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[013] CD4" T cell activation generally follows a multi-step course that includes co-ligation
of the TCR and CD4 by the MHC class Il/peptide complex presented by APCs. A separate
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PCT/ US2004/ 029096 [024] The present invention

satisfies this need and fulfills additional objects
wanasadyant ages by providing nodified, reconmbPaamis2004/029096

cell receptor |igands (RTLs) that have been

structurally nodified to exhibit a dimnished

propensity for self-aggregation. Mdified RTLs of the

i nvention typi cal V. si gned
surface structuraﬂ‘ﬁ@@fﬁY@eF trm’gﬁﬂsnto an
W se nativ ol etld u
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ViV 028] The nodified RTLs of the invention |ack
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T BB af e Sehnes o R A PRk SRR,

rhdidlisp&sas il d4@édik ablhyordNathitegetamidgaheindbilitg totkiad pep‘dHEAgs to target

o R gt P P B 5 R OB Bl e
260 BeLXRTitioMh eAMEd by AdligsiespreliclT s MMas, when
associated with a cognate peptide Ag, bind T -cells

[028]2/The EHOHHEQ RIPE 6T the GrveRIALsick oaﬂﬁn ﬁt@@uirﬂtféatlﬁeﬁﬁ)hhd in intact,
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ecC
ORI oW T
oqL 'recfﬁfdﬁ]%q{ii a %Ma@ﬁ%&@&uraﬁf Ena‘}b%%ﬁéltb nhf'veaNHMIéjMHCﬁllﬁGEcﬂés The

In vivo and in vitro ications. 8 WO
TQ@U@?QBMIMC Pewisgspoabhy sz;gggg peptide Ags to form stable MHC:antigen

complexes. Moreover, these modified RTLs, when associated with a cognate peptide Ag,

bind T -cells in an epitope-specific manner, and regulate T cell activity (e.g., proliferation) in
an Ag-specific manner, both in vitro and in vivo. As a result, the disclosed MHC molecules

are useful in a wide range of both in vivo and in vitro applications.



[029] Various formnulations of nodified, nonodi sperse

RTLs are provided by the invention. In exenplary
wenhsdussat s, a nodi fied RTL conprises a two dearius200kia29096

class Il conponent conprising al and 01 domai ns of a
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to Tegulate functi on.
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cgfgg %ﬁn tﬁ znzoelr altzcb F L %IH-E‘&%‘? Ef cﬁf 1c??4efttmgp ts{ngledg momtormg the
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t th ¢ f
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PCT/ US2004/ 029096 specific T cells froma cancer

patient. These cells may then be expanded in vitro
woebwroa49sbei ng returned to the patient as part POT/US2004/029096

adopti ve i mrunot herapeuti c cancer treatnment. [033]
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et a- she tformo r
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Rutdd ksd t}fér&Qtngneﬁlﬁdlﬂg?‘lj cEilHeSoghﬁfoﬁ domainy.Z ekt IBWelsﬂlgﬁpanel ©)
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shpwmibhe Sptroplobrmesidies @??’F hetgickoet plpefer r@»’(ﬁ?&% ? circle)
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[0371 Figure 3 shows circular dichroism (CD) spectra

of nodified DR2-derived RTLs. The upper panel (A
wehes4@2 spectra of "enpty" RTL302 (triangl e) PCT/US2004/029096

RTL302(5S) (circle) and RTL302(5D) (square). The

m ddl e panel (B) shows CD spectra of RTLs containing

covalently tethered Ag MBP-85-99 303,
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recognition domain and the x202-1g-fold domai ns

[Pl e Fistiresfribowe fheirieragrianryripesdetiiegh the ¢4 61 R RG] ol
%egﬁﬁa%%on% aﬁtﬁy&i % f%ﬁ)ﬁ%ma{n@m’ R AGHRA! The idterdetih surface

1511-20, 1 The transmenbrane donmi ns are
tvwmhe@dﬁbmld@bmdlyg dcel) r@ognitien/dantpdteens]. therpf2 dgifpld domains

v%g %10%@1 1%@/ Jeﬁﬁge%rﬂ!égt eq‘tl Mégbl&t Aimm 341 ci2s qI DIRQQ%&gre NBx2

respec nes are ren
(Bmith eand FixpMed. 488:45 Jel-Z(h @998).v Ehe t&xsm@nebranmcmamﬂal@ﬂwwn

BB o R e SRR et

1stenEiN) <, aspectily. pEpdtdinks abd reodengy aF belbhhd-stekoryrard tho five residues

ABF it oo Rl FT0 et eipinel, o iRl ekl fthSh
iBbIfate) bdtechlthe hﬁiMld@ﬁalﬁspehﬂm%pepﬂde BVRAROD 5é1®1-%48§12t10n domain is

PCT/ US2004/ 029096 NI TI ONS
colored by lipophilic potent1aP%PB ‘Water molecules within this interface in the 1BX2

crystal structure are shown as spheres.
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[041] The term"MHC' refers to the major

hi st oconpati bility conplex. [042] The term"RTL " or
WORTs®w44982f ers to human reconbi nant T cell receprTmis2004/029096

ligands. [043] "Ag" refers to antigen. [044] "APC

refers to antigen-presenting cell. [045] "O-M"

refers to O-nercaptoethanol. [046] "CD' refers to
DEFINLIEINY|i chroi sm [047] "CFA " refers to conplete

Freunds adj yvant . 048] 'DLS' ref .to dynamc |ight
(b vty M0 offes snbo maiop BricopBpeR it PRGT O
aut oi mmune enc |_onyeliti]s. 050],"ELI.SA " refers
(1 CRaRRE e obF et 9 itenah S inagicecait reqeplR! fdhas.
refers to human. | eukocyte antigen. [052] "hu-" refers
[M43] hifmarreferso8 318RBp" refers to nyelin basic protein.

l‘%‘%ﬁﬁ@?wg&%‘je’fﬁ%é&?gﬁ%gge 'L)S:r;/)gloinﬁag: ibigloidte%dr ocyte
kol PEME? G b B iFoRS IO, efers to non fat dry
(Hshorsiel B oentder EGuST. *peS” rBferc o

BTy A ST PR B S5R08Y) P refers o

B 3R SelBa Pt B e Park werorial
R e T L L L St
19037061735 Orel Bl T bt easbY 020006 | 06s1
[éﬁ%g.ﬁh&efrgfre%tgg rﬁ%ﬁg@%ygg enl 0661 "SEC' refers to

excl usion ¢ . [0671 "STR-HRP" refers

si.r ept avi di.n- hor ser adi sh peroxi dase conj ugate.
"{%@3811“]" T‘%%mgrhgpgg's to T cell receptor. 10691 "Tg"

[65%5 € “1§IBtPo retférgl ﬁ)slg%’l‘f.n%asic protein.

[054] "MHC" refers to major histocompatibility complex.

[055] "MOG" refers to myelin oligodendrocyte glycoprotein, (murine sequence).
[056] "MS" refers to multiple sclerosis.

[057] "NFDM" refers to non fat dry milk.

[058] "PBMC" refers to peripheral blood mononuclear cells.

[059] "PBS" refers to phosphate-buffered saline.

[060] "PCR" refers to polymerase chain reaction.

[061] "Ptx" refers to pertussis toxin.

[062] "RPMI" refers to growth media for cells developed at Rosweli Park Memorial
Institute.

[063] "RT" refers to room temperature.

[064] "RTL " refers to recombinant T cell receptor ligand (e.g., RTLs of G. G. Burrows,
U.S. Patent No. 6,270,772).
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1070] "Sequence identity" refers to the simlarity
bet ween am no aci d sequences. Sequence identity is
wobnewgwassky neasured in terns of percentage i deariusgo04/029096
(or simlarity or honology); the higher the
percentage, the nore simlar the two sequences are.
Variants of the i nventive MHC domain pol ypeptides
[%5]I"Sp%é§%f§§t%s FYrregeyr ee of sequence i dentity when
al igned usin stan ard pethods..  [071] "MHC domai n
HEE]yﬁ%%%f@@mt @P%W? ysign SGMERREPRY - vHC mol ecul ar
n for e an.al._or j.31 do n of. IVHC
e SR HRBT BT B Tope s e e P AR B° G PLARY
ENVBODI I\/EI\IT T‘g | NVENTI ON [072] Mbodi fied RTLs of
[qué nts ?fﬁto ﬁ“glr’ie%eé’ % nmmj or histoconpatibility

onp) onent that incorporates one or nore
[9@ es ﬁgﬁ%‘g/rlgc%}ri“%fggrp%t ructural features which have

[(?Z?‘% piﬁq%%gg% gtgtgl‘lé E‘?g edSLiII% y pt;'] g%l nnan?i‘ilg g?leé;]%E#;%g g/ eﬁuence
1de|ﬁﬁty| i8 ﬂ@dﬁgh&ﬂmad’s&reﬂ ad teﬁﬁl@dﬂpyrcdlﬁsgegdlmﬂlt}ﬁ(md siadlagtyrou boreaogy);
I nt roduce on an

ﬂl&d}lg}@ﬁ fheé&]f%%tggf ﬁxgingcg? St ?rgﬁ% @@asgglbe%%staﬁq g\?argpts o?the inventive
M€ iabin@: poﬁ?@[ﬁid@s Rilnghsass 4 Nl ddgeaoriedinake idertinewiataligeed
IVHC pol ypepti de 31-The self-binding interface that
uﬁlﬁga‘ﬁlﬂ@if gethads he m)dl fied RTL typically corrprl ses one

or nore amno acid reS|due that é 1
[0 f “Mggr dogain pRiyRSPTIGE” ﬁ%fF’is B@ﬁggb’ﬁ‘?" 'é dorgin, fpr example
2841 of PRt dih 6€lan FiHC dm@m@aé@td ng the native MHC

pol ypeptide. Although the self- binding interface is
correlated with the primary structure of the native

IVHC pol ypeptide, this interface may only appear as an
aggregation-pronoting surface feature when the native

pol ypeMETLIIED DESCRIEIION ©F ENEMPTLARY BHIBODINMIENES

and incorporated in the context of an "unnodified"

RTL. 13 WO 2005/ 04498 DIPCHEUSAENTIINV096 [ 074] Thus,

in certain enbodi nents, the self-binding interface nay

[072] Y Mddiiddi FOFLsast thee 1nmhmemnpem@mmpbr hiscaupatibilityrotnflex (MHC)

of an unnodi fied RTL after e tide i,s

o BEPRPLBA PGS G Tt oo rurd pustace Fis R P16 s ficp have
Hebn RBorhbthagly iM¥Edupddahmlia othefwitRuticaNEC pélylﬁqoﬁﬂmdeqmepce

MHC class_ || RTLs descrihed herei

Typisrby moglified Rl Lsof t}@dWé?PH%‘) are qulgnaﬁ]g di%ggne/dgfg g ns Sctené]to

S ddded SieCor MYy arfitaB labid (cBangey dt alsdlvalexjsiita RxgRo0sRdocated within, or
self-binding residues or notifs after renpyal of

deﬁmﬂléal &ﬁelfrhkléimg)lzte&ﬁ%@ fqundys then3tive MESOPalyPePids: i nt act

npl ex. These sane resi dues

h t .
[ﬁ%?d, a"thg s@’é@mé@gﬂm@ﬁacg that is altered indhe mgq_lggql lr{%fafj@ica Iy ?%mpnses one
) gﬁ?y%ﬁlb\éﬁd%m{ﬁ@{ ?ﬁﬁt méd?at@(s)%@if%@é%gdﬂ%ﬁ%?@ﬁﬁiv@ |MHC polypeptlde

ormati on or otherw se

drobp frdiodified RTBIincomossinn @heu r@hye MHCt mlymaﬁuf eM@Pugh the self-
lﬁﬁ&gge{ﬁ'tegﬁge MfGirdibted with the primary structure of the native MHC polypeptide, this

interface may only appear as an aggregation-promoting surface feature when the native
polypeptide is isolated from the intact MHC complex and incorporated in the context of an
“unmodified” RTL.
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conmplex (likely through association with the Ig-fold

i ke, 02 and 02 donmains). [075] Certain nodified RTLs
wofhodsva49savent i on i ncl ude a nul ti-donmai n st r ucPATAIS2004/029096

conprising selected MHC class | or MHC class 11

domai ns, or portions of multiple MHC domains that are

necessary to for m ni mal [ eco tion/ T .

(i o e ceraib SmOUeHo 6 S B mstipn as o
s&'va{é Ie;algas@@ésﬁ&%rnﬁ&m bt hrROGifieklTR I E:ifte EHR n@fFROSHIyPRpida. is

he nodified RTL conprises a "mnim)l TCR inter

fa
lm fregn Qnefﬁrﬁ‘i‘%ﬁwé’%@@%m@m(mné |1Yg§1§1nfacbl}/ﬂ-w|_]§0 e gg fhle case
ku ng‘?’. A HEshQUPRTNEGRSIRE xe@ﬂcte %Rﬁéﬂq%s%[gtlnﬂc@d memme

pepti de bi ndi ng and recognition.
dpweiog)nihe inativerd i ptrussire prly eusml@tsmm FAERTEPAs, é@%‘&lﬂﬂl@g

s?sgdue{]sr%?tﬁ'g L0 rentbialof10801d i, 189 aAd P\ GorRRECHlAEnTRARE: MHC

Icit one or nore TCR-nmediated T cell responses,
Thenpisc (Thbedame rasidues Gromafs thet madiateagsregationafamnmodified 8101

Lgarg %re%\}qulvglﬁ’o‘% lﬁm%rpa &)Il\%ﬁtsmhécem : d.l]&? or &IQ?WISC

en conprise al
“mahlgeri’emel geevetoedhirors neftliating NH@smcwgn)lln ﬂprn@tim or progﬁnitor MHCII

i ﬁﬁ%aftﬂrﬁﬁééssé%%ﬁ:nﬁvﬁzée A 5 PIED. o
[@fsésgvﬁ% R Mgkt KAES G2 b8 AR dn gt fa%glqm(s%razwéx'é&npmmg

sble¢ted MAFQ e4ss i ef B @cladsal (itmairasl(ﬁrfj)bi‘tlcms oi\MﬁltlpleaMECldbmams that

ol ypepti des. Equi val.ent se
BEIUPRY R AR e BB RHEL B Bl o
rhediatiag mglﬁﬂ@gmﬂmdmﬂeﬂ@nﬁionﬁ nd cﬁ’&ﬂdﬁﬁk)dﬂﬁel(m thepoodifiaiRIL

t hereof = suff] o ,provi.de a.m

CORPEFS 4Byl e th > Pesing aolela}lﬂgl S\%S %ﬁ‘ﬁHFhCéaSﬁzﬁf MHC
claBs ITQABMbRAR&iduds nEUeRhdY 'an@ bufBSISRGH ﬁfe&ﬁte\/ﬂlﬁdmoﬂdl pégide bmdmg and
conprising a CD8+ T_cell epi tope &é A Rg\tkﬁcon {? &1
KSreomtiing. SCReopiinssraieshadhempdtad RELRA ctrsblse intetacting
Wit YCRYS &f Wb-shQlificMedheABRIitiESHel @ AforeBCRIRGRIR T gelir8sponses,
treati régwAg i nduced autoi mune di sease responses in

aydessrbddagradbdel subj ects predictive of autoi mune

di sease therapeutic_activity in hunans Burrovv?‘
[876], Igthe Faamoi Blodified BTéeémveiégm hupian eyl MHgmolecyles, the RTLs

\glggﬂg{%%fren]cémﬁps@&ioa'yd (M 45952 &Q}Jép%@ @&f%ﬁ@&%@[ﬂ@ 4:1a§s3’1(13 Brotein,
er aspects, R

eSe types of RTLs have been
qnemmps& thateefdsuffmnmm mp'tldew mindgingl inteafare nLhepridaniins 8

o'rtlcg rb¥ c@é Cf:%.mr ﬂﬁT Fiec‘ fl)gnr} a shlgleér%%?ls(&‘s VB¢ @sd 1

-resrlc ic for

WB@eI&BIeQ Sudr mepnbm lpemaf@eregmsm aq'BUBY opdHE elass IT

ot TS s 56 S b AR Flm Bl M clss 1

ot focdxampleve fdmeRﬂ“Idmemgnmg @nahdte@stoediry yon povtems thessof

s:\}%eél to gqg(? t@%@&@ e{/{]&ejv"? %Whg Ot?mh‘f’ erein the RTL is

dpfibhdlliyt empiyt of A8SaRed @ﬁ}pm&gmmmﬂga&mw’r cell epltope
i mmunol ogi cal tolerance to the encephalitogenic MOG
[@p715 @m&mh&ﬁﬁts&@ﬁxphﬁﬂg sSMHC! dofnip6idntsdiade béeatshdvagiodalwidely

of andenbar k. e Ja . :
uset%{]t%r such app Ehcgﬂyons as ppe(:j}entlngtancfjl treahn{g] Ag-induced autoimmune disease

responses in mammalian model subjects predictive of autoimmune disease therapeutic

activity in humans (Burrows et al., J. Immunol. 161:5987, 1998; Burrows et al., . Immunol.
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I munol . 171:127-33, 2003). Nunerous additional RTL

constructs that are useful for nodulating T cel
woOnmasrg49sesponses and can be enpl oyed wi t hi n t RET/US2004/029096

invention are available for use within the nethods

and conpositions of the invention (see, e.g., United

ﬁ;ﬁ%@é P&bﬁito No. 5,270,772, issued August 7, 2001;

2809 Jotapr aspectsy e tepas R Thphavie batn dsmompgrated to inhibit T
&@0/206¢htioH@nd ihdilce dntbeitlepiiesy é-ﬁokﬂeg@?g ItJfl'Oj %reﬁt)ﬂnelﬁlman DR2-
PrQV|§Eon? Pat ent @%Ellcatlon No.

&xHetath b pll qlgnes fergific deﬁ%?ré%c&’ﬁ@% @ﬁ%n@ntld%@éﬂ@ (Burrows
ApD) Ji. BahiD 180:43863 000 Cn et af. i1l B ¥a¥m1? ?ﬂ% 201t ed

States Provisional Patent Appllcatlon“éﬁ

IMEBYOMESR ton READMBANT A, SEE
J PULATION G ANTI GEN: Ségg(dll cgis'n H &be ?‘QF;“%“ 0 the instant

BRI vechapcludsp MOGH 8B Y PR3 comuet (Y 12) stevin i pcwﬂwnhlblt

s Sl S8 U S oo

Regtigeang gverp sliniedd end hisnipgicalohss pr EAE (Vﬁmdeebhrk/atyal 1
Bomud80171; ?I’Pd33UQOG3§ S/Ig%@%oﬁ§5cgggoﬁgltRﬁﬁmnk%tt§ t?lcrl]t ar usgﬁll for

'NCOr por a
Iﬁ@“éﬁtlﬁg Byeel éﬁ@\d@f‘m@)mseﬁ efddan be emphlyerhwithin hie ihventiogire abailable

t%ﬁﬁb%%ﬂlﬂl tﬁggleﬁﬁgg’;?]ﬁ cglqﬁos(i)tlons E’ tlhg i v(e)rfltloln _ge{gfe Iag dglélIlasStates Patent

i nventi o peci ce
No§ra0.87% ﬁmedhaal@stWe é@O lu L‘Iﬁdech%;tatb g@Pgeisional atehBAplizhtion No.

YR ILB TR 15y Rumied YA PnFinPe et pilgaton o

6@&6#6&5 fapiBepteatbenl®, h%ﬂeUﬁftMtﬁl@ﬂPlﬁ%ﬁhalpaﬁeﬁ{ Application No.

s, .t ha d for use In
s & Qg%%qﬁ g%@égt “ie G Apeligagien eatitled
MONOMERIE Hmblf/I!BmNAN(FVMHCSMQLEeUEES UdBrt e FGit MmIPUé,ATION

RSB EEED <400 i ) ek e TS
i€enafieBh); ARGLES) Doc_E@t Iﬂ’(ﬁ a9§2 lC% Uﬁﬁ&ﬁsﬁépﬁ%ﬁ A%h&ﬂi%n No.

T cel brids are construct ed
085%@3%% HiddMey 5.29951 &%ﬂaﬁ Stajes Spiew Anp@catm@mqr@wm A2, filed May
IPZOUIF AR Alided StalR PRRAS @pﬁh@é’c o%"Nd’] 99/@?815 @C?ﬂeﬁfM% E(Y(Hr Ly

th a cognate Ag and erati
“F@§E8W§H“%$HWYﬁ§%WWdB can in turn be det ect abl y
i nhi bited or stinmulated by contacting the T cel
[#4Pbr Tarevgluate the lpgicpklyneipn and micphanisms bf actinh ofimydi&bdB Ths of

tﬁmm&h&g an%%ﬁec‘ﬂ@ 20 egé/b 4}41%%8%1{3 %Tféﬁszl%gé%gen%g gcf as target T cells

Sp ecif I ONn response O
fcwerlm& aSSPM%(Sm) éigf, B@dows gﬂ alf Bilmmung]. j_e@ﬁ@,r%)el)oﬂwdn’e eecently,

11{11¥Pt5fsqn ﬁl%lcllrréiﬁ ?ﬁlﬁh%n%&?@?mvﬁ 190(:‘1/% ceflg %qqgs: tﬁzét are uniquely

presence, quan IVI
adaptidfforuse Riicraens amdratssays toviddnlifyt 4me cli'ar@c&éﬁzelwm_rsmﬁictu[re(&@]functmn

t .of RTL b
(P i SRR PRy isonal B el N bobmenttc g
Chou c:tcaﬂ/fﬂl N&hrohdrl] RRIET: 670- 68(5 0@y T6 pRefeitiiae éﬂ)ects ofthe invention,
a t he r i ses _one or

TRUP bRk e ol B el 2 et e rgretice TER gndited

pifodlferﬂirva Bhense Rlo@ingBohRcdPe hbh@vith b RFBRARIONIAELCs. This
?%t%Pegs% asspth§ed with a sel ected

proliferative response o ybrids can in turn be detectably inhibited or stimulated by

contacting the T cell hybrid with a modified RTL of interest, which yields a modified, Ag-

(¢
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aut oi mune di sease (e.g., an inmunodonm nant epitope of
myelin basic protein (MBP) or nyelin oligodendrocyte
wonreis@uest MOG) i nplicated in M5). [081] Wt hi nPCEUS20m029096
enbodi nents of the invention, an isolated, nodified
reconbinant RTL which has a reduced potentlal for

in.sol tlon conprises _an '"NM4C conponent'
SIRE IR Pl PO s RO ER ok e b brich oF gt Eedprefaetion
neﬂfdnb&jﬁ&hfmh#bhd Pé1accrateB] i tréproducibierldiviils a é'éﬁbé" quantlty, and/or
These.daomain el enents are typically select

|
ey delanfthgﬂao el deTin Rentag vith thavk e lhed. | |

50, PR NE podheBRhet R ik Bppior e eran Fper Rdeor
d@&oo@dtem%oﬁ%o@ﬁﬁbﬁﬁmgfor é’d?/aighﬁlﬁlaéest% a sel@@cls&’ geg)mlé gg Cg‘;ﬁcally,

Bortlons t hereof conprising an Ag-binding p
B A8 COMRESSR/ARS L ERASe Aienis fletcrmpiparii(y) ofian antoditigewid protoin,

)4 e)&i’r%leocfne%?frﬁrmml‘ 881 SR bhinthd' e Eﬁtgn;:%}%s% F?socjlate? with a selected

addltloné deletion(s), or rearra
a[ug}n@lgrpn% IBRASE S1%-@8 ﬁmmamdgrm@nhepﬁsm ot mye:h:u ibagic protein (MBP) or

mﬁrofh%ndﬂogﬁgf)ﬂo{eﬁrﬁgd(?ﬁ %p%%ga% df’?! y ge%tT ] de

conmponent of "an unno

090 Ty c&e Bhoindnf®t lﬂ%qh‘yenﬁgrg Yg ?s%laperdoﬁ8§’ ?ie& Yeobr@binant RTL

aggregation in sol ution conpare
h
Ispaedusgd patentinhfotideregationdio molntén @ﬁprilaa\amn MH(E] eomponent” in

R oD AR o T B ORI s PR sty

doslain dh¢metitn gfhpmcbnfaaméemen[ts(}&ei]ypﬁsllijteﬁ élroﬁi 4) o1 'af@PB1 ¥émains

O%E 5% f}%%}g& t)&lgp Sﬁg rflﬁg)nslélg]etr% tc%%n aﬁti,'xggreegé%g Blln&%g E)(r)cl:kegT cell

rg;tpph €ECGR) ifteefgnrpntts ol dodeld denaitsasTjat MEHE Slass poQIpBﬁ[de or

tiv s of . VHC pol t|d dentlca
Flopy Bty P pfiisbbn REm G Resee idinmbes DR puiiE gomponent of
thmR'ﬂL ngﬂ@ﬂﬁﬁﬂ@@ﬁ ©Embi? antifo zﬂﬁd stibatith¥or0d) Caiélﬁftioﬁ@), WEiGtion(s), or
y 85%_ 90% 95% or greater

% é mar ked
Bt RRot s B g £l SeRoting o ek g iptrfese” dentified in a
nﬁWdMSmwypﬂﬁhde%ﬁinﬁé&ﬁt of B nmB&iiky RTM'%@&'O&E@@ k*rﬂ‘?nodlﬁed

i ng the sel f-associating interface w
bl em
FEPYp Etrderersauivron segmepimdn é‘duwnt qwmparad o aggregatlon

eidlﬂHi@&li 1tfy' AGnRbHifie&NentdI R TI Ml g zﬂ?essgﬁl'e ‘?&ﬂdgﬂeﬁtﬁtl\gﬁbggﬁgonent

nay only. be present in such a context, as oppose
eﬂh‘émcwma%g paatys Mige mplyﬁ@tidg defirgegsthe sdlfibiadig frterface.
mtagTS native MHC ﬂ[oteln in a heterodineric
ysed beyeiny reptizg %mimylde "Teferaty msmwll‘rf@]&@ccumng MHC

e S e .

dgrl*f'ﬁ’lth@rOf Mye d?OIIXB@fﬂd‘PS ﬂ\'lié hgve anfifi¢ndicd] od bighlyrvosderved tannim ac:ld
séqgéncre I?:@m?ﬂeq {ocaﬂrgﬂgﬁeﬁlsgcgl(eﬁce% mei}rlalru(rja-lilc%ccumng MI—?& pglypeptlde (e.g.,

results ren
maied &85 ¥x PBSAFYo orereatdr amérel dcmdmmm@ver meaigdetesxem of

S I sites, | ificatio
b Rt B rEh ol PYAT obinBRts” Bviniate i aereiiog Mertue
walt oifhembefas MHE pblypetidel dontaif ircetpethted withiexawmhddifd RTL, and the
to reduce or elimnpate

T NG R A

native MHC polypeptide is present in a fully intact, native MHC protein (e.g,ina

heterodimeric MHC class II protein complex).
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nonodi sperse reagent in aqueous solution. [084] To

eval uate the extent of nonodi spersal of these nodified
wezhss/o4@82 unnodi fied or "control” RTL nmay be eaplusymd029096

whi ch has the sanme basic pol ypeptide construction as

the nodified RTL, but features the native MHC

pol ypepti de sequence (having one or nore amno acid
083k Huesingie spr 9fMBE shest H &1k remaval of the 52 apd %domams to create a

@Ie? r@ﬁs GscllFe. 8EB1 A1) BnAn SRl tor tmgembﬁglﬂga miids TCR
nodi fication when the native de is

interfroe)pemuis id’ unmaftmg” (reriryndepingsivert H‘?Efd‘g ﬁfrrgai iftbinding

retsﬁﬁeé d&\ffcﬁtt‘é ik c\’J otl SHEL RRRTH nRREGSASREB0Rng to the invention.

I sperse ecu S 1n solution conpared to a
Thctse nempdnd rasgluem mdiff dap e RALY $lteged, for oxppmile bingtetdinected
tive.
i ep i Girfare s SRS AR R ALl KTASK Hofhighty
nmﬁﬁﬁthag@gam1mmnadmﬁobdmRTL present as a nonodi sperse
species in aqueous solution may be as |ow as 1% nore
[a8¢pi Takbvajuate t]hé)%tcnt of msmod@pemaitoéthesﬂmocpﬁcd BThs, an wimnéified or

“?OSSHP g# NG e be erréé'lcayeﬁ%c%l b sﬂé‘b%&%’ ﬂ&gﬁf &&H&%ﬁg@m&ﬁ& as the

er aggreg
nivaitiet iRAU., R]ﬂfSatm‘és thi eatjye 8410 polypeptide semense I(lhavylge>lnd ommnore

| east . 10% 20% odi sper cies in o ut i
ala’)l{nr(?é'lfll érﬁsB%,Hais %Wtétn c %P%@g%ﬁfeb %(ﬁ% nf; E 8%1}d dg Pmmg a solvent-
eRRBEd tafpet diteTOM thi m@ﬂuﬁ\mtioh whai ghe nhiiverpolptptid% incdrp@nted in the
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cGﬂ;}s%ﬁ%ts bt thfghve?hﬂﬁl *ith Gpﬂﬂllldﬂﬁan dsﬁbcmdeandgénlr’ﬂd lbd_?dde Ire'tam structural
enbodi nent s ese exenpl ar s |, ac ,
apd eoriorma o nicgAl 9me el t@%ﬁ@@?ﬁr%&i%%ﬁ@“““ﬁes This
g@l?érél‘fﬁdﬂ?@ SeRPRFidd byp&ﬁﬂt@ £d? solahie sﬁkl‘é‘?:haﬁlmlﬁﬁblbéﬁles derived

excl ude the transnmenbrane and intra-cytopl

froefhe retizsn-Pinding/ TR infrafappampsisedwdellor pﬁqtlewrfﬁhe MHE class 11 81
&G ﬁ?ge]p gﬁ R dﬁﬁféﬁleﬁféb&lﬂleﬁg tﬁé@@ ldry SANS ELSAT RTLs lack

exe L constructs,

tlp?r @Kioméillf ad ﬁ‘zejadl}!maﬁdhemoggﬁpemhng, @a@@d\‘lﬂ@glqgﬁﬂaﬁmm "and also
G Sl AT R BAEL Py o v

Mﬁ(c III wrefein. émnletr@dueedmzegmé atraplexjfyaif these ROD §pnstmctp sxemplified by

0 TSR o AP ST Bl

pufifitdiien af thaRA'TBioletmixzifros Eaf:tehkiencﬂusamrboﬂlepui higlepieiddes., up to

[ ch oI ether to forma tertiary structure, nost
13%&%’ ﬁ%‘ﬁtf‘%é)a g‘é?gte’é\ylﬁ{dgheet pl atfor ¥n upon whi ch two
[@}{J HEWUB? &Yﬁ—%(ﬁ gﬁif el% s, | n%%g?aﬁ‘iﬂ%g fel?recognﬁlon domain

iPoTn¢dRA00I-8ARRY ﬁoﬁlbﬁ@ dfa]lie @tand (1311 db@ains of the orand Bpolgpeptides

exon en oding.the al and a2 d in f
ekl Soioe Gl Hi NS SR LA BHEE RS D Shect patform
uRERWhIE 16 Aili-PiFalll Belicel s8fmdvitiGneta6® fbim drfarbipenbiadidg gdioove. A
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al l owi ng the engi neering of single-exon constructs

that encode the peptide binding/ T cell recognition
wdanaioasnd an anti geni ¢ peptide |igand. [099] PE$/US2004/029096
exenplified herein for MHC class Il proteins, nodeling

studies highlighted inportant features regarding the
interface between the 13lal and é;SZ-I -fold dgg%ﬂﬁé class I
sipplay stropBiveds SEBGLRY 8 inglesan quspdipelp ghp 3RS ass

nmaﬁ?lgé SREB 1RLoxCIpton Hat A eptME M iR brockB & f MIHC 8/ash Iﬂ-}%bpen-ended
domai is show an exten3|ve hydr03$n bondi ng net wor k

allowingthe leygipReEiRe @ f @pgic-exgn popgggets that gncodethe p@mde blndmg?l‘ cell
r@%ﬁ&ﬁ@?ﬁiﬁnd%%@@%@ ngn&Qfg%d The 131al portion of

proteins y have the ability to nove as

[@9’?3 ' R? !e)%nﬁ‘)ﬂﬁé& IYerélﬂ asneneenks f ﬁoﬁﬁélﬁ& ﬁloéaﬂx%%tddﬂa's fh%'hﬁgh’ted

Besi des evi dence of g de%ﬂ
lmmam ﬂea}tuneﬁregﬁéln@ﬂwein@hfa@d@twq@aﬁherﬁdRﬂ a de-folf dregpins that

hgggg@aﬁ Icﬁﬁé g& aeélgﬂxﬁégemwﬁe@ 3@;@5&1&&5‘5 RYi%L 3k fhe %vehm The ol

cont al ned wat er nol ecul es
and BIhdamaitsishow an extérsive hydweedebankdingaetwork andNgtightls paded and

"B i o TRyt 2T LGNS Gt ORAO0s

prcmlmrhadavb ﬂtemieéllty tohmeove 34 2 singla mukity MSIEnﬂglt fliokithel oiR-kgsfold

gar e al.ar
Iﬂ?}g"r{l’lp OEB eSelnc Jo. }rlglk(?%%é% Sog Iran&)}nrl]lgpl%%eas%ﬁ &g{rills i {n!gke up the
likeer &gmﬂg IbbtyVeéﬂ %Sett{;ve dotaaink, cryatath o (M‘]K@k:lasstly pEk contamed a number

|nterf I at .t
of Bafet PaRcesviEin Birelrs Gt SN s g8 Y1 £71s, 1oo4
FfAle'ﬁq'lonﬂarm; mel:nﬁ:@zmwmdurmgA GEQ&M@&W@:E alpSpuibide 5TBR5gE997). The
ternatively or i on, this |n eracti o
i PR P s B P T Rrins BTG o6 AT BrIZAPY Bl
nﬁgﬁéﬁom‘, hﬁth%oﬁhﬁﬁ@rehﬂu&Qﬂ&lfl@@(vﬁ‘@aQ@ Ubsicahtfnef mgmy @Bxible ‘ball
with TCRs back to the APC

0100] Fol I owi ng hﬁ%f
apdhsqck AyPedBSTaee aﬁxa@hw&%llsaﬁfarf%faﬁw@@é?@mé
mdWRHiidRY 81 am%ﬁﬁﬂélfb%lﬂl%/&@ﬁ‘d@g 0 hflé
monodi sperse derivatives of single-chain R Ls .
Adigmptively eign pepbinetionp thifdpisgctiaRuHakoBH nlasbmrob‘bmtcmﬁ@nﬁwng
R i S e g s
Adéhstructed fromthe al and 131 donalns of this
exenplary MHC class Il nol ecule retained biologica
[8190] Foltoyyingthesefrafianalilegign gvidelings ang Igrmetqu;,@]@(mstant inventors have
r
Qz%ggsﬁﬁlﬁ ﬁ%ﬁ{xéegedsrlf%d‘fh%ﬁ) g‘hogx H g%?s]g dgﬁvaﬁﬁ%fyé ¥§Ffe g:ﬂalﬂ HARLERrLs
cempesmglpape@et lsddmgﬂf@@en@snmowa@hglmsrc@ buman ME@elass I molecules
ep acene I
ARPHASHIRMeaf SR RIOAROR ORI Dkl -
comettiuétyd frive tiis mlrmfltm loafne ofithisfexerplary DRAC s LaubldRTlegetained

it @ﬂt@%aé?vg HegRrd Fidstieraf eeliigfﬂ'ér L
e e S e e e

dﬂy&t&ﬂﬂnﬁtakdngm waCditdeRt Itﬁ\garﬁkﬁﬁﬂb]&hfeﬁt e dhyddopiobidesithoss etith polar

(e. gdéefnlne orc arged (e.g., aspartic acid) residues to modify the 8-sheet platform of the

o h

DR2-derived RTLs. According to this rational design procedure, novel RTL variants were

obtained that were determined to be predominantly monomeric in solution. Size exclusion
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were nononeric in solution, and structural
characterization using circular dichroism
wdenwrgsgsat ed a hi ghly ordered secondary strucParasefo4/029096
the RTLs. [0102] Peptide binding to these "enpty",
nodi fi ed RTLs was quantified using biotinylated
pept | des funct.ional studies sho
AR pEaR R SRERE LR Bo Aramery ot TRy heres apfrdRILs
wéRIordiefic inkoluibh,dindl sttinirgRag@eddatiousingaiclilar dichroism

proliferation in Vitro, as well g ppress
d@&%?i‘tﬁ‘éﬁ@&mygmdrﬁﬁ%‘ém@ﬁg\éﬁ?fﬁlo ﬁ?ﬁ& itis in vivo.

se studi es denonstrate TLS enc e .
AT shi Py B SRS o U 5 RS BLGeip lotimylated
@@& BhEBnéoBal shidRtd kB WedtBt Yhd bS] BITWohtiin@ify covalently
ite nodification of the RTLS as descri bed her

oo it WTAsb e Y BRI EEPORA oENRIOTHRSEAR 1 et well 2
sdrpérég' nﬂgﬂﬁlfaﬁfo%ﬂﬁné QR efRhlomyb @SR vivBPITRSGY kB 8ies demonstrated

tarn potent biological activity separate fromt

thagyRTbs ehcdding fhadh ehinging TCBrrwemh% doraqin 6L MHC dlpss éﬁlcl%lﬁlFféﬂeS are
11@1@%})@%%% Rbie gtnﬁttﬂ@sv Pes ?dfuﬁ&'hbﬁ‘ bfe R?ﬂ!;‘ &d de%dfl_hﬂe@ herein,

Ion In queou tions

cbmpmsmg mﬂaemectedrmmm that a@égidgh@@slsem pl@té@nf@‘ dha R Hs thesel
|
nbn?e%gg alne% Hﬁ;l%%]ggllag{l\h%% %a]?%tg h’gl%cq‘lé %e fﬁbdolrdaﬁdé O? 916

ratton In an
pAgemme c]aﬁs Iib smnme mpderchittited ampvel nndafrurlaisnrm redngtion imrpgersgation in

aglbegl,li SQ?‘F‘SH? ;’lhlgc?lf 8(} {ég]éioﬁgvm qﬁjefsa 812({] ?Lerqp&%lfgh ) m&sfeatures and

eat ure IT1catlons
nmaadlsﬂwal ichdricodistiedetaimed thewblility tedbnﬁ'l?kgpqﬁdtm anhibit T cell

pf yf%?ﬁlchlglq an %3%&%%@%@&%@% Idgf'lela Hzé 7 a% oim1 31r1]1 tlh {hlsecasé {n%] 0.
0 DR e S AP R s

bRifodhidedanto wRMif2d st Bf 1he hvasipne akitling pAfiGilekdymiror

pol ypepti.des, conpri sin dified RTLs ar pi.call
R i FBiao By sHReuee) s MY Coriien gt She bt Hiely o
ViRl by neQdRsa a0t of iR detildtive bENGimraRiTD MdstulevwiPrdferred
the ami no acid sequence of a particul ar

vABHISfgoagagreRgnEME G doratA polp’e?a}'ﬂ@spﬁorr&?ESlB% P e dficd Rkapre

t}@l@cﬁ’l& cRarfoterPRPBE Fostdsdioh Bf #88asi woslekddict ideati Hﬁﬁrﬁécﬁover the full
rotéins wth ‘even greater simlarity tot

lmﬂzearlmmentg@@ubm@é@o Whifl sequBRaR of A e%&@%m@nﬁégfé%% GLHC domain
g’g%dd(% B@Qﬁg \émli}'tﬁé?sg % %egag?é{c% lgg‘ést? soTR) frefhit patieliicds 1Bbteins with

ea 70% at I east 75%
eaen greateit sitBddty ttthd whsence soaneonceawill shawtinyesing pergerHess identities

vsllh%e ggseg%d Pm%rlnétﬁé X gllé:ﬁ%g gttnltga%ic @d‘%, art Feast%g‘%u ?ﬁﬁ%’t 165, R&ieag 75%,

at }epst(Sa%L g’t lms%)é/ssr alﬂeabw% se'a[@él?&e sietunWélen tbstthan the gptize

sg%tlfa%enl\l\%emg %oélﬂﬁafetd]fgr seglfle co ﬂi? ef?t&v%%%@?‘&}ﬂl tg?lXTlg'gi’§S%8§aot least 75%

s@diueﬁ&%:ldﬁmewh sigrioninddved of 19+20ialramd atc;dst amdmhte' possesy sequEace

LN TS PN
s@@ﬁ:ﬁéd baethads Q'&‘xﬁiete&fﬁfnﬁ@’kb@udﬁée ideditf bwed sﬁﬁ lskort windows iradmown in

t | tid | t
i 55 PG AoV FHIES OTGRON T FOPSRS DOt oER i MEHC
d3Hain pofpepiide¥ Qs@ i B HRRekiATId e 00Mé Qe Gffant, modified RTL. For
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t he purposes of this invention, that activity may be
conveniently assessed by incorporating the variation
wonodsha4sppr opri ate MHC conponent of a nodi f i edCRTIS2004/029096
(e.g., a f31 al MHC conponent) and determ ning the
ability of the resulting RTL/Ag conplex to inhi bit Ag-
specific T-cell proJiferation_in vitro, as descr.ib
s ioes oRAT BHENED T GRS PR APRSHS LAY Teorporating

th@%HLtgﬁfiﬁ lapiidpidle MEROsIAPOAE: of 2 foliHied RECERE DR B1al MHC

I nt o nonmers that Retain Biological Activi th

ccprcmmpt) Aphidterminingsthe,ehility of theemiing 14/ A eorpRlgtjosuubit

head hMielyy Of particul ar

Sﬁﬁ?’%f%glr@glafgﬁém%%% B ek o 4386, 05, 2001

Wang et al., The Journal of | nmunol ogy, 2003;

RYADEARBonel Miltation CWnPéted€ odh PRYAUF BHMnan’ RO mbYiESt T Cell

ﬁ% T El 1%%)20 %gu chi;z{trRe@almll lﬂdl%mr Wltll Hle
BT%‘r‘l‘yiF Cell proliferatton 1n vitro.

[(ﬁ)ﬁhf;%gﬁkc\én slm%ﬁ{ @em g%&a%ﬁrﬁ dcldR! 63 th@ﬁ&t&ﬁ%ﬁﬁé g\i'@al a@tihfﬁy of

e to reverse [1nical gns of

p@@lmlsr@tuuew m@; J_émm_deﬂ_r%t%@%,r?é)ﬁ beWa@aﬁt Bkt Thedgurnal of

ARSI PRSI O S0 O Sop By S

psdhesdds amonamsmxcfoah,enﬁth—ihﬁa@m ta khéfiel cqliqprolipration in vitro.

AR b BB e R SRR A Ml e

clinicdl eRes 61 AP gndlindwle longespoTiselb tolqmmcb vgadicstitha len@:phaiiiﬂgenic

T L

agPPiat8 MIlAcDROt1EIBYVOl ved i n either disease or tol erance

i nduction (Vandenbark et al., Journal of | munol ogy,

[m@? )\ppﬁ&ﬁﬂ@aﬂl@sﬁ stidischadsiedomeaii that infreddizazion oHTg-DRE mice with
clinical .EAE.wi t.h .an

!
l\é(g@rge%&epg%qaipg,&:igd gtgo%g:r cghg?saﬂ%se%pe%\?sc@llwglgﬁford lesmns)(wth

dERYEIRAsh, dhS RIS cRoRIGSRAS bOPALE, Qs “}éﬂaﬁhﬁtﬁMOCEMﬁibSdlaﬂﬂiat were
mai nt ai ned reduced clinical acti vVity even a

apeasenlyimohingelved i diseiip Ot tolegange mAeon AR eyt al., Journal of

isARhERLy BHb303 contai ning coval ently tethered
‘IVBF’_BTED@ d%d not inhibit EAE or affect T cell

[6RBP! %@%?sélokéa M, FreatmentRE e Ti,g,GDRQI 1B \iHef Ssbidf cBAILAIRAE with an
icit [01 167] Signifi can the applicant's

&@a@nwﬁ@gf %ﬂé 1y. H@leethng pf %w&j%%%%ﬁ?vem%flw%ﬁ Bipgresgion to

b%lé}hﬁe 1R8N En PMERRRE ?e'&{xceﬁl chﬁﬂc&laaktlﬁﬁftév%!ﬁ Eﬁ'er céb@ﬁloh@fur&&e

ecul es are suitab for eval uation for use
itjeetions.c Tieatinsat with ¢cmtr91 RHr308 P@l@t@lﬁﬁlﬁtﬁowew Itqth%ﬂé@/IBP -87-99 did

RS A TR o T R e

spatficgiyn a conpl ex mi xture of aI pha-hel i x and
bet a- sheet secondary structure, as well as a highly
[8107$ Signéfttapidys thetapplmh%sttcmhlags aro thicflirgi4e flepyment thatsnanpingec RTLs

b on d“ﬁggtﬁt\gﬁ e‘%‘ﬂ’ﬁ%‘}ég 5,2 if‘%ﬂ;%]?eg (gli(l)%gfre?sé.?t%g% for evaluation for use in

mmab elinicd driald foe &eatmaiteﬁ mubpleackerasival | enough to

-

[0108] The peptide binding/TCR recognition domain of MHC class II from which RTLs are
derived contain a complex mixture of alpha-helix and beta-sheet secondary structure, as well

as a highly conserved post-translational modification, a disulfide bond between cysteines at
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systematically dissect with currently avail abl e

t echnol ogy, yet conpl ex enough that successf ul
wengisraesz ng of ot her MHC nol ecul es and deri vaPCYa$2004/029096

conprehensi ve of HLA-DR, HLA-DQ and HLA-DP nol ecul es

and derivatives, wll require application of the novel

protei n engi i.n i ndi ngs and, cancepts di scl.osed
ofritca: 16 ang 04 601 Rttt FespRelecnBcahanel pRpet Bagt
systiRgicAlyeRdsbot waa ety Al drbrmidhadlogy, yecbnPRS enovgh aliat

can be used .to eval uate apd q%ggtitéﬁxhe retenti.on PﬁLAJNK
syccagsiut praineeting Aoher YEHsmolearles Bddloritnlivps, eoMPPURIYhHE :

HR/ALBB! ¥n SEONBICRoleAdesPRD Bt i RisNiINGquirt@Bpiiation aGhésel
CD4 Dbinding.  Wthout being bound by theory,

Pt ersineering Agdiessiqad ponsepty feplosed BYeins unct i ons have
been encoded and superinposed onto_the prim

[HAGL MK ecless Thmeleeylepdiavq (ot Teashifrer e dfing biopeanieal "fimotions”

tl%\'t;gﬂ‘ﬁtﬂe QRS (5 Faikfe g theQ4PRIdn R Qtsﬁéciﬁé hu@E-dimensional fold

val uation using protein englneetln% Burrows et al ..
denivstl diom thp giimerrspagnde? Ag-peptig bindipy TC geand 4§D4 binding.

\Agih%thkbee%%e@un@ 5P fh%é%,z a&?%&nt‘@l%&%e%éeg}ﬂeg heEOf P B8R Been

esent” 1 nv n, 1tis esirable to retain
encededand sopomhmsedato the priweiyseareneernd MBC class/ILand that some of

£ cal Ly bi ) . ; St e
T
(Birese & ey, FretanBnemealng AR 7 tH78.C0PPyrfehang of alt hdiolnChdmm|
gkgégﬁggééaﬂn5nterface with the T cell that stil

a

‘hr oughput information signal (Wang et

| The Journal of | 0 ; _ _
gy rearrg st Bt TG s R 1o Bl By biggfomca
fioretibis: the abilityg-spqpifically bindragreptidel;0ihd e Abfity ® bind the of8

HLA-.DR2- deri v s,Wth t wi.l d-t ype uence
PG R RLANS DK By e Bt BT piey ey P g eetmment of he
nfiMaadRRkadtisn @iterfilce with eterinal] it stiliinitineds agyrou S formiinn signal
REEEERE N e R NI -

15 QURIRELiRY ¥BUT TeaRtifeh AY.spRFicIHARALL Ng SOl vent
condi tions. For exanple, an optimal yield of

[RAP U SRSIIFEDRONRAREI RTIRM4dDBe 0lldalymsquedfeiaiied these two key
obt ai ned, by decreasing the concentration OS ﬁurif'gd

brefegacabotiyitise £Y #pderpark of alyd oumaleal Immupology, 2P03) ey fpled o form

h%ll@npord@ﬂ"s@mctﬁfk% Gk cREvsRUAT, 8 Banhin®IM 67281031 0P EhAtRb81d not be

saline to Tris. However, concent(atln% purified )
cpmpltsly ehistingted byamanipulging sphyenHcordiiensd Ferrxampleed gpgimat yjeld of

BBk bl RShoRRGK erfl?@lr & aﬂ.h&(s?1 Y% wal boaREPBR lecidbing the

aggregate, an equ um that was concentratjon
caaqoamatmntof pudiiadrRITLIG2 protein toed. hmekdrder thefinal dolding step, and

B (T3 oy RSt
RTB02 noAodetabarg® 2 mymircesssi theinariemitep 4o repartitipnieack irdo g fnixture
of%@gg%ro%md}ag&ggﬁ% %nmeA il%zﬁ%;ﬁs’wa%@g%ggﬁa%%g gg&ﬁdent. According to
ti3fesbhilibvaifion, k@SB yatiop OOHL AR 2 GeridEd RODS AsCpédieto certa_tin portions
R F L AP HoROFIRE. pr oxi el surf ace of the -

[6131_2f &eze.é angstrom resolution crystal structure of HLA-DR2 with bound Ag-peptide
MBP-85-99 (PDB accession IBX2; (Smith et al., J. Exp. Med. 188:1511-20, 1998), provided
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platform and the nmenbrane distal surfaces of the 02

and /32 I g-fold domains, specifically identifying
woeaisines2t hat contri bute to hi gher-order strueCumuss008/029096

aggregation when the subject MAC Il domains are

i ncorporated in an unnodified RTL. Specifically,

cor to the sent .invention, the , 6-sheet
‘%ﬁﬂ?‘f‘g‘f‘%%%ﬁ?rff’é@n S ﬁ%rela b e mebranePARRa! Wﬁf&fﬁ fhg S-sheet
pﬂﬁ‘&ﬁrﬂ:ﬁﬁl thé MEmBAhE Bt Plurhitg oRhk 82 andg2 Igoﬂalc?ddi’rﬁmﬁ sﬁb@dﬁ’ﬂaﬂly
ydr ophobi c resj dues that are t¥g|call f ound

ldsatafma Feres ﬁha%foa?ﬂ@tﬂ@ iiphighereeder Fchies I RegmgAiop dipRythe subject
MRt MR nafi RRSASH &Qcéé?n]anmﬁo&ﬁedpmﬁl tsye&ﬁcaﬁy faf:&frﬁﬁg to the

am no acid residues to be present in ,6-sheet
PESEINY BXVERts, the §-shess elatfprm ‘@ﬁ@fi viethy progeritor Hg - BH2 mglgeale defines

}Etbof%m of RBRATS, A ¢ oﬁgﬁs Ql?tumﬂe? %f'lg’d?%%b‘lt: lﬂés'idu@é thﬁﬂ are typically
Prote n Science 11: 7-94, 2002; "Street et
faang burigdawithin Apeatein Smcmrmthegt@algmmg sp(lyenn@mgseddn ou et
al ., Biochem stry 13:211-22, 1973; Smith et al.
[0 3lc Hesrirapansit3ef dberont pimjnopon Aesidrie fohhesiresent, in Brebges irpicfios has
bée{ﬁlﬁnt%géi\;e n§e achecP@ﬁ n&xge%?l) Naite B&F-560063, ‘”1@943‘1591563‘1'1\11‘1 A9 Protein
er €s on

e ru at dictate séc
_mdt_dﬁé%@ﬁ,eﬂﬁm,l Stxeetzan al., Porcadintl. oiead 1ea UHHAIH6: %(?74vﬁﬁt k999; Chou

|l a kad| f
UG i 15, Sh TR e
Finktlstam, Patein Ehgindening 8:20489,1899), spaetod ambdvecalbgrahal lmdcrstandlng
h | al 0114
T N M I T
ha¥ defifiedRhé matl@aRTHigh p”tgfeﬁﬁcel‘dhl@shée&ﬁr the Sctomphedarhinb acids

.yje nmuch | e oneform an. be .
e ines 0 Bseafia @y w5l of P ALHERD SUR GEShepgnine and
tyygieophobi ¢ residues identified in the a-sheet
pl atform of the MHC conponent w th non-hydrophobic
[(nwg?j] gb@ﬁdlggr tzftheiﬁagaat Biv@doadesifed sﬁﬁﬁfegﬁfhﬂlﬁcﬁﬁbrdom R];L
Lfie tructs exe ng this aspect o
ORISR BNHG Pl esompeeat g{fi %‘yle BS&RH0g PLS foym can be

a&ﬁév%d t18F S@inplYHFPROGRINE off B bfiefe uydﬁi@hbﬁlc edidués ildneified in the
(3-s heet Ipatform of an HLA- DR2 con%onent of RTL 302

Buhedh PlgHarmg bt the MH e capgsmgityvithorahy draphpbic regidygs fgy example polar
of &k FHSdsihe@NodiBbd R %Bﬂs‘ciﬁété’ eﬁﬁﬁ;‘ﬂﬁh@é’ Hhis@BcO8Ahd Bv@hition were

aspartate) residue(s). Figure epicts the targeted
corgirgtiedly fsPlacing phs PraBore teset, fh@dronwer tegigiegs dgentified in the B-sheet

pia]&*oﬂx# 8t L R 158N, nﬂJog&? bERTP 96% k’ﬁﬁ‘ oﬁ’g OIIIH&G (a:?bnﬂh éolar (e.g.,

ormvvastar et'e I catl on, nprisi
s@ﬁxe) tem@m(s)/and,aaltematmemssexemnurchbmeé@mmpartmms@be p Figure 1

dgpg{;tg %mtarget%::d g she]ef%latf r§5d1{eg %d %% i \Qﬁgr? I‘r‘inﬁﬁjrg %q:em.al core

enesl's, n vari ous
pontioh oPpthe Srshedt qilaeform) whs ta@ted lﬁ:r nnqninﬁxatwte lcompnsgm YHE, 1104, A106,

+fRE ! £l D Gt Fop SOl by 6y FhPe ARGy Hpecaty

sithaifged mitgrhebie indddalia ok ih wiiehdedtigletredd@lzbmbinations to either
reductions in aglgelr(sggati on of the nodified RTL. The

A3BH, PRAFPBIFIHT si dues that were changed, either to

B B b B i S s

rdsitus 4B h e g ylglﬂe@@ét@ﬂfdblle&bducmrin agdredativgonhe tified RTL. The

i ndj cated,, core
more hydrophobic residues gxat were changed either to a polar or charged residue, the greater
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platformtarget residues were changed, a substantia
conversion of the RTLs to a nore nonodisperse form
woasosopsseved. When all five core target resi dBeS/US202/029096
changed to a serine residue, approximately 15% of the
nodi fi ed RTLs were rendered nononeric in solution.
Wien all five core target residues Sconpr|3|ng an
a

@5 exnsria yedualionsn pgaiesaien peientiat - Whesralk fine ofieberindientes), egre S-sheet
m&&nct&%eﬁ@gddeg wRRAHhAYEE, Js%%%&iﬂﬁ?a S4408h 8PhE R 1] hhore

of the rodified RILs were observed in a moRo I sperse
meradisperse frmias Abeswed. Beicowll fivareors karges tesiitiesdvérn cliingert te 2

derife fee@ gé E?&Bﬁhaa%)&ﬂfs‘%’ BeRL fiolHePRILE 3 géﬁgd%regfn‘%onomem in

aval or nodi'fication
goligioac M@ien sl fizgcayé targed IG(S@uGSI'(e@nprpsllr&tahwxﬂnpianyt $eﬂlﬁ3bmﬁ1ng ‘motif”

0% . AL SO 5 %, o S50l e

BTh'it Wcm obsenet uxd:emoaoch&ppae &trm in Sototidnf ('seedi‘eldmbr Ae ilhstrateld in Figure

{K]y %g%g?rha by%}% 131% l’éaer‘g?}% oc@w%%g ?%tﬂtaﬁlg rfg&{l 14%(&“}’/& %Sa’lter sréﬂ"—binding
¢hadhctetistica bf the fehédt platfoimepsraich &f ord in@Iém(l& 1ﬁcorp&¥te§ il ®eTLs. In

freérem?fﬁi%“fﬁ?@ﬁbﬁ%@%ﬂgelfﬁﬁl g Sdcé) Shg t' Onénqhg%e@%ﬁeparate

‘toeaifd ufethﬁ:k nbted ayda@plmbmdésmllas)?@;cto(bett@n), mei aras Q{nd A133 that will
char in reference to Fi gure

resid
e)ﬁt Tiargris P% W@d&%@i llpctive gedificaion (ﬁﬁﬁ R ite %repﬁé amino
Jchcgch'lletl@ﬁ of iBstAMMi) td reldeSihe ﬂ'ﬁdrbﬁhobw'r@s%dé@b BlatePthe 't_'a]rget
g F32, V45, and V51, which naybe regarded as one or
TRRANe(s) Ayemenisidaapholie (4. paki o gheeed apsidugs Adseiim rafergnee to Figure
1@ sRtal R h§<ﬁopﬁcogfc 158 due IR infaiGatd 91@ ntgar A Penog)ré)ﬁ -sheet motif,

conbi nat i on these resi dues nay

ingluding é&tﬁlé)nu&a FW@ s eandied 1hyhxcb pm bf tegarded avfens(os moor
éﬂld{ti%ﬁalt fe btnﬂi'irggteﬁ sEIE: §éng§t( )ta oﬁ?sn T ﬂ%ﬁ?g lﬁ 1on Any one or

resi due, Wt e expect yi e
tombisrtionofithash rgsigiyey way e tdrgnied lfCS rmnngicaggr bgahovm:he hydrophoblc

lgﬁglfe?s‘) op%lteQ hettg}getqg c}ue ?nvo‘fl IthglleO]Jl- ?cl reﬁglae with the expectation of

R N0 58
welding fitrter e fts “mbhlr@arcbno dirhinishing eggrsgatties potbtial of the modified
é%gagenesis conprising a self-binding interface

conprised of one or nore amno acid residues, or a

R BEP) i L ol P bR e

for mdllag&nbmmccmﬁprmmglafsbwl intbiade (mﬁfmise&@fddﬁklﬁr fbR%%nihd acid
conp ete ues or, i.fjcation
f?i}%qeé’aﬂf Pﬁa’gﬁwﬁ%w%ﬁgﬂmgﬂ% t%f&ﬂdﬁﬁé@l"% &ﬁbj{ﬂ pramplary
dhthodimeatspdirectsddoivagy, prb(ﬁidﬁdnﬂ@f mdcﬁﬁﬁdﬂ'ﬁﬂsﬁﬁ’at c@xln jeNHC class IIRTL
hen¥gflaninﬁ, %Y |ne ophan ese and

SaiPEreted residug Wa a@@au%q fv Epphehiesidues or
106ti{6) féreknaple Valing, leﬁéﬂlﬁ’§ tisiole'elélﬁé1 afa@ine PWényIARRY, %Qﬂﬁko bad
anlno acid. Suitable substituent amno acids

Tt i hgseced |0Fh@atarsptreﬁ!6m8fniwd&e|a6wslta@awslymlemsleoraahﬁpmﬁvely
sabdtiflfed oy éxﬁ'%oﬁlh'y%ﬁﬁdbq’c Ayilb Qe ! Slﬁiagﬁ subsRRleRSamifd' chds5r

serine and 't hredni he; am no aci ds havin

gﬁmrerﬁlg@@ﬁteé|Rrﬁln1g0@ﬁ@aéloemnnn@1u® @gtino agids glspag alipihatc-hyioxyl side
e RO PP uBrn e, K Ao RIR e oI etains, su

apEPAISRe 0u F2B09E:; elymgpldehavmmrwmgtmsmmhms awdh aa phenylalanine,
aci ds having basic side chains, such as |ysine,

ar gi ni ne,
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and histidine. [0117] The findings presented herein

validate the rational design approach of the current
wonvesrusse for nodi fying a diverse array of RTRET/US2004/029096

conpri sing various MHC conponents, including MHC

class I and WMHC class Il conponents, to dimnish the

propensity of the nodified RTL for aggregation in

tyrosing. and tyntARles; adnodnn acidshaving basid sjdeghping,cad as lysineaprginine,

dMR&Sidinef MHC class Il nol ecul es, which exhibit a high

degree of conservation of higher order structure,

[02eH g @ﬂdlﬂé ﬁrés%Hﬂe@ﬁéer' vgh(‘ia@@thé it %Em%ﬂ FREILE the current

portion o lecule that 1s ven pose

inyangog for ymdtfmg R dwexsﬁ AL &f msqompn@n@varwuﬂyﬂm gomgrjonents,

MGG t

lHLA i R o!rzrl%)sgz glrl](% p@{%’ @gsg,sl %ﬁpoﬁ&eﬁs &1% dﬁ&lﬁ%@grogénsrtggf the

mm_ﬁedw%’ﬂe fon agiégatiers inosolugion. eﬁm@d pom;avts aralclegtly mpdicafalet 1h|aii types

[ I ure
an gs r garghﬁri] gls? g cubl P el rex}sl,m a%‘f lfl Cfé ar ecoélfeﬁl nﬁgglg%ertoﬁder
stucogt, mA]gdmg parmhdamﬁﬂ t&ﬁ@-%e(ﬁﬂ&mqmﬂmloﬁmelﬂr&ule that is

88:1511- 20, ,
bRt ko fa Bronel o RO o 1 R RS e PG dhags 1 50
[E)\hylpﬁptﬂk) dthe béte sitahd oh ﬁﬁtﬂlg&—m&bﬂipormﬂdsw%sfﬁﬂﬁiﬁb&iﬁed in
the o

di stal f d 02 |g-fold domains,
gt S o g ol Gebelon Sehinsii RpB eG4 DR2
holedudy GEEgrudeﬁtf) Thé D6labifbSmaesohddhegatal aﬁcmi?@&q!{rmﬁizl With bound

accor, Pgﬁfresent invention,
AF R ? uﬁ TUEDD qoRession dRE i (Bwith PL%& bFEzpnMP@cll%éSll -20,
1@98)?1 JiRemittBeaaBkis e nf ofttllibemgfﬁll)iﬁne—ﬂﬁﬁnﬁpﬁﬁﬁb@éf tRe B‘Hﬁ@%latform

dr ophobj c residues that are typically found
B Fheéaem\‘,?relm diste] sprfaseeofithaed %}@tﬁ;ﬂé—f@létdﬁ@@ms, lypgeifisellniglentifying
fﬁeﬁﬁl‘éﬁﬂlﬁt d%ﬁ%ﬁf%&i to lﬂl%%}de&t}ucﬁﬂé'@ﬁ] aé‘&r@ga@& "@e@féﬂ!ﬂ%ﬁ according to

foll ow cl osel he nodification Tul es an
tb@(me%ephw@ﬁgn,fthﬁrbettaashemﬁoa@émgw igitleirogeaiomik4i{DR2 molecule

dehh&%é &)ﬁo&m ﬂ‘{% %& c%ﬂgfla’%ﬁ%er ch“lhnggﬁ?ﬂolblcr?gl&féy kﬁ%’?&l’@

various nurine, rat an er ma an class
t»mlbrdblmdlhuesd within a pdein strisade stk dhaabeiog eolveng dxposed.
suff|C|entIy (see references cited above, which are

Aéldwmae HLAPRanolyculas valh follow dheselytthammodifieationmaes and

Qgébn e aﬂﬂla? Jest) él%fc%s!e&]l}{ %Hﬁl Pl F\;n%%ﬁitu}nnﬁ Fﬁ%"DS?. and HLA-DP

|ca 'on an rcatron o L se
class Bmicdersles,@oil daures:s anudneypitiahd ofher mimemehanrowsaﬂédHC molecules, are

h d h
d?%\?ﬂgﬁc? %ngdncWar rlﬁ_l?_zﬁ? s efglc&e tzy g%e rg%aein%%s;}? tﬁ%i‘ I I 0 n r% ?nzal:porated
hEFedh) d@app\loeme Rfucture-filnetigr aalyeisd] rﬂm@ﬁﬁandlhtlb@fd[ﬁlng c;tf

enderin nadi sper erjvati S obtaln
et RoBRapR of ﬁ@g%l%g@ﬁ@éfmﬂécsﬁs BRIt tese
rélyed syt withiehb gleadyhidtodipoSHARII tlelnvehfsyed
resi due, aspartate. Aspartate is significantly

[OX 19 1y the Pase SEeMetlary) mdBifidEPR2 e ed RILS the g—&h@staﬁsce@nﬂ terms
of either fjve serine

he .i nptroducti on .h
of r%e%ﬁawawr%%ﬁdgwawst“ﬁé oRged heubiEonGH ol five B-sheet
pldtfotih core hz&bﬁlﬂ)@l&fasﬂlﬁg withafl Qﬁ&ﬁplﬁjy @ﬁ%fré@'drfbﬁ(ﬁueRJsb%ﬂ@ dAspartate
only_a subtle effect  on the second ar% structurée as

lﬁﬁsﬂﬁwﬂé andsyrreptesents i Gsihoet agons pEmPlEEoTY) theblggiction herein
o€ biilfed Fied sedih& ok ﬁb@'&bgl%dtegféﬁlﬁue%)on tﬂ—é'\%x%rﬁg? %E BF £ feliBCltrand of the

was inter pr ete as an apgr oxi mat el Yy %
(3-sheet platform of RTLs had only a subtle effect on the secondary structure as quantified by
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i ncrease of anti-parallel /3-strand structure upon

deconvol ution of the spectra (Table II11). [0120] A
woOizbwslogsasxpl anati on for why these exenpl ary no#CTius2004/029096

RTLs maintain the sane basic fold and biol ogi cal

features as their counterpart, unnodified RTLs bearing

the na onponenis a sel f o
b oSS S ARG =Gt Sl Y2 BoBFIE] & epRREgptely 10%
irlcPeabd U antE-Parh Bt 13-s@rhnd dtSichudW§loh @BRINvIRtiEh EFShepectREable I1T).

platformin the overall tertiary structure of the Ag-

[diaﬂﬁAmméﬁ@ﬁbw@ﬁs@wr Eﬂhe@@&&kﬂ@le@f mbbiieRIYE Miain@iin the same basic
HLA- DR2 nol ecul e, rather than rface lik

foldhandgpilgpignl fopHEes s St FORRIGTPAH: R KL 47 g R oo MEC
rﬁﬁdngh't@ $nd R1AINESHMesinibifis cofeERim Slalydfitos ﬂi%SB §]1€§t in the

been intensively 1nvestigat ed (M nor et al
coBat 0Bt Guctionggdle as mylapen’ atiosn i the oveald festiasy §8}°8ﬁ%%f the Ag-

SR gy 0y g 110 5, oo o

surfrc like aplg-fold7 The gm)@n,@ltgpf @fferengm@m@ﬂd @@qdyes to be presen ¥1n -
| %%Esgg&@be% s ﬂegs? %?gvag%v%g ol (R 84 41, ROBLNRB1I60G3, 1994;

rt O an overa goal of

Pulddlénsettahm_ntgmtﬂml_leb@ﬂ% ZCHJIZD&aqeéet@édimﬁé)‘éﬂ Acad. Sci. USA

SR BRI SR, T, e O il

3365 HhER 1894, Bmkelhiemo_rﬂmm %7 -a%. 1§§5)L sqglagied pmeyerall

st Biee skl PRt Ropa 7 -y SR oiitish, mhe
bbdiy efstdrRbeiltbile h;bsl’ dafitledathy tiatkablylhighypreferehdecin Besheatfat the B

des princ s and tho . the jnvention for
B R g A efine R B PP 6 aci

réhidess siRngbladide £fd tMdGine.conponent's, the fol | ow ng

alignnent is presented docunEntlng honol ogous

[l ] THilndirdigthe BRall hpplicalsitityi of itlectattdnahdesigt pfifidplesnd methods of
exenpl ar%(OéRTLs constructed with ho

ogous MHC
ﬂ%?dﬁ‘&ﬁ‘ﬂ% consBHtng AL %saméﬁpe%ﬁ?ﬁ o1, dijiese @pray gf MHC
chipbRhRCHE ﬁﬁlowi‘ng ahgnment is presented documentmg homologous self binding

matifs 1dqnt(ﬁ@d within dlfferent exemplary RTLS constructed w1th homologous MHC

cmgﬁﬁﬁ%mﬁ%%ﬁmﬁmémﬁ%wsﬁgﬁwEL
DAE 600 MGaDTPENYLFQGRQE:
YAFNGT.QR- - FI. ERYl YNREEFVRFDSDVGERRAVAFEL GRPDEE - - 800--+ 60

3VRDSREDR W QRGR Y F TINGEERVRDNVSRIIEYRIREE S NVRF DSUVEERRARET L L
6CP PABEDIBENYLFQGRQECYAFNGTOR - - FLERY I YNREEFVRFDSDVGEFRAVTELGRPDEE
800 _ _ MRDSPEDFVYQFKGMCYFTNGTERVRLVSRSIYNREEIVRFDSDVEEFRAVILLGLPAAR

----- + 120 _, 302 e e e 120

SS@EFMV_NSQﬁlﬁ)ﬁ'EEERAVPDRMCRHNYELGGPMTLQRRVIK.ADHVSTYAAFVQTHRPTGEFMF
YN SRR K R EERRYPTIRVERNNY L& PRI GRRALR XSS ST Y2AIS YRS RHRP
TGEFMF 800

:%%@%ﬁ S R ORENERLADEVASYG Y OB

LDKKETVWHLEEFGQAFSFEAQGGLANIAILNNNLNTLIQRSNHTQATN
800 - - YTHEFDADEQF YD EGRKETYWCLP VLROFRCFDPOFAL ENT AVIKIHNENSL I KRSN S FAATN

----- + 180 302

W@W@WE‘EW LANI AVDKANLEI MTKRSN
isiofirom DR2 (DRB1¥15011/DRA*0101) 31).

%E e g A R A A A AN AL M e GRS M.

YTHEFDGDEQFYVDL GRKETVWCL PVLRQFRGFDPQFAL TNI AVLKHNLNSLI K
RSNSTAATN Primary am no acid sequence alignnment of
human RTLs. RTL302 was deriwed from DR2

(DRB1*15011/ DRA*0101) (31).




RTL600 was derived from DP2 (DPA1*0103/ DPB1*0201) .
RTL800 was derived from DQ (DCAI*OS/DCBI*OZ)

wO?0dstoakdses i ndi cate non-native am no acid resPduas2003029096
WO 2005/ 044982 PCT/ US2004/ 029096 Gaps i n the sequences
for optimal alignnent (- ) and the beta 1//al pha 1

junction (4)_ are also sh The conserveaw yst ei nes
ke e L
Foregor BPS. T"ogous sel f - bi ndi ng

not i f |dent|f|ed and rmdlfled herein for an exenplary

: . .
R e
modifitdhaein émidtntexmmdtry RI/sDR3remporchtid Rimz 02 healxgnmsm Rtith

11,0[]13’0%‘ t0(1:)13 arge re ld&%fﬁ%g%s-%gsoe i tf,lpcgﬁglaoé%s ﬁ%ﬁ&i%al MFE:S constructed

b}(ﬂrppl_meemt mvﬁiﬁms; isdledihg RICLE0O, btﬁn}d‘lsﬁ@ aQBMM}Hmd)mponednt and
i ngs er rous rge esi dues .
SO0, 8trist e Al Rert CoRient whiRaf dscloSige ShEGachines
Hﬁﬁdldﬁ:,hﬁdleWub Bxdrrﬁﬂ?ﬁ far@%sfdﬁésl (if lBﬁfiﬁU@ﬁlKﬁddl 1%8)00 aie readllyfdlscerned
nder sco in men or nodification o
e cb e VighBreebRaFIbe Rkt Peworsrortysat e ghergaent) for
1R6dIeigion BPghbdel 08It DQ ARATNY MIHYCIAS TE fHScibdty ?fgdh&'}nodlﬁed RTLs
[0123] Wth respect to designing nodified RTL

e A? the IMEOMANC cl ass || conponent, Figure 6 shows
h e interaction surface_bhetween the all3l peptide
B354 Wi teseest fo desigtipginedifipd Rgbnegnininipgian MEIC class IT component,

Bgie6 |SHOV{'§3thQ nﬁé?ﬂﬁbﬂ Surfite bleMeddiRe al-rm%ebﬁﬁeecﬁl?ﬁﬁg/ P @Tll recognition

surface between the all3l Eeptl de bi nhdin

Jogregpmidithas?fddadelA dameing eidiba @R, dite omt@ra@fmauﬁ@e\ha@veen the
lﬂ}@‘ij Bbiifdle bﬁﬁglgyleééllr}@c%lgﬁﬁbﬁ] 901{1{19 attl %@ oé&s-%l-fdfd' (BHEHM WK modeled

ass |l DR2 "structu
a8 gefinpd gsing the hiph rasobgipn hathan ¢lasa AR EBrEvee BOPa(Snsthat €., 1. Exp.

SAPHSLSTETFN I, H AR i HED R G AT 05 o
Oybs@é&:t"fhﬁt@hyno an@yarbexyh esman of Mél(tieassdl eas labeled N, C, respectively.
(%%%%n’eg E{% 6%\‘?&6{ ? f&@aﬁ]( %rg)&ltcl@ Gs frlé:\rﬁ?e n% %Srle d ugs VX(gZOflgé,t gﬁ F108, LII0

($BK2 avmb{rihgh nHistinteraciion srfhaqe hn@’bﬂﬁﬁlﬁrﬁd&?bdt@cenﬁﬁé I- fold

Bl B2Doresf shhyy T Egheiin futings calre Buponiis gptena

(IIB) e\wﬂeemomaléu wititthés infetfedelin @R 1BR2 Eﬂ@taﬂ&)&@tufdd@ §i@dwn as red
ructure are shown as red spheres. [0124] Wthin
SB #t%ai n enbodi nents of the invention, substitution of

(0 T PPl o SThBba g bt
hegipphdbid R}idudls)amints of Mereafighiobd @Bﬁhe(@t(b}%ﬁ{ﬁh‘ﬁ@d Rre by aspartate)
raining the npdified RTL nolecule to sta

con
PR ecpadGpnel bl ei9E Eonstpping |ﬂa?rf3041ﬁ¢dsRTIntnelep@¢ to stay extended
ok Bstetdhad'bub Yol s3Re SR Y- Gfnd ojf;’ Ha3deQharek AgRiont H@H@r ’thartl1 allowing

allowing the structure to collapse onto |tsef

hpdpEE torcoliapee oo fiwsiidn dsrehsenee eftibe Isafold domains that am present in
tﬁé’ﬁo@'nﬁgﬁHLA%Rﬁh@fe%t I %%Uiu@mn FY 8ﬁs1§t8ﬁ Q‘Jétg%lltx Ofhtd lfelrem and is

consistent with erein
addipprally suprigyied bipisperts thif a6t she g pedperstity foropansid acid mmdlaeranses

R 130a13fkd n{t&%tfwseofelﬁé atftifo acid side chain with its local backbone (Minor et
al., Nature 367:660-63, 1994).
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fromlocal steric interactions of the am no acid side
chain wwth its | ocal backbone (Mnor et al., Nature

wGa@ansees®ss3, 1994). 31 WD 2005/ 044982 PCT/ US20841TARADI629096
[0125] These instant results denonstrate that RTLs
encodi ng the Ag-binding/ TCR recognition domain of MHC
class Il nolecules are innately very. robust

[8426] Thase Estantigprisdemerstrate has RELhepcading %hetf&g Wadigg/1CR
rézcogrmuﬁ fonllagn I) Cdé?iggil%l&:ftlleﬁ be 1ﬂ{a‘§&§a{?ér§l Bdbutl sBB&turesd, capable of

ure, even after fairly aggressive
remdmg |actamy<snpame framehet Igdoldhgomeins ebtherregeritor elaggflstructure, and

ewgﬁf f gr %feséa‘pé)lln&lgﬁ %HE) @%&H@ﬁoﬁmeélﬁ&{o&eﬁé ahdre

ncr ease ty and pr evention of

n&ggdhe;ga@del mppbiﬁngthdmbﬁhe@is ammpls of thredinuiintion, decrensest Jolupdiy and
I catl

R e
séldbinding iMEIface) msisf, bd resacﬂue(sa,teucrepltﬂedtbymsxmm¢<bsun%¢d gf a native

l\gﬁé)‘ffaﬁﬁh\%}r{lﬁl}i‘i%ﬁ %ilaﬁgrem tor 11%)81%? il .tl'fe é{ |%Er}§5rt%ﬁ(gt§¥ structure. By

OIS Wik thbie dphiatie Ilﬁhltstufns tiat cdnstrahe the prateints final follpd|stingture

aggiﬁlpgftlgtg%?rrgigg it! %3 grotﬁr:]sg gf w?xggghe ngtew ognggltatg 1e{7) sQ]%@f ial fold, a
Kef BRI @écoﬁﬁfﬁiaﬁfﬂe@f@n Hﬂﬁ&dﬂd&p&@éRTEkM bba@soveseme—which is the
over come-whi ch is requi r enent "

roquitsantiip deaps infagk ‘9’“‘%‘%&1? T} J78USTED C‘{%ﬁ &‘
fiﬂ{agﬁrﬁ&let PNBHEL tha réthifeihe WHRiiFUS bit Hesiides endbied the FCRIiNEn Ag-
the ability to bind peptides and bind the TCR in an
peptidepsppeifie ausREERiningARREROloBE Ay pot ent

bi ol ogi cal activity. [0126] The follomang sections d
[BHE5) T Talspgre gy PEs e S A ER S Jese GG and ves
Aol BiRint Iﬁf—ld A5G0 RR e iNMtidID a4k BtheRisd Hfed, standard

I nvent1 on. | ess otherw se stated, standard
moibce@aglbarlogyu, bulod@ymstm agd irawiaqlegy Tethods A BT oirh Mepdrsdigethods

ﬁgbs 1%1? (i ?é[lrﬁp' 31% %gg 9%9%%9@&?6‘: a{ I@S@eﬁﬁfs'?e?ﬂd?m%) and Harlow

ve%%oldmg toward

roo Ausubel et " al , I'nnis
amld Land 9983). dihe fﬂhxv&hmg/w Sa]m&:n@aa{mé addites) patqrﬁ%arﬂmup]é%tlﬂ@ cited

é%.ew&arp 3l eerlg rsé a?entg dﬁﬁ%%ﬂ%@mﬂ hER ul@{*&l SUWRHCGRIERRS and their

ere ate to design, construction
u'wesj aﬁdmmxioatpomedﬂerdxﬂy mﬁdr@mq toago‘ad@actdntmnﬂl baglkgsennd gpdjtechnical
ncor her ei n r t ey
OB skl BERG o e B SRR £ 8as5: 5260422
5 %@B@EIS 46&481h6 5p5,88ke 131635, B&ﬁ |5t7|3¢,ﬁ23 U.S. Pat Nos.
5, 130, 297; 5, 194, 425; 5, 260, 422; 5, 284, 935;
De A RéconthibD MAC, ClassdB oleSulg§4, 023. Design O
Reconbi nant WHC Class Il 3lal Ml ecules 10127] The
2 7] TR Gintin S & ieqeesesaff nmemmrihn MH@VH@S(H el § ¢hain prpigins, as

4"%@ gsgr?u:slggf aré;o% gnc0§}r@%é? Pm%‘]‘%?;%e r\}v% e' ¢ ﬁ;tcthéji‘rt SRERHAE from

AAdrbdberctd, a¥ludiigrefeeices SM@GSncormcdtMer@n raed Gewhrnks Within
cited and |ncorp

ted herein nBan n )
S PR Rt VB OpHE P IRTY R RERTHY byl
EYced %Fﬁﬁrhﬁﬁze@ l\ﬂtIC 6rhpuRhi that ekcﬂﬁﬂé(‘aﬂﬂbr @ﬁrt o1 avhative Mi-I(M:'theln for
conmponent that exclude all| or part ? 83&% %
praned il orfpgyt of an MHC class II B2 domam, or at leasta mding portion of the 2
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exanple all or part of an MHC class Il 132 domain, or
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paraneters of the am no acid sequence are nuch | ess

i nportant than the mai ntenance of domain function.
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may be conveniently attached. Such vectors will also typically include a promoter operably
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useful for research purposes. Such vectors wl|
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woRspakdgpept i de ((31 al ) with a unique restr PCTiUSZN04/029096

site provided towards the 5 termnus of the MHC
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a pat hogeni ¢ phenotype of the T cell (e.g., to inhibit
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APCs and other regulatory signals as conferred by
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4556- 4566, 2004 cor.por.at ed
on{ i oot (516 42 PERGHL (IBuPgD rapeisier ferqubodiments

RADVR 6f he &ivent@tin dah Be L152d EftdeRBtidn) GlantlBcatibn &ncﬁéﬁﬁﬁ!iﬁﬁ&tlon of T-cells
eval uating T cell act|V|%¥ and functian, .
that Feeeqrens Paﬁtsrulsr #itierry te pleld impertany diagppstie %&%rﬁl?eeﬂc infRymation

aﬁd‘ﬁl&ﬁéﬁé@ Ef%? 3t SkafnPREearl§ dBtectiofIT-R1ls §}Jecnﬁc Jor a particular
| nmunol n nore sp eci fic _embodi ment ,  RTLs of the

aptayEigeR wn& &7 epangls ééPbP]Sﬁ’ Rk will %Htatecfa@lh gslection pf appropriate
R re?lh'l%é Stieabiofurify aﬁﬁ cl:rﬁspe&lﬁ@tl" Jeﬁ{i;@rgf‘élg@oe of great value in
particular antigens to yield inportant diagnostic and
agqpéive premenatherapy o Adaptiveimmapethereryanyyes thapmgegl of-cells, e.g.,
ﬁ%ﬁ?&‘&%@‘ﬁr ggt?er ol %xga%glgﬁ b @8 TQ:fells in ?M &d%ﬁ’&%&&&d{c&% eff et e cells to

particu dautoanti gen using, for exanple
thiepatieni(deb UtSadiat. Noat.69%6H51 Rosabag e @M_mldnmii 30d676-1680

(fd8?ﬁt gﬁﬂgloré glg# &?gn]sml;&?lcﬁf%lj %:éfﬁ(f L 0 A l¥1nﬂ?néa fltov a}frapeemes will

iﬂcmasaﬁe) p;iemﬁelty amiefittrenes pf inAdoplagical mmnv;nnuolh er apy

i nvol ves the renoval of T-cells, e.g., froma cancer
[@a5] Birhore drtpdavsdspavtsaff thelipventiom inaglified R?ELts compuising hMHIC class 1
oG e85 ko VB SE Gy B L PR RRS Py of
AlPedific B-cdifsd By waAdBXdmplé, aqilal molecaln dbade'cpanls b @reelbAAg (e.g., an

cancer specific T-cells with jnflapmator roperties
e e St
ctIMAAHZONIO fiobeit) anfl b @hinBRddad paticatAbifering Foa Aultipleasclefis or other
aspects of the invention, nglfled RTLs conpr] si

g.a
apjppmpyngLdisepse gy hejugedsto modulaizosrll ACtiVy (§ged Hla‘i?.ﬂ%ﬂlt 0
pmlfaﬁtonaﬁadﬁbte QrceR eﬂﬁéﬁﬁﬂ%ﬁbﬂé d?@ftoea&yt@hnag) é}féfnb%ﬁhé(y) gfowth

ecific T cells. By way exa
fw%r@g @nglor asterien o ather aelfpntséqﬁpry ﬁ@tqrgs? 1] mda?ﬁ anghe ja¥AT ¢

pRBIotPROha SR T cEIEQE0 H‘iffeﬁﬁt@a{ﬁog ‘é‘tatl@ Mo&4iBE "byRRfdet QPnaling or
deri'vative of conjugafe a I cell antigénic

syiPeRsEPm oty aadier pathessnie @oﬁe@hq@aﬂ iAgrpacife f cellsrigepbioaHeviating
mul tiple sclerosis or other autoi mune di sease nay be
used to nodulate T cell activity (e.g., nodulate T

cel |
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proliferation, nodulate T cell expression of one or
nore cytokine(s), chenokine(s), gromh factor(s),
wanaisoa4smelhesi on or ot her cell mgratory factoPCSNS21/029096
i nduce anergy and/or phenotypic change(s) in T cel
fate, differentiation status, |ocation, bystander
si gnal ing or uppression activity, and/or pat hogeni c
owﬁweeﬁpws;oqlﬂei@swewr%n&r Aligmatively, Shdppolaplesateng
c@FugMaZAA0! B8 ety foTdileSB AR 1RO usRy TEMYENt | NY
aSSOCIated di sease synptons. Alternatively, such
ﬁﬁoﬂﬁ e%nplé‘s‘?s@i feARIAFoMHd thos df%i‘dlﬁ'arﬁ!ﬂhﬁhythé &rt witha
dlrectl di sease-causing T.cells. [0146] The
TOgs] ciemeé élseelse%wr@sdegféxpﬁ%@ﬁthe subiest ByeIHantang g n@f intended to
hﬁﬁtq}l{' % &Kzlfﬂalt is r&a}&@ aéfhk 11W’eﬁt}[bna Eff@tﬁ RadHed 8L to ensure
di sc re and description of the subject i1nvention,
agghthon weth pespedt frt thp demibaroused (o8-t amavaissiemperate, ppngentfasions, etc.)
b ROALH BhcAthchBfed Y SR 0ok id b dIRYRafGen made to
ensure ‘accuracy wth respect to t e nunbers used
(e.g., anounts, tenperature, concentrations, etc.)
but certain experinental errors and devi ations should
be all owed for. 39 WO 2005/ 044982 PCT/ US2004/ 029096
EXAMPLE | (Methods) [0147] Honol ogy nodeling. Mich of
the logic for dissecting the nol ecul es has been
previ ously described (Burrows et al., Protein
Engi neering 12:771-78, 1999; Chang et al., J. Biol.
Chem 276:24170-76, 2001). Sequence alignnment of MIC
class Il nolecules from human, rat and nobuse species
provi ded a starting point for our studies and graphic
i mges were generated with the program Sybyl 6.9
(Tri pos Associates, St. Louis, M) on an 02
workstation (IRIX 6.5, Silicon Gaphics, Muntain
Vi ew, CA) using coordi nates deposited in the
Br ookhaven Protein Data Bank (Brookhaven Nati ona
Laboratories, Upton, NY). Structure-based honol ogy
nodel i ng was based on the refined crystall ographic
coordi nates of human HLA-DR2 (Smith et al., J. Exp.
Med. 188:1511-20, 1998; Li et al., J. Ml. Biol.
304:177-88, 2000), as well as DRl (Brown et al.
Nat ure 364:33-39, 1993; Murthy et al., Structure
5:1385-96, 1997), nurine |-Ek nol ecul es (Frenont et
al ., Science 272:1001-04, 1996), and scorpion toxins
(Zhao et al., J. M. Biol. 227:239-52, 1992; Housset
et al., J. Ml. Biol. 238:88-91, 1994; Zinn-Justin et
al ., Biochem stry 35:8535-43, 1996). Anmino acid
resi dues in human HLA- DR2 (PDB accessi on code 1BX2)
were used. This structure was determ ned by single
wavel ength diffracti on and nol ecul ar repl acenent
(AmoRe XRay/ NWR structure refinenent package,
C.NRS., France) using HLA-DR1 as a starting
structure (PDB accession code IDLH) (Stemet al.
Nat ure 368: 215, 1994). The foll ow ng
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resi dues were either mssing or had m ssing atons in

the final structure: chain A, K2, M36, K38, K39, EA46,
wOlZeys/oR198®, E101; chain B: E22, E35, E52, E59, PEBAIS2004/029096

E69, P108, R189, (1BX2 nunbering) (Smith et al., J.

Exp. Med. 188:1511-20, 1998). For these residues the

correct side chains were_inserted and the peptide

backbone was nodel ed as EXAMPHEdody during

structural refinement usiQehods}! energy m nim zation.

[0148] RTL structural nodification. De novo synthesis

[00h7)"sBS Y0 HhvdoRis. ety &dhd bkis forliRSeddBE FheRh@¥duldd Bhy/been
des]crl bed (Chang et al é{BI ol Che% 276: 24170-76

PBYOUSly depritsd (Biivest L r&iﬁé@eﬁ&é&%ﬂﬂ%@ 1748 19 Sppmaetal L

BIY dERRN . £4176.56 11009). WeqhdhBe AMBRLof MATE SR Srolecules fr
“surface of the (3- sh)eet pl a?ffaglrnm%ofothe RTLs vmoteﬁues o

hygeang Fat prdempyie FPEsics PFRyidge 8 serBg et for qus siydiesrapd ipplis images
Wzﬁ%eﬁ%%b(i bvﬁﬁ?ﬁe%é@ﬁﬁ SQ@}H%@ Jﬁcﬁgosbﬂssbﬁétgg st. Ii%uls, MO) on an 02

angeTM site-difecte mut agenesi's met ho
wedcstatwrb(éﬂl)b§ 5 Stileandgrapldcs; Meugiain \dew SAY) using q@ﬂtd@fates BaRsited in

A e B L b R R R RRork AR U0,

Strenpb-hbed anmologw nwyelingetas basefl oy trucfired ciydiallpgraphes eordinates of

hng%%},@sg&ggzlé t&%%‘f@;g“&aiﬁ@ qg?{ 9&4@%%'%,%%{., J. Mol. Biol.

30t 7880 R000), i anwvel af DR 1 RBIo32(G wie Natulkd 36433839, d 993; iIMgrthy et al.,

SREGRIER TSt TR RYEIIG Tl g3 e 7)o

1996, red sco’iplol%im'f@aﬁ@ﬁal%%dalmol Q2A2TINE2,QP0; sl & al., J.

ML B | o Gl 3. Bstal s 1574, Ol bino aid

re/ﬂz\féi:géﬁ/‘;ﬁ hm%ng % P@acﬁ%@gnﬁﬁ% 13_5@ VAR WitE Pﬁé\stﬁﬁﬁre was
defera Smgiw’rvs é&%aer@@amoeeﬁarf%aep ﬁ@@

X_'I_{ trubfds Fé@ﬁbrﬁa_r@pa_&ﬁgeT@-IN iﬁ@_ FYgﬁEe)TTsﬁgﬁTﬁ\m e@'a?startmg
The ol i gonucl eot i de ri ners, enent a
styeirg Al rqcessiopcadfl HX@W&} ¢k, N wéfgmaa%@ <y§b? follgwing

re]sﬁuésex%i’@&ﬁ{eyﬁﬁsm %369 haﬁf’mﬁé‘in 91'ﬁ§ ithe Pﬁzﬁ sTANrB AUhY BN &SE M 36,
at an annealin er at Ure of 55C.

on
KB #dc¥pBiaiN78nR 410, ER@L; 6haigBhER, Eéi,ﬂﬁé % KBP 69P108, R189,
(I% %Bﬁgerg‘lg‘?ﬁﬂnl% &%ptﬁhg Aed> i?@ﬂ'ﬁﬁ &% fy9§j< SF dr %helge residues the

gener at e tare cycling,
cqrrestividst chaims werednsegidd ad the Byptitle b@hbmn \c'3 e@deleql as aliigjdbody

ol Bl R H%kﬁ“@@%%‘%ﬁ%@y BnBREL | e i cked
(BRI BRA I EAIRSEA PO A RS 8y AQSH PR 1L

ha@exep;rswouslwmm}(em&hggm allyddBislh Chem \J7¥: 24(111 lﬁ; 2081)w8ite
T S S e e T R
sﬁaé@bﬁhe &[Qhem Nhﬁd)rm ﬁ’phkaTLs( WAtHAGIER, (séfﬁhbﬁd‘t&hﬂgedl&);parﬁcﬁa&i)

%BTS tTg‘d Hg’ﬂg%fi?ﬂf’t‘ﬁae? ng}g gﬁgﬁin%?n%%ul&dﬁﬂange MRl Bt

mutagenesis method as described by Stratagene (La Jolla, CA). In brief, PCR reaction with
Pfu DNA polymerase (Stratagene, La Jolla, CA) was performed by using RTL302 or

RTL303 as template and two synthetic oligonucleotide primers containing the desired
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mutation. Finally, the desired plasm ds were sequenced

with the (T7) 5 -TAA TAC GAC TCA CTA TAG GG 3' and
wODoostoes9sz nal ) 5' - GCT AGT TAT TGC TCA GCG G 3' POT/iUSBIE/029096

to confirmmnutations of interest. [0149] Expression

and refol ding of soluble RTL nol ecul es. Expression,

purification and refaolding of human HLA-DR2 derive
IREtion (e SF Qs eXamRie 1 BT oé Swatipe Brimess dor R 328 were 1) forgjag primer:

5%86‘ A® 1%%117@A G %%QilAAc&\Tw ey TeA G‘@‘@ ild£8EtIGARSA GTT

have been made i n the protoco to streamine

AFPOGUAIATEHCTAIAGC ATHE S B) brghward primghitS-GATEG@ d6AngEA TIA
q‘ﬁ/\[eg)rl)x?l}ﬁ b R a8 ¢ R‘rérd THERIFEMI TG A PAACT C-3'; and

ures to m ogarithm c phase
2 D6 DDAt G 1@inTers fom RILAAGwBerl) ﬁmward(pmmer $-6G¢ GAG TCA TCA

pro%gﬁﬂkég uc %%%§ggghﬂ:g§% é#y&G é?quﬁag%Qgﬁgﬂ%E§Acc

ADPH Ay backBaidprinienddiCaAGt BEG A€ A GGN;;TG KCASFAG TCC TCG TCC

g g A

efdhadgiplegietifaryis filer @pppsincaagi of gamp@dté vmueb&ﬂ«mded] tluring 19 temperature
ni_pul ati o teln rifi c n re a «.The
ey ywarl%?@m&fl‘éf P@%‘ﬁ‘%‘ﬁ Btyeie ?’&P%%}Pfreeﬁ“fﬁgr%{ﬁ‘m
11_1U0}'p;?11'a@0n loptthé oﬁ@dﬂﬁ@}s@hd@ lﬂﬂgegm—mﬁtawﬁ iplaémdd) contayrsing stapzefed Ricks is
solution in lysis bu ra

gs%qrqt@% )Foﬂzwv\@tmﬁtwm@@gﬁ%ﬁ%@m%‘%%d%ete&&é&é%&%d

eﬁ&@xu&l@%e sPdipdst @8 [p)i\@ﬁtal PRAhahSiske ahd foeRLHfBrRekAE borRaihiap the
mnutes, swirling, K gently every 10 m hutes

I peayuisp ehisTasts RS TFOH PYSIAHN P Iragng U5 estsgapationts
l%n 'ﬁt«]ﬁsforﬁﬁh kntS HSEEMBLANDETPIse chprediondobt (N@Ga tM£d1801’1

suspensi on was centrifuged (20, ?
WBr Colonies wetessreened4ad cglls crwaining plapmid with the desifed pyfatipn(s) were

ugetist %Qsﬁ@@ huﬁﬁ%ﬁaﬁ 2din : \%%p%jl\@ﬁl gveR Kkt I'(‘QIE@IIEILI \@ﬁéﬂcﬁt CA).

resus tirrmes | YSI'S
The phugfiedgdastmad BNrAgweL%lair digasted with 160! mldﬂtoﬁ tmcocﬁén the sfficiency of

I

rpdd et dep it Sty ek Ry g BT TETAS T GaC
T@M GTAZTAG EIGlE)and @ivctesinaly FdGGEAGTTAT Tﬁ@ BAGHG 3 primers

%ﬁ# centri ugari g (40,000g for 45 mnutes at 4C,
IR ﬁgﬁmﬁﬁmﬁ J&2b rotor), the supernatant

bi 1 Y .
ROl DR s REE DI DAL o o nd
rsfbmi@d)f &itlmdiﬁ-IImI-IDRZ periviell RTAL lwrampre{ﬁbesly éesoritEdr{@hdng et al., J. Biol.
d t

ByaBiodd B Fin aeeiPb Ry B8 wEm a5 rifhgfocot o
sBBdrflie PrshangeyiiRGhantaiRt@rofslidhdy Bicfaaaﬁ@the@md:aﬁmmm Bacteria
RFLFORP B Hob BB BT CoD @070 R Lue Berta

(EBhe0a G%Hiaﬁﬁfﬂg'ﬁben@fﬂnﬂ (Fug/mAlVatNFEL., Reddnibihag) protem production was
Fractions containing the reconbi nant

lnfhlcé‘i bsaddifionef g é!lMdSQi’FfZPYI:% Rcbiogrlagteside @E’It(g erfter incubation for 4
}ﬁﬁi | 48 }:ém el Qﬂ?ésﬂ*g 9 E%ﬁéﬁgn aﬁ&l §tf)1%ﬁ at M‘(Mlort-term) or -80°C

ano am ne, M ur ea, g . 0; colunn
(&ngé@rmé kefow, proqeﬂuw 6] subsﬂqa@tt in@nspub mSaﬂf BTN prigficafion were at

49& 'Tﬂé ngﬁﬁe‘letWef‘e @Q@f)&‘&@ﬁqys@é l;u'ﬂte?(%om li}r1§€p Oblult/lfl@lCl 5mM
EDT A, pH 7.4). Lysozyme (10 mg/ml solution in lysis buffer; 1 mg per gram of cell pellet)
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to OD280 of 0.1. Proteins were dialyzed against 20 mM

Tris-C at pH 8.5, which renoved the urea and all owed
woebwlodiasy of the reconbi nant protein. Fol | ow RQT/US2004/029096

dialysis, the proteins were concentrated by

centrifugal ultrafiltration with Centriconl O nmenbranes

%Am’con, qBverI%/, MA). For purification to o
6%1%5’&%41 ép @? sofutiqniyasrineubaipd greom trsmngriee froi3A gisitese swirling
268l UedrP 10 metikRNThOGIAR P GSHRE! 6650 %ai%’é't%e >§§’ lef%antQ Syith the

final yield of purified protein varie

o5l sHypensig cogled g fal icgwrtenhagh. Tho LD FusBBGiogetas stitfifiged (20,000g
8 $Ghinufis| 8 biigd ' e

denat 3}“?3 agz;(/b@ti’aoieélq{n%aggﬁ 7 g’rﬂslﬁc’g&ﬁ Eﬁéfgééng#i?m\éﬁ?tfoélrw%pf) fred off,
t¢ coll nefletresusiradedeand Giasheddye titned B WO mddptioetrean@itainiagn % Triton
% , resis (12% SDS- PAGE) . :
ol e BB RIBEE ol KA i esbspended n 100
e & @0 i ethamalamink, .6 (18h,gnFR10),Stnd stiged gentliVE) 4°@nf¥ernight.

AR LS AL LAY i 151 G e

Jupgrhatarg centbieing g soDbfzedpanbinminpoteisfinteRRNARIREE (0.224

i nakRroTM i ns nt (Protein_Solutions, Inc., .
el S PEGTTRIMA AR SRR pletedi. onsBrebesomantapogi o mtores
Ware purGiedland é@fcerﬁatdﬂ%y&PﬁO&&ﬂ-&ccﬁhﬂg@%fél%ﬁlfafd%féﬁﬁﬁgsiﬁ@t@od%@ 30Q

| on at a

Anodi sc  nenmhrane filter (Whatman, ]
R G A AT Sy EAVREL 1) i ML
(PROMmAGE BRSRhPGCTALIS20H 42829096 lﬁﬁféplk%n&gérflﬁ%!]éf)?@‘?ﬁdi n: 0

| specira

tz cuvett d I d at 488
e&gﬁ grrnglé,f}(ﬁ\é d‘?eé‘za&&ﬂé‘?&r@ £ f 0 .@2 tFirq?ﬁ'plps(ﬁqn@fnirtg%e recombinant
palbtéih 08 inilest RBiefpo6ie@ Bid @REbriledtiriBe Efeéla{s‘#&ﬁd%?&ﬁ r‘g{)ﬁf%}%& {SEC

otejns in aqueous solution. Data were then a
B ey M ¢ analange M uess 8.2 3 NSCh BHAR.O: ¢ehrpnciuperden 75,
H3ab16b). A Sotiofd @t ' i ‘,@eﬁl@% f Lt
were Subtract ed.ta@%%e%gt\eﬁedrcgmée/@%r ess '1{3;183 { ﬁg&%gﬁﬂgéc buffer
tg Qb0 8f @44 Brotsinsivate dialyaetdgeinst2dim. TriveTlet pH 815, whic héSoved the

q ] | obul ar hydr at ed

S M BI0ER e AR O, Ty Py e Bofeis wre
coraesiraterd by, atrifugal WirafilgntonSeithuCénricon Chambahta@wiitde Beverly,

: 521. Ci r_dichroism (CD). and t her nal )
MY o Lol il Blonlh RS Pl ¥ i g exclusion
chh@mtograatéfr (&gaﬂud?ﬁe Hmem(?). ﬂﬂBl_e fﬁlﬁaﬂmcild1 a@uggg& B‘Eﬁ% V%ed between

an a., J. Biol. em ; -76,
1ggog%&g/ﬁr?f%ﬁteerfa?aﬁ@&eorrbi nant proteins in 20 mM Tris-Cl
.- ) I ! [ Avi v Nbdel 215
IR S0 Bl T Aol St ey Dot bl SRepured by boiting
fc@;ﬁenmrimLmd i bifer avithroa gathoit tl'ﬂe"rSdlﬁ:?@rhgeﬁt Eﬁ?ﬂ&r@ﬁ@oeﬁl&n&@ﬁld then
corded. at .a ' te of 5 nmmn wt ] )
obyfegd B ectepbS el cRUDs BAEES e dsimiiorats. aals bors sieined with
Coohassie drifliantiec(SignaVSt. € ouid MIOR S8R e S PR 8bR&MA S bfWolecular
Wg%bjﬁth .n_al gorithns and buffer baselines were

P&d.  Secondary structure was estimated using a
vol ut] sof tware package (CDNN version 2.

0 .gn ] ) 1,
lﬂgﬁﬁw@&/@f ggtieng dhesric g stiang (BRS) recimentalrie
cadh&ed witha mﬁdm&rWiﬁﬂﬂﬂieﬁﬂPﬁigt%igbobuté%ﬁ'ﬂﬁﬂcX ChiE@itesville VA). The

Bi ocheni stry 155: 155-67, 1 . versus tenperatu
pre{%yﬁqgies &M Tris-Ghbuffer at pH 8.5 were filtered through 100 nm Anodisc
membrane filter (Whatman, Clifton, NJ) at a concentration of 1.0 mg/ml and 20 pl of filtered

42



curve) was recorded at a fixed wavel ength of 208 rim

Tenperature gradients from60 to 95C were generated
won2ods/0a4980f t war e control |l ed thernoel ectri c devPCEUS2004/029096

generate rising or falling tenperature steps. Heating

and cooling rates were between 10-12C/ h. The

transition curves were normalized to O ndeg at 60C

smeplawere laded 1Btp aanatth suvehie prsanaiyzesiog 48HBne &ifty sndetp) wers

@olert@@ L 432 t@%ettemoﬁtowh@ dif%ugl%ﬁ %Lefﬁ&?%c{gﬁ% kéy\%@ gglydispersity of

I Munosor assay (EL/SA). Biotin
pefsitisde aqt@BlS@pmNEV@wRSPRSMEWM Io¥pmics software version 5.25.44

CERBRNRRER Bl tnd B s s B Do e

fpissadies thennea;a of ’(hEICtilctlibile gyeramiEhedlptu riivlgcuddr Welnglts of RTLs
gl% fl]g?llatga suml rl f Il(%%la?}/l}/cﬁatag B S?or %&Lnﬁﬂ ecH Cm?l% ynnaan%%s

vﬁtwafeyvelmss 2\‘&3@4 mrcttbm ISoltibRé Gﬁarldnteévam,l Van. wei ght

expected. The peptides were |yophilized and stored at

10862} Cinduldr ditdeaism (WD pwid thermdl degaassiay aexipes. | OB lﬁaﬂyswﬂmé

A I ?gma @ng%lgr dgfcé:reé)ﬁ%éj %e%&glplga?lrggu gd%%g{)edt (%hang eta., J Biol.

€bd$m eTd: 2417006, 2001 ). e bHeDteconybiaire gropeid in A6 il TWBICE Buffer pH 8.5

eci.fi.c bindj re satur ted under

R artivonasite Suary ot 2 i SaeeBRHan Y Abggates, Lakewood, N).

S}B&tﬁi §/0fefhe AMfage of 6 B&HE @bm 2 to VEDIE, GORERE at¥ dclnddifk Ble of 5
Plr ottgl n at a concentration 43 WD 2005/ 044982

Y83hdarerddior wrstantgPate Were oaledirg 4l nm jtpraals; Jpsetra were

Berapbd MdQRbthed hsn@% buiftsh ADBritANE i Witfer Beselfes %@%H@Iﬁcfbd
times with wash solution (0.05% Tween 20, PBS

Fecgndangsimeror s tinpief 1anTHAdEPRYoluion sefe PEkéEBg(CDNN version
O Dy Wsddeites '\@(e\tv%d iIJ ﬁoalgecﬁ;n tﬁ@%aﬁﬁ@@l@&ﬁ%%e@hod&béﬁgﬁm etal.,

wer e t hen vvas’he of biotinylated pepti
Wér@ ; é%ﬁﬁédCDdetSh%tembna@re ([@®rmal &nafyration

ik s{a?%ﬁ@é a2 yadpledlie s pm, Jempertys padiurongg o
95°Cwes0 gmerapdGth a@oﬁwtarelqgntrcﬂbd ﬂimrrkg'elwmmcvmsg@dmwd‘ising or

faﬁl I?egnﬁ%ét%ﬂ% s@@g HJA‘E’ }Lfg%gdﬁcgaﬂcgor%s ngie beflwéeg TO tl?% The transition

surbsmre&t m)rmanzaﬂx) 0 uﬂsg atade(e eind ¢ pléﬂedIasnhe dRangeRaabdortanse
th St Sol ut i Bi oF db d
) Ba ROt kPReBEe- i r eot v by readi ng s he
anc t nmin .an E late .r r .
pIse! %H"ed."%sd LR Bgb BB G MO bsa 555 peptice

@B@Ot—MB\Vm&PRSSMHEYEN GR¥6H), e binsingletstl MOG33-36%nd MBP-85-

e N AR FaE0 B s bt PEommHR R Pl oo,

QE&Elﬁauﬁg) atx Tite phrity 6r BRPepintes dayverified bl NrdiMse bRasPBPLC and mass
the same way as the RTL-coated wells.

reated i
ﬁﬁn RN a5 DERBIeAREE MALISE DR te Sty @uss Wes Vil 1% of
mbRadMvadid exgebiedli ks &%ﬁ&é@@ve&?ﬁbﬁ}fiﬁ%d b §th@d B 80! Ml use.

ELI SA pl ates were coat ed and bl ocked as above

Bfiert PiRdiE BISAY PHAPTIERERIE WSEsRrTied oM PRIST to deianEmy Ahebiliiypof the
ﬁTﬂs B lbind! %eﬂm 8% aGdRtheahe égnf:én%ra (f}foftthé]ﬁ irf tédopeﬁéde at which

. [01541 T cell clones and T pr ol |
fd spagﬁﬁc inding sites sysecsapuretedrundet the emglnt@sls mden our studles ELISA

plates (Maxisorp, Nunc, Rochester, NY) were coated with 50 ul of protein at a concentration

43
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renove a BanH site in the vector. Subsequently, DRB 1

* 1501 exon 2 was cloned into pACYC 184 which had been
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immunization (25 ng and 67 ng per mouse, respectively). Mice were treated i.v. daily for 8

days, beginning 2-4 days after onset of clinical signs, with 100 ul of RTL312, RTL342, or
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nol ecul es fornmed wel | defined aggregates that were
hi ghly soluble in aqueous buffers, with retention of

woizalsogsasal activity (Burrows et al., J. | muneCT/US2004/029096
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RTL302 (5S) RTL302 (V102S, 1104S, A106S, F108S, L110S)a

RTL302 (5D) RTL302 (V102D, 1104D, A106D, F108D, L1 10D)
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diffusion constants and calculate hydrodynam ¢ radii

Fil3the mol eq S0} G e 11), and these studies

YEIBAs T at ed [ RSy cat ty that—RTE302(5S)—and
RTL302(5D) re m)ngs\r@rl c. Wien Ag-peptides were

*RTL302 numbering. These residues correspond to HLA-DR2 alpha-chain residues V6, I8,
A10, F12, and L14. Residue numbering is increased in the Ag-tethered molecules to account
for the Ag-peptide (variable length) plus linker (15 residues).

®MBP-85-99, ENPVVHFFKNIVTPR
‘MOG-35-55, MEVGWYRSPFSRVVHLYRNGK

[102] RTL302 could be converted to a monomer with either five serine (5S) or five
aspartate (5D) substitutions, RTL302(5S) and RTL302(5D), respectively, within a group of

residues along the external face of the first strand of anti-parallel 3-sheet derived from the

alpha chain of the HLA-DR2 progenitor molecule. We have termed these the group I core
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covalently tethered to the am no-term nus of the

nol ecul es, their properties varied slightly depending
wonoashe498g- pept i de used, and nore inportantly, pdirfuSered29096
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(088N ol Sdemp 5t PRl obknpnagnolecular woight
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ht scatferin nal ysi s usi naProTM nol ecui ar
AlGumHY ]ﬂ?r&%fa PeLH ﬁhSS%IQIPUrh@n@ 0 11]?10 ). aSone of
ﬁ oteins showed twy clearly def i ned peaks by SEC
Ifa} 5 dewic s scafierag PLS). yag|usef de pesresring Jiffupemgonstants and

da®fukShyideodyifnid %ﬁ&&h@ mbleBR1I8EThbIREB Kand ARHe RE@Ks delnonstrated

refers to the snaller size, in nost cases nononeric

yegeivecaly that REF3R(3S) ped RBL 26 veaxe manensyisi Vhen Ag-peptides were
sonens! e abRd 1 AehmindfemmiusdP theA1cdRd! fdif ?x P&%&%h?és\}léhﬂy

retained their native structure. RILS con a na
Jepersiing athe Agweptidgaistslo il thenevipertantly, differed depending on the presence

of the polar 58 or charged 5D modifications. Comparing RTL320 (5S modification,
covalently tethered MBP-85-99 peptide) with RTL340 (5D modification, covalently tethered
MBP-85-99 peptide), RTL320 still tended to aggregate, with most of the molecules (85%)

formed into multimers of approximately 5 molecules. RTL340 was completely monomeric,

and was more robust in terms of being able to accommodate various covalently tethered Ag-
peptides such as MBP-85-99 (RTL340) and MOG-35-55 (RTL342) without significant
alteration in the solution properties of the RTLs (Figure 2; Table II).
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cysteine 16 and 80 (RTL302 am no acid nunberi ng,
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RTBRotheak Bheet coi | 4BTL30R (peak 131 100
1)-0-210-210-020-230-330-9DRFL302 {peak

835800 270, 0bo. 208320, b9 28" 100
Rt302(55) 0. 200. 2102820, 2P0. 341, 0037 100

[RTL302(5D) Q. 200 270000_200 20100
m@ggﬁwc Stgtys gﬁr@ocj_lﬁgd B7L.s yere analyzed by light scattering analysis using
RpymePy . 1edecplep sigipg inprpment (PoEirielatiapsIpe hkSome of the proteins
hpwed prp domlysisfined poaksby SHE ap{qiL};gegg)w@)@@akractenzed 1ndependently Peak
] efegs tggl(lp apgrggs (arze) park] amgipeak II refers to the smaller size, in most cases
R fiesior200. 030. 270. 351. 00

3 20. 050, 180 300 C Y uct yr
(R8T et oo aid ER et RARBES G had b g otecues
iefhirsed pileasmme&fﬂrucuufe. R rcenth a native conserved disulfide bond between
cysteine 16 and 80 (RTL302 amino acid numbering, corresponding to HLA-DR2 beta-chain

residues 15 and 79). Air oxidation of these residues to reconstitute the native disulfide bond
was demonstrated by a gel shift assay in which identical samples with or without the reducing
agent B-mercaptoethanol (3-ME) were boiled 5 minutes prior to SDS-PAGE. In the absence
of 3-ME disulfide bonds are retained and proteins typically demonstrate a higher mobility
during electrophoresis through acrylamide gels due to their more compact structure. All of
the RTL molecules produced showed this pattern, indicating the presence of the native
conserved disulfide bond. These data represent a primary confirmation of the conformational

integrity of the molecules. |

[107] Circular dichroism (CD) demonstrated the highly ordered secondary structures of the
RTL constructs. The RTLs without covalently tethered Ag-peptide contained 20-25% alpha-
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are limitations inherent in the method (such as the lack of consideration of chromophore

interaction(s) within different structural regions), the fit is quite acceptable for what would be
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the overall stability of the nolecules. [112] W used
a "peptide capture” ELISA assay with biotinylated- MG
woaosoapae e Ag- peptide binding to RTL302, RTLBORUSS)04/029096
and RTL(5D). Non-linear regression analysis wusing a
one-site (hyperbola) binding nodel was used to
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roli i on_ (Bur et a .~ I munol
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% B%) capHiffe IHRDA pesay pith piokinlalediMOG topranpare Ag-
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nﬂﬂaﬁﬁggglhguggtlon index and cells pretreated with
enpty' L302 showed close to 90X stinulation index,
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[11|4]j exs8dR9a3R (Figure 4B), binding of MOG peptlde (0.15 pM) to RTLs as a function

of time was extremely fast. Using linear regression analysis the initial rate of MOG binding
was calculated to be 0.17+0.06 AOD/min for RTL302, 0.11::0.02 AOD/min for RTL302(5S),
and 0.10+0.02 for RTL(5D).

[115] We characterized the in vitro activity of the RTLs in an assay designed to quantify
their ability to induce Ag-specific inhibition of T cell proliferation (Burrows et al., J.
Immunol. &7_#3 86-95, 2001; Wang et al., The Journal of Immunology, 2003; Vandenbark et
al., Journal of Immunology, 2003). The DR2-restricted T cell clone 4-G1 is specific for the
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[118] Treatment with RTL312 or RTL342 rapidly reversed established clinical signs of EAE
(score about 2.5) to an average daily score of <0.5 units by the end of the eight-day treatment
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interface identified in a native MHC pol ypepti de or
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to nediate T cell killing. 12. The isolated, nodified
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bphaepelpg 1 Ifkgld, nodi fied RTL of claim 14, wherein each

t r.esi dues.. 1.104, 06, F108, d ]110 of
fhe' dmirhed BRatad REr shoht 1 iathegoanaiias borlbaitera
deyersittast boubid toahle Apbindirg paciet bY e IO bdhpcheht v célditly linked to
tﬁOM}I@e i sol ated, nodified RTL of claim 13, wherein
A
onmb

REMRHpre target sites conprise(s) one or any

[ [ f resi f,t O sh | at f
e R T SRS Sk AR S A
tYhadiateaneelLidinihg. 21. The nodified RTL of claim 10,
wherein the nodified RTL bound or linked to the Ag- is

et f edithe Vs lated, MOABE@REL Bf €lgin 1,a@etem th¥ RN, idmbdERd by one or more
manner. 22. The

recept.or (TCR) - nedi at ed, Ag-specific : )

S RS CHORTEUNS) & S FHCRE) 7S o6 o gk e shiepoferged by the
preuenét o hydrafsiemid @silldayifiin a BSh&k PREGAYE Bl ORI bolfpeptide or
cell proliferation or inflammtory cytokine production

RIL comprising ths pativg MEC palgpeptide nodi fied RTL of claim

22, wherein the nodified RTL bound or linked to the
1&9 - The isolated, modified RTL of claim 12, wherein said one or more target sites define

a self-binding motif within 8-sheet platform central core of the native MHC polypeptide or
RTL comprising the native MHC polypeptide.

14, The isolated, modified RTL of claim 13, wherein said one or more target sites
comprise(s) one or any combination of residues of the central core portion of the 8-sheet

platform selected from V102, 1104, A106, F108, and L110.
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is effective to reduce a pathogenic activity or

pat hogeni ¢ potential of a T cell associated with an
wauvwioamsne di sease in a mammal i an cell or subpettsS2@4/029096

An assay conposition or kit useful to detect, quantify

and/or purify antigen-specific T-cells, conprising a

nodi fied, reconbinant T cell receptor |igand (RTL) .
15 coThs isejeted neddafiehRTL eficlagmdidnwvhercipsaid POTOTRS inatiesnof residues

1%'3"}? *;nédﬁ'te&) bmgﬁtﬁﬁ(ﬁq Wit £ h&n— cgf%%g Smifdeldvi LY,

rentiation status, t1on behavior, tissue

ko ¢ aﬁ“hezfgglhtg&] m dq{TI_(.:@lJ oJerJnairS $RdEn 58 HHJ Jnsdog@)trﬁtlon of residues

Inant T cell receptor
maxe onodifiad by wb@ﬂﬂatlm Witlpp p@ibmrwh@gedsasmmgéow 044982
PCT/ US2004/ 029096 26. The conposition of clai m 25,
1fhi cBhd isoleted.anadified RGr ofrabaiml 14t Wheyeilr seidone excaoipinefisnof residues

159£r lmLof:l ?B% Qlﬂ)'stltﬁﬁ \9 th g ?&fn%%?ésggﬁﬂé re ﬁ&e or nore

I nes, cel |

?ur f §e 1s§1$t%§ %ﬁ%ﬁed Wéﬂﬁm&ﬁ%l %&El @QIB i %o%luﬁﬁb’ﬁ §Cresidues

armaceut cal fOrmul ation fof treatnent
igfdre avddiet by mhamutmh withg ecre odaspantaieresidpe.a  nmanmal i an
subj ect conprising a nodified, reconbinant T cell
1Pec ephoisolhedanallifidd R L ofdaior dh Whereip egdhaifihelregidues V4021104,

&06,5571 08, and L110 of the central core portion of the B-sheet are modified by substitution

with a non-hydrophobic amino acid.

20.  The isolated, modified RTL of claim 13, wherein said one or more target sites
comprise(s) one or any combination of residues of the -sheet platform selected from L9,
F19, 128, ¥32, V45, V51, A133, V138, and L141.

21.  The modified RTL of claim 10, wherein the modified RTL bound or linked to the Ag-
is effective to modulate T cell activity in a T cell receptor (TCR)-mediated, Ag-specific

manner.

22.  The modified RTL of claim 21, wherein the modified RTL bound or linked to the Ag-
is effective to inhibit T cell proliferation or inflammatory cytokine production in vitro or in

vivo.

23. The modified RTL of claim 22, wherein the modified RTL bound or linked to the Ag-
is effective to reduce a pathogenic activity or pathogenic potential of a T cell associated with

an autoimmune disease in a mammalian cell or subject.

24.  An assay composition or kit useful to detect, quantify and/or purify antigen-specific
T-cells, comprising a modified, recombinant T cell receptor ligand (RTL) according to claim

1 or claim 2.

25. A composition useful to modulate T cell phenotype, activity, differentiation status,
migration behavior, tissue localization, and/or cellular fate, comprising a modified,

recombinant T cell receptor ligand (RTL) according to claim 1 or claim 2.
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26.  The composition of claim 25, which is effective for modulating T cell activation,
proliferation, and/or expression of one or more cytokine(s), growth factor(s), chemokines,

cell surface receptors, and/or cellular adhesion molecules (CAMs).

27. A pbarmaceutical formulation for treatment of an autoimmune disease or disorder in a
mammalian subject comprising a modified, recombinant T cell receptor ligand (RTL)

according to claim 1 or claim 2.
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