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[604] The immune system ordinarily functions to direct protective immune responses
against microorganisms and other harmful foreign materials. In the context of autoimmune
diseases and transplant rejection, however, these normally beneficial immune responses can
mediate deleterious and often fatal effects. In the case of autoimmunity, antigens present in
the body’s own tissues become targets for autoreactive immune responses that cause tissue

destruction and other disease symptoms.

[005] Immune responses in mammals are mediated by a diverse array of peripheral blood
cells called leukocytes. Leukocytes arise from hematopoietic stem cells which undergo self-
renewal and differentiation into two precursor lineages--the myeloid and lympheid lines,

Further differentiation occurs among these lineages to produce monocyte, eosinophil,



[006] T lymphocytes include CD8+ T cells (cytotoxic/suppressor T cells),

and CD4+ T cells distinguished in part by their expression of cell surface

molecules, CD8, and CD4, respectively, which function to enhance the
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also promote the interaction of the TCR with cognate antigen. Bierer et
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histocompatibility complex (MHC) protein. The specificity of T cell responses is conferred
by a polymorphic, antigen-specific T cell receptor (TCR). T cell activation is mediated by
TCR recognition of the Ag presented on the surface of the APC as 'aprocessed peptide bound
to the MEC molecule.

[010] Two distinct classes of MHC molecules occur in humans and other mammals, termed
MHC class I and MHC class II. Both classes of MHC molecules comprise complexes formed

by association of multiple polypeptide chains, and each includes a trans-membrane portion



The three-dimensional structure of the al and 02 domains of MHC |
molecules forms a peptide binding groove (alternatively referred to herein
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activated in an Ag-specific manner by Ag processed and presented on the surface of APCs as
a peptide bound to the MHC complex. X-ray orystallographic data demonstrate that peptides
from processed antigen bind to MHC II proteins in a membrane distal pocket formed by the
1 and &l domains (Matsui et al., Science 254:1788-91, 1991; Nag et al., J. Biol. Chem.
267:22624-29, 1992).

[013] CD4" T cell activation generally follows a multi-step course that includes co-ligation
of the TCR and CD4 by the MHC class II/peptide complex presented by APCs. A separate

activation event referred to as “co-stimulation” is mediated by other T cell surface molecules,



"anergy". (Quill, J. Immunol 138:3704-12, 1987; Schwartz, J. Exp. Med.
184:1-8, 1996). In other studies, ligation of the TCR in the absence of a
costimulatory signal has been reported to disrupt normal T cell activation
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@6‘ 184:1-8, 1996; Janeway, Cell 6:275-85, 1994; BGHEWS é’t“?ﬂ“%

J Immunol 167:4386-95, 2001; Wang et al., The Journal of Immunology
200 %CC)I%) % HC-restricted T lymphocyte interactions have been widely
AR EREASTe ) TRy R A Er G remiTulrige fignalicimalatere T cells
g&nevalhedé St AMER igendrphidesurfalee rpbARG S @abed A aas@glatlon

Wﬁk}&kﬁ)’ﬁﬁ%ﬁ%g ﬁ%ﬁ s WINGH resulls d nnggonngtlc %es%nct

les ernlng t e activatio

ant nre her Qv

restricted g&cg s*a'rrn{ﬁ%%rﬁ%%?a# b%% s SWere. o Brrreidadr1eMsS, Hﬁ%@ In
bé@ﬁf\%ﬂleﬁj digetired, thh & GR detlyirgame ciianismsuisergtilbhaing sefinedited
(@3 Gk Re spitthe sesyiRias habes SLRgSsIE SER %&%&éﬁ obtos
C%Igh“%ﬁzgjpggr ﬁegtygﬂel h?g%s own that the major portion Tpc ff
reSpONSe {6 proteit amntrgens may B "aireSLdss 2 o SHnRamous fiatakt:
Bﬂ@ﬁ%@%&ﬁ?ﬁ%%@e\?@@%@ Che thimalnffendnpioleptoRO0SiLINe

rlcted T cell responses, and in some cases

nlcal SigNs, o I\é Wﬁ%@@“?fﬁ\?@‘ﬁé’éﬁd@ﬁ?@@ﬂ%ﬁ’ﬁ%
a%’é’éﬁ?&%@d \/ﬁ?ﬂséﬁé@fﬁlﬁlmém@cmlmtlgqmmﬂ@dmgnaaaﬁmeﬁpe&hﬁf@rfface

thE 3P Oy oHBIIG ad R BHAGY ith Glady HMH@%@QQ%&&QW&%‘&&&@% genetm
11 0:2573-78 998 qet%r n et al., Proc. Natl. Acad

I
L%%ZS s Sk f@%’gm uggeret’ar g@h%m?& mﬁ?ﬁﬁﬁt‘%"@@{%
1@%?%{10?%%% P@:@ﬁﬂﬂlagé Qigl@pﬁgv(%p@tebfaﬂ TAedititisvRbeumell

Ad:shABoA, #89QJABSQCMEEMERR: HReuinadpigsatiaitis (RA), glutamic acid
decarboxylase 65 (Patel et al., Proc. Natl. Acad. Sci. USA 24:8082-87,

11665 \Ryeriés the wry Bargimmivoret posivis JTRIDEGTicitics wféﬂhﬂléﬁamgmeeaf
altnafRs BEvINBiyAGALh SIS ArRS: ﬁ@%ﬂi&%@ﬁ@%&%@%@ﬁﬁﬁ&g ¥Bgut

ulm dependent djabetes mellitus or | and myelin
e RS T I (PSR GP B H5 hr ontet of
f@?omwfww%%i\é&wﬂqmschmamml diddmsenenadekfiical
Mghsetparimental mm&mmmlﬁ%@%@%@@%&%ﬂ%m

orte for, clas HC-restricted T _cell responses
Eggéaé%?ggh vsvﬁit my ellrﬁngj ST BRoTETR RIAERY Rivdmen s aWp‘T\féfc’@@Ffét
i@oglfsmig@é)—p%twq&dﬁ,&éﬁém;mmmsm/mg@mﬁ Acad. Sci.
RIS/ TR000 LI Kapyaraihia Bl Idnlin: H0ve8ta3 0B 7:a 000k,

WAYOS (arenbarkelal, b mmunol 21 dal 33.2009). 40101 One

oach fo omnnun
é@ﬁﬂﬂ%é%@@%ﬁmmﬁ deserenspdans 65 fRajelleitel TPoed| Heativitadsog Bisdural
Ou:SYBAEHICITT Rricker et al., J. Clin, Invest, 98:2597, 1996) and insulin (Congia et al.,
Proc. Natl, Acad. Sci, USA 95:3833-38, 1998) associated with Type 1 diabetes {insulin
dependent diabetes mellitus or IDDM), and myelin oligodendrocyte glycoprotein (MOG)
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model for MS, experimental autoimmune encephalomyelitis (EAE). Similar findings have
been reported for class It MHC-restricted T cell responses associated with myelin basic
protein (MBP) (Madsen et al., Nat. Genet, 23:343, 1999), proteolipid protein (PLP)



ligands, or T cell modulatory drugs or other compounds, that are TCR
agonists or antagonists. Various analogs of natural TCR ligands have
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molecules bound to a specific peptide Ag. Several such constructs have
BEHE MRS as detergent extracts of lymphocyte membrarfgstgfs2004/029096
produced as recombinant proteins (Sharma et al., PNAS. 88:11465-69,
1991), Kozono at al., Nature 369:151-54, 1994, Arimilli at al., J. Bial.
St L7 dussinQg: 9B A0 6 d6QDEY angerdapt s 2kt Lylmyunol.
Bipl.1@hem2dE]:10413-18, 1996; Rhode et al., J. Immunol. 157:4885-91,
1996; Fremont et al., Science 272:1001, 1996; Sharma et al., Proc. Natl.
AR OBe prorgistear TSN YSHiTaaiins ey dxaschAndthealoss
1090 1 Snaskrs dhor@iNG DrugiRe T «&11226vid/ 988 dAddloT edetic TCR
o-chain,four-d ' lecul I ith, or.¢ ently
A S i g
%&HWT‘@&P%W?WW%“%E dsodn apvrdeehpirticet S eraEie
254:1488:0d0nkB0 ki Nag BHAICInBiohiE hamd 186 42262 4<p038925 Nerg)
J, Biol. Ch : : [ : = ;
T g e s i S linletis
RERGRFAH TS PSS B it BRI B Syt e
howuthes® iS50y Esddas Aniailh et ubefLiBid. GhodulABINTAEN S SanBNA N
tBS : ﬁ%ﬁlﬁé‘} lggi%gm W&% E?I:%ﬂ@l@t‘? 1 % rR&de QNQS, J. Immunol.
5,194,425 (Sharma at a].m'%ﬁ §CIark et I.%'(?egort eu tf)fA g
TSI O ST B IO e o PR P o R o .
elihiusressuttiEative Ficdkst @theinInestebHed, 94 Swaok KBIC CNS
IH%@EW £973pig¥gs. in the absence of co-stimulatory factors, to induce

a state of non-responsiveness in Ag-specific T cells known as "anergy"
(Uil ehede, twlo-tininyfool-ddB8r37 048R (HOSE}. | Fadhdwitly dhigvalently bound

sevation, Sharma &hatedlh Subak Wes Rik68dARdMd 2 I0ART) adh

Clarke et al” (U.S. Pat. No. 5,260,422) suggested that solupl C
AR T B e SRR L LRy B L.
Teph2dinezsthasspaeific By r6bporithtol 41 6#b i ige 8 ot dN A Aot S,

R, a_spluple Mgl idantigensamplexescan nhikitdueed:7s7-
?c%%ﬁéﬁ%%%%é@é%&%%g 1a!)’lrijd/(l)r ?? Iz@z;%a T cell-mediated -

Ykt SeHetb TR e BERRr SN 10R AR B SN ARAHS “SEt!
USHauBBe 1ih405: k9RisGpadic etdxtGNSdinuRaliseas2 151 tooRlS W dte.

S N NI
detieitypoyta teciseepfMitiGdHas pewiftoraplopts sishatheneh afcarstnglais daetors,
alyida ROl R A LA R4 30d 8 il A30hedith 8] AlthRMeH e rRseROef! ot al.,
Uf, I{]n%rilslr?é?}elgahé%%g%qg%?&%o ?&Hg%(v?gg I&Aigho%g%ggggri gl?agma et al. (U.S. Pat.
Nos. 5,468,481 and 5,130,297) and Clarke et al. (U.S. Pat. No. 5,260,422) suggested that

soluble MHC Il/antigen complexes can be administered therapeutically to anergize T-cell

lines that specifically respond to autoantigenic peptides. Additional studies report that
soluble MFIC IT/antigen complexes can inhibit T cell activation, induce T cell anergy, and/or
alleviate T cell-mediated symptoms of autoimmune disease (Sharma et al., Proc. Natl. Acad.
Sci. USA 88:11405, 1991; Spack et al., CNS Drub Rev. 4: 225, 1998; Steward et al,, J.




diagnostic applications holds great promise, a major drawback to the
various methods reported to date is that the complexes are large and
consequently difficult to produce and work with. While these four domain
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[020] These kinds of RTL constructs have been demonstrated to be effective agents for
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peptide (CABL) (Burrows et al., J. Immunol. 167:4386,2001; Chang et al.,
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use-affsseagoogynan therapeutics, for example to treat multiple

sclerosis and other autoimmune conditions. [023] Accordingly, there
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[023] Accordingly, there remains an unmet need in the art to provide recombinant TCR
ligands (RTLs) that retain the ability to bind Ag peptides and interface functionally with a
TCR to modulate T cell activity in an Ag-specific manner, which have diagnostic and/or

therapeutic utility, and which exhibit a reduced potential for aggregation in solution or

2 Immunalges

following administration to a mammalian subject.



self-binding (or self-associating) interface found in the native MHC
polypeptide. [025] Within exemplary embodiments of the present
disclosure, the modified RTL includes a multi-domain structure
comprising multiple MHC class | or MHC class Il domains, or portions
thereof necessary to form a minimal TCR interface necessary to mediate

Ag binding and TCR kpeeemitiaty (626 thae&ask pidiedified RTLs

derived from human class Il MHC molecules, the RTLs typically comprise

024 anghi3diMEHes BokHReRtdBHRMANRS (R HiRRs: hirraeiRUligie M dPobjects and

provide a minimal TCR interface) of an MHC class Il protein. These

advepaesidreyishersnd indresemaipm dowlldrashinkbespsisdid bssifgldave

beek BRIR182) MHEIBRAS d| ROMPEPIRRIN TN d FRRENG: Fsa@mgg%%gmcmmodiﬁed
be useful as an "empty" RTL, or may be associated with a Bepti e Ag.

RTlporiinsument /P! Hbledmss B B proseti BRI srE oIS Ve tural

featGRAREFSAIRLGS aTo MOBARISPRES AR AURRO YO ISPUAIRRScyhilg Letaiiliadample,
their ability to bind peptide Ags, to target and maodulate activity of )
modifisddhlipsambergdnaalindpigred anderansc sttt sRaneegogpgmino

acidthgiengliliops Fnedigied AR gD PResHE T aelks 15y Ve RRA], Thacfining, a
modified RTLs, of the present disclosure lack certain structural features

selfyBidin (Ghasehaiseva It AR ReUR Y e ZRE YR A hlbvierSIde-

omains), but ngnetheless.are capable of refolding in a manney, that i .
102 P R S A PR MRS BT, P OO inchudes
a mfiidbargdikewisecapabléspichindifigoepide Ags tor PrACSERRIEIT domains, or
MHC;antigen complexes. Moreqver, modjfied RTLs, when Lo
PorR TR TSRS ST B A DRI LA S Rediats g binding
and Marnecoanilicegulate T cell activity (e.g., proliferation) in an Ag-specific

manner, both in vitro and in vivo. As a result, the disclosed MHC
[026holecthie saaceotisefd] firdaRAlie darged dt dothumanvd andl iNATanolecules, the RTLs

.applications. 8 102 iQus formulatjons of mogified mongdisperse.. .
o B PR R e L Sy Bl
proaduadifiethRITT (R nmpeisas potfmo dific dHTpetass:. [Ioasm gomeits or subportions

erGQPIRLPINGAL aNA 31 dormaine of 4 marmalan MG diass, L palsrules . e

S
more iments, these modifi Sare turther
resudtiag ddidfizadrippianting e wefnctemiaunpof'tRd b) domairbeavalenthyd with a

o {{Hlé%d to the carboxy terminus of the (31 domain. In other detailed
P pembo%liments, the MHC component of the RTL does not include a2 or (32

[ozﬂ‘)%ﬁﬁi@&‘ : q’ﬂ‘rﬁ‘&é@@% leh% ﬂgg&ly cm%lg £ sﬂ-(y\gl‘ﬁ% c)&hg é\tﬂ,ﬂ’gcteristics of

cor_nponenj[ of the RTL is associ y covalent or non-covalen
motipdéspetiehinviguamnasigonic dehskmiviamin s thshradidity tellingipsptdst Ags. to target

and I%&BS%@@E&E%‘ rq}?mmf%eﬁsgméer(geﬂgpﬁ%g &E?m%ps a%%ﬁ’h‘?{%ﬂ%{e diseases

inked to the amino terminus of the (31 domain of a ¢lass Il MH

and egrapeprditiopganediated by antigen-specific T cells in vivo.

[028] The modified RTLs of the present disclosure lack certain structural features found in
intact, native MHC molecules {(e.g., trans-membrane Ig fold domains), but nonetheless are
capable of refolding in a manner that is structurally analogous to native whole MHC
molecules. The modified RTLs are likewise capable of binding peptide Ags to form stable
MHC:antigen complexes. Moreover, these modified RTLs, when associated with a cognate
pepiide Ag, bind T -cells in an epitope-specific manner, and regulate T cell activity (e.g.,
proliferation) in an Ag-specific manner, both in virro and in vivo. As a result, the disclosed

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



two domain molecules may also comprise a detectable marker, such as a
fluorescent label, or a toxic moiety (e.g., ricin A). [0301 Embodiments of
the present disclosure also provide nucleic acid molecules that encode
the inventive, non-aggregating RTLs, as well as expression vectors that
may be used to express these molecules in mammalian cells. In
[02PPrticatizy e FRROJMIRRAMS o JAIGIIChasid dTIRGUIES] ING IR AEGMERERR: present
. that encode the MHC component as well as an antigenic p?z%yde. For

diselosifiipldn SHeaRleR RiRRIE BRI o letiE sh &y becrappasehide Byl e MHC class

11 ctorpyHanPEoRBrdn MIERRID (R dsARI0 BT oh SARHERRS ARE R INkRMkIQle. In
Poé% sequence e_ncodingége peaptide antigen), B is the class 1] 131 )
MORHRENE LA R HBL Aass rrapabie v e are i sharagiiyinsd by diaging the

amide FeARGYs 6OMBIISeiR SINE ORI AN RME caHk IatiNBRIIUAER] domain.
and the two MHC domains are expressed as a single olypeptide chain.

In oy O rthndionente.di ME GruBpprisE s ESPSE AT §Ho0r B2

dorslgtecoand isuantfyct MElts cRREPme1cegldatey pisgllfunetiamSaaaiaali.of the
f#ch moleCL%es loaded with a selected antigen may be used to detect,
R hiSritsrAa QoA RARE! 96 BB EA MG SPe BiliE $ctiesrs aipgninant,
suchilikly Tioder=plifop) of by mrbeddigehnigabsatlings: suahysis, Mmupitadngtben may be
num e{, of t mo%]%ntigen-specific T cells in blood removed from a cancer
Wafaé&é- B DR CERERE G SR R R B IO S VL hcRagporert. The
twolcmapaiientu ey ffesing foampnaniae toivena Jdisease. dcthese Tentaxts label, or
the disclosed malecules are powerful tools for monitoring the progress of
2 ORI MIartBerdBY: 18932] In addition to monitoring and quantifying
tigen-specific T cells, the modified RTL. molecules of the present
1030 L TS i BB P e Ao PR Ll
enchdy txampleivapaiiiest REL s toaBad. itk wdlinnos-antigemmadtdie thaethi® be used
: uri mor-antigen 9 specific T. cells from a cancer patient. These cells . , .
o R BT ETerS o R P e el eid
molefalesadopiivestnumncstiietapentic tandeiGreatmentni[AS3kNhe maslifiechic
. EI%L @()rl%guleslgf(ghe?pr sentld.isclogureica be used to alter the. a ]tivi%, 1 P
PEPEhENOR pa. differentiation Status, ana/r pathodEhic pOTBRTI i roddils fRrmwia Fr-
P-Ban Adhespiedfic aannerotéyithiualteropten biy biodisd ent3 @f dheigiesentoding the
isclosure, these novel r nts can be,used to induce a.variety of T cell .
per T e e A B L R B Rt i e nuctee
acicytokingeand, B clifé rhttompespensesg) tpinduadianérgye osudtheantiseraibete and
he enic.potential of T cells in an Ag-specific manner. In this regard,
e G B e e e RRRREIE e an
(03FPIPRE R RIS AR hieel AGIATONd RN/, 23 FXSMPLIREEY ana
their ability to stimulate secretion of anti-
quantify T-cells, and/or to regulate T cell function. Specifically, such molecules loaded with

a selected antigen may be used to detect, monitor and quantify the population of antigen-
specific T cells, providing utility , infer alia, in a number of clinical settings, such as
monitoring the number of tumor antigen-specific T cells in blood removed from a cancer
patient, or the number of self-antigen specific T cells in blood removed from a patient
suffering from an autoimmune disease. In these contexts, the disclosed molecules are

powerful tools for monitoring the progress of a particular therapy.

[032] In addition to monitoring and quantifying antigen-specific T cells, the modified RTL
molecules of the present disclosure have utility for purifying T cells for adoptive
immunotherapy. For example, modified RTLs loaded with a tumor antigen may be used to

purify tumor-antigen



inflammatory cytokines (e.g., IL-10). When conjugated with a toxic moiety,
the modified RTLs of the present disclosure may also be used to kill T
cells having a particular Ag specificity. Accordingly, the disclosed RTL
molecules are useful in a wide range of both in vivo and in vitro
applications [034] Modified RTL molecules of the present disclosure can

spefifidcagilysRrepeeshbyr FREeMDIMERI-QXPRESSH thith RROKASYRYICIAR virro before
. eukaryotic cells, and can be purified in large quantities. Moreover, these

being SEETneS iy S4LRPIRS SRR HAACKAY CEe R BB TS Sttt S hiEiRent

oduction of a repertoire of MHC molecules with different T-cell
03 e o e T T s RS G iy ot the
actidlsglpBuietape, deferihed idmeradeiallohprgio helRvwolesda] I BIMS in an Ag-
aspect, there js provided an isqglated, modified recombinant T cell ligand
S 3 N A P A T o P b IB o e e
reageinajan histeedmpaiibitiy cataptex (MEHC)eompanaenpiocthedfotmnmbaulate T cell
single chain (sc) polypeptide, comprising.multiple, covalently:-linked MHC
eI LT BBt B e 0 T P o L RS RGO
othgroljgeeptidehoppboitent: tharpabtoMpogiRgraamAYBinsiTy: pagkel/ T iaedis regard,
recepto R) interface; or..(b) a 1 and /32 domains of an MHC class |
the B L b I o Rl S PSBEIROR efects on
T-ctitediaes]onheseitinpeabMAehadifipd benhdackisikiransmembsaneretrmainanti-
._~and wherein a.target site lgcated outside of the transmembrane domain _.
A T G o B ARE oML AT P cbodified
RTpobfjieptideart Rikticompniangi théaatue VKT Delypaptidey is panadifiac Ly
110 acid sybstituti IR , additi n%ﬁa{r dele

spec(:)z%%i? I s %FS%I}M?G: 15(:[ ece? 21245%1 loeu eerfggé%%sg;\gb%;ﬁgge of both in

rearrahgemen in sai
vivimadifiedoTdpphibabitsiyeduced aggregation in solution compared to

aggregation exhibited by an unmodified, control RTL having the MHC 10
[034¢bmiygodicret St lictorel et forth tre @y oreb) bstlimtoeparatio gt y ativin bH By
recBRNRSRIAS Aaving;an rc')”%%c%ﬁ%'é‘raaﬁ?a%'a&?%%'éﬁgrfa%%é&’%“%&“f%f%c?a?ge

aspect, there is prowge an assay composition ot kit ugerar cfe]tec%,
quaguastifMVandborp thifyeantipentsperificFibells l catnprisihgayndedifiddeptide antigen,

ombinant T cell receptar lj (RTL). as defined herein . [034c] Ina. ...

e o SR A S i s
simplegnsity pdicacvidyo liffargntittiortistatusem idisationibeha viowisslio more detail
heréﬂ?ﬁgﬁ)%y.on’ and/or cellular fate, comprising a modified, recombinant T

cell receptor ligand (RTL) as defined herein. [034d] In a fourth aspect,

s 0 e MR SO o o 1
havigpiiradecdoeunnbm Apitageregation in solution, comprising: a major histocompatibility
complex (MHC) component in the form of a single chain (sc) polypeptide comprising multiple,
covalently-linked MHC domain elements selected from: (a) el and £1 domains of an MHC class H
polypeptide, or portions thereof comprising an Ag-binding pocket/T cell receptor (TCR) interface; or
(b) al and 52 domains of an MHC class I polypeptide, or portions thereof comprising an Ag-binding
pocket/TCR interface, wherein the MHC component lacks a transmembrane domain, and wherein
a target site located outside of the transmembrane domain corresponding to a self-associating
interface identified in a native MHC polypeptide or RTL comprising the native MHC polypeptide
1s modified by one or more amino acid substitution(s), addition(s), deletion(s), or rearrangement(s)

within said self associating interface, whereby the modified RTL exhibits reduced aggregation in

solution compared to aggregation exhibited by an unmodified, control RTL having the MHC
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T cell receptor ligand (RTL) as defined herein. BRIEF DESCRIPTION OF
THE DRAWINGS [0351 Figure | shows HLA-DR2, RTL302, and the
solvent accessible surface of the RTL f3- sheet platform. The left panel (A)
shows a scale model of an MHC class Il molecule on the surface of an
APC. The right panel (B) shows RTL302, a soluble single-chain molecule

gEvER SO FS-ARIEEA-DIBAR G FRULIREIANIHA g
< Sht panel (C) shows theQ hder)oprtloblc residues gfr%?gé lﬂ? sﬁa%%% aﬁ%glr?lvm o

e 25e9c 1B TETSFe 2 shows size exclusion chromatography of
modified RTLs. Purified and refolded RTLs were analyzed by size
exclusion chromatography (SEC). The upper panel (A) shows SEC of

t
S ML ) L RN i
f

(B)
qu%‘ﬁ% HENvBLt ]\ﬁnfiﬁ’%sﬁg& BrOTgshesrhmpmant T Cen
reqepie digpddihiEre dsadpfpeptitedMBP- 85-99 (RTL303, triangle) or

MOG-35-55 (RTL312, circle). 10a WO 2005/044982 PCT/US2004/029096

371 Figure 3 shows circylar dichraism (CD) spectra of modified
G &%ﬁébﬁ%ﬁ%ﬁﬁh@%ﬁ%? S A(AJBRGNOR BB Aol oc!
phRIDEGE2 e(mamgl@fmnawm)mpmy@mim@mms@qmemﬁm and/or

celiddiaPangh ln% oWa s apactianaliRbk  centaiping, eﬂ'lgrﬂﬁyf};) as defined
hen tethered Ag 5-99 peptlde RTL303, (triangle), TL3 0 (square),

Shd RTL340 (dlamond) The lower panel (C) shows thermal denaturation
curves for RTL303, RTL320 and RTL340 which reveal a high degree of

{GMPQWHYGMMI%@@{H&&{Q fld:v'ﬁ%@a SRR JirRG! BEASHEINSHE Bkatment of an
rived inding of biotinylated-MOG

tide blndln
o R a0 b 1 SR R £ I09 B P BCRUE ARG OdITe, secombinan
T ritrson®D)igapeRIJuaaedyinhed kefepanel (A) shows saturation as a

function of biotinylated-MOG concentration (insert shows Scatchard

analysis of peptid T

biotinylated- MOGﬁpngg‘t‘i:I=L 36 (gﬁ/{ﬁl% s as aﬁgir?(‘:ihon me to
[6&8Im pagerthe dhitied I“Htédbﬁihdﬁﬁi[@&%@@m@ﬁ@h@m&ﬁsmimmmhhe RTL B-

r 4 ﬁectlve s RTL31
s o A TS S R L MR B (e on e
Su@c}%lﬂﬁRAAMﬂWg@emnah@é steezt:edkwnae:@s gEpbItRTHBAR-(Uhin molecule
All mic e |m

e B S S b e A I R o ©
sheps e byiDapdamtée:ngiPhe daaypbaostaifomuoiRTibA0DN Day 14 aII

mice were distributed into 6 groups according to similarity in disease and
[03ndeiguvicesiyere sive mjebaaehisowio®TI810f RIdiged RFhvehRie gy and

refdlded RTLs were analyzed by size exclusion chromatography (SEC). The upper panel (A}
shows SEC of RTL302 (triangle), RTL302(58) (circle) and RTL302(5D) (square). These
RTLs do not contain covalently tethered Ag-peptides. The lower panel (B) shows SEC of
RTLs derived from the wild-type HLA-DR2 containing covalently tethered Ag-peptide MBP-
85-99 (RTL303, triangle) or MOG-35-55 (RTL312, circle).
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per group, except for vehicle group where n = 3; arrows indicate
treatment). [0401 Figure 6 shows the interaction surface between the al
X31 peptide binding/T cell recognition domain and the ¢,202-1g-fold
domains of HLA-DR2. The interaction surface between the aljll peptide
YiRdMgPr4eEll recognition domain and the 02(32-Ig-fold donf4&iRdISapa029096
modeled and refined using the high resolution human class Il DR2
structure | BX2 (Smith et al., I. FM. Med. 188:1511-20, 1998). The

t/eA s Misipalr Ankde niaine didusimwiE DS chetreeioatiyi el 8 dartphiitidss, The

EBS:@ISQHQP ﬁﬁ&&@sr h@%ﬂe@fm'ﬂpwm%§s{ﬂ{aﬁﬁ%)|mm4\§$ﬁmrcle) and
resgﬂé:trv f{y Cysteines are render{aﬁ% s ball-and- StICl% are the five
{550 AP g eRRg (B 0 {Be hteraction

srgnmwlmeam@tmmmréﬁa&@)em&&ﬁ% {giafmfd)d%’ﬁﬁé%(mmh @nd
nentids @‘i@fﬁtﬂﬂfﬁ?e"l&%%@l%)@%%@dr&n&d&ﬁ&drh%& peRbilisrotesial

N

[Azky N#Té@é\h%ﬂ%léﬂm SuiaeReMMH Gl painistndhe MBIk matnasmpetipilily

lex. O421T r"RTLs" r nrec mbr
e e e B T ek e Stk
RAIFOR (P Genatingroel). Toukl V@) sederstbplioritabaimeiol.
[%ﬁxly Q@'M@@%ﬂ&ﬁmw@hﬁ@m@am sid¥dd @Ef} rerfgéert&eemagetemc

nds Qﬂg ant 0481 " refe [941 aft %J
Ep re o°g§BeﬁIn f? EG] g%ﬁ\éﬁg ge@f) r#ﬁglrtrsﬁrﬂ?g OE] cﬁon
$Nllr’@f@r@t@>@ﬂﬂ}frﬁﬁﬂﬁﬁk*%qm*ﬁ&lﬁésorbant assay 10511 "HLA " refers
AR leukocte antigen, 10521 A efersa pyman. (0331, MRR 51
yelrn ASIC protein. TGS‘E ers 0 major
hisreuiia BAROHHRES M lesosisB B anpas M%@%Werm ofilgbddPRRocyte
qiyﬁgprm@iml(mmg seRIIeNER)icd @ofbd M TefRrsrRIMuItplS, aqies@sia) or
{ @ t dry milk..[0581 "PBMC".r {) rs t
blfg1 %’} mgﬁ% ré)a %ggg pEER re]r‘“ernsl %drs)'ﬁo‘gi) 20 %iere and
<Wiriee CEA in conjunction wn‘h 100 ng Ptx i.v. on Day 0 and 266 ng Ptx 2 days post-
immunization, On Day 14 all mice were distributed into 6 groups according to similarity in
disease and gender. Mice were i.v. injected daily with RTL312, RTL342, or vehicle. (n =4

per group, except for vehicle group where n = 3; arrows indicate treatment).

[040] Figure 6 shows the interaction surface between the 181 peptide binding/T cell
recognition domain and the c282-Ig-fold domains of HLA-DR2. The interaction surface
between the ol 81 peptide binding/T cell recognition domain and the 6232-Ig-fold domains
was modeled and refined using the high resolution human class Il DR2 structore 1BX2
(Smith et al., J. Bxp. Med. 188:1511-20, 1998). The transmembrane domains are shown
schematically as 0.5 nm cylinders. The amino and carboxyl termini of MHC class Il ave
labeled N, C, respectively. Cysteines are rendered as ball-and-stick, as are the five residues
V102, 1104, A106, F108, LHO (1BX2 numbering). The interaction surface (4 angstrom
interface) between the Ig- fold domains and the peptide binding/T cell recognition domain is
colored by lipophilic potential (LP). Water molecules within this interface in the 18X2

crystal structure are shown as spheres.
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[0601 "PCR" refers to polymerase chain reaction. 1061] "Ptx" refers to
pertussis toxin. [062] "RPMI' refers to growth media for cells developed at
Rosweli Park Memorial Institute. [0631 "RT" refers to room temperature.
[064] "RTL " refers to recombinant T cell receptor ligand (e.g., RTLs of G.
GOBUEIH882 U.S. Patent No. 6,270,772). 12 WO 2005/044F&T/US2004/029096
PCT/US20041029096 [065]"S.C." refers to subcutaneous. [066) "SEC"
refers to size exclusion chromatography. [067) "STR-HRP" refers to
IEpENyidioNsorseradish peroxidase conjugate. [068) "TCR "refersto T

cell receptor. [Qﬁl?ﬁgé “TQ" refers to transsgenic. [070] "Sequence identity"
s Ererera Mttty Hetde by marn B arRethilteer BBy uence identity

h‘gﬁr@g Y&a %ﬁ%@ﬁww RAEIMSQL ROIGE A0S ISy QU SRS b s,

logy); the higher the percentage, the more similar the two
Jesrjenees Rfers Wadidpds. of the inventive MHC domain polypeptides will
possess a high degree of sequence identity when aligned using standard

el odAPE TEferv P tipS s BERESSPtide” refers to a discrete MHC

cyl main, for example, an al or pl domain of an MHC class Il
:ﬁgécu@‘@ﬁ% ¥ é"d]j: B‘Eé%%?&ﬁ?& OF EXEMPLARY EMBODIMENTS
@il HEo DY YEOLRIQAL I dicMadified RTLs of the invention comprise a

major histocompatibility complex (MHC) component that incorporates one
d94vioreCistl & sidmiety sorfplets Ereurdspdiviesstures which have been
recombinantly introduced . intg an otherwise native MHC polypeptide

to
88l enLLS TSR g‘@&%&ﬂf“é’%}ﬁhe invention are rationally
{ERIPnaEhand AOnRIUL Bﬁ%&%i%ﬁ&ﬂ%ﬁ&@ﬁc@&hﬁi&iﬁ@@ﬂo acid changes
r

at a solvent-exposed target site located within, or defining, a self-binding

ifEdfatEEDRAC infthanatiyedibiEdiolypeptiden{@%3y.The self-binding
interface that is altered in the modified RTL typically comprises one or

arirtd FelSPdR RRRAEIHE TR SaI#s) self-aggregation of a native

i5id
M,E% o 'Q{P%&Q%% [.of an "unmodified" RTL incorporating the native
polypeptide. A{Rough the self- binding interface is correlated with

the RrimappsteasitegtineartiedddiC polypeptide, this interface may
only appear as an aggregation-promoting surface feature when the native
[054] "MHC" refers to major histocompatibility complex.

[055] "MOG" refers to myelin 61ig6dendrocyte glycoprotein, {murine sequence).

[056] "MS" refers to multiple sclerosis.

[057] “NFDM" refers fo 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 foxin.

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

[063] "RT" refers to room temperature,

[0664] "RTL " refers to recombinant T cell receptor ligand (e.g., RTLs of G, G. Burrows,
U.8. Patent No. 6,270,772},
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polypeptide is isolated from the intact MHC complex and incorporated in
the context of an "unmodified" RTL. 13 WO 2005/044982 ~
PCT/US2004/029096 [074] Thus, in certain embodiments, the
self-binding interface may only function as a solvent-exposed residue or
wntlifodha¥inmodified RTL after the native polypeptide is BORtS@fdPO6
one or more structural element(s) found in an intact MHC protein. In the
case of exemplary MHC class Il RTLs described herein (e.g., comprising
hindegd Gloangads tontainajedie native (31 al structure only exhibits certain
solvent-exposed, self-binding residues or motifs after removal of 1g-fold
iRe51 028 d W%%§%WWWMHC Il complex. These same
@j e S HRtediale ASaRNON Atunmadldel RTLS, are
Ively ‘buried” in a solvent Inaccessible conformation or otherwise

oRpked ki 'erefarmem&adr&@momedlatlng self-association) in the native or
progenitor MHC Il complex (likely through association with the Ig-fold like,
(8E%hntg2reliorm HMNSEITS] Certain modified RTLs of the invention include
a multi-domain s ructuxe in t HC clas.

N ainBrsSr |0Eﬁt§%fr?nfﬁr tr|p Bﬁ%* Wﬁ&aﬁgerﬁa}e?r%w ag%mg%ec%ec {lsé\ﬁg}g t%!%'é

adeniftiniafraqy arbogeiseri PFORMS R PERETREe I4opith (¥ saplapiy grhomolo gy)
megl?m%semadﬂge, aRMnEC Rnitgapniton)qiercestain varaodiondntBythave

G Bt e 57 e e P T A e

clas main r S|dues necessary and
smﬁm@m@mdm@ﬁ}ﬁié functional peptlde binding and TCR-recognition. TCR
AR SRR E MAGl e BLLheNAPARIR SRR Whfor

manner to eficit one or more TCR-mediated T
@aluiels;ﬁdr@e@mﬁ HeMEbeeFhe repecid?6] In the case of modified RTLs
derived from human class R MHC molecules, the RTLs will most often
comprise al and 01 MHC polypeptide domains of an MHC class Il protein,
or portions thereof sufficient to provide a minimal TCR interface. These
domains GESWIPEN ES G RIEDIONYREXILVERBATRY BKEORIMENEdsingle
chain (sc) MHC class Il polyp Fptlde Such RTL polypeptides are
hereinafter referred to as "al$PF st W‘polypeptldes Equivalent

fiﬁ%amp Esé ﬁf‘s ?‘?’Fﬁ be neds '&%&9&% Qﬂrm%ﬁﬁﬁdy %ﬁ&ﬁ&?MHC)

orm S comprisli g eel a domains (or pOI’tIOI’]S
I

umé@mwﬁéi@mmea%Wﬁ PR gl TERtEs i
M&Eﬂﬁhdmlﬂﬁrﬁiﬁytimﬁ{fded:’miﬁ pt @ﬂaﬂwxseﬁapty M@ sebgetedt vathcars-Ag

K}ﬁq)&? gml%o%z%é%%tﬁls%%u}xg %%H%r[% rlaf%ﬂd& %@gg;gggt%gq;m% 8C

ponents have been shown to be widely useful for such
AP P FETRI ASPHEA R e RSB SBTETh R i o
defining, a self-binding interface found in the native MHC polypeptide.
[073] The self-binding interface that is altered in the modified RTL typicaily comprises one
or more amino acid residue(s) that mediate(s) self-aggregation of a native MEC polypeptide,
or of an “unmodified” RTL incorporating the native MHC polypeptide. Although the self-
binding interface is correlated 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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responses in mammalian model subjects predictive of autoimmune
disease therapeutic activity in humans (Burrows et al., J. Immunol.
161:5987, 1998; Burrows et al., J. Immunol. 14 WO 2005/044982
PCT/US2004/029096 164:6366,2000). In other aspects, these types of
RO1280FA¥E93een demonstrated to inhibit T cell activation aR@1Yiehaeet 029096
anti-inflammatory cytokine (e.g., IL-10) secretion in human DR2- restricted
T cell clones specific for MBP-85-95 or BCR-ABL b3a2 peptide (CARL)
(Emlowsus)irsiardiﬂmgqlioierﬁﬁﬁzéf%iﬂ@@gh@mwmmﬁﬁiﬁbn@hem
8«%@%Z;%s&@x%hu[%@ﬂoéﬁ&ﬁ%ﬁﬁe&ﬂ@ﬁ%ﬁ%h@ﬁ!&v@ﬁ&%p@ﬁﬁigﬂEd

tested by inventors in the instant ation, which inclu
S8 557703 TR S S 1 BB Hh P Inthecue

aftoienpluyeEStrs SsRAfd dewdtol kemiu (m%gmabwiegamksit@l tind ol
elAGeRR 'é‘%%ﬁ% bggl%fr&@uﬁﬁ)ﬂ Q&H&@@&tﬁ%Yl %ﬁi%rﬁiéﬁtﬁﬁélﬂ @%%gﬂm&gical
SIgns o enpar
mﬁm‘é%ﬂs}%gﬁ% dl tfP&% W are“éze iR f%ﬂﬁb ﬂ%?ﬁ“ﬂ‘ff MfC
iR mume%emmamm M@ehﬁqdﬂ@ywdmmmmammﬁmw@ed Blol
?ml@al% p%s[u d\»glwr&ﬁé% m@;la&d@a%%c()s&amnz @ﬁﬂiﬂ&(?aitﬁm%ﬂ@%}i&gﬂ%
§ee e g nite tates Pat ISsue ugust

O R S B NS GBI Pgpbfor M T
Sep@nblécemhmgfr a@@ﬂt@@%ﬁe@@ﬁoﬁﬂ@uéﬁ&l@é@rﬁ@pﬁ%ﬁﬁon No.
60/064 555, file 16, 1997; Unit d St PrQV|5|onaI Patent

e e R n e
Fsazmmlmﬁmms@ﬁ @ﬁﬁﬂ@cplwacmwm m@@mﬁmmwg dmains that
MQ%&%§M§E@Q&;E@&'MI ﬁé&é&:@é’}k%%r@& gg‘;&@@b&f&’ﬁ;@d BIC

LL i et al..on er idenifi y

T e R A
0@%@@861#»@@4%@7&@2@@1@ UW@&M%@MEAW@WNM MHC
QuigAT cﬂaﬁ%ﬂfu@éﬁ%@ie@esé&@ﬁﬂnd%ﬁﬂi&%ﬂ&ﬁr@ﬁﬁéﬁﬁiﬁ@l@ﬂﬂé&m&ﬁﬂmr@@ad

58 580 file 001 each. incor fe ence
%% mFggg{/%;{ M@Ya Oml%ra 1reskthonﬁén mecﬁanlsrﬁsca aé?:t on agtmg
rdtified R inp A gHpdpifie mP@ﬁ?rAﬁﬂb@wg%WWTEéi@%aﬂ% %bfﬁ%u@ses,

Tohkschaaenbeean used as target T cells for various assays (see, e.g.,
Burrows et al., J. Immunol. 167:4386, 2001). More recently, inventors in

tigGuiethe spisiicatiofi fedET prevtiied fravapmanalass BidBmaslasaleatbe RTLs

URIHBYY oﬁé’&‘éﬁﬁﬂﬁ% MSEIBS m&p@m@aﬁaﬁaﬁ Gﬁéﬂmgass II protein,

characterl ﬂiucture i;_md func |on %ﬁﬁgﬂ nﬁq,%c S ates .

ﬁfé’\??o% (fen Yol |caP n e Sul and. Eﬁou et
akbiriivatifeseds R»exbv vm@mt@smmztynm ﬁpﬁ&@@lﬂw@@é\ﬁ&@é@@ Bf the

ipy@ﬁéme E@@'KMDH@?@&&@%M%Q&@M@&@Q&& tagp ispMp@blass II

Asretile IeR el keRoma RigriaepRGAl e

and

gna e
protems, for example 10 fonn RTLs compnsmg ai and o2 domains {or portions thereof

sufficient to provide a minimal TCR interface) of a class I MHC protein, wherein the RTL is
optionally “empty” or associated with an Ag comprising a CD8+ T cell epitope.

[077] RTL constructs comprising sc MHC components have been shown to be widely
useful for such applications as preventing and treating Ag-induced antoimmune 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., J. Immunol.
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proliferative response of T hybrids 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 15 WO 2005/044982 PCT/U52004/029096
specific, TCR-mediated proliferation response of the hybrid. The modified
WEbKeya#on2 response of the hybrid cell accurately and repiSc{iBH3Rp4/029096
indicates a presence, quantity, and/or activity level of the modified RTL in
contact with the T cell hybrid. [080] The MI-IC component of the RTL may
bESth@aeleaoas dmotbenpiytcR Tihesortipes sRRTCNEG bacnasreaMaleatbimingr
ok sonalRAbARKAGRIQ Aasleriad RERUJRAL @‘ pigallyy e ReRide Ad pro-

comprises one or more, ntigenic determinant(s) of an’autoantigenic
B D el R S PP 0 TR A R RS FARARIAB) (Burtores
epitbpb fmmmobdieixd 86t 8l sCleord abut@BinhTGirendiseage7(e 101aN
[ ngdaminant epitope of myelin basic protein (IMP) or myelin _
AR o R G G ARSI RSy 158 By e st
eqvibiisdiiore nitsiaf itlsrda wdvifE3 2SR A tedsimodified1n chonhi ragdidr Ty inhibit
- Whishnhasadedhes d®eniakinrA0ssRIAHRMIRSE AN SOMRNISES. oG-
5@"%? o eogf?l[ét;elrge t u%f rch;‘ia smgl? Qhalnﬁ(gé(:%polypeptlde that
IRCILOBS MURIPIET CovAaRdy -HHiEE Raete! 88ma AYaRfenberkeial, L
damaneleldi bt a Ry bidhiiyesaieeidiifrehR B). admtrdoGltidiomaingubioan
MidGietagsritanbipRptidepsRAions ReEAbrMRsIHg a0 ARG bl
erg?et/Titﬁle”mEeC&Eé%r Oé;‘l'(f:cl{?){ |r(1)tset5fage' g\r?béal and eQ domains of an
I%?H class polypeptide. or Porione hiwd FEBIHDeT G S R DR R atent
PRt/ PE R ifiapthoactshd MPICEnrhYnenPoivishadRIters Appliificiontiyo.
@06, SErEIRipRasi mhsitutionis)s@dditentind @lﬂfiﬁi%f}( 1iion No.
reanr tat e corresponding.to a "self-binding
e S R e S pe don o
PR dfifRd May o209 Hirite dStatantraifisonad Raipits\apiivatiadititeduced
(VITREmISiR | grfaﬂgn_ aUUISgANIND mgtigomm@@dm%ggm@ml MHC@?JR‘%?@N
AR v e same fundamenta
g%i:mponent sgt%%%f%r%@ %{%ﬁﬁ%lg’r%%%%%gk R &k T PREHBIpede and
iR e\ demeiRarksiNte 1882 - 9D &Duitad SiefeePaisrsinpiicative NIHC
poly s ﬁld@mﬁ 10uRGal, nﬂﬁ&&ﬁyi&% KmMﬁgNﬁ%yl%ﬂﬁﬂdﬁsﬁléé May
r efic fragme ains, conjugates, or
P P B R R R
5N TR aEsErasBluence compared to an aligned sequence in the

rally-oceurri HC.polypeptide (e.g.. marked by 85%, 90%, 95% or
?géﬂ‘éﬁﬁ%ﬁ%ﬂ?g?.% R S i Lo e AR L o
SiavRRSoTHEtigeaTPEHiF EcelinhsemnrioznviHoRhke selieassediatiget T cells
ifdterzfﬁ(:;? ﬁﬁﬁ@a %@iwﬂﬂym@@iﬁm@ é@?%@g{mewéﬁamrf}h
lﬂ{'l (i) Mﬁ e .Sell-assoclafl In a ay only pe present in
I lﬁg& % contg ;eréeéal’% % 6csaggnto \‘;qu'%%vﬁ%l%oveﬁr cecl?h%r}iiomas I%at are uniquely
adapted for use in screens and assays to identify and characterize RTL structure and function

(see, e.g., United States Provisional Patent Application No. 60/586,433, filed July 7; and
Chou et al,, . Neurosci. Res, 77: 670-680, 2004)7 To practice these aspects of the invention,

T cell hybrids are constructed and selected that display an Ag-specific, TCR-mediated
proliferative response following contact of the hybrid with a cognate Ag and APCs. This
proliferative response of T hybrids 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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native MHC polypeptide is present in a fully intact, native MHC protein
(e.g., in a heterodimeric MHC class Il protein complex). 16 WO
2005/044982 PCT/US2004/029096 [083] Thus, in the case of MHC class
Il RTLs, removal of the $2 and a2 domains to create a smaller, more
weettYe4PsRial) domain structure for the RTL (comprising RCEIFizHEl (P OR
interface) results in "unmasking"” (i.e., rendering solvent-exposed) certain
self-binding residues or motifs that comprise target sites for RTL
nioeita ok aochrdihgrdbfthdinveptior o Trelsebtit N Tas kewlifes gtigiteAition
Mediisncay e ﬁ?ﬁ_‘ﬂi'b!eﬁ|£€£§Htei9_W@ﬁ@ﬁchﬂﬁﬂ@fga'{e%%tgrdesQ&E%%%g%ﬂ 3hd/or
t%crgxglgl %vo! eligln%e?gggg gation and render the RTL as a mofe highly
monodispar St FESHA SHuBsRRHniB R dss] Fedaluate the extent of
mosdisnereabobtisemadiied RiksnanHnetllisd ar,cqptiol R
ma%ggtgépé)loyed Whl(%h,has the same‘b_asm polypeptide“construction as
e AR P e Ak e & Fy it e Raate petfsiepmartide dgebaically,
(HepApfidnad orompreesantnoragihnisiicaBemmatiieommpisiagfeic protein,
Sebbindincileriase end delaina @ SONERI RRASHA ARSI Bl
modification,when the native polypeptide is incorporatéd In t]he R
(CHRRRINE it (eI RO DR PPy oL T RS Ppise MR
nieisEa Rissssedienyle stitsini MR twnlivatwbat@)to a corresponding,

e§1

dified.RTL (i.e., comprising the native MHC polypeptide and bearing
R 8 i el S FADE tsamnant K1L
p@mﬁgé@mmw@tmgemmmmmmm‘m iQsnFonent” in
eI SOLKINN IRAY(RS RYINNES AXmPIRIS Hﬂiﬁﬂgycéﬁgl%r%ygﬁn;@e%s&?&c
ound in

total RTL. r%seinrhwit the bfillance of the unmodified RTL being ]
the Torm of Rgher-order aggrEGSias ™ RRISHIVL81e1a ditradret pRIdH iHemains
preseMBhvéstidrpelinspide. ar hodtims 0%<2000mpTMpdis persREREKIERIT cell
seldpipn(toptherambadimenia danese B%%Q%ﬁd@%@ﬁ%@fg;ﬁeﬁ%,c&?s in
solytionwill range from 2506-4096, ofgt?iﬁ %9?()-75%9, up to 85%, 90%, 95%

r greater of the total R TL Breaehe Rorteh Commrahen ity MHGcoBmanersat
petSetagaadified b epnes Rore aspiecieil subsiatiod(th glditivilosicksarsydb:
L o i S b R G S
R B B iR Ll podied
Eidiies metkedie mduerdasrornsitn fuhagtseaticotif of tiier\ei@palypegticetion
\itifthitda Qhﬁf aﬁﬁ&?ﬂfﬁé&bﬁ%bﬁ?ﬂﬂm?ﬂg e ?ﬁéﬁi_l?_%g{agl\ﬁg% component

- iation of the Q ide and/or. . As used herein,

T RS R e e
(sapsagiaiiamdhal, premetasic polypeptide” refers to intact, naturally-occurring MHC

polypeptides, as well as to engineered or synthetic fragments, domains, conjugates, or other

0

derivatives of MHC polypeptides that have an identical or highly conserved amino acid
sequence compared to an aligned sequence in the naturaily-occurring MHC polypeptide (e.g.,
marked by 85%, 90%, 95% or greater amino acid identity over an aligned stretch of
corresponding residues. The “native MIIC polypeptide” having the self-associating interface
will often be an MHC polypeptide domain incorporated within an unmodified RTL, and the
self-associating interface may only be present in sul:h a context, as opposed to when the
native MHC polypeptide is present in a fully intact, native MHC protein (eg,ina

heterodimeric MHC class II protein complex).
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aggregation of the MHC polypeptide or RTL in a
physiologically-compatible solution, such as water, saline, or serum. 17
WO 2005/044982 PCT/US2004/029096 [0871 As noted above, MHC
class 11 molecules comprise non-covalently associated, a- and
Bpolyperstte chains. The a-chain comprises two distinct derirssoaermeacs
at and a2. The (3- chain also comprises two domains, (31 and 02. The
peptide binding pocket of MHC class 11 molecules is formed by

mﬁﬁOﬁm of thecaloaniBi dreairTIRepkides bam Prasessadmaitigtieate a

bin MHC cule the membr. al-packet formed b
R DL SRR B S e R
anteifpsi @ﬁﬂﬁﬁ@aﬁ!ﬂw@r@’a% nPpisEELERInTERRsE DES SR i psture
364i3E-SndiAD it SoRtiftiet iaigef\kﬁw for FA8; 2fdifit A4 Jdedinnnibiénthation.

sifie.chialns,of houndl BERUA IRAL I ROSKRIERMPLAGH Bhecica

polymorphic residues within the class 11 bind |ng roove. The bound
pepEsessisdpacdnes ST lama: apEemton st serdratie fellzetr P atinyy
prsfeiapess fapapaciinamindudeids at positions that anchor the peptide
to the binding pocket and a wide tolerance for a variety of different amino

408dE Jiormdpaiobnisriant Stawredisperiatifess e difisd £ s rupmedifiebe
etoatroINRTL ARG Re Ml HidBhkIR5)mB Asdd oty papse proerties as the

natyral %l&mau%shéﬁ%n@m&m Wes.areRighly t@ﬁ@gﬁﬂa%us

given allele of class 11 molecules on'the surface of a cell has the ablllty

EPBIAdCkhEresR P o rs e sl hipftredmlagsdnb ot ipan gelvent-
pepiide agissieiftatfcemdirssol whelche leswithlypptidlowitaipcarstants.
'[}ql]{[_, it has been difficult to generate or obtain homogeneous populations
class 11 molecules bound to specific antigenic peptides. [0881 The 02
aoes) 32 denbaifial GG titiascRionoleti de sncanspdisadistiprcif monodisperse

ﬁ%@&mgmlg&?da%ntﬁ)&%ﬁéaﬂ% 99&@@3&% &%@aﬁgﬁm and (3sehrinsdato

e membrane of C.In ad domain is reported to

SBRYRBERE R bRIBIER G J6AHE# %tf@ﬁl&%}ﬁﬁb 3 EBFP"&I&H&H@H Ik B atal.,
Infbupiniia 1:821¢#82 7801 1 HARGified/RIE tivedBPaclo maindspepoedstan

% INEL s%z&Béxgmym&s Q@%%&gwﬁéawm% the WG RAIgERin,

mplex interacts with heterodimer (Fleury et al., Cell
%@6@1@&90&@%@%%&%&%%& fgeip of ey Propp gpsresates.
Kotignaitaho AR RS 6 1RGpHAS 188 Rtiphiwdhygjedd alledst 16%ALNIGI.

TrBstdeapddaik Q8L RE lo?héP oriiadkafierid 'ﬂ&cm S mAleGUIRS

for use, W|th|n the inventign ty |cqﬂ(§/ comprise small é}eg a&groxmately

SeRyISHINEIAEY relipaes T BB ALTY X3P SSRGSt 1RE &1
andtd3df tenoanR TS raserewaihc comtrusmate MétCioluisshs paclatiges!

which.aweryRically aensticilylinkeddote.aingieHRaptide. s haln ity

and without covalently
RTLs under comparable conditions.

[086] The self-binding interface that is aitered in the MHC polypeptide to form the modified
RTL may comprise single or multiple amino acid residues, or a defined region, domain, or
motif of the MHC polypeptide, which is characterized by an ability to mediate self-binding or
self-association of the MHC polypeptide and/or RTL. As used herein, “self-binding™ and
“self-association” refers to any intermolecular binding or association that promotes
aggregation of the MEIC polypeptide or RTL in a physiologically-compatible solution, such

as water, saline, or serum,
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coupled antigenic peptide). Exemplary MHC class 11-derived "Blal"
molecules retain the biochemical properties required for peptide binding
and TCR engagement (including TCR 18 WO 2005/044982
PCT/US2004/029096 binding and/or partial or complete TCR activation).
Whingreuges for ready production of large amounts of the REiigiieeees2096
RTL for structural characterization and immunotherapeutic applications.
The MHC component of MHC class Il RTLs comprise a minimal, Ag-
igringsheel iesegritiorinisifaocvidi chomrase comprislrdly efspirtigng pd
Hq {VIH%S Ialgl L %eaélghgxgcgg @é@%ﬁ%éﬁ‘d?@&ﬁ%% %Qn@!ﬁﬂsaﬁd o2, The -
hése RTLs are de5|gned usln%fﬂg e structural Qacliq\%g qassII
W@%@P‘Fﬁ@l%ﬁ@éﬂéﬂé‘%ﬁ%m Bire DRI RARERYE TS Stion of
Rélksuissnadoeitesitarisiaheniarrihel mﬂaie@ﬂhdmmge Heptidesifessrpredesssn
e S Em%ﬁeﬂaaatﬁélﬁi poelisamabspmies indhe

corf’espon ing, native (i.e., wild- typ en cla

HemsistiRiarmahase 21t 8 %Sté&h]l gﬁera a urngn MHEC plass
W@W@“@M&M@mm&é‘lﬂiﬁ%lE%aﬁiﬁﬂﬂlﬁké&&mﬁ-&&”
Q@@J'ﬂ&:ﬁ&%&@ﬁﬁﬁhﬁ%%@&ﬁﬁ@ﬁmfﬁ&mml wolniging igiatederfo

empty RTL molecules, 0901 I ts of
WW@I&H??%&H%@ %lgé%f cry ?%grn@ﬁc gg%r | {}éag%o ﬁ%%%an

illefe- By Lo s s toiddd Iy BRngroRirecnt F sportis-HomMaTte 3.,
DUYiRGs Al M e gasad kD il sinailp Haiseontextyiaxeppiaky i Elvarhayvef

been designed based on cr Stal raphl t f ( coe &
g&%@&%ﬁ&ﬁl&&&%ﬁ% T I B oA o O Ricns o

et ed] d7By1§&aheﬁ@é%ﬂrgﬁhﬁﬁ%ﬁﬁoﬁﬁﬁW%m€FW€ﬂé%§§ pf MHC
'BQJ?W@&?&@%EM{X%@@S%B@MS& givaciasic TielpaaraseSioyh the
0S ASS ate Lo IS an exem at.C
SRS GO GBI e R I ST o

Wwﬁn@pmwcmg@ntiaﬂiam&md@ﬂée&w&lbwmh&té@c?ﬁfﬁ%ﬂ fPpas, it has
Y @B@ﬁ%@@a@@Maﬁ%n@?eﬁﬂ@i@ﬁb@bﬁ&mﬁxtﬁlmmmyﬂw%gbapmd:o

charac terlzatLons rovided for these and other MHC class Il proteins
JRYFS ?t%’&lﬁ‘?riﬁé’ roo thaven Protein Data Bank (Brookhaven National

L[ﬁﬁi ragggl $§ ant/ Bmaﬂém ﬂm-ﬂl %@5@1@6{)@@5@3 ptePrRE Bikid) Raasystatbrane
structures for use |n des an structin 0 a
IFﬁ/E}]I?I Bhe g 0‘% }!1%1’ Reqa— nd é]ﬁms & %e%ﬂ%ge%-ﬂhg RI’@%

(}aflor example,’i Nature 378:457, 1995;
Stiditiopt thb ommmnsssm@d mmnmmweaqd %W@&é\gs%g?u

Boli&sAkoliadiCh % 43:2435,720067,L1ive’ }l wikildMiel BBion@0ds 1efbrted to

2000; H ba " 200
P e A %‘fﬁ%@g@%ﬁﬁm

Ridsh B¢ IR of heemdineAFlemyit t Slell SO 7 AS D amae ek
Sunslbete. piato 1Stk ot 46 NA00 3508, destiptian efaHlIA-DQ

Tmrnunol. 158:216-225, 1997).

[089] RTLs modeled after MHC class I molecules for use within the invention typically
comprise small (e.g., approximately 200 amino acid residues) molecules comprising all or
portions of the o and B1 domains of human and non-human MHC class 1I molecules, which
are typically genetically linked into a single polypeptide chain (with and without covalently
coupled antigenic peptide). Exemplary MHC class [I-derived “Blal” molecules retain the
biochemical properties required for peptide binding and TCR engagement (including TCR
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crystal structures is provided, for example, in Sandberg et al., Nat. Struct.
Biol. 6:123, 1999; Li et al., Nat. Immunol. 2:501, 2001; and Siebold et at.,
Proc. Nat. Acad. Sci. USA 101:1999, 19 WO 2005/044982
PCTIUS2004/029096 2004. Detailed description of a marine MHC I-Au
mademuseigoprovided, for example, in He et al., Immuni 17:88¢ R@82104/029096
Detailed description of a murine MHC class Il I-Ad molecule is provided,
for example, in Scott et al., Immuni 8:319, 1998. Detailed description of a

mﬁmﬁ %ﬁﬁHrIcAkpmelmwecmm@fwdms feoelanpleaiy Rednbumz ot

SC|ence 286:1913, 1 Mlle % %d]l%%%% H
o e SR capeaar i MIBHE! Blard DGR el rapont

eXaPHEIEoM: db«e@éﬁ%ﬁ%ﬁpf@e}éﬁ&%&%wﬂ BHecorersneriiLeh ton of
a mmﬂ%ﬂ@:ﬁ@ﬁﬁou in2-itaeltaieispipvided, dososxanyblde MHC class 1T
Ff ass ﬁlw(i gy thed%éé oheOR &%@ﬂ@%ﬂ@&%ﬂm Jeagwmg the

3 molecule is provided, for exam gle in Krosgaard et

a|strma}ra¢w@znf3% Sals Baelieeaatn iRl TR eiaaRg sption of
MR TLsAdbinp elﬁehlelmmmlﬁhdutafartmtahml elolimildsuestiahy JutiiohlBlibisheet

3 %&?JM%O% I PRAAVEANCE itk NHEBILARIOSREY: L3R Q6L

13(20)) 751 -7528 [0921 Structure-based homology mo eI|
ba§§é’éP’Eﬁ"’r r]é‘ﬁ%ﬂaé‘f'%{’ﬁ%ﬁ?&}?ﬁl JBEEHHARE SHENL SPHRBAL f%@ "Wiks |
orthams! tohtia e endel)e femeision Pithea the RN DRvalolde lidkaindh Apptinide

I- SXEMRIALY RIHAY RYRUFEOMSRBE CORARYE Snolecul
(- Eﬂfﬁmg‘é%ﬂggmléﬂé’?%ge 12: 77‘}@75 1999), the gﬁ%;ry se(?ﬁlj!gﬁces oforf';f:’[u =

hupsan anexegies dMibdiclass ofl heievenddig REW, design vshationaliydssed on

deé %e%%éﬂi%%&&?ﬁa%é%ﬁx&%m&% %L@éwrmq@ﬁmb@&&eém@w of 2

B-chain amino acids were |dent|cal 3 %/12? artg a% L
mt’é‘?’éé‘l‘ni‘ﬁ’é (ElnTary sy tehte o £t 1 wPiiy Ml %ﬁ‘f’ glave
covseriatndibstheaspebies;hind trefisdtib i lﬁﬂ@@s@ﬁ&hmﬂﬂeh\QDL
Stf&ﬁi&ﬁﬁés%ﬂ%w&ﬂé&mmmﬁ@ieéqg@émﬁgé% JeRRlYbRE B Rment
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hydrogen-bonding network and a tightly packed and "buried" (i.e., solvent

maﬂ%@&%) hydrophobic core. This tertiary structure is similar to
ylapleatirasdhatocoriershraalinteani: addbernagyngmie

sta t to the a-helix/B-sheet scaffol
constructing modified RTLs of the invention is provided, for example, in Ghosh et al., Nature
378:457, 1995; Stern et al., Nature 368:215, 1994; Murthy et al., Structure 5:1385, 1997,
Bolin et al., J.Med.Chem, 43:2135, 2000; Li et al., J. Mol Biol. 304:177, 2000; Hennecke et
al., Embe J. 19:5611, 2000, Li et al., Immunity 14:93, 2001; Lang et al., Nat. Immunol.
3:940, 2002; Sundberg et al,, J. Mol. Biol. 319:449, 2002; Zavala-Ruiz et al., J. Biol. Chem.
278:44904, 2003; Sundberg et al., Structure 11:1151, 2003, Detailed description of HLA-DQ
crystal structures is provided, for example, in Sundberg et al,, Nat. Struct. Biol. 6:123, 1999;

Li et al., Nat. Immunol. 2:501, 2001; and Siebold et al., Proc. Nat. Acad, Sci, USA 101:1999,
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characteristic of scorpion toxins, which therefore present yet additional
structural indicia for guiding rational design of modified RTLs herein (see,
e.g., Zhao et al., J. Mol. Biol. 227:239, 20 WO 2005/044982
PCT/US2004/029096 1992; Housset, J. Mol. Biol. 238:88-91, 1994;
Eidredystudsat al., Biochemistry 35:8535-8543, 1996). [094 PEXtisranEee096
and other comparative data sources, crystals of native MHC class I
molecules have been found to contain a number of water molecules
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1 1-Rt-CM-2. For each of these constructs, the presence of native

&S0iffde bonds between cysteines (1315 and B79) was demonstrated by
643 thtf&mwy,@e anibentinerednsing-RasmtBrnessantasiiangtie

In the apsence of
TLs of the invention focuses on the “exposed” (i.e., solvent accessible) surface of the B-

sheet platform/anti-paralle]l cvhelix that comprise the domain(s) involved in peptide binding
and T cell recognition. In the case of MHC class Il molecules, the ol and B1 domains exhibit
an extensive hydrogen-bonding network and a tightly packed and “buried” (i.e., solvent
inaccessible) hydrophobic core. This tertiary structure is similar to molecular features that
confer structural integrity and thermodynamic stability to the o-helix/B-sheet scaffold
characteristic of scorpion toxins, which therefore present yet additional structural indicia for
guiding rational design of modified RTLs herein (see, €.g., Zhao et al,, J. Mol. Biol, 227:239,
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B-ME, disulfide bonds are retained and the RTL proteins typically move
through acrylamide gels faster due to their more compact structure.
These data, along with immunological 21 WO 2005/044982
PCT/US2004/029096 findings using MHC class lI-specific monoclonal
wiilisosied%s label conserved epitopes on the RTLs generaltyraffizon4tmnsooss
conformational integrity of RTL molecules compared to their native MHC
11 counterparts (Burrows et al., 1998, supra; Chang et al., J. Biol. Chem.

2716524160ssk4 1oL BN, Maingombark Oriad-JebIemNBlochédidd 33:3835-8543,
2q9§3 Similarly, circular dichroism (CD) studies of MHC class 11-derived
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"Blal"sMHC Il RTL constructs, provide for ready and predictable

expression and purification of the RTL molecules from bacterial inclusion
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ﬂgngfaﬁ]@eg g?fal glbfaﬁpﬁ%!ﬁagg of numerous, exemplary RTLs comprising an

MHC class I “a1 817 architecture. Related findings were described by Burrows et al. {.
Immunol. 161:5987-5996, 1998} for an “empty” 8lal RTL, and four o181 RTL constructs
with covalently coupled rat and guinéa pig antigenic peptides: 81 1-Rt-MBP-72-89, Bl 1—
Gp-MBP-72-89, 81 1-Gp-MBP-55-69 and B1 1-Rt-CM-2. For each of these constructs, the
presence of native disulfide bonds between cysteines (B15 and 879) was demonstrated by gel
shift assay with or without the reducing agent 8-mercaptoethanol (B-ME). In the absence of
B-ME, disulfide bonds are retained and the RTL proteins typically move through acrylamide

gels faster due to their more compact structure. These data, along with immunological
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which fold together to form a tertiary structure, most simply described as a
B-sheet platform upon which two anti-parallel helical segments interact to
form an antigen-binding groove. A 22 WO 2005/044982
PCT/US2004/029096 similar structure is formed by a single exon
BRcBEMY 4% al and 02 domains of MHC class | moleculesPARETHE4/029096
exception that the peptide-binding groove of MHC class Il is open-ended,
allowing the engineering of single-exon constructs that encode the peptide
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play a role in communicating information about the MHC class
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MHCII protcm The reduced size and complexity of these RTL constructs, exemplified by
the “Blal” MHC II RTL constructs, provide for ready and predictable expression and
purification of the RTL molecules from bacterial inclusion bodies in high yield {e.g., up to
15--30 mg/1 cell culture or greater yield).

[098] In native MHC class I molecules, the Ag peptide binding/T cell recognition domain
is formed by well-defined portions of the al and 81 domains of the ¢vand B polypeptides
which fold together to form a tertiary structure, most simply described as a B-sheet platform

upon which two anti-parallel helical segments interact to form an antigen-binding groove. A
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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 23 WO 2005/044982
PCTIUS2004/029096 chromatography and dynamic light scattering
ViR 16Fst#atRd that the novel modified RTLs were monomePfelily Baniapss
and structural characterization using circular dichroism demonstrated a
highly ordered secondary structure of the RTLs. [0102] Peptide binding to
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constructed from the ¢l and 81 domains of this exemplary MHC class II molecule retained

biological activity, but formed undesired, higher order aggregates in solution.

[0101] To resolve the problem of aggregation in this exemplary, unmodified RTL, site-
directed mutagenesis was directed towards replacement of hydrophobic residues with polar
{e.g., serine) or charged (e.g., aspartic acid) residues to modify the 8-sheet platform of the
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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the art as described above. Variants of modified RTLs comprising
non-aggregating MHC -domain polypeptides also retain the biological
activity of the non-variant, modified RTL. For 24 WO 2005/044982
PCTIUS2004/029096 the purposes of this invention, that activity may be
BahRiEHisE assessed by incorporating the variation in theP&3|iei#ta096
MHC component of a modified RTL (e.g., a (31(A MHC component) and
determining the ability of the resulting RTL/Ag complex to inhibit Ag-
spesificopsll protiferationgin vitteras desosivee e, iRedomdijed RTLs
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(Vandenbark et al., Journal.of . Immunol 03). 101061 As disglosed
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vpslypeptide using the NCBI Blast 2.0, gapped blastp set to default patameters. Proteins with
even greater similarity to the reference sequences will show increasing percentage identities
when assessed by this method, such as at least 60%, at least 65%, at least 70%, at Jeast 75%,
at least 80%, at least 90% or at least 95% sequence identity. When less than the entire
sequence is being compared for sequence identity, variants will typically possess at least 75%
sequence identity over short windows of 10-20 amino acids, and may possess sequence
identities of at least 85% or at least 90% or 95% depending on their similarity to the reference
sequence. Methods for determining sequence identity over such short windows are known in
the art as described above. Variants of modified RTLs comprising non-aggregating MBC
domain polypeptides also retain the biological activity of the non-variant, modified RTL. For
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as a highly conserved post-translational modification, a disulfide bond
between cysteines at 25 WO 2005/044982 PCT/US2004/029096 position
16 and 80 (RTL 302 numbering). These molecules are small enough to
systematically dissect with currently available technology, yet complex
wough/ehas2successful engineering of other MHC moleculgCainm2004/029096
derivatives, comprehensive of HLA-DR, HLA-DQ, and HLA-DP molecules
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use the molecules to repartition back into a mixture of

n}@ﬂmmg @E@ﬁ&q{e{sﬁtm&gwﬁe qullﬂi{@tnw&saﬁ:&ﬂﬁﬁé%%ﬁﬂcal EAE with an

dependent. According.to the present ation of HLA-DR2
d%ﬁ@%&oﬁrﬁ%ﬁg gr’b |fﬂ','etcmregr?§e # ﬁgrft{ljgiﬁs #ﬁes%glgelé%aée}? Ve ﬁ-siﬂp
sbqalem}evfmmpmﬂae%gémﬁcﬁm&meﬁxwm@w@wgpﬁmheR2
With SRuadrAGtReRtAR: control RTL303 containing covalently tethered MBP-87-99 did

not inhibit EAE or affect T cell responses to MOG-35-55 peptide, demonstrating antigen

specificity.

[0107] Significantly, the applicant's teachings are the first to document that monomeric RTLs
have such potent clinical activity, and that the molecules are suitable for evaluation for use in

human clinical trials for treatment of muitiple sclerosis.

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

as a highly conserved post-franslational modification, a disulfide bond between cysteines at
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MBP-85-99 (PDB accession IBX2; (Smith et al., J. Exp. Med.
188:1511-20, 1998), provided 26 WO 2005/044982 PCT/US2004/029096
sufficient data to permit analysis herein of the membrane-proximal surface
of the /3-sheet platform and the membrane distal surfaces of the a2 and
Y82 13t ¥dmains, specifically identifying features that coP€TEE¢0290%6
higher-order structures or aggregation when the subject MHC Il domains
are incorporated in an unmodified RTL. Specifically, according to the
pregint 6 weh&d® Tha0B3vweheeing)atfoess bokeddnathenmibgenigbtoHLA-DR2

AleGR SsTnes: e Retiany aliha R T8 a88) SRRLAIASIA Bhinanal
hydrophoblc_resldue? tgga typ cal{ fo‘kjnd_burled W|th|nha I1|cs)rote DR
SHERR FRRTER A U LN R PO L R AR
A&, andib.AdN redidulesans Beriprtivesnwill remsheapinaionré§inpayel
eapigRRvElY investigatedidMinaisloals iatHre 367:660-63, 1994;

okkulurr et al., Protein Science 11:1687-94, 2002; Street et al., Proc.'
NHOS ARG Sais I BARESOTE 14 leps) SureSivingrip definagbiokeamiea}yfunctions”

Ik Al Qv et GlanBiPaReENISE0H 38529401t Aurd Q8 ninisalStein,

Protein Engineering 8:207-09, 1995), as.part o averall f. ..
e G PO AR HE R LRy R T i e
fofithatidieinEeund dy beenodorlicaitiersibesidedihetiipis natagkerideen
Ripirkanes ifkshesisi iR 3riManchad A9 W MACIdRsISDlehCing syabine,
and thregnine, as well as gomati%n%qﬂir}g %%i1 | I inldllléens Elté?rylé;llalgéggn%nd
tWS%i ?‘f&’iﬁ%ﬁf éé%?’&m 15 the pres?('entr invention. destred surrace
iRifivatibd. ofratsirBucinesingri2id gl ard NS Chess of ebrhgtislekteBlyield
Puehiess/aggragation prone form can be achieved, for example, by
replacement of one or more hydrophobic residues identified inthe
/BN Eoptarivsss of teareterCivsniisanantdriirt o ikircprdBICedipes!
iohexaRIRe MY toEpehateRriesidups diadiiadnR MiepRSRriE of

xemplifying this fthe invention were, constructed.by replaci
TR Py oo PGB L SE L AR IR e
whinfontiniérastipnLinEriRe wompoheelt BrIRL iBb2terbemeinrHiripemation signal
RUARPLREY., AN RxEl o IBKHIAMIERS| eS80 g tegaktalsexamplarystem
arged (e. rtate) resjdue(s)..Figure 1 depicts the targeted
g-rs 93%? p’l11 %ﬁﬁ%gﬂﬂésa o}r‘grﬁg%zl)l‘lligarﬁ%ﬁefhitially, a central core portion

Phing ﬁ&iﬁmgl@mragdw@sﬁﬁﬁ emltf@ rxﬁr@el}ﬁgag@enmmi@i g h?]@key
1104, A106,, £108, a 110 wn from top to.bottgm.jn Fig..IC). These
SR oY B S ioRt SO b e S
veghseratde ipiavresBumosseisin dibnmupobibad 3 80 S50 1 thakinaitatet be
ﬁgi&%@)&%ﬁ%&é& ﬁyl mﬁmﬂtﬁig%ﬂa& @éﬂ«ﬁi”ﬁﬁﬁg.h%&r&iféﬁl?ﬂéfaﬁsﬁidﬂﬁsyt@l@of
nrerent, polar or cnar, S e ra | [ ecltanle
e
concentration of purified RTL302 protein to 0.1 mg/ml for the final folding step, and

changing buffers from phosphate-buffered saline to Tris. However, concentrating ;Suriﬁed
RTL302 monomer above 0.2 mg/ml caused the molecules to repartition back into a mixture
of monomer and aggregate, an equilibrium that was concentration dependent. According to
the present invention, aggregation of HLA-DR2 derived RTLs is specific to certain portions
of the DR2- derived RTL sequence,

{0112] A 2.6 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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more hydrophobic residues that were changed, either to a polar or
charged residue, the greater 27 WO 2005/044982 PCT/US2004/029096
the expected reduction in aggregation potential. When all five of the
indicated, core fl-sheet platform target residues were changed, a
Wiib#enitidP®onversion of the RTLs to a more monodispersefoiifzoas 29096
observed. When all five core target residues were changed to a serine
residue, approximately 15% of the modified RTTLs were rendered
mdfidenediga o saluiiemijAlhkbaecallofi e corsbtangetsesidl e si{aormie shalgpen
SXaRInIan: 6 IEoInIng GioRe LRt Ie RARJmAle dg)fwfa‘an?img%Qiﬁeany_

apartate residues, substantially all of the modified” RTLs were qbserved in
AOFRERCRASEPES BT OREBG O (R T St RS fF SEER AR BRgarae Teblect
adiditi Srinhajor e holip detgtinresid wediBed Rilkildbleiforiipodificditipm tbe
%%@ﬁﬁmgm%e@ﬁ{égwfm%é@%@é%%ﬂ@t@mWMG%lp&gms
molecules#]nco rated in RTLs. In refeérgné:e E)llj?lgur% 1C, the left a”ff of
55 SRR et RSO A TG R SO RBR I SRS s i P e
roted|thyddopiob icpretsid s ftopaba droieing sdyeny ¢89sahd A133 that
will. serve as useful targets for indivigual or collective modification (e.qg.,

B9 & o TR R S i R B SR LRI B Rt R BB R B F b GRS g ctures bas
el dpbroiicly dsvduiaas)doiMane etk Magees 3635601635 ) 994aRebkmhwicriophPiolein
t(%%@ﬁ@i@[s@ﬁ%@@ﬁé&@él%&- ﬁ&aiﬁm@tg&mhifs%ﬁit%mﬂﬁg;a?]w,rtéhou
arget nydaropno | re marke the Il [e 1l-shee
S RIS L 91 D AT SRR AR 15} o e
&inbrletaom, Protein Zdineenag S0 dRYGorsseit absoeratitigeal gbwiergtifuling
Rk Rﬂ'elsdm @&@@FE&M QRBLRE LB Eagi %ﬁiﬁ&e %&%@M&?Aﬁﬁﬁﬂe
rget o moaifigatijon to remove tphe I 0 resiaue(s) or alter the
S e e R B RS skt
yielelirigsfunalies, behdfienipiiiysgh rg wvanivmsing gabrgrelystivhepdaieniialaod
Wemedified RTL. [0116] RTL modification typically involves amino acid

substitution or deletion at target sites for mutagenesis comprising a
$e1fHideiergdingtd doeptewn priseibofdosicdsuisenpdifotinid! radidles, or
%&%&H{?ﬁﬂﬂ@@r@d t&fafé%(;ﬁ &%ﬁ%n%%@Ei@ﬁ&%ﬂ%ﬁé@g@&&ﬂﬂb&ﬁ@%&@%
embodiments directed toward production o ified RTLs, that.comprise
TGN R e e R e
trpheal platfmp ASBOVEIO shrobraerns Sidlaendty dreptipbid apsédeapioresaliple polar
I&t@wgeh ! d%@dﬂﬁ%ﬂ%ﬁiﬁﬁh@gpb&ﬂﬁlﬁl@éai&ﬁxpmw @i,sagtlsécwnﬁ@gmeﬂﬁon were
These other target residues m agvantageous ered, or,
TR O TR T Ron NS e et et € o oo
slitomueriditind X aentornet AERIENY Hedhkaa R Lerpdfiplao o Ba (e 2.
inehide-aning asilailavingiaiphatierh yehieuy | SldcsshaiRg raURB(@S FRiRY
RO e G A g Al CRRIAING SidG, ChAIn S P LD

portion of the B-sheet platform was targeted for modification, comprising V102, 1104, A106,

F108, and 1.110 {shown from fop to bottom in Fig. 1C}). These residues were changed by
site-directed mutagenesis, individually, or in various multiple-residue combinations to either

a serine, or aspartate residue(s).

[0115] Individual changes of these hydrophobic residues to a different, polar or charged
residue, generally yielded detectable reductions in aggregation of the modified RTL. The

more hydrophobic residues that were changed, either to a polar or charged residue, the greater

27



as asparagine and glutamine; amino acids having aromatic side chains,
such as phenylalanine, 28 WO 2005/044982 PCTIUS2004/029096
tyrosine, and tryptophan; and amino acids having basic side chains, such
as lysine, arginine, and histidine. [0117] The findings presented herein
waldese#trerational design approach of the current inventiBfitfgp2604/029096
modifying a diverse array of RTLs comprising various MHC components,
including MHC class | and MHC class Il components, to diminish the
PERReP&IRE ot dhgiomiadifiechibh Jacaggregatian inselutiondtResore B-sheet
canecepts are clear licable.to all types of MHC class ll.molecules,
GRS L JEE RS BN B SRR TS
ifRIbeisgcpsiesn ARy ShrtRed 3 kel fizerenta portanidrehemcheaeted that
iscsSaivenime xpesednihedpttvpsba etidiried RIMlsS«(@Gonderaprisiegait ivHC
C Il s¢..pol [ rand of HLA-DR2 component.. . ...
s B S AU il it SRR e
e Rtraler Wt B O35S S ShiRartrin esidves shstaetindy @tlgf fee m)odid
R ng&is ofzeresdlntiamoryistatstforet uiedditidh Add RlowithAsainttated in Figure

i e —

RS iesiten PE iR Ar s mlateonr anatintepfd R pmteriles ArremnaaietinBiise
distatweniatesrof thehe RAnon(32Hedelthuombihsiespsaificalindtientfyingrate
featiges Hiat LQRLIRVIR I ANGHOTASS RIBIGIHES P4 AYYRRIRANIONI 13 that will

Specifically, according to the present jnventjon, the beta-sheet platform

buréed| Brega MicPdi b soNrsiEE et sniun e Bt itse tidemino
RTilidelfichcnnthitis:onLinivercot thydudpipbbiicresiduety thatterbe typisally
foune dyHed WA S IR SLrpS i 6 @Uﬂg&ﬁh@ﬁd'a&ings%qh@%&g&@wgm
[01181 AEI hum%‘? HLﬁ_bDR m(ﬁ)lecules ill ollg%v ,closelgft%he modification
rlte &R BIESEYAEALIE FF %ﬁgﬁ@d@%&ﬁa SEBHN BN RGBS
Hoetvaim$HLA DD 128 LA Pend|§§$, Wbl evy s regndadrions enewire, rat
adﬁé@&l@ﬁ!_ﬁiﬁﬂ%&f%@? %%&&M?Qﬁé@l%@é_t p ?g@ﬂﬁ%&éﬂ@ﬁ&@ﬁq Any one or
characterized sufficiently (see references cited ahove, which ar i
R T LSSl b E SR RGO RS e et
st ae e thettyighé rsfibadio o amd o difidnbinrot RS itk b ideng tion of
injadaseuraRiciasr WIS hestHisaisddhipgisuithiorthe mathads
mcomposmons of the invention. [01191 In the case of exemplary,

ified, DR2-derived RTLs, the greatest success in terms of rendering

@Wiﬁ?ﬁ&ﬁ?ﬁ@&iﬁﬁ%ﬁé&%@%d%b%ﬁ?ﬁﬂﬁ&‘&ip&@ﬁémaﬁ\éﬁget sites
(3-sheet %%Iatform core y%r%phoblc re |du<‘as with an exemplary charged
Se B AR REp &AL IS SRy RIFEATR IS SR e PR Rl fmine acid
BafsstangidifibiofipeotehifSoarad theeiveird tugtioesidesein Wothdittremiplay
%%(E&@inﬁ&nfﬂﬁr@&&ﬂﬂ@@dﬁ@@kﬁ&n% HRiexiainsl e hAndNelOnsEa gL
%o%l%nents, targeted residues for modification typically comprise hydrophobic residues or
motifs, for example valine, leucine, isoleucine, alanine, phenylalanine, tyrosine, and
tryptophan. These and other target residues may be advantageously deleted, or aliernatively
substituted for any non-hydrophobic amino acid. Suitable substituent amino acids for
generating desired RTL modifications can include amino acids having aliphatic-hydroxyl side
chains, such as serine and threonine; amino acids having amide-containing side chains, such

as asparagine and glutamine; amino acids having aromatic side chains, such as phenylalanine,
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(3-sheet platform of RTLs had only a subtle effect on the secondary
structure as quantified by 29 circular dichroism (Figure 3). This moderate
effect was interpreted as an approximately 10% increase of anti-parallel
(3-strand structure upon deconvolution of the spectra (Table IIl). [01201 A
Meboexplamation. for why these exemplary modified RTLs raaimtasdtixesoss
same basic fold and biological features as their counterpart, unmodified
RTLs bearing the native MHC components and self-binding
r%gﬁalm@uﬁt&@m@%ﬁ%@%&&%@ﬁ%@%@é&%ﬁmh&@ﬁstﬁéé,%t%_iﬁme,
fuar}l%ggg _role as an "open" platform in the overall tertiary structure of the -
Ag- |n3|nge7TCR recognition domain of the progenitor HLA-DR2 molecule,
rqharhae seinsasesHidasa dikeRalo R0+ Ihe &@@%ﬁ%g{%@@%ﬁ
uctur

aminoacigl residues to be present | ﬁ:sheet_str es has been .
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., Biochemistry. ,33: -17, : Finkelstein, Pratein
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pﬂnmalm@ddnystrms.oﬁngg@dmmmﬁ@?@am Sttt G eAifieeh with bound
i a diverse arrgy. of MH nts,
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g%ti%a%m HoMGRYBSrigher-order strsiutes oF apgropation. Specifically, ascording fo
Vs B AT e Phebeie et RiafPrRivred ib e roseuiedSvRpRIsHirate
FRANT the GREHDAEheG0I s, and contains a number of hydrophdbic residues that are
N TBEELEG %ﬂ%‘gﬁ% %?&%%&%E&Bfe Rk MR ESVERRRRRY CEFR
M3 D85 AH B @EX ORIGY ECTNGHE RURT AGRPIENREEIMRIFREPMGEF

! ! ﬁ[ @Aﬁ -------- e —— o A —— +
\%\;ﬁ\}/’\gsq KDﬁ’_ E%A%A%%F@%%?—% TEVVECERS BB r%?ﬁ&?f%
Wﬁﬁé@@}_ﬂmﬁ apgpprious murine, rat and other mammalian class If MHC molecules, are
Yodddi 1B €l BN C iR ARG N et ko BTk QIR RV A DM S A d

St lrs i B R foncon anaiviss] wies ofthe eI SRR 1 s G

ViepEs o medifierfion of RT) self-hinding interfyce residues and mofify tq figse
J0Rted subjects within the methods and compositions of the invention.

DFDGDEIFHVDMAKKETVWRLEEFGRFASFEAQGALANIAVDKANLEIM
TRBY NS hee19q ofeigmplary, modified, DR2-derived RTLs, the greatest success in terms

FoF ROy Ak KK ETVAA R A B GEARREERY QB HRAD A al BN sNiTdet
gwlo%yb%phobic residues with an exemplary charged residue, aspartate. Aspartate

is significantly under-represented in S-sheet regions of proteins, and the introduction herein
of either five serine, or five aspartate residues on the external face of an interior strand of the

f-sheet platform of RTLs had only a subtle effect on the secondary structure as quantified by
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800

YTHEFDGDEQFYVDLGRKETVWCLPVLRQFRGFDPQFALTNIAVLKHNL

NSLIKRSNSTAATN Primary amino acid sequence alignment of human

RTLs. RTL302 was derived from DR2 (DRB1 *15011/DRA*0101) (31).

(SEQ ID NO: 9). RTL600 was derived from DP2 (DPAI *0103/DPBI
cire@20dichSE@ (BiNe: 10) TIRTr8dorwa s tariwess ficter @R (B@Adpproximately 10%
incfOREYDEL TR (S BQUEWN Qrkllr L THIgS INNERIE PO RALIYS ATAIRP.8RId ).

residues. 30 WO 2005/044982 PCT/US2004/029096 Gaps in the
[0128huehkely fopbpitnal &igwhmethiete) amechiiierpetadifiatpRA s jundtiam (asene basic

fol@%%‘i@l@ﬁ 1c§h?€%@§@5¥qge§¥%@iﬂ%§pm@tﬁﬁ%ﬁﬁéﬁuﬁrﬁﬁsb&éﬁ &he native MHC

shade 1 The fare lignment omo us
congg Blndlng Shir 6'ér‘mﬁegs%ﬁe%(gff%dcﬂg}%ﬁn%@ﬁr@i ﬁfq% B-sheet in the
conexhof R fupehipoplerel raRaTL 30 al@fqmmﬁxmomﬁﬁbwg@u:s strgétre of the Ag-
binlSMDER GerDpRAISIng Sehi-hingingdpelits:p atdiiond RAbR.egRSHIERhAYa closed

sm{'gge RIESERY '”‘f%’atoj bgo%r'“olgo ol’fﬁcp Com 15 Inga%u? resMuesdo be : present in -

component mp smg a com onent. Consi

sheglitTipars oS eeark utyhgE shame dﬁ@@ﬁ§%%bn%¥é}£§&té@e@60 -63, 1994;
Poldesichies df, RId600Snch TLBORAredeHily discarsesl. (€19 asamatehadSci. USA

96: %tﬂ t%gqt)%@ﬁﬁld&eﬁ mﬁ%@%ﬁﬂsﬁdﬁfsﬁoﬂﬁg ”?9;9? %@m%pglfoﬁlochem}stry

ification of thes S}a dditiona class Il species t

3o o e s R0 A9 i ovades g overal
goadleSignilersiratiifieth Rl sscbatalivinge ancid @ classctboopyishentndfguratton. The

bocﬁhQW%fﬁi@ W%ﬁ@ﬁt@ﬂéuﬁéf?ﬁegmeﬁﬁﬂ%@l tabnep Q@@r@i@g'ﬂgg Gellis for the B-
ognlnon domain a?d the 02%$2-Ig -fOéll omains of HLA-DR?2

IETACtion Suifice BRtWSEIthe 4 01 Beptite Bt e Ilzﬁ‘eé%@]’i?i? g amino acid
res@@mheamlﬂwsmht}@omm domams was modeled and refined usmg the

igh resolution human class |l ructure IBX mith et al., Xp.
f‘“?ﬁﬁ‘.%ﬁﬁﬁ%ﬂfi%ﬁw@) R AL B S BRI S methods of
the dpMentiatidaycarsoBime syliifiers MnodiminoaRd tartioxybtdiminkafray of MHC
cor&ﬁb@zﬁh@&ﬁ& ﬂﬂ%@h@eﬂ@#ﬂgﬁﬂe@%&@lﬁé}d Quigings e}f(ﬁ"ﬂgl%@ﬂ@%elf -binding

mo % gnglz ?redtl%ﬁalfé\ﬂ reSIdu§S Vligf ]'slc():é At‘llu%é 1091?1 olo 20us MHC
num erlng e mteréc%n dur rom intertace) Detw
COWH@W@W&W“&% Rarddlthe e eﬁﬁé%ﬁdp@/ﬁﬂ @@ééé‘r}m@}?%@ﬁam is
colored-by-lipophilicpotential (LP)-Water molecules, within this.ipterface. ..., g
304n thes IBX2rReystat strchmevanE shawrnas red ospheran {0¥24 PrMAthin. creDAR,
60 GertdifP 8 ATDUAIRISINS RS thENAVeRtion ] SBlSINFDRIDIRGNES DY PACKMANGRERPDEE
80 Ghy BRSBTS SRITESS Wit 6AB I MBre Tharged FEaIRIE) IseHiplified PAAR
6gwere by a_s_gq_@a@)_grow@e_zs the “zzlmgmcjmltlgnglwobjectlve+of_cgpstra|n|ng thﬂm .
305“0%!%9&&%8&%%‘1%5% E%§§EVV%SFTVQRRVI KEEHVIIQARFYLNPDOSGEFMF

600  YWNSQKDIL EEERAVPDRMCRHNYELGGPMTLQRRVI KADHVSTYAAFVQTHRPTGEFMF

800 YWNSQKDILERKRAAVDRVCRHNYQLELRTTLORRVE DIVADHVAS YGVNLYQSYGPSGQ

120

12— e e o e o B e fm + 180
302 DEDGDEIFHVDMAKKETVWRLEEFGRFASFEAQGALANIAVDKANLEIMTKRSNYTPITN
600 EFDEDEMFYVDLDKKETVWHLEE FGOAFSFEAQGGLANTIATLNNNLNTLIQRSNHTQATN
800 YTHEFDGDEQFYVDLGREETVWCLPVLROFRGFDPOFALTNIAVLKHNLNSLIKRSNSTAATN

Primary amino acid sequence alignment of hurman RTLs.

RTL302 was derived from DR2 (DRB1¥15011/DRA*0101) (31). (SEQ ID NO: 9).
RTL600 was derived from DP2 (DPA1*0103/DPB1#0201). (SEQ ID NO: 10).
RTLB00 was derived from DQ2 (DQAT*05/DOB1*02) (SEQ ID NO: 11)
{**Htalics indicate non-native amino acid residues.
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or "stretched" out along this interior $-strand by charge-charge repulsion,
rather than allowing the structure to collapse onto itself in the absence of
the Ig-fold domains that are present in the progenitor HLA-DR2 molecule.
This conclusion is consistent with the data herein, and is additionally
BippEredsY reports that a-sheet propensity for an amino aR§d R&Bidde29096
arises from local steric interactions of the amino acid side chain with its
local backbone (Minor et al., Nature 367:660-63, 1994). 31 WO
2085/0 44 SERACH B 200ii020 0064 {3 125)/Aitegguinsiaf) 1€ sk iSown.

d &R B st HTReT T CSehtEHT G M alethEing/ TCR  recognition domain

of MHC class Il molecules are innately very robust structures, capable of

rqtainipaRGMiise PRsRiR -l erpiiadad Rt ARl he RReRHIAL GBSS

1%1 séggcéthreé.agd eveglmaﬁter irly. ressive modification to make the
molecu es%’élngrrﬁ%ﬁ)é and “monodispe SORHH iR A% A& iome st
e e ehies ipnestivoidush eramss sswilibinitingmepbtifs everdditnnel Ry egatiorted

pﬁmaﬁieﬂﬁﬁfh@i&f,qaaﬂm@gmmﬁﬁt@ﬂp%wg adiisalign s&@ro%@&; flair&ﬂ ing

i ,.motif,.or r , exemplifie an exposed, syrface of a _ |
R B R R R, ol S ol st
phteih BirpRaurexsyPlata Arsgtuitideetob RRbeRfhand RTIMMtiomediintiscerned
congiraimibacg Fﬁ;}iﬁihﬂi@éim_i@édﬂdeﬁmﬂ’é&%y aﬁgiei_%y?aegl Eﬂ%@@ﬁ%&%&be
PrOGE W t otein do eyes this final fold, a key

0 é’%’gﬁ%@%”r%%g?% ?ﬁ%ginr lﬁseggjr? IE(;&f?:r’tr?ono |§\%3sfses sstﬂgg’%uégﬁ%’ﬁed RILs
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S he "cade", that.drives.folding toward . a final unique structure
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%?fi@d@rs@%e%ﬂgogh%%%& tho”%\{v‘gﬁ gflﬁ e Qrtes an?eg'g{d Elcggs%lecﬁvely.
patents and publications citéd elsewhere herein rela%e to design,

coreHs hIERTrd i PRSI mbrotin aesidhes fHI8R: [ikb < AGFAPS, LI
imm)ﬁm@éhgxeﬁ@mmﬁeﬁemmf&ﬂ%@&&ddﬂ@ﬂﬁéﬁ%@é@@&@%aﬁﬂd

t ' nformadi t resent invention: JPatNos. .
L KA o L R s e e
o183 WatsT meleulonwithip SrisiinesFinss i IR XA CMERE stiaEe re shatwn as red

Migdleesiles [0127] The amino acid sequences of mammalian MHC class Il

a and (3 chain proteins, as well as nucleic acids encoding these proteins,
dPE At Vit Grran e befinaysRfahainetion substitution of one or more target

hydrophobic residue(s) with one or more charged residue(s) (exemplified here by aspartate)
provides the additional objective of constraining the modified RTL molecule to stay extended
or "stretched" out along this interior 8-strand by charge-charge repulsion, rather than allowing
the structure to collapse onto itself in the absence of the Ig-fold domains that are present in
the progenitor HLA-DR2 molecule. This conclusion is consistent with the data herein, and is
additionally supported by reports that S-sheet propensity for an amino acid residue arises
from local steric interactions of the amino acid side chain with its local backbone (Minor et
al., Nature 367:660-63, 1994),
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numerous sources, including references cited and incorporated herein,
and GenBank. Within exemplary embodiments of the invention, modified
RTLs may comprise a structurally- reduced or minimized MHC component
that exclude all or part of a native MHC protein, for example all or part of
AYOMIMENEIas 1| B2 domain, or at least a C134-binding portibETgf$H@@R096
domain. Also typically excluded from the modified RTL is an a2. domain of
the MHC class Il protein. RTLs of this construction can be "empty" (i.e.,
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inGudedihg 3ltmaainnd the:MidkG) lassiiifiddyain eposié mtialinkEdntithe
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defined class i

ed iIn mammalian MHC c| proteins, picallé{, th altfdl%rr&ain i
roRHiE & A RB RO R LD 5y e i 4 AR e
natig@pepticedinise widgisnphetssdoniich dtcamdo? domiairrbiofehdisfiag fold, a
Class HRIALSI SRARS AR ARPHL AR RAE 1 AR6h 308IARRCId A3nGE the
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TRRRARIGH o TSI 6 PEIBBT SRS A0 ek e TG S e
chafinahuiipretafcaldinttheiastviibiipoghiné nertidehenCoied thin B Ban-oti ar
this demain.isaLRecsssnily pesishogelinesiignd, for example, might

occur at any point between amino acid residues 70 -100 of the a chain.
Thei mpriposiionnf dheialsgomidiniswlydistlaanon tsitbsinf, trpmssion and uses
PAAMSISER AERARIING AMING: MATVRRIAN SReSshanskdinnaminuiaga

chain in question. One of skill in the art will aﬁ_ﬁ%emate é?a&hggpre&%ememods
NURRKIGEHE Biiasi St St S TR S RTERAR BrdsRiu TR EE"
impedaiitad i thenbrackiana it 9 dosnahefahGH6R), [04i2 91 i ywndhidarow
01, domain {sdypicall¥ SRIArg erkas, comRKISIAG AR ASHAMA IR R BRe
mature O b chain. The linker region between, the &%1 ap&ﬁ@ d ([‘,rc}algg%gtheir
théim‘f‘i@r%fé?&‘}Fe}ﬁ%f@iﬂe%‘éﬁgq%?ﬁ“ﬁ%ﬁ?%’%ﬁo aci (5 AbSat amino
acidet 0B dirthiectBpokmdd hereirantirferone therpedtadiiiuishhmoligganpd and technical

copgidaratint Kty the HIaIRBAVIRC M RIAbS UL AMING 2gith5; 5,260,422;
residues 1-100, but one of skill in#h arst%g(gloag;ain recognize that the

C-Wiﬂ%ﬁ;éﬁf@gﬁ%}f} W A8 RS necessarily precisely defined, and,

foreaamBleriallnGtif el beARRIRIIno acid residues
75- € U chain. Thé composition of the 01 domain may

[0127] The amino acid sequences of mammalian MHC class 11 ot and 8 chain proteins, as

well as nucleic acids encoding these proteins, are well known in the art and available from
numerous sources, including references cited and incorporated herein, and GenBank. Within
exemplary embodiments of the invention, modified RTLs may comprise a structurally-
reduced or minimized MIC component that exclude all or part of a native MHC protein, for
example all or part of an MHC class II 82 domain, or at least 2 CD4-binding portion of the 2
domain. Also typically excluded from the modified RTL is an o2 domain of the MHC class
10 protein. RTLs of this construction can be “empty” (i.e., free of peptide Ag), or non-
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also vary outside of these parameters depending on the mammalian
species and the particular O chain in question. Again, one of skill in the art
will appreciate that the precise numerical parameters of the amino acid
sequence are much less important than the maintenance of domain
Yumeoiv409230] Nucleic acid molecules encoding these dorRé¥iESwaydaends
produced by standard means, such as amplification by the polymerase
chain reaction (PCR). Standard approaches for 33 WO 2005/044982
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ollowing amalification aod saesianivirh the Palariethiaatioiinn RRzyME:
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amplified coding regions are separately cloned, gle frF%i %‘%ﬂﬁ%ﬂe
urifie
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SIBREY e tRF RS AP LA G JRTE Ay ‘
igReratetytohigation f64S Tl prpaiasldienbossehiesense sdeiihiess
IS RravIdes Retw ReR 0l 2 athAidrmains. Typically, this linker is

between 2 and 25 amino acids in length, and serves to provide flexibility
bptreesitiadiomafisisneh thapeath re@mm@mmgﬂwmy@si@wdﬁ%of
CRDIQIMALED 4LAe HAKSLREIRECEE AU SRR RERER\GERE 1VIC class I

designing the PaCR primers to encode the linker, sequence. Thus, jn th&in

AT EBARPATONED I A QU AR A A{PISL U At dpedneon

ofstheuBaiar Mapriméns;psidecoinhiihtiotho Bt avteof tag Sechurirplery, amino acid
residues 1-100, but one of skill in the art will again recognize that the C-terminal cut-off of
this domain is not necessarily precisely defined, and, for example, might occur at any point
between amino acid residuss 75-105 of the 8 chain. The composition of the 1 domain may
also vary outside of these parameters depending on the mammalian species and the particular
B chain in question. Again, one of skill in the art will appreciate that the precise numerical
parameters of the amino acid sequence are much less important than the maintenance of

domain function.

[0130] Nucleic acid molecules encoding these domains may be produced by standard means,

such as amplification by the polymerase chain reaction (PCR). Standard approaches for
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[01321 Nucleic acid expression vectors including expression cassettes will
be particularly useful for research purposes. Such vectors will typically
include sequences encoding the dual domain MHC polypeptide ($1 al )
with a unique restriction site provided towards the 5' terminus of the MHC
vEnmepfedidh, such that a sequence encoding an antigenic BaFeplides096
may be conveniently attached. Such vectors will also typically include a
promoter operably 34 WO 2005/044982 PCT/US2004/029096 linked to
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primers.

[0132] Nucleic acid expression vectors including expression cassettes will be particularly
useful for research purposes. Such vectors will typically include sequences encoding the dual
domain MHC polypeptide (81 ol ) with a unique restriction site provided towards the 5’
terminus of the MHC coding region, such that a sequence encoding an antigenic polypeptide

may be conveniently atiached. Such vectors will also typically include a promoter operably
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the activity of the resultant protein. Table | shows amino acids which may

be substituted for an original amino acid in a protein and which are
regarded as conservative substitutions, which are well known in the art.
[0136] More substantial changes in biological function or other features
Winstt@Hfdined by selecting substitutions that are less coPfSERELIHE019896
selecting residues that differ more 35 WO 2005/044982
PCT/US2004/029096 significantly in their effect on maintaining (a) the
stivletilire thd sherphiypefttidebacidaanadgidhe pwalofdhgSubaliiersioros the
example, as a sheet or helical conformation, (b) the charge or
hydrophobicity of the molecule at the target site, or (c) the bulk of the side
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L.gﬂqe b'% he or%an sm in which the seaiéjence is to be expressed.
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R B M R PRRERRIE GRS BRdgH specific
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cell a% V|tsy in an Atg(hspecil ic.manner tg reduce a pathogenic potential or
equence of the molecule encoding the domain, for example by site-directed

mutageneszs or the polymerase chain reaction. The simplest modifications involve the
substitution of one or more amino acids for amino acids having similar biochemical
properties. These so-called conservative substitutions are likely to have minimal impact on
the activity of the resultant protein. Table I shows amino acids which may be substituted for
an original amino acid in a protein and which are regarded as conservative substitutions,

which are well known in the art.

[0136] More substantial changes in biological function or other features may be obtained by

selecting substitutions that are less conservative, i.e., selecting residues that differ more
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a pathogenic phenotype of the T cell (e.g., to inhibit T cell proliferation,
reduce inflammatory cytokine production by the T cell, or increase
anti-inflammatory cytokine production by the T cell). As such, the
modified RTLs have utility to treat autoimmune diseases and other
vahtitiodslediated by antigen-specific T cells in vivo. 36 WOI/US2004/029096
2005/044982 PCT/US2004/029096 [0140] Within other aspects of the
invention, modified RTLs are provided that lack trans- membrane Ig fold
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[0139] Despite the surface structural changes introduced into the modified RTLs, these novel
RTL constructs retain the ability to specifically bind Ag-peptides and to functionally interact
with a TCR on a target T cell. Exemplary functions of the modified RTLs include an ability
to modulate T cell activity in an Ag-specific manner to reduce a pathogenic potential or alter
a pathogenic phenotype of the T cell (e.g., to inhibit T cell proliferation, reduce inflammatory
cytokine production by the T cell, or increase anti-inflammatory cytokine production by the T
cell). As such, the modified RTLs have utility to treat autoimmune diseases and other

conditions mediated by antigen-specific T cells in vivo.
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sequences), the compositions and methods of the invention can function
to "reprogram™ a target T cell to alter the differentiation status or fate of
the T cell, for example to an induced, nonpathogenic state or phenotype
characterized by reduced pathogenic potential. For example, modified
RI2YyH4#82invention can be employed to reprogram a T c@CTOR@HBT0%
WO 20051044982 PCT/US2004/029096 original, pathogenic pathway of
differentiation to one that yields a "T suppressor" phenotype. In additional
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{0143] By contacting a target T cell with a modified RTL of the invention (bearing cognate
antigen bound or linked to the TCR interface in the absence of costimulatory factors (e.g.,
APCs and other regulatory signals as conferred by native, MHC II o2 and 32 regulatory
sequences), the compositions and methods of the invention can function to “reprogram” a
target T cell to alter the differentiation status or fate of the T cell, for example to an induced,
nonpathogenic state or phenotype characterized by reduced patho genic potential, For

example, modified RTLs of the invention can be employed to reprogram a T cell from an
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factor(s), and/or adhesion or other cell migratory factor(s), or induce
anergy and/or phenotypic change(s) in T cell fate, differentiation status,
location, bystander signaling or suppression activity, and/or pathogenic
potential) in Ag-specific T cells-thereby alleviating 38 WO 2005/044982
WCTB20824/029096 or preventing associated disease syR{XAR04/029096
Alternatively, such molecules may be conjugated with a toxic moiety to
directly kill disease-causing T cells. [0146] The following examples set
forttintn, provide:thassef ordifacaiibn e aryitlics Mampmakaiteshenotype.

isclosure.an scn fttﬁe s%%g;[ gggonl (# ate not |nte|%deﬁlb
Ilmlfl ?ﬁéogaégmeoo é:%g%:ﬁargeg as the mvenﬁ1 N Orie Fhave been y

g e‘i‘Y§Eﬁ1é ineBe PAEPIRItHIPEERRCF 1B %h@’??ﬂﬂﬁ%%’f%‘%%’@a geofle” for
NP S, stERIPR6ATUIEL CRRCEN Rthne, @itckslutpeatialvadpRrithepialides
SR e atersanoyths Alaned i 38 WA 00004480 e

9096 EXAMPLE | et ods) omolo

rﬁé@éﬁ?ﬁ&y e dtreisnaddigrosbicasetennbine ﬁ‘?él@’&%?éﬁﬁﬁ@%%yé‘ﬁ invention

p¢ @yioidsiybg exatilbed. (B dniaws el 24PTo 60 EXgheésrongphi2i ieteiftithyl 999;
tal., J. Biol. Chem. 276:24170-76, 2001). Sequence alignment of

MHC class H molecules from human, rat and mouse species provided a

goantingpoirties fuheliddRandasapticdiitagesnieréngeds fatedawiils, the

RELH %%Qﬂlagﬁ%{gﬂmgip %Pf‘%% f§£cﬁ19ﬂ§d M@ ng)d'l?ty in diagnostic

work ation (IRIX 675, Silicon Graphics, Mountain V|ew A) using
ea@a&mégoa@wéﬁféd% Weg R BheHabmmunshielh FRES R?B?a@mven
matn@ ndhk abmmtﬂrtes belptahioNdéectBiruptaméfbaiechiion piodyarivmdelige s
I ) ation
HLA D %ﬁ‘ g;rﬂhr}t% 1EeIRGA LS IRIPRIARNIG GREFdIARteS Al rW%form tllo

et al., J. Exp. Med. 188:1511-20,1998; Li et al.
%?Slm%‘?ﬂ?liﬁb%‘g%‘tfd‘ﬁi‘“&éev&éﬂya@tﬁﬂ?‘t B rrlsepseitona %36‘1?’51%‘ 39,
209tdkurthing tfard sxiplecsuabesd BEG- 96] helivite mwiyreldsfdnmndiepulesite

e e '
R e AR A el Ao

PEPAVS PRI Y Al dSR5R MW?B“*@S@%%‘?S PeaBToRhS &G o8-
fasidueséer patmatnektiaAsioRY e DBelis des¥ioandohien X Rjlwtre afdhekells to

Iﬂa'?a%mauéwaﬁatdﬁseﬁmeﬂ fbx{ég&gi@r ¥ElRDgNdifTagtien Rnt7e-1680
ecular replacement (Am §e XRa %‘éﬁruc;léiﬂﬂﬁefmement

L3R denlaigrrend Sxapppion AP D PR aeEe iRl
aoressibn gedEdiblad) (Stetveatalof Mature!8g§8Ri%ri@@a). The following

residues were either missing or had mssmggtgms in the final structure:
Wﬁ’u‘ﬂ }_{1 1Rese mzed aspects of the invention, mo RTLs comprising a MHC class 1

or class I component is used iz vivo to target and alter a pathogenic potential or activity of

Ag-specific T cells. By way of example, a f1o] molecule loaded with a T cell Ag {e.g., an
antigenic epitope, domain, region, peptide, or other portion, derivative or conjugate of a T
cell antigenic protein) and administered to patients suffering from multiple sclerosis or other
autoimmune disease may be used to modulate T cell activity (e.g., modulate T cel}
proliferation, modulate T cell expression of one or more cytokine(s), chemokine(s), growth
factor(s), and/or adhesion or other cell migratory factor(s), or induce anergy and/or
phenotypic change(s) in T cell fate, differentiation status, location, bystander signaling or
suppression activity, and/or pathogenic potential) in Ag-specific T cells——thereby alleviating
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T A TS R

K38, K39, E46, N78, R100, E101; chain B: E22, E35, E52, E59, K65, E69,
P108, RI 89, (IBX2 numbering) (Smith et al., J. Exp. Med. 188:1511-20,
1998). For these residues the correct side chains were inserted and the
peptide backbone was modeled as a rigid body during structural
refiresnsentassing local energy minimization. [01481 RTL strustured2004/029696
modification. De novo synthesis of human HLA-DR2 derived RTLs has
been previously described (Chang et al., J. Biol. Chem. 276:24170-76,

2@%&&@ ghiseetad auiag eﬁ@&iﬁnwammmsn@mﬁdmédmmbj@

resid ues IL? (})&\é%t c%o %gaeseoga%e f3rshﬁet platform of the

RQPEJu fiY polar (serine rc arg&ﬁgspartlc acid)’ residues. The

momﬁp@ne&M@mﬁm&@&you@@qam&m@e@hgf&ﬁmm%@ﬁt%h a
ene (La Jo

mUtaeg eta trsll? g3 %Sgl’ﬁlﬂ & Ul Venlion n{kaieCAL) l Qet!letd
PCR reac 1on Wi ?1 Bﬁlj iy 6’ ymerase?g%r agene - 18 JoIfs, 8,&7)1was
pEPEheedong st R Tagadedss teripsoyoRs %m&wwﬁwedgwm@ﬁe
oligmmglwtj deRorels contaivingdiezdesisenls) Rapsiatientshchations, stc.)

e, a pair o iQn r rs for forward primer:
o R e R R e B e A ch s
AGA GTT ATA GTA ATC CTG ACC AAT C-3' (SEQ ID NO:1); 2)
backward primer: 5'-GAT TGG TCA GGATTACTATAACTC TCG CTC
TGG CTGATG CTATGT TCTTCT TTG ATG ACT C-3' (SEQ ID NO: 2);
and a pair of mutation primers for RTL340 were 1) forward primer:
5'-GGC GAG TCA TCA AAG AAG AAC ATG ACA TCG ACC AGG ACG
AGG ACT ATG ACA ATC CTG ACC AAT C-3' (SEQ ID NO:3); 2)
backward primer: 5'-GAT TGG TCA GGA TTG TCA TAG TCC TCG TCC
TGG TCG ATG TCATGT TCT TCT TTG ATG ACT C-3' (SEQ ID NO:4).
The oligonucleotide primers, each complementary to the opposite strand
of template, were extended during 19 temperature cycles by means of Pfu
DNA polymerase at an annealing temperature of 55C. Upon incorporation
of the oligonucleotide primers, a mutated plasmid containing staggered
nicks is generated. Following temperature cycling, the PCR product was
treated with Dpnl endonuclease to digest the parental DNA template and
to select for mutants containing the DNA sequence of interest. The nicked
plasmid DNA incorporating the desired mutation{s) was then transformed
into E. Coln BL21(DE3) as an expression host (Novagen, Madison, WI).
Colonies were screened and cells containing plasmid with the desired
mutation{s) were used for plasmid purification using QlAprep Spin
Miniprep kit (QIAGEN, Valencia, CA). The purified plasmid DNA was then
digested with Ncol and Xhol to confirm the efficiency of mutation. Finally,
the desired plasmids were sequenced with the (T7) 5-TAA TAC GAC
TCA CTA TAG GG-3' (SEQ ID NO:5) and (T7 terminal) 5'-GCT AGT TAT
TGC TCA
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GCG G-3' (SEQ ID NO: 6) primers to confirm mutations of interest.
101491 Expression and refolding of soluble RTL molecules. Expression,
purification and refolding of human HLA-DR2 derived RTLs was
previously described (Chang et al., J. Biol. Chem 276:24170-76, 2001). A
WorabeiePraodifications have been made in the protocol toPSH&RR{iHE29096
production while maintaining or slightly increasing the yield of protein.
Bacteria were grown in one liter cultures to mid-logarithmic phase
(OD690=0.6-0.7) in Luria-BertarExXABjeamih containing carbenicillin (50
g/ml) at 37C. Recombinant proteigyprgdygtion was induced by addition of
0.5 mM isopropyl (3-D- thlogalact05|de (IPTG). After incubation for 4
fodng, Ahe delisweérbnpaiedtetitnylggnrifudaticnaihd istiradeatb®een

gﬁms aa;c%eﬁ%n@%gttsr%@%%ﬂé@ﬁﬁﬁwﬁh%e@mta al, 1.
nlgu atlons Of roteln urlflcatlon were at 4C, The cell fets were

it @Wﬁ%ﬁ&%ﬁ%@%&ﬁ% RS AP
Bu@aﬂ,y&mnﬂmeu@&@mwg/mkmﬁ@mumlg@w:buﬁe ouk shgtipengrampiof oeizes
RENEEL A1 MY Qi Q) 2RF E4TaR0MQRNNE, yas,addad) spd.tbe

solution was incubated at room temperature for 3Q mjnutes, swirli

SERALSE ARER Grir URE: PR e BB AT o R Saapies fBpegitesm
deddrndsharith Preciodsudpdr(Bonkbacie finons dktics tovizte Ubteth NTthe cell '
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ane-then. n%smemm AR B’?hﬁﬁ@&ﬁreé\(f%&m%ﬁhmmm,mod-mea,

keSS AU AL el M aen (o
m&mm&wmmmmnm &&éﬁééﬁﬁ»a@?ﬁ@en%@mo acid
Q@sﬁa&bﬁ f@xﬂ%ﬁﬂMumrﬁ?)@QﬁQE&%aaéfﬁﬁml{ﬁgM ificationis Itki&bture Was
ombinant proteins were purified and conce y FPLC
oneré"')l(xc Q% szrgmg c(A‘)nggrreh%{hy usmg ource%%r 3 g‘ﬁ%%mgg%na%ge media
WM@B@%@%@E&E@VWWQ}W# &n Bepe) penedinrPRb Rut siaitng
Biotash)rosingasiap gradient) Eibrbetter Remncabstiies, Bota0. miM following
SRR O, o8 SRS AL BT LRSURNS SRANBoNR,
recombinant protein of interest were oo concentrated. or size
éiﬁéld%rﬁéﬁfhﬁﬁaw‘hpﬁwl(g@@ %tﬁ?&s EIOnkRi Sthriotankitie PoRA: drdd,
@@?'M@mﬁ? (Sﬁ)u?l &?Mmt!g xpuged d@sdfﬂ 18R Iﬁ'}??) fEEaﬁ‘éﬂaCm&ldflies ﬂ;e
containi rotein of inter ilute . 1o
ES)B%ao ?ﬁgo(g? inSPreoIteelllrl]sse Wgr'%(-%’-1 %vt% %85%31%% OMMM{;'IQ%S Ciat 4 %d
WW@%@W@%&M}@W F@?@F&Iﬁﬁl@ﬁ the recomblnant proteln.

B SRR e, RS SRR

on W mlcon everl
has been previously described (Chang et al,, J. Biol. Chem. 276 24170~76 2001). Site-

directed mutagenesis was used to replace hydrophobic residues on the solvent accessible

surface of the B-sheet platform of the RTLs with polar (serine) or charged (aspartic acid)
residues, The modification was performed by using the QuickChange ™ site-directed
mutagenesis method as described by Stratagene (La Jolla, CA). Inbrief, 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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MA). For purification to homogeneity, a finish step was included using size
exclusion chromatography (Superdex 75, HRI6/60). The final yield of
purified protein varied between 15 to 30 mg/L of bacterial culture. [0150]
SDS-gel shy assay. Aliquots of purified protein sample were denatured by

mu@HAG) foRgnaiuibhlaemnynl Buferwith Qrwithouttreretucing@aeibrward primer:
/3-mercaptoethanol, and then analyzed by electrophoresis (12%
S PAGE ArEr St oIl i B G b (OB AGA GTT

ATRrifiant blue (Stamacst. Aﬁmﬁm%mdmeﬁ@m?dzﬁ%mwg%m -GAT TGG
molecular_ weight shiftin _’501 11D namlcl ht scatterin namic I|

TC G e B rbAisis et ek dec i & byAabtott 161 1CT TG

ATOStument' (@@@['H)S‘N)J}l'@néﬂ(ﬁ"k@pa@hﬁﬂﬁﬁﬁﬁwﬂ%‘hﬁ&}sT@Rmemwere 1) forward
samples in 20 mM Tris-Cl buffer at pH 8.5 were filtered through 1

pmﬁ\?fo&s‘écfﬁe%%ﬁé?f‘ﬂ%?(vfﬁét%é%‘émtéf? Mffaf‘*géoﬁ{?&n‘?&%ﬁ\&q 0C6 AGG
Acmgimtand 204t ofdittered 42 sampieswerBdoaded(n, 2 puaikivaryeliener: 5-GAT

TR (L dikeioh S Hert G oM SRRty bft 70T TCT TCT

TTOrAEHN AQUEORTSD IO Dataywe i thendesiviegs ey Bamiesmplementary {o
software version 5.25.44 (Protein Solutions E rlottesville, VA) an
ey

the pREF B UEHNL L P Elib sttt 4t (ST %Sg\‘/af‘@ans of Pfu

DNhe galguiated hideedymasiciadivspMelecular weights afifbhLsnyv@peration of the
calculate assummg a globular h;gjfate% shape. for the molecgles sing

ol g SIS s SRS v ErsBR B 5 tei SRS nSAERERDHE ﬁe1S generated.
Fole@l&%b@ﬁﬁukaW&ﬁ@I&m (ED). anddharwat denatdration apalysislonuclease to
. CD ana SIS hermagﬁen ration s dles were prefarmed as
e GEL L S B I RO CRE oy oSO EioBO) fuence of
inidveiafl, rechenbinast proieinil iM20AmidcbrisoCkingffeliptd 8ibedvenaanadyzedwas then
an Aviv ectrometer (Aviv Ass C|at Lakew
RGPS v e BUGAE o1 4% BRGNP RGOS J0FReL. Madison, W)
Colegerdet-atarcaadning cals %ﬁtaﬁﬂﬂgﬁﬂh‘ﬂ\ﬂﬁﬂ%ﬁﬁ%ﬁdﬂﬁiﬁ@&ﬁﬁﬁ&&ﬂh{s) were used
Data were callected at O. inter alsga ectra wer %
for B8 Li8G BLHA AT SRS SHE SRR Rty S G bRy, CA). The
purﬁ&ib@ﬁ&fmsmﬂmmwwa&ﬁsﬂhgam usitig scdécodv@hution softfiarethe efficiency of
sion 2 Aviy Associates, Lakewoo I\{))ﬁ) S n
g 78 el RO T Eh i B R e BloEhenabtge TAC GAC
TCISRTIA5FAL 1986). @E@é@d&ﬁ@eﬁﬂw@t@é (therima) deradlratom dw¥eYGC TCA
f| d wavel th f208 nm. Te eratu e gradients
Gc\fl&tf‘ar% go(%g @%@L\\/@%re TnnelFa%e 9 th'd's0 \}\%lr(én%gn? ﬁeg{thermoelectnc )
[ﬂ}deylc%:ﬁ@egﬁ“ﬂerateirmﬁgdﬁﬁgfaﬁnglbéﬁepﬁﬁéiunmbieﬂ&s Heésgiregsand purification and
tes W The tranSItlo qury
o B o Tk e B S A LhLssi s - BioL
Chem 276 24170 76, 2001). A number of modifications have been made in the protoco] to
streamline production while maintaining or slightly increasing the yield of protein. Bacteria
were grown in one liter cultures to mid-logarithmic phase {ODgy=0.6-0.7) in Luria-Bertani
(LB) broth containing carbenicillin (50 pg/ml) at 37°C. Recombinant protein production was
induced by addition of 0.5 mM isopropyl B-D-thiogalactoside (IPTG). After incubation for 4
hours, the cells were harvested by centrifugation and stored at 4°C (short-term) or -80°C
{long-term) before processing. All subsequent manipulations of protein purification were at
4°C. The cell pellets were resuspended in lysis buffer (50mM Tris-Cl, 0.1 M NaCl, 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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(mdeg) as a function of temperature. [0153) Enzyme linked
immunosorbant assay (EL/SA). Biotinylated MOG-35-55 peptide
(Biot-MEVGWYRSPFSRVVHLYRNGK-OH, SEQ ID NO:7),
non-biotinylated MOG-35-55 and MBP-85-99 peptide
(EORRAHBEKNIVTPR-OH, SEQ ID NO:8) were purchased #romushiexn 29096
England Peptide, Inc., (Fitchburg, MA). The purity of the peptides was
verified by a reverse phase HPLC and mass identification was performed
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was det mlne indirectly by reading thé absorbance at 405 nm'in an
ELTEA Slate FELEr PR AL ERL MBI REEa Ty ERC
Chyfen, %@aﬁ@ atfthevanef @TReaRAVENACE pHAGM) aduR)40berisk WHS

Um&?@(ﬂ eterraing ébﬁa‘r‘ﬂﬁg%@@fm&p&% O/Bg&g&l gndﬁﬁu%cﬂu&‘% uffer

emfkcoi{lng g wells were coated with 3% non fat
PR D0 B i s g a0 o et AT
desesrprhidleedirfel diupaf éu rtomebiomspecteiy: skatebingiigyekiie popligosere

tQ&h&zﬂf&&@Bﬁc&H%ﬂéﬁ@ﬁlﬁ%ﬁ mr@gmwaﬁmaﬂgd%mbs&%%%
n blogm lated |de in PBS/1 mM EDTA atpH 7.4'at O

was addrepc]iLu ere %@Jfﬁyté‘ %%“i@‘ﬁ%‘fﬂu@@I“é%%@%%’i&‘“ﬁ?}éll
p‘?@lﬁ@?ﬁi@?%@a‘y@ﬂml(3]53ﬁﬂiﬁ@ﬁlCTﬁ&:ﬁﬂabbGﬂésﬁmerﬁeS@zet&'ﬁdrafﬁaﬂbet\wen

PBMGohan Meprtieniiemozygous for HLA-DRBI* 1501 as previously
described (Burrows et al., J. Immunol 167:4386-95, 2001). Selected

aﬁQﬁé‘En@ﬁ@éﬁF’éﬁf ol clonpstweimsiibtiosted bynlbta itiag dihstiaadmetontle
afael ssmbsequemntial Wuﬁ.’é@“ﬂ!ﬁ{%gmﬁcﬁﬁl E&er@ducing agent 8-mercaptoethanol, and then
analyzed by electrophoresis (12% SDS-PAGE). After electrophoresis, gels were stained with

Coomassie brilliant blue (Sigma, St. Louis, MO) and destained for observation of molecular
weight shifting.

[0151] Dynamic light scattering. Dynamic light scattering (DLS) experiments were
conducted with a DynaI"roTM instrument (Protein Solutions, Inc., Charlottesville, VA), The
protein samples in 20 mM Tris-Cl buffer at pH 8.5 wers filtered through 100 nm Anodisc
membrane filter (Whatman, Clifton, NT) at a concentration of 1.0 mg/ml and 20 ul of filtered
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specific proliferation (Burrows et al., J. Immunol 167.4386-95,2001). The

clone with the highest stimulation index (SI) was selected and

continuously cultured in RPMI medium supplemented with 1% human

serum and 5 ng/ml IL-2. The clonality of cells was determined by RT

-PCR with a ¢clgne defined as a T cell populatjon utilizing a single TCR V|3
sampls S5 AR, 3 TG 81 1o B @ ash 1], T eclPBonEiWerebetra were
collexpanded®yo stimutaiaaivito f t&alMbMOG-3H1R50t MBR-85198 paptid@ersity of
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ddegd for-the haurs..Cells were harvested b aryester ¢
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Seccbmm gtokiteriy Megiviasd Liingoledtieswhbrecdesdioped paskppeviOUBEN version
2.1, q\e\ﬁ%‘{# %&\é\(&? qﬁaﬁ&%b& m&% 0&%% %/Zugfa j’é (%e%gék]lor-{ rr]nee:thod lSCom ton et al.,
e HC cla e

i
peptide-binding domain of ss Il'is enco y human sequences
ytitaltReogtremintand proxXindsb 7pdAEsn. ifclading thde@Ddcdindifih cormladenaturation
j U 101 1- 61 *.1 :

e QRIS SN O A0 AR o 0
950@%@&%%@%@@%&%9dWW@Q{étﬁl?@Vﬁﬁ@d@@heaﬂrmdEx'pe Megkuerate rising or
ihilii'ré@éﬂr%)%’rgt]mg'gge X %&t%ﬁ? JHH%HT&Q hang %rg%@t&é\%\(}%@%’@ﬁto{“he transition

containing the DRB 1 *0401 exons 1 and 2, and the E/34 exons 3-6 was
curvisartisily aiastbdodith BarmdéRarid WaGtaadvite Kibritsdh poliiretizmmtoin absorbance

(de%TE@Vg?fﬂn@&Q&"Hﬁgﬁ %gector. Subsequently, DRB 1 * 1501 exon 2
was cloned into pACYC 184 which had been predigested with BamHI and

[015350RLi0.emone DRBL AR89 (HBNSIeNIBINIGE WRE SRIGIIRYS peptide
by microinjecting the chimeric a- and fl-chain
(Biot-MEVGWYRSPFSRVVHLYRNGK-OH, SEQ ID NO:7), non-biotinylated MOG-35-55

and MBP-85-99 peptide (ENPVVHFFKNIVTPR-OH, SEQ ID NO:8) were purchased from

(1€

New England Peptide, Inc., (Fitchburg, MA). The purity of the peptides was verified by a
reverse phase HPLC and mass identification was performed using MALDI- TOF to verify
mass was within 0.1% of molecular weight expected. The peptides were lyophilized and
stored at -80°C until use. Direct binding assay experiments were carried out in order to
determine the ability of the RTLs to bind peptide and to determine the concentration of the
biotinylated peptide at which all specific binding sites were saturated under the conditions
used in our studies. ELISA plates (Maxisorp, Nunc, Rochester, NY) were coated with 50 ul

of protein at a concentration

43



ARSI  RTE,

constructs into fertilized eggs from (DBA/2xC57BL16)F1 matings. Viable
embryos were transferred into pseudo pregnant females for development

to term. Transgenic offspring were backcrossed twice to the MHC class |l
knock out mouse, MHCI&d (Madsen et al., ProNatlAcad Sci USA
oBOLOBIBI4P82 1999). [0156] Induction of active EAE and treataens 2nitn29096
RTLs. Tg HLA-DR2 male and female mice between 8 and 12 weeks of

age were immunized subcutaneously as described (Ito et al., J Immunol.
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2003; Vandenbark et al., Journal of hnmunoloev,
m g%?gﬁgted with 1% human serum and 5 ng/ml IL-2. The clonality of cells was

determined by RT -PCR with a clone defined as a T cell population utilizing a single TCR VB
gene (Burrows et al., J. Immunol 167:4386-95, 2001). T cell clones were expanded by
stimulation with 1 pg/ml MOG-35-55 or MBP-85-99 peptide and 2 x 10° irradiated (2500
rad) autologous PBMCs per well in a 96-well plate. The expanded T cells were maintained
in 1% human serurn RPMI containing 5 ng/m1 IL-2. Fresh IL-2 was added twice a week and
T cell clopes were restimulated with irradiated (2500 rad) autologous PRMCs every three
weeks. Antigen-specific T cell proliferation were performed periodically to verify the quality
of the cells. For these assays, antigen-specific T cell clones were washed twice with RPMI

medium and 5x10° cells were re-seeded into each well in 2 96-well plate and incubated in



proximal surface of the /3-sheet platform that packed on the membrane
distal surfaces of the a2 and /32 Ig- fold domains, specifically looking for
features that might contribute to higher- order structures or aggregation
(Figure 1). [1001 Figure 1 shows HLA-DR2, RTL302, and the solvent
werawsimédSurface of the RTL /3- sheet platform. The left pRGEY{AYEHERRRIS
a scale model of an MHC class Il molecule on the surface of an APC. The
right panel (B) shows RTL302, a soluble single-chain molecule derived
fr@@itmeaﬂﬂgmdém&ﬂgﬂowar@ﬁegmmmm aimw@gmm 10
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residués of the beta-sheet platform of RTL302. Beta sheet strands are

dépetbuedts BB PEB BIHCARY BréRpdaphiBiolesliucs Bid-distpat
basgdimerhei pidedtibndesithiRihe etereshediaplatfitinheN denritheitsetathsars,
ey Rhin Y AFY QR IR AS e G At P gefﬁ?rdﬁféﬁlﬁ'on%m
Group | residues V102, 1104, A106, F108, LI110 comprised a central core
abfi™Beda-strand 1 of the alpha-1 domain, and, peripheral to this core, L9
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domain residues and Oﬁp 1l residues A133 8 and L141 were from
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lodatign WMtﬁesttaﬂi@emqﬂatfmm angienndhbite lathembearel @bximal
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constructed a series of site-directed mutants, reé)@acm%] g@e and then
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dewvelvipByl dndeaaibtdde onithethk (Webdtats., fofupcd ain IR HIBNBY Ekiblath

PHRLSHIRIRAY WSS SN PROSsREreR: ROR NGS5 R JORUSBDRN RIRRRYSIER ang

and ]%qqchemlcal characterization of the modified molecules. Reiterative

Sithe T SE0BE UYL RHERY dirsHrdaiit RegBhand fealsd wibdrgipehangiage to
wesreosel it adsleHbsife rthhe vbigio g@@h*ﬁ@ﬁ@ﬁt@ﬂﬁﬁ@ﬁﬂ (RABLEM)s TABL Eth

%G}&%etl&%gh'ﬂaﬁ‘b%e%t @@%ﬁ?ﬂ?ﬁ?ﬁ%&%oﬁ%%@ﬁﬁﬁ”*om
(H\?-y[wg DRBl*]501011 (%31aldomams RTL302, (5S) RTL302
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Rifd3ReM(Afe j)%éi&%regnant females for development to term. Transgenic offspring were
backcrossed twice to the MHC class I knock out mouse, MHCI22 (Madsen et al.,
ProNatlAcad Sci USA 96:10338-43, 1999).

[0156]} Induction of active EAE and treatment with RTLs., Tg HLA-DR2 male and female
mice between 8 and 12 weeks of age were immunized subcutaneously as described (fto et al.,
J Imimunol. 167, 2001} at four sites on the flanks with 0.2 mi of an emulsion comprised of
200 pg mouse MOG-35-55 peptide in complete Freund's adjuvant (CFA) containing 400 pg
Mycobacterium tuberculosis H37TRA (Difco, Detroit, MI). In addition, mice were given
pertussis toxin (Ptx, List Biological Laboratories, Campbell, CA) on Day 0 and Day 2 post-
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 pl of RTL312, RTL342, or



RTL320 RTL303 (5S) RTL340 RTL303 (5D) RTL342 RTL312 (5D)
aRTL302 numbering. These residues correspond to HLA-DR2 alpha-chain
residues V6, 18, Al0, F12, and L14. Residue numbering is increased in
the Ag-tethered molecules to account for the Ag-peptide (variable length)
plosdisleansgs residues). bMBP-85-99, ENPVVHFFKNIVT PR (REQoR29096
NO: 8) 'MOG-35-55, MEVGWYRSPFSRVVHLYRNGK (SEQ ID NO: 7)
[1021 RTL302 could be converted to a monomer with either five serine
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derived from the wild-type HLA-DR2 containing covalently tethered

A§-peptide MBP-85-99 (RTL303) or MOG-35-55 (RTL312). The 58 and

5D variants of RTL303 (RTL320, @ML@@ respectlvely) and the 5D

vari Im@ll Lﬁ%sz &l’ fﬂ%t‘la%zm o%lvseo dj EE ?{Suﬁxelicele Zmaz:lltallqgll

Size O b e ALKD

molecular welght with exclusion volumes as |nd|cate *); Myoglobln 17.3
K DY LSA) i imavia reb8nidp B ovbaé peermnglivdring idiby fCatathsani? 32K Dgands

el ol G0 KR A RMnRIIE lighliscatiering@3LS), was used to
measure the dlffu5|on constants and_calculate hydrodynamic radii for the
BB S Y T T AP RE Sl e e, AT e R e
Rﬁb@@ﬂés&)merﬂvﬁrrﬂ@ﬁﬁ@@gwm th e diphlvvoiebicly qoeptid dsifmy evith
CQ&@&%BHXF@M%&QI%ﬁ%@ﬁ&k@&&%@l”hﬁzﬁ&%ﬂ@'ﬁ%%t%‘dﬁ Bucnafe,

pro erties varied sll%]eé lepending on the Ag-pe %5 tlde used and more
Ay BRI BRRICEH D0 s membrane

c hEng’dl 5Dfmoe dffthaﬂsh&t Oatfoparhag iRtk 820 tﬂa&mmm: étstahwrfaces of the
caalRiiyiieBRrachMBP A28 RERILR) Wi RRTk340 (RPLdificAl R higher-

covalently tethered
9 é?ar stru)étures or aggregation (Figure 1).

[100] Figure 1 shows HLA-DR2, RTL302, and the solvent accessible surface of the RTL 5~
sheet platform. The left panel (A) shows a scale model of an MHC class I molecule on the
surface of an APC. The right panel (B) shows RTL302, a soluble single-chain molecule
derived from the antigen-binding/T cell recognition domains. The structures are based on the
crystallographic coordinates of HLA-DR2 (PDB accession code 1BX2), and the
transmembrane domains are shown schematically as 0.5 nm cylinders. The amino and
carboxyl termini of HLA-DR2 and RTL302 are labeled N, C, respectively. Disulfide bonds
are displayed as ball and stick models. The lower right panel (C) shows the hydrophobic
residues of the beta-sheet platform of RTL302. Beta-sheet strands are depicted in ribbon
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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
forrg gy i e lirier g RSP drted oMb IRk qrideie locatinsevithing e beta-sheet
pla2S9p/RAFHARARA TS 20041923096 - [LAsh Table L RvdredyDamias and B2 1g-fold
analysis of RTLs by Dynamic Ll&?t Scattering Molecule Radius Estimated

domaiRgk Dy osBiiveddues nffes (W) RFEE05 IeaklilO190mprigpt rogentral core along

betﬁéﬂa%@-zl(%?@helQ}%}ﬁﬁm%%iﬁuﬁég%c@ﬁ)e%a@ /88 RIL302 Q@M}@ZSGrOUp If
100 RTL303 15.4 2030 100 RTL312 (peak I) 15.2 1970 31 RTL312 _
resigmsa 12y k2$1b3% 9 Ryendd/ e aiers) 1! togoriroresiipes 204 paarmjlL residues
A1381 898108 IREL3A02R 28 HONpRIL 3640 31 100 Hydrodynamic

Status of modified RTLs were analyzed by light scattering analysis using a

[10Dy MRy eddvibeDIREd e Sizing Std meiictPretein S ANt d Betk-RaMNBIMorm and
the proteins showed two clearly defined peaks by SEC and these were

on EifrdEtRHYBU AP ERLRERHATPRAR TSRS (5 By grearte aledp)pdamains, and

cordttddpenl terriers tadhurennallensizes, ifpIasheases cMANeBe HeHaalaRsidues with
1106]. Further biocher ical_analysi% demonstrated that the 5S- and 5D-

. S t 2 .
G HTIBE P ORSENS HAE I Ghe oV A PRSI L8 Q SR &M frst stage
focasnben/ eddisufide hend hetweemhaystein ent angh8Rd Rabd30e 38MAR focused on

. acid numbering, corresponding to HLA-DR2 beta-chain residues 15 and . )
bwi?gy.svs O STAL S I BRE i o 85 B RO RO B Hterative site-

dirbaed nwasderionssaiarthRya@akshift assaydiu RTidenticasampase for further
. with oy without the reducin ent 9-meroaptoethanol (fl-ME) were boiled
b“’g’ﬁi F&%@P@%ﬁﬁ%gq% the absence of f3-ME disulfide bonds

are retained and proteins, fypically demonstrate a higher mobility during
electrophoresis throu?ﬁ‘%ér@lghﬂég &%&'ﬁﬂ%"%lﬁ ﬁ"ﬁ&?gycompact

Mailewilre. All of Description

RTL302 Human HEA DR2 (DRB1*150101/DRA*0101) Blal domains
RTL302 (55) RTL302 (V1028, 11048, A106S, F108S, L110S)"

RTL302 (5D) RTL.302 (V102D, 1104D, A106D, F108D, 1.110D)

RTL303 RTL302/MBP-85-99°

RTL312 RTL302/MOG-35-55°

RTL320 RTL303 (58)

RT1L.340 RTL303 (5D)

RTL342 RTL312 (5D)

*RTL302 numbering. These residues correspond to HLA-DR2 alpha-chain residues V6, I8,
Al10,F12, and 1.14. Residue numbering is increased in the Ag-tethered molecules to account
for the Ag-peptide (variable length) plus linker (15 residues).

*MBP-85-99, ENPVVHEFKNIVTPR (SEQ ID NO: 8)

‘MOG-35-55, MEVGWYRSPFSRVVHLYRNGK (SEQ ID NO: 7)

{102] RTL302 could be converted to a monomer with either five serine (58) 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 B-sheet derived from the

alpha chain of the HLLA-DR2 progenitor molecule. We have termed these the group I core
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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. [1071
Circular dichroism (CD) demonstrated the highly ordered secondary
whueties8t the RTL constructs.- The RTLs without covaleR€lj/tediesgepooe
Ag-peptide contained 20-25% alpha- 49 WO 2005/044982
PCTIUS2004/029096 helix, 21-27% anti-parallel beta-strand, and 20-22%
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DRAciesisedrRTAR) T ke mﬁrsmmhﬁ&)(ﬁlmws%@ I@@Q@ﬁ{@rﬁfﬁ‘ﬁmﬁ)@f
; . middle panel (B ws CD
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(o8 Fiereqlupion olfRREIABD T Yohespar erqenspbimetnapipghlar weight
dehatocdiidon eitives foinRdat:3q8); RiT:L 336 nd R, 3AQAIBheHW, a3 H0h Bovine

d&gﬁ%ﬂ&&%@ﬁ@i@%ﬁ&qg%!iwgrn(l’?éai%ltﬁ%%%%@sistant to complete

thermal denaturation and aggregati even after boiling for
SinnuegnddidaisataneigeDDEjcate tsdd i MeasH SNEMSEMEEnstants and

PEAAINER Bhasmint 1N Al RSHEG e WU TOMAR)
to 180nM on protein samples in (5; m ns-Cf, p B Concentration 6
SHEABYBTalH thaRd é@@%ﬁg)éadt}%%ﬂ%@%)cwmamﬁea?&lﬂré&wa?éé@@mew
asRiitseptiton pehmelRERrsius ANy sislaflbes BeePRPIAYes varied slightly
depending on the Ag-peptide used, and more importantly, differed depending on the presence
of the polar 58 or charged 5D modifications. Comparing RTL320 (58 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 (RT1.342) without significant

alteration in the solution properties of the RTLs (Figure 2; Table IT).



structure was performed using the variable selection method (Compton et
al., Anal ical Biochemistry 155:155-67,1986). [110] The RTLS with
covalently tethered Ag-peptides contained 15-19% alpha-helix, 19- 22%
anti-parallel beta-strand, and 18-23% beta-turn structures (Figure 3B;
VableoHi44Pdese three basic secondary structures of a polypeptidsehain
(helix, sheet, coil) each show a characteristic CD spectrum in the far UV,
and a protein consisting of these elements displays a spectra that can be

dﬁi@ﬂvoﬂtﬁgﬂ?tﬁﬁﬁsﬁyﬂmsJﬂﬂmmmt@%g&ﬂ%gyg&m% are

limitations inherent in the method’(such as the lack of conSideration of
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maﬁ\ifr%%%c(?/%wns hf the RTLs (Chang et al?‘,7J. Biol. Chem 100
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SHURYTE ety fuig'gd (Figure-SC)—Thetemperature—(Fm)at
which-half.of the striicture was lost in.20 mM Trial pH 8.5, was difficult to
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PBR&IiEHANg et al., J. Biol. &hem. 276:24170336, 2001) feflecting ¥
effecHyolvenihacSom thenoueielerabityantie elehileRa i3I IS F#5ekhg
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r%@%i&ﬁ%&&%ﬁ@ﬁﬁfwﬁ@%%ﬂyﬁ@ﬁ’ﬁﬂ Bineiagerrirteinmestgeesy
toARTAE FBux and 1(4 for the molecules (Figure 4A). [113] Figure 4
sHoe6s diretenbéasersnlenilofipeptidatbindihe (belbAdRRB-deyived Rdlksules
BlagingsaffiotinviargaOR 10, RTEI0Z {6 %@%&#@?&Jﬁ%%%)& {okgn

d S). A)s

iamonds), and RTL302(5D) (open square e leit pane ows
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compare the initial rate of blndlngﬁ ) . )

agent J-mercaptoethanol (6-ME) were boiled 5 minutes prior to SDS-PAGE. In the absence

of B-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. |

f107] 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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[114] As shown in (Figure 4B), binding of MOG peptide (0.15 AM) to RTLs
as a function of time was extremely fast. Using linear regression analysis
the initial rate of MOG binding was calculated to be 0.170.06 AOD/min for
RTL302, 0.110.02 DOD/min for RTL302(5S), and 0.100.02 for RTL(5D).
HaSj0Mecharacterized the in vitro activity of the RTLs in arpesaage04/629096
designed to quantify their ability to induce Ag-specific inhibition of T cell
proliferation (Burrows et al., J. Immunol. 167:4386- 95 2001; Wang et al.,
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) R A BT EATRHE R AR RSBl 302(5D). The
p@ﬂ%@ﬁﬂ%@&v Glb mmﬁﬁﬁay@@aa}m Zpvaaotihethriial/ gy MPIOFDY

oflieasercopidrae shsehiedbeg! nmgo%my&i'ef’gr ?M?o@ﬁﬁ{eﬂﬂﬁla%%ﬂra{&
evaluaizgrtﬁﬁ%g the monomeric RTL342, we treated

kSRt
TO-DRZ mice Wit %ﬁ%ﬂﬁ”za Rghgremraf EORBSEHY ARG tability.
ﬁ’gﬁé%ﬂﬂam%z IRPIRL: bervelvetetakiive {Figgpe:gstandsie alable cven

Ta@t%ﬂiﬂg for 5 minutes. Unless otherwise indicated, CD measurements were performed at

25°C on an Aviv-215 instrument using (.1 mm cell from 260 to 180nM on protein samples in
20 mM Tris-Cl, pH 8.5. Concentration of each protein was determined by amino acid
analysis. Data are expressed as Delta-epsilon per mole per cm. Analysis of the secondary
structure was performed using the variable selection method (Compton et al., Analytical
Biochemistry 155:155-67, 1986).

{110} The RTLs with covalently tethered Ag-peptides contained 15-19% alpha-helix, 19-
22% anti-parallel beta-strand, and 18-23% beta-turn structures (Figure 3B; Table IIT). These
three basic secondary structures of a polypeptide chain (helix, sheet, coil) each show a
characteristic CD spectrum in the far UV, and a protein consisting of these elements displays
a spectia that can be deconvoluted into each of the individual contributions. Although there
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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[117] Figure 5 shows that monomeric, monodisperse RTL342 was as
effective as RTL312 at treating EAE in DR* 1501 transgenic animals.
Mean clinical scores of HLA DR2 (DRB1*150l/DRA*0101) transgenic

mice treated with 33 g of RTL312 (v), RTL342 (A), or vehicle alone (Tris,
phb BaB3/d48dk2All mice were immunized s.c. with 200 g MOG#3a4o5286h29096
400 g CF A in conjunction with 100 ng Ptx i.v. on Day 0 and 266 ng Ptx 2
days post- immunization. On Day 14 all mice were distributed into 6

ar, ' imilacity. in_ gl . r..Mice were i.v
0 Bl o PREE S SRR S MER A W one

f ‘%‘ﬂ’f’éléaﬁfoﬁ’ﬁ"é%ﬁé%ﬂ?? multimericyveniene afdhe BATH €rnnget 8] Ur Siakichom
WRFSRAN78178, PR T | Bednapit bpasy ersethast atishedic inicakisions ik ffhe

(SseEerRBPNE B:Ri{e FOreNER8R Hally S60I8:PA 59k Units by the end of the
eight-day treatment 52 WO 2005/044982 PCT/US2004/029096 period.

ThiglbwWitetreedfCisabiliyivwasmaintaisefowithandifistherRdl. Nnertions
Ouekitited KA ARE O Ihe:RRSERAION RO WNIGRID, one experiment,
lay tetaé?% jeiﬁgweeksga ter_treatment was stopped. In cqr?trast {6 theé revérsal
o AR T b s 1 P s e e e ety werserere
of B3uyfhjdckidhrbfrnehusgrspesific R PL 303 Tes) it Rifgy MBS QUetermine
Pegside) devalonest MANERHEbAVRIS S ORIt RGO ROR AL Table Y.
TL t;e%@ent@fﬁz (‘%{gﬁ]igs%mc M,jlce rTreatment Incidence nset Pea
oralty cDIRT 310 4270 5978318 bRy SofuBTEA20mn 9576 fonRg-10.
4 Wehgdgerionsy4eperied @ O for RTEABIS 782G whed Gt Orflb4uledBay sohibifize in

~iBy (dieanéQiffarenaediehvess AxpEIENSA Y20 Yeiclearaun (P,

:tQéOOQr)aﬁls %lhlé,nol 53 depnefj otherwise, all technicaland scientific terms
MoieCuIes, .

used herein have the Same Mmeaning as commonly understood by

Paregnswefuasdingep@idibipihe e WRISh RIS IRYARIeRRRSA g&%%% .
AI[eE)tlichI ca Qn%giaﬁl gsg_gfreér@a%ncor orated herein by reference .gr
tlllj_ pUrposedr desersin e ﬁa ?%@%ﬁl&?%&?‘?é‘iﬁéd&a&ﬁﬁ

nmsibtionegiedhnertele) dediod beddhvimapdivicakiohs wBighanby,de used
ineRmeStIapuwiih fhe presently described invention. The publications
discussed above and throughout the text are provided solely for their
pUBAL disslo duopyidiras tivesiiligeclatEpeftifebprdisg it APRHORIQRANARITG
heseifidoi0idan,FARs RS B% #1308 MjRY R Iat e 15Y8 RIS &AL

i Ig&u{nggz?tedate such gi;sclosuref'8 %:}:irt%? of prior gv}e(;lt?gr]. ﬁ’%‘ﬁdﬁ) » and
WI” Ee REDBY THo LK BHP R NSV saPRkRey BiRgierReE ription
idiotinylated-MOG concentration (insert shows Scatchard analysis of peptide binding). The
right panel (B} shows binding of biotinylated-MOG peptide (0.15 uM) to RTLs as a function

of time to compare the initial rate of binding.

[114] As shown in (Figure 4B), binding of MOG peptide (0.15 uM) to RTLs as a fanction
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 fo induce Ag-specific inhibition of T cell proliferation (Burrows et al., .
Immunol. ﬁ:4386~95, 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

51



intended to illustrate and not limit the scope of the invention defined in part
by the appended claims and otherwise supported by the disclosure

herein. Other aspects, advantages, and modifications of the current
invention will be appreciated as embodied within the scope of the present
diecdosurgosncluding but not limited to compositions, methods;rdeszima®29096
and kits employing substantially similar or equivalent subject matter as
described herein, which will be recognized as useful for practicing the

DT B g Lpau ) hoved
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thereof comprising an A,--byidiaghpackel wrelReceptor (TCR) interface;

vaantia oarnarione thoraof
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COMIRNGRLdacKS a ransmemoraggg@omaiT s g V\Aheg%wa ArgRtGSIE 41 0

|gceted BHeEisoT e diansSmemiraaG IO TRy COTESBeRdNO 188 7 | 1515.8

sefftasdatiatagxinterface identifiecbgn a nativegMHC palypeplidgor RTL 2

cohiphigiog(¥ie native MHC polypeptide |s madifiedd bynpe pr mape amine.s

acid Eashshita iom{ syprasiaiti tin syedetationgk) wells feanreach ereaent(s) within

said self associating interface. , whereby the modified RTL exhibits

rditfle adlre genaaty it saibRbM eEritrarsadercd gupermaensel axpipneaDy an

uamedifiestyatiiPAR L DRYMREE M Crenmpenan) sideqviedeasidosthiin

a ' ti ] eptide_havin intact self-

e T AR B G

tHEEETHREE R ¥ RedtAishcky An e drasss Wil RO% rmpeinent Charppisristios

isﬁlﬂtedi,smdiﬁhdﬁ?dmﬂi@ @mzasimmmbmfmmmsaemwiﬁ_@mg CNS

cwmm%@m&mhﬁ%w@mm%ﬁg Sy BB ﬁ%r&gFg and 2,
el/T cell )

portions thereof comprising an Ag- binding pockel/T eceptor

irffat e &t PHERORR S disheRhned PerbseRefhrennipgrhain i mpferclass

libdtdioncdmpainan the clinical potential of the monomeric RTL342, we treated Tg-DR2
mice with MOG-induced EAE 2-4 days afier onset of clinical signs with RTL312, RTL342, or

vehicle alone (Figure 5, and see also TABLE V).

{1171 Figure 5 shows that monomeric, monodisperse RTL342 was as effective as RTL312 at
treating EAE in DR*1501 transgenic animals. Mean clinical scores of HLA DR2
(DRBI*150/DRA*0101) transgenic mice treated with 33 pg of RTL312 (v), RTL342 (A), or
vehicle alone (Tris, pH 8.5) (e). All mice were immunized s.c. with 200 ug MOG-35-55 and
400 pg CF A in conjunction with 100 ng Ptx i.v. on Day 0 and 266 ng Pix 2 days post-
immunization. On Day 14 all mice were distributed into 6 groups according to similarity in
disease and gender. Mice were i.v. injected daily with RTL312, RTL342, or vehicle. (n=4

per group, except for vehicle group where n = 3; arrows indicate treatment),

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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comprises al and #3| domains of an HLA-DQ protein, or portions thereof
comprising an A. binding pocket/T cell receptor (TCR) interface. 54 WO
2005/044982 PCTIUS2004/029096 5. The isolated, modified RTL of
claim 2, wherein the MHC class Il MHC component comprises al and 91
wonmisi4Ban HLA-DP protein, or portions thereof compriSH{F &i328¢4/029096
binding pocket/T cell receptor (TCR) interface. 6. The isolated, modified
RTL of claim 2, wherein the MHC class Il MHC component excludes all or

e%ﬁ%?) @&%@ﬁ%@@&samm@ ohamaHEsRenGinG: RativeRdD ﬁ}@éﬁﬁﬁs lover the

molecule. 7. The isolated fl d. RTL of clalmt féetrelg ﬁe(;,
it R s e e e e
remespondisigpredtiechEG mah%rﬂvmﬁﬂeélﬁé%ﬂ@fé%@@@@%@fcﬁ@&“
é%&!m @d.@}&el\o{ﬂgmm& Mﬁ&:ﬁb@ﬁﬁd belCA@qmmmomwﬁamﬂg

and 0T domains of a mammalian M ule ein an
e S S gle‘fﬁlgpﬁiiénomeé?ﬁd Sgg‘\n'fgl‘é nﬁm?lrﬁﬁfaf \gi%a boxy
terminus of the $,gloRpaigntp ti@&{ﬁl@asmim:mm@@d\m& component. 9.

The. isolated..modified-RTL-of-claim-S—whereip-theakan l-demait o
cal I’ m.,oef— }ik Mﬁﬂi&y‘ E.[ﬂl
Fifl: ] 3,162\“3 “—&q’%ﬁ"‘ HA N TR i U|03L§cul, gnot fied 4 O LW
bt 3\4¥mpri8iﬁg[§ Tcatt JERIEHE El%lgly:ﬂia{l[ OU[I({)M) the AGgainaiby
§L U IVITTS,sCOTITOOTIETR Q7 GOV lentgyligked|to TgMHG 133.7 111
OTRITENT L dlfAR el PURF b EXP BFRRE Rt kB kAt vehidiO Bkl @S~ ooy
coupled to a toxin effective to mediate T cell killing. 12. The isolated,

mp;jifiem@sl Begihel atrdvisyhdireinihe! RIbLsiewiticifieds byed heran moréhe same
aming acid subst] f QNG GEIMPE 9t il @)s
Chara&arize #ﬂﬁgﬁsﬁéﬁn})&% l(%gg{%}?gﬁ%hﬁ%c r1e5|due within a 0-sheet
H}mﬁﬁﬂm‘%tlve MHC polypeptide or RTL comprising the native MHC
pypeptigeblicatidl enisaitatechemipdifidoRPorasichainin b2 refrereirfosdid one
Or moreo%% Sib%tge%&l ﬁg%s &lf- QJE&HH‘Q m&ﬂﬂﬂﬁﬁh&%&hﬁ@&@m%m are
al core of the native M polypeptide or RTL cQ F;:'IfrzﬁnSI %dn&tn
Wﬂf}‘ﬁé RpdenEddicatipns WBIFMRE Wdedme oY & erein
Saichone Theiatdidaigatdsitessedohopeised shrovehart anyeaoméﬁ@ glely for
\zg%df%%ﬁ OhilhE SR E@L (iR ROR Jg%%ﬁ% (ResheetpRiatiarnsaiasieskinamo

4 A106, F108, and
be construed as an admission that the inventors are not entitled to antedate such disclosure by

virtue of prior invention.

[121) It will be understood by those skilled in the art that the foregoing description is
intended to illustrate and not limit the scope of the invention defined in part by the appended
claims and otherwise supported by the disclosure herein. Other aspects, advantages, and
modifications of the current invention will be appreciated as embodied within the scope of
the present disclosure, including but not limited to compositions, methods, devices and kits
employing substantially similar or equivalent subject matter as described herein, which will
be recognized as useful for practicing the invention and for implementing additional or

alternative refinements, improvements, or related applications thereof.
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WO 2005/044982 PCT/US2004/029096 15. The isolated, modified RTL of
claim 14, wherein said one or combination of residues is/are modified by
substitution with a non-hydrophobic amino acid. 16. The isolated, modified
RTL of claim 15, wherein said one or combination of residues is/are
modified by substitution with a polar or charged amino acid. 17. The

|sozlateotll 5nod|f|ed RTL of claim 15, wherein said one or combination of
"2314ti8s " ¥/are modified by substitution with a serine or §SE£€F£P84%8%9‘2Pﬂe

18. The isolated, modified RTL of claim 15, wherein said one or
combination of residues is/are modified by substitution with a serine or
aSpHMaR s 19, The isolated, modified RTL of claim 14, wherein
each of the residues VI 02, 1104, A106, F108, and LI10 of the central

gore pogi %Hlé%&{"lﬁo&ﬁé&%@éoﬂ(ﬁﬁ%}{?%% %ﬁ‘(‘ﬁﬁ %Ilﬂe g‘MEﬁu%ed potential for

non-hydrophobic amino acid. 20. The isolated, modi RTL of claim 13,

\R‘ﬁ%?e?ﬂ%éﬁbs%}%)%f’?ﬁ&r@%rget S|tes comprise(s) one or any combination

of residygs PLIG Srphash \f i%@lﬁ OBk 2 it $ A8 sfiste P,
133 138, and L1

of claim 10, whereijn
YR e G T 0&%&@”@@@3@@& A RO cell
aﬁﬁWﬂy in a T cell receptor (TCR)-mediated, Ag- speC|f|c manner. 22. The

modified RT of C||alha'6§t}1} ﬁ/hereln#he (Sllf ed ﬁ{apo ged (())rr Ilnkoen(g &%rte%

Ag- is effectite to cell proﬁl iferation or in atory’ cy

FroesHsrtitreBranoshicol o, rqtﬁet%%ﬁéalﬁfaeeo@rda.m 22, whereln

the modified RTL b?urcl%{%r Ilnked ‘flpelCt'V%éo reduce Ons ereof
pathogenic agtlwty orp enlc poten ia of"sa éﬁegssdu:fte Wit

éﬁf@?ﬁﬁﬂ%ﬁé‘%ﬁ%ﬁ?ﬁ‘ fieirEfrEell or subject. 24. An assay 3
Compoéﬂe%m%é%ﬁ%ﬁe &Lé%fnggtt?a%ks% antine andl é%d&%“{i}’ %‘21%91? (e&g)c

T-cells, co PHSIW‘IQ amo recom mantTc receptor |gan

S e GRS SRR G SETST P RSN T
cekrpive nbstyied activitycdviférantiatpidstati$L. enigrationthelraviov[iSsue
|9&§£éﬁl&@s ae@tmczﬁl&@dsrfﬁ&e Q@&H@E@M@dﬂ@@ﬂi@@%&ﬁ@ﬂ@? Rifafnls), or

cell rece % g % CCOWI%%Q aim 1 or claim 2. 56 WO
5836?}@51 82004029086 "26. Fhe composition of claim 25,
whlch l&kﬁf&@?%ﬁ@&ﬂé@@%@ﬂﬂbﬁsﬁ@&uﬁ&llé@é@gﬁn&@ HatatioBeranaéato

SR AHARE QS SRAICINSR WG IOt CHETICKING S e ure
set forth in a) or b) but incorporating the native MHC polypeptide having an intact self-

associating interface.

2. The 1solated, modified RTL of claim 1, wherein the modified RTL comprises an
MHC class I MEC component.

3. The isolated, modified RTL of claim 2, wherein the MHC class I MHC component
comprises a1 and f1 domains of an HLA-DR protein, or portions thereof comprising an Ag-

bindmg pocket/T cell receptor {TCR ) interface.

4. The isolated, modified RTL of claim 2, wherein the MHC class Il MHC component
comprises a1 and 81 domains of an HLA-DQ protein, or portions thereof comprising an Ag-

binding pocket'T cell receptor (TCR) interface.
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cell surface receptors, and/or cellular adhesion molecules (CAMs). 27. A
pharmaceutical 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. 57 SQ Listing
WO386487°$99-07-2004)(OHSU-1-0501) SEQUENCE LISTRIEUE3%9429096
BURROWS, GREGORY G. VANDENBARK, ARTHUR A. <120>
MONOMERIC RECOMBINANT MHC MOLECULES USEFUL FOR
MAN | P WikeAAoliedbd, e dANT RGE ME-8iin C) FierdinCGlal N B < digt T S dodndned:
/ 7 > 7 <150>60 60 <151
ool B e A b ot B e T A
OrpRiesneskeK el earief & serftss <223> Description of Artificial

St?q uengk zﬂég qHSdlBEWL cﬂ‘%% g%ﬁg% t&a %i%?f’ig Qfﬁﬁg 0%-5)8?% %’c

gccagag a gagttatagt aatcctgacc 60 aatc
A e ROV afsﬁeaﬂé%c%mztz@é@g@@émmm MG sherdl

Seduance: Synthetic
7. The isolated, modified RTL of claim 6, wherein the MHC class IT MHC component

excludes a CD4 interactive domain of the corresponding, native MHC class 1T molecule.

8, The isolated, modified RTL of claim 2, wherein the MHC class If MHC component
comprises &l and 81 domains of a mammalian MFC class II molecule, wherein an amino
terminus of the a1 domain is covalently linked to the carboxy terminus of the 81 domain to

form a single chain (sc) MHC component,

9. The isolated, modified RTL of claim 8, wherein the ol and 81 domains are coupled
by a peptide linker.

10.  The isolated, modified RTL of claim 1, further comprising a T cell antigenic
determinant bound to the Ag-binding pocket of the MHC component or covalently linked to
the MHC component,

11, The isolated, modified RTL of claim 1, combined with or coupled to a toxin effective

to mediate T cell killing.

12. The isolated, modified RTL of claim 1, wherein the RTL is modified by one or more
amino acid substitution(s) or deletion(s) at one or more target site(s) characterized by the
presence of a hydrophobic residue within a S-sheet platform of a native MHC polypeptide or
RTL comprising the native MHC polypeptide.

13. The isolated, modified RTL of claim 12, wherein said one or more target sites define
a self-binding motif within S-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 S-sheet
platform selected from V102, 1104, A106, F108, and 1110,

55



primer <400> 2 gattggtcag gattactata actctcgctc tggctgatgc tatgttcttc
tttgatgact 60 c 61 <210> 3 <211> 64 <212> DNA <213> Atrtificial
Sequence <220> <223> Description of Artificial Sequence: Synthetic

primer <400> 3 ggcgagtcat caaagaagaa catgacatcg accaggacga

WYgaetaftfatShatcctgace 60 aatc 64 <210> 4 <211> 61 <21 YRFAILH2P8
Artificial sequence <220> Page 1 SQ Listing 10936467
(09-07-2004)(OHSU-1-0501) <223> Description of Artificial sequence:

synthetige pyshned, mddifiedRYatd gidag ¢attgieatsagtoctogtaartbjgidgatdresidues
GALaNEIe HORIGaEL A0S Bl 52005 Arsabbn AQusaka> DNA <213>
IClaCi é e

Artl equence <220> <223> Description of Artificial sequence:
synthetige poimel, €40PRARTL of claim 15, wherein said one or combination of residues

is/are modified by substitution with a polar or charged amino acid.

17.  The isolated, modified RTL of claim 15, wherein said one or combination of residues

is/are modified by substitution with a serine or aspartate residue.

18.  The isolated, modified RTL of claim 15, wherein said one or combination of residues

is/are modified by substitution with a serine or aspartate residue.

19,  The isolated, modified RTL of claim 14, wherein each of the residues V102, I104,
A106, F108, and L110 of the central core portion of the S-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 3-sheet platform selected from L9,
F19, 128, F32, 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

THanmner.

22.  The modified RTL of claim 21, wherein the modified RTL bound or linked fo 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 o 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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taatacgact cactataggg 20 <210> 6 <211> 19 <212> DNA <213> Atrtificial
Sequence <220> <223> Description of Artificial sequence: synthetic
primer <400> 6 gctagttatt gctcagcgg 19 <210> 7 <211> 21 <212> PRT
<213> Artificial sequence <220> <223> Description of Artificial

VR HIEREESSynthetic peptide <400> 7 Met Glu Val Gly TrpPFyURH E&3P096
Pro Phe Ser Arg Val Val His Leu 15 10 15 Tyr Arg Asn Gly Lys 20
<210> 8 <211> 15 <212> PRT <213> Artificial sequence <220> <223>
DescriptieraipAstificial skinencehisy itbeiitvp eptinel40>1% 4B s iaAdro

Z;g!iﬂl@lai%goﬁ, RS PG ERRASFHE ¥ AT RIZATY oot Qs HanSkeines,

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

27. A pharmaceutical 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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<212> PRT Page 2 SQ Listing 10936467 (09-07-2004)(0oHSU-1-0501)
<213> Homo sapiens <400> 9 Met Gly Asp Thr Arg Pro Arg Phe Leu Trp
GIn Pro Lys Arg Glu Cys 15 10 15 His Phe Phe Asn Gly Thr Glu Arg Val
Arg Phe Leu Asp Arg Tyr Phe 20 25 30 Tyr Asn GIn Glu Glu 5er Val Arg

Phe Asp Ser Asp val Gl 40 ¢ @l% /al - lu Leu Gly

Arg Pro As%%% é%& %%%%@Eég@%g In Qly% EEB e Leu Glu

GlIn Ala Arg Ala Ala Val Asp Thr Tyr Cys 65 70 75 80 Arg His Asn Tyr
<110> Sg@mﬁkyﬁ%ﬁﬂﬁ'rfhe Thr Val GIn Arg Arg val 85 90 95 lle Lys Glu Glu

His val lle Ile GIn Ala Glu Phe Tyr Leu Asn Pro 100 105 110 Asp Gln 5er
<120> MORSNERTG PGS QR AN Mﬁ%ﬂ%ﬁ&%@%ﬁ%ﬁ?elﬁ% Phe 115 120 125 His

A A LT S FrAr FELUG Lo G Gl Pre 130 125
<130> oHIUOL-GbPArg Phe Ala Ser Phe Glu Ala GIn Gly Ala Leu Ala Asn lle Ala
<140> 10 18,155 160 Val Asp Lys Ala Asn Leu Glu lle Met Thr Lys Arg Ser
<141> 20@6endy7Thr 165 170 175 Pro lle Thr Asn 180 <210> 10 <211> 178
150> 607&&&%&RT <213> Homo sapiens <400> 10

<151> 2003-09-05
<160> 11
<170> PatentIn ver. 3.3

<210> 1

<211> 64

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
primer

<400> 1 .
ggcgagicat caaagaagaa catagcatca gccagagcega gagttatagt aatcctgacc gg
aatc

«230> 2

<211> 61

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: synthetic
primer

<400 2
gattggtcag gattactata actctcgctc tggetgatge tatgttcttc tttgatgact gg
c

<210> 3

<211> 64

<212> DNA

<213> artificial Sequence

<220>
«223> pescription of Artificial Sequence: Synthetic
primer

<400> 3
ggcgagtcat caaagaagaa catgacatcg accaggacga ggactatgac aatcctgacc gg
aatc

<210> 4

<211> 61

<212> DNA

<213> Aartificial sequence

<220>
Page 1



Met Gly Asp Thr Pro Glu Asn Tyr Leu Phe GIn Gly Arg GIn Glu Cys 15
10 15 Tyr Ala Phe Asn Gly Thr GIn Arg Phe Leu Glu Arg Tyr lle Tyr Asn
20 25 30 Arg Glu Glu Phe val Arg Phe Asp 5er Asp Val Gly Glu Phe Arg
Ala 3540 45 Val Thr Glu Leu Gly Arg Pro Asp Glu Glu Tyr Trp Asn 5er

GIn Lys 50 55 60_Asp I 6? §I_ f] é\;{? g Val P p Arg Met

<223> Des@b’ﬁp‘éﬁ%#@g%ﬁb}?\gﬁé@ﬁ Bs{:£d .|LL15,6 ﬁgﬁ )gf @SB?C{) 'dg?ﬁf Leu GIn
prifeg Arg Val lle LyS 85 90 95 Ala Asp His Val Ser Thr Tyr Ala Ala Phe Val

<400> 4 GIn Thr His Arg Pro 100 105 110 Thr Gly Glu Phe Met Phe Glu Phe Asp
gattggtca@leAsR GhrMetbechyeVahdlrge 3 5Qddstingt10986dat gact 60
c (09-07-2004)(OHSU-1-0501) 115 120 125 Asp Leu Asp Lys Lys &tu Thr

Val Trp His Leu Glu Glu Phe Gly GIn 130 135 140 Ala Phe Ser Phe Glu
<210> 5 Ala GIn Gly Gly Leu Ala Asn lle Ala lle Leu 145 150 155 160 Asn Asn
iﬁéi gg Asn Leu Asn Thr Leu lle GIn Arg Ser Asn His Thr Gln Ala 165 170 175
<213s Ar%{l@géﬁn <Zdfirdde <211> 183 <212> PRT <213> Homo sapiens <400>

11 Met Arg Asp Ser Pro Glu Asp Phe Val Tyr GIn Phe Lys Gly Met Cys 1

P11 00?10, 15T PRELTRS 457 GUTBRGI 4ycVakfrg Leu Val Ser Arg Ser e

prid@25
<400 5
taatacgact cactataggg 20
<210> 6
<211> 19
<212> DNA
<213> Artificial Sequence
<220> o _
<223> Description of Artificial sequence: synthetic

primer
<400> 6
gotagttatt gotcagegg 19
<210> 7
<211> 21
<212> PRT )
<213> Artificial sequence
<220> o )
<223> pescription of Artificial Sequence: Synthetic

peptide
<400> 7 )
met Glu val Gly Trp Tyr Arg Ser Pro Phe Ser Arg val val His Leu

1 5 10 15
Tyr Arg Asn Gly Lys
20

<210> 8
<211> 15
<212> PRT
<213> artificial Seguence
<220> o i
<223> Description of Artificial Sequence: Synthetic

peptide
<400> 8 i
Glu Asn Pro val val His Phe Phe Lys Asn Ile val Thr Pro Arg.

1 5 10 15

<21(> 9
<211> 180
<212> PRT

Page 2



Tyr Asn Arg Glu Glu lle Val Arg Phe Asp Ser Asp Val Gly Glu Phe 35 40
45 Arg Ala Val Thr Leu Leu Gly Leu Pro Ala Ala Glu Tyr Trp Asn Ser 50
55 60 GIn Lys Asp lle Leu Glu Arg Lys Arg Ala Ala Val Asp Arg Val cys
65 70 75 80 Arg His Asn Tyr GIn Leu Glu Leu Arg Thr Thr Leu GIn Arg

15 oI A0 A0S TS RSBy By B SR 7 A s Gl

Phe Asp Gly Asp 115 120 125 Glu GIn Phe Tyr Val Asp Leu Gly Arg Lys

weel2 s Rl The il T Sy 4 6t e130,135,149 PioYal ey AaGinshe Arg Gly
1 Phe Asp Prd GIn Phé Ala Leu Thro145 150 155 160 "Asrtlle Ala Val Lea

: s His Asn Leu Asn Ser Leu.lle Lys Arg Ser 165 170 175 Asn Ser Thr
His pPhe P %&%@ryAf’nrl Lbé\é‘g Xgls %rg}/ Pﬁ\e Leu Asp Ag% %‘yr ﬁ’oﬁe

Tyr Asn GIn Glu Glu Ser val Arg Phe Asp Ser Asp val Gly Glu Phe
35 40 45

Arg A?S val Thr Glu Leu Gly Arg Pro Asp Ala G%u Tyr Trp Asn Ser
5 55 0

GIn Lys Asp Ile Leu GJu GIn Ala Arg Ala Ala val Asp Thr Tyr Cys
65 70 75 80

Arg His Asn Tyr Gly val val Glu Ser pPhe Thr val GIn Arg Arg val
85 90 95

Ile Lys Glu Glu His val Ile Ile Gin Ala Glu Phe Tyr Leu Asn Pro
100 _ 105 110

Asp GlIn Ser Gly Glu Phe Met Phe Asp Phe Asp Gly Asp Glu Ile Phe
115 120 125

His val Asp Met Ala Lys Lys Glu Thr val Trp Arg Leu Glu Glu pPhe
130 135 140

Gly Arg phe Ala Ser phe Glu Ala GIn Gly Ala Leu Ala Asn Ile aAla
145 150 155 160

val Asp Lys Ala Asn Leu Glu Ile Met Thr Lys Arg Ser Asn Tyr Thr
165 170 175

Pro Ile Thr Asn
180

<210> 10

«211> 178

<212> PRT

<213> Homo sapiens

<400> 10
Met Gly Asp Thr Pro Glu Asn Tyr Leu P?g Gin Gly Arg Gln Gig Cys
1 5

Tyr Ala Phe Asn Gly Thr Gin Arg Phg Leu Glu Arg Tyr I;S Tyr Asn
20 2

Arg Glu Glu pPhe val Arg Phe Asp Ser Asp val Gly Gig phe Arg Ala
35 40

val Thr Glu Leu Gly Arg Pro Asp Glu Glu Tyr Trp Asn Ser Gln Lys
50 55 60

Asp ITe teu Glu Glu Glu Arg Ala val Pro Asp Arg Met Cys Arg His
65 70 75 80

Asn Tyr Glu Leu Gly Gly Pro Met Thr Leu Gin Arg Arg val Ile Lys
85 90 95

Ala Asp His val ser Thr Tyr Ala Ala Phe val GIn Thr His Arg Pro
100 105 110

Thr Gly Glu Phe Met Phe Glu Phe Asp Glu Asp Glu Met Phe Tyr val
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ASp Leu
130

Ala pPhe
145

Ash Asn

Thr Asn

115

SQ Listing 10936467 (09-07-200
120

ASp Lys Lys

Ser Phe Glu

Asn Leu Asn

<210> 11

<211> 183
<212> PRT
<213> Homo sapiens

. <400> 11

Met Arg Asp Ser Pro
1

Tyr phe
Tyr Asn

Arg Ala
50

Gln Lys
65

Arg His
Glu Asp
Gln Ser
Glu Gln

130

Pro val
145

Asn Ile

Asn Ser

Thr
Arg

35
val
Asp
Asn
1le
Tyr
115
Phe
ey

Ala

Thr

Asn

20
Glu
Thr
Ile
TVr
va'l
100
Gly
Tyr
Arg

va'l

Ala
180

165

5
Gly

Glu
Leu
Leu
Gln

85
Ala
Pro
val
GIn
Leu

165

Ala

Glu
Ala
150

Thr

Glu
Thr
Ile
Leu
Glu

70
Leu
ASp
Ser
Asp
Phe
150

Lys

Thr

Thr val Trp His Leu

135

GIn Gly Gly Leu Ala

tey Ile GIn Arg

Asp
Glu
val
Gly

55
Arg
Glu
His
Gly
Let
135
Arg
His

Asn

Phe
Arg
Arg

40
l.eu
Lys
Ley
val
Gin
120
Gly

Gly

ASnh

val
val

25
Phe
Pro
Arg
Arg
Ala
108
Tyr
Arg

Phe

Leu

170

Tyr

10
Arg
ASp
Ala
Ala
Thr

90
ser
Thr
Lys

Asp

Asn
170
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155

Ser

Gln

Ley

ser

Ala

Ala

75

Thr

Tyr

His

Glu

Pro

155

Ser

Glu
140
Asn

Asn

Phe
val
Asp
Glu

60
val
l.eu
Gly
Gtlu
Thr
140

GIn

iLeu

4) (OHSU-1-0501)

125

Glu

Ile

His

L.ys
Ser
val

45
Tyr
ASp
Gln
val
phe
125
val

phe

Ile

Phe

Ala

Thr

Gly
Arg

30
Gy
Trp
Arg
Arg
Asn
110
ASp
Trp

Ala

Lys

Gly
Ile

Gln
175

Met

15
Ser
Glu
Asn
val
Arg

95
Leu
Gly

Cys

Leu

GIn
Let
160
Ala

Cys
Ile
Phe
Ser
Cys

80
val
Tyr
Asp
Leu
Thr

160

ser




