligand or antibody, or a secondary

binding ligand or antibody in conjunction with a labeled tertiary antibody or third binding ligand.
B. Assessing an Autoimmune Response or Condition

[0146] In addition to the use of proteins, polypeptides, and/or peptides to treat or prevent an
autoimmune condition, the present invention contemplates the use of these polypeptides,
proteins, and/or peptides in a variety of ways, including the detection of the presence of
autoantigens or an autoimmune condition to diagnose the presence of certain autoreactive cell
populations or conditions. In accordance with the invention, a method of detecting the presence
of autoreactivity involves the steps of obtaining a sample from an individual, for example, from
one's blood, saliva, tissues, bone, muscle, cartilage, or skin. Following isolation of the sample,

diagnostic assays utilizing the polypeptides, proteins, and/or peptides of the present invention
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may be carried out to detect the presence of autoreactivity, and such assay techniques for
determining such in a sample are well known to those skilled in the art and include methods such

as tetramer assays, immunoassays, western blot analysis, and/or ELISA assays.

[0147] As used herein the phrase "immune response" or its equivalent "immunological
response" refers to the development of a cellular (mediated by antigen-specific T cells or their
secretion products) directed against an autoantigen or an related epitope of an autoantigen. A
cellular immune response is elicited by the presentation of polypeptide epitopes in association
with Class I or Class I MHC molecules, to activate antigen-specific CD4" T helper cells and/or

CD8+ cytotoxic T cells. The response may also involve activation of other components.

[0148] For purposes of this specification and the accompanying claims the terms "epitope"
and "antigenic determinant" are used interchangeably to refer to a site on an antigen to which B
and/or T cells respond or recognize. B-cell epitopes can be formed both from contiguous amino
acids or noncontiguous amino acids juxtaposed by tertiary folding of a protein. Epitopes formed
from contiguous amino acids are typically retained on exposure to denaturing solvents whereas
epitopes formed by tertiary folding are typically lost on treatment with denaturing solvents. An
epitope typically includes at least 3, and more usually, at least 5 or 8-10 amino acids in a unique
spatial conformation. Methods of determining spatial conformation of epitopes include, for
example, x-ray crystallography and 2-dimensional nuclear magnetic resonance. See, e.g.,
Epitope Mapping Protocols (1996). T-cells recognize continuous epitopes of about nine amino
acids for CD8 cells or about 13-15 amino acids for CD4 cells. T cells that recognize the epitope
can be identified by in vitro assays that measure antigen-dependent proliferation, as determined
by *H-thymidine incorporation by primed T cells in response to an epitope (Burke ez al., 1994),
by antigen-dependent killing (cytotoxic T lymphocyte assay, Tigges et al., 1996) or by cytokine
secretion. The presence of a cell-mediated immunological response can be determined by

proliferation assays (CD4" T cells) or CTL (cytotoxic T lymphocyte) assays.

[0149] As used herein and in the claims, the terms "antibody" or "immunoglobulin" are used
interchangeably and refer to any of several classes of structurally related proteins that function as
part of the immune response of an animal or recipient, which proteins include IgG, IgD, IgE,

IgA, IgM and related proteins.
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[0150] Optionally, an autoantigen or preferably an epitope of an autoantigen, can be
chemically conjugated to, or expressed as, a fusion protein with other proteins, such as MHC and

MHC related proteins.

[0151] As used herein the terms "immunogenic agent" or "immunogen" or "antigen" are used
interchangeably to describe a molecule capable of inducing an immunological response against
itself on administration to a recipient, either alone, in conjunction with an adjuvant, or presented

on a display vehicle.

C. Treatment Methods

[0152] A method of the present invention includes treatment for a disease or condition caused
by one or more autoantigens. An immunogenic polypeptide of the invention can be given to
induce or modify an immune response in a person having, suspected of having, or at risk of
developing an autoimmune condition or disease. Methods may be employed with respect to
individuals who have tested positive for autoreactivity or who are deemed to be at risk for

developing such a condition or related condition.

V. DIAGNOSTIC AND THERAPEUTIC TARGETS

[0153] Embodiments of the invention can be used to treat or ameliorate a number of immune-
mediated or autoimmune disease, e.g., diabetes, graft rejection, etc. "Autoimmune disease"
includes diseases or disorders arising from and directed against an individual's own tissues or
organs or manifestation thereof or a condition resulting there from. In one embodiment, it refers
to a condition that results from, or is aggravated by, the production by T cells that are reactive
with normal body tissues and antigens. Examples of autoimmune diseases or disorders include,
but are not limited to arthritis (rheumatoid arthritis such as acute arthritis, chronic rheumatoid
arthritis, gout or gouty arthritis, acute gouty arthritis, acute immunological arthritis, chronic
inflammatory arthritis, degenerative arthritis, type II collagen-induced arthritis, infectious
arthritis, Lyme arthritis, proliferative arthritis, psoriatic arthritis, Still's disease, vertebral arthritis,

and juvenile-onset theumatoid arthritis, osteoarthritis, arthritis chronica progrediente, arthritis
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deformans, polyarthritis chronica primaria, reactive arthritis, and ankylosing spondylitis),
inflammatory hyperproliferative skin diseases, psoriasis such as plaque psoriasis, gutatte
psoriasis, pustular psoriasis, and psoriasis of the nails, atopy including atopic diseases such as
hay fever and Job's syndrome, dermatitis including contact dermatitis, chronic contact dermatitis,
exfoliative dermatitis, allergic dermatitis, allergic contact dermatitis, dermatitis herpetiformis,
nummular dermatitis, seborrheic dermatitis, non-specific dermatitis, primary irritant contact
dermatitis, and atopic dermatitis, x-linked hyper IgM syndrome, allergic intraocular
inflammatory diseases, urticaria such as chronic allergic urticaria and chronic idiopathic
urticaria, including chronic autoimmune urticaria, myositis, polymyositis/dermatomyositis,
juvenile dermatomyositis, toxic epidermal necrolysis, scleroderma (including systemic
scleroderma), sclerosis such as systemic sclerosis, multiple sclerosis (MS) such as spino-optical
MS, primary progressive MS (PPMS), and relapsing remitting MS (RRMS), progressive
systemic sclerosis, atherosclerosis, arteriosclerosis, sclerosis disseminata, ataxic sclerosis,
neuromyelitis optica (NMO), inflammatory bowel disease (IBD) (for example, Crohn's disease,
autoimmune-mediated gastrointestinal diseases, colitis such as ulcerative colitis, colitis ulcerosa,
microscopic colitis, collagenous colitis, colitis polyposa, necrotizing enterocolitis, and
transmural colitis, and autoimmune inflammatory bowel disease), bowel inflammation,
pyoderma gangrenosum, erythema nodosum, primary sclerosing cholangitis, respiratory distress
syndrome, including adult or acute respiratory distress syndrome (ARDS), meningitis,
inflammation of all or part of the uvea, iritis, choroiditis, an autoimmune hematological disorder,
rheumatoid spondylitis, rheumatoid synovitis, hereditary angioedema, cranial nerve damage as in
meningitis, herpes gestationis, pemphigoid gestationis, pruritis scroti, autoimmune premature
ovarian failure, sudden hearing loss due to an autoimmune condition, IgE-mediated diseases such
as anaphylaxis and allergic and atopic rhinitis, encephalitis such as Rasmussen's encephalitis and
limbic and/or brainstem encephalitis, uveitis, such as anterior uveitis, acute anterior uveitis,
granulomatous uveitis, nongranulomatous uveitis, phacoantigenic uveitis, posterior uveitis, or
autoimmune uveitis, glomerulonephritis (GN) with and without nephrotic syndrome such as
chronic or acute glomerulonephritis such as primary GN, immune-mediated GN, membranous
GN (membranous nephropathy), idiopathic membranous GN or idiopathic membranous
nephropathy, membrano- or membranous proliferative GN (MPGN), including Type I and Type

I1, and rapidly progressive GN, proliferative nephritis, autoimmune polyglandular endocrine
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failure, balanitis including balanitis circumscripta plasmacellularis, balanoposthitis, erythema
annulare centrifugum, erythema dyschromicum perstans, eythema multiform, granuloma
annulare, lichen nitidus, lichen sclerosus et atrophicus, lichen simplex chronicus, lichen
spinulosus, lichen planus, lamellar ichthyosis, epidermolytic hyperkeratosis, premalignant
keratosis, pyoderma gangrenosum, allergic conditions and responses, allergic reaction, eczema
including allergic or atopic eczema, asteatotic eczema, dyshidrotic eczema, and vesicular
palmoplantar eczema, asthma such as asthma bronchiale, bronchial asthma, and auto-immune
asthma, conditions involving infiltration of T cells and chronic inflammatory responses, immune
reactions against foreign antigens such as fetal A-B-O blood groups during pregnancy, chronic
pulmonary inflammatory disease, autoimmune myocarditis, leukocyte adhesion deficiency,
lupus, including lupus nephritis, lupus cerebritis, pediatric lupus, non-renal lupus, extra-renal
lupus, discoid lupus and discoid lupus erythematosus, alopecia lupus, systemic lupus
erythematosus (SLE) such as cutaneous SLE or subacute cutaneous SLE, neonatal lupus
syndrome (NLE), and lupus erythematosus disseminatus, juvenile onset (Type I) diabetes
mellitus, including pediatric insulin-dependent diabetes mellitus (IDDM), and adult onset
diabetes mellitus (Type II diabetes). Also contemplated are immune responses associated with
acute and delayed hypersensitivity mediated by cytokines and T-lymphocytes, sarcoidosis,
granulomatosis including lymphomatoid granulomatosis, Wegener's granulomatosis,
agranulocytosis, vasculitides, including vasculitis, large-vessel vasculitis (including polymyalgia
rheumatica and gianT cell (Takayasu's) arteritis), medium-vessel vasculitis (including
Kawasaki's disease and polyarteritis nodosa/periarteritis nodosa), microscopic polyarteritis,
immunovasculitis, CNS vasculitis, cutaneous vasculitis, hypersensitivity vasculitis, necrotizing
vasculitis such as systemic necrotizing vasculitis, and ANCA-associated vasculitis, such as
Churg-Strauss vasculitis or syndrome (CSS) and ANCA-associated small-vessel vasculitis,
temporal arteritis, aplastic anemia, autoimmune aplastic anemia, Coombs positive anemia,
Diamond Blackfan anemia, hemolytic anemia or immune hemolytic anemia including
autoimmune hemolytic anemia (AIHA), Addison's disease, autoimmune neutropenia,
pancytopenia, leukopenia, diseases involving leukocyte diapedesis, CNS inflammatory disorders,
Alzheimer's disease, Parkinson's disease, multiple organ injury syndrome such as those
secondary to septicemia, trauma or hemorrhage, antigen-antibody complex-mediated diseases,

anti-glomerular basement membrane disease, anti-phospholipid antibody syndrome, allergic
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neuritis, Behcet's disease/syndrome, Castleman's syndrome, Goodpasture's syndrome, Reynaud's
syndrome, Sjogren's syndrome, Stevens-Johnson syndrome, pemphigoid such as pemphigoid
bullous and skin pemphigoid, pemphigus (including pemphigus vulgaris, pemphigus foliaceus,
pemphigus mucus-membrane pemphigoid, and pemphigus erythematosus), autoimmune
polyendocrinopathies, Reiter's disease or syndrome, thermal injury, preeclampsia, an immune
complex disorder such as immune complex nephritis, antibody-mediated nephritis,
polyneuropathies, chronic neuropathy such as IgM polyneuropathies or IgM-mediated
neuropathy, autoimmune or immune-mediated thrombocytopenia such as idiopathic
thrombocytopenic purpura (ITP) including chronic or acute ITP, scleritis such as idiopathic
cerato-scleritis, episcleritis, autoimmune disease of the testis and ovary including autoimmune
orchitis and oophoritis, primary hypothyroidism, hypoparathyroidism, autoimmune endocrine
diseases including thyroiditis such as autoimmune thyroiditis, Hashimoto's disease, chronic
thyroiditis (Hashimoto's thyroiditis), or subacute thyroiditis, autoimmune thyroid disease,
idiopathic hypothyroidism, Grave's disease, polyglandular syndromes such as autoimmune
polyglandular syndromes (or polyglandular endocrinopathy syndromes), paraneoplastic
syndromes, including neurologic paraneoplastic syndromes such as Lambert-Eaton myasthenic
syndrome or Eaton-Lambert syndrome, stiff-man or stiff-person syndrome, encephalomyelitis
such as allergic encephalomyelitis or encephalomyelitis allergica and experimental allergic
encephalomyelitis (EAE), myasthenia gravis such as thymoma-associated myasthenia gravis,
cerebellar degeneration, neuromyotonia, opsoclonus or opsoclonus myoclonus syndrome (OMS),
and sensory neuropathy, multifocal motor neuropathy, Sheehan's syndrome, autoimmune
hepatitis, chronic hepatitis, lupoid hepatitis, gianT cell hepatitis, chronic active hepatitis or
autoimmune chronic active hepatitis, lymphoid interstitial pneumonitis (LIP), bronchiolitis
obliterans (non-transplant) vs NSIP, Guillain-Barre syndrome, Berger's disease (IgA
nephropathy), idiopathic IgA nephropathy, linear IgA dermatosis, acute febrile neutrophilic
dermatosis, subcorneal pustular dermatosis, transient acantholytic dermatosis, cirrhosis such as
primary biliary cirrhosis and pneumonocirrhosis, autoimmune enteropathy syndrome, Celiac or
Coeliac disease, celiac sprue (gluten enteropathy), refractory sprue, idiopathic sprue,
cryoglobulinemia, amylotrophic lateral sclerosis (ALS; Lou Gehrig's disease), coronary artery
disease, autoimmune ear disease such as autoimmune inner ear disease (AIED), autoimmune

hearing loss, polychondritis such as refractory or relapsed or relapsing polychondritis, pulmonary
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alveolar proteinosis, Cogan's syndrome/nonsyphilitic interstitial keratitis, Bell's palsy, Sweet's
disease/syndrome, rosacea autoimmune, zoster-associated pain, amyloidosis, a non-cancerous
lymphocytosis, a primary lymphocytosis, which includes monoclonal B cell lymphocytosis (e.g.,
benign monoclonal gammopathy and monoclonal gammopathy of undetermined significance,
MGUS), peripheral neuropathy, paraneoplastic syndrome, channelopathies such as epilepsy,
migraine, arrhythmia, muscular disorders, deafness, blindness, periodic paralysis, and
channelopathies of the CNS, autism, inflammatory myopathy, focal or segmental or focal
segmental glomerulosclerosis (FSGS), endocrine opthalmopathy, uveoretinitis, chorioretinitis,
autoimmune hepatological disorder, fibromyalgia, multiple endocrine failure, Schmidt's
syndrome, adrenalitis, gastric atrophy, presenile dementia, demyelinating diseases such as
autoimmune demyelinating diseases and chronic inflammatory demyelinating polyneuropathy,
Dressler's syndrome, alopecia greata, alopecia totalis, CREST syndrome (calcinosis, Raynaud's
phenomenon, esophageal dysmotility, sclerodactyl), and telangiectasia), male and female
autoimmune infertility, e.g., due to anti-spermatozoan antibodies, mixed connective tissue
disease, Chagas' disease, theumatic fever, recurrent abortion, farmer's lung, erythema
multiforme, post-cardiotomy syndrome, Cushing's syndrome, bird-fancier's lung, allergic
granulomatous angiitis, benign lymphocytic angiitis, Alport's syndrome, alveolitis such as
allergic alveolitis and fibrosing alveolitis, interstitial lung disease, transfusion reaction, leprosy,
malaria, parasitic diseases such as leishmaniasis, kypanosomiasis, schistosomiasis, ascariasis,
aspergillosis, Sampter's syndrome, Caplan's syndrome, dengue, endocarditis, endomyocardial
fibrosis, diffuse interstitial pulmonary fibrosis, interstitial lung fibrosis, pulmonary fibrosis,
idiopathic pulmonary fibrosis, cystic fibrosis, endophthalmitis, erythema elevatum et diutinum,
erythroblastosis fetalis, eosinophilic faciitis, Shulman's syndrome, Felty's syndrome, flariasis,
cyclitis such as chronic cyclitis, heterochronic cyclitis, iridocyclitis (acute or chronic), or Fuch's
cyclitis, Henoch-Schonlein purpura, human immunodeficiency virus (HIV) infection, SCID,
acquired immune deficiency syndrome (AIDS), echovirus infection, sepsis, endotoxemia,
pancreatitis, thyroxicosis, parvovirus infection, rubella virus infection, post-vaccination
syndromes, congenital rubella infection, Epstein-Barr virus infection, mumps, Evan's syndrome,
autoimmune gonadal failure, Sydenham's chorea, post-streptococcal nephritis, thromboangitis
ubiterans, thyrotoxicosis, tabes dorsalis, chorioiditis, gianT cell polymyalgia, chronic

hypersensitivity pneumonitis, keratoconjunctivitis sicca, epidemic keratoconjunctivitis,
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nephrotic syndrome, primary sclerosing cholangitis, purulent or nonpurulent sinusitis, acute or
chronic sinusitis, ethmoid, frontal, maxillary, or sphenoid sinusitis, an eosinophil-related disorder
such as eosinophilia, pulmonary infiltration eosinophilia, eosinophilia-myalgia syndrome,
Loffler's syndrome, chronic eosinophilic pneumonia, tropical pulmonary eosinophilia,
bronchopneumonic aspergillosis, aspergilloma, or granulomas containing eosinophils,
anaphylaxis, seronegative spondyloarthritides, polyendocrine autoimmune disease, sclerosing
cholangitis, sclera, episclera, chronic mucocutaneous candidiasis, Bruton's syndrome, transient
hypogammaglobulinemia of infancy, Wiskott-Aldrich syndrome, ataxia telangiectasia syndrome,
angiectasis, autoimmune disorders associated with collagen disease, rheumatism, neurological
disease, lymphadenitis, reduction in blood pressure response, vascular dysfunction, tissue injury,

cardiovascular ischemia, hyperalgesia, renal ischemia, cerebral ischemia, and disease
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accompanying vascularization, allergic hypersensitivity disorders, glomerulonephritides,
reperfusion injury, ischemic re-perfusion disorder, reperfusion injury of myocardial or other
tissues, lymphomatous tracheobronchitis, inflammatory dermatoses, dermatoses with acute
inflammatory components, multiple organ failure, bullous diseases, renal cortical necrosis, acute
purulent meningitis or other central nervous system inflammatory disorders, ocular and orbital
inflammatory disorders, granulocyte transfusion-associated syndromes, cytokine-induced
toxicity, narcolepsy, acute serious inflammation, chronic intractable inflammation, pyelitis,

endarterial hyperplasia, peptic ulcer, valvulitis, and endometriosis.

V1. EXAMPLES

[0154] The following examples are given for the purpose of illustrating various embodiments
of the invention and are not meant to limit the present invention in any fashion. One skilled in
the art will appreciate readily that the present invention is well adapted to carry out the objects
and obtain the ends and advantages mentioned, as well as those objects, ends and advantages
inherent herein. The present examples, along with the methods described herein are presently
representative of preferred embodiments, are exemplary, and are not intended as limitations on
the scope of the invention. Changes therein and other uses which are encompassed within the

spirit of the invention as defined by the scope of the claims will occur to those skilled in the art.
EXAMPLE 1
T1D Protection by Treatment with Peptide/MHC-Coated Nanospheres

[0155] Diabetes protection by treatment with super-paramagnetic nanospheres coated with
NRP-V7/K® monomers. To study whether NRP-V7/K%coated nanospheres are tolerogenic in
vivo, 8.3-TCR-transgenic NOD mice will be treated (also referred to as 8.3-NOD or
Val7.4+TCR-TG mice further below) with several 1.v. injections of a small volume of
nanospheres (5 pl, carrying 0.6 pg of NRP-V7, once every 3 days). It is contemplated that the
transgenic high-avidity IGRP,¢6.214-reactive splenic CD8+ T-cell pools of these mice will be
significantly depleted. It is also contemplated that the non deleted CD8'T cells will be anergized
by the treatment.

55



Leuci ne Leu L UUA UUG CUA CUC CUG CUU Met hi oni ne Met M AUG Aspar agi ne Asn N
AAC AAU Proline Pro P CCA CCC CCG CCU utamne A n Q CAA CAG Arginine Arg
R AGA AGEBVAGA20ERERCG CGU PCT/EP2011/066994

[0156] To study the effectiveness of ‘multiplexing’, nanospheres will be coated with 6
different peptide/MHC monomers. Cohorts of wild-type NOD mice will be treated with a pool
of these nanospheres, with nanospheres coated with a control peptide (TUM)/K", or with
nanospheres coated with NRP-V7/K%. Tt is contemplated that NOD mice treated with NRP-
V7/K%coated nanospheres (once every 2-3 wk) will be highly protected from T1D while mice
treated with uncoated nanospheres, avidin biotin coated nanospheres, TUM/ K coated

nanospheres or NRP V7 peptide alone will likely not be protected from T1D.

[0157] Systemic expansion of low-avidity clonotypes by treatment with nanospheres coated
with NRP-V7/K® monomers. Studies will be done employing radioactively-labeled nanospheres
to determine their tissue distribution. It is contemplated that there will be systemic tissue
distribution at all ages of the mice examined. It is further contemplated that treatment of the
mice with the nanospheres will not lead to increased serum levels of cytokines resulting from

stimulation of diverse immune cell types, including NRP-V7-reactive CD8+ T-cells.

[0158] It is believed that mice treated with NRP-V7/K%-coated nanospheres will have
significantly increased pools of circulating and intra-islet NRP-V7/K® tetramer” CD8" cells at the
end of the follow-up period (32 wk), as compared to those of age-matched non-diabetic animals
treated with control nanospheres. It is further contemplated that the intra-islet CD8" T-cells of
the NRP-V7/K%-nanosphere-treated mice will bind NRP-V7/K tetramers with significantly
lower avidity (higher Kd) than those found in the islets of control mice, suggesting that the
nanosphere treatment will foster the expansion of anti-pathogenic low-avidity clonotypes at the

expense of their pathogenic high-avidity counterparts in a dosage-dependent manner.

[0159] To investigate the recognition and uptake of NRP V7/K/K®coated nanospheres, the
inventors will assess the presence of green fluorescence (bound to the avidin molecule of the
peptide-MHC np complex) in different splenocyte subpopulations of NOD mice expressing a
transgenic NRP-V7-reactive TCR as well as in wild-type, non-transgenic NOD mice. It is
contemplated that NRP-V7/K® nanosphere injection, green fluorescence will only be detected in
the CD8" T-cell subset of TCR-transgenic mice and, to a much lesser extent, in the CD8" T-cell

subset of non-transgenic mice. It is further believed that there will be no detection of
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region 10160]  Anti-diabetogenic properties of nanospheres coated with a subdominant autoantigenic
peptide/MHC (DMK j35.146/D") complex. The inventors will investigate whether the protective
effects of the above therapeutic avenue were a peculiarity of NRP-V7-reactive CD8" T-cells (a
prevalent autoreactive T-cell subset in NOD mice), or a phenomenon applicable to other, less
dominant autoantigenic specificities. To this end, mice will be treated with beads coated with a
peptide that is derived from another autoantigen that is presented by D® and is targeted by a
much smaller pool of diabetogenic autoreactive CD8" T-cells (residues 138-146 of Dystrophia
Myotonica Kinase; DMK herein referred to as "DMK 35.14¢/D*") (Lieberman et al., 2004). It is
contemplated that treatment of NOD mice with DMK 35.14¢/D-coated nanospheres will cause
significant expansions of circulating, splenic and intra-islet DMK 35.14¢/D"-reactive CD8+ T cells
and afford significant diabetes protection. It is further contemplated that T cell expansion in vivo
will be antigen-specific because DMK 35.14¢/D -coated nanospheres will likely not expand NRP-
V7-reactive CD8" T cells and NRP-V7/K%coated nanospheres will likely not expand DMK ;3.

14¢/DP-reactive T cells.

[0161] Impaired recruitment of other IGRP-autoreactive CD8" T-cell specificities to islets in
mice treated with NRP-V7/K% or DMK 34.14¢/D-coated nanospheres. The inventors will
investigate whether recruitment of nanosphere-expanded low-avidity NRP-V7- and/or DMK 33.
146/DP-reactive CD8+ T cells impaire the recruitment of other beta cell autoreactive T cell
specificities to islets. This will be done by comparing responsiveness of islet-associated CD8" T
cells of mice treated with control, NRP-V7/K% or DMK 33.14/D’-coated nanospheres to a panel
of 76 different IGRP epitopes as well as DMK(sg.146. It is expected that the islet-associated
CDS8" T cells of mice treated with NRP-V7/K%coated and DMK ;35.14¢/D’-coated nanospheres
will produce significantly more IFN-y in response to NRP-V7 and DMK 35146, respectively, than
those isolated from control mice. It is contemplated that there will be significant reductions in
the number of epitopes capable of eliciting significant IFN-y responses by the islet-associated
CDS8" T cells of mice treated with NRP-V7/K® or DMK 35.14¢/D°-coated nanospheres, as
compared to those from mice treated with control nanospheres, suggesting impaired recruitment

and/or accumulation.
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0.9, 1.0, 1.5, 2.0, 2.5, 3.0, 3.5, 4.0, 4.5, 5.0, 5.5, 6.0, 6.5, 7.0, 7.5,
8.0, 85 9.0, 9.5, 10.0, 50, 100 pg/nl or ny/mM or nore (or any range

derivable therein). O this, about, at |east about, or at nobst about 1, 2,

3, 4, %16@] it idvelidvedlthat NRP-VF/K L 3nd %ﬁK%?.iwDb-coated nanospheres will induce

high rates of diabetes remission in newly diabetic NOD mice. Studies to investigate the
ability of nanosphere therapy to restore normoglycemia in newly diagnosed diabetic mice will be
performed. Cohorts of mice will be monitored twice a week for blood glucose levels and
considered hyperglycemic at>10.5 mM blood glucose. Mice will be randomized into mice
receiving TUM/K®-coated nanospheres or NRP-V7/K%-coated nanospheres (two weekly
injections). Half a unit of subcutaneous insulin will also be given once daily to mice displaying
glycosuria, to reduce beta cell stress and foster beta cell regeneration. Additional cohorts of
mice will receive DMK 35.14¢/D°-coated nanospheres. Treatment with monoclonal anti-CD3
antibody (20 pg/d for 5 days), which has been shown to induce stable remission in a variable
percentage of animals in different studies, will be used as positive control. It is contemplated
that the majority of mice treated with NRP-V7/K%coated nanospheres will become
normoglycemic within 5-12 weeks of treatment. Likewise, it is further contemplated that the
majority of mice treated with DMK j3s.14¢/D°-coated nanospheres will become normoglycemic. It
is expected that the majority ofmice receiving control TUM/K -coated nanospheres willprogress

to overt hyperglycemia.

[0163] To investigate whether the effects of treatment in diabetic mice are long-lasting,
treatment will be withdrawn after 4 consecutive weeks of normoglycemia and mice will be
monitored for diabetes recurrence. The effects of treatment on the size of the circulating
tetramer-positive pool will be assessed at treatment withdrawal, 4 weeks later and at the time of
recurrent hyperglycemia. It is contemplated that there will be a decline in the size of the
circulating tetramer-reactive T cell pool 4 weeks after cessation of treatment. In this case, re-
activation of the expanded low-avidity autoreactive T-cell pool, either by endogenous
autoantigen (i.e., in pre-diabetic animals) or by booster injections of nanospheres (i.e., in diabetic
animals with a severely reduced beta cell mass) may be required for long-term protection.

[0164] It is contemplated that intraperitoneal glucose tolerance tests (IPGTTs) in cured versus
diabetic and non-diabetic untreated mice will show that the former have glucose tolerance curves
nearly identical to those displayed by non-diabetic untreated animals and significantly better than
those corresponding to diabetic mice. Furthermore, it is believed that the cured animals will

have postprandial serum insulin levels that are statistically comparable to those seen in non-
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diabetic untreated mice and significantly higher than those corresponding to diabetic untreated

animals.

[0165] Investigation of whether Peptide/MHC-coated nanospheres can effectively
‘discriminate’ between high- and low-avidity autoreactive CD8" T-cells. Most IGRP206.214-
reactive CD8" cells employ CDR3-invariant Va17-Ja42 chains but heterogeneous VDJP chains.
‘Avidity maturation’ of this T cell subset during diabetogenesis is associated with changes in
usage of 3 different Val7 elements. That these 3 different Vo elements afford differences in
ligand-binding avidity (Va17.5>Val7.4>Val7.6) was confirmed in studies of TCRa3-
transfectants expressing the 3 different CDR3-invariant Val7-Ja42 chains in the context of a
single TCRp chain (Han et al., 2005). To investigate whether peptide/MHC-coated nanospheres
can in fact differentially target T cells recognizing ligand with different avidity, the ability of
NRP-V7/K%coated nanoshperes to induce ‘capping’ of CD8 molecules on these transfectants
will be assessed. It is contemplated that more Va17.5" cells than Val7.4" or Va17.6" cells, will
form caps by 5 min of incubation with NRP-V7/K%coated nanospheres. This result would
indicate that NRP-V7/K%coated nanospheres can in fact discriminate between high and low-
avidity T cells and provide an explanation as to why these nanospheres preferentially delete

naive high avidity clonotypes.

[0166] CDS" cells expressing the low-affinity Va17.6/8.3p TCR are anti-diabetogenic. To
investigate whether low-avidity autoreactive CD8" T-cells have anti-diabetogenic properties in
vivo, the low affinity IGRP;p6.214-reactive Val7.6/8 33 TCR were transgenically expressed in
NOD mice (referred herein to as ‘Va17.6"; which has ~10-fold lower affinity than the 8 3-TCR
(Va17.4"); Teyton and Santamaria, unpublished data). It has been shown that this TCR fosters
positive selection of CD8" cells, but clearly less than the 8.3-TCR (Va17.4") (Han et al., 2005).
As a result, Va17.6" TCR-TG mice contain fewer NRP-V7 tetramer-reactive CD8" thymocytes
and splenocytes than Va17.4" TCR-TG mice. Furthermore, the tetramer+ (high and low) CD8"
cells from Va17.6" TCR-TG mice secrete less IFN-y (and IL-2) than those derived from Va17.4"
TCR-TG mice upon peptide stimulation in vitro, and are inefficient killers of NRP-V7-pulsed
RMA-SK* targets, compatible with their low avidity for ligand (Han ef al., 2005; and data not

shown). Most importantly, these mice are almost completely protected from diabetes (only 2 of
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70 females have developed T1D) and insulitis [scores of <0.4 vs >3 (out of a maximum of 4) in

Val7.6" vs. Val17.4" TCR-TG mice, respectively (P<0.012)] (FIG. 1A and FIG. 1B).

[0167] This is in stark contrast to what occurs in NOD mice expressing an irrelevant non-
autoreactive TCR that recognizes a LCMV epitope (LCMV TCR-TG NOD mice). As reported
previously by Serreze ef al. (2001), and confirmed by use herein, these mice develop T1D
essentially like wild-type NOD mice and recruit endogenous IGRP,u6.214-reactive CD8+ cells to
islets (completely absent in the islets of Va17.6" TCR-TG mice) (FIG. 1C). Thus, unlike the
Val7.4"and LCMV TCRs (pro-diabetogenic and neutral, respectively), the Va17.6" TCR

appears to have anti-diabetogenic properties.

[0168] Notwithstanding the fact that most TG T cells of these Va17.6" TCR-TG mice bind
tetramers weakly or not at all, a fraction of the cells that exit the thymus binds tetramer with
apparent high avidity (i.e., with high mfi) (FIG. 2A). The inventors suspected that the tetramer-
low (lo) and tetramer-negative CD8" T cells of these mice originate from CD4"CD8" thymocytes
that express the TG TCR but undergo positive selection on endogenous TCRs (i.e., TCRa
chains). The tetramer-hi cells, on the other hand, would originate from CD4" CD8" thymocytes
that only express the TG TCRaf chains and, because of their low affinity for peptide/MHC, can
only undergo positive selection if they express higher levels of the TG TCR than normal. This
interpretation is supported by the observation that, in mice expressing the Val17.6" TCR in a
RAG-2"" background, the only cells that mature are those binding tetramer with high avidity
(FIG. 2B). Importantly, these two types of RAG-2"" TCR-TG mice develop diabetes with
similar incidence (FIG. 3). Thus, the inventors suspect that the tetramer-lo and tetramer-CD8" T
cells that mature in RAG-2+Va17.6 TCR-TG mice inhibit the diabetogenic potential of their
tetramer-hi counterparts (which cause diabetes in RAG” TCR-TG mice). These results were
reproduced in stocks of Va17.6 TCR-TG mice carrying an endogenous TCR-Ca deficiency that

recludes expression of endogenous (i.e., non-transgenic) TCRa chains (FIGS. 4A and 4B).

[0169] Val7.6+(but not Val7.4+) TCR-TG mice spontaneously generate a pool of
memory CD8" cells with immunosuppressive activities. Cytofluorometric studies of the
tetramer-positive CD8" T-cells contained in the different lymphoid organs of Va17.6" TCR-TG
mice and TCR-Ca-deficient Val7.6 TCR-TG mice revealed the presence of enlarged pools of
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66, 67, 68, 69, 70, 71, 72, 73, 74, 75, 76, 77, 78, 79, 80, 81, 82, 83, 84,
85, 86, 87, 88, 89, 90,
WO 2012/041968 PCT/EP2011/066994

CD44hi and CD44hiCD122" CD8+ cells as compared to Val7.4" TCR-TG mice in the spleen,
lymph nodes and, especially, the bone marrow, a known reservoir of memory T-cells (FIGS. SA
and 5B). Importantly, this occurs primarily within the tetramer-low, but not in the tetramer-high
subset, which does not contain CD122" cells (FIG. 5C). These cells express markers described
on both central and effector memory lymphocytes (FIG. 5D), and are predominantly found in the
peripheral lymphoid organs but not thymus, suggesting a peripheral origin (FIG. SE).
Furthermore, BrdU incorporation assays suggested that they proliferate in vivo (FIG. 5F).
Functionally, these memory-like cells clearly behave as ‘memory’ T-cells, as purified splenic
Val7.6"(but not Val7.4") TCR-TG CD8" cells proliferate vigorously in response to IL-2 or IL-
15 in the absence of APCs and antigen (FIG. 5G). Furthermore, they rapidly produce IFN-y
upon stimulation with antigen in vitro (FIGS. SH and 5I). However, they neither proliferate nor
produce interleukin-2 upon antigenic stimulation in vitro (FIG. 5J). This functional profile is
highly reminiscent of that of the regulatory (suppressive) CD4"CD25" T cell subset. Altogether,
these data suggest that Va17.6"(but not Val17.4") TCR-TG CDS8" cells have an increased ability
to become long-lived memory T cells (upon one or more antigen encounters), presumably

capable of surviving indefinitely in response to homeostatic cues, even in the absence of antigen.

[0170] These observations led the inventors to suspect that the superior homeostatic ‘fitness’
of these memory low-avidity T cells, otherwise unable to kill beta cells, contributes to their anti-
diabetogenic activity (i.e., by affording a competitive advantage over their higher-avidity, but
mostly naive, beta cell killer clonotypes, and/or by inhibiting their activation). To assess the
latter, the ability of purified CD122" and CD122-Val7.6" TCR-TG CD8" T cells were assessed
for their ability to inhibit the proliferation of CFSE-labeled splenic CD8" T cells from Val7.4"
TCR-TG NOD mice. As shown in FIG. 6, CD122" (but not CD122") Va17.6" TCR-TG CD8+ T
cells almost completely inhibited the proliferation of their higher avidity naive T cell

counterparts.

[0171] Consistent with the idea that the spontaneously expanded pool of memory (CD122")
low-avidity autoreactive CD8+ T cells in Val7.6" TCR-TG NOD mice is anti-diabetogenic,
systemic (i.v.) treatment of Va17.6" and Val17.4" TCR-TG mice with NRP-V7-pulsed DCs, an
agonistic mAb against CD40, or an agonistic mAb against 4-1BB (to enhance CD8" T cell
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[0173]

Investigate whether NRP-V7/K"coated nanospheres induce the expansion of low

avidity (tetramer-intermediate) memory autoreactive CD8" cells in wild-type NOD mice. It

is contemplated that treating NOD mice with peptide/MHC-coated nanospheres will result in the
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WO 2012/ 041968PCT/ EP2011/ 066994 [0113] Preferably, the conpositions of the
core and layers nmay vary provided that the nanospheres are bioconpatible
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[0125] It is also possible to replace N-containing conplexing agents stil
bound to the particle surface by primary am ne derivatives having a second
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phOSphO|IpIdS or derlvatlsed pol ysacchari des, which can be crosslinked with
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nol ecul e (e.g., MEC nol ecul e or derlvatlve t hereof) can be coupled to the

I i nki ng nnlecule, covalently or nokxeonpddZntly, in line with standard
procedures of organic chem stry such as oxidation, hal ogenation,

al kyl ati Q subs itu dat n ese met hods
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synt hesi zers are comercially avail abkg and can be used in accordance with
known protocols. See, for exanple, Stewart and Young (1984); Tamet al.
(1983); Merrifield (1986); and Barany and Merrifield (1979), each

i ncorporated herein by reference. Alternatively, reconbi nant DNA technol ogy
may be enpl oyed wherein a nucl eotide sequence which encodes a peptide of
the invention is inserted into an expression vector, transforned or
transfected into an appropriate host cell and cultivated under conditions
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120, 130, 140, 150, 160, 170, 180, 190, 200, 210, 220, 230, 240, 250, 260,
270, 280, 290, 300, 310, 320, 330, 340, 350, 360, 370, 380, 390, 400,
WO 2012/041968 PCT/EP2011/066994

50% of certain ethnic groups. This study employs the strain designated NOD.2 m™" HHD,
which lacks the murine 2 macroglobulin gene and expresses the chimeric monochain construct
HHD (Pascolo et al., 1997). This construct encodes human 2m covalently linked to the a1 and
a2 domains of human HLA-A*0201, and the a3, transmembrane, and cytoplasmic domains of
murine H-2D®. Though the strain expresses only HLA-A*0201, and not endogenous murine
class I MHC molecules, it is diabetes-susceptible, with 55% of females affected by 30 weeks of
age (Takaki et al., 2006). Two epitopes of human IGRP (hIGRP13.236 and hIGRP¢s.,73) that
bind to HLA-A*0201 are recognized by islet-associated CD8" T cells of these mice and CD8" T
cells isolated from the islets of NOD.B2 m™" HHD mice are cytotoxic to human HLA-A*0201-
positive islets (Takaki et al., 2006). Peptide/HLA-A*0201 tetramers were made using one of
these peptides. To facilitate binding of these tetramers by murine CD8 molecules, the a3 (CD8-
binding) domain of the HLA-A*0201 complex was replaced with that of the murine H-2 K®
molecule. Results from these studies have established the utility of these mice for the
identification of HLA-A*0201-restricted T cells and beta cell autoantigens of potential relevance
to human T1D (Takaki et al. 2006). Based on the current disclosure, one can identify the human
peptides that are targeted by HLA-A*0201-restricted T cells from T1D patients. In addition, the
inventors have generated NOD mice expressing HLA-A*1101, HLA-B*0702, or HLA-
Cw*0304. These mice also have murine f2m replaced with human f2m by crossing them with
the NOD.p2 m™ hp2m strain (Hamilton-Williams ez al., 2001). All three HLA transgenes
express well, and all three of the HLA-transgenic strains are diabetes-susceptible. Taken
together HLAs from these "humanized" animals are representative of the four different HLA
supertypes HLA-A2, HLA-A3, HLA-B7, and HLA-C1, respectively (Sidney et al., 1996;
Doytchinova et al., 2004). The gene frequencies of HLA-A*1101, HLA-B*0702, or HLA-
Cw*0304 alleles can be as high as 23%, 11%, or 10%, respectively, depending on the ethnic
group examined (Cao et al., 2001). Coverage of the population can be over 90%, depending on
the ethnic group considered, when all four supertypes are targeted (Sidney ef al., 1996;
Doytchinova et al., 2004; Cao et al., 2001). This consideration is significant in regard to
translation of these studies to humans. These animals as well as the previously described

NOD.p2m™ ! HHD strain are available for further studies.

[0180] In this Example the inventors propose a design on how to translate these observations

in wild-type NOD mice to ‘humanized” HLA-transgenic NOD mice. The objective is to
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410, 420, 430, 440, 441, 450, 460, 470, 480, 490, 500, 510, 520, 530, 540,
550, 560, 570, 580, 590, 600, 610, 620, 630, 640, 650, 660, 670, 680, 690,
700, WO 2012/041968 PCT/EP2011/066994

investigate if treatment with nanospheres coated with several different peptide/HLA complexes
targeting pools of autoreactive CD8" T cells relevant to human T1D can protect the mice from
diabetes as well as restore normoglycemia in their newly-diagnosed counterparts. Here the
inventors present a translational approach to identify T1D-relevant peptide/HLA combinations
for use in human T1D. Specifically, the inventors contemplate that nanospheres coated with
different T1D-relevant autoantigenic peptide/HLA-A*0201 complexes will afford diabetes
protection and cure T1D in NOD.B2m™" HHD mice (expressing HLA-A*0201). One of skill in
the art can use this disclosure for use with other epitopes related to other autoimmune diseases,
using compositions and methods similar to those used with insulin and/or IGRP epitopes
presented by other HLA molecules in ‘humanized” HLA-transgenic mice to islet-associated
CD8" T cells, to include other compositions and methods. One of skill will be able to identify
the minimal treatment conditions and the type of peptide/HLA complexes that will afford
maximum therapeutic benefits, as well as the requirement for pre-therapeutic existence of
memory low-avidity CD8" T cells for therapeutic success and identification of additional

peptide/HLA combinations covering as many individuals in different ethnic groups as possible.

[0181] Nanosphere synthesis. Nanospheres are synthesized and characterized at the physical
and chemical levels essentially as described previously (Moore ef al., 2004), but using
biotinylated peptide/HLA-A*0201 monomers. The MHC molecule of the complex is composed
of human B2 microglobulin and a chimeric form of human HLA-A*0201 in which its al and a2
domains are fused to the o3 domain of murine H-2 K" (to facilitate recognition by the murine
CD8 molecule). As autoantigenic peptides several different insulin and IGRP derivatives (such
as, for example, hlnsgio.13, hIGRP23536 and hIGRP»65.73) are used that have been shown to be
recognized by islet-associated CD8" T cells in the context of HLA-A*0201. Biotinylated
peptide/HLA-A*0201 monomers will be added at a molar ratio of 4 moles of biotin per mole of
avidin. Biotinylated proteins will be added in multiple portions (about 0.4 moles biotin per
avidin) over a period of 24 hours at 4°C with slow stirring (10 rpm). The resultant probes are
purified on a magnetic separation column (Milteny Biotec). A monomer consisted of an
unrelated HLA-A*0201-binding peptide complexed with HLA-A*0201 molecules are used for
the synthesis of negative control probe. Nanosphere size, relaxivity (change in relaxation rate

per mM), number of biotin binding sites, and iron and protein content are measured.
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710, 720, 730, 740, 750, 7ve0, 770, 780, 790, 800, 810, 820, 830, 840, 850,
860, 870, 880, 890, 900, 910, 920, 930, 940, 950, 960, 970, 980, 990,
WO 2012/041968 PCT/EP2011/066994

[0182] Administration of nanospheres. Cohorts of 10-15 female NOD.f2m™" HHD mice
will be treated with nanospheres coated with each of the different peptide/HLA complexes
referred to above or a negative control peptide (influenza)/HLA complex (0.01, 0.05, 0.1, 0.5 and
1 ug peptide equivalents, one dose every 3 wk from 4 to 30 wk of age, or two doses/week
starting at 10 weeks of age for 5 consecutive weeks). Peripheral expansion of antigen-specific
CDS8" T cells will be documented by staining blood mononuclear cells with anti-CD8 mAb and
peptide/MHC tetramers (before initiation of treatment and at treatment withdrawal). Mice will
be killed at the onset of hyperglycemia or at the end of the study. Individual mice will be studied
by multicolor flow cytometry for presence of central and/or effector memory (CD69", CD44",
CD62L" or CD62L", CD122%, Ly6C") tetramer” CD8" T cells in different lymphoid organs
(spleen, lymph nodes), bone marrow (a known reservoir of memory T cells), liver, lung and
islets. Tetramer-binding avidity will be measured as described (Han et al., 2005; Amrani ef al.,
2000). The inventors contemplate that treatment induces systemic expansion of low-avidity
central and effector memory tetramer” CD8" cells and preferential (but not exclusive)

accumulation of these T cells in marrow, pancreatic lymph nodes (PLNs) and islets.

[0183] Administration of multiple doses of peptide/MHC complex. In another study,
cohorts of mice will be treated with one, two, three or four injections of an effective dose, which
the inventors contemplate to be similar for all those complexes exhibiting therapeutic efficacy in
other studies (at 4, 7, 10 and 13 wk). It is expected that protection will require one or more than
one dose (to expand the memory low-avidity T cell pool above the protective threshold) and that
the expanded tetramer” CD8" memory T cell population progressively disappears from the

circulation to accumulate in marrow, PLNs, and islets.

[0184] Administration of peptide/MHC complexes at the onset of hyperglycemia. Mice
will be treated at the onset of hyperglycemia (>10.5 mM/1) with a more aggressive nanosphere
treatment protocol (1-5 pg peptide equivalents twice a wk for 5 wk). Negative and positive
controls will receive nanospheres coated with an irrelevant peptide/HLA complex or anti-CD3
mAD (a daily 1.v. injection of 20 pg for 5 days (Haller, 2005)), respectively. Mice will be bled
immediately before the initiation of treatment to assess baseline percentages of tetramer-positive
CD8" T cells in the circulation. Reversal of T1D will be considered when blood glucose values

stabilize at <10 mM/1 for at least 4 weeks at which time treatment with be withdrawn. Mice are
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1000, 1010, 1020, 1030, 1040, 1050, 1060, 1070, 1080, 1090, 1095, 1100,
1500, 2000, 2500, 3000, 3500, 4000, 4500, 5000, 5500, 6000, 6500, 7000,
7500, 800W0 2000319680000, or nore nucl eoti des, nucl eosi deST/EPR011l0669¢4 pai rS.
It also is contenplated that a particul ar pol ypeptide froma given species
may be encoded by nucleic acids containing natural variations that having
slightly different nucleic acid sequences but, nonethel ess, encode the sane
or substantially simlar protein, polypeptide, or peptide. [0135] In

par ti ¢yl e SR feschofl sIATah M e GRANGERI J131s! Tl raf18thd A Rl ol e
segment s and reconbi nant vectors incorporating nucleic acid sequences that
encode 8 dutetlanThgammalydrfeofollawddLor polleast ah eddiffpral BdR mweekeoenbirasaable nmay be
used i ' 1.0 i L. i,de 0 . W

pol ypepiaut o Ehls tebfled Rl WRoR AN SARE PSP EE e o
nucl ei pedBiciceof the etpanddipjoohas nixeesty ranprbaditd CDSVT t¢lB indiffdat i s a
replic?tio%ﬁﬁroduct of sgch a npl ecul e. %ﬁ 201 /041968F(%4EP 011/ 066994
[0136] 1dnoR-lyRPhoS grant kangeaytiysHe pibalse Be Bt estsMantisigire®kgar di ess
of theahapgd hir &f exbbi@e SRS 16%&%1@@18%%0!1 BB b assBBYted XithIRDPpragMcMb h ot her
nucl ei ¢ aci d sequences, such as pronoters, polyadenylation signals,

addi t i onaerovesmpli slatodeverszgfmonenpdenr celinfiltptionc [Thatiih gnkke e siteptige in pigdi ng

segnent,s; -t i ~ i l]..1e V 1

consi dg?aggﬁglclesﬁ}eg %Eg F %& :)élrﬁlltelts g%%etc{eeprg‘% g({s{e)e\é %§‘ﬁlglfltl(%l dgg%tﬁhﬁ 1%1}ér|§3¥f ragnent of
al nost pangctive ngioryn@celhe trearpleots edl diabeticmich & fredieted togmgmbtepicadreulatdnyofbei ng
limted by the ease of preparation and use i .he (i.nt ended r econbi nant

nucl e RPCBRIRERGY T RHS Sofhe Pl hategdEs BSOS B CERAYS Bhcode a
pol ypepidnttey TRAHHNGER ndh tnhsiad dhrbd@ndly M&f@ﬂs&&qa@gi?ﬂﬂﬂﬁmﬁ@%ﬂﬁé}&ﬁﬁl). for
exanple to allow for purification of the pol ypeptide, transport, secretion,
post-transl ational nodification, or for therapeutic benefits such as

tar get ilfiPSbr ReptidedthyA-caated pappspberrsvarkiyriniemies hegislefionof pawe kigh-be added
to t he ,0RdiyldGoARs Y PEOIL 8808 ReALBOSHRAUSRESidiWAE BBt vd EDET PLALAUS
refers to a polypeptide that is not the sane as the nodified polypeptide.
V. Di mmn@tmmmmr@gmmemom (mmmél IRelslmﬂ)gegi shad Assays [0137]
As di scUSSRATARON S, LRGN AR By GARERE R BYQILIInIT. FRf! fvi/ditg%lo%”ﬁ gymune
respong in-a suBJec? agalnst” an aut oanti gen. 1°R “One VenBodi ment”, *the

resul t i(o\ging ROTOR tFigSP@E SEthLt @efitlulation) add fhduxpistdn dgmal pbolobf preeat a

subj ect having, suspected of having, or at risk of devel oping a dj sease or
synpt oFEISHRY REBGYARWAYIBYRIRNSY PR &R HRwatin-independetl d8 part s 3EEMSTHE pr esent

i nvent igodsBGhitdeRat G P bERRRIAH ANrefevaf hOHRBI(FBM A88Y sntloenigval uat e
whet her and to at extent an inmune response is present, induced, evoked,

or modiTUMHHRKY complexdid nididvan dieprisepkereloprpansion of F&N/ K tesrameanyeaciipes of

i mmuno n.be i ement ed S anc +

o esont el Bho R T ETEDLS e ERAPES AL SRS SIBARARE ' |, o
Pat . Nohendnldbif tHkkti(adiou bl eheironte|hinhadvidint (phadiyialdahdvvlicthr) assayrpa@nsy U. S.

Pat. No. 4,452,901 (western blot). O her S i ncl ude i nQpreci pi.tation
of | ab&PBECEIShTUlRa; fﬁ%ﬁ}lﬁ%@&%&ﬁ&%@ , SHBES PPN bl 1056 D s

[ 0139] e(RaendeBh B@l@%fenﬁm@dﬂﬂeﬂﬂﬂrﬁ BellshEn BOHIPRE e@EctiCbly GHtAaiRAT cells for
antigen-specific + T cells is the tetramer assay. In this assay, a

speci f hemepitatigraes @ ehJunhd) tlonsy#t. 3807)c Byanskamestalde Pentaass with a@oanpgen-

2012/ 0 /. F@% 0 ~ | | es.

Si nce §%§§§$€%é sQ&é@b@%&%%e%%#?g%ﬁﬁﬁﬁﬁ%%%h@gﬁ%@%ﬁ”%%g%%ﬁ%%%?ngg%%%und to
Cl ass hctimaties of ether analréstive Tleell bygecdpprespriate T cell receptor will bind to
the | abel ed tetraners and can be quantified by flow cytonetry. Although

this iS. less time-consum ng than an ELISPOT assay.. the .tetraner
hosay LR, anRGaddn T T it R ot o BRI

par ti ciplepfid @ALAGEShtOERATS Phidrey rd@aRFex@elsicnbfate eliipodRuais, taBdt hetoahti®h
bet ween ELI SPOT, tetraner, and cytotoxicity assays has been denonstrated
( Goul dd? besa cglls. ,Tlmgl)e_ssmn of endogéenous target autdantigens are believed to be the source of

the stimulus that induces the formation of the memory low avidity autoreactive CD8" T cell
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[ 0140] I munoassays generally are binding assays. Certain preferred

i munoassays are the various types of enzyne |inked i munosorbent assays

( ELI SAs) ,woadi2i4mw8noassays (Rl A) or bead based assays, PSUEHP2@3/066994

Lum nex. RTM technol ogy, are known in the art. |mrunohi stocheni cal
detection using tissue sections is also particularly useful. [0141] In one
exanpl e of ELISA, the antibodies or antigens are immobilized on a sel ected
surface, such as a well in a polystyrene mcrotiter plate, dipstick, or

col un ,SHRRANE hre sEBRRuenfly e8SINIEPTPRR nhARPhGH EBAREEC Af IENIH MY Wil Be
desired antigen or antlg&dy, such as a clinical sanple, is added to the

wel | s. intfadeeedontedV@B.f@nd” WEdRinmge. t Bhese moseavifidie tepied iwithddGRY - bottedossnmune
conpl exes,. th ant. ant i . ete i 1 IS
gener ar v BEURE TP LA MCRe B PO TR R PSR B ERR PR T
desi r edagusph@enTakakaat a/hadgs). NG pRe™l IGREY" HEDamétetval thalnlestetl aliloptimhai s
type of, ELI SA is known as a "sandw ch ELI SA". Detecti.on al so may be

achi evéiaseaﬁflﬁ@%!&m%q%tﬁﬁ sthdhseo iR At tsoap e cl e ivantrs eoierariater ed

ant i gemnat {iRl dawesht Qi hiian@ldid &Bafonretdlithen@TihdQeksidhaing hasrPi ndi ng
affinity for the second antibody, with the third antibody gelng l'inked to a
det ect abptede/Blpaireactyag CBBI ells. on ELI SA t echni ques are known to those of
skill in the art. [0142] Conpetition ELISAs are al so possible in which test
sanpl €30 GANPEE EGRPex RbOHiNNG dibdalid I AIRY AL PinechPOEL R0 HaPRBS o

anti bo ?es .ﬁrp'?%e arr[e)?ﬁjte ofn r elgiétn!ge\l/e specl:a';%es |Bn t(%e euﬁﬁnomo sarrSPeQ]?(s)

det er mlGB& elspression ingot lathak anmpksedomiot bxpirkss 1) aodthelnabe$mdtaspeslyedevelepor e or
during ,ncubation with cpat wel | s. The presence of reactive s ies in
the oodiPeeaatis e Mokt thsieraran BERaRn SRt aRE bR 3 Tho;

bi ndi ngthk willdewshenddtg IGRPSedcadtICDS ™ Thelly)l T tart@stSit @ tallievediidt treatment

2012/ 041968PCT/ EP2011/ 066994 [ 0143 lrres ective of the format enployed,
ELI SAs “HEvEne®herss Foatehith @gnwl%eé@%rﬁ% A-ASURH aad syl pRiEpPes wElBdbseng or

bi ndi ngxpé?@i%ﬂ'o?gletcgrrés%@eﬁﬁg Hl%ﬁloisp@gélfl F&ﬁé hyd @Mré@&ﬂe%@ th@Rfcedgfiiect i ng
the bound I mmune conplexes. [0144] Antigen or antibodies may al so be Iinked
to a sebmntthustpearess insubh as in the formof plate, beads, dipstick

menbrane, or colum matrix, and the sanple to be analyzed is applied to the

i rmobi |4 [ [ | t e [ . ant+ gen or
an; bodt P85, aF fiEe @i o BRtsthor RO R b0y BB B B LI

sol ut i esll efpanfiensantallglenmae. &hisiviad dikelyelepdnelronovestiner ghet coaksfoading Tsqedci f i ed
period. The . wells of the plate will then be washed.to renove

" nconpiPaPURRTLS Brayias Hardreate Prmpe P Fal Riigo BrnitaBe s o Rimets 8 ne
wel l's akesdfiitttcess@k@studivhdditi chaNIRSRE 6f thice tRARH Qith doRdinatisnsTkb@eni cal |y
neutral wth regard to the test antisera. These include bovine serum

al bum diffe@sppanesplaese fypes @b yenslit itdh sonseivable khap sppiairy torpe rEeshetidg al | ows f or
bl ocki £ i: it e i ilizi 3 and
Chus. 1 oD R b b B Ak e Kol B B I e Ot o
t he surtlhpeols.[D1Hi5]cadenhdkdvBAshe intventes nontemplasttoataitege talswal nat Isewotediavey or

tertiary detecti ans. rat her than a di e. Thus, er

bi nai ngeesrss fe AT PR B Eheibs o) e o aO R 2 H S i i e Peact f ve
mat er i aleate® NODIpa™baskeF'oMA, maed washing to renove unbound material, the
i mmobilizing surface is contacted with the clinical or biological sanple to

be tested under_conditions effective to allowi ne conmpl ex .

(ant i gdH3ht iHEIVE exrsessing wice- Phe Keenter are peneraisiisierakigitprERi4hen requires
a | abeleggtesaoNdamyyl HImB&:-utgantinei &Rp tpé?lg%/ene‘afld RaRROANERN Yl 59

| i gand or antibody in conjunction wwth a |labeled tertiary antibody or third
bi ndi ngxbreggaanchf R hyseandssbgrge aheanh b thesrulnes Rethpoefshe erdogeneys mleRPf 0146] I n
addi ti to .t f IS, L ' reat or
pr evenp e B e R SIS AR R Ao ARl PO L ERIPIOLATTe Le
of t hesahpolarjabletftabetine frioiketiha teveR b Expreemtweale sorsisteat maongediffeeht ways,

i ncluding the detection of the presence of autoantigens or an autoi mmune
condition to diagnose the presence of certain autoreactive cell populations
or conditions. In accordance with the invention, a nethod of detecting the
presence of autoreactivity involves the steps of obtaining a sanple from an
i ndi vidual, for exanple, fromone's blood, saliva, tissues, bone, mnuscle,
cartilage, or skin. Follow ng isolation of the sanple, diagnostic assays
utilizing the pol ypeptides, proteins, and/or peptides of the present

i nvention WD 2012/041968PCT/ EP2011/ 066994 nay be carried out to detect the
presence of autoreactivity, and such assay techni ques for determ ning such
in a sanple are well known to those skilled in the art and include nethods
such as tetranmer assays, immunoassays, western blot analysis, and/or ELISA
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WO 2012/ 041968PCT/ EP2011/ 066994 def or mans, polyarthritis chronica primaria,
reactive arthritis, and ankyl osing spondylltls) i nfl ammat ory
hyperprohwbanﬁmqusskln di seases, psoriasis such as pl aque/Ers@ioe®ps,
gutatte psoriasis, pustular psoriasis, and psoriasis of the nails, atopy

i ncludi ng atopic di seases such as hay fever and Job's syndroneg, dermatitis
i ncludi ng contact dermatitis, chronic contact dermatitis, exfoliative
dermatitis, allergic dermatitis, allergic contact dermatitis, dermatitis
her pet iuf @FifiSs whHRTHi M SIGHERL fnldns of #RROTILLEN 1 FPHERLELIo? e RARIGHRECI T C
dermatitis, primary irritant contact dernatltls and atopic dermatitis,
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urticaria such as chronic allergic urticaria and chronic idiopathic
urticarng ' ' [ ﬁéﬁﬁ ositis,
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aut o miynexredbR!edAgasho Pk AEAL @akos@u%%quﬁgm dplifesSuch as ul cerative
colitis, |t|s ul cerosa, mcroscopic co co Iagenous colitis,
colitis polyposa necrotizing enterocolitis, and transmural colitis, and
aut oi mid] | nTheagmtmmmg@mlde&ﬂs@ag@pleﬂ@ovt@dl nanespheraserill ghen hﬁy@(ﬂ@irfna
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2012/ 041968PCT/ EP2011/ 06699 ailure, balanitis including balanitis
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deficiency, |upus, including |upus nephritis, lupus cerebritis, pediatric

| upus, non-renal |upus, extra-renal |upus, discoid |lupus and discoid |upus
eryt hemat osus, al opeci a | upus, system c |upus erythematosus (SLE) such as
cutaneous SLE or subacute cutaneous SLE, neonatal |upus syndronme (NLE), and
| upus eryt hemat osus di ssem natus, juvenile onset (Type |) diabetes

mel litus, including pediatric insulin-dependent diabetes nellitus (I DDV,
and adult onset diabetes nellitus (Type Il diabetes). Al so contenplated are
i nmune responses associated with acute and del ayed hypersensitivity
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Val 7.4+TCR-TG mice further below) wth several i.v. injections of a snal
vol ume of nanospheres (5 ill, carrying 0.6 lig of NRP-V7, once every 3
days). |twD=0iaiesepl ated that the transgeni ¢ hi gh-avi diPCY/EP2011/066994

| GRP206- 214-reactive splenic CD8+ T-cell pools of these mce will be
significantly depleted. It is also contenplated that the non del eted CD8+T
cells will be anergized by the treatnent. WD 2012/ 041968PCT/ EP2011/ 066994
[0156] To study the effectiveness of 'multiplexing , nanospheres will be
coat ed Wrid). FhelelhRbiBBs MRLREHHE/ e LOBATEE G anFRAMIE TheQbliVir df ¥R M ce
will be treated with a pool of these nanospheres, wth nanospheres coated
wi t h alevelstaf oMbept thelboveFt Jaspibldlosesrof wmetdd. nanospheres coated with
NRP-V7/Kd. It is contenplated that NOD mice treated with NRPV7/Kd- coat ed

nanos pl;['@fﬁi d(lﬁ_’&tﬁﬁ pfeYéted e?n&)%d}{‘{’fe)nt "(‘f'ﬁkih% g%hmﬂ%ma%edgcfnothg%ﬂ%qzh{g; aggﬂrﬂ-%tBn Ll e

m ce treat W uncoat ed nanospher avi 1ot n coat nanospher es,
TLIM Keedcoat ed nanospheres or NRP V7 peptide alone wll |ikely not be
protected from T1D. [0157] System c expansion of |ow avidity clonotypes by

treatmgnt wi .t h nangspheres coated wt RP: mononer s,  Studi.es will be
done g% PRI LaroR s %%WB%‘gFlS&"%S‘&:%%%Her & 2VGgt %?‘%‘Sﬁ% S%C‘j‘!ﬁl I ti ssue
di stri kit tHenotal imdumt 6DproRIMPaidest & Absutl erte 2%iulsl be system c tissue
distribution at all ages of the mce examned. It is further contenplated

t hat treat nen f e gice wth t nan heres W not | ead sl ncreased
sor um ooy Topl BRTLES B bl 70T SE Rl At Bre wivErsbO hmne.cel
types, pMEtMeidpg NRP- V7-reactive CD8+ T-cells. [0158] It is believed that
mce treated with NRP-V7/Kd-coated nanospheres will have significantly

i ncreased pools of circulating and intra-islet NRP-V7/Kd tetraner+ CD8+
cel | s det Hen ggdlogs (40AB NFSI | ow- up period (32 wk), as conpared to those of
age- mat ched non-di abetic aninmals treated with control nanospheres. It is
further genterplas egkitdratpd/die tds b@c1i0S \els/d8+ T-cel s of the
NRP—V7;Kggna§%Epﬁere-trea%ed m ce mﬁlllﬁ%ﬁggﬁRP-v7/Kd tetramers with
significantly |ower avidity (higher Kd) than those found in the islets of
cont r oll01Pdt e, Tt BumgeIstopsh hat ﬁl&tanxq%t HPNHLp Rer ¢ose FubiRAEHIEOMAP 10V B5Q- bsthe
expansisgp gf anti - pat hogenic lowavidity clonotypes at the expense of their
pathogenlg hi gh-avidity counterparts in a dosage-dependent manner. [0159]
To investigate the recognition and uptake of NRP V7/K/ Kd-coated

nanos plﬁ@%g, Ayan ¢xavete oY 60k huragseagient the aproesicri pdIBE pgr dasa cd1l @ogescence
(bound heli [ . he i de- i n.diffarent
Spl enodyid 2hiEEnE I Bl € b foig ditEuRER R o 1B ROFRL B A Daiflill R

NRP- V7 -abeac tAlweas BER g shisvddse cais bé changéditotcppespondto-@.1 apsgeol g NOD mice. It is
contenpl ated that NRP-V7/Kd nanosphere injection, green fluorescence wll

only b ect.ed in.the + T-cell subset of TCR-transgenic mce.and, to a
mich + SLBE CCh M toR S Passdles FereuPRP R e Blov BF e P aeMP LB |+ o
f ur t hegolialahepsedlcédakinshetigmakd df 1B 1nhQuededtide ttha® the@inall¥articles have

2012/ 041968PCT/ EP2011/ 066994 accunul ation of green fl uorescence in the

spl eni émpoyad ytility It epyndersiooddhe fepm “11en @ddq” i SR beypncempawsingaf gl i9h nj ce.

[ 0160] oAl 5 HiIBHELPBRRIFoRKORMILI %o Rl AFRARBRELES FORIEH: b 2
subdom nant aut oantigenic peptide/ VHC ( DMK138-146/ Db) conpl ex. The

i nvent oxghydrdxidésnvest i gat e whet her the protective effects of the above

t herapeutic avenue were a peculiarity of NRP-V7-reactive CD8+ T-cells (a
preval ent autoreactive T-cell subs%&aigl m ce), or a phenomenon
applicable to other, |ess dom nant adt oan igenic specificities. To this
end, mce will be treated with beads coated with a peptide that is derived
from anot herMONQSPECHIEC PRETIDE-YHES €ERASS BCONTERINANQSHYPERES. by a nuch
smal | er pool of diabetogenic autoreactive CD8+ T-cells (residues 138-146 of

(L7 obon Ol ot kg f PAsFoiei M p LU G ShE ey B Ber MR 0 i o

W t h DiKp@BesiskbitDhhesphartechanainoisipiED-edevint peptidud e\ *5tamplétes antld ekpaffeidons of
circulating, splenic a intra-isjet 138- 146/ Db-reagti ve CD8+ cells
and af %bopfgﬁeaﬁﬁnmnégﬁfe e aD %F&tsé%dﬁéerlﬂﬂt H%“‘i‘?@r‘gﬁé?f’m@@ﬁf‘se‘ﬁ‘&ﬁ’ﬁt ed t hat

T cell expansion in vivo will be antiggn-specific because
DVK138 1461D1' - coat ed nanospheres will |ikely not expand NRPV7-reactive
CD8+ T cells and NRP-V7/Kd-coat ed nanospheres will |ikely not expand

DVK138- 146/ Db-reactive T cells. [0161] Inpaired recruitment of other

| GRP- autoreactive CD8+ T-cell specificities toislets in mce treated with
NRP- V7/ Kd- or DWMK138- 146/ Db- coat ed nanospheres. The inventors wll

i nvesti gate whether recruitnent of nanosphere-expanded | owavidity NRP-V7-
and/ or DWVK138- 146/ Db-reactive CD8+ T cells inpaire the recruitnent of

T T o - v . 1



WO 2012/ 041968PCT/ EP2011/ 066994 70 fenual es have devel oped T1D) and
insulitis [scores of <0.4 vs >3 (out of a maxi numof 4) in Val7.6+ vs.
Val7. 4+ ™MB20Q/@iwe, respectively (P<0.012)] (FIG 1A amdTHPR1108)994 [ 0167]
This is in stark contrast to what occurs in NOD m ce expressing an

irrel evant non-auto reactive TCR that recognizes a LCW epitope (LCW
TCR-TG NOD mice). As reported previously by Serreze et al. (2001), and
confirmed by use herein, these mce develop T1D essentially |ike wild-type
NCD m ¢npiuehell GohithE fﬁ%@@ﬂfﬂ%’?l]ﬁ @E\%Q§ar%%nﬁ%héf@se%te§§ﬂ@2 fo islets
(conpletely absent in the islets of Valy m ce FIG 1C). Thus,
unl i ke nihetopg 1l XHHPIWARNDIMSEORD Npr¥).ddiFetogehA S LaNd ISR@MEE&SVTL (SEQ

or oper (P8 ¥y 1ERF-XoTRERVISRIARERRR IO D RO GO AERREEI S of 1 hese

Val7. 6 HTRCRAAKIASLSY i KTNVEL(SBOND N& #R); indInsoli Bat:: SHLVEALMIACAGBRGOf t he
cells exit the thymus binds tetramer with apparent high avidity (i.

Wit h h.(ghéllﬂr“’ﬂ‘io Of) as ngaeﬂvefﬂ%trq h tl&?rgeret%ﬁﬁefeteéﬁgt%twﬂﬁﬁt b Neow (10)
and t etgl RITRE- @G (Y&f H8IC &n%t shdalvothle e REEARI(HEILNAL e RIH@IND (kD8 +

thynocytes that express the TG TCR but undergo positive sel e70t| on on

ﬁndggeﬁﬁ&IDrW% and HEL‘EGR&%N&RHQLDWGM@M a rIDt'NO &6H)BA* memplexent her
o YR, A LB LVRY PR S BT T

underg demsbed | Beetbe H&cﬁnabmnstfrudtd‘lﬁyveeﬁoppENE{aB [ oghefor H&\Kﬁhﬁaldéadﬁeﬁ&qffﬁc&'@R t h an

nor mal Th| e tation is s orted by the observati.o n

oo oo o iy ThEnbrigs Srpoe dertrpRBbore apd tlensBim i PRI gAY Sanpf Be at -
mat ur e A2t gatdBs 8 chalﬁgilr edtBlel ggflﬁfth YRty Rt Y b dinkdt sedlefree @SAD)! sportant |y,
these two types of RAG 24- TCR TG mice devel op diabetes with simlar

i nci detfgempm agavage sitp LY PRGSS andharedridie or & basprelevcingripper eaueegerfanibe ajagd and
tetra t hi bit the
it st chsa i, ey B! RAWIEbYR bt BRFRVARE R K8l 0

di abet eequenceF%RG foHowWsRe I@dmzm)er onTthe aehaies The @I\I/zéeccmstreq:us adwoadinsfiacted ocks of

Val7. 6. TCIé e & %o eno s TCR-Ca deficienc that recI udes
expr es$TBA7 617 ‘66”6@(%8%%”( ChoR™ §68WP&3°1“?6?§éStt§}?8|gﬁ§ PEFEE®4A and
4B) . [ Qh6R]ceNaihds. Grof Ridbe-tate a{eph?atﬂaﬁ)(li ﬂarsTGewn@&naﬁhpﬂt@MQﬁtryew ate a
pool of rrermr%pCD8+ cells with i nmunosuppressive activitie

Oyt of | drseewd LVfgqnm@v894-etduﬁqﬁiéetléweéhaé¢ntbw Ryrijied @elﬁwtﬁh@ttp 8ffpéfit ai ned in
the dif i ci ent
Var7. 6 e D R aRR S e s ST e QAN PO R

2012/ 0Big68REN EPQ@iflddeﬁ‘ﬂ@@ﬂeSGmetfnrmad dsiaDthehiCbeel-meChBeatinyddtios ins conpar ed
to Val7.4+ T nph node aI he bone
o 1 ow AR TP GrlEPort s e ot eftRioRd s ARRneEREF R R Cane 1y
this oPAGE ThdséBsrhpl¥xesichilbécdpgatedilts BEiodbodYbatlel biodiradabld Ha@odphtdeaner - hi gh
subset, which does not contajn CD122+ cells (FIG 5C). These cells express
mar ker SheRedBERATREE S Aboths useshicrmapduss fueropluemsicopuares tetpmehde shuaerpe| G

5D),  angodtEab Aot oty drundn bé}“oliefh%draﬁéﬂ tPél%éHt with'pIaC dogfegans but not
t hynus, suggestl ng a peripheral origin (F . Furthernore, BrduU

i ncor paiamwane%t?sla@@i HoigygdaedpMHiatonmHeses parrothﬁri eer edatedi amtosfhe oattqsp@reﬁ F).

Functi na t hese menory-1ike cel ear | ells,
ra S TP Lo btudl b oTERR A, it Fon b od B e T by B B B Iy 1R, 51
Vi gor ous hiyovienbut @sipg B Seffdrent lcbnsZruor debign 1t intrdakes thaéo&elmcelemfy o@llﬁ@ﬁ{@sndlaant i gen

(FIG 5 Furt her nore, pi dI timulation with
ant i geﬁa‘% P craggdon @Pé%lduﬁpﬁaé‘ﬁ@ %mﬁtﬁéggﬁﬁié gﬁb& 2adi%] i ferate nor
produce interl eukl n-2 upon anti genl c stimulation in vitro (FIG 5J). This

functi Qopis] Pr@piimezakidn bF ﬁi&tds ﬁ&@tﬂér&ﬁ&iﬂic Popehiads afll pMEC ®ajilgationy
(suppressive) CD4+CD25+ T subset Al toget her, these data suggest that

Val7. 6-5tusties use pYAHE clasy 1 qmmllq@s amBhe ¢asp(te opfaYEe Hi¢ NRpsPBes ske aby fSHEYy.t o
becone y I p ),

or coumdbro 2 BUER PEIREY 1l 07 e AR MortBl o B8 LORTLARSARERTAT)
cues, bvareasuned lbsesp&b@mho@rrm‘tryatnansgmston[e@ébﬂel]l mT¢re®epSD GBSV and dymsmieldcht he
inventors to suspect that the superior,honeostatic 'fitness' of these
menory low avidity T cells, otherwi se unable to kill beta cells,
contributes to their antidi abetogenic activity (i.e., by affording a
conpetitive advantage over their higher-avidity, but nostly naive, beta
cell killer clonotypes, and/or by inhibiting their activation). To assess
the latter, the ability of purified CD122+ and CD122-Val7.6+ TCR- TG CD8+ T
cells were assessed for their ability to inhibit the proliferation of
CFSE—I abel ed spl en| c CD8+ T ceI I 3 from Val7. 4+ TCR-TG NCD m ce. As shown in

~ NN A NN L NN A PN PN — o~ —— e g w—— e e pe— o~ o,



4/4 10.5 (4.6) mAB 17.6 NOD 0/3 -- Agonistic Anti-4-1BB 17.4 NOD 3/3 2.3
(1.5 mAB 17.6 NOD 0/2 -- NRP-V7 pulsed 17.4 NOD N.A. -- Dendritic cells
17. 6 NOD W02012/04188i nj ections of Anti-CD40 mAb or Anti - 2CTEB20mMNo6cbO | ag
i.p. with 3-4 days intervals 2 injections of 106 LPSactivated bone
mar r ow-deri ved DCs pul sed with 100 iig/ mNRP-V7 Mce were foll owed for
di abetes at | east 8 weeks after the last injection
scattering. The nanosphere samples can be concentrated, conjugated with 3.4 kD thiol-PEG-NH,-
pMHCs, washed and concentrated at high densities (~1014/m1) without compromising

monodispersion.

[0199] It is contemplated that nanospheres of 5-15 nm in diameter are optimal. New synthesis
protocols will enable directional binding of multiple pMHCs to the nanosphere surface (up to
200/nanosphere, for example) via their carboxytermini and adequate stabilization of the coated
nanosphere to allow concentration to high particle densities (>1010/uL) without compromising
monodispersion or stability. These class I nanovaccines can be tested in pre-diabetic NOD mice
to establish a workable range of nanosphere dose and pMHC valency that enables massive
expansion of cognate autoregulatory CD8+ T-cells in vivo. It is contemplated that treatment of
newly diagnosed diabetic mice with these pMHC-nanospheres will be highly efficient at
restoring normoglycemia. It is contemplated that the best results will be obtained when giving
higher numbers of small nanospheres coated with fewer pMHCs than fewer numbers of larger
nanospheres coated at higher pMHC valencies (for the same amount of total pMHC). It is
further contemplated that these conditions and the bioabsorbable and biodegradable properties of
the nanospheres will reduce tissue accumulation and enable the delivery of therapeutic levels of

pMHC at the lowest possible dose.

[0200] Reversal of hyperglycemia in NOD mice by treatment with T1D-relevant pMHC
class II-coated nanospheres. It is contemplated that pMHC class II-coated biodegradable
bioabsorbable nanospheres can reverse hyperglycemia in newly diagnosed diabetic NOD mice,
essentially as described for pMHC class I-coated nanospheres. Diabetic NOD mice can be
treated twice a wk with 7.5 ug of NPs. Mice are considered cured when they remain
normoglycemic for 4 consecutive weeks. It is contemplated that 2.5mi/I-A% -nanospheres will
reverse hyperglycemia in almost all tested mice. Hyperglycemia can be measured, for example,
by Intraperitoneal glucose tolerance tests (IPGTTs). It is contemplated that most if not all
hyperglycemic mice treated with IGRP;5.145/I- A% -nanospheres, Bo.,3/I-A¥ -nanospheres and
IGRP,,/I-A¥ -nanospheres will become normoglycemic. As a control, nanospheres coated with
GPlys202/I-A¥ (a T1D-irrelevant self antigen) and HEL 14.5,/I-A¥’ (a foreign antigen can be used.
It is contemplated that these experiments will demonstrate that 'monospecific' nanospheres

coated with several different T1D-relevant pMHC class II-complexes can be at least as effective

73



[0172] The ability of CD122+ Val7.6+ TCR-TG CD8+ T cells to suppress
cognat e and non-cognate di abetogenic T cell responses (i.e., directed

agai nst awbDaearti4g®ai ¢ peptides other than the target autrcarregense@pepti de
of these suppressive T-cells-1GRP206-214-), led the inventors to suspect
that they m ght effect their suppressive activity by targeting
antigen-presenting cells (APCs). Cytotoxicity (' Chrom umrel ease) assays
enpl oyi ng peptide-pul sed DCs as target cells and CD122+ or CD122-Val7. 6+
and CDL22qYadd T rdveRRall 2 e cTasgﬁkeaﬁe@iﬁnggﬂh%Fets Ofnssdrrfédda%%t ek ddnafedihs
former, but not the latter were able to specifically |yse NRP-V/-pul sed DCs
in vit booqtlﬁg@lgl?t/b)e neaseary fiv entostenteohfnivensal lotgaterm magnterscadiso true in

Vi vo. thp{o ] C%Flgatused equal nunbers of NRP-V7-pul sed and TUM pul sed B-cells
(1 abel ed wih Tow or hi gh concentrations of the dye CFSE, respectively)
into Val7. 6+ TCR-TG and Val7.4+ TCR-TG mice and a day l|later sacrificed the
host s {@201hvERLD-gaeeantipMHCodass 31-baded nsivisphéres hed theasxphrgion 6&coghaten i n

FIG 7 eregs NRP-V7-pu] sed dln Val7 TCR- TG
oo, | BradiRaR SR o eRobRe i ae e Lt ol ety 1 s SR 1 o bot
TCR- TGpgdodad fdrdicl lymp Kl 8sdes CRILNY) ESdche Hokddad NYW I boke M 1 at her
than B-cel | gl&\lllvserﬂg Jsed %rgbAPCs %%Gg) 7B)e 'rl'ﬂﬁg}ggp dat a (s}ﬁggest t hat

| ow avingfitioy @iiPrvkeolhabee niephataasrimen Tendgted goungehrcsnic Roderanentarith

non- co jﬁﬁﬂ, en- | oaded
APCs. 017@ ﬁ%\%&ss? ?gggt‘gm 69&?15 Slgﬁ§%9£{ ﬁg@%sgg'[p lﬂighﬂr}g%tosp t(/alls‘gl nduce the
expans itemrer Cod-avedistuy alf b@ansmnumerdteecmdﬂdtse)ls cenmred tawtios sadied ve CD8+

cells in w,l ont I t treat e with
ot | QU BN el & g gy Bh (et St bpitafe i RS ehRu Tt

2012/ O€1e68PCdI BiaRsidd Q/ﬁﬁ@@ﬁt@b@@@@ﬁ&raﬁﬂﬁlﬁ eRpanbioffin pydlglott doncdopigrt ypes, and
expansi on and recruitnent of lowavidity CD8+ T cells, inpal red recruitment

of ot hértoreariyedpPtopeelewdt bsgetegideilt i @Pttpleglateé thad mairgenageriofor ot ect i on from
d' ab et %ﬁtore[’%%joﬂ/ Tﬂ%ll@ﬁeﬁﬁﬁm‘%’lﬁtb@ %Ecets&?y Qﬁ@gstﬁﬁ&ﬁﬂglﬁ%n%%f hofd llﬁefnﬂt

d-type nmce are long-lived lowavidity nmenory T cells, the I nventors
vm I | aRhenotepi¢ amilstsreee%hae MNJ-expendady2. frai/k AF set(a@mﬂi celiravsCmMzA " jtetrankee—
NRP- V7/ tetrane ositi + T- 18 t adhne een bone
A 3 B GRS S Lo e o R e
cont enabaieldtidt)aThdsbeelBxpattaCDpOpMdEHBRS Dhis ba&iHeaddiﬁﬁrrﬁmﬁlhtN(\)]B nged | s
contained in the spl een. and marrow of these mce wll contain an i ncreased

per centaRjes gt eBARGFPaidvinein A celiveepsigpavelregues I8 d guanshi gt thesg
NRP- V7Kg fanaapbelse vtlﬂleaimkg7tﬂ3ﬁss%aae§nta e nﬁ%GFi’ bheni k@tanae chdM4hi

and tetramer+CD44hi CD 122+ T cell pools. A} is contenplated that the
menor y-T-¢ekle. ﬁ‘mts?élk)tl%i iR Wao stdeesek b 92|5m1411 Otetrhmerip§/Dei- Tkeells can

NRP- V7/ nan here h + Val7. 6+
Tor TG eRaR e BORRENE LS i (P ek i B PRI PR T e
t hey neelbtttﬁranﬁWeMeﬂhhjLs&ret@rL po ahd ]ﬂ?Nyaﬂéleseyﬁtﬁdlﬁl’cﬁﬁilbé:doﬁH Wing EMS8Asaindf | FN-y

in response to antigenic stinulatjon in_vifro i s further at ed
that,  GEBROREEHleso icoR AP tisp TH bk QDé HTeils Bl ns %rsﬁiﬁé@e'r cell's
wil |l efofitai aptbbyTeEpPress the proliferation of CFSE—I abel ed responder
Val7.4+ TCR-TG CD8+ T-cells in vitro. [0176] Pept| de/ VHC- coat ed nanospheres
expand &re existing |l owavidit mem)r T cells. is beli eved t hat

pept i dé9MAE- dbistcentehpiriedhey cfass Hwn@%eﬁﬁea%ﬁtﬁmm cedlbsbigaotnovo,
but attMte@M&”@oﬁ{t&p% il PG %OQQQIW K@Jres’ﬁﬁ@ﬁr)ﬂhfgraq:i%hlo?nall/é LCW@@?@”‘)' at ed

that treatnent of mce Wt coat ed nanospheres w | i nduce
syst emispecefkp@n8i gdlsorgalmﬁl‘ﬂmémﬂ i2\0eni Oeptde-maded HC (treqogmt@r ltyhtec resportdenpl at ed

t hat treat ment mce heres | not

i nduce %8 seltr(:fjurrllfa +|0{ereltl%tﬁexpil ke ecn e\f\f{) Iilt 1&5&%’75‘% {h im}n HFV\qu subset
in all nAsehbe dulakrgans paﬁdllgxyﬁtﬂamh@ ﬁpmm‘rmn@i&y taebéraﬁ@éd foeabttieye CD8+
T-cells in nanosphere-treated NCD mce will be significantly nore effective

when mrqewé&ge@ng?l igt-teset 16 s Rerewnd tha gxpsrimengian diabets %tﬂf@ttreeteét“a@el RPy- is al so
bel i evedr hHalanodfhkiek &n nSERHILL1 661 a1 k H AinfeRRRA OSi S
upon ng i gaetlt ?%Hgkleggt&hgbgﬁs%\}?e of gﬁogtﬁlg atglrégnt%?rg%rg]re IaCDé% ‘rllﬁcgl |s are
costi nul ati on-independent for growth. -, WD 2012/ 041968PCT/ EP2011/ 066994
[0177] To investigate the above hypothesis formally, the inventors wll

det er mi ne whet her | GRP206- 214/ Kd- coat ed nanospheres can expand

| GRP206- 214/ Kd-reactive CD8+ T-cells in a gene-targeted NOD strain that
expresses a nutant formof IGRP in which the two TCR-contact residues of

| GRP206- 214 have been replaced with al ani nes (K209A and F213A). The
targeted alleles (herein referred to as FLEX1 or NODI GRPK209A/ F213AKI / Kl )
are backcr ossed onto the NCD backgr ound (from 129) u5| ng the speed congeni c

-~

v o o o o "



[0181] Nanosphere synthesis. Nanospheres are synthesized and characterized
at the physical and chem cal |evels essentially as described previously
(Moore etwal2012/@0%8) , but using biotinyl ated pepti de/ HLRACAEP2Q1/066990TET S.
The MHC nol ecul e of the conplex is conmposed of human (32 m crogl obulin and
a chinmeric formof human HLA- A*0201 in which its al and a2 domains are
fused to the a3 domain of nurine H2 Kb (to facilitate recognition by the
murine CD8 nol ecule). As autoantigenic peptides several different insulin
and | Gggrfgﬁi{ -HMRdidnY &1 ﬁH@ehv@l%hkoQﬁat?é&?d?Hh(ﬁl ofabﬁméﬁla%b@@a&ﬁ% and
hl GRP2 273) are used that have been shown to be Tecognized by

islet- asmspheiesela lie8-+ar peefotis- dlenentdhte don fwther odntganplated GROINYBE oedepsphat ed
peptid nol es of

bi ot i n%rhq? el%lgg&]of%npﬁgﬁsél ot ny¢ ‘t%ggs%g?%% mg%@é“%ﬁ &%%tofapg Sﬁll n nmultiple
porti O@Sp}(r&bﬁ'uhct@vlt% mhbeSgrbtemutdﬁeaﬂﬁK/e Awdetl$ thht @yeexpand at feqbned topMHOuUr s at
4C with slow stirring . The resul tant bes are purified.on a
magnet PRNASERELF Hterany e P&vﬁﬁ ntlfxﬂ mag Ry e Brearhy notgpheeedbrcnddbd O an

unr el at&dohdeAs ﬁe&%@ %hzﬁleﬂgé Mv:%%hg&sqm le@pe@din®iih I -rbA- AN Q20 predeeul es

are used for the synthesrs of qatlve control probe. Nanosphéere size,
rel axi \IFNyaI(d:%aﬁhéet riofLr &) Sbhasq sy tsat%llcbelﬂlcﬁmthatﬁtﬂhbfet? reyprsyliipmieaiatsidbli ng

sites, ﬁgg %%(# and protein content are neasured. WO

2012/ 0 5 EP2011/ 066994 [0182] Adm nistration of nanospheres. Cohorts
of 10-15 fermale NOD. P2mul | . HEID mce will be treated w th nanospheres
coated with each of the different [pepmpbed HLA conpl exes referred to above
or a negative control peptide (influenza)/HLA conplex (0.01, 0.05, 0.1, 0.5
and 1 | om4 to 30 wk of age,
or tmfdggggﬁxgmgﬁ/?@%@?%d S(?Ag‘glgjwesSﬁ}ﬂﬁg‘]ﬁconsecut| ve weeks).

Peri pheral expansion of antigen-specific CD8+ T cells will be docunented by
st ai ni MR odGRA20612U4/KelalPL G4 Inhgosphérbs iadudetﬁmmmborawfcbogw Coet-WHells in
tetramers (jefore initiation of t eatrrent t tr trrent ).

M ce i Sk peter PSS by S JReruleadia! o s il 6 4P

st udy. cBOeinwhdsiRéreifiie® dwrttbd Bﬁr&‘ét’éﬁheed%rféﬂymﬁriﬂe@(ﬁh@é IGRP%@H@K@%%&J@I’

presence of central /or effector mam)rg CD69-, CD44hl , CD62L
CD62L 10, ceimaeeptor (Ig%tt@nsgev? GRSH T -ests from B 3NQDinceivereeuipied Wkphoi d or gans

(spl ee'TGRbZ(ﬁ@QWRQ"ﬁ_)GA PRSI OS2 THAQ nég‘?ﬁ{%sr %QI'e as%ﬁ/ec{‘}%?ﬁw T cells),
liver, lung and 1slets. Tetl?amer-bl ndi ng avi e neasured as
descri lgadmaHdhe et:llsatverﬁ peb@bwitiinué& pf BH] ahymldH@@mi haﬁheed nter{tRYisind IFN-

contenpl at e t hat tre ces st.em ansi o 0 ity
cont r b e GEEIATRBYoh FEOF BB ReRR e B PN TP R Dt o
excl usifygire QCBigrd Sdldpiis @ﬁqagrttﬁselﬂageetfﬂe IGRPRad é@w;gatbatm@fabmcley npke nodes
(PLNs) and islets. [0183] Admnis rat{on of nultiple doses of pe(gtl de/ VHC
conpl eXl G%P%HB‘FWPT%W’GWC%%‘H%FQ %l%cmqemr%@nt PR gV A R2 t wo,
three of,f9uh1istheptions of an effective dose, which the inventors

cont enpl ate to be simlar for all those conpl exes exhibiting therapeutic
ef fi cad}l.S szt k72 8udi es (at 4, 7, 10 and 13 wk). It is expected that

pr ot ect UI re on t.0 expand t he nenory
| ow avi W@wtn%‘é Oql ?v%mggg'kgrﬂéﬂrvég% \5@“?@ sétmll& and that the

expand@dlaneélnatﬁEQmLCDB+ menory T cell popul ation progressively di sappears
fromthe circulation to accunulate in marrow, PLNs, and islets. [0184]

Adm ni stration of peptide/ VHC conpl exes at the onset of hyperglycema. Mce
will be treated at the onset of hyperglycema (>10.5 mM1) with a nore
aggressi ve nanosphere treatnent REFrRERENAES S |1 g peptide equivalents tw ce
a wk for 5 wk). Negative and positive controls will receive nanospheres
coated with irrelevant peptide/ HLA copplex aor anti-CD3 mAb (a daily i.v.
i nj ection of %Qeltowgn% r@? erencgy o the igiendihat theyppyide %elaﬁwlwwamr@éh% i1 be
bl ed i npgdi ﬁIp?leheQ%BQ{oechésQ%eﬂ Btth hé’x"einoé‘re@f)ectlfﬁ&ﬁﬁr RRIpdrReARGE Dy RaeRhtne
percentages of tetraner-positive CD8+ s in the circul ation. Reversal
of TiDimiheir eberetonsi der ed when bl ood gI ucose val ues stabilize at <10 nM 1
for at least 4 weeks at which tinme treatnment with be withdrawn. Mce are WO
2012/ 041968PCT/ EP2011/ 066994 bl ed agaibn to confirm presence of
significantly expanded pools of circulating tetramer-positive CD8+ T cells.
The animals are followed for at |east an additional 8-12 weeks to ensure
stable rem ssion. Mce are sacrificed at the end of the observation period
to establish the | ong-term persistence of the expanded pools of nenory
tetramer-positive CD8+ T cells in different |ynphoid and non-I| ynphoid
organs. Pancreas tissue will also be harvested for histol ogical analysis.

It |s expected that Iong term rem ssmn WI || be associated with the

o o, Y T N B L T T R



pMEI C). These conditions al so reduce tissue accunul ati on and enabl e the
delivery of therapeutic levels of pMHC at the | owest possible doses of
metal . [ OWO3p1dm1wee preferred enbodi ment, dosing regi mea3/Hragiatodnd t he
foll owi ng assunpti ons are used: Assunptions: 4 nmiron-oxide nanoparticle
coated with pMEIC antigen in a density sufficient that the total anount of
protein per dose is about 1 lig to 25 [Ig. For exanple, Total pMHC per dose
(1[1g-25= (1.34 x 1013 pMHC/ dose to 3.33 x 1014 pMEl C/ dose) Total iron per
dose (4n§)pR% 4bel7tigo15= (3. 73x1012Nps/ dose to 5. 60x1013 Nps/dose) [0194]
It is understood that the amount of pMHC per dose can range fromas |ow as
0.1 I|@J$d?a50® ggt52[9%0195] As an exanple, in a 60 kg hunman patient, the
anount § 4%%&1&?* can range fromO0.24 to 6.08 ng with the
understan That "thi s corresponds to the 1 lig to 25 lig discussed above.
Al so aSJSLtIQweJo ulhgs 3dose can be changed to correspond to 0.1 [ig to 500
[lg. [01 6]% The 4 nmjron oxide particles described above provide for
enhanc®)- &t (N%.é}ﬁlfgéﬁ%tl ve to gold nanopartilces having a diameter of 14 nm
suggesty o4k had. 6t1t@g3$gral ler particles have inproved utility. It is
understood the term'iron oxide" is meant to be enconpassing of all iron
oxi des aYdiat g €.387.4Rhown to the skilled artisan and include by way of
exanpl i xi des. Exanpl e 3 MONOSPECI FI C PEPTI DE- MHC CLASS
I'1-CQOA ﬂlﬁxﬁ\l&%él—?g%? [0197] Production of T1D-rel evant pMHC cl ass ||
conpl exeS.PatNowodd2,990 test the hypothesis that nanospheres coated with

TiD-re conpl exes could also afford T1D protecti on and
16 om0 00805 o Vo

cure T different peptide/l-Ag7 conpl exes can be
2012/ 0@9@&?&{@5&2&&@,&%6@@@@5& ructed fromthe follow ng five

T1D-rel evant and control peptide sequences: BDC2.5 m notope: AEl HPI WARVDA
( SEQ | Bigksle 89Y.; ProgRatb dcadishel TR, SYTHSRNBESSYTL (SEQ I D No. 60); | GRP4-22:

LHRSGVI Y «pA) GRP195-214: HTPGVElI MASLSVYLKTNVFL
(50 1 67E L5 TR bR 187 08 >-688280] A Vi vacre (SEQ 1D Mo, 63). AS
negat i Veemmoinds ud) Natufs6R0G6: B0re2a3@0ept i de (LSI ALHVGFDH, SEQ I D No. 64)/1-Ag7

SE0 1 DR ese P e st SR ars 80 D N, 6600 /1-A07

conpl exeslefdoiRi WM. ¢ amni@bs)28cm31b@cuseds. Reconbi nant |- Ag7 mononers
are generated asﬂgrew ously described. Briefly, the final constructs in

vect or ASAHe 3/ cBuectroASRE RSt IPP]! | eader sequences, fol Il owed by the
peptl d K n X cytopl asmati ¢ donmai ns of
t he %ﬁlﬁgdh gq\ﬁaﬁ%%? T*% ¢ @qgéfp%%tﬂz'%\gg?g lbggt h chains extend into a
I [ nke_r Psbqw_ranél\(m@ﬁ\@) Scaﬁtrlhlrﬁﬁ@% K% avage site (LVPRGS) and an acidic or

a basic, | euci e S for e nd .t he chaj res tlvely

F o 1 ovdtingh TE e ERRE PRGBS Sl fb Lo PRh P PO R Eibence
#85 f ol | ows Teémoatd Pute Coi [D]ﬁkﬁl‘LgﬁhBas&diEPaa ®bai n. The DNA const ruct s are
co-transfected into Drosophl a nmel anogaster 5C2 cells along w

pur ony &aray rad Marabield Igehle Reptigesn Gress and Mepangotep(fdsy; ‘?ﬁ‘é?éiemﬁ})rreﬂsawge scal e
preparationsgidokbters), reconbinant proteins are harvested by tangenti al
fl ow from Cu504-i nduced cell supernatants and purified by netal chelate
af fi ni Byeleknventelogiaap¥isd., @hlﬁ?ﬂlléﬁclféﬁge chr omat ogr aphy, as well as size
excl us chr t y. f purified nolecules is perforned
usi ng Oﬁaﬁoeing’rg%n@w} o&f (?;énd ?ggs(rjreasured by i mmunodepl eti on on
strept mrmdiemﬁ&hasleIrb@@dgelaﬂwlanwb’ﬁﬁwm@ra@,allgge| s by SDSPAGE. These

conpl exes can be_conju t he bi oabsorbabl e bi odegradabl e nanospheres.
These RORGIRAS LI Liss g%i?{%ghl% §99p4r oduce fl uorochrone-conj ugat ed
tetrangng & mﬁ{u@lopqun@b@ fyaor eacti ve CD4+ T-cells, both before and
after treatment with pMHC coated nanospheres. Purified b| otinylated pMVHC
conpl ex@suseghak, Wr@éob@%i@se@(ahﬂiﬂt%émnbﬁ?@spher es. For the studies proposed
herein C ey | C conplexes in fly cells, as
above, Cbes ’ujgi%ngerra F?i?fsé)rg'én%ﬁ%%h ??%@%6 Qgglggn that increases the total

val encyasthn@piddSisdrbaith, camubRe datredolgrat@ 7+6vdi 9@ual nanospheres: di nmers of
pMHC fused to the Ig&a Fc. [0198] Opti m zati on of nanosphere therapeutic
properties and pMHC conjugation. Studigs using pMHC class | conpl exes can
be done to optim ze the nanosphere size and density, as well as pMHC

val ency. The size, density, charge and nonodi spersity of the nanospheres
can be measured by spectrophotonetry, transm ssion electron m croscopy
(TEM and dynamc light 72 WD 2012/ 041968PCT/ EP2011/ 066994 scattering. The
nanosphere sanpl es can be concentrated, conjugated with 3.4 kD

t hi ol - PEG NH2- pMEl Cs, washed and concentrated at high densities (-1

014/ ml) w thout conprom sing nonodi spersi on.




[0199] It is contenplated that nanospheres of 5-15 nmin dianeter are
optimal. New synthesis protocols wll enable directional binding of

mul ti pl e whHCR/MWBhe nanosphere surface (up to 200/ nan@sphPee,1/066904
exanple) via their carboxyterm ni and adequate stabilization of the coated
nanosphere to allow concentration to high particle densities (>1 01/ul)

W t hout conprom si ng nonodi spersion or stability. These cl ass |

nanovacci nes can be tested in pre-diabetic NOD mce to establish a workabl e
range QfeAAROIRIPSISIIOSRoANS NG 5 yalseneos. that enabl es massi ve expansion
of cognate autoregulatory CD8+ T-cells in vivo. It is contenplated that

t r eat méihou ofid hesnlap, diladivesmdl .di7a5et48¢ 198 e wi th t hese pMETC- nanospheres
will b i figlent, ator or j-. cema. It is contenpl ated

t hat t%&gggg(iy?%%& &sn?l%ivi e %1882%}3%&%&%%&}98%&” ng hi gher nunbers of snall
nanos pltdbe and Bahed, Biotherhietng r 3(@YACs-2eharw7fewer nunbers of | arger
nanospﬁl;)es é:oat ed at E‘%‘%her 3M—|C val encies (for the sane anmount of total
pVHO) . u pad FagnapePlochentistion I3t d2¢ 140 [PH&%e conditions and the

bi oabS@hlgalgh@F@smangggﬁr aadapdygsprzoperdsves of the nanospheres will reduce
ti ssue accumnul ati on and enable the delivery of therapeutic |evels of pME C
at t he DagigeshdyapessiMpterigdasld: 12084009, 1R8%.er sal of hypergl ycemia in NOD mice

by tregl Wi e t cdg 14 t nanospheres. It is

cont errﬁ%%hzot’ ﬁé%}%;hgl @%I%%@ ?@Mgg‘%tée% i%&%é?gdgg?e bi oabsor babl e

nanos peyehiman er @y ériseninppetgl48ded@4i n new y di agnosed di abetic NOD mi ce,
essential l descri be pMEI C cl ass | -coated nanospheres. Diabetic NOD
m ce cﬁltﬁéﬁ%fl% mﬁ%‘i"ge(flgé% with 7.5 p.g of NPs. Mce are consi dered

cured Wagkess W.,rpfgagtaldlggg PP oe3riioof or 4 consecutive weeks. It is
contenpl ated that 2 1 /1-Ag7-nanospheres will reverse hyperglycema in

al nost Gellman gt Sunahate Traadpehen yidiem. 20:68n2¢¥. neasured, for exanple, by

| nt rapﬁdugcgpg,aﬁll Jgtggqﬁ‘gdtpjzelrgqgggﬁ ephs (I PGITs). It is contenplated that
nost if not all hyperglycemc mce’treated with

| GRP12&rdvbD.P Ag T-InSnusipdetrle 31edB342 368 5- Kl ; Be(ospher es and

| GRP4_22/ | - AQ7- 0 S W, rnogl ycemc. As a control,

nanosp%él‘lgrset%aﬁg]g“%jﬁ]ﬁ)feéplz’g%éé%g(fwg&(a TiD-irrel evant self antigen)

and HEHahiRd- Wil hs ePaf Pred. datantidss. TSR, be1ussd2odit is contenpl ated that

these experinments wll denonstrate that 'nonospecific' nanospheres coated

with sdlpgeas! di hedavest THID:BEP0%ht pMHC cl ass I1-conpl exes can be at | east

as effeghiygs W@&Z{p&j@gﬂ:%’dﬁPZOll/ 066994 at inducing T1D reversal as
Sp

pNI FI C cl ass | - coat ed nanospheres. In some cases, it is believed that
boost i ignmingher diel) {doebwasty 9PdPOLdRK]L, 4P%ht and uni versal long-term

mai nt enance of nor | ycem.q. rel evant pMHC class |1-coated
nanosp%@?@?s%ﬁvﬁ%%nzg%ﬁwgilgﬁlgg'%ﬁ)%r}g%g Tr-1ike and nmenory- phenot ype

aut or e@lonaf@ayerGDANoT Na&l | 195):376-382, et enpl at ed that the bl ood, spleens,
pancreatic | ynph nodes. (PLI\ISWH mesenteric | ynph nodes (M_Ns) and bone
narrowﬂﬁﬁgét%%%lsgb’d’fé}h&belph% o PAY |8 been rendered nornogl yceni ¢ by
treat meRb oMt D o2, Dikbéiks A8 26RNesPheses Wil |l reveal a significantly

i ncr eased percentage of 2.5m/I1-Ag7 tetramer+ CD4+ T-cells in all organs
exam néghexeedt Cvi.NigyvesaP2c3paB8d 1983 .mi ce st udi ed i mmedi ately at di abet es
onset age-.mat.che on- di J treated animals. It is believed that,
CD4+ T?{(’?1 P%eet%alﬁ%i g/[r?awgﬂ?%%lg%ajn??%@n-speci fic and no expansion in pools of
non- cogaiher altloEgaMMédv e 80D227- 228 11bs4wi | | be detected. It is contenplated
t hat I nt enance of orequlatory T-cell expansion will be necessary for
sust ai negdt 'ﬂNéWéﬁaéggé?“'%ﬁ@ ‘ycem a. Phenotypic anal yses of these

NP- exp n el N- B, | RiddanBsshseddsse0gss
r eveal q%%nglrlr%ry-l iﬁeﬁ%ejﬁlote&ﬁe (%21', CD44hlgh and noder ate CD69

upr egulkasutemmin: CpHeislal lg@lgll%ehh‘aly’ SYetempMarcghldelkex b=, NYh2$9-84h 1884.conf i r med
i n NOD;m exp I - QX P, in which Treg cells constitutively
expresyﬂ@e%gg.&%@%@lﬁggtﬁgggﬂgg mce at 10 wk of age with

2. 5m / ILiedgimmareanddphereaso, Magsue Apagshs eSFF39-7. 750003t et r amer + CD4+ T-cel | s.
Functional in vitro studies of FACS-sorted 2.5m/I1-Ag7 tetraner+ CD4+
T-cells can determine if they proliferate in response to DCs pulsed with
cognat e, but not non-cognate, peptide and whether they secrete IL-10 and

| FNy. These studi es can be done using ELISA and | um nex technology. It is
contenpl ated that these Trl -like CD4+ T-cells wll express high | evels of
cell surface TGFP. [0202] It is contenplated that pN FIC cl ass

I I -nanospher e-expanded tetraner+ cells, but not their tetraner-
counterparts, will effectively suppress the proliferation of naive LCW
Gp33- specific CD8+ cells against (33 and 2.5m peptide-pul sed DCs

v a 1

Gsom /1 -Ag7 tetranmercells may
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glf‘t al N%goﬂh%oSrb z%élé%)%%fg thl) %gsglgg%v i@%?rfgl%lt%%iﬁfg%tlo{xﬁoa%%a%ﬁyp_aﬁl%génig 989. Yearan
2012/ 04406R3PGE EPAR11/ 066994 What is clained is: 1. A nethod of

di agnosi ng, preventing, or treating an autoi mmune di sorder conprising

adm ni stering to, a, subj ect. an anti gen- VHC conpl ex .operati vely coupled to a
bi ocompat | bl & B baLEbFHEBrEE ARl BL IR EPRIE FoRIENB T L EhT RLPESHRANRRINT i ci ent
to expanetiam i sdl%ch%ﬁ:ﬁln@e_ﬂ@dat& Géd a}dﬁqiﬂ'ist%ﬁhéﬁxthat?subjéctfmiﬂwé?hté-ﬁﬁtig%hpan_dl ng
and/ or deveéﬁﬁkgg popul ati ons of anti-pathogenic autoreactive T-cells in a

subj ectePigfte binesraghisrtiedesragdable prnpseharqeenipiex wherewisajdeomplgxtih a

aut o- anpi i MG Rl §R$ ; i osphere conpl ex
mhereiﬁaggﬁﬁmgghgﬁgﬁmis a@%ﬁ%ﬁ te?g%&?ﬁp%ﬁ%ﬁ%%ﬁgﬁﬁﬁﬁﬁgggency sufficient to
expand said popul ations. 3. The nethod of daim2, wherein a plurality of
aut o- ait i genThpineidpea of Glaem Conwheremeblimliyaifdumantigemenigees ap censpaedaC

bi oco i_bl e bi odegr nan [€ GO .. 4. .The hod of O aim 3,
wher oi RSas P LPEARREI MG HREOARRNE o Bk B rntor G e S o TRl Y om a s ngl
auto-antigen. 5. The nethod of Claim3, wherein said plurality of

aut o- adt i genThpinedpé of Glaem dewhere shrdaryralify|of patoranyigest epatgpes-aanddriyed srom

a single auto-antigen.

5. The method of Claim 3, wherein said plurality of auto-antigen epitopes are derived from

a plurality of auto-antigens.

6. The method of Claim 5, wherein the expanded population of anti-pathogenic

autoreactive T-cells are antigen specific but suppress in a non-antigen-specific manner.

7. The method of any of Claims 2, 4 or 5, wherein the administration of said biocompatible
bioabsorbable nanosphere complex depletes the population of cognate pathogenic autoreactive T

cells.

8. The method of any of Claims 2, 4 or 5, wherein the administration of said biocompatible
bioabsorbable nanosphere complex depletes the population of non-cognate pathogenic

autoreactive T cells.

9. A auto-antigen epitope-MHC- biocompatible bioabsorbable nanosphere complex

comprising a biocompatible core and a biodegradable coating on the outer surface of said core.
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6. The nethod of Claimb5, wherein the expanded popul ati on of

anti - pat hogeni ¢ autoreactive T-cells are antigen specific but suppress in a
non- ant i geo-20pa@idfe8c manner. 7. The nmethod of any of CPairmP2@,1/046994 5,
wherein the adm nistration of said bioconpatibl e bioabsorbabl e nanosphere
conpl ex depl etes the popul ati on of cognate pat hogenic autoreactive T cells.
8. The nmethod of any of Clains 2, 4 or 5, wherein the adm nistration of
sai d bi oconpati bl e bi oabsorbabl e nanosphere conpl ex depl etes the popul ati on
of “non-gognafi PR RYERN b[ﬁtd%bul\%@%%do}ﬁ%aﬂ-blg 8lohBsorbale Iﬁﬂ@é{ﬂlgre%gﬁlb&@%f

epi t ope- MVHC- bi oconpati bl e bi oabsor babl e nanosphere conpl ex conprising a

bi ocomgkii ) hesein said htbcampittdeepra thadomposada ineg (BN oxide. out er surface of said
core. WD 2012/ 041968PCT/ EP2011/ 066994 10. The aut o-anti gen epitope- VHC

bi oconpat i bl ﬁle%ﬁﬁé}ﬁfgé@@;Q{o%emef’ol?&%ﬁl%aﬁ&%lo%so%abfé ﬁh&p%er‘é‘&@ﬁq%le& ofai d
bi oconpatible core is conposed of iron (111) oxid The aut o-antigen

epi t opelavpiC Wieskin ﬁﬁaébl%b@f@b&%@gmgﬁlﬁﬁléc'fﬁ(éﬁé@ph’éﬁ@, @@ﬁpﬂt@xarmifpow(ethﬂhege
mhere|%H%? jyd bi oabsorbabl e coating is selected fromdextran, mannitol, and
pol y(e gne glycol). 12. The auto-antigen epitope- VHC bloconpatible
bloabsorbable nanosphere conplex of claim9 wherein said nanosphere is
coval edl y bbbmente-entigra entepegyblipbiagonppasiblelrienbaeibatde panspphespeanniiex efonpl ex
wher ei i 0 i nhi bit
the. onassr i E bR GBI buftd }d RERIC eloly SHuBEhOEh b
adm ni speeperdHCocompdexbyaeinamddntdingar opfc@alpnyl aelnkeper at i vel y coupled to a
bi oconpati bl e nanosphere to a subject in an amount sufficient to expand
ant | - PE5NO0AN GG FdfhNSsd FahSiolR Ak Ridtile Wefei Dl fidiRacompriLaes MEC
class I'l nol ecul es. aim1 erein sald autoreactive T
cells admnﬁﬂwmgﬁm soble¢tsm antlgfﬁn -NIH¢ erethodorsfativklyiconildd wBelvlecmnIzaab& CD4+ TR1
cells are c cterized by
Creati MeRETr R ST SPaclmiReRtc s b Par Al Bre o JRLRER, 0% o
thodv&@ﬁm{mﬁamﬂcnuﬂmm&dﬁmﬂnséfmﬁﬂgdhﬂIBmSMthQt suffering froman
aut oi nmune di sease having an inflanmmatory conponent an anti gen- MEC conpl ex
oper ati,yel K/g@QHﬁh%‘a o??laﬁn by QG %Pnaéaldo u‘%o 1% F}hc%ﬁ&r‘é“t%ﬁ ﬂz# 0§ sMEC ol ecul e
conpri ses C nDIecu es an en I's specifrc for the
aut oi mune di sease further wherein sald adnlnlstratlon of said conplex is
i n an dAounilhe prethodiod plain b4 edhpreitsatcheDa6 gl gellore sharagietized &y Alod &r9nd
autoreqﬁ&ggﬁj ;?)cells whi ch cells express |L-10; permtting said TRL
cells to ate at the site of said autoi mune disease whereby IL-10 is

allowed to accunul ate at said site under conditions which result in a
reduct ilén ofA mpthod fi trgpging the (nflapvisdeis spmpenanhel appustimmyne dgpaseaderen 17, The

nmet hod np erein the MEC nolecule is a MEC class Il nolecule. WO
2012/ oi%é@%@ﬂ Egﬁg’o /066994 18. The nethod of claim 16 wherein said

aut or eact i vedningsdring tap eutfEt-suff@ingdednh gn autd@miiealiseeschmeingfanghffanmadt8ry
wher el r(]:or%%g)rgent an antlgen-l\}l‘ﬁ& comp eg o%greaiﬂve%t/ gcgulp%e%d[o g%loclém]pgtlbqg ganlols:p ereeX pr essi on.

wherein the MHC molecule comprises MHC class II molecules and said antigen is specific for

the autoimmune disease further wherein said administration of said complex is in an amount
sufficient to expand the population of anti-pathogenic autoreactive TR1 cells which cells express
IL-10;

permitting said TR1 cells to accumulate at the site of said autoimmune disease whereby
IL-10 1s allowed to accumulate at said site under conditions which result in a reduction of the

inflammatory component of the autoimmune disease.

17. The method of claim 16 wherein the MHC molecule is a MHC class II molecule.
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20. The nethod of either claim 13 or 16 wherein said nanosphere is forned
fromone or nore bioconpatible, bioabsorbable materials. 21. A nmethod for
treati ng WO 2a1¥@i9srune di sease in a patient by adm ni st ecrmp2@niseyen- VHC
conpl exes operatively coupled to a bioconpati ble nanosphere to the patient
in an anount sufficient to expand anti-pathogenic autoreactive T cells
wherein the IVHC nol ecul e conpri ses both MHC class | and MHC class |1

nol ecul es. 22. The nethod of claim21 wherein said autoi mune di sease is

type | 1di abg§€ethod of claim 16 wherein said autoreactive T cells are CD4+ TR1 cells.

19. The method of claim 18 wherein said CD4+ TR1 cells are characterized by IL-10 and
IFNy expression.

20. The method of either claim 13 or 16 wherein said nanosphere is formed from one or more

biocompatible, bioabsorbable materials.

21. A method for treating an autoimmune disease in a patient by administering antigen-MHC
complexes operatively coupled to a biocompatible nanosphere to the patient in an amount
sufficient to expand anti-pathogenic autoreactive T cells wherein the MHC molecule comprises

both MHC class I and MHC class II molecules.

22. The method of claim 21 wherein said autoimmune disease is type I diabetes.
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