WD 2012/ 062904PCT/ EP2011/ 069931 COVPCSI TI ONS AND METHODS FOR THE PREVENTI ON
AND TREATMENT OF CANCER CROSS- REFERENCE TO RELATED APPLI CATI ONS [ 0001] This
appl i cat iwo 2012zi6a®4priority under 35 U S.C.  119(e) to BCHEPRIOws®BDNal
Application Serial No. 61/413,330 filed Novenber 12, 2010 whi ch application
is incorporated herein by reference inits entirety. FIELD OF THE | NVENTI ON
[0002] This invention is directed to conpositions and nethods related to

i mun$tQMROH TIRNSANRE VHeTHODHEOR T REVENTION MYP IREATMENT&F t o

t herapeutics for the prevention andCAN€ERrent of cancer. BACKGROUND [ 0003]
Cancer imunology is an energing field in the area of cancer therapeutics
that ains to utili ' i n f et and elimnate
cancerous cells. é@oﬁgggﬁggkl@ﬁgﬁqmm@yﬂ§ %ﬁ%ﬁ?%r&%@gst emto attack
cancer cells has many advantages over traditional therapies that are site
speci fj0@01] suThisapplicadoatiaons pdetits uhdear3s, USIC avEI(©hebs Hebvaipeubl ¢ nmet hods

that are associated with detrinmental side-effects and high toxicity. [0004]
Thi s fﬁrmhaawss‘sgiagwpf PARLPIP %@M@@%W% ke1Q watshiapplicatiog s wgerporated

char a%pel;ﬁgf}éf%n&finri@@{ﬁgufer ent tunor-specific antigens. These
tunor-specitic antigens are specific to the cancerous cells thenselves. If

an i nmune response could be |aunched that targets these tunorspecific
anti gens, the body woul d ef FEELDV@F JIHe INNENTI®ON| ear cancerous cells on
its own. However, strategies to induce tunor-specific imunity in patients

have t far, heen unsucgesshul . Studies s st,.that .there are various
fact ot QP TG TRAPHAT L PEERHIS ramb it ehd BithRle OBkl Rn it ABE S s
st r at egddedne. fFh F@ﬁiculhhelsieirﬁffeﬁaére'giraateﬁ%thetapeﬁﬁtfsffbﬁiherptrévsénﬁdrpamir&itmsml ating
cytotoxic T cell |ynphocytes. Second, cancer patients are often

i mun&$Gpiseessed and fail to produce the co-stinulatory nol ecul es necessary
to initiate an i mune response. Therefore, a major goal of cancer

i mrunot her apy has been to gener ckEROASNpUNer of high- WO

2012/ 062904PCT/ EP2011/ 069931 avidity tunor-specific T cells that can
efficiently attack cancerous cells in vivo. [0005] The present invention
uses 4003} op&atdec inemuoabgydisvintemerging fiekipe ¢hd area aftangerthsth@utiosrplaexes tand
co-stinmul atory .mol ecul es. Thi.s uni que conpl.ex can induce an_ expansi.on of

ot culdHrp e e ine Jelhs o e Rt Bl f B Bl R G R TR BRR Bhe " cancer
I MMUNQEREHROb&AE s SWVIYIRYné %Q%ﬂ td ¥R bhdenadlls haffRhy hdiRaRRENEY @M dftRhAIS
short at efficiently expanding T cells that specifically target cancerous
cel | s therapiemibet are sitd sreeifiensuch@s sidigiion; and nurgery; edoees chpreothgrapeuts methods i s
cont e%)a{t%feeadss cri@tgd vnv@%%{rzn?en?ﬁrs}degelfﬁef%tsca%athfql t\f)“x}cn .WC cl ass | and/or cl ass
I'1 nolecules presenting {urmr-spem I'c an%gens 4nd co-stinul at ory

nol ecul es capabl e of activating naive Tcells that led to a nassive
expang0ent] of Thisfieiewasyedtitintlyaidt anded bp thegie vt chtice hhd cledguad zatiof of

di fferentirdaéféng into cytotoxic T glel | s, effecftor T cells, rmr%(leT cells,
and héPg3e dITFergR] ugoffHpge! L AtigeRed, 8O UG S RRCH ] CANE SEMAT Bl G 1R ¢

Subst ahdcRbusl BRSSO, iRERINETbANCEI MY Be 1:BhERAMER LAY 1R NEOP! asti C
cells I1n vivo. The present invention describes a system c approach to

t ar gettumgrspemiteaigens, phebahnearld efearvelydmmbisto dear ehcerdub atllaoreitcoweul at i ng
cells,,as in | hopas, mgratory.metastati.c cells, and soljd tunors. This
Co | ST sHERASE PG B redif Ay GragepbeRtie Bt bfae o ati o,
sur genmsucRBEi SR8ks suddBf ThatABRE Glesyafitds RITRPEHhEEMnEittte tths tdiRehso! 0gy
include a novel nethod for preventing or treating tunors and cancer

conpr icoiTaRl caterr minguapihagpew castratelg es clirduthegstsirgieayewad ooufidienilyaxopand

nol ecul e ¢ lex o atjvely caoupled t.o a nan rticle i.n _an anmount

oot 11 St eHAOPE s SRr Gl M Rmne PR e PERRRS it fopd Prf o e

| MMUNah &ibRi Reducrigetd-Rimileey mokadles atkedarnNavaitheas iuisukaesohid. at
expanding T cells in nunbers sufficient to effectively treat patients with
cancerldgicferg) 3 Bapy gpgroficangsr Enmpgerberapy Bes hags (Hewerie 2 lajgermbsy of bighre to
novel conpl exes that, unexpectedly, are capable of expanding
anti-tunorigenic T cell popul ations atl levels not traditionally attained
W th ot her imunotherapies. [0008] Certain enbodi nents of the present
invention relate to a nethod of inhibiting the growmh of tunors, and
preventing or treating cancer conprising admnistering to a subject an
antigen/ WC co-stimulatory nol ecul e conpl ex operatively coupled to a
nanoparticle to a WO 2012/ 062904PCT/ EP2011/ 069931 subj ect in an anmount
sufficient to expand anti-tunorigenic T cells, wherein the nethod further
conprises adm nistering the anti gen/ WC/ nanoparticle conplexes in an
amount sufficient to activate and/ or expand pre-existing anti-tunorigenic
menory cells. It is contenplated that adm ni stration of antigen/WC co-
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menory T cell. In still further aspects of the invention, the T cell is a
CD8+ cytotoxic T cell or a CD4+ helper T cell. [0013] Certain enbodi nents
of the prweent2dezanenti on relate to nmet hods of sel ecti velPgT@®rPpanadseygl and/ or
devel opi ng popul ati ons of antigen-specific anti-tunorigenic T cells in a
subj ect which nethod conprises admnistering to said subject an
antigen/ MHC/ co-stinul atory nol ecul e/ nanoparticle conpl ex wherein said
conpl axidity temei-piestfisr eeellsihag san adicrntly gtfadk eagoeraeycedlsff viepent to expand
sai d popul ations. Therefore, the present invention can initiate and

mai nt H@E@ WAgHeancer ous
and p? 5‘ince S§en'i 58?%?%%652%%@1%&%&%@%%@585 F%ggg{ltﬁ) n can expand
desi r abmplekecald -standhtoas mblecelles. ST Hi dati queemgiez eant indare aarexpgsits), oft o
prevent, trea E%ng(or anel i orate di seases asspciated with develog

t unor §lrcvleb&&15 he! plsdRAr amAYHbatsHPAsSey fhab et QUrenboansPBIMMPTREEIRISS i n t he
body in an antigen-specific way. Tunor-specific antigens are well-known in
the art and are described in vari gsvvgARyences, for exanple, by Dranoff,
G ("Targets of Protective Tunor Immunity." (2009) Cancer Vaccines: Ann.
N.Y. Acad. Sci. 1174:74-80), and U.S. Patents 7795224, 7812116, 7785801
whi ch [8906] heEenventined cpoeatranupgtherapy fadls skort Fiasficieathnernsggingd wdiﬁ thait i t ed
to cer td i gens
ar e vl PR el et S Ets W clsHE it Oy 0B TR S8

by Schi t@idrmglbd efiat ahnos(ZePagid dsrasard vathpUREEC b Imia/dr 0laby Basdleqiddscer
patients is directed a ai nst i nmunodom nant epitopes unrelated to the

mut at iPEFPENtIEMEFsPEc lwﬁeeps pusscorsgigpulatgny ygleoulay capphlemf aetivaging aiye

("1 i ne of
tum ancr om0 T YA HBRb R br ARHSE-pHERY ol ol MU cab Bl PR g
Sci  USKfdre@sitingnta2ywi@jic Tanlds, Sthetor Deeléd, n@imory THetis and delpka’t nrsllsatlhak:dre

mul tiple specific.i ne. responses in. the autol ogous host." Proc Natl Acad
Sci  USACSP&K 10 9%”1%‘%%’)“%?& SHNEAHEMBYH PGP BFHIL GG Ve er ence.  Thus,
Wt ho‘f)trecgﬁééi‘&lsbepﬁ% R¥tid BERNY vivbNTiSe $8&RAPRN S0 dUstris GSy &BmiJAPpRGCh §§ PONSe
agai nst any cell's in the body that are characterized as %aV|ng a specific
ant i géargeting @mc«trous pee-panestions of mpplasiioeelisghatare ¢iraulatiod celds, as aplyoiphpmas,

? gt Ibgengl'gfsagﬂﬁ e asféatlgl cggsaggggelé(fj .u%}eoﬁé i ést ig 6@%})& ant {rgs% qaples(;tﬁattarr]ea §1te|- s found
2012/@g&g@gﬁgﬁ@gﬁg@&&moﬁggég &Qﬂﬁé&;Enbodlnents of the invention are

directed to nethods of diagnosing, preventing, or treating tunor
develognent conprising adm nistering an antu%en/N+K7co stinulatory

ol ecUP@handpeacts ademborimens efdhi tedhpplogy indudgrn Ravislimethodfor RfF\éerwmg@r
o AL AR RREGALE SNt 4901, T £ Sbicypl RARRRAL ARG AT
of a peptdutecompiek epe:raiaml;dco@ebedbtohydnapaencle irpardaroour tstitci emd toesiphed mm-

conmpound t hat dul.ate the activity of T.cells or T cell popul ations,
when. iHMPREENG R T Jlfaowﬁz: IgFmypqEeranies tRigelRe s anl egceidaye Seest r at e.

I n sonBqaP&AT St 9>£pahﬁ'i'n§ T Qe it hlﬁﬂberE Elﬁﬁ@f%ﬁ%ae‘fﬁeb&ve@y {réattfiaf?@x%%tﬁab' € SO
that it prevents long Termaccunul ation of the nanoparticles in vivo

Wi t howanmxgusa:cﬂmmpﬁwllmgr& Axpemt&o)f the pehery inveet edf rebate td BOEEForEptbodithant s of
the inventio i scl osed methods (include parti Ies conpri si ng
L o et fly! Bl paie ProtRndhg Rt L En L ARy AL ELIBRE conpl ox
The antddgrRRAIM-EHGRdSwiibihet @infunBth&gplbe conpl ex can be coupled directly to
such a nanopartlcle or via a linker. A nanoparticle can conprlse vari ous

| ayers which in turn can conprise nultiple conponents (e.g., a netal core
with 40 werpﬁ@aler&maoeﬁ&nrs ftheprgeant Hyeriden @iate toaa metha @Embﬂ}ieneﬁlel |y

coupl e dragn AL LASHLNEAGE B ST AN Lo MBHERY LG SOUBLRNoSUT B8

strep in or aVI i'n"or other

nanopantigal/eF)C/co-stimelatay modsprcdosnplex oppenapart ¢(ﬁ;1bH:d(IO apahGRstida® or nore of
a material selected fromthe group consisting of, for exanple, cadm um
selenide, titanium titaniumdioxide, Xin, tin oxide, silicon, silicon
dioxide, iron, iron Ill oxide, silver, nickel, gold, copper, alum num
steel, cobalt-chrone alloy, titaniumalloy, brushite, tricalcium phosphate,
alum na, silica, zirconia, dianond, polystyrene, silicone, rubber,

pol ycar bonat e, pol yuret hanes, pol ypropyl enes, pol ynethyl net haacryl ate,

pol yvi nyl chloride, polyesters, polyethers, and polyethylene, tricalcium
phosphate, chromum gallium as well as bioconpatible, bioabsorbable

pol ymers such as PG.A, PLLA, PGA, PDLLA, PCL, PDLGA, PLDLA, PLC (all of

whi ch are avail able from Zeus, 3737 Industrial Blvd, Orangeburg, SC, 29118
USA under the tradenane Absoran) hylaurlnlc aC|d alglnate
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[0029] Figure 4 shows the effect of protective PEGs on the function of
pPIVHC- GNPs. Au- 021910 consisted of -2x1013 GNPs of 14 nmin dianeter/m

pr ot ect edwbyo2/dé®ots hi ol - PEGs and coated with -120 pMVHCs PGRREP2MUA6MWIBL0 GNPs
(al so -2x1013 14 nm GNP5/ nl) were protected by 5 kD thiol-PEG and were
coated with -175 pMHCs/ GNP. Sanpl e Au-021910 clearly had superior agonistic
activit [0030] Figure 5 depicts In vivo expansion of cognate

aut or euRikeitin gy amosat spifdentso pypagH aiiBARZINC E@dﬂ%whrs@rml@@nezllad fasthenps .

Aver a I

recent arPro S B e DePARRY @hop TBURL RO AR SRFEERSR:.  wo
2012/ QG&Z%&B(&%&%@@&M@&&%@ Aid-tisdoti geni aiemsry( deHs. ImSQQ)lten@(]méd tlat pMHC- GNPs
were GNPs prepared the sane vvaé but coated with a djsease-irrelevant pMViC

conpl edminreiRatier)of apeeeafYIHEY earsimyl dderyineelecubaisanopartisleronyl o &t 2 B8tRat e CDB+
T-cel I gyl i of a
nouse @géi Eﬁfgbﬁﬁé‘g ﬁ%t@%?%ﬁmd%lgbe@w%g? t tﬁ?g%%@%en H?&?ﬁ CT %ﬁl{;@nom%&grcf# (ge}lent m ce
af ter pbﬁulancprsct%s onsh, phé ofbitie@niopplagibnsyeilblbe arhgemspmﬁﬁ aﬁthtumcm@nmcsmmm)/
[0032] hows 30, 00 40, 000 magni fi cati.on C conj ugat ed
Fogoa TS F RO oR o ten et Bbseiepp g Boa g ot inpae N e ﬁéﬁt. cles
( SFPE- 8RRk witBY R B- s‘ﬁﬁfﬁatéxgzrﬁol%ulgs éhﬂrﬁ‘ctl{fzﬂ@ Bl hiride-peEIE8 Ahfi Al hon

380n nL as neasured by Do LI SA. The anti-CD28 concentration is 4rr1rr1_ as
neasurrlee!n@yCBjdﬁt ELI SA. The Fe concentration is 700 ug/nm ( 3.5 X 1014
p1\ 41-1C-FeNPs/ nL). The pl\E-1C valence is 13 p1l\41-1Cs/ NP as measur ed by
Dot - E The I | SA.
[0033]L[b‘§ﬁg]4u ﬂl f%%erwg) ggt‘&ﬁﬂ@&%ﬁ“ © 601\/6%6>?%n%athl(r§:? accgf ig%ﬁ{lg en' ?%o%ugat ed
Fe304 tnasogaid nemesy ¢dIGRPa phikint GBAd LY siich I:R)Bﬁmlhfsfbnng\laﬁ @ﬁadfti\le(}inﬁﬁmt of an
(SFPE-072611) have a core size of 9.4nm The pMHC concentration is 340m nL
as nedstg /exrstipplatory mpll@ulf‘é%%%?ﬁelf%itveb’ncquﬁleé@@a@@WPﬁi‘rt(C @ 5 X 1014
pl\41-1C-FeNPs/ nmL). The pl\E-I1C valence is 16 pl\41-1Cs/ NP as neasured by
Dot - Elth ¥y ﬂlgy’ée{lli fEﬂtI%'ﬂreﬁl%o?ﬁlegt stf?@?ﬂv@&ﬁanEau@&qn&ﬁMs rgﬁéné"sﬂ@ &abs of pMHC
conj ugate SFPE Nanopartic hown 1 n FIgures ar e -agarose gels
bef or €ooposmg ssgsdnﬂlgmeaztmanummdgce@lélxgansmngfﬁ)anaﬂdmaﬁg@nc €Bt8rras€Dé Bl agh
st ai nin Fi gure. 9B .in lanes 1-5 with: 4 1.ig of pWMHC (lane 1), 2
1.ig of Bg{ﬁ%%f 'r‘%}?éh‘)?il?nﬁ?ga%’iV%‘Fm%‘#ﬁE 080311 (lane 3), 20 pi
pl\ 41-1C/ anti CD28- SFPE- 080411 (|l ane 4), and 20 pi of pMHC SFPE-080411 (I ane
5). Fijgerg 9%ne@ei sspsctRelBRb t/£ nik8hod RadREbiMhE thedndiadthiPbf PdankerlifFalpaferd 1),
21.ig of pMHC élane 2), 4 1.ig of anti-CD28 (| ane 3 2 1.ig of anti-CD28
(1 ane which mgthefl cemppiMs@dsmPEenRY 1 sybjeshan &)tigendMH. /mstmlulatenamplecmi@za-
SFPE- FP 3 I es
Ton B St PR EyshupBEFh § Bufpa{lelTh e suRREh B G SingbitdE Bhpgae
conj ugabeldtiGHEanNBsn-spdcifit entil@odigpnic (TScellh gvhiefeh yaid bigded pdptulep@neé ) and
proliferative WD 2012/062904PCT/EP2011/069931 response (CPM right panel)
of pmIetfismepEtQige said cpregl pacrerBsaibpItiges it whecifierp said fymey, wheseip spidnel ) and
proli fy Rans 8- SFPE- 080411.
[oose]aé?%ht}/%?hﬁﬁgﬁ&%‘( %M“Léh%‘?‘%%e. n at%e QMMS%%E% aethgf the mB7.1- hFcAA
construct. The sequences of individual conponents in the fusion protein are
hi ghl i[gﬂhtZéd thdnemfoodiltmﬁsrrg theaimmaniomihdu&wnleé@deof @mn@hgam@mesmc@ﬁbs in a

ite btoz rrBf J]ébﬁrot ein ? t F 11 ?FCAA f ragnent
prot eifi' 'élaﬁlé%eélé §° d@alsb‘}geafgmflﬁ 18p (AaB'I‘ (ir?{/ %9 811(’16’ '6t%i n sequence is
boxed awikdh/MiERYea 8t mLilafte$ moddrdl e/ ﬂh%o?zﬂh@l%%@mﬁ'e@ iRlaR didgnSdubfciéit ko bPmade
within the CH2 region is | abeled with asterics (A* A*). [0037] Figure 12
shows expansipngifiah @ptginyspeeidis p@hé@@omem elt. betarigin aspe@ythe Theadl is aildh
prot e| i A ese t f +

ot o HRY P ol G GRT €l T BRLRE S AR YRR RRh APEE DR cPRChd
desi gned can effectl vely deliver a co-stinmulatory signal to TCR-stimul ated
T-cells. DETAILED DESCRI PTION [0038] It is to be understood that this
invention is not limted to particular enbodi ments 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 enbodinents only, and is
not intended to be limting, since the scope of the present invention wll
be limted only by the appended clains. [0039] It nust be noted that as
used herein and in the appended clains, the singular fornms "a", "an", and
"the" include plural referents unless the context clearly dictates
ot herwi se. Thus, for exanple, reference to "an excipient” includes a
plurality of excipients. |.Definitions [0040] Unless defined otherw se, all
technical and scientific terns used herein have the sanme neani ng as
commnly understood by one of ord| nary Skl II |n the art to which thIS
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WO 2012/ 062904PCT/ EP2011/ 069931 part, fragnment, or segnent of a nol ecul e
that can induce an i nmune response in a subject or an expansi on of

ant i gen- sweanfrmw2@at i -tunorigenic T cells. [0044] The tecmEPca1m6993Ll at ory
nol ecul e” as used herein refers to a nolecule that can produce a
co-stinmulation signal that activates a nave T cell. Full activation of nave
T cells require at |east two signals. The first signal is provided by the
ant i gerenaiors gl eplle dn pyll Axithieg aspepts o Estinyitior) the Thslingla £H% et Esalhoes. The
seconqjipqg ergsehhe co-stimulatory signal. This signal is an agonistic
signal directe %o'co-stinulatory receptors on T cells. T cel
co-stinulation is a critical conponent for T cell proliferation,

di f f erfj@ot3]at Cemaiarchbsdinwinadf.thelpresqut asention releeantd methodnadorieassds nol ecul es
capabl e of . producing a co-stinulatqry.signal.,. As.such, the_present .
 venterBdite M?Ofﬁewl%agﬂoeplaa%%a? @?‘/t&:geélos-p§?lﬁﬁﬁ¥“étﬂb‘?9“$ﬁﬂ°e€ GFI&S InjarsuBishe
'nStaQ@ﬁ§1&E@m&%b&bﬁ&%bﬁh&ﬁ%@ﬁ? REMEsub c@&lﬁﬁ%%H@ﬁMCﬁﬁpﬁﬁ%ﬁmﬁﬁzagon'Z'ng
the co-stinulatory receptor on the T cell. [0045] The term "about" when
used aflequde/panopamticleceaimpdeswyerain soxd, compdex istadmpestatedrie an ainpent aadount , and
concentration, .includin ange, indi cates r.oxi mat i ons ich may vary by
(3 B i Ui bag SRGPopusineyi” i eseR iRy R g g /i Eah e i o
to causgntarl dn iHEAIR rb%)oamm%a&e@ br B8ATNAEk JeveARRIRE OfFicerodl al®FeOfhser6@dN be
nmedi ated by any cell|l death pathway. [0047] "Inmmune cells" include, for
exanplcells #diva  Apsusholby preesentmyeppph oty exsnd Bedisahishloestisesichapd als fhat of bone

marrow. origin uch efectiv i ge I ] | ]. f . ] . that
nave JetiebPedpuiRad® R Ery el M SR ERE Pt el BBy

[ 0048}tuAorsmi mi c" is an analog of a given ligand or peptide, wherein the
analog is substantially simlar to the ligand. "Substantially simlar"
nmeans that the anal og has a bjindin rofile simJar tao the ligand except
the milf¢ hadhopreset mMyspidon ﬁrﬁi&rtepfsﬁgq 5@%6@9&6@%1%%@9 YdA N dRdesmspecitic

col | e‘b%d V@Lﬁh(ﬁ‘%ﬁ?&fﬂ& §nt§§,%hs b @S%elf-RARARAHE a2 ARE aleQRScritiaM AR 8 cdess
than a 3ht 30% "l ess than about 20% |ess than about 10% or less than
about fatexampid)by ibhedtlG(“ Twegehvf Bfot¢chige Tugantnmuigy.” (2009) Cancer Vaccines:

Suf {1 VAR o oiv 1 PhEPF atCe gipbed et 161 AR bR vl

act i Vigehei@ncdrpofdtéd RPREratdeOMhe ARnEREE [ RRUNHRHRD Bertdin siatRhS anli he

effective anount, or dosage, and frequency of adm nistration depends on the
pur podecharyes fus idantifges tuamad-spegifip antezene pre widd kayovindhegrt red have bseesent

di scl qQsur.e. 05 "antigen- Clfil ntiztumorigenic T cells.0

Yoantt ST aRr e R eRAhpECEy SATEhHofr S| PTRRET fop oD s eses

r esponracedphtesit£id diroctbd 8gdifi ahiRAbd@ihinhtSPRASEsdecited GAhe efdationgEhdts,
pre-cancerous cells, neoplastic cells, or developing tunors. It is

cont erpPtat €#ncenBes KR #6380 h&aRlaesy E b ci Inmuapgangetiemooweresef joBsund t o
W C/ cQ- St i pasl<a c / 1 C : i E ering

Fr om qrig PSS Rhhe T RER o AR her B L Rl B F R o o

nai ve PfocHhtl &.chdiBa USAdDBS; 51t 8), afd SuhdeUget ahg “Homamneoeashesgioinse t hat
targets cancerqus. cells possessing said tunor:specif] nt i. . .Such
canceﬁ%‘égléép‘?% 1%%‘8“%‘Eeslﬁféls?srfnttﬁ"ea‘%tgroﬁ?‘bgf oatsﬁf)qcﬁ%ctt/ﬁ»ef%, é%gfsn‘%é??%l so be

ci rculogty ] i j yHRRhat; 1 i, Ng

Chr ough C e B e e b R R PR o b e b ha B et

ant i - ttustechgelngy inftiated dnsimemypeedspbnke/agalm st ampetdhodn thedlodd éhabate chamcteored
limted,to antituporigeni ¢ nmenory CD4+ and CD8+ T cell anti.-.tunprigenic
cyt ot G2 MVIbsHa SPETGRTIREN o otk FHE AT P e RO Bloe BT AP0 1] The
t er ms sequ¥Rtd®ivhi & be diFe@BdG BEY antRen sBRMENTROS foundlto BBYiniaE k4 URkased t hese
terns, when used in the clainms and/or the specification includes any
measurcabirthgdodease or conplete inhibition to achieve a desired result. The
termpreventing as it relates to cancer intends a prevention of the
progression froma pre-cancerous state to a cancerous state. [0052] The
term "cancerous cell" refers to a cell4athat exhibits one or nore
characteristics or hall marks of cancer. Such hall marks of cancer include
self-sufficiency in growh signals, insensitivity to growth-inhibitory
(antigrow h) signals, evasion of pro-granmed cell death (apoptosis),
limtless replicative potential, sustained angi ogenesis, and tissue

i nvasi on and nmetastasis. Each of these physiol ogi c changes- novel
capabilities acquired during tunor devel opnent- represents the successful
breachi ng of an anticancer defense mechanismhardwired into cells and
tissues. WD 2012/ 062904PCT/ EP2011/ 069931 [0053] The termnms neopl astic
refers to an abnormal nmass of tissue as a result of neoplasia. Neoplasia is
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[ 0058] The use of the term"or" in the clains is used to nean "and/or"

unl ess explicitly indicated to refer to alternatives only or the

al t er nat iweomym29out ual | y excl usi ve, although the discl esumEP260pMI8t S a
definition that refers to only alternatives and "and/or." [0059] As used
herein the ternms "i munogeni c agent"™ or "inmunogen"” or "antigen" are used

i nterchangeabl y to describe a ol ecul e capabl e of inducing an i munol ogi cal
r esporl@! dgaFmsedimests f teminserHion ase fhatqt%tw%ethoctsaﬂdmg@ﬁtlng direre8HNGI%ne, in
conj u 0, [ 0060] As
used E%%{élg t,u\motr ﬁe@éﬁﬁ"?\rﬂélﬁﬁgbﬁﬁgé a&é ers (fggan ﬂlti%g?n@gbgélg%w&ﬁo acid

der i vaiolvee/nanopaiticle a@eipdexora stibjenoinraniamdunesudfitient to exparidainti gaiydifitent s,

t he residues of the protei naceous nol ecul e are sequenti al t hout any

non- afHdumeTieds & Crslﬁ% NP dhasisebliienc@e Srmarn g éegﬁl@esl; E%ﬁlaa%ts I'n
ot her #RACh A3 Bart biE pSRAILCH fei ETd SR AR NBicr SRk it no ol ecul e
noi eties. In particul a enbodi nents,” the sequénce of residues of the

pr ot ewnaxpemuhthatﬂwanﬁ@lata;hetaetmm effT uq:itsem‘ Tbgelkpteputmtlonn véhenomtherdon@xtol ecul e

noi et i her ei.n i mmune response” or its

cout vanaHC TR D e e CogEs e s B8R < 1y st o DvarEon.

cel | - npAbREde fs%@%@&%a&l@%glﬂ?a& ﬁ%r&%n@ﬂéh@%ﬁn%@&ﬁﬁﬁlht@onTonﬁé hénPhrtichgiin
secretion products) directed against a tunor-specific antigen or a related

epi t opéoofitizput ampaccoppenting teafriygeningahaelroml ar i mune response is elicited
by the presentation of pol ypeptide epitopes in association with Cass | or

d ass | | es 0. I

2012 4850 pEPREH B ch S Tet a0 P b5 o msthodsipeluds papistescpe

cyt ot @sinpriding @ldasopaftise b@m@anrmygai/mlcmmhmalamp|mtﬂtdum1c@ftpla>t hEtie
conponents. [0062] For purposes of this specification and the acconpanying
cl ai n@ntla%vmo sephiage mostyle comnl gerindeorBledidiggity togreh g gapparticle or

| nt e Ghanggah! W ffob&liEke if cfmti{e HoudlyBRYIEin G Bh BB Rl Cel IS
respon or recogni z i topes can ormed bot h from con |guous
am no cagipdsens (ermcmatal guemsthamqvenmgmdessheﬂﬁaﬁmenbldsqaletselnettlcam be fnokedi ng of

a protei Epj topes far mcon u no acids are typicall

F ot atiNisouBle GE Rant s HemL B i ity S e Srade S5 as puehRyien? by
terti gtiid 8 ShO%kmdWemb¥Bilehded tb %&ch%lkﬁ&% rﬁ%ﬁﬁpaﬂélé‘s) dﬁﬂ@etrﬂdfd e[!;?eét?'aVe”t S.
An epitope typically includes at least 3, and nore usually, east 5 or
8-10 awhopariade d@mplmseaonmpqmeresctfatmatbrld@nfegtedﬁtqrmthe gmtptmnismtmﬁg ofefar mi ni ng
spatia nf or,mat i on, of, epit.opes. i nc r .exa

cryst SPBE Ry iR e Rt FBh Rren i HES e f R 0. g iteon digide, o

Epi t op@nMapPImexide, cstloaohﬁekél C%ga) cop elcﬁluhﬁntﬁrﬁC@&T“@@al%Hianlé% gfahiuapes of
about nine am no acids for cells or about 13-15 amino acids for CD4

cel | s allgy,dapshites tigelciuat phrpsphase.tahemiap; siligse ziseanis diampad: pelysmreps, siliovet r o
gﬁf f%m%ﬁ é)'fg?c%ﬁ)%rngte élyﬂ%{i’]ﬁg&pﬁ&g@@w@ 4 ST ?Iﬂeth%crﬂgtee 5%%?% ope

I ncor pot s I'n response n’ep

( Bur kehRirida) pquéb%@}x)olybmeanamcgpcnyaﬁﬂemelmctaldqumlphngah(aceyt:hltoﬁmm dalliympdsocyt e
yt oki ne secretion. The _presence of a

oor T e B Ger o IRls! BigHalb PSR ees St Ik drih RO BePBLER PeLat on
assayﬁ)ﬂl[@&*PLDEgl pB¢ (2N oflhic %1%}’5 951519 frbnl Zgﬁ%h??ﬁ ﬁhu&ﬁél@l@d (B&Q%éﬂurg

Opt i onal tigen or prefera an epl tope of an anti gen,
chem ¢4, Q9ltﬁ)HEAgandeﬁthE¢r,admanmx@bw &y hydqurianid acsd, atgipatat ein Wit h ot her
protein

h d n g
POt ey B Do BEnc i, Al L LS hE g Bhe e R oh ok sSpdduferel n an

I nt er GARAGGLEDE YordPGse 8h&br Breddha MEtaP&REeti SdAS SEtpSpadfaghétity al |y rel at ed
proteins that function as part of the imune response of an aninal or

reci pingnepartighé. cﬁhqalplot:@np@hlm biaabigorbapdz; natglrparttC@EanlfgwherIchpasﬂjorreebran@d

o ot & Al ete R SR S e D A ae LR ot Ry ot el o biulbe b shar 1 si ng

at | east one of the 20 conmon amino acids in naturally synthesized
proteins, or at |east one nodified or sunusual am no acid. [0066] As used
herein, the terns "patient” and "subject” are used synonynously and refer
to a mammal . I n sone enbodi nents the patient is a human. I n other

enbodi ments the patient is a mammal conmonly used in a | aboratory such as a
nouse, rat, siman, canine, feline, bovine, equine, or ovine. [0067] As
used herein, the term™"treatnent” or "treating" means any treatnent of a
di sease or condition or associated disorder, in a patient, including:
inhibiting the disease or condition, that is, arresting or suppressing the
devel opnment of clinical synptons, such as cachexia in cancer; and/or
relleV|ng the dlsease or condltlon that |s causi ng the regression of

e o S o



WO 2012/ 062904PCT/ EP2011/ 069931 70% or from about 45%to about 75% or
from about 50%to about 80% or from about 25%to about 55% I1.
PHARVACEWVOCAL/06ZIPOSI TI ONS AND ADM NI STRATI ON [ 0071] TireTmPesi@06998nvent i on
i ncl udes nethods for preventing, aneliorating, or treating patients
suffering from di sease associated with cancerous cells, neoplastic cells,
rret astatic cells, or devel opi ngitum)rs As such, the invention cont errpl at es

" v ac cimasgrtols polyfdiexalpspatisid dia P RRBPLH Y clags angd gthga modiiied debdsrcataitdss)
Conpos| i QNSaPk %Bﬂﬁlgge %n(a Asosiitable for use as a vaccine can be prepared

from tunor-spec eni ¢ nol ecul es. The invention includes

conposi tions and nmet hods to i nduce or nodify an i nmune response agai nst a
t unor {8@Kgi f Cert@ntsgets,of ¢hegnyemiopohgtpépheitieds adupepipoditionacanprdridy/ dr at e, a
l'i pid or. other nol ecul e .or. npl ecul ar fra ment . %072£§%e aspect af the

pr ese AU EHVRTATRATES VhiER Hhly eampsise\eR rmyrec e GREM PSS a

pati enfrp él%'zﬁ@;ﬁﬁieb BleftilQ, 1€ GRS /aBdhy Giglel, lﬂﬁ&V‘En*a otl'fé?rm&%Lﬂ@s'tHattpY&%%eOf
cancers, tunor-specific antigens are wel|l-characterized. In these

i nst amasiucaalpamtlgntc atmniugk respoukey génepillygetsaied teamangigensoul d be i nmuni zed
with antigen/MI|C co-stiumlat ory rml ecul e/ nanoparti cl e conpl exes that are
ant | gg ec f'e?tafnogs 3 ﬁlle an{qur ;11 I Sc%rs 1Hu ar‘Eo Ofmélre]culcorirlpb()s' tions
according to tHe prie8ent TAVERT T on Wil pr| ca A ANy “COMON T out e.

Thi s icresslided (cdtjigaldl) lfkﬁﬂlemaﬁd)ﬁa@@clés(?de@aﬂ%dt}ﬁf@ﬂl usnag hfm{da@ kBowh B thaster mal |
subcut aneous, intrarmuscular, int raperl toneal , intranasal, or intravenous

i nj ectskibied 1 e tnenaanisBEingeKrEplef vughcd métheé %é@wgmgmna@am%éﬂ ed
Fof or andaTeer I MtnpiB i o i Bl BRARLoBL oI RERRBREYERICY . (o,
ot her congks aafl cadtimil@dryathsoleculée ndthudenjgaling ayeny Itl&tretq:rfmm@gah formul ati ons

i ncl ude .such nornmal ly enpl oyed exci |ent f.or exanp har maceut i cal
gr e SNBEETAT eptm AT B g ccule gt ewgﬁié@ irEAiag éé}@a?r@rﬂ%gq Breemekhiar i ne,
cel | ulgpsg W%ﬁ;’%ﬁéﬂ%ﬁ%ﬁﬁﬂgéﬁnﬂgof éifch'a'rﬁéthodT BESR I RATROS hhh AR &o%nt he

f orm of _sgl utions, suspensions, tablets, pil capsul €es, @aal ned rel ease
f or mulaati gavis H§Y cqmp\ldle asd anehmolla.tcay moad@uhatlnql(l%st(a) ®hctutg @%lgén/hﬁi(i? ve

d f bl b % t. bout
205 GEI8AHEN PeeB T HBGGHeF 6 P i eal T decabRaeniey.dhireby frming an
I NventihAferVBIQEShMNeS hed @@onﬂmﬁla’f@f? AR leeRNRAPIBY: QnMﬁ)neédﬁﬁﬁQQﬁﬁQ@amcle
formul atron and frequency, and in such anmount as w | erapeutically
ef f ecttd the conpléxerrahsemtad |S¢m;h that. tha et gen AHC sompberbandabiercerisemelaaty areglesslis on
(1 S b R B RO IR B o B R BRL AR L o 70 T

sui t aftbﬁcdﬁﬁﬁﬁﬁg&thl’e@Bglpln‘ex&if@te@f(a)tﬂb@o@ peEormdihg 5@P (b Iaavethal erhibudihest, hanogr ans
or micrograms antigen/ MHC/ co-stinul atory nol ecul e/ nanoparticle corrpl ex per
adni nicepugRtngrAgeR GantIsIses ¢ bejpiobduncionply pgqnk| InpygtppetBerenbadimedthBoost er s

I f d
by sul Sy HRtRh: el B BOMIPInal M4 AR A By BB EAT RO RA) Sy Ere
vari ecd4mdmrh1yudy@nwoafbohweammnh@ém (%pgaidyttbﬁ@)@cdserfeo)c SLdfh?LGLSMPEtl on of a

acc a e are. b eved to jnclude gral a ation on a
sol i hqﬁ}ﬂfﬁév @Eﬁ %ﬁ%-a&@ﬁs %1Pé(“65é11§1é‘|’)6ﬁ\’/1ui”ﬂ1d8 bmgﬁﬁo Rk e e&& p't abl e
di Sperlﬁﬁ&ﬁ‘hlol%é ?{l’él?rd?'ahy corQb{mhtnd)@@lEfe%P ey tShPatleﬁt“i%thi'tﬁ)n‘i@ésage of the

anti gen/ MHC/ co-stimul atory nanoparticle conplex will depend on the route of
adni ni2907R508RS; U RePdtemgimsnd.p7 bPSfdint 39 &0Or a&um%m&%m 4.489,33%cor di ng to

hoci + Aero R RaBRbRL 1 B s i U en e Rl R M 88256 it e or

nol eCl&hé@ﬁ@mohju%hﬁng:&ﬁﬂh%s tahﬁabparaélemﬁﬁa@pauue@rthaals&@aﬁ& ofhaith 3, 4,
5, 6, 7, 8, 9, 10 or nore. The adninistrations will normally range from 2

day t @re wedrperajgstier¢inberefaresce.nor e usual [y fromone to two week intervals.
Peri odi ¢ boosters at intervals of 0.5-5 years, usually two years, wll be
desirable to maintain the condition of the i Mmune system The course of the
adm ni strations nmay be foll owed by assays for inmune responses and T cell
activity to nonitor therapy and treatnent. As such, the present nethods can
be conbi ned with known nethods for the nonitoring of imune therapy to
provi de a course of treatnent to the patient until reaching a desired
clinical endpoint. A Conbination Therapy [0077] The conpositions and

rel ated nethods of the present invention, particularly admnistration of a
anti gen/ VHC/ co-stinul at ory nol ecul e/ nanoparticle conplex, may al so be used
in conbination with the admnistration of traditional therapies. WD

2012/ 062904PCT/ EP2011/ 069931 [0078] In one aspect, it is contenplated that
a ant| gen/ M—lC/ co- stl rrul at ory rml ecul e/ nanopart| cI e corrpl ex is used in
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[ 0084] The pharmaceutical forns suitable for injectable use include sterile
aqueous solutions or dispersions; fornulations including sesane oil, peanut
oi |, or awyoeormeproapyl ene glycol; and sterile powders f®CTIERR011/069931

ext enpor aneous preparation of sterile injectable solutions or dispersions.
In all cases the formnust be sterile and nust be fluid to the extent that
it may be easily injected. WD 2012/ 062904PCT/ EP2011/ 069931 It al so should
be st dB001unbresertatneenabndiments Hs aotigerdiiGleesrimubaiery sialecatfecomplenisgpadsdy

prese % naLj [
bact erfyg%éﬁsg@ﬂﬁ%theqﬁo%gﬁ#& Iﬂeaﬁ%m %I ons lftlcm gé(a?%rggrr% %??& Cﬁ)g@% o0
neut r grovddeszad intdratethateRhat svageigesd @ﬁiﬂo}bamte@mﬁakﬂoestﬁmﬂﬁtsry moketuideotjied aci d
addition salts (forned with the free am no groups of the protein) and which
are fSRRE@MAECIEnor gani ¢ aci ds such as, for exanple, hydrochloric or
phosphoric acids, or such organic acids as acetic, oxalic, tartaric,
rrandellmyz an‘ﬁhé E‘eﬁ‘lcéﬂs Kre-cafderSust Rl'iﬁl?%gaﬂﬂ/éﬂhefobﬁstfld &ﬁldﬁ%@%%’ed gy Adsehads al so
derived frominorgani c bases such as, for exanple, sodium  potassium
ammnlaudtcomabs:tlcumn of ¢iris fliselosere hyajmcwmdwﬁ to amdspsaidie colrlgmmmmbals@or spscific
i sopropyl a met h |st|d|ne roca the |ike. [0086]
Ther camiebPurEyiE T yik (T Fiisat) i curBr St S TR srtaiont Ryt ¢ o
exanplcglls, Wadteds, thetdRBRus AR M@he&aﬁ@ﬁs 8@”@4}@)‘[@6 ¥ @pb&nt oP&OPY! ene gl ycol ,
and I|qU|d pokﬁ(ethylene gl ycol), t he ke), suitable m xtures thereof
and v@g@gq@@ Fo-stimlgory lef’na@pmrtlyle@aﬁlpl% lﬁﬁtrmeéméémgn@rfr@n ahpl e, by
the u s | t required
part i artios GBI Len RbE AT BE W te SRS FRRAER iBhundS Lo " The
pr everhhanowsf pleh@negdbusost mbpmm@m gvansttmsuclaprdmm@mpgbpesatmubeé:ny vari ous
anti bacterial and antlfungal agents, for exanple, parabens, chlorobutanol,
phenolidengidied for aaearigty efifapesdsal, and the like. In many cases, it will be
preferable to include isotonic agents, for exanple, sugars or sodium
chl or iiga1) P il QMASAARSASCRL biGfishvciien. Al SAIE BHRpGRAPOSHL LS FAFIDE-
brought about by the use in the conpositions of agents del aying absorption,
for eﬁamlmryamolmuﬂnjmnmmteeamml@c andlagyelkcadtirmon{cde87jl NGHErdlase LlionMEEE€ abl e

sol utions_ar repar ed r ting the active co ou ds i h

" oqun B U TR A el oiRARCAAART shitboRth S ettt RA-

i ngredy et 5- EEQ{L%I@M-EbPM@&-FaHLAGG%JI%Ie fpghicaweigi alYor phRof hiFAaA i0N.
Sterilization of the solution will be done’in such a way as to not di m nish

t he ammdleqyde, Woges %%Ao@é@?tqlé‘éH@f clagsd npfémul@eﬂm—t@nc@a%tcahmf&i elags I

ol ecul GhANORAY LGk fe (BIAKE Hoecu il SANSHRNS, AP BE ERAN S DY hFRERAGLAt | ng
the varieus sterr{iZed active |ngre3|ents in e vehic i'ch

cont aipag of A¢IIRDR mgm SoraHiL AEDIP_ UIn @Adint RPedtS ehs drﬁ@eﬂl\/ﬁ%/cb%ﬂﬁﬁ@lt@@t S
frontthose enumer at ed above. In the case of sterile powders for the

pr eparigleqie ermplesis qoxalienileet apreovalsnily cowed @rr?étaﬁbeéift@raﬁéastw& hods of
prepa s techni ques, which yield a
powder’ o’fg%?/%?lgé‘%é%e i ﬁgi‘”*a?%%‘?%attéﬁé‘?ﬁe 95%@%012/ 062904PCT/ EP2011/ 069931
additional desired ingredient froma previously sterilized solution

t her ed0022Pn eCetstimubatdry amabledul estaze imlol xates ot pfodubea serlonddrpnigngl igtvewitha
filtration Lnvention is nt. to include, any net hod of

Ster | PPYRT IO HEDONE A a MG Fa P eaRfFy e Pl S Rie BarHogen o

pr operdpdiseab cEl @@&%@%&Mﬂﬁé&ﬁc fibti g8 Bta@iols FRLEAULRINAIAREIL hfd Well-

conpl exes. Met ho s of erilization that involve intense heat and gressure,
such &soantodleavi Ayl thewyeseuiripyantion és ndidimitadtth ang specifisotonstienditotshwolsowpl ex,

pept 1 ou e iR o o SEBFGRT AR A 0T, PRERL: EpRTRELUCT sBh 0%,

ef f ectdDs, APV andICON At dntbdAm Tt RIY| @ftspecifio IPQE il Adtyinsole@l€fsm ned
based on the intended goal. The term "unit dose" or "dosage” refers to
physi ¢arplgd & %W@paﬁmﬁ tI8 agethergmbodirent, & earjahy af {fkjeat eo-sienelatain; t
containing a predeterm ned quantity of the conposition calculated to
produce the desired responses discussed above in association with its

adm nistration, i.e., the appropriate route and regi nen. The quantity to be
adm ni stered, both according to nunber of treatnents and unit dose, depends
on the result and/or protection desired. Precise anmounts of the conposition
al so depend on the judgnent of the practitioner and are peculiar to each

i ndi vidual. Factors affecting dose include physical and clinical state of
the subject, route of admnistration, intended goal of treatnent
(alleviation of synptons versus cure), and potency, stability, and toxicity
of the particular conposition. Upon formulation, solutions will be
adntnlstered |n ~a manner conpatlble mnth the dosage fornulatlon and in such
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[ 0093] Co-stinulatory nol ecules are nol ecul es that produce a secondary
signal in vivo that serves to activate naive T cells into antigen-specific
T cel | s capabizeefo4pr oduci ng an i mrune response to cel | PCpEPEIHNHIVF1 sai d
specific antigen. The present invention is not limted to any specific
co-stimul atory nol ecul e. The various co-stinulatory nol ecules are

well -known in the art. Sonme non-limting exanples of co-stimulatory

nol ec uheculgsarggoupledqo|tispiameappoparfigles in pertayrRgmbegmgnts dsgen-stompgdatorvand 1 COS.

Only ifi Oz Si i C . G |.ed.:

nanopar e aEsisirGuefish ofb) B ok R EFdb TR A APLRES BRI recemter o 1 e
sanme mardpa¢lt i altkis chse, derandbaodyeirbashbiesttisdidie; € co-stirmulateay sipyalrtbdtéecul e is a
protein such as an antibody that js capable of agonizing. a co-stinulatory
r eceptSFESHHY & getivate naiyenl gdlisgan é%‘]é’,ce FRENANET BOBYSP 4N R PHBICE-SBfCithduci ng a
co-stijyl.gtory signal that is necessary to activate naive T cells and

i nduce an I mrune response in an antigen-specific manner. [0094] The
co-stimul atory nol ecul e can be coupled to the nanoparticle in the sane
manne 0823t h&hasubisgetn Iy celbynp nenxcpattivl o @neeriiodl awact abfthe inetapirigwention is

i nventjon, the co-stimulator l.ecu and the antigen/{ MAC ¢ I are
separ AbERipoNes aEmamcl | RoRr imBRuREn, s Bafopaiof Rab ML AR ARET 4PO oRLR

I nventdiioterlt MeefeRbS tBMALPANM IR fout 8 naNe abber B G BiaMdfer C R Bixerar e
first conpl exed todether and are then subsequently conplexed to the
nanop&#ibiodingent fhegligaster of the ngimppttictiels eber| S @gowr’s mads@bew It iHe to about
Nanopapt £1eS b Mo &b, PANIPATLI Ehsohbil RASSIRGHAAN 0GRy R) AbuPoY YRR | de
conpl éxes ’having "a rati o of nunber of “Rol'ecul &s* Aunber 0 hanoparti cl es

f rom abouit], nrato hieas 80 abhouh oae embodidst, alondnoPardicle@omprides dlfdetall 8Och &0€n 1000
or nore to:1, nore tgpically 0.1:1 to 50: 1. The-polgfeptide content of the
nanopd¥ {708 ogklec Amamgherembodim@n the naprattigigcaeprisethhiogoeratibieie rati on of

t he cq: Skl I : [ out

0. 1, " SIEN UG Bl BEC i By L e N R Rl ERo ARl R AP

co- st ivndl satlothat ahenidtenaf thegenbdpddacleoimpliexisilsnizdt depedks oBtheVhi@noheen| es

[0095] Intracellul ar and extracellul ar antigen resent quite different
chal | S gBenitaly hi G BTE T dui ool cermEs uB Bl b bRerdidg Toker
appr ORI AEB1dcBIRP 2R exiin Wa%nmaﬁfcalmgwﬁB%cﬁl@ NonW¥issical MHC

2012/ 062904PCT/ EP2011/ 069931 cells is nediated by two distinct classes of
nol ec uhdeculgd@re tlrasact¢rizeNMaCnon-palychokpids, slonsssvdd anfvidGpe¢ips andhpaskeseng| i ze

di stinct antige rqcessi n at hways., Peptides derived fromintracellular
ant1 odof b B R R BN T B b AR 0 b e
expr egps@entiy My édlipads a‘hdf}ihbsc%glibiﬁs t&Whdueal &4 11 6raC EVK T adlisaNK D eélisdepicv@s a
pepti des are presented to + T cells by MHC- 11 nol ecul es. However, there
are ceéntaiedysrizasyte rapslation thit so-gkerasi Wkneell Seaykera pndsa semicigvaizans Tekbwn t hat
pept i e t. | . r | whl i are

o esent iRy Thoy e ERaRE R BARROEY MRl e SRR SRIEIERCLF, o

| n cenreddraggdafdiisasdss of the invention, a particular peptide derived from
a tunor-specific antigen is identified and presented in the

pept i C/ co-stj nmul atory nol ec angparticle conplex in. the cqontext of
an ap_ﬂﬁéz%T i atleCeRRic EPERs te %%FWHE@}B-@B&%%Iﬂolegﬁ%)/awpa%&&%l} IPhe
genet 'n%ed@&%&dﬁﬁni@tet%d%i%?%n DB RLi PGS &Rk af FhBILAL R&pYRkYeCg MEC

pol ypeptide is to be use or "a particular patient and a particular set of

pept i desbody0egehsdNoln-paitasibir calbolHEnts Hhecutigen/BHEC/ab-somobmergnpl at ed for use

in MHC conpl exes of the inyention. n-cl assical . nol ecul es are.

non- paIROTH EPo sl rRsn BsHG D6 e GoD B ogo b aLohF R 4k iauves
hydr ophgbhduck ke amshday ReipdgseRprkRl o thEthRserBin@iing pockets are capabl e of
presenting glycolipids and phospholipids to Natural Killer T (NKT) cells.
NKT cells represent a unique |ynphocyte popul ation that co-express NK cel
markers and a sem-invariant T cell receptor (TCR). They are inplicated in
the regul ation of inmune responses associated with a broad range of

di seases. C Antigenic Conponents [0097% Certain aspects of the invention

i ncl ude net hods and conpositions concerning antigenic conpositions

i ncl udi ng segnents, fragnents, or epitopes of polypeptides, peptides,
nucl ei ¢ aci ds, carbohydrates, |ipids and other nolecul es that provoke or

i nduce an antigenic response, generally referred to as antigens. In
particul ar, antigens, or antigenic segnents or fragnents of such antigens,
which lead to the destruction of a cell via an i nmune response, can be
identified and used in maki ng a MHC/ nanoparticle conpl ex described herein.
Such antigens can be presented on and are specific to tunor cells.

Enbodi ments of the invention include conpositions and nethods for the

o, . Y o o o o



SEQ ID No. 7 Leu Met Ala Asn Ser Thr Trp Ay Tyr Pro Phe Hs Asp Ay SEQ ID

No.

Thr
Leu
Val

Tyr
Au
Lys
Leu
Leu
Val

8 Leu Asn Val Val Pro Trp Asn Leu Thr Leu Phe Ser Ile Leu SEQ ID No. 9
H s Se02Pe06I9en Al a Phe Lys Arg His Val Cys SEQ | D ROT/EPQO1IA®IBEU Ser
Pro Pro Ser Leu Ser Leu Ser Ile Cys SEQID No. 11 Gu Arg Pro Ser Ser
Leu Thr Ile Tyr Asp Ile Gy Ile Gn Cs SEQID No. 12 Cys Tyr Gn Gn
Thr Asn Leu Gn GQu Arg Pro Ser Ser Val SEQ ID No. 13 Thr Val du Pro
Thr Ay Asp Pro Val PKE Q@ETAQ@QEJ@@%E%IWNO. 14 Cys Ser Arg Lys
Arg Ala Asp Lys Lys Qu Asn Gy Thr Lys Leu Leu SEQ ID No. 15 Phe Leu

VahodsgU FhyrdidGid i%{} h lspb&Hcdtlon axf hredti Met Phe
SEQ %5% NO. élfmﬁ’é&{ @3*" ‘fgéug%‘ QEE% F#’ges%/‘?‘gpﬁac e 2 E&re| 1%1’ R@!" iy Lys Val
THurtigerdeBenstiinecevain Adpbct SBLIhk Prdvont ifi@ention. 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.

[0026] Fig. 1. depicts a representative TEM image. pPMHC-coated GNPs(Gold
Nanoparticles) (14 nm) are concentrated at high densities (~5x10"°/ml) and monodispersed. Mag:

50,000X.

[0027] Figure 2 represents the effects of pMHC (GNP) dose and pMHC valency on the
agonistic properties of pMHC-coated GNPs. The Figure compares the amounts of IFNy
secreted by cognate 8.3-CD8+ T-cells in response to two different pMHC-GNP samples (both
consisting of ~2x10"° GNPs of 14 nm in diameter/ml). Au-022410 and Au-21910 carried ~250
and ~120 pMHCs/GNP, respectively. Au-011810-C carried ~120 control pMHCs/GNP.

[0028] Figure 3 depicts the effect of size on agonistic activity. Au-022410 were 14 nm
GNPs coated with a relatively low pMHC valency but prepared at a high density; Au-032310
were 40 nm GNPs coated with high pMHC valency but at low density. Au-022410 had superior
agonistic activity than the Au-032310 sample. Au-032310-C are NPs coated with TUM/K®
(negative control pMHC).

[0029] Figure 4 shows the effect of protective PEGs on the function of pMHC-GNPs. Au-
021910 consisted of ~2x10"> GNPs of 14 nm in diameter/ml protected by 2 kD thiol-PEGs and
coated with ~120 pMHCs/GNP. Au-011810 GNPs (also ~2x10" 14 nm GNPs/ml) were
protected by 5 kD thiol-PEGs and were coated with ~175 pMHCs/GNP. Sample Au-021910

clearly had superior agonistic activity.

[0030] Figure S depicts In vivo expansion of cognate autoregulatory CD8+ T cells by
directionally-coated IGRP36.214-K*-GNPs. Average % of CD8+ T-cells in blood or lymphoid
organs (pancreatic or mesenteric lymph nodes —PLN and MLN, respectively—) that bind IGRPs.



Leu Val Pro Ay Thr Lys Phe Tyr Ile SEQ ID No. 20 Leu Leu Pro Ile Arg Thr
Leu Pro Leu SEQ ID No. 21 Tyr Leu Val Lys Lys Ay Thr Ala Thr SEQ ID No. 22
Ser Leu RNo28i2z06@0a Thr Ile Trp Val SEQ ID No. 23 Met LedTiHPeoidoesIvet Tyr
Phe Tyr Thr SEQ ID No. 24 Leu Met Trp Thr Leu Pro Val Met Leu SEQ ID No. 25
Met Leu Ile Val Tyr Ile Phe Qu Cys SEQID No. 26 Tyr Ile Phe Qu Cys Al a
Ser Cys I|e WD 2012/ 062904PCT/ EP2011/ 069931 SEQ I D No. 27 Leu Val Leu Met
Leu | he-Katetrapers|(ped o) | Gome! pYBIGIGNE severef N pyepargd thegaige wayiut eatedsEQ

| D No.vga%egigﬁsg_?@?\%{m%ég&nﬁgg (meﬁh)e Ala SEQ ID No. 30 Phe Leu Leu Val

vVal @3

[0031] Figure 6 depicts massive expansion of cognate CD8+ T-cells in mice treated with
pMHC-coated NPs. Upper panel: profile of a mouse sacrificed after 4 doses. Bottom panel:

profile of two different mice after 10 injections (blood only; alive at the time of this submission).

[0032] Figure 7 shows 30,000x and 40,000x magnification of pMHC conjugated Fe;O4
nanoparticles (IGRP/anti-CD28-SFPE-080411) in PBS. Iron Nanoparticles (SFPE-072611)
have a core size of 9.4nm. The pMHC concentration is 380 ug/mL as measured by Dot ELISA.
The anti-CD28 concentration is 124 pg/mL as measured by Dot ELISA. The Fe concentration is
700 ug/mL ( 3.5 X 10'* pMHC-FeNPs/mL). The pMHC valence is 13 pMHCs/NP as measured
by Dot-ELISA. The Anti-CD28 Valence is 1.4 IgG/NP as measured by dot-ELISA.

[0033] Figure 8 shows 30,000x and 40,000x magnification of pMHC conjugated Fe;O4
nanoparticles (IGRP-SFPE-080411) in PBS. Iron Nanoparticles (SFPE-072611) have a core
size of 9.4nm. The pMHC concentration is 340 ug/mL as measured by Dot ELISA. The Fe
concentration is 500 ug/mL ( 2.5 X 10" pMHC-FeNPs/mL). The pMHC valence is 16
pMHCs/NP as measured by Dot-ELISA.

[0034] Figures 9A-C show agarose and native gel analysis of pMHC conjugated SFPE
Nanoparticles. Shown in Figures 9A and 9B are agarose gels before coomassie blue staining
(Figure 9A) and after coomassie blue staining (Figure 9B) loaded in lanes 1-5 with: 4 ug of
pMHC (lane 1), 2 pg of pMHC (lane 2), 10 pl of SFPE-080311 (lane 3), 20 ul pMHC/anti-
CD28-SFPE-080411 (lane 4), and 20 ul of pMHC-SFPE-080411 (lane 5). Figure 9C depicts a
native gel loaded with 4 ug of pMHC (lane 1), 2 ug of pMHC (lane 2), 4 ug of anti-CD28 (lane
3), 2 ug of anti-CD28 (lane 4), 18 ul of pMHC-SFPE-080411 (lane 5), 18 ul pMHC/anti-CD28-
SFPE-0080411 (lane 6), and 10 ul of SFPE-080311 (lane 7).

[0035] Figures 10A-B shows IFN-y and proliferative responses of 8.3 cells to pMHC
conjugated SFPE-NPs. Figure 10A depicts the IFN-y (IFNg, left panel) and proliferative

10



SEQ ID No. 31 Leu Val Val Gy Leu Ile Val Ala Leu SEQ ID No. 32 Lys Val Val
Lys Ser Asp Phe Val Val SEQ ID No. 33 Thr Leu Pro Val G n Thr Leu Pro Leu
SEQ | D Nowo2d12Aspooteu His Val Ile Ser Asn Asp Val SEQ | PCREP2B5/0¥®B1 Leu Val
Hs Pro Gn Trp Val Leu SEQ ID No. 36 Phe Leu Arg Pro Gy Asp Asp Ser Ser
SEQ ID No. 37 Ala Leu Gy Thr Thr Cys Tyr Ala Ser SEQ ID No. 38 Lys Leu G n
Cys Val Asp Leu His Val SEQID No. 39 Gu Leu Ala H's Tyr Asp Val Leu Leu
SEQ | megnonsedGPA& ighe pansbrof@MHASFRY-080dp. Brgyre £0B Seacts thad'N-2 (IFNg lafieu Ar g

val Aslﬁgﬂ@/ g%gprrolifgrﬁivléergsp%gs% (ICBI\}EOrigh%IZ)ane tof%?\&Hé?a%ti%lBZ@S@Pﬁ%O% f Phe Leu

SEQ |

[0036] Figures 11A-B shows the protein and DNA sequences of the mB7.1-hFcAA
construct. The sequences of individual components in the fusion protein are highlighted in the
following manner: the HA leader protein sequence is in a white box, the mB7.1 protein
sequence is underlined, the hFcAA fragment protein sequence is shaded grey, the BirA
biotinylation protein sequence is boxed with diagonal lines, and the mutated FcR binding site

(LL to AA) within the CH2 region is labeled with asterics (A* A*).

[0037] Figure 12 shows the proliferative responses of CD4+ T cells to mB7.1-hFc fusion
protein in the presence of a suboptimal concentration of anti-CD3 (0.5 ug/mL) This figure
demonstrates that the mB7.1-hFc¢ fusion protein as designed can effectively deliver a co-

stimulatory signal to TCR-stimulated T-cells.
DETAILED DESCRIPTION

[0038] 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.

[

[0039] 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.
L Definitions

[0040] 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.

11



Al a

Ser
Ile
Ser
Lys
Trp
Asn
Pro
Arg

Leu Phe Asp Ile Qu Ser Lys Val SEQ ID No. 44 Leu Leu H's Qu Thr Asp
Ala Val SEQ ID No. 45 Val Leu Ala Lys Qu Leu Lys Phe Val SEQ ID No. 46
Leu D=0 20rym6cd0om Pro Ile Pro Val SEQ ID No. 47 Asp LeGTHiPe01@EHg99Blie Trp
Lys Val SEQ ID No. 48 Pro Leu Gu Arg Phe Ala Qu Leu Val SEQ ID No. 49
Gn @y Asn Phe Asn Ala Trp Val SEQ ID No. 50 Asn Leu Leu Arg Arg Met
Val Thr SEQ ID No. 51 Asn Leu Phe GQu Thr Pro Ile Leu Ala SEQ ID No. 52
Ld004e &8 yserhierppghe/tgrmGeamprigingEey joomusisess 3s @tgpded tp wean tpsthyr p val

(Lgézg g%tiiﬁa%nlg‘l%é&ﬁ%%ﬁ@g@édh?r%itg@%le}@elnts’,b‘lo@t n%?rexé[é(&iné%ﬁlexal“ogﬁgsth% No. 55

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.

[0042] 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 nanoparticles used in this invention. In one embodiment, iron (III) oxide and a
biocompatible, bioabsorbable polymer can be combined. For example, iron (III) oxide and

PGLA can be combined to form a nanoparticle

[0043] An antigen/MHC/co-stimulatory molecule/nanoparticle complex refers to presentation
of a peptide, carbohydrate, lipid, or other antigenic segment, fragment, or epitope of an antigenic

molecule or protein on a surface, such as a nanoparticle. "Antigen" as used herein refers to all,

12



SEQ I D No. 56 Leu Leu Leu Leu Thr Val Leu Thr Val WO

2012/ 062904PCT/ EP2011/ 069931 SEQ I D No. 57 Leu Leu Leu Thr Val Leu Thr Val
Val SEQ IWwoNo12/Phe Leu Ser Phe His Ile Ser Asn Leu SEQTIHP20N0/06891 Leu Leu
Val Leu Val Cys Val Leu Val SEQ ID No. 60 Ala Leu Leu Val Leu Val Cys Val
Leu SEQ ID No. 61 Ser Leu Ser Tyr Thr Asn Pro Ala Val SEQ ID No. 62 Asn Leu
Thr Ile Ser Asp Val Ser Val SEQ ID No. 63 Ala Leu Ala Ser Thr Ala Pro Pro
Val SEat] rgueentgy sagyent|of aneeleqyethyt ganTRdudgea impRingA¢spSEso in @ SN eCtes aphe | | e

Leu g/té%o?ngﬁ)ﬂyf%gggén-&Eiﬁé‘aﬂti%#i&n’h@T B Leu Thr Ala Qu Cys Ile Phe Phe

Val

[0044] The term “co-stimulatory molecule” as used herein refers to a molecule that can
produce a co-stimulation signal that activates a naive T cell. Full activation of naive T cells
require at least two signals. The first signal is provided by the antigen displayed by antigen
presenting cells bound to the MHC complex. The second signal is the co-stimulatory signal.
This signal is an agonistic signal directed to co-stimulatory receptors on T cells. T cell co-
stimulation is a critical component for T cell proliferation, differentiation and survival. The
present inventions encompasses molecules capable of producing a co-stimulatory signal. As
such, the present invention is not limited to a specific co-stimulatory molecule. In some
instances the co-stimulatory molecule is an antibody capable of agonizing the co-stimulatory

receptor on the T cell.

[0045] 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 %.

[0046] 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.

[0047] “Immune 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 immune cell is derived.

[0048] 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.
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Met Leu Gn Asp Asn Cys Cys Gy Val SEQID No. 68 Ile Leu Cys Trp Thr

Trp
Phe
Met
Ile
Val

Asn
Au
Tyr

amount, or dosage, and frequency of administration depends on the purpose and the antigen and

can be determined according to the present disclosure.

[0050] An "antigen-specific anti-tumorigenic T cell" or “anti-tumorigenic T cell” isa T cell
that is involved in the immune response directed to the treatment of disease due to cancerous
cells, pre-cancerous cells, neoplastic cells, or developing tumors. It is contemplated that
administering tumor-specific antigens covalently bound to MHC/co-stimulatory
molecule/nanoparticle complexes to patients suffering from or at risk of suffering from a
developing tumor will differentiate naive T cells into T cells capable of undergoing an immune
response that targets cancerous cells possessing said tumor-specific antigen. Such cancerous
cells need not be in the form of a solid tumor, but can also be circulating in the blood, as in
cancerous lymphatic cells, or migrating through the body, as in the case of metastatic cells.
Specific anti-tumorigenic T cells expanded by this method include but are not limited to anti-
tumorigenic memory CD4" and CD8" T cells, anti-tumorigenic cytotoxic CD8” T cells, and anti-

tumorigenic CD4" T helper cells.

[0051] 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. The term preventing as it relates to cancer intends a

prevention of the progression from a pre-cancerous state to a cancerous state.

[0052] The term “cancerous cell” refers to a cell that exhibits one or more characteristics or
hallmarks of cancer. Such hallmarks of cancer include self-sufficiency in growth signals,
insensitivity to growth-inhibitory (antigrowth) signals, evasion of pro-grammed cell death
(apoptosis), limitless replicative potential, sustained angiogenesis, and tissue invasion and
metastasis. Each of these physiologic changes— novel capabilities acquired during tumor
development— represents the successful breaching of an anticancer defense mechanism

hardwired into cells and tissues.
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Phe

Val Leu SEQ ID No. 69 Lys Ile Leu Leu Ala Tyr Phe Ile Leu SEQ ID No. 70
Val Gv9 2012006808 Leu Phe Cys Leu SEQ I D No. 71 Val LedTEPoo1Ses99%al
Phe Leu SEQ ID No. 72 Leu Leu Ser Val Ala Met Phe Leu Leu SEQ ID No. 73

Al a

Leu Ay Ser Leu Pro Phe Phe Leu SEQID No. 74 Ile Leu Asn Ala Tyr Leu
EOVaI Q1D No. 75 Phe Leu Leu Val Ay Phe Ala Gy Ala SEQ ID No. 76
4ln ﬁrl e@q’aVEémOAma it anygynt gt cf ot Noachwe@wnw@fiednmrpmpe ger Lys

fllioRoRT d2I1 1?380rT'I" ell‘f? TtfonYal s HEL¥RY &SRR iRk taﬁ,I fheBRR ik No. 79
Ma\n?D p y r Y Ser én @é’l



SEQ ID No. 80 Lys Met Ala Arg Phe Ser Tyr Ser Val SEQ ID No. 81 Gy Leu Val
Met Asp Gu His Leu Val SEQ ID No. 82 Phe Leu Pro Ay Cys Asp Gy Leu Val
SEQ | D Now028120p2900et Leu Gy Ser Phe Cys Ala Cys SEQ | PClREP284/0d9981 Leu Al a
Phe Arg Asp Asp Ser Ile SEQ ID No. 85 Trp Leu Pro Lys Lys Cys Ser Leu Cys
SEQ ID No. 86 Cys Leu Asn Ay Ay Thr Cys Met Leu WO

2012/ 062904PCT/ EP2011/ 069931 SEQ I D No. 87 Met Leu Val Gy lle Cys Leu Ser
|l e SHE9I3D NEhe BgmpReondstic refarsdp gn peprypg] magsoftsgue asi@ rewds ofmenplasizgo Lys Met

val Ay oE%@ﬁ?s{théhorﬁﬁrl p%‘i’ilfer% a5t s, PR é%aztllrgf‘“‘né%ﬁﬁst% Hell(s?" eY;ce-QaE ay§ Met

Leu S
not coordinated with that of the normal tissues around it. The growth persists in the same

excessive manner even after cessation of the stimuli. Neoplasms may be benign, pre-cancerous
or cancerous. In one embodiment, compositions and methods described herein are directed to
pre-cancerous or cancerous cells. “Pre-cancerous” as used herein is an early form of cancer that
is defined by the absence of invasion of tumor cells into the surrounding tissue. Pre-cancerous
also refers to dysplasia, which is the earliest form of pre-cancerous lesion recognizable in a

biopsy by a pathologist.

[0054] 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."

[0055] The term “anti-tumorigenic” refers to cells that have a protective effect against tumor
development, neoplastic of cells, and cancer. For example, “anti-tumorigenic CD8" T cells” or
“anti-tumorigenic CD4" T cells” refers to cells that have a protective effect against tumor
development, neoplasm, and cancer. “Anti-tumorigenic CD8" T cells” also refers to cells that
have a protective effect against other diseases such as those listed under subsection V. titled:

THERAPEUTIC TARGETS.

[0056] By "nanoparticle" herein is meant small discrete particles that are administrable to a
subject. In certain embodiments, the nanoparticles 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 nanosize nanopartical is critical to this invention,
and the particles of this invention range in size from about 1 nm to about 100 nm in diameter
and, preferably, from about 5 nm to about 15 nm in diameter. In some embodiments of this
invention the nanoparticle is from about 1 nm to about 25 nm in diameter, from about 1 nm to
about 50 nm in diameter, or from about 5 nm to about 10 nm in diameter. Smaller nanosize

particles can be obtained, for example, fractionation whereby the larger particles are allowed to
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Met Leu Ala Ay Ile Cys Leu Ser Ile SEQID No. 92 Arg Leu Leu Phe Phe Leu
Leu Phe Leu SEQ ID No. 93 Thr Leu Ala Tyr Leu Ile Phe Cys Leu SEQ ID No. 94
Leu Leu PwWe 20063998 Pro Met G u Val SEQ ID No. 95 Lys LeaTMPRO1$®599Pr 0 Lys
Leu Tyr Val SEQ ID No. 96 Leu Leu Phe Phe Leu Leu Phe Leu Val SEQ ID No. 97
Ser Leu Phe Leu Ay Ile Leu Ser Val SEQID No. 98 Ala Ile Ser Ay Mt Ile
Leu Ser Ile SEQID No. 99 Phe Ile Arg Ala His Thr Pro Tyr Ile SEQ ID No.
100 Seettleéyamagpeppesqlptionarieaipgepastiqnel tBeeplpfiomis. thamrecpvated. ydisvpped u Ser

Leu i‘g)grtﬁf){glﬁs Iléhlﬁchgﬁgl I%Ig%l s&z%?)?lréﬂ%ﬁe{gu . gipl?(%gfsl‘ceaﬂ b%¥§pelyﬁstd dtita §gsrireh?lyer§EeQ I D

No. e
size is generated.

[0057] The terms “metastatic cells” refer to cancerous cells that have acquired the ability to
migrate from the primary or original tumor lesion to surrounding tissues and/or have acquired the
ability to penetrate and the walls of lymphatic cells or blood vessels and circulate through the
bloodstream. The term “metastasis” as used herein refers to the migration or spread of cancerous
cells from one location in the body to surrounding tissues, the lymphatic system, or to blood

vessels. When tumor cells metastasize, the new tumor is referred to as a metastatic tumor.

[0058] 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."

[0059] 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.

[0060] 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.

[0061] As used herein the phrase "immune response" or its equivalent "immunological
response" refers to the development of a cell-mediated response (mediated by antigen-specific T
cells or their secretion products) directed against a tumor-specific antigen or a related epitope of
a tumor-specific antigen. 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-
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1. Peptide Conponents and Protei naceous Conpositions [0098] Pol ypeptides

and peptides of the invention may be nodified by various am no acid

del et i onswoi2opérme40dns, and/ or substitutions. |In particulPair/EPadiomsevent s,
nodi fi ed pol ypepti des and/ or peptides are capabl e of nodul ati ng an i mmune
response in a subject. As used herein, a protein" or "pol ypeptide" or
“peptide” refers to a nolecule conpr|5|n3é | east five am no acid

resi dyaecifi¢ GDdorehedneb sell snand{cs CR8ueytetoxigdecallsr Bhegigspemsamay glseiimvadye pept i de
are e , many enbodi nents of the invention, a nodified
prote?ﬁ %¥%q(f%8%@¥&%%9#@menployed to generate a peptlde/N+cho stinmul atory
nol ecul e/ nanoparticle conplex. A peptide/ MHO co-stinul atory

nol ecyb@és2)anbpapurpases othigmpestficaivniad tixeatcompgeneg eltensthe tamm r'ieplto@s bonse

and/ or modi fy the T gell pul ation of the inmmune system (
re- edd® ?@ttgﬁ@c glagf(y;saf%#a @Elf“é%ﬂﬁ%lyd%é B tBélcF“Slﬁ?B\i‘é aﬁﬂ%enot@ Vdg%laB

i nter ghangeal]ly re:%g&ﬁf &-redd nfE@dch'eﬁ@pl%&Ts Shilhe f?frmeﬁ'@gﬂhfﬂcﬁg cor\ffguous amino
2012/ 062904PCT/ EP2011/ 069 31 pol ypeptide” or "nodified pepti refers to a

pr ot eiapidgor ponqbp‘eguqud emnipardsghetapessd bs'twrtt,neltnyphhng)@fret proteimar Egitapes famedo
acid se s altered th res ct to the | d-type. protein qr

ol ypaith fatepb SR ares et el T BoRhed &t uSarboeBRng R st eresas,
pept i ggithins f&ﬁndd&ﬁ}rsttertﬁﬂefoﬂﬂmg Eteetglplagly kit oh @atheiiGhitodenafu@®e @bivehtdd Anhat

proteins or polﬁpe ptides or Eeptl es may have nultiple activities or
f unct iephiepe typicallsinglydes 4t least yaI@thféNﬁlﬂaélb’e@F legshf oa 3riddintine dcigs o ERHIBY

POl Y DB 1%0 fhu PN Aol AN RLFH LI FRARALY PofNBRRLME (O

f unct a|ns a W e ac ion™in o respects,
such ﬁammymge@ygalﬂqgr@hyahd |2l-d1meh90112[1 tnatla@rt migdrietic @ésbmance e Bb@ eaf, t he
i mmune, system when in the context of an IVHC/ co-stinulatory

mol ec lﬁpétpﬂ%wisa%ﬂ’éw@%la 198Xk T-palsgogoepirs cra@uIoys cpikRpes ﬁff@rﬂut Bife pREIUde
pepti %‘é‘@ E DALAIS QUBdud dl‘% Pﬁarﬁ&%%'cfd's%lf@DE% fserlo 1s%at9§<§>§ﬁi%@?ﬁef Qidpcel I's
in the body. es may be associate

These pepti W t
nanopaat be idehiviid byoﬂs\mr(mksay othgt madtsacejzhﬂgemdepﬂmldbmtmrdlfpambh omsietmmiﬂmd
associ at;

ticl d
A nitar Pyt e oGO e o R s | hlsa FespoReee af RetoRt LS it Al B9 ng a
ponul aanealanRnaRAKLIiRk &sﬁda@z«ib 19y fighod RseRtides: Al 1a0bes ARYdne

adm ni Stering nultiple nanoparticle popul ations each havi ng ecific
pept i decratieorachedresenege @ﬁmtﬂlhamtedlewd@mnmcl@grcahmpmc chrelge qlehamln hwdes

nanopart.icl es es attached to 1, 2, 3,

5 2"oP SRy Mshih bndt Fuister C31 Sy n Tt FulfRt iR Pisear o the o 22 of
protein or polypeptide (wld-type or nodified), including any conplex of a
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[0064] Asused 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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[0065] 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.

[0066] As used herein, the terms “patient” and “subject” are used synonymously and refer to a
mammal. In some embodiments the patient is a human. In other embodiments the patient is a
mammal commonly used in a laboratory such as a mouse, rat, simian, canine, feline, bovine,

equine, or ovine.

[0067] As used herein, the term “treatment” or “treating” means any treatment of a disease or

condition or associated disorder, in a patient, including:

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

clinical symptoms, such as cachexia in cancer; and/or

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

e.g., increasing overall survival or reducing tumor burden.

[0068] In some aspects, the term treating refers to an improvement in clinical outcomes. The
term “clinical outcome” refers to any clinical observation or measurement relating to a patient’s
reaction to a therapy. Non-limiting examples of clinical outcomes include tumor response (TR),
overall survival (OS), progression free survival (PFS), disease free survival, time to tumor
recurrence (TTR), time to tumor progression (TTP), relative risk (RR), toxicity or side effect.
“Overall Survival” (OS) intends a prolongation in life expectancy as compared to naive or
untreated individuals or patients. “Progression free survival” (PFS) or “Time to Tumor
Progression” (TTP) indicates the length of time during and after treatment that the cancer does
not grow. Progression-free survival includes the amount of time patients have experienced a
complete response or a partial response, as well as the amount of time patients have experienced
stable disease. “Tumor Recurrence” as used herein and as defined by the National Cancer
Institute is cancer that has recurred (come back), usually after a period of time during which the
cancer could not be detected. The cancer may come back to the same place as the original

(primary) tumor or to another place in the body. It is also called recurrent cancer. “Time to
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Tumor Recurrence” (TTR) is defined as the time from the date of diagnosis of the cancer to the
date of first recurrence, death, or until last contact if the patient was free of any tumor recurrence
at the time of last contact. If a patient had not recurred, then TTR was censored at the time of
death or at the last follow-up. “Relative Risk” (RR), in statistics and mathematical
epidemiology, refers to the risk of an event (or of developing a disease) relative to exposure.
Relative risk is a ratio of the probability of the event occurring in the exposed group versus a

non-exposed group.

[0069] 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.

[0070] It is contemplated that nanoparticles coated with antigen/MHC/co-stimulatory
molecule complexes (antigen/MHC/co-stimulatory molecules/nanoparticle complex) will expand
populations of antigen-specific anti-tumorigenic T cells that target cancerous cells. It is further
believed that one such population will be antigen-specific anti-tumorigenic memory T cells. Itis
also contemplated that subsequent administration of antigen/MHC/nanoparticle complexes
without co-stimulatory molecules will expand and/or activate said pre-existing pool of antigen-
specific anti-tumorigenic memory T cells. It is contemplated that this technology will expand
anti-tumorigenic T cells in vivo. In some embodiments from about 17% to about 47% of all
circulating CD8" T cells are antigen-specific T cells resulting from administration of
nanoparticles coated with antigen-MHC complexes. It is contemplated that administering
nanoparticles coated with tumor-specific antigen/MHC/co-stimulatory molecule complexes to a
patient will result in a an expansion of circulating antigen-specific CD8+ T cells that are from
about 5% to about 90% of total circulating T cells, or from about 10% to about 80%, or from
about 10% to about 50%, or from about 50% to about 90%, or from about 20% to about 50%, or
from about 30% to about 60%, or from about 35% to about 65%, or from about 40% to about
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70%, or from about 45% to about 75%, or from about 50% to about 80%, or from about 25% to
about 55%.

II. PHARMACEUTICAL COMPOSITIONS AND ADMINISTRATION

[0071] The present invention includes methods for preventing, ameliorating, or treating
patients suffering from disease associated with cancerous cells, neoplastic cells, metastatic cells,
or developing tumors. As such, the invention contemplates "vaccines" or immune system
modifiers for use in various embodiments. Compositions proposed to be suitable for use as a
vaccine can be prepared from tumor-specific antigenic molecules. The invention includes
compositions and methods to induce or modify an immune response against a tumor-specific
antigen, e.g., a polypeptide, a peptide, a carbohydrate, a lipid or other molecule or molecular

fragment.

[0072] One aspect of the present invention is a method for preventing cancerous cell growth in
a patient susceptible to said cancerous cell growth. For certain types of cancers, the tumor-
specific antigens are well-characterized. In these instances, a patient at risk of developing said
cancer could be immunized with antigen/MHC/co-stiumulatory molecule/nanoparticle

complexes that are antigen-specific for said cancer.

[0073] Administration of the compositions according to the present invention will typically be
via any common route. This includes, but is not limited to parenteral, 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). 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%.
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[0074] Typically, compositions of the invention are administered in a manner compatible with
the dosage formulation and frequency, 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/co-stimulatory molecule/nanoparticle complex per
administration. Suitable regimes for initial administration and boosters are also variable, but are

typified by an initial administration followed by subsequent administrations.

[0075] 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/co-stimulatory nanoparticle complex
will depend on the route of administration, the frequency of administration and will vary

according to the size and health of the subject.

[0076] In many instances, it will be desirable to have multiple administrations of a
peptide/MHC/co-stimulatory molecule/nanoparticle complex, about, at most about or at least
about 3,4, 5,6,7, 8,9, 10 or more. The administrations will normally range from 2 day to
twelve week intervals, more usually from one to two week intervals. Periodic boosters at
intervals of 0.5-5 years, usually two years, will be desirable to maintain the condition of the
immune system. The course of the administrations may be followed by assays for immune
responses and T cell activity to monitor therapy and treatment. As such, the present methods can
be combined with known methods for the monitoring of immune therapy to provide a course of

treatment to the patient until reaching a desired clinical endpoint.
A, Combination Therapy

[0077] The compositions and related methods of the present invention, particularly
administration of a antigen/MHC/co-stimulatory molecule/nanoparticle complex, may also be

used in combination with the administration of traditional therapies.
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[0078] In one aspect, it is contemplated that a antigen/MHC/co-stimulatory
molecule/nanoparticle complex is used in conjunction with a cytokine treatment. Alternatively,
antigen/MHC/co-stimulatory molecule/nanoparticle 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/co-stimulatory molecule/nanoparticle 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/co-stimulatory
molecule/nanoparticle 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.

[0079] Various combinations may be employed, for example antigen/MHC/co-stimulatory

molecule/nanoparticle 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

B/A/B/A B/A/A/B A/A/A/B B/A/A/A A/B/A/JA A/A/B/A

[0080] Administration of the peptide-MHC-co-stimulatory 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.
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[0083] 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/co-stimulatory molecule/nanoparticle complex that modifies the subject's immune
response 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 prepare solutions or suspensions upon the addition of a liquid prior to

injection can also be prepared; and, the preparations can also be emulsified.

[0084] 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.
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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.

[0085] 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.

[0086] 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.

[0087] 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/co-stimulatory
molecule/nanoparticle. 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
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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/co-stimulatory molecule/nanoparticle 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/co-

stimulatory molecule/nanoparticle complexes.

[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 in 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.
C. In Vitro or Ex Vivo Administration

[0089] As used herein, the term in vifro 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 vifro, and are
subsequently administered to a subject. The term in vivo administration includes all

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

alternatively for ex vivo administration.
. ANTIGEN/MHC COMPLEXES AND CO-STIMULATORY MOLECULES

[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.,
each discrete protein component of the complex is contained in a single polypeptide chain) is
synthesized or recombinantly expressed as an intact complex. Typically, polypeptide complexes
are added to the nanoparticles to yield nanoparticles with adsorbed or coupled polypeptide
complexes having a ratio of number of molecules:number of nanoparticles 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 nanoparticles can be determined using standard techniques.
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A, Co-Stimulatory Molecule Components

[0093] Co-stimulatory molecules are molecules that produce a secondary signal in vivo that
serves to activate naive T cells into antigen-specific T cells capable of producing an immune
response to cells possessing said specific antigen. The present invention is not limited to any
specific co-stimulatory molecule. The various co-stimulatory molecules are well-known in the
art. Some non-limiting examples of co-stimulatory molecules are B7.1, 4-IBBL, CD40, IL-
15/IL-15Ra, CD28, CD80, CD86, and ICOS. Only one specific co-stimulatory molecule may be
coupled to one nanoparticle or a variety of co-stimulatory molecules may be coupled to the same
nanoparticle. In certain embodiments the co-stimulatory molecule is a protein such as an
antibody that is capable of agonizing a co-stimulatory receptor on a T cell. In this case, the
antibody is capable of inducing a co-stimulatory signal that is necessary to activate naive T cells

and induce an immune response in an antigen-specific manner.

[0094] The co-stimulatory molecule can be coupled to the nanoparticle in the same manner as
the antigen/MHC complex. In one embodiment of the present invention, the co-stimulatory
molecule and the antigen/MHC complex are separately attached to the nanoparticle. In another
embodiment of the invention, the co-stimulatory molecule and the antigen/MHC complex are
first complexed together and are then subsequently complexed to the nanoparticle. Typically,
polypeptide complexes are added to the nanoparticles to yield nanoparticles with adsorbed or
coupled polypeptide complexes having a ratio of number of molecules:number of nanoparticles
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 nanoparticles can be determined using
standard techniques. The ration of the co-stimulatory molecule to the antigen/MHC complex can
be from about 0.1, 0.5, 1, 2, 5, 10, 50 or more to 1, preferably a ratio of 1:1 of co-stimulatory

molecule:antigen/MHC complex is obtained.
B. MHC Molecules

[0095] 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
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cells is mediated by two distinct classes of molecules MHC class I (MHC-I) and MHC class II
(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-IT 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 a tumor-specific antigen
is identified and presented in the peptide/MHC/co-stimulatory molecule/nanoparticle complex in
the context of an appropriate MHC class I or II 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.

[0096] 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.
C. Antigenic Components

[0097] 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, antigens, or antigenic segments or
fragments of such antigens, which lead to the destruction of a cell via an immune response, can
be identified and used in making a MHC/nanoparticle complex described herein. Such antigens
can be presented on and are specific to tumor cells. Embodiments of the invention include

compositions and methods for the modulation of an immune response against a particular cell or
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set of cells that carry out a particular physiologic function. Examples of tumor antigens include

antigens disclosed in the following table.

SEQ ID No. 1 Lys Ile Ser Val Ser Leu Pro Leu Ser Leu Ser Gln Ser Val Cys

SEQ ID No. 2 Gln Leu Ser Lys Asp Thr Ser Val Leu Thr Phe Thr Phe Cys

SEQ ID No. 3 Cys Ser Asp Ala His Pro Gly Asp Ser Ser Gly Asp Ser Ser Gly Leu
Asn

SEQ ID No. 4 Arg Gly Glu Val Arg GIn Phe Thr Leu Arg His Trp Leu Lys Val

SEQ ID No. 5 Gly Asp Tyr Leu Asn Asp Glu Ala Leu Trp Asn Lys Cys

SEQ ID No. 6 Gly Lys Val Ile Asp Asp Asn Asp His Leu Ser Gln Glu Ile Cys

SEQ ID No. 7 Leu Met Ala Asn Ser Thr Trp Gly Tyr Pro Phe His Asp Gly

SEQ ID No. 8 Leu Asn Val Val Pro Trp Asn Leu Thr Leu Phe Ser Ile Leu

SEQ ID No. 9 Thr His Ser Phe Thr Ala Phe Lys Arg His Val Cys

SEQ ID No. 10 Asn Leu Ser Leu Pro Pro Ser Leu Ser Leu Ser Ile Cys

SEQ ID No. 11 Glu Arg Pro Ser Ser Val Leu Thr Ile Tyr Asp Ile Gly Ile Gln Cys

SEQ ID No. 12 Cys Tyr GIn Gln Tyr Thr Asn Leu Gln Glu Arg Pro Ser Ser Val

SEQ ID No. 13 Thr Val Glu Pro Glu Thr Gly Asp Pro Val Thr Leu Arg Leu Cys

SEQ ID No. 14 Cys Ser Arg Lys Lys Arg Ala Asp Lys Lys Glu Asn Gly Thr Lys Leu
Leu

SEQ ID No. 15 Phe Leu Leu Val Leu Gly Phe Ile Ile

SEQ ID No. 16 Val Leu Pro Ser Val Ala Met Phe Leu

SEQ ID No. 17 Leu Val Leu Gly Phe Ile Ile Ala Leu

SEQ ID No. 18 Lys Val Val Thr Ser Ser Phe Val Val

SEQ ID No. 19 Leu Val Pro Gly Thr Lys Phe Tyr Ile

SEQ ID No. 20 Leu Leu Pro Ile Arg Thr Leu Pro Leu

SEQ ID No. 21 Tyr Leu Val Lys Lys Gly Thr Ala Thr

SEQ ID No. 22 Ser Leu Phe Ala Glu Thr Ile Trp Val

SEQ ID No. 23 Met Leu Ile Ala Met Tyr Phe Tyr Thr

SEQ ID No. 24 Leu Met Trp Thr Leu Pro Val Met Leu

SEQ ID No. 25 Met Leu Ile Val Tyr Ile Phe Glu Cys

SEQ ID No. 26 Tyr Ile Phe Glu Cys Ala Ser Cys lle
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SEQ ID No. 27 Leu Val Leu Met Leu Ile Val Tyr Ile
SEQ ID No. 28 Ala Leu Cys Arg Arg Arg Ser Met Val
SEQ ID No. 29 Leu Leu Ser Gly Leu Ser Leu Phe Ala
SEQ ID No. 30 Phe Leu Leu Val Val Gly Leu Ile Val
SEQ ID No. 31 Leu Val Val Gly Leu Ile Val Ala Leu
SEQ ID No. 32 Lys Val Val Lys Ser Asp Phe Val Val
SEQ ID No. 33 Thr Leu Pro Val Gln Thr Leu Pro Leu
SEQ ID No. 34 Asp Leu His Val Ile Ser Asn Asp Val
SEQ ID No. 35 Val Leu Val His Pro Gln Trp Val Leu
SEQ ID No. 36 Phe Leu Arg Pro Gly Asp Asp Ser Ser
SEQ ID No. 37 Ala Leu Gly Thr Thr Cys Tyr Ala Ser
SEQ ID No. 38 Lys Leu GIn Cys Val Asp Leu His Val
SEQ ID No. 39 Glu Leu Ala His Tyr Asp Val Leu Leu
SEQ ID No. 40 Asn Leu Asn Gly Ala Gly Asp Pro Leu
SEQ ID No. 41 Thr Leu Arg Val Asp Cys Thr Pro Leu
SEQ ID No. 42 Met Met Asn Asp Gln Leu Met Phe Leu
SEQ ID No. 43 Ala Leu Phe Asp Ile Glu Ser Lys Val
SEQ ID No. 44 Leu Leu His Glu Thr Asp Ser Ala Val
SEQ ID No. 45 Val Leu Ala Lys Glu Leu Lys Phe Val
SEQ ID No. 46 Ile Leu Leu Trp GIn Pro Ile Pro Val
SEQ ID No. 47 Asp Leu Phe Gly Ile Trp Ser Lys Val
SEQ ID No. 48 Pro Leu Glu Arg Phe Ala Glu Leu Val
SEQ ID No. 49 Lys Gln Gly Asn Phe Asn Ala Trp Val
SEQ ID No. 50 Asn Leu Leu Arg Arg Met Trp Val Thr
SEQ ID No. 51 Asn Leu Phe Glu Thr Pro Ile Leu Ala
SEQ ID No. 52 Asn Leu Phe Glu Thr Pro Val Glu Ala
SEQ ID No. 53 Gly Leu Gln His Trp Val Pro Glu Leu
SEQ ID No. 54 Val GIn Phe Val Ala Ser Tyr Lys Val
SEQ ID No. 55 Arg Leu Leu Ala Ala Leu Cys Gly Ala
SEQ ID No. 56 Leu Leu Leu Leu Thr Val Leu Thr Val
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SEQ ID No. 57 Leu Leu Leu Thr Val Leu Thr Val Val
SEQ ID No. 58 Phe Leu Ser Phe His Ile Ser Asn Leu
SEQ ID No. 59 Leu Leu Val Leu Val Cys Val Leu Val
SEQ ID No. 60 Ala Leu Leu Val Leu Val Cys Val Leu
SEQ ID No. 61 Ser Leu Ser Tyr Thr Asn Pro Ala Val
SEQ ID No. 62 Asn Leu Thr Ile Ser Asp Val Ser Val
SEQ ID No. 63 Ala Leu Ala Ser Thr Ala Pro Pro Val
SEQ ID No. 64 Ala Ile Leu Cys Trp Thr Phe Trp Val
SEQ ID No. 65 Phe Ile Leu Met Phe Ile Val Tyr Ala
SEQ ID No. 66 Leu Thr Ala Glu Cys Ile Phe Phe Val
SEQ ID No. 67 Met Leu Gln Asp Asn Cys Cys Gly Val
SEQ ID No. 68 Ile Leu Cys Trp Thr Phe Trp Val Leu
SEQ ID No. 69 Lys Ile Leu Leu Ala Tyr Phe Ile Leu
SEQ ID No. 70 Phe Val Gly Ile Cys Leu Phe Cys Leu
SEQ ID No. 71 Val Leu Leu Ser Val Ala Met Phe Leu
SEQ ID No. 72 Leu Leu Ser Val Ala Met Phe Leu Leu
SEQ ID No. 73 Ile Leu Gly Ser Leu Pro Phe Phe Leu
SEQ ID No. 74 Ile Leu Asn Ala Tyr Leu Val Arg Val
SEQ ID No. 75 Phe Leu Leu Val Gly Phe Ala Gly Ala
SEQ ID No. 76 Asn Leu GIn Pro Gln Leu Ala Ser Val
SEQ ID No. 77 Cys Met Phe Asp Ser Lys Glu Ala Leu
SEQ ID No. 78 Tyr Leu Tyr Val Leu Val Asp Ser Ala
SEQ ID No. 79 Tyr Met Asp Gly Thr Met Ser Gln Val
SEQ ID No. 80 Lys Met Ala Arg Phe Ser Tyr Ser Val
SEQ ID No. 81 Gly Leu Val Met Asp Glu His Leu Val
SEQ ID No. 82 Phe Leu Pro Gly Cys Asp Gly Leu Val
SEQ ID No. 83 Cys Met Leu Gly Ser Phe Cys Ala Cys
SEQ ID No. 84 Tyr Leu Ala Phe Arg Asp Asp Ser lle
SEQ ID No. 85 Trp Leu Pro Lys Lys Cys Ser Leu Cys
SEQ ID No. 86 Cys Leu Asn Gly Gly Thr Cys Met Leu
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SEQ ID No. 87 Met Leu Val Gly Ile Cys Leu Ser Ile
SEQ ID No. 88 Phe Glu Leu Gly Leu Val Ala Gly Leu
SEQ ID No. 89 Lys Met Val Arg Phe Ser Tyr Ser Val
SEQ ID No. 90 Cys Leu Asn Glu Gly Thr Cys Met Leu
SEQ ID No. 91 Met Leu Ala Gly Ile Cys Leu Ser Ile
SEQ ID No. 92 Arg Leu Leu Phe Phe Leu Leu Phe Leu
SEQ ID No. 93 Thr Leu Ala Tyr Leu Ile Phe Cys Leu
SEQ ID No. 94 Leu Leu Phe Leu Thr Pro Met Glu Val
SEQ ID No. 95 Lys Leu Met Ser Pro Lys Leu Tyr Val
SEQ ID No. 96 Leu Leu Phe Phe Leu Leu Phe Leu Val
SEQ ID No. 97 Ser Leu Phe Leu Gly Ile Leu Ser Val
SEQ ID No. 98 Ala Ile Ser Gly Met Ile Leu Ser Ile
SEQ ID No. 99 Phe Ile Arg Ala His Thr Pro Tyr Ile
SEQ ID No. 100 Ser Leu Asn Phe Ile Arg Ala His Thr
SEQ ID No. 101 Leu Lys Met Glu Ser Leu Asn Phe Ile
SEQ ID No. 102 Ser His Phe Leu Lys Met Glu Ser Leu
SEQ ID No. 103 Tyr Leu Phe Leu Gly Ile Leu Ser Val

1. Peptide Components and Proteinaceous Compositions

[0098] 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/co-stimulatory molecule/nanoparticle complex. A peptide/MHC/ co-
stimulatory molecule/nanoparticle 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
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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 immunogenicity or ability to interact with
other cells of the immune system when in the context of an MHC/co-stimulatory

molecule/nanoparticle complex.

[0099] Peptides of the invention include peptides that are found to be specific to cancerous or
pre-cancerous cells in the body. These peptides may be associated with specific
nanoparticle/MHC/co-stimulatory molecules or multiple peptides may be associated with a
common nanoparticle and one or more MHC molecule. Administration of combinations of these
peptides includes administering a population of nanoparticles having multiple peptides attached
and/or administering multiple nanoparticle populations each having a specific peptide attached or
a combination of such nanoparticles that includes nanoparticles with 1, 2, 3, 4, 5, 6, or more

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

[0100] 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 limited to 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 antigen, such as those amino acid sequences disclosed and referenced
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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
be altered by fusing or conjugating a heterologous protein sequence with a particular function

(e.g., for presentation as a protein complex, for enhanced immunogenicity, etc.).

[0101] Proteinaceous compositions may be made by any technique known to those of skill in
the art, including (1) the expression of proteins, polypeptides, or peptides through standard
molecular biological techniques, (ii) the isolation of proteinaceous compounds from natural
sources, or (ii1) the chemical synthesis of proteinaceous materials. The nucleotide as well as the
protein, polypeptide, and peptide sequences for various genes have been previously disclosed,
and may be found in the recognized computerized databases. One such database is the National
Center for Biotechnology Information's GenBank and GenPept databases (on the World Wide
Web at ncbi.nlm.nih.gov/). The all or part of the coding regions for these genes may be
amplified and/or expressed using the techniques disclosed herein or as would be known to those

of ordinary skill in the art.

[0102] Amino acid sequence variants of antigenic 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,
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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,
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 immune response is contemplated for use in methods of the

invention.

[0103] 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.

[0104] 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
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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-
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.

[0105] Proteins of the invention may be recombinant, or synthesized in vitro. Alternatively, a

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

[0106] 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 Cysts 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 CCACCCcccagccu

Glutamine Gln Q CAA CAG

Arginine Arg R AGA AGG CGA CGC CGG CGU
Serine Ser S AGC AGU UCA UCC UCG UCU
Threonine Thr T ACA ACC ACG ACI
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Valine Val A% GUA GUC GUG GUU
Tryptophan Trp W UGG
Tyrosine Tyr Y UAC UAU

[0107] 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
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.

[0108] 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, 0.4, 0.5, 0.6, 0.7,
0.8,09,1.0,1.5,2.0,25,3.0,3.5,4.0,45,50,55,6.0,6.5,7.0,7.5,8.0,85,9.0,9.5, 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/co-stimulatory molecule/nanoparticle complex.

[0109] The present invention contemplates the administration of a peptide/MHC/-stimulatory
molecule/nanoparticle complex to effect a treatment or preventative therapy against the
development of a disease or condition associated with cancer, neoplastic cells, or tumor

development.

[0110] In addition, U.S. Patent 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
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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. Patent No. 4,554,101.

2. Other Antigenic Components

[0111] 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).
D. Substrates/Nanoparticles

[0112] In 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 Publication No.: 2009/0155292 which is herein incorporated by reference in its entirety.
Nanoparticles can have a structure of variable dimension and known variously as a nanosphere, a
nanoparticle or a biocompatible biodegradable nanosphere or a biocompatible biodegradable
nanoparticle. Such particulate formulations containing an antigen/MHC complex can be formed

by covalent or non-covalent coupling of the complex to the nanoparticle.

[0113] The nanoparticles 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
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nanoparticle 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.

[0114] 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 nanoparticle diameter), these layers typically

being applied on the outer surface of the nanoparticle.

[0115] The compositions of the core and layers may vary. Suitable materials for the particles
or the core include, but are not limited to polymers, ceramics, glasses, minerals, and the like.
Examples include, but are not limited to, standard and specialty glasses, silica, polystyrene,
polyester, polycarbonate, acrylic polymers, polyacrylamide, polyacrylonitrile, polyamide,
fluoropolymers, silicone, celluloses, silicon, metals (e.g., iron, gold, silver), minerals (e.g., ruby),
nanoparticles (e.g., gold nanoparticles, colloidal particles, metal oxides, metal sulfides, metal
selenides, and magnetic materials such as iron oxide), and composites thereof. 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 nanoparticles will be used. These metal particles
or nanoparticles can be formed from Au, Pt, Pd, Cu, Ag, Co, Fe, Ni, Mn, Sm, Nd, Pr, Gd, Ti, Zr,
Si, and In, precursors, their binary alloys, their ternary alloys and their intermetallic compounds.
See U.S. Patent 6,712,997, which is incorporated herein by reference in its entirety. In certain
embodiments, the compositions of the core and layers may vary provided that the nanoparticles
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 nanoparticles can be formed from Fe, Ca,

Ga and the like.

[0116] As previously stated, the nanoparticle may, in addition to the core, include one or more
layers. The nanoparticle 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
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glycol); poly(ethylene oxide); mannitol; poly(esters) based on polylactide (PLA), polyglycolide
(PGA), polycaprolactone (PCL); poly(hydroxalkanoate)s of the PHB-PHYV class; and other
modified poly(saccharides) such as starch, cellulose and chitosan. Additionally, the nanoparticle
may include a layer with suitable surfaces for attaching chemical functionalities for chemical

binding or coupling sites.

[0117] Layers can be produced on the nanoparticles 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 nanoparticles
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.

[0118] Nanoparticles may be formed by contacting an aqueous phase containing the
antigen/MHC/co-stimulatory molecule 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-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:
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water, hexafluoroisopropanol, methylenechloride, tetrahydrofuran, hexane, benzene, or

hexafluoroacetone sesquihydrate.

E. Coupling Antigen-MHC and Co-Stimulatory Molecule Complexes with the

Nanoparticle

[0119] In order to couple the substrate or nanoparticle to the antigen-MHC and co-stimulatory

molecule complexes the following techniques can be applied.

[0120] The binding can be generated by chemically modifying the substrate or nanoparticle
which typically involves the generation of "functional groups" on the surface, said functional
groups being capable of binding to an antigen-MHC complex, co-stimulatory molecule, 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 and co-stimulatory molecule with the nanoparticles obtained.

[0121] The term "linking molecule" means a substance capable of linking with the substrate or

nanoparticle and also capable of linking to an antigen-MHC-co-stimulatory molecule complex.

[0122] The term "functional groups" as used herein 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-co-stimulatory molecule 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

nanoparticle surface.

[0123] The functional groups or the linking molecules bearing them may be selected from
amino groups, carbonic acid groups, thiols, thioethers, disulfides, guanidino, hydroxyl groups,
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
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acid esters, sulfonic acids, azolides, imidazoles, indoles, N-maleimides, alpha-beta-unsaturated

carbonyl compounds, arylhalogenides or their derivatives.

[0124] 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 nanoparticle. 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.

[0125] 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.

[0126] The surface of the substrate or nanoparticle 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 nanoparticle 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 nanoparticle 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
is likely to show the necessary functional groups. This treatment is however applicable to

substrate or nanoparticle that were produced in N- or P-containing complexing agents. If such
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using a bi-functional linker, such as maleimidopropionic acid hydrazide.

[0129] For non-covalent linking techniques, chain-type molecules having a polarity or charge
opposite to that of the substrate or nanoparticle surface are particularly suitable. Examples for
linking molecules which can be non-covalently linked to core/shell nanoparticle involve anionic,
cationic or zwitter-ionic surfactants, acid or basic proteins, polyamines, polyamides, polysulfone
or polycarboxylic acid. The hydrophobic interaction between substrate or nanoparticle and
amphiphilic reagent having a functional reactive group can generate the necessary link. In

particular, chain-type molecules with amphiphilic character, such as phospholipids or derivatised
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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 nanoparticle 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 strepdavidin-coupled molecules.

[0130] 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
nanoparticle or thereafter. Further, it is possible, by means of incubation, to effect a direct
binding of molecules to correspondingly pre-treated substrate or nanoparticles (for instance by
trimethylsilyl bromide), which display a modified surface due to this pre-treatment (for instance

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

[0131] 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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[0132] 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 HeLa cells, other B- and T-cell lines, such as CEM,
721.221, HY, 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. In some instances, proteins

of the present invention may be expressed and purified from Drosophila cells.

[0133] 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.
G. Nucleic Acids

[0134] The present invention may include recombinant polynucleotides encoding the proteins,
polypeptides, peptides of the invention. 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 the term "polynucleotide" are oligonucleotides (nucleic
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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.

[0135] 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.

[0136] In particular embodiments, the invention concerns isolated nucleic acid segments and
recombinant vectors incorporating nucleic acid sequences that encode a tumor-specific antigen
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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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.
V. THERAPEUTIC TARGETS

[0138] A method of the present invention includes treatment for a disease or condition caused
by neoplasm of cells of the body. 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 cancer, neoplasm of cells, or a tumor. Methods may be employed with respect to
individuals who have tested positive for antigen immuno-reactivity or who are deemed to be at

risk for developing such a condition or related condition.

[0139] The cancerous and/or neoplastic conditions encompassed by this invention are not
limited to any specific cell type or specific cancer but include any cancer in which a tumor-
specific antigen is present in said cancerous cells. Additionally, the cancerous cell or
precancerous cell must be located such that it is amenable to an immune response induced by the
compositions and methods of the present invention. Some examples of such cancers include but
are not limited to adrenocortical carcinoma; bladder cancer; breast cancer; breast cancer, ductal;
breast cancer, invasive intraductal; breast-ovarian cancer; Burkitt's lymphoma; cervical
carcinoma; colorectal adenoma; colorectal cancer; colorectal cancer, hereditary nonpolyposis,

type 1, colorectal cancer, hereditary nonpolyposis, type 2; colorectal cancer, hereditary
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nonpolyposis, type 3; colorectal cancer, hereditary nonpolyposis, type 6; colorectal cancer,
hereditary nonpolyposis, type 7; dermatofibrosarcoma protuberans; endometrial carcinoma;
esophageal cancer; gastric cancer, fibrosarcoma, glioblastoma multiforme; glomus tumors,
multiple; hepatoblastoma; hepatocellular cancer; hepatocellular carcinoma; leukemia, acute
lymphoblastic; leukemia, acute myeloid; leukemia, acute myeloid, with eosinophilia; leukemia,
acute nonlymphocytic; leukemia, chronic myeloid; Li-Fraumeni syndrome; liposarcoma, lung
cancer; lung cancer, small cell; lymphoma, non-Hodgkin's; lynch cancer family syndrome II;
male germ cell tumor; mast cell leukemia; medullary thyroid; medulloblastoma; melanoma,
meningioma; multiple endocrine neoplasia; myeloid malignancy, predisposition to;
myxosarcoma, neuroblastoma; osteosarcoma; ovarian cancer; ovarian cancer, serous; ovarian
carcinoma; ovarian sex cord tumors, pancreatic cancer; pancreatic endocrine tumors;
paraganglioma, familial nonchromaffin; pilomatricoma; pituitary tumor, invasive; prostate
adenocarcinoma, prostate cancer; renal cell carcinoma, papillary, familial and sporadic;
retinoblastoma; rhabdoid predisposition syndrome, familial; rhabdoid tumors;
rhabdomyosarcoma; small-cell cancer of lung; soft tissue sarcoma, squamous cell carcinoma,
head and neck; T-cell acute lymphoblastic leukemia; Turcot syndrome with glioblastoma; tylosis
with esophageal cancer; uterine cervix carcinoma; colon-rectal cancer; lung cancer; prostate
cancer; skin cancer; osteocarcinoma; solid tumors/malignancies; myxoid and round cell
carcinoma; locally advanced tumors; human soft tissue carcinoma; cancer metastases; squamous
cell carcinoma,; esophageal squamous cell carcinoma, oral carcinoma, cutaneous T cell
lymphoma; Hodgkin's lymphoma; non-Hodgkin's lymphoma; cancer of the adrenal cortex;
ACTH-producing tumors; non-small cell cancers; gastrointestinal cancers; urological cancers;
malignancies of the female genital tract; malignancies of the male genital tract; kidney cancer;
brain cancer;, bone cancers; skin cancers; thyroid cancer; retinoblastoma; peritoneal effusion;
malignant pleural effusion; mesothelioma; Wilms's tumors; gall bladder cancer; trophoblastic

neoplasm;, hemangiopericytoma; Kaposi's sarcoma and liver cancer.
VI. EXAMPLES

[0140] 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
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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. T he 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

[0141] Synthesis and characterization of gold-based pMHC-NPs. Gold nanoparticles
(GNPs) of specific sizes can be synthesized according to Levy, R. et al. (“Rational and
combinatorial design of peptide capping ligands for gold nanoparticles.” J Am Chem Soc 126,
10076-84 (2004)). The size, density, charge and monodispersity of the GNP preparations are
measured using spectrophotometry, transmission electron microscopy (TEM) and dynamic light
scattering. The GNP samples are then concentrated and conjugated with pMHCs (antigen-MHC
complex) using different approaches. Methods to quantitate the pMHC valency/GNP and to
concentrate the antigen=MHC-GNPs at high densities (~10'*/ml) without compromising

monodispersion were developed (Fig. 1).
Example 2

[0142] pMHC-binding capacity of GNPs. pMHCs were coated onto GNPs of various sizes
using two approaches: (i) random binding of pMHC to the GNP via electrostatic interactions;
and (i1) directional binding through a thiol-PEG-NH, linker. In this case, an additional thiol-
PEG as a GNP stabilizer is used to prevent aggregation. It is contemplated that the first approach
would enable very high ligand densities while compromising the directionality of pMHC binding
(i.e. only a fraction of pMHCs would be available for recognition by cognate T-cells). The
second approach aimed to generate pPMHC-GNPs carrying fewer pMHCs but bound
directionally, via their C-termini. Both approaches on 14 to 40 nm GNPs were tested. It was
confirmed that, for both approaches, the pMHC-binding capacity of GNPs is a function of

surface area. Accordingly, more pMHCs were bound when the nanoparticles were of a larger
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binding but also enhances the binding capacity of individual GNPs (contrary to our initial

expectation). Table 1 summarizes these results.

Table I. pMHC-binding capacity of GNPs

[0143]

density and coating strategy on the agonistic activity of pMHC- GNPs in vitro were tested. The

Agonistic activity vs. pMHC content. The effects of pMHC valency, GNP size, GNP

Diameter S Surface area: (x 10 pMHCs/GNP (adsorption) | pMHCs/GNP
(nm) nm’) (linker)
14 7 N 212
20 12 3,750
30 28 335
40 50 2.850 5,250
Example 3

ability of various IGRP;06.214-K*-GNP preparations to activate cognate (IGRP26.214-specific)

naive CD8+ T-cells (herein referred to as '8.3-CD8+ T-cells') derived from 8.3-T-cell receptor

(TCR) transgenic NOD mice was compared. The first set of experiments compared the effects of

IGRP,06.214-K* (pMHC) valency over a range of GNP densities. GNPs coated with a control

(non-cognate) pMHC (Tum-K®) were used as negative controls. As expected, IGRP;06.214-K%-
(but not TUM-K®) GNPs activated these T-cells (as measured by IFNy production) in a pMHC

dose-dependent manner. Fig. 2 shows an experiment with 14 nm GNPs coated with different

numbers of pMHCs via the linker method. In addition, GNPs coated with ~2-fold higher
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but arcentest Ihitihd é@dnm@mc@bbmhy W@ 13234 nhi GNUS carsy1hd Lzmm;braﬂﬂsﬂsmpamﬁ 4ohe

| i ke. Carbohydrates are major conponents of the outer surface of a variety

of ceMsGNEscarying 2098 Qp/eNPayverearsed aEl@QaGNéDtdeeSIBPS@ﬁthw@rtwmsa@pl@ges of

differ ﬁapq \V: i1 6Qp s vidra

speci fvl%lélé gﬂﬁ‘hg@tl esO %grlgs& ong/gﬁ“ %ls%t%l{lnég? tggrjggﬁthg fﬂés can Oée restricted
t 0 spedbdiug/ndeNbtabiyp83-CB8+t cealid ickhmaided agpidicseb b@teenﬁhemn ninepMaIGUGS@r um
anti gens hav Ibc&Hbeen shown to be a co n feature of enqonetriosis. There has

been GSERPYHEHAR ISR dhngLeREGMEr BEURE 0 &RlMHCroalgEnaesPite 128 thedatiernymher
of preyiRUshdte 'Rg/ﬁ'i'@é/t}'l\ﬁﬁ Bl é@%@ﬁed {h'aPGN@" Jedsidy dﬁ%r@ RS/ Rehae Al cel

gl ycoprotein and carbonic anhydrase, that is specific for a car bof)1ydrate
epi t oprey.( Yemerampéd, 434Q nmmgarwmggﬂ@@mhéﬂéd%(ﬂﬁéﬁphﬁﬂ@s) W@dd B¢ lasm certain
aspec en/ exes. are operat | u to a substrate. A
aubet el HELA0T I R Gk B BRAEE LB BRERCY! g™ br ocompat i bi e,
bi oabsorbable material. A substrate can also be in the formof a

nanopgoi43l eTakmRo@dhdrhBs HhesaigbbR thap beNh AUNMO-GNPreHRAt 38 hfeOfodNO.
2009/ 0155292 whi ch@s herein |n§§rporatgfé by referen?ea?&rﬁ its entirety.

Nanop&etpeibessofsarall{alBs sedtaf highdleesives. Fae pavantages peingicannapdHhsaancy
vari oy El)ye ggerallp%()&s(pggsep%ﬁggbl PR LA chL Ergﬁlﬁcgntb' oconpati bl e bi odegradabl e

nanosphere or a bi oconpati gr adabFe nanoparticle. Such particul ate
formul ati ons contai ning an anti gen/ MHC conpl ex can be fornmed by coval ent or
non- coval ent coupling of the conpl ex ExeamipheS nanoparticle. [0113] The
nanoparticles typically consist of a substantially spherical core and

0Pt 0L JX 0ROk TR AV SIS, SO0 TN ool o) ATHRTENGORERL O
are produced by co-coating GNPs with a 3.4 kD thiol-PEG-NH, linker (as acceptor of pMHC
carboxitermini) with a thiol-PEG linker that functions as a GNP stabilizer. To determine if the
length of the stabilizing thiol-PEG influences its GNP anti-aggregation properties, the ability of
the thiol-PEG-NH, to bind pMHCs and/or the agonistic properties of pMHC-GNPs, pMHC-

GNPs prepared using stabilizing linkers of different sizes (2 kD and 5 kD, shorter and longer
than the pMHC-acceptor, respectively) were compared. Both linkers had similar anti-aggregation

properties, and the 5 kD linker did not inhibit binding of pMHC to the shorter 3.4 kD thiol-PEG-
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WD 2012/ 062904PCT/ EP2011/ 069931 nanoparticle may have one or nore |layers to
provide functionalities appropriate for the applications of interest. The
t hi cknessw® 20f2/d620pers, if present, may vary dependi ng orCTEP201e06®3Df t he
specific applications. For exanple, layers nmay inpart useful optical
properties. [0114] Layers may al so inpart chem cal or biol ogical
functionalities, referred to herein as chenlcagéé active or biologically
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di anettiedt Jong greetiveamerl-PHEG [nlcad stlyelbeMI@C apptduded bonnd tmtheutmptcﬁtlumkatfeomf t he
nanopartlcle [ 0115] The conpositions of the core and | ayers may vary.

Sui t abieelhePery™al s for t he particles or the core include, but are not
limted to polynmers, ceramcs, glasses, mnerals, and the |ike. Exanples
include, but are not limted to, stapdampiasd specialty gl asses, silica,

pol ystyrene, polyester, polycarbonate, acrylic polyners, polyacrylam de,
polyacrylonitrile, polyamde, fluoropolyners, silicone, celluloses,

si |i cdfl47et Elxsal(swgof autiorcngulag@ltydCD&F lcokdy by pMBEr QMS(I@ viyo; ark@by?le for
nanoparti.cl es anopar ol | oi a oxi des,
rotal by fTalely g SRy of RRIRR G GRE o TIRINP R B0 ool B
oxi de)autoaegilna:@mnsm eelstziaervecwas 1Thel qWIHCC(QNPﬁi weee idfechd YN aRLI$0 wk-old
conposi tion, or conposite of two or nore classes of naterial depending on
t he pﬂﬁb@ﬁlﬂlf:@sEm.e?eéﬂedﬁwe@ley {HpGiions fuct wk. FrBinges Hhihe seof Hleco2ite iT-be
used Pt, Pd,
cy‘ goﬁﬂg?énai:q] b‘i’&{ghdnﬁ éﬁ]ﬁpﬁ@d %@89%}4 %E%%PW%Q%H‘% H"sflsﬂeggg‘%ﬁ\?&gg IS
t he| r fb]omcgntlauhmted pMIRES fetmmemarrwca];(b oy pNHE/GRRissmplet €t tsal|2it0"
conpounds atent 6,712,997, ich |s |ncorporat d _herein by
refer éﬁﬁ%s/mﬁ tﬁ%tgl gﬁ@?r} eraged at hishaNIHGvalspstsaibmelirest adseratien f9<44% ons of the
core apgyb (TR GNP A O b Bt W (1N ANAR A fiEL iR agbfﬁg@&rpat i bl e
and bi oabsorbabl'e. The core coul'd be of hoaneneous conposi ti or a
conposktetyoi? i (et shaove. wass@fsn&mﬂlemaeatblato méqwrﬁmpmtgsmnoﬁdmgnpaoper ti es

nanoparitf bESH i SRR bEor PE e ERRE R v iy PR

Previ Qigé YapidlRUREbdgbd BroRARE PANE GHBIdMYivd N addition to the core, include
one or nore layers. The nanoparticle nay include a | ayer consisting of a

bi odegr adabl e su%ar or ot her polyner. | es of bi odegradabl e | ayers
i ncl ud814$ht Awe ! dnanQEﬁﬂRw@ésee}ténml% R/destiigs Bulecoatggd at lower valencies
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pol ycagrthd atsbqnmn(nﬁﬁﬂa.c)d 1rpedtw@hyw xris&aotaldse pSHE-GNRs intiedaitnifiens; and
ot her nodified poly(saccharide ch as starch, cellulose and chitosan.

Addi t iesPasIops of peendtenbseltsin both tr%aaﬁ] ekl gwhowd argans(Fig. Oh SRASE SMASSIONS f aces
for a gﬂﬁﬁ% g&@ﬁlng
S|tesk%?%%%§%n% %gﬁg%ég%q%@pprog%&&ﬂgégfgﬁggg nopa#%??’ggagﬁgg’varlety of
way's Iencmat Higher ldosws (500 Ll dxde). ﬂ"hu&;el\/&ﬂtﬂ -Gl Raofrned! dimokted€l 4soh ) gpehlesthem stry

techn descri bed 79 ker er (1990
i 1 O YA E o B irRera oot oy R h SRR el Loun f ace
Ehem %ﬁﬁ%l@@ﬂjex% ga&ghtateoﬂnére RoAUEDS S el fr’szQ)eSC“ bed in Partch and
rown (1998) ekarek et al. (1994); Hanprasopwattana (1996); Davies

(1998); and references thereln Vapor deposition techniques may al so be
used; see for exanple Gol man and Shi ksaaple 712000); and U.S. Pat. No.
6, 387,498. Still other approaches include |ayer-by-layer self-assenbly

t echni S ' thpr k ok al .
(1998)[6]}]@r ug%gsel?é egﬁﬁ% Oélcogq;okﬁftg. aJE ﬁlk(%}gs B%,pﬁ)}é[ é}% N aéég gr %gs cited
t her eipMHJ(val &j cidsatopamiekcdedamimed Wieetharpield CHYP Cloave aled potentaah tcaigdecus phase
contai ning the antigen/ VHC/ co-stinmul atory nol ecul e conpl ex and a pol yner
and a nonaqueous phase foll owed by evaporation of the nonaqueous phase to
cause the coal escence of particles fromthe aqueous phase as taught in U S.
Pat. No. 4,589,330 or 4,818,542. Preferred polyners for such preparations
are natural or synthetic copolynmers or polyners selected fromthe group
consisting of gleatin agar, starch, arabinogal actan, al bum n, coll agen,

pol ygl ycolic acid, polylactic acid, glycolide-L(-) lactide

pol y(epi si |l on-caprol act one, pol y(epsil on-caprol actone-CO | actic acid),

pol y(epsi | on-caprol act one- CO gl ycolic acid), poly(f3-hydroxy butyric acid),
pol y(et hyl ene oxi de), polyethylene, poly(al kyl-2-cyanoacryl ate),
poly(hydroxyethyl nethacrylate) polyanldes poly(anlno aci ds),
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[0126] The surface of the substrate or nanoparticle can be chemcally
nodi fi ed, for instance by the binding of phosphonic acid derivatives having
functi onavoreratseane gr oups. One exanpl e of these phospherirEraciidewsl
phosphoni c acid ester derivates is imno-bis(nmethyl enphosphono) carbonic
acid which can be synthesized according to the "Manni ch-Medritzer"
reaction. This binding reaction can be perforned with substrate or
nanopdRaspize expagsigns alc¢qapasbii-eslsan vivioo ihis iveas doep by Heatg picesedisereralaf t er a
pre-tr 2 b A C i T I il .o I n first case
t he pﬁﬁg%ﬁgﬁkggggydh?22$g}ﬁP%%%BGQ%?ggégg%’¥5¥k$§§tg%ce 8#%3#%@% conponent s
of t henoleaddsi pan NPg.dA uishowhi ia IFigrée nate fréatdabwithl 10 dosdsétvaitg f aeek forHi0sveek)

di spl acenent can be enhanced at hi gher tenperatures.. Trjnethylsilyl

br omi d&Playsd fResIBE HEanHaRYot Gognye ﬂ‘gB@@ewﬂ @%a‘( ative £y T-cells in

gr oup- LY 1 RASE i L9, r i new
A R S e S S R i (52 T
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t he same functi r oups jve . A further ex | e of . the surface
tr eat fene UPE S pPetiEndd i BRI exne! el hEkiy BoRnecihaRe. such
as et hyt gneroaliveRite pMHE Rt rPEIIRN K ¢ RATUNMIKS, ik 21i0EPS. may be redundant
if the synthesis already proceeded in a diole. Under theSe circunstances
the synthesis product directly obtained is |ikely to show t he necessary

functional groups. This treatment isExdmelesy applicable to substrate or
nanoparticle that were produced in N or P-containing conplexing agents. |f

such 012/ ' A jected
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by the diol e and/ or Q%Q' e deal kyl ated,, [0127] 1t 1is ?Iso posgible t
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of the substrate or nanoparticle can also be coated with silica. SiTica

al | owsn anterbdudiin Medsfigéntpliec. thEmp dddd InjUIGEH (W00paindoBedmi,d . wbdlecul es si nce

silica,easil acts.wi,th organic linkers,. such as trieth il ane, or
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Anot her surface nodification technique that can be used w substrates or
n

th
nanopd? thedpegssussinelotii A msmioay & cellangraq Nl Aeadbeidofpolitis3f<3daMerad on of
the oxiidiig, & ang! Wik, al aI{‘aOdBB8HH9§e1i1}ie&¢qu t:eﬂgulgﬁ‘ﬁSQ%gheg{og %{yhﬁ swfports
chlorination agents to the correspondi ng oxychlori des. se oxychlori des
ar e capatebsagd of dstcidt AP T belhaubkeap hinlmaity SUcd 1a22 (2PAP oxlicharedrer¢io gr oups

as often found in bionolecules. This technjque all neratin di rect
conj ug%qqrm{a\ﬁﬁtbw P@_fl&?hs‘}ccmnalwléﬁe%t-empk?ﬁ@awﬁﬁ%-ﬁ}ga_ﬁﬁ&aym%@ ne side
chal ns/TORRGABHIALS Al WhidWBEAYahEfoR .6l SUhAGH pidiifcl BhiNL daldd

oxychl orides can al so be effected by using -functiona I nker, such as
mal ei nvithopYlbigi done Theieforbyitwanridde. pas$i299 adloeverimil eowrdiegart effdcrskdtng

techni qu hai n-type | ecyl hawvi a polarity or.charge. opposi to
that | sEngirandy Buve 08S o R O S Be 8 BeBiditntplon i R ARl RN Kl o
Exanp s pla@broh, Nk WeulaRh@¢ Bb®SHMATHAd 438 ddebi AN 1L ASAL eT¥RayhHd fki6H at O
core/shefl nanoparticle involve anionic, cationic or zwitter-ionic

sur f achfierent staiehigmeiriep gonge: gidsttei2asl). pol yani nes, pol yami des, pol ysul fone or
pol ycar boxylic acid. The hydrophobic interaction between substrate or
nanoparticl e and anphi philic reagent having a functional reactive group can
generate the necessary link. In parti68lar, chain-type nolecules with

anphi philic character, such as phospholipids or derivatised WO

2012/ 062904PCT/ EP2011/ 069931 pol ysacchari des, which can be crosslinked with
each other, are useful. The absorption of these nol ecul es on the surface
can be achi eved by coi ncubation. The binding between affinity nol ecule and
substrate or nanoparticle can al so be based on non-coval ent,

sel f-organi si ng bonds. One exanpl e thereof involves sinple detection probes
with biotin as |inking nolecule and avidin- or strepdavidi n-coupl ed

nol ecul es. [0130] Protocols for coupling reactions of functional groups to
bi ol ogi cal nol ecul es can be found in the literature, for instance in
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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,
WO 2012/062904 PCT/EP2011/069931

[0151] In one example, a mIL-15 cDNA fragment encoding residues N49-S162 was fused
with a mIL-15Ra ¢cDNA encoding residues G33-A132 via a flexible GS linker. This IL-15/IL-
15Ra cDNA was then fused with cDNA encoding the Fc¢ portion of human IgG (hFc). We
subcloned this construct into a fly cell expression vector, which was transfected into Drosophila
melanogaster SC2 cells along with a puromycine resistance gene to generate stable cell lines.
Recombinant proteins were purified from supernatants by Protein A affinity chromatography. A
similar design can be applied to other co-stimulatory molecules (i.e. to generate dimers of dimers

or trimers fused to the Fc portion of IgG).
Example 9
Preparation of pMHC conjugated Gold NanoParticles

[0152] pMHC conjugated Gold NanoParticle Preparation (pMHC-GNPs, 12 and 30 nm).
Preparation of GNPs. GNPs were prepared by heating D.D. water (200 mL) in a ball flask in a
silicon oil bath till boiling. A solution of 1% HAuCL4 (4 mL) was then added into boiling water.
The solution was stirred for 10 min before adding of 1% Na Citrate solution. For 12 nm GNPs,
12 mL Na Citrate solution was added. For 30 nm GNPs, 12 mL Na Citrate solution was added. A
wine color appears immediately after adding Na Citrate solution. To complete the reaction, GNP
solution was stirred for 30 minutes more. This is a modification of the method described in Levy,
R. et al. (“Rational and combinatorial design of peptide capping ligands for gold nanoparticles.”

J Am Chem Soc 126, 10076-84 (2004)) which is herein incorporated by reference.

[0153] Surface modification of GNPs. GNPs were pegylated by addition of 25 mM thiol-
PEG-NH; (M.W. 3,400) and 50 mM thiol-PEG (M. W. 2,000, PEG/GNP ratio 10,000:1) into
GNP solution. The solution was stirred for 5 hours at room temperature. Pegylated GNPs were

then washed with 3 X 30 mL sterilized D. D. water to remove excess PEGs, and resuspended in

40 mL of 100 mM MES (C¢H;3NO4S xH,0) bufter, pH 5.5.

[0154] pMHC conjugation. pMHCs (IGRP,0614/Kd, 4 mg) was added into solution of
pegylated GNPs, drop-by-drop with mild stirring at room temperature. The mixture is stirred for

one hour before the addition of 20 mg 1-Ethyl-3-(3-dimethylaminopropyl) carbodiimide (EDC).
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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, 710,wW02012/062904 PCT/EP2011/069931

The mixture is stirred for additional 4 hrs. pMHC-GNPs conjugates are then washed with 40 mL
Phosphate Buffered Saline (PBS, PH 7.2-7.4) for three times, and resuspended in 8 mL PBS.

Example 10
Preparation of pMHC conjugated Gold NanoParticles

[0155] Preparation of pMHC conjugated GNPs (p)MHC-GNPs, 2-10 nm). Prepare GNPs
(2-5 nm). GNPs of 2-5 nm were prepared by dissolving 250 mg (for 2 nm GNPs) or 50 mg (for
4 nm GNPs) Dodecylamine in 10 mL of DDAB solution (100 mM
Didodecyldimethylammonium bromide (DDAB) in Toluene). Secondly, 100 mg
Tetrabutylammonium borohydride (TBAB) was dissolved in 4 mL of DDAB solution. Solutions
of Dodecylamine and TBAB were then mixed in a 50 mL three-neck flask, stirring under
nitrogen. 34 mg AuCl; was resolved in 4.5 mL DDAB solution, and injected quickly into a
mixture of TBAB and Dodecylamine solution. Solution becomes deep red immediately,
indicating the formation of GNPs. The mixture was continuously stirred for 30 min, and 15 mLs
of ethanol were added into the mixture. The mixture was then spun at 4,100 x g for 12 min to

precipitate GNPs.

[0156] Prepare GNPs (6-10 nm). To prepare GNPs of 6-10nm Decanoic acid (172 mg) was
first dissolved in 10 mL Toluene, and then mixed with various amounts of TBAB solution (4 and
1 mL for 6 and 10 nm GNPs, respectively) in a 50 mL three-neck flask, when stirring under
nitrogen. AuCls (34 mg dissolved in in 4.5 mL DDAB stock solution) was then quickly injected
into the mixture of TBAB and Decanoic acid solution. The solution became deep red
immediately. The mixture was continuously stirred for 30 min, and 15 mL ethanol was added

into the mixture. The mixture is then spun at 4,100 x g for 12 min to precipitate GNPs.

[0157]  Surface modification of GNPs. GNPs were resuspended in 20 mL of 0.1 M
mercaptopropanoic acid (MPA) in methanol, pH 10 and stirred for one hour at room temperature.
10 mL ethyl acetate was then added. The mixture was then spun at 4,100 x g for 15 min. The
precipitated GNPs were then washed with 30 mL sterilized D.D. water for three times, and
resuspended in 20 mL 100 mM MES (CsH;3NO4S xH,0) bufter, pH 5.5. To this mixture,
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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, 103W0 200462902050, 1060, PCT/EP2011/069931

solutions of 0.5 M Polyoxyethylene bis(amine) (at 10,000:1 PEG/GNP ratio) and 0.1M 1-Ethyl-
3-(3-dimethylaminopropyl) carbodiimide (EDC) (final EDC concentration 2 mM) were added.
The mixture was then stirred for 4 hours. The pegylated GNPs were washed with 3 X 30 mL

sterilized D.D. water to remove excess PEG and EDC.

[0158] pMHC conjugation. Pegylated GNPs were resuspended in 20 mL 100 mM MES
(C¢H13NO4S . xH,0) buffer, pH 5.5. pMHCs (5 mg/mL, total 10 - 30 mg) were then added to
resuspended GNPs (500:1 pMHC/GNP ratio), drop-by-drop, and stirred for 1 hour at room
temperature before adding 0.1M 1-Ethyl-3-(3-dimethylaminopropyl) carbodiimide (EDC) (final
EDC concentration 2 mM). The mixture was stirred for 4 more hours. pMHC-GNPs conjugates
were washed three with 40 mL Phosphate Buffered Saline (PBS, PH 7.2-7.4), and then
resuspended in 10-20 mL PBS.

Example 11

Preparation, characterization, and functional assays of Iron oxide nanoparticles
conjugated with IGRP36.,14/K" and an agonistic anti-CD28 antibody, to potentiate the

activation of naive cognate CD8+ T-cells

[0159] Iron Oxide nanoparticles (Fe;O4 NPs) were synthesized using a thermal-decomposition
method, and the size of the NPs was measured using transmission electron microscopy (TEM)

(9.4 nm).

[0160] The synthesized particles were then conjugated with functionalized dopamine-PEG
linkers of 3.4 KD designed to both stabilize the nanoparticles and function as acceptors of
lymphocyte stimulatory ligands. These peggylated nanoparticles were then conjugated with an
agonistic anti-CD28 monoclonal antibody (clone 37.51 mAb; a lymphocyte activating receptor
for the costimulatory molecule B7.1) and/or multiple copies of a peptide-major
histocompatibility complex (pMHC) targeted by a significant population of CD8+ T-cells in
nonobese diabetic (NOD) mice (IGRP06214/K®). The nanoparticle density was determined by
measuring the iron content in the samples. The valency of pMHC and antibody in the

pMHC/anti-CD28 mAb-conjugated nanoparticle preparations was determined by a dot-ELISA
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1070, 1080, 1090, 1095, 1100, 1500, 2000, 2500, 3000, 3500, 4000, 4500,
5000, 5500, 6000, 6500, 7000, 7500, 8000, 9000, 10000, or nore nucleotides,
nucl eosi owe,201200299ase pairs. It also is contenpl ated thatCTEPP@ENNELAE] ar

pol ypeptide froma given species may be encoded by nucl eic acids containing
natural variations that having slightly different nucleic acid sequences
but, nonet hel ess, encode the sane or substantially simlar protein,
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with a pol ypeptide or the nanme of a specific polypeptide, and this

gener &Y4rg nMoap@sresedangd gy %@bftlf‘ab(nﬁ?%&t%@ GPP%FHS&HH GRS valeasigs nol ecul e
that has been manipulated in vitro or that is a replication product of such
a_mol q61de. YR RGN/ AO2APCHKRROIOGIRR LOIR TR HEhIEoRGLtled
segments used in the present invention, regardless of the length of the
codi ngasepuiashesecantagddino prajgirbmoleontos, ae dxmictdd (steHeck olCoamassiadliut tagnences,

such a r ers | vaden tion signals dditional restriction,enzyne
o1 s 2 eF TORFRA R oRF i RaTit Wi it B e SlehaaPER bedpiiion® brle SABLT
that  thRinfas@¥ Bhudl(lankLngids BEYiguar 9B Cddshélghiaktbymighdted with RS @60 Enal (lanes
contenplated that a nucleic acid fragnent of alnbst any |length may be
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addi t ivadekcthisit dsvelsagaus-conidingd pamie e ncts sofutibn €Rignmel )t As akpeowdfthe
purification of the polypeptide, transport, secretjon, post-translational
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tag or, ep&bﬁ!lrg tg@&egrsci)geogous pol ypepti de may be added to the nodified
polypé%tlde-enco i ng sequence, wherein "heterol ogous" refers to a

pol ypeptide that is not the sane as the nodified pol ypeptide. |V
THERARPELSR C WARCETS it 8Bihe Abrtiek ofithe pMIE apd p¥BHE/antmC @RS mwAbiqoojugdted

treatnent for di.sease o ondi ti on caus neopl as f cells of the
body. MRRCHIROgSHRETTor TP RasosRs REYE FDSRT SR EL sk e hduce. o
nodi f W@D nhidBER edsBRRANERE, 0., 8/KeFa 8 TEVR RlnsgeHS PERik s abnd 1Y mRBurial at

ri sk of devel opi ng cancer, neoplasm of cells, or a tunor. Methods may be
enpl oykaipiplifanatrvesipd dntetferonrgdimpadigaresingaeli vitagseofttes nasve pbSittlh-cadlsfabithesait i gen

i mmunQ-.r ARV ar re_deene Q risk r.devel opi ng s a
cona 11165 gt ad Kt Pl ToPauR el 2 e A S PLABT B RS St
condi tdilarg raneAMMAs pRPafayiotNIAS showe i Figlreal(e pMHC hht(EI8 habasoyjugpedi fic
cell type or specific cancer but include any cancer in which a

t unor Heperartqles Ggure evB) kadsiendfaenntly higher aequiasiie sebUily an nanopagiHasicentsd | y,
the c engut ¢ : t ] it is
anenagﬂg”%o anﬁ§%%9ﬁ%“?égggﬁéﬁﬁ?ﬁﬁﬂgggi%gy$%% @g%%%g%gggﬁgag%@ﬁﬁg?hods(ﬁ

t he pmes@ntmiprviéfetation (Figoreel 0B aight el fand unbrferangemmal secletidie (gared OB, not
limt to adrenocortical carcinonmp; bladder cancer; breast cancer; breast
cance %1HﬂEﬁ&Fi“BP@H&?ﬂEL%%%@?WFﬁ&E@FV€"HFW%E%E%&?P“ﬂh@%g @'EﬁW$Sn cancer;
Bur Ki tilax$m| i RNRYBbtafRl WhCAIHE BE G MORRS nah B RHiBIEL Alig#EG0RYE; thé Alaeget al
cancer; colorectal cancer, hereditary nonpol yposis, type 1; colorectal
cancerdendieesgditedar y nonpol yposi s, type 2; colorectal cancer, hereditary WO
2012/ 062904PCT/ EP2011/ 069931 nonpol yposi s, type 3; colorectal cancer,
heredi tary nonpol yposis, type 6; colorectal cancer, hereditary

nonpol yposi s, type 7; dermatofibrosarconma protuberans; endonetri al

carci noma; esophageal cancer; gastric cancer, fibrosarcoma, glioblastoma
mul tiforme; glonus tunors, nmultiple; hepatoblastoma; hepatocellul ar cancer;
hepat ocel | ul ar carcinoma; | eukem a, acute |ynphoblastic; |eukem a, acute
nyel oi d; | eukem a, acute nyeloid, with eosinophilia; |eukem a, acute

nonl ynphocytic; | eukem a, chronic nyebdid; Li-Fraunmeni syndrone;

| i posarcoma, |ung cancer; |lung cancer, small cell; |ynphoma, non-Hodgkin's;
| ynch cancer famly syndrone Il; nmale germcell tunor; mast cell |eukem a
medul | ary thyroid; medul | obl ast oma; nel anonma, neningi oma; nultiple
endocrine neoplasia; nyeloid malignancy, predisposition to; myxosarcong,
neur obl ast oma; osteosarconm; ovarian cancer; ovarian cancer, Serous,;
ovarian carcinoma; ovarian sex cord tunors; pancreatic cancer; pancreatic
endocrine tunors; paraganglioma, famlial nonchromaffin; pilomatricong;
pituitary tunor, invasive; prostate adenocarcinoma; prostate cancer; rena
cell carcinoma, papillary, famlial and sporadic; retinoblastoma; rhabdoid
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Exanpl e 2 [0142] pMHC bi nding capacity of G\Ps. pMHCs were coated onto GN\Ps
of various sizes using two approaches: (i) random bi nding of pMHC to the
GNP vi a evechraseati c i nteractions; and (ii) directionalPChiErdiingetohtr ough a
thiol -PEGNH2 linker. In this case, an additional thiol- PEG as a G\P
stabilizer is used to prevent aggregation. It is contenplated that the
first approach woul d enabl e very hi glitj | i gand densities while conprom sing
the directionality of pMHC bindi ng (Exampled2y a fraction of pMHCs woul d be
avai l abl e for recognition by cognate T-cells). The second approach ained to

&1 ar BN, DA YTl i, AUERR LAY AOIE SbpRELL Rkl At el

conf i fason phatein for bot h approaches, the pMHC bi ndi ng capacity of GNPs is a
function of surface area. Accordingly, nore pMHCs were bound when the

nano f alar VO, 2012/ 062904PCT/ EP2 699 si ze.
SoroPibfe) olaetf alicdoni FRhopaboi i AT P T &) B O EPE LY ( pe
di rectwlaﬂ@bvhéné ra{gemfr&alsﬂgm%ryah&@c&&% 8868 of &ﬂga?in@%g&t@ﬁ ﬁeﬂlﬂfa\ﬁs&lfcm
i ndi vi dual GNPs glbontrar to our |n|t|a expectation Tab el summrlzes

t hese reesptors en thealbrel s surpvelC- (I 3nigr Bé(pia@$ tS;thQ)(ﬁaSGﬁﬂﬂ@nDr(éP&& BaAb) ks S
Sur face g%pa{éﬁulgg)? E%#% glp reﬁcs[ore}‘lgr \(vﬁll% g&llst I%AIBS are noga\I l(auemf tgst &14 7N

212 207
feasibility of this approach, we generated a DNA construct encoding a mouse B7.1 (mB7.1)-hFc

fusion protein (using a flexible GS linked spacing the B7.1 and hFc protions) for expression in
Drosophila S2 cells (using the pMT/V5 vector) or Chinese Hamster Ovary (CHO) cells (using a
pcDNA3 .3 vector). The fusion protein includes a mB7.1 fragment (209 a.a., D37-K245),
followed by the human IgG1 (hIgG1) CH2 region (227 a.a,). The fusion protein was purified
from culture supernatants by affinity chromatography on Protein A-Sepharose. The nucleotide

and amino acid sequence of the fusion protein are shown in Figures 11A-B.

[0164] To test the costimulatory activity of the mB7.1-hFc fusion, we purified naive CD4+ T
cells from wild-type NOD mice and cultured them in the presence of serial dilutions of mB7.1-
hFc in the presence of a suboptimal concentration of an agonistic anti-CD3 mAb immobilized
onto the plates. Cultures incubated only in the presence of the immobilized anti-CD3 mAb or
anti-CD28 mAb alone (negative controls) did not proliferate (giving background levels of H®
thymidine incorporation; data not shown). The addition of anti-CD28 mAb to cultures on plates
coated with anti-CD3 mAb dramatically increased the levels of H’ thymidine incorporation
(positive control). The addition of mB7.1-hFc to cultures plated in the presence of suboptimal
concentrations of anti-CD3 mAb induced concentration-dependent increases in the proliferative
activity of the naive CD4+ T-cells, regardless of whether the fusion protein was produced in S2
or CHO cells (Figure 12). This demonstrated that the fusion protein as designed can effectively
deliver a co-stimulatory signal to TCR-stimulated T-cells. Such a design will therefore serve as a

template for the engineering of fusion proteins encoding other co-stimulatory molecules to be
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50 2,850 5,250 Exanple 3 [0143] Agonistic activity vs. pMHC content. The
effects of pMHC val ency, GNP size, GNP density and coating strategy on the
agoni st i cwacbiamicep4of pMHC- GNPs in vitro were tested. Phe/EeRoiliosy3of
various | GRP206-214-Kd- GNP preparations to activate cognate

(1 GRP206- 214-specific) naive CD8+ T-cells (herein referred to as '8. 3-CD8+
T-cells') derived from8.3-T-cell receptor (TCR) transgenic NOD m ce was
conparcediugathé ontorpMHE eqoatel naperariigesios aetbipan aed expansen efeigsp-specific T-

| GRP2Q6; 2145 (pMHC) val ency over a range of GNP densities. GNPs coated
with a control" (non-cognate) pMHC (Tum K ) were used as negative controls.
As expected, | GRP206-214-Kd(but not TUMK ) GNPs activated these T-cells
(as ngabaf] edThys, itBhiyulp beduddrstond thanalshquivhithedosendmpemderiias aemgrecifieally 2
shows an experinment with 14 nm G\Ps. coated with different nunbers of pMHCs
Vit KISCIOSARRY DIFERTFRIEMOdIBE #1 Pt atuest BRJIRCHEPD. SUPIOVEMARIGREr WO
2012/ QRAAAIFThEROHISRRAIkich IREN heRin BMICR AL SURSEHES 103G IS Licicd
activity. Thus, the agonistic activity of pMHC-GNPs is a function of total
pl VI TliCtheomt, end thaEsehmhalidcafions) 4hprayemiests iagd e dtipng grevonsi@ied ¢ bewethia

density. Further .anal yses.indicated that tatal VI TI C ntent is not the
onl'y FH1°6Pe 8F PUsdBY A d P JBITES Detiidvind e PlshAe B hat | NP i ze
is al %%)rhgaa&maef prefdited RDlR&HE Arddk MR dnAGrd A& idehdad dsYindfatibPon

pVHC- GNP sanpl es of different size (14 and 40 nn) and different pIVITIC

val endhescopepf tieiiveaiopMHC content. In the experinment shown in Fig. 3, 14
nm GNPs carrying -200 plVITICs/ GNP, and 40 nm GNPs carrying -5, 000

pl VI Tl P. - i1 s

B ust ey SHEhTaHRRos 56 EREFEIRLAIE I boiEAR, 1oty RPh FReREGoyer

pl VI Tlspedesindrstibgenerid gtdbupavesitallilpivithinythe 8erriCldstlcsetel absorfeap padefd the
significantly et%;r to the 14 nanLVIEJCYGNP conpound than to the 40 nm
one ovBfeNHOR 3 hbis 1Rudes thy ceppiedessrpion & thedysnten Wihe Predsq gt €ar ri ed
nore @il}ﬁlg%'/o%mox;m%%}s Hﬁg&? Hed f&th tlg\genqg’,%%éréﬂeém \?ne%%é fogRatEidkdcel |)
is key. For exanple, 4x40 nm NPs carryTng 1000 pMHCs/ GNP (4000 pMHCs) woul d
be | essateled iy siotidicalharecd@ikliddeinm NPs carrying 100 pl VI TI Cs/ GNP (4000
plVITICs). [0145] Taken together, these data suggest that opti nal

I VITIC- GNP preparation re those co i sed of snall P ed at high
Gens 7L TR 853 Bhrer AEFsER AE s HferPon S ise iR VRS oFer ( aPn
| evel Mark@sh gbupy Mok Skl &Nthe ke inH’$§co%i;i9é‘ tHak €RMhvenEYA PS> theteB46]
Agoni stic activity vs. pMHC exposure. not ed above, the plVITIC GNP

sanpl egscaibed pr sH0E eblamyyindiyidugbimemperaupsbgionp ohmgmberspf thy Markpslcergue. | i nker
(as acceptor of pMHC carboxitermini) with a thiol-PEG |inker that functions
2e g Cabili : . eng tabi Lizi.ng

Toi o Tfeatt aPproletda ﬂﬁ?gggi\’l%ﬁg’]n‘%ﬁf’{égg%‘?ﬂgg’gﬁﬁ‘?‘%hf’%?@%%‘W?"e@{%%dt%i lity of
t he t BpedifitdEGaim2 referdncedibypaMdentdyirendiadon.t Al pagbeat®hs, paenogelicatéssof

pl VI TI C- GNPs, Ps prepared ysing stabilizing |inkers of different
si zes p@@ﬂt@nﬁ%@”@%@@%@@@@&ﬁ Eleieah@rs EXPIgEhY mgrp@@t?@wg%ml? their

r eSPechiingy, ¥J tHiRhRe CRIRAIEH eadRON e ﬁﬂc@hﬁfr&e&‘ﬁgr&éﬁhé&hdi@(ﬁdaﬂﬁgﬂf &gabf on
properties, and the 5 kD linker did not inhibit binding of pMAC to the
shor t eonflicy thelpresenobpepiE@ation\h Q@liRg dSRHOARCFIERAOML/ 069931 NH2. Not abl vy,
however, pl\E-1C G\Ps protected by the shorter (2 kD) thiol-PEG had
superior agonistic activity than those co-coated with the | onger (5 kD)
thiol-PEG (Fig. 4). This suggests that |ong protective thiol-PEGIinkers
shield pl\E-I1C nol ecul es bound to the acceptor linker from T-cell exposure.
Exanpl e 6 [0147] Expansion of autoregulatory CD8+ cells by pMHC GN\Ps in
vivo: a key role for coating strategy. The ability of several different

| GRP206- 214- Kd- GNP sanpl es to expand cognate autoregul atory CD8+ cells in
vivo was tested. plI\E-1C-G\Ps were injected by i.v. into 10 wk-old NOD

m ce. Each received 2 weekly injections for 5 wk. Changes in the size of
the cognate T-cell population in blood and | ynphoid organs were assessed by
staining cell suspensions with fluoresgently-|abeled pMHC tetramers. Two
30 nm pMHC/ GNP sanpl es (at -1.8-2.2x1013 G\Ps/nil) that had been coated at
hi gh pMHC val enci es by direct adsorption (300-600 pl\41-1Cs/G\P) (10 ul of
GNP /injection) were first tested. Both sanpl es exhibited agonistic
activity in vitro (not shown). However, neither was able to induce
expansi on of cognate autoregulatory CD8+ cells in blood or |ynphoid organs
(not shown), l|ikely because the pMHCs were rapidly dislodged fromthe G\P
scaffold in vivo. [0148] Two 14 nmpl\E- 1 CG\P sanples at simlar NP
densities but coated at |ower val encies (40-100 pMHCs/ GNP) via PEG |inkers
were tested. Unlike the case for pl\E-1C G\NPs produced by the adsorption
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massi ve expansi ons of cognate T-cells in vivo. This was done by treating
mce wth several injections of 3x1012 10-14 nm NPs carrying 25 ug of total
pVHC (- 158012CRR#®4214/ Kd nol ecul es per NP). As shown i RCFiER20168/06998Te
treated with 10 doses (twice a week for 10 week) displayed nassive

expansi ons of cognate | GRP206-214 (NRP-V7)-reactive CD8+ T-cells in

peri pheral bl ood as conpared to their untreated counterparts (from<0.4 to
>17 orWhatischamedisel | s) (| ower panel s). Such expansion was al ready seen in
a nouse that was sacrificed after 4 doses of pMHC- NPs (upper panels). The

pMHC- NP- ex : i f] : - Qon- te pMHC
ot ranor o (KR ke Rk kel B oRRO B Bl ARENRET C POt

t he optbjeet anpitigerBMPIesistmutatorg evedampe complést ppezxtoctly ddRpleditd la nanoparticle
co-sti.mul atory properties. é)ne e an&e of, a co-sgimulatory nolecule is

| L- 15/ P2 i@ﬁé‘% spHfciey Siprrend ppopalatian pfagtigensspacyic anfstumerigedndrie Sof nenory
OB+ Tpé&shd 1 BERARSER LA, RABFPLESRIEARRYY calder K L al .+ Rever i bl e

" 2

defects 1 n natural killer and nenory CD8 cell lineages in interleukin
15-deficient mce." J Exp Med 191, 771-80 (2000) and Becker, T. et al.,

"I nt er2 eukiThenethed ofedainy bavifessin paid ek pandad pomilatemeaiantidhmoiigense §geldd drec
menory (D8 T .cells.” J. .Bxp. Med 195, 1541-1548 (2002) which are herein
incorpor%ef et By A8 erenc%e)'. Fran -présentation of IL-15 by nenbrane |L-15Ra
on APCs sustains the survival of nmenory CD8+ T-cells and enhances their
prol i 3er at iTdwe narthdchef Aaitmi 2y dwitler cematibing edponsesng srweidiHEanppeti Gat o, N.

et al., "The IZI;[- 15/IL-.15|§%I ha .on.cell surfaces enables sustained IL-15
act i vicPYPPIENES WERY BT BRI Y AYCEHERy survival of CD8 memory T cells." Proc
Nat| Acad Sci U S A 104, 588-93 (2007) and Mortier, E. et al. "Macrophage-
and deindri tlihe-noehdd aemiy\oddlaims éitd 8 ukhareihFhe eepartcleal froa aboppdbninsto about
homeosbﬁsi s. of distinct CD8+ T cell subsets.”™ Inmmunity 31, 811-22 (2009)

whi ch 18P &8RP heor porat ed by reference.) Accordingly, it is

contenpl ated that pMHC-NPs di splaying IL15/1L-15Ra conpl exes will have
super isor  merRmyetfodF 8t dlaiBXP I AA tH RREFAr1iEE i AGH DS TRALE &bt il B nRMAC

al one. Therefore, it would be possible to achieve simlar or better effects
at si gtdnéterant |y | ower doses of total pMHC and NP. In one enbodiment of the
mul ti pl exed pMHCNP pl atform NPs would carry both pMHC and a reconbi nant

| L-15/J4 L-1 - j . g i chi i e 1

25: 1) o D0 I subdGhBarPliib 1 atbsihth S RATPARE. M EMIRtR Y oy
CDNA faragD8ntT @fisodi ng resi dues N49-S162 was fused with a m L-15Ra cDNA
encodi ng residues G33-Al132 via a flexible GS linker. This IL-15/1L15Ra cDNA
was then fysed wt chNA eE]fodi ng the Fc portion of human Ingl:]G(hFc). Ve
subcl dned tIHednelorselrany ol clais & 19 pywhespin tRS Wmos 43 HEANGEIONS IMQkhi ch was
transfected into Drosophila nel anogaster SC2 cells along with a puronycine
resi stgance QaR&AHToIEHERAhE add/aPl& eopli ﬂcﬁpﬁ_ﬁﬁpnﬁﬁcﬁﬁgérﬂ%&ifw RAkiel ns were
purified fromsupernatants by Protein ,é affinity chromatography. A simlar
desi griumerngdsec Beells iad subjest ngrch eetihad qampatses §dmip] seasingde theisublectan gener at e

di mers_of s or trinmers . fused to t.he Fc portion of 19G. Exanple 9

pr eparaf kR B kbl RSt e rdiG skmeRS i af PBust A BN Lgar ed

Gol d NaffioRéa td @dp@n&’ﬁlﬁp&rc&tviemﬁ sbidopul@iflss. 12 and 30 nn). Preparation of
G\NPs. GN\NPs were prepared by heating D.D. water (200 nL) in a ball flask in
a silicon oil bath till boiling. A solution of 1% HAuCL4 (4 nlL) was then
added % nt o Thsimgthes Hetlaim 8, prherdp Hhsranggenmarectts atisymogigenip TigeHs Bt 8ce addi ng
of 1%&1%11@635@1136@8118# Q. For 12 nm G\Ps, 12 nL Na Ctrate solution was
added. For 30 nm GNPs, 12 nL Na Citrate solution was added. A w ne col or

appears i medi at e({)ﬁ/ after adding Na Citrate solution, To conplete the
react ilfn, d\p dhed plothined faither cepprigng 3dminisie rgsameffestiva ameuitofy

nmodi fi ' I: N . ("Rational and
conbi ﬁaﬁ%‘%n?g?ﬁég%@gﬁgﬁeh%glﬁg ‘?%gwé‘glggﬁ ér?SSt{T%gtﬁa};nP getrcu%%jl d nanoparticles.” J
Am Chem Soc 126, 10076-84 (2004)) which is herein incorporated by
reference. [0153] Surface nodificationoof GNPs. GNPs were pegyl ated by
addi tion of 25 nMthiol PEG NH2 (MN 3,400) and 50 nMthiol-PEG (M W

2,000, PEG GNP ratio 10,000:1) into GNP solution. The solution was stirred
for 5 hours at roomtenperature. Pegylated G\Ps were then washed with 3 X
30 nL sterilized D. D. water to renove excess PEGs, and resuspended in 40
m. of 100 mM MES (C6H13N045. xH20) buffer, pH 5.5. [0154] pMHC conj ugati on.
pVMHCs (I GRP206-214/Kd, 4 ngy) was added into solution of pegylated G\Ps,
drop-by-drop with mlId stirring at roomtenperature. The mxture is stirred
for one hour before the addition of 20 ng 1-Ethyl-3-(3-di nethyl am nopropyl)
carbodiimde (EDC). WD 2012/ 062904PCT/ EP2011/ 069931 The m xture is stirred
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[0159] Iron Oxide nanoparticles (Fe304NPs) were synthesized using a

t her mal - deconposition nmethod, and the size of the NPs was neasured using

t ransm sswonrroglsetonon m croscopy (TEM (9.4 nn). [0160] PCThEPIyINOI®Si zed

particles were then conjugated with functionalized dopam ne-PEG | i nkers of

3.4 KD designed to both stabilize the nanoparticles and function as

acceptors of |ynphocyte stinulatoré | i gands. These pegﬁylated nanoparti cl es
t

wer e tilen ddwjmriaadeef anytoh clmad émni Stwhereinthe @pepartipisdciromaboant mvdey (cl one
37.51 ; I activating receptor for the costimulatory nol ecul e
B7.1) agﬁtﬁllc())? nrrnyu{?(lﬂfg)lﬁgéttegopi es of a peptide-mgjor histoconpatibility conplex
(pMHC) targeted by a significant popul ation of CD8+ T-cells in nonobese

di abetl2c ( NGE)marthaktof dlERPRI06:h2deld Hd)nandipeeticiandipantbalte e nsatiopt Wasm in
determ.ned by measuring the iron content in the sanples. The val ency of
pVHC &HdPSi#f i body in the pMHC anti-CD28 mAb- conj ugat ed nanoparticl e
preparations was determ ned by a dot-ELISA WD 2012/ 062904PCT/ EP2011/ 069931
net hod 3enplexinighddHSE @ izg@h%&@&tﬂela%ggmsﬂéemc%ﬁ&ﬁm@ﬁ &fi¢ TRYIE S_qeg-s for
pMHC and anti CD28 nmAb, respectively. Frgures 7 and 8 show representative
TEM i raegdls showi ng that both pMHC anti-CD28 mAb- (Figure 7) and
pMHC- conj ugat ed nanoparticle preparations (Figure 8) were nonodi spesed and
had siyp | arpi.r rid . I 1] The
resul 19 of WsaiRuL SRR L Bl R BheIS of Mo B G RUENE R ahfiehy
unconjepiiayie’ dre@mtgiadd in Ghidint g/ MHEdo-Rtimplatdre intoleoul @ednopsrtickotppsct ed (see
| ack of Coomassie blue staining at lane 3 of Figure 9B). In contrast, the

iR- j d icle. > i i ith ie bl
ot o SRR AL AR PR AR L0

(I anesinkledidigbn of Figure 9A). El ectrophoresis of these preparations on 5%
pol yacrylam de gels further indicated that virtually all the protein

cont et RELLBLCRR RS PRALIS DRPRREL) o St DS R BBl v

nanopidrhiety @F antigdns ke control unconj ugated pMHC mononers in solution, did
not mgrate into the gel owng to their size. [0162] W next conpared the
abilities of the and. C/ ant j - 8 mAb- conj ugat ed nanoparticles to
Sti mulldi o aheEenN I & cU NP e TERRISPALT FAMBIEY YRR FPOM a ¢ r ansgeni c
NOD MiaGfo &MIHRS 8b-88m aRtdrFRidAQ8 12 4 S JEnp8RAL L¥R ahFR ths RBERASHIR codiligSone done
by measuring the proliferative and interferon-gamma secreting activities of
t he nauiess of sgidicoee. of these mice (right and |left panels in Figure 10,
respectively) (2.5 x 105 cells/nl) in response to serially diluted
nanopagt i ChgeRhf W@Q@-sthﬁ‘ﬁlaﬁﬂ?%lécﬂle'?tﬁa%gﬁtig'l_g’coﬁ’l H& falim G@P3herein
mAb- conj ugat ed nanoparticles (Figure 10B) had significantly higher

agoni stiddi@otpatible coheaspnmarsepaon (I1€l) esideoat ed wi t h pMHC al one (Fi gure 10A).
pMHC/ ant i - CD28 mAb- conj ugat ed nanoparticles induced maxi mum proliferation
(Fi gurig 108mclh@hly OFRGL]-s@dald Gl &5 A HRAMCEELRBIAE clih dunhetdR, | eft
panel ) at | ow nanoparticle densities and these values were substantially

hi ghe rsaikibaodeptae albha xbaning iv @ahelesmots @i derdlarf, amanpbiCacbpglu@dtydcherghyxapar t i cl es
(Figure 10A) at the highest densities tested. WO

2012/ 06290 | E - [ riof j

funct %@ hal C gzglp gg‘%@&%@?‘?%@%@@ﬂé’ g%%ﬁ%ﬁ% sﬁﬁ%l ¥ ggmg}%%ldfﬁhg 8# %@?%Sﬁpgtro otein

[ Ollfsg]lg] daalelnysaidodr Epaﬁj\alﬁeldcmrmﬂgrbb?@d eshaMrd gadupaﬁtthe?/attigglvﬁaneblT- Ce:c S
cou e coat th a whol e range of co-stinul.atory nol ecul es capable o
engagicﬁﬁlpgﬁggéﬁ rgvisren F"’dggﬂ\?&g%fé oplensably 3% 6trh)é T-cell's sur]l‘oace (i.e.
CD28 for B7.1, as is the case for anti-CD28 mAb). This woul d be

parti cul ar ITheuaeend/ MHT/cs-e6@PLar$ nfoddculdmanbpagelaicdinplexrofetia 28 vitrein
available. To test the feasibility of this approach, we generated a DNA

. g
const PEEMaBARIGHEIAE @VASILbamdro thiaro-symyrery grorpang fusther wheigdt sl a
flexiRles: | b the B7.1 and hFc protions) for expression in
[XOSO%E?P§§§ébE§%?I %gpﬂgmfhe pMI/ V5 vector) or Chinese Hanster Ovary
(CHO cells (using a pcDNA3. 3 vector)61The fusion protein includes a nB7.1
fragnent (209 a.a., D37-K245), followed by the human 1gGlL (hlgGl) CH2
region (227 a.a,). The fusion protein was purified fromculture
supernatants by affinity chromat ography on Protein A-Sepharose. The
nucl eoti de and am no aci d sequence of the fusion protein are shown in
Figures 11A-B. [0164] To test the costinulatory activity of the nB7.1-hFc
fusion, we purified naive CD4+ T cells fromw ld-type NOD m ce and cul tured
themin the presence of serial dilutions of nmB7.1- hFc in the presence of a
suboptimal concentration of an agonistic anti-CD3 mAb i mobilized onto the
plates. Cultures incubated only in the presence of the immobilized anti-CD3
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3. The method of claim2, further conprising adm nistering

anti gen/ VHC/ nanoparticl e conpl exes wi thout co-stimulatory nolecules. 4.
The net howloah12zzmwgeoef clains 1 to 3, wherein the nanopar PCEEP2013/06999M about
1 nmto about 100 nmin dianeter. 5. The nethod of claim4, wherein the
nanoparticle is from about 5 nmto about 15 nmin dianeter. 6. The nethod
of any of clains 1 to wherein the antigen-specific anti-tunorigenic T
cel | s2dre comethpdder llnhlbltmg thq geowiB oha e YT fé@atleg&amf@rmbat@ntbmer ein the
t unor AR vel opi ng
popul 5‘9 ;ﬁlgﬁg&gﬁggﬁt&%ﬁ@aﬁg’%ﬁt éag t {)fégrrgg |C8I'il &%’gﬁgg%ﬂﬁ@g& %OSEE ect which
met hochaoopuptidls estha@amemt &t &t amurit @uﬁﬁhe:nsuqu@eﬁd amgamspgem wamrgehmm atory
nol ecul e/ nanoparticl e co Iex in an anount and f u y suf icient to
expandie]i hayhsreiythedYlBE mgiegu 585&1%@?@?&* Con@rlsq%@t aéf enMHG Clagir ei n
the antdigemsspeci fic anti-tunorigenic T cells that are expanded are nenory
T cells. 10. The nethod of claim9, further conprising adm nistering an

ef fective anount of antigen/ MHC nanoparticl e_conpl exes w t hout

co- st i%ul atT&ewl%M%eﬁﬂleel 22 ysronthe B poAPeSH i Epo U @Esois(l cdlp arThe et hod
of anyTg%rg 8 to 10, wherein the nanoparticle is fromabout 1 nmto
about min dianmeter. 12. The nethod of claim 11, wherein the
nanoparticle is fromabout 5 nmto about 15 nmin dianeter. 13. The nethod
of cl &*m 1Xhevrshed of daim Znfurgencospuising aﬁnannsteﬂnenﬁmg@&‘lm/ua@em@leare CD8+
T cel l(? mlpfle%e :WLE ﬁ%%%?%u?{tor& If%lg&&gs 1nvﬁg%med gt ﬁlfﬁ!:lgﬁt e&gan%fand%?géﬁ&a% and
non-i dentl ca en e es are contal ne

ant i gem]/dMHﬁlgaQs@bifthahainy eadlsecul e/ nanoparti cI e conpl ex. 15. The net hod
of claim 14, wherei n said pl ural ity of anti gen epi topes are derived froma
si ngl ant| I ur.al i

anti ggn ep| eéhof%fcnlaéﬁs\?g go‘ﬁ%leremﬁfﬁ? aﬁnow Sfe rom aer%lt nipo-a o l%fo

ant i gend M‘d{félﬁ@teﬁtl mul at ory nol ecul e/ nanoparticle conpl ex conprising an

anti gen/ MHC/ co-stinmul atory nol ecul e, a bioconpatible core and a

bi odegr adabl e coat | on the outer surface of said core

ant i gef/ w@h@al%h@%eﬂg GABY 3P, NeIeEE he maBoRspET e 1screm @B%I5é3¥n6? atz%ﬂ%ﬁwn

wher ei 4 wl\f—ti bi oconpati bl e core conprises iron (l111) oxide. 19. The
antigen co-stinmul atory nol ecul e/ nanoparticle conplex of claim17
wherein said bi odegradabl e coating is one or nore of dextran, mannitol, and
pol y( éf7hy| dite ngdtlyabdf)claim2Zp, whieeeimtheiagegénvii€tdis-agtiitombageny T cells are CD8+.

nol ecul e/ nanoparticle conplex of any of clainms 17 to 19, wherein said

nanop rt| cle is 1cova ent.| y bound to the MHC group of the antigen/ MVHC

conpl x andx?(ﬁlprt’ Fer®Wheresn sai d bi ndi ng is optionally via a linker. 21.
The anti gen/ MHC/ co-stimul atory nol ecul e/ nanoparticle conplex of claim20
wher ei n sai(a) awzanopatitiecl e i s coval ently bound to the co-stinulatory group
and further wherein said binding is optionally via a linker. WD

2012/ 06290 g)gg § biting the growh of a

t unmor or fgr trﬁ%?%éhggﬁgg%l%ﬁc@p%gw@%t g‘?})azlgﬁc]an# ni stering

anti gen/ VHC/ co- st | nul atory nol ecul e conpl ex operatl vely coupled to a
nanopart i cl(® & e-stHaulpigry @atecpls coupladduthe nangmrtglent t o expand
antigen-specific anti-tunorigenic T cells, wherein the MHC nol ecul e of the

conpl ex. conkippRRldGtdhiMES whass the éi’&ﬂler'Gf fHeaRBopdrti Bl LGS &Bout 1 nm to
about 100 nm.

30.  The particle of claim 29 wherein the diameter of the nanoparticle is from about 5 nm to
about 15 nm.
31 A complex comprising:
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23. The nethod of claim 22 wherein the antigen-specific anti-tunorigenic T
cells are nenory T cells. 24. The nethod of claim23 further conprising

adm ni st ewpreg12znee0ogen/ MHC/ nanoparti cl e conpl exes w t houPCEaEP3liLB9aL or y

nol ecul es in an amobunt sufficient to expand and/ or activate said
antigen-specific menory T cells. 25.The nmethod of clains 22 to 24, wherein
the nanoparticle is fromabout 1 nmto about 100 nmin dianmeter. 26. The

met hod of ¢ panPBartiglger ei n t he nanoparticle is fromabout 5 nmto about 15
nmin dianeter. 27.The nethod of claim 26, wherein the antigen-specific
anti - t unor i[geNEE stimGiatorg ndIRuEBpled fo heG@RBIaeXclcONPri sing: (a) a
nanoparticle (b) an antigen-WVHC conpl ex coupled to the nanoparticle (c) a

co-stinulatory nolecul e coupled tp the nangparticle, 29.The particle of
i mi38 wHOESRHISS daek Sheig B Gr3ctES DM e eParicl? T ArmBBRt TR ¢ o
about 45898 1ML30. The particle of claim?29 wherein the dianmeter of the
nanoparticle is fromabout 5 nmto about 15 nm 31. A conplex conpri sing:

WO 2012/ 062904PCT/ EP %1/ 069931 (a) a nano? rticle (b) . a co-stimulatory

mol ecdPe cddisipaticioldrmmz wpeeintae diametes of fhecnagapartielp & Femapgitm A1 dher ei n
the digggtigrn2f the nanoparticle is fromabout 1 nmto about 100 nm 33.
The particle of claim32 wherein the dianeter of the nanoparticle is from
about 5 nmto about 15 nm 34. A nethod for _ inhibiting the netastasis of a
cancerdi n & pathod dpr iAbEHS e RstRstasimef p saicen g paticnbvhich meshed camprises an
antig Gl eo-St] LAFHERCH rati 0 a
nanopglgi {nly%%ﬁl?%&)ad @g&%&%{{ a(I}trr‘g%an a%&n@@&%{}%ﬁglﬁ?& l'l? g&lgélﬁgg)ggl{aﬁgelgopul ation
of antcbggled spenarddpartialettb -atsubjeet ig@niamoncwiffi demhe eepand siad popeicpianded

popul ati.on is sufficient to ,rtrr e@t Eai d cmﬂcer er eig.said ?fnt_i qen is
speci RESHoSPE&iTiG aptirfpmonpet e relhvhersiniat SPRATSIRPPRREON el Eemidy Eedni ¢
ci r culsgiil QRce?fwhel®n CATRAEE! ORI B3l @Mhor wherein said administration provides

for systemic circulation of the complex in said patient.
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