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invention relates generally to a nethod of nodul ati ng

T cell functional activity and to agents useful for

sane. More particularly, the present invention relates

to a method of nodul ating clasg | restricted T cel

activity and to agents useful Tor sanme. The nethod of

the present invention is useful, inter alia, in the
treatnment and/or prophylaxis of 10 conditions

chav NEEHOI: @W@prmmﬂ CELdLARAGHI¥IT ¥ ANDMOILCULES
that which occurs in ions and in
anti-tunmour inmunity, a %Whgé Jlgﬁggnt, unwant ed or

ot herwi se i nappropriate T cell functioning such as,

but not limted to, graft rejection or autoimmune

JOFdLR (QIn THET RV invention is further directed

to nethods of identifying, designing and/or nodifying
agents capable of nodulating T cell functional 15

ariid priesent ifPARIKGEREUNES dokeriiHEtd AvENDH Ofnidvelating T cell functional activity

Bi bl i ographic details of the. publications referre
ba}ndégtag@}ts psefuldpy sagife CMplfedagﬁl(glrp Ly gue PZ@S"*BHWVE%'{O@QWM%GS to a method

%ﬂﬁ@&lﬁ&ﬁ@géﬁg%sﬁ&@d enrdn 9&141@%@[%@ a5 1Rl f3NRme. The method

referenc rior art in this spec:lflcatlonls
naftthe predemhmwndom musbful,tzanee nlzasn thertreagrokrionlod graphylasis of

any form su that art. f

SFondifons Gﬁ‘ﬁrﬂﬁt 8% EJH%% Sles’u? ul% sugﬁl % {hqg}gﬁ%fl occurs in
Qﬁegvﬁfal R OtioRianl %Qﬁpﬂﬁrﬁﬂk irhényinip e el dsMbésrant, unwanted or
nol ecul es play a crucial role in immune surveillapce

bgrchaemeeatnamenopn@tp Eoneﬁgﬁmcélonmgrsaélé 23, PRt papiadde, graft rejection or

ant. i s and r ese f

a}{tg n|d§ Onﬁocy lo es%%%ﬂk&ittltongﬁgt?]lt@% %%ezzggdt %etl%éﬁs é)f
t IéleMrE}u’ng kedighiBs andibeibeifyihy egerbsaca!bi&ﬂe off asslulatiog TadeH S8nctional
Il

activity.

BACKGROUND OF THE INVENTION

The Bibliographic details of the publications referred to by author in this specification are

collected alphabetically at the end of the description.

The reference to any prior art in this specification is not, and should not be taken as, an
acknowledgment or any form of suggestion that that prior art forms part of the common

general knowledge in Australia.

Class I major histocompatability complex (MHC) molecules play a crucial role in immune
surveillance by selectively binding to intracellular peptide antigens and presenting them at

the cell surface to cytotoxic T lymphocytes.

Peptide antigens that bind to MHC molecules, whether they be MHC class I or class II

molecules, are first liberated from intact proteins. The compartment within a cell where
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determ nes whether it will neet MHC class | or class
Il nolecules. WMHC class | nol ecul es usually bind
peptides fromproteins which are normally resident in,
or have been delivered to, the gytoplasm whereas MAC
class Il nol ecul es bind peptides nostly derived from
proteins internalised into acidic vesicles fromthe

extracel lular 5 environnment. Pepti_des arngenera FI
clbaitigrs s Piocpysed determings, whetberdp ik pset MECnelpssd qryglass L molecules.

LIPI%{(? VLo ﬁéﬂ%kl?lés ltflgg‘l‘?ilﬁ(~ Bldd ﬂ%}ﬁ‘u@escfgﬂﬁ bﬁ%ﬁh@@l’iﬁhﬁ% ﬁ&ﬁlally resident in,

easone ts in range of suitab
p&fitave beguddivertias, thecytvpiasm) \ah:aeas Mb]](iadaﬂsdbmomubs bmd peptides

g‘%g%}lbl %%m%é %,og? Srgfﬁrlll?ﬁ:fl?e@pél ﬁ%m‘ﬁ %(H(élc Vﬁs1glle§j gtpmth(ﬁe extracellular
eft. "I’eé)ﬂdéé“ﬁe WEHer ¥Rl 86 nﬁousl@ 1%&11%}31%%’[601%15 principally in

rm ecul es ar rised of a light chain, known
(e zwmptasmgdfommlhby a compler ke@iwwa% thegrajpasgme. Ffélswsults in a wide

fg3é€35TheB%§WB?%%?ﬁB%ﬂ??g@£&$§fiﬁ?ég%ﬁ%8%|onn? o BifEE are

CydrRt0ed, hely hiydBRAO&YE 8% endtiadMiiCrélcation (ERMeé@brane i Srder to
conprlsed of three nmain donains, being the al, a2 and

assadataivith thypEHEsmeleewe. vel y conserved structured of
the a3 domain interacts with CD8 nol ecul es present on
the surface of cytotoxic T |ynphocytes. The outernost

dNIEC BRis{ Binoksadlea 2)e dmﬁ{*fmsetbof alightlchaig, laolwed eiscﬁe% micro globulin,
separated b cleft w | oor co sed o
pPQéE]PlééedsW e Simglg heagy & %m T Ia? REICEHE B e gaéﬁ u]’?gls suited to
efﬂﬁ?r% sﬂértél?)%g % nltatf@ﬂltﬁ eb®xicD %fn'lp%otcpt%s W@h@MHC class I
ctura ym)rp I'sms ( Yudn-"H
Brnodael@ul‘dl is Balhpnsedtaef\thnde MhairGiorbaoy, IbelnEdhﬂ’ ah@szd a3 domams The

TCF\’/ Pepti de/ HL V |
RTINS -
ofhe sﬁﬁa@é @f‘:cty'i&&létﬁ l?mﬁJﬁ&E}ﬂ@s ang cubaRestfontde (ki @ad a@)’lﬂake up two

s of thé cleft, which in turn result in chan
ttDnlgwdlqu@pi maratﬂdrim nefefi viiher floarsomposaddifi fiplgate et. This cleft

afcm)ﬁs S%eear;{gglz idi r%poc%e enfg%%%ﬁ%@;‘gﬁssll xﬂ?f g&lgl fndlif ffdl IHQ or site for
structural polymorphisms (Yuan-Hua Ding, Brian M. Baker David N. Garboczi. Four A6-
TCR/Peptide/HLA-A2 Immunity, Vol. 11, 45-56, July, 1999). Polymorphisms of this
cleft result in changes of the electrostatic charge and shape of the floor and walls of the
cleft, which in turn result in changes to the peptide binding properties of individual MHC
alleles. This allows the MHC class 1 molecule to bind a unique repertoire of endogenous

peptides.

Cytotoxic T lymphocytes recognise fragments of protein antigens presented by the MHC
molecules of target cells through their T cell receptor. The T cell receptor is a heterodimer
made up of an o and B chain. Both chains comprise variable and constant domains. The
variable domain contains loops known as complimentary determining regions which
dominate the surface that makes contact with the peptide-MHC complex. Cytotoxic T

lymphocytes kill target cells via at least two known distinct pathways. The secretory
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receptor is a heterodiner nmade up of an a and R
chain. Both chains conprise variable and const ant
domai ns. The variable donmain contains | oops known as
conplinmentary determ ning regi ops which 30 dom nate
the surface that nakes contact Wi th the peptide- MHC
compl ex. Cytotoxic T |ynphocytes kill target cells
via at |east two known distinct pathways. The

seaghweniny o MD2O0LY i3 084yt AURObs ADG thesfps pathvsars ilich the Fas

| g%/aglldvo'nﬁge ﬁ)f\%ﬁ%% &% ﬁlte?jrl_ctg it |t1¥ rggeﬁﬁfloﬁw&% fh,al FBSh these

| MESHAGHS apbédd tb h\fbrll:ﬁﬁlepeﬁﬁemwro intucehpoptasig etindedting in destruction
Bot h these _mechani sns appear to work independently to

i plcthe érggiepllosi s cul minating in destruction of the

target cell. 5 Signalling through nmenbrane bound TCR

conplex is necessary for the devel opnent of the T

cBighaltieg ﬁrrbwglr wembrhnt heund T CRaoimplexof necessdry firgdhe development of the

[ e res Cur.rent | tlLe is known out t .

DR Fereria e A s et el e e Laneny, Hle is known
r Q&ﬁlmﬂérméoﬁaﬁ@ﬁh@ & f Biynalttnbdu@aBS onddone Tkl ré Ft& is bound by its

bel i eved that this nechani sminvol ves activati on of

t ligansi dovkavendeis beligved tlent duh meclpm%mmvalveéﬁﬁé@ﬂ@n of tyrosine kinases

rrgl\g{lfg?tﬁﬁé?oéeggm ?I?f%cllcg m?lgﬂg S 1na \Ig]od%gllgﬁgd tlansductlf)n Nevertheless, there

RGeS 2 Wiinbbr $RUoRPeting thodelk iwlec d}h.&p(ﬁltl ncddfiae ltllikgflmﬁtuhﬁﬁg of the
signal mechanism_1In this regar there is currently

BB gaSRHABN 16 e rogRe, Fiepe cuiresliotrong eimony B the properties of

oﬁ}%glgit’régf re Sﬁ‘?ljﬁgﬁ%ﬁ%{g@?&e @%ﬂ%}%&( )(1?%?#8{31& H&quiﬁé BBt 6 binding.

act i vation defi nes a highly sophisticated and cruci al
t he i nmune

t . [y, .
5{?(\%58 | Y@p]a%}’& %%Veth)ryi%'s e%@g@{? A mhgﬁp%}gcgeqq ¢ryfiahcomponent of
leerlH’BSlLﬁl% };st@ﬁpthﬁlﬁﬁllfl SHGRRRIRBRLAESic B mMidcies aglghonly activated

origi ereby triggering an i mune response.
| enon-kel€ peptiles Grudh appersides aﬁ‘eradi efigmprtherehy wigghring an immune

pepti des . ynd ns. vacgi ne for rov

SRPotEr AP YRR ARRi 3R BRrop S vy s R aRIEdpgmderpins vaceine
aBédigd YoriQpRRNBABKE viral vaccines and anti-tumour vaccines. The ability to enhance

the stability of peptide-based vaccine components is highly desirable due to the rapid in

vivo degradation of peptides and protein based constituents of such vaccines.

In certain aberrant situations the normal functioning of the immune system is compromised
due to an individual’s cytotoxic T lymphocyte becoming activated by self antigens. This
leads to the development of a pathological state termed autoimmunity. Clearly, there is a
need to develop means of modulating T cell functioning in order to obviate the sometimes
very severe consequences of aberrant T cell functioning, such as the development of

autoimmune conditions.

B-amino acids been recently recognised as a potential new peptidomimetic approach to the

design of novel bioactive peptides. B-amino acids are similar to o-amino acids in that they
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of such vaccines. In certain aberrant situations the
normal functioning of the i mmune systemis conprom sed
due to an individual's cytotoxic T |ynphocyte becom ng
activated by self antigens. Thig 25 leads to the
devel opnent of a pathol ogical state terned

autoi nmunity. Clearly, there is a need to devel op
means of nodulating T cell functioning in order to

olewitae an emencsisrRinpraRd a Gabgx dFErRISe Bl V@ §aigpn atoms separate
al?lggerfa{}éuOLaP%Mnnfuu 81'8' Aol 8&%@&%%16&'855& VEMRARIL successful

0] aut ol nmune C0n am no acl een

I EEMpblayion &G0 @niise ﬁblasheanspsﬂch g tcﬂtrezrte peigjohiitieticamehich exhibit

PBlRRHS s Toetals B e ol AAHBOG R 1 the use of
t @%11%&@&%/ tQ@&Qﬁé‘xtP é]ﬁkl%@ggiég&l Rveved tl‘i‘é)%r‘}‘ 'hEhl@G studies which

am no term nus and car OX t erm nus. HOV\BVGI‘
Clanvedeemtanbiced p]aﬂmt@ntexhe%MHQmmanmmh hpee mmomstrated only that

(3-am no.aci d en denonstra

SRR 415 BOR per Rt BR RO et R s B ey Forther
a‘?neE&tﬁdlgﬁﬁeﬁveF%ﬁ?éésﬁ%@%ﬁ%ﬁ&?ﬁoﬁﬁlhﬁé’h SphbipBild stridin@ dgéLi@dt impact on
activity. To there have been a nunber of studies

di celd fetivpinghe use of 5 (3-amino acids in the context

of peptidom netics. However, the very limted studies

whi ch have been conducted in the context of MHC

pOas enihatdoafbuRame 1@@3@M6ﬁﬁ&@¢1@ﬁh@u§ehﬁbepﬁ?@ﬂﬁs vaccines is there rapid

3-am no acid peptid I ful
§@egw@twoéw2@%ah§tﬁ@?a8s%5 Foutmgtab g ga T g uver and Other organs

A T PR R PDRR o PR oSGl G 6 the goncraron

cofdrgpiiclépippes s eefagmencotihe thtedet imbremogm thét qmntfutdle ®r worse still
as vaccjines is therer |d d

dat
DB 4L AR PO Aot SPTecHR HERSBT L Gt has been
! %g.‘é‘?ﬁsﬁ%lgf cf%{é?ﬁfneﬁrtﬂﬁriﬁe ?L@E‘ﬁjtuﬁbfn Bf ELRM Y& fol B-amino acids in the

proteol ysis of peptide vaccines can lead to
t bentgpetrod Nt Cattass dbejatidepbare iiefrict, apbkse highly sigmlﬁgaim macglugeftion of T cell

t i.nt.ended i no en that elicif futi or Wor
SEcHOHEE  EHTE (hfgORSEFBHE ol HE PURETRG G response
t @arf B dBES2E Kl @Mﬁl‘ihtr,' BBre Hab obRSreR R completely unexpected determination

that peptides which either agonise or antagonise the cytotoxic T cell response in isolation

may, when coadministered with unmodified peptide, result in overall upregulation of the
converse response (that is antagonism or agonism, respectively) in respect of the
unmodified peptide. The determination of these functional and structural relationships
now facilitates the development of molecules and methods for the modulation of T cell
responses and, more particularly, the treatment of conditions characterised by aberrant,

unwanted or otherwise inappropriate T cell functioning.
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significant nodulation of T cell functioning. In
particul ar, both agoni sm and antagoni sm of the
cytotoxic T cell response can be achieved. Still
further, there has occurred thes;conpletely unexpected
determination 20 that peptides which either agonise or
ant agoni se the cytotoxic T cell response in isolation
rrgé, when coadm nistered with unnodified peptide,
r TEMIMARY Qe THE IW@&]%i on of the converse
response (that is antagoni smor agonism respectively)
in respect of the wunnodified peptide. The
detrenghouathiospeoffichtiesand tha claimmnwhichrfdllew rundtss the context requires
re| ati.onshi ps . .now f.aci ates the devgl opnent, of
9ﬁ%§d

l i « e
ndhestiie TEORBHE 1 9 CHBTAIIC ALY PR () comprising”
I GAPRNSRRr SO to RIS tRaildlEdt astattd Brtddef 8t s18NGr &bup of integers or
conditions characteérised by aberrant, unwanted or
ottésrbwit set tha spgnsipn phany othereéntegérmstepenighayp ofntegers or steps.
2004/ 022084 PCT/ AU2003/ 001150 -5- SUMMARY OF THE
I NVENTI ON Thr oughout this specification and the cl ains
WA GEedl 1RrdifVWhe e Sisrivheirean sleRt by ket toasdicart kel wipaRicular integer
the word "conprise", and variations such as ,
" gicgrpvh ebistecsrschas etgimeiedifagn thespogies speeifighdut baueny neepssarily been
[ ) ' [ . d integer or step or
g&%%%c%?S?%B§%%§g%%ﬁg&ggggéﬁ%%t not the exclusion of
any other integer or step or group of integers or
steps.. . erein,. the,tergi"derived from' shal

ps. .As used h |
bébe ket FWCFf?Fﬂle%F@ti‘lﬂéﬁmHmp?& feguiPnge Tigragin prgpared using the

g %%Paflﬁ{l% PQ%S@E R3rdis3. O hbentdiafd dif Qﬂ%ﬂtﬁ@bﬁ)ﬂgéﬂaﬁﬁy. Each amino acid

I e t has not necessarily been 10 oDbtai ned
dseqeetdeyidéntifiedtimthespgudnice Estingdhyr the nuMkec sngijatnst<201> followed by the
specificati ont i ' acldrseguence intornation . .
RSt OIS, 2010, 85 R NERCS b SLTBL rotein, o

PEEB QMR B §h Foradable bedulficdis Ridi @gddatphiyiforlagbn provided in the numeric
acid sequence identified in the sequence |isting by

t Inlioatardiclds T21dPcad 19> aedoP33T oRsRwiElbyAntieo agid sequences referred to
seguence.. ntifi. eq. 131, . < Gy

B S0 By 8 O FREIT 8 BTy s
0 [c@ﬁﬁiéag(bQCSE(% AOINGLISEQID Ig@ 3, stdi)c f[the Fg@mngmifdenﬂﬁmérireﬁerred toin
provided in the puneric . indicator fjelds <211>  <212> )
abhg seoafsationgopslafssye i injRPAGO LR g el ndicaior éald <400> in

Ufhe sequence listing, which is followed by the sequence identifier (eg. <400>1, <40072,

etc). That is SEQ ID NO:1 as detailed in the specification correlates to the sequence

indicated as <400>1 in the sequence listing.

One aspect of the present invention is directed to a method of modulating a peptide
specific T cell response, said method comprising contacting said T cell with an MHC-
peptide complex, which peptide comprises at least one f-amino acid substitution, wherein
said B-amino acid substitution induces either agonism or antagonism of said T cell

response relative to the T cell response inducible by a non-substituted form of said peptide.
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identifier referred to in 20 the specification

correlates to the information provided in nuneric

indicator field <400> in the sequence |isting, which

is followed by the sequence identifier (eg. <400>1,

<4007?2, &etc). That is SEQID NO 1 as detailed in the
specification correlates to the sequence |nd|cated as

<400>1 in the sequence listing, 25 One aspect of
w@m@qummﬁ orese TP o BpVidss 3 RAMGR TBpdulating a eptide specific

:@?ﬁ elf1 n‘p?mﬁg PL dg@% Pg(’g ?&rh 1'1§in$T dﬁﬁ:ﬁTAcJtm? %‘éﬁ@lﬁ? T %@ll Qflth an MHC

bh@@ccﬁﬂ;ﬂ@k &Mnch\@pliale pempnm at teagirdns é&saramolaemiwbmtetlon
-am no acid substsﬁgutl on,. wher ej

s G i GRS STHEROTLIPH NG CHFS AR 8O ARG said CDS'
céﬂe%aeo-ﬁsg g#léuvertg ORSE" T eLiRtds¥Ehst tdudB1d b &hbn-substituted form of

espon a non-substituted form of said
p;emltpe@ade 30 WO 2004/ 022084 PCT/ AU2003/ 001150 -6
Anot her aspect of the present invention provides a
nmet hod of nodul ating a peptide specific CD8+ T cel

MES R 8&1@1* as%@étd)f R ﬂ:n@&ﬁ@tﬁtio‘iﬂ (28videdd aethod ®f &ﬂjddleﬁ@@peptlde
T ce - pepti de conpl ex, which peptid

cspnq:ﬁcﬁw ak Cdlle@éwatmm s4i@ mefiadeomtpriging seBtarting saim CDE" T cell with

sai b
B e BRI gl s
r@battiién, tv&hetféiﬁ sﬁﬁ)@*a;lﬂin@ etid sﬁmmﬂﬁﬁxanduuw eitldregbnisma or antagonism
non-substjtuted formof said ﬁtlde Yet anot her.

seickCloR " Tivell prsating ralsfiert fasrCIns ob ek actvafigs fsiicibfe by anon-

ecific CD8+ T cell activation,
E&gglt%gﬁﬁgg%?ﬁ?tﬁg contacting said CD8+ T cell

with 10 an I-peptlde conpl ex, which peptide
conPrlses at one 53 am no acjd su

A eRihg aoect SF BPA AT BB BE L P P A BT g peptide

a%@@l'ﬁ%nﬁ &l ﬁ%cﬁgé)ﬁi a?' iRt s&@'rﬁetﬁ%d‘orﬂ_pﬂ%ﬁﬁé acﬂﬁlhisVe@ingQ@ said subject
l'ative to the TJ activation inducible by a

m:meff@ﬂbs amputted afmphdﬁawhs(él pEppépedraprises Bt Ispstiope f-amino acid

%%@%181? Sfﬁg%h}n%{alnh glggcgr%g%@ﬂé%sl srl]l\ff%}teﬁtqg pPgsg%i sgl%spegtide to said T cell
in the context of an MHC-peptide complex, wherein said f-amino acid substitution induces
either agonism or antagonism of said T cell response relative to the T cell response

inducible by a non-substituted form of said peptide.

Still yet another aspect of the present invention provides a method of modulating a peptide
specific cytotoxic T cell response in a subject, said method comprising administering to
said subject an effective amount of a peptide, which peptide comprises at least one
B-amino acid substitution, for a time and under conditions sufficient to present said peptide
to said cytotoxic T cell in the context of an MHC I-peptide complex, wherein said f-amino
acid substitution induces either agonism or antagonism of said cytotoxic T cell response
relative to the cytotoxic T cell response inducible by a non-substituted form of said

peptide.



specific T cell response in a subject, said nethod
conprising admnistering to said subject an effective

wanoue20si a peptide, which peptide conprises aCTIA®a®13/001150

10

15

20

25

30

one (3-amno acid substitution, for a tinme and under
conditions sufficient to present said peptide to said

T cell in the context of an IHC peptide conpl ex,

wherein said (3-anm no acid subs}ltutlon i nduces 20

ei t her agoni sm or antagonismof’ said T cell response
relative to the T cell response inducible by a
non-substituted formof said peptide. Still yet
éﬂmtmeﬂenampaﬁtonm‘lscx doateprpdaiena miethpd ol mvmm iugegnigd immune

met hod dul a in |f| 0

CErROT S dpBs SPAts STy roraat b RETrOU e Shs B isgmbonerts, by
asqﬂgtﬁht%r%f eﬂ%atspor?e%-ﬁﬁhﬂ) RUPInRFdai @Pre€lrtQGIdpHEe ﬂf@blﬂlnt such

of a peptide, which peptide conprises at |east one

(1Bet@niynio aad mbvsmwneltatmn ofiyaid mypac epitapenaril hadsnbsequent

condi t ons ent.to tid d
SRabEPR T LTSS ok CoBFSRAh LSRR Bt o2
conpl ex, wherein said (3-amino acid substitution

i nduces either agoni smor antagoni sm of sald(gytotOX|c
Teietill ane@pms@ect of dhhepprpseat inyentim RIYYigeoxmeans iggpnising a pep‘ude

e

RfueRenin éﬂﬁabﬁﬂé h@ousd Fanaatperiphapapside with pebtide rcomprises at least

%}%Yﬁ?%t@£1%ga@m%§g%§,%eg§eé éﬂ@stﬁg ggg g\l}%gw%i:fg%rr%ro){“ kaid pept1de for a

COR QRNE (M For cg%iltléﬁé%ﬁi&éﬁt lt@gregént hid lpepides9916aid 3R Hthe context
acid 1nto salrd precursor de to prevent such

pofahedByspeptdadompexent generation of said cryptic

epitopes and their subsequent 5 presentation to said T

cells in the context of an IHC- peptide conpl ex. Yet

Sl yeb a@RENBpeRARES s Iﬁ(ﬁvﬁélﬁthé’ LRSI oflaMegBhikidR aﬁfe@ﬁdfﬁ@&mﬁc T cell

a reans of agonising a peptide specific T cel

rl@sms & & subgectiej demethod sonipriing eetadwinpiiersieng sald subject an effective

-ad isteri. S v
TG 08 DR i bR oA RS, PIBAL pi
| @astitulion,ab Qetﬁé’rvﬁtﬁ he nagisabssithsd fdrtmt dfenid liepgdaet foer tinket dnd under
the non-substituted form of said peptid

aoRpdilipe Utk 10 BRSIS (R4 PETtEE 0 Bichy &8 E%?(&ltextn?an MHC-

p said T cells in the context of an
nﬁ%“&%?@% conpl ex.

The present invention also contemplates a method for the treatment and/or prophylaxis of a
condition characterised by an aberrant, unwanted or otherwise inappropriate peptide
specific T cell response in a subject, said method comprising administering to said subject
an effective amount of a peptide, which peptide comprises at least one B-amino acid
substitution, for a time and under conditions sufficient to present said peptide to said T cell
in the context of an MHC-peptide complex, wherein said B-amino acid substitution induces
either agonism or antagonism of said T cell response relative to the T cell response

inducible by a non-substituted form of said peptide.

Another aspect of the present invention provides a method for the treatment and/or

prophylaxis of a condition characterised by the occurrence of an unwanted peptide specific
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sai d subject an effective anmount of an agonistic

pepti de, which peptide conprises at |east one (3-am no

acid substitution, together with the non-substituted

formof said peptide for a time,and under conditions
sufficient to present said pept%des to said T cells in

the context of an MHC- peptide conplex. 20 The present
invention also contenplates a nethod for the treatnent
ahdé¢lbrespomsp ity b axbjectofaidametbod dompusing heredeindstpdegitogpidapbject an

aberr.ant, u nted or.. ot herw_se .i nappr oOpLi ' .
CEhFY gt AR SO\ G PR OBE RS SRRl I8 pramino
CRP S bR g oA €BefHes Wethiandnt bsaldd Soudh 6€4aid peptidb f@cd finde and under
amount of a peptide, which peptide conprises at |east
osrand{tpng syfifisieat focprossnt sk peRtides rFaid beells injthgcogfert of an MHC
under. condi tions sufficient to present said peptide to
SAP d"al'%(():né1 ‘e%' in the context of an MHC peptide conpl ex,
wherein said (3-am no acid substitution induces

ei ther agoni smor antagonismof sajd T cell response .

oy sl ape i AREL thergay PTOV@§§8N§%h° oaiths taEmeR; aglor prophylaxdis of a
Nk b ' | dRcifOr A0k in a subject, said
a(g%lgg[%& 0 b]talggeﬁg?{e@é% &lfa(ri}%@h%ﬂgﬁg%% vimg%s a met élge %noar SubIee S.al
t fnethiod eatnpeising an-edouinistpriog toyaskiubjesf amelfentiote finopnt of an antagonist

characterised by the occyrrence pf an un ted.peptide .
LA Rt TS
I ESROANR Bk Brif WPEAE beptiRd for ABIRAH ©0ARdosdifigns sufficient to present
co-adm ni steri n% to Said subject an_ effective anount

9

ofaidperaigoniassaidt T selir indhe cattigxd ot pe M Edcpliderongdex. at

| east one (3-amino acid substitution together with a

non- substituted formof said peptide for a tinme and

undeil] aneeied hégern) hespttdentineeitidh@opteaftaits thaiuge pepp-achirso acid

to said T cells in the context . of an MAC 5 p ptig,e

c&psiiased naptide pg ereinbefhee desinpdin the mapEtacturg, Poy Piaigament for the
. n 0 .

TR AR SAM TR 0405 BB g by an s,

spewhiftedorlothawisariaspprpdateT eellsutjorst whemindsaidh@ahaad acid

g%{gé@bg %ﬁ%_ag%t | ? Iag%l?srghg ﬂ%gﬁoz?slng of sua?& %Cctell ?ensponse relative to the T

cell response inducible by a non-substituted from of said peptide.

In yet another further aspect, the present invention contemplates a pharmaceutical
composition comprising the modulatory agent as hereinbefore defined and one or more
pharmaceutically acceptable carriers and/or diluents. Said agents are referred to as the

active ingredients

In yet another aspect, there has been developed a method of designing and screening for
B-amino acid substituted peptide analogues, which method provides a means of rationally
substituting o-amino acids for B-amino acids in a positional scanning approach and the
identification of peptides exhibiting desired functional activity and improved
bioavailability. The subject method is based on generating a population of peptide

analogues by the sequential substitution of one or more of the a-amino acids comprising



10 peptide, which peptide conprises at |east one

(3-am no acid substitution, together with a
waam4gatsti t uted form of said peptide for a ti RETAUA003/001150

under conditions sufficient to present said peptides

to said T cells in the context of an MHC pepti de

conplex. In still another aspect, the present

i nvention contenpl ates the use_g[ a (3-amno acid 15

substituted peptide as hereinbefore defined in the

manuf acture of a nmedi canent for the treatnent of a

condition in a manmal, which condition js

ctha pepiiderdf detarestywith thetrertesnonding fraamoagidanddppgiopplbeanal ysing the
in ropriate T cell ,r . [ ' A

e PRECREL 1 B, 4G BR000RE (PBLELD b A s
ARt ag Rl sx@ndf tostiskclecailelméthepatiste pejtales derited thdrefrdm.
cell response inducible by a non-substituted from of
said peptide. 20 In yet another further aspect, the
present invention contenplates a pharnmaceutica
conposition conprising the nodul atory agent as

her ei nbef ore defined and one or nore pharnaceutically
acceptable carriers and/or diluents. Said agents are
referred to as the active ingredients 25 In yet

anot her aspect, there has been devel oped a net hod of
desi gning and screening for R-amno acid substituted
pepti de anal ogues, which nethod provides a neans of
rationally substituting a-amno acids for (3-amno
acids in a positional scanning approach and the
identification of peptides exhibiting desired
functional activity and i nproved 30 bioavailability.
The subject nmethod is based on generating a popul ation
of peptide anal ogues by the sequential substitution
of one or nore of the a-am no acids conprising WO
2004/ 022084 PCT/ AU2003/ 001150 -9 the peptide of
interest wwth the corresponding (3-am no acid and
functionally anal ysing the anal ogues derived
therefrom Accordingly, it should be understood that
the present invention extends to this screening

nmet hod and the peptides derived therefrom WO

2004/ 022084 PCT/ AU2003/ 001150



-10 Amino acid structure and single and three letter
abbrevi ati ons used throughout the specification are
wdebidqrezhsin Table 1. Table 1 HR 1ill<02H H2N ©C0RHUED03/001150
(1) (2) Amno Acid Three-letter One-letter Structure
of side chain Abbreviation synbol (R} Alanine Ala A
-CH3 Arginine Arg R -(CH2) 3NHC(=N) NH2 Aspar agi ne Asn
N - CH2CONH2 Aspartic acid Asp - CH2CO2H Cysti ne Cys
C-CH2SH Gutanine @n Q -(CHég))zco\le dutanic acid
GQu E -(CH)2C02H dycine Ay G-HHistidine Hs H
-CH2(4-imdazolyl) Isoleucine Ile | -CH(CH3) CH2CH3
Lemioreeid smchure @POrEICHBY thred legemabbraysations pgidahengepout the

Met hi.oni ne Met. M, - SCH3 Phenyl al ani ne Phe F
SeEp F\at}grn&r?wﬁeeﬁlﬁpéﬂ%é “formula (2) above for
Stdhuci ure of amno acid Serine Ser S -CH2OH
Threonine Thr T - CH( CH3) CH

i R O/COZH

HN~  COH N H
) 2)
Amino Acid Three-letter One-letter Structure of side chain
Abbreviation symbol R)
Alanine Ala A -CH;
Arginine Arg R -(CH,)sNHC(=N)NH,
Asparagine Asn N -CH,CONH,
Aspartic acid Asp D -CH,COH
Cystine Cys C -CH,SH
Glutamine Gln Q -(CH,),CONH,
Glutamic acid Glu E -(CH,),COH
Glycine Gly G -H
Histidine His H -CH,(4-imidazolyl)
Isoleucine Ile I -CH(CH3)CH,CH3
Leucine Leu L -CH,CH(CHs),
Lysine Lys K -(CH,)4NH,
Methionine Met M -(CH,)>SCH3
Phenylalanine Phe F -CH,Ph
Proline Pro P see formula (2) above for
structure of amino acid

Serine Ser S -CH,OH
Threonine Thr T -CH(CH3)OH
Tryptophan Trp W -CH,(3-indolyl)
Tyrosine Tyr Y -CH,(4-hydroxyphenyl)
Valine Val A% -CH(CHs),




Tryptophan Trp W-CH2(3-indolyl) Tyrosine Tyr Y
- CH2( 4- hydr oxyphenyl) Valine Val V -CH(CH3)2 WO

waQos/02B084 PCT/ AU2003/ 001150 -11 BRI EF DESCRCPRIUQM3/001150
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OF THE DRAWNGS Figure 1 is a graphical representation
of the staining of RVMA-S cells with the H2-Kb

speci fic nonocl onal anti body Y-3. Data is shown as
cell counts against fluorescen 5 intensity. Figure
2 is a graphical representation of the staining of CTL
clones with the nonoclonal anti-CD8 antibody that is
specific for CD8 nolecules. Data i s shown as cel

RHLE DAFCREATION (Jf THEePRAWRNGSsi ty. 10 Figure 3 is
a graphical representation of the staining of 1-3
cells with the H2-Kb specific nonoclonal antibody
WigurdBisah graplibaweprasentibh of tHentniag at RMATY stis edthehe E2-K”
intensity. %igune 4 is a graphical re resentatioH of
cersifip msinoplopalianghode X sl rlidda Wl@mﬂwﬁﬁ 8PS agagnst tluorescence
Hﬁ%gggpration wi th increasing anounts of exogenous
I'L-"27" "Data shows the |IL-2 dependence of CTLL-2 cells.
Figure 5 is a graphical representation of Kb

tabilisati ) RVA- S by Pc3- am. ' bsti. d
IR S TR -
;%?PS Qhtib&te tRERAL seRifAbr CHR HbREMBY. SDAR is shown as cell counts against

I sation, whereas substitution in the remaining
nilchdbeeasedn@asigr.mi nal end (b) results in equival ent or
i ncreased stabilisation. Serial dilutions of the
i ndi cat ed peptides were pul sed onto col d-i nduced

RMBufe § 8 4 SrapRi6SDreplobeplntionIof thd@dinipglos @d catls #f6the H2-K specific
Stabilisatron of at the surface was detected using )
tinenerbersd piatidy 2081 Bisgais vhawa ﬁﬁcellaqpalpgsggam@tyﬂqqrwnce 1ntensity.
cytonetry. Data is shown as percentage of maxi nal

SI I NFEKL response 25 agai nst peptide concentration

(Figars s & £yraphicalueprefentaion oficald piotifdrati@pmessardddiyi ‘6h Thfmidine
Kb stabilisation on RVA-S by 13C3-aniﬂo qgid

incorporation with increasing amounts of exogenous IL-2. Data shows the IL-2

dependence of CTLL-2 cells.

Figure 5 is a graphical representation of K" stabilisation on RMA-S by Bcs-amino acid
substituted and parental peptides. Substitution at the N-terminal region of the peptide (a)
disrupts K stabilisation, whereas substitution in the remaining middle and C-terminal end
(b) results in equivalent or increased stabilisation. Serial dilutions of the indicated peptides
were pulsed onto cold-induced RMA-S cells (26°C) which were then pulsed at 37°C.
Stabilisation of K" at the surface was detected using the monoclonal antibody Y-3 and
analysed by flow cytometry. Data is shown as percentage of maximal SIINFEKL response

against peptide concentration (log scale).

Figure 6 is a graphical representation of K? stabilisation on RMA-S by Bcs-amino acid
substituted and parental peptide using the antibody 25-D1.16. Substitution of f-amino
acids resulted in a decreased affinity for the K®/SIINFEKL specific antibody 25-D1.16.
Data is shown as percentage of maximal wild type response against peptide concentration

(log scale).



substituted and parental peptide using the antibody
25-D1. 16. Substitution of (3-amno acids resulted in
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anti body 25-D1.16. 30 Data is shown as percentage of
maxi mal wld type response agai nst peptide
concentration (log scale). WO 2004/ 022084

PCT/ AU2003/ 001150 -12 Figure 7 |s a graphica
representation of the titrati onZof Parental SI1NFEKL
agai nst each CTL clone. As expected HSV2.3 contro

did not recognise the SIINFEKL peptide. Data is shown
as radi oactive counts against peptide concentration 5

FERES7 3 b a8 O S ek YL et SUNERK peeinst cach

acTH caimRl QaRpediyd BEV2A @] didues tdcbpitibodthe SIMNAEKL peptide. Data
resulted in a significant loss_ of recognition with

alsishewp aeEadinagéyR cqupEs agamsbpepfide penaepiEatiose 3- G u

contai ning the benzyl side-chain protecting group

conpl etely abolished CTL recognition. Peptides were

pHigned 8 10a grphicdlBpesdrtaiontdidhe oo gritidrusfate pm'eintaIB'JlINFEKL and
Super nat ant. was then renoved and added to an _|L-2

bPoagaiag acidanalogiessiowhl slongr 2ehstiagien gt PLrasnigedpn a significant loss
r ﬁfs RO a%n?tugr{ \'231’[#11 %@mcfoggg e)?cegg 1%?& 240%¥ Agg? @ﬁ%&ﬁ ’C}lglgylgtﬁlglg)g the benzyl
Féigeleaif pt&edingroaddy &ﬁhﬁ léteE'rabeBﬂIeat(IMre@f)gﬂlﬁ@n Pept1des were pulsed

reco n|t|on of the parental SI I NFEKL and 15 Rc3-a
aeitd lameslladhescagultored with (el lea Supornptagiyves then 1%nca/ed and added to an

gf1a
SLEBR ey FREESER N ShoLylh GVRIRKE BRI HEL I of e
acentiod cda] IS 6261 thd datatil sleovatdsqt¢emege 06 SSERARE raspoink).
the parental SIINFEKL peptide (dashed |ine).
Super nat ant of pulsed 1-3 cells co-cultured 20 with
?%ré § i Qg&pﬂﬁsﬁre Res@ftatldr & it RBSSRNon SRS bér‘éﬂfal SINPEKL and
tion P'1resulted in strong antagonism of B3.
aﬂ@; vmmk aaitagloguenbyo€ TR GAdidst i t uti on at P2
resulted a super agonist effect occurring in both
cl ones. Both anal ogues nedi ated their response at
e [ r
PHAREILIL RSP aROR (G EBAG LR Ctones
sOdvield hidh(p) BArlo Utrhnal gie¥ @R co-administered with a suboptlmal concentratlon of

the parental SIINFEKL peptide (dashed line). Supernatant of pulsed I-3 cells co-cultured

with CTLs is then used in an IL-2 bioassay. Substitution at position P1 resulted in strong
antagonism of B3.1 and weak antagonism of GA4.2. Substitution at P2 resulted a super
agonist effect occurring in both clones. Both analogues mediated their response at
extremely low concentrations indicating that only very low levels of analogue peptide are

needed to alter signalling through the TCR.

Figure 11 is a graphical representation of a serum stability assay showing the percentage
of recovered peptide after 2 hrs in mouse serum. Peptides modified at P5 and P8 produced

the most stable molecules.

Figure 12 is a graphical representation of parental SIINFEKL degradation after 2 hrs as
monitored by RP-HPLC at a wavelength of 214nm. The Chromatogram shows the
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stability assay show ng the percentage of recovered
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at P5 and P8 produced the nost stable nolecules. 30
Figure 12 is a graphical representation of parental
SI'I| NFEKL degradation after 2 hrs as nonitored by

RP- HPLC at a wavel engt h of 214q The Chr omat ogram
shows the WO 2004/ 022084 PCT/ AU2003/ 001150 -13
fragnmentation of the parental peptide. The MS results
reveal the cleavage sites for the enzymatic

ioorof the) rrasdgjercpdasr Ehedy!S sevidis rewgaidhe cleavage sites for the

e L SR

ot eNF+EgKa f 3- Phe at P5 at tine points 0, 2 and 12
his. At t=0 the full peptide can be seen. At t=2 his
the peptide full peptide is reduced and ot her

H agﬂ? Sg%?ﬁjelg@all S%&enéhofl oil‘%r alitorf d’f{the }fi)éiﬁﬁ% lc8Rtaining a p-

I'ng on nt S.
f]?}&ganr@ﬁtas tinevpeddts 01 haid Ikhmamgﬂ) ﬂis rﬂulhptptxdc com babtear At t=2 hrs the

the P5 d t did th tal i d
*p@%@@ Al ReAPE SO ERnE PLR HGEma b barR) AREEMRE the full
%HH@ h§s4d1ba~°pp€a1gﬁ aabirgainl ﬁ@gﬁéﬁ@tlﬁ@ dmhé)fra hénts reveals that

radati on of the pepti containing a (3-1le at P3 .
atlegviapedidgionbscld aﬁnldthg PA mgnnmcml it dikefor thel papeselipgstide.

=2 his nost of the 15 full peptide
1C8‘fe§§&9§54§ avagE S¥Ct hr ee i n fragnents. MS of the

fragmegepfgpeptled that there was no cl eavage at the
P2-P3 bond, which was a site of cleavage for the
parental peptide. * Indicates bI ocked cl eavage site:

* * I ?c t 5
S5 A 45tk TP G GO 1
dﬁg@rmiﬂ&rﬁcﬁmﬁ @Ldnd@}lﬁg Aa’;?tt)l thafulkmapwdé barl\bé S£80 M’t7=2]lﬁ§ most of the
and 157-167 (taken frog . ure 16
r BibrRepEt B3 Cé??PBFare(}A)WI%L 9%% W@@G&Wﬁ%@@ﬁ%ﬁ&?ﬂfs revealed

C{h}ﬁ?ﬁl@}el WAER, éé@avﬁg@ LGt 8013 ‘t@nd 2wﬂ-1(1:h ¢/a8 6151t Bf El8MRisk Yor the parental
mt map of ESO 165 peptid

pept1de * Indicates blocked cleavage s1te S*I*T*NF*E*KL

Figure 15 is a schematic representation of the presentation of natural and cryptic NY-ESO

determinants following vaccination with NY-ESO 157-165 and 157-167 (taken from h.

Figure 16 is a schematic representation of: A) HLA A*0201/ESO1s7-165 complex
crystallizes in cubic form. B) 2.1A electron density omit map of ESOjs7.165 peptide. C)
Cut-away view of ESOjs7.165 bound to the HLA-A2 antigen binding cleft, highlighting the
exposed Met-4, Trp-5, Thr-7, Gln-8.

Figure 17 is a representation of a chromium release assay performed pursuant to in vivo

priming.

Figure 18 is a graphical representation of the intracellular cytokine staining of CTL-lines.



Cut - away vi ew of ES0157-165 bound to the HLA- A2

antigen binding cleft, highlighting the 25 exposed
wWOR004H22084 p-5, Thr-7, A n-8. Figure 17 is a  PCT/AU2003/001150

representation of a chrom umrel ease assay perforned

pursuant to in vivo primng. 30 Figure 18 is a

graphi cal representation of the intracellular cytokine

staining of CTL-lines. WD 2004/922084

PCT/ AU2003/ 001150 -14 Figure 19 is a schematic

representation of a SIINFEKL peptide confornatlon

Figure 20 is_a schematic representatlon of

FigreE? Bia schapeiicePesaimhes aopN FEKhRjE'F%e %zpf?rénaé}on

schematic representation of the Sl NFEK-(3L peptide

conformation. WO 2004/ 022084 PCT/ AU2003/001150 - 15

DEiBAk¢ E0iSESEERN T frdsentdtibn ¢ NWESITINCBE-ERE. pepesie odnformation.

invention is predicated, in part, on the surprising

determination that (3-amno acid substitution of MHC

5 1%%1? |n %ﬁ ?snag ?c%éllnrg@? g:g)?é\}eﬁt W&f ﬁf e’tﬂggw ﬁL g)feP’a_deC&Jnkormatmn

mhlch is induced in respect of unnodified peptlde
Further, it has still nore surprisingly been
determned that in addition to directly nodulating
the functioning of the T cell with which it interacts,
in the context of MHC. presentation, a (3-anm no acid
substituted MHC presented peptide can also act to
nodul ate the functioning of T cell popul ations which
have interacted with unnodified peptides. 10
Accordingly, these determ nations now facilitate the
devel opnent of nol ecules and nethods for the

nodul ation of T cell responses and, nore particularly,
for the treatnment of conditions characterised by
aberrant, unwanted or otherw se inappropriate T cel
responses. 15 Accordingly, one aspect of the present
invention is directed to a nethod of nodul ating a
peptide specific T cell response, said nethod
conprising contacting said T cell with an NHC- pepti de
conpl ex, which peptide conprises at |east one (3-am no
acid substitution,




wherein said 0-am no acid substitution induces either
agoni sm or antagonismof said T cell response

woeb@tnws4sto the T cell response induci ble by aCT/AU2003/001150
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non- substituted formof said peptide. 20 As detail ed
above, the present invention is predicated on the
devel opnent of a nethod of nodulating the qualitative
and/or quantitative nature of 5T cell response to a
pepti de, based on substituting one or nore of the
a-amno acids conprising the peptide with the
corresponding Rramno acid. In this regard, it should
HEEEMEEQBESCMBEFI@N QFUHEANYENTH)NSsent i nventi on
has been exenplified with respect to the nodul ati on of
the cytotoxic T cell response to an MHC | -presented
PERIjréRnt infretidnSis pRddidapddeidest, as tig siutpﬁsi@,t detgrntimationehat B-amino

scope of the invention. The teachi n S an rjnci
crstcsubsttuten ef NI erespried pepsides ¢ 1a gce mwia tiopn %&qeﬁlofgnctmmng

S350 B 89 T PRSI 2 el Lo

rrasthet,dt led sGDEndrd smjbh@mgbyl tekn deteimined thahseaddBbn to directly
Accordlngly, referen shou

S S GoRE 8 Brrcbodtbvih ﬁl&%ﬂ it b sl of MHC
Pﬁéeﬁ%&%ﬁ% Qggrﬁl%)amd ;&Sﬁaﬁr&f Mﬂ(‘ﬂ?reé’en-{edﬁ%ﬂndé &AL ket to modulate

s regard, the T cel rece ri se any
dlhe ﬁﬂrctlomnge)f a‘fceﬂmepa],atléns whiolx h@e@h@ra@ed Wﬁ]@umlgéléiﬁd peptides.

e:/c?o? ngzr { (geit?r Bg]:})%g %Bévgft%gtéﬂ € th' ﬁig\gel?pfmeant %F I}ﬁ)leculrﬁas and
| Rethodd fF @id @Od@pRatb eI ﬂeE}ﬁm%éH&IﬁCinore @tddlaily for the treatment of

cytotoxic T cell. 5 Reference to " oul d be
uiraditions sheragieriseddyeaberiant, wnyvaisd WWS@&%&P@IO@@%T sell
MHC class I, Il and/or IB nolecules, and to all forns

lfeslf%néq'gse mol ecul es. Wthout |initi ng the present
invention to any one theory or node of action, the

maj or hi st oconpa ity conplex . uster .o
g@ﬁ@g 1@5 Hwe@rﬂgél?‘ﬁ)lérS??@t BIVERUIQRIS ge%t #%@Bmgdﬁ modulating a

Rﬁ%tlh? 3@@@41" 23 ‘f\é%?s&likee&?cpgl%ﬁloh REmMHnPebRGM R sald e cell with an

a mol ecuf'es are proteins” which present
pbﬁi@-@eptlcm"ampi@e ovhiich peptide yoropuides abledib®ne F-apaind gcid substitution,
Wﬁ(ter%}nosxallcf B- am?r?cl acl m%%hjru%on induces either agonism or antagonism of said T cell

response relative to the T cell response inducible by a non-substituted form of said peptide.

As detailed above, the present invention is predicated on the development of a method of
modulating the qualitative and/or quantitative nature of a T cell response to a peptide,
based on substituting one or more of the a-amino acids comprising the peptide with the
corresponding B-amino acid. In this regard, it should be understood that although the
present invention has been exemplified with respect to the modulation of the cytotoxic T
cell response to an MHC I-presented peptide, this is not intended as a limitation on the
scope of the invention. The teachings and principles detailed herein are applicable to any
type of peptide restricted T cell response such as the MHC Il restricted CD4 (T helper) cell
response ot the MHC I restricted CD8 (T cytotoxic) cell response.

Accordingly, reference to a “T cell” should be understood as a reference to any cell



the MHC class Il nol ecul es are proteins which present
a peptide degraded in cellular vesicles to CD4+ T

woebd4sg2tdsel per T cells). The MHC is one of thePaDaiU2003/001150
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pol ynor phi c gene clusters in the human genone,

expressing |l arge nunbers of alleles of severa

different loci. 15 The WHC conprises MHC class |, MHC

class Il and MHC class IB nnleq les. Unlike MHC class

| and class Il, the MHC cl ass “nol ecul es are thought

to present a restricted set of anti gens and do not

exhibit the sane degree of pol ynorphismthat the class
|coanpdisingl 2ab sell recgletnle;slné:hlls irdard, thoT fcall sasaptor Byey ccomprise any one or

BT ECh Tty RS haby {Be RawHE RPaiehyisdel Bidpd [ timited to any
Lat%%.gt‘géhgal Mlet@ang sablrkess T EQfchiaim h iPa 'p]MeredSéﬂl%Udﬁnent the subject

e ‘understood to enconpass a mut ant and
pbtslhraphytaotiornesllof MHC, such as any i sof orns whi ch
arise fromalternative splicing of MHC nRNA. Furt her,
it should be wunderstood that there is enconpassed

hesteieicd WHONahowle b viaddritesd a:h@f@é@@dé&ﬁ ,an§2 MHC molecule, such as
anal ogues, equivalents and mnetics of th

PEE clpgs, Trad/os iR Wl@culqsoaqqqf@ afl\fpepg of t{lﬁ;’tm@e@}l% nWithout limiting
tﬁc Clrelggnﬁﬁe; %Ittlgg% 55@/ oﬂ rﬁ{&l ﬁ%ﬁé bf‘g R CHE lﬁ&o%apaublhty
roauc ucn as

xo enous at ion
C@Jrﬂlplémﬁtb] cﬂﬁstmf\@hh&sl”(oh hﬁmbﬁe ehrohrma(niﬁel 6wir nvuaathrgewsome 17, for

O P T T —

rcr‘g %hg)?é Eliéc}aéeh%teﬁtm ﬁ:ﬁéecyltc%%leﬂo git %elM'é@ytotoxm T cells) while

es i'norder to facilitate 30 inproved
pthe dHCaidse ] melgchledtE pnastiss whish messnempentisiasisgrded in cellular

h I t | | ect | | .
T TP PR A LSS UG AP G s
20Q04£Q3 8R4 Rl @%&@%}@%Q&ﬁ largddurdBerk DA€k sewdral different loci.

even species distinct fron1t%e I ndi vi dual bei ng

t Fea cmmpnmsé\d}lé‘gcéasa I, MEG ¢lassdhand MEIQ class LBvLal@ieewes Unlike
' t
SHRCRBEGH 49 BRI HBLBCEABL LG ot st

agu of Antideds amﬂd@ﬁdit G&hlbﬁtaﬁé sdlﬂr&ﬂqgﬁmﬁrﬁo@trn@phlsmhhat&he class I and
have been identified anomal ous situations such as the

f Jrsn Ibeenss@xbibitat i on which occurs in 5 relation to

al | ogenei ¢ or xenogeneic transplantation. In these

situations, it is believed that the tissue rejection

wii ahlitcto recompdskiag dlesenioes pblyinomino Sums o 3816 mdlecudgs which

! 1%%31% flgm t%e expression of the unique MHC gene alleles, reference to “MHC” should
also be understood to encompass all other mutant and polymorphic forms of MHC, such as
any isoforms which arise from alternative splicing of MHC mRNA. Further, it should be
understood that there is encompassed herein functional derivatives, homologues,
analogues, equivalents and mimetics of the MHC molecules. For example, to the extent
that a given vaccine strategy may involve peptide presentation by an exogenously
introduced cell population (such as a cell population which has been loaded with antigen in
vitro and reintroduced to a patient), but which population may also have undergone
molecular or chemical modification at the level of its MHC molecules in order to facilitate
improved presentation, such MHC molecules are encompassed herein. In another

example, the subject MHC molecule may be an MHC homologue in that it is derived from
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been fully elucidated, a certain degree of "l eakage"
does appear to occur in the context of host MHC
restriction, 10 and is therefore highly relevant in
terms of transplantatlon techn?zogy. Further, the
present invention should al so be understood to
enconpass any ot her nol ecul e which exhibits at | east
one of the functional characteristics of an

ranliedivideal <8ua(vhn spscis distinct frarh teindividyel bsragrtrp?éed In this regard,

faﬂtﬁ‘e‘?gibnﬂ gFl é%t{ asfr)lgifsge‘j’d ernﬁ% ?e?ggrr el a V\}%ﬁsﬁ 1&&%1nl\{h@context of both

I RbhedNaed rédﬂ)@ﬁﬂfbﬁfb bedyCR a8 11€ﬁlarmh’&xw¢fﬁloat BGBHO presentatlon there
popul ati on 15 of V and which mimc at |east on

dravc heenvenifderoomipus S%Ir?éren%@mbr@é thestggmof presgntation which occurs in
b
TLGEFRl, QR BT S gt

Nh@tlbsue ikl vehicR Occliieinphe steance ofiemivinosuriphessiohds & least partly
nore particularly provi es a net hod of .no
ﬁérbu g’élestﬁéb‘? ieeeion oF doaybepg Bn §%°1P1§1£d13 sy ontext of donor
Q{é{‘ﬁ FQ@{ {h8 @, f tlﬁ%ﬁeﬂfm%bh had*hdilbean fiMbyCelucidated, a
I-pep conp

peptr e conprises at |east
odegtals degr areoafadﬁalsiageé’ wlbsst affpedrito rmccwvhe rtlm qontext df ligst M @ sestriction,

acrd ubsti t.ution |nd ces eit

G eirec BN Ty T B OB R 1R L BBl R ehe present
Q%belltfo%%ﬁeﬁlﬁealéo%%ﬁgﬂs@oQYo 8nddRipassSanydthdrub decfl@miichfexhibits at
sai d peptide. Reference to "peptide" shoul d be

diise obthedinclongicsrmeiss s ony MG apelP@land e molecules include,

Cﬁfﬂg eu%lﬁg%%lo wsly ﬁglfess%a%dl%%éf\xélgﬁh %QQB%%%W%HM activity or

nRbRetlks whithefa@t d8drnyingodidaCidto ﬂtd eyl (B eRBymplprvés e Ao 'bopulation

is neant that the peptide can jnteract. with an .
nef estl) andameich Famee Haeast e OirﬂrlfyMﬂi EanglignseT gfep as %Ccapacﬂy to

2 rg%gg%g&zr?quy%ﬁgoos/ 001150 -18 An MHC nol ecul e,

I's occupied by a peptide is herein
referred to as a "MHC- peptide conplex" In this

' lgrge?errgbly, the s&b}ec elrgéllnlgfatﬁS d[ece‘i{an% said I{AIEIPC 1'\14(3%081%% %ug frac T

molecule.

The present invention therefore more particularly provides a method of modulating a
peptide specific CD8" T cell response, said method comprising contacting said CD8" T cell
with an MHC I-peptide complex, which peptide comprises at least one f-amino acid
substitution, wherein said p-amino acid substitution induces either agonism or antagonism
of said CDS8™ T cell response relative to the CD8™ T cell response inducible by a non-
substituted form of said peptide.

Reference to “peptide” should be understood as a reference to any molecule which
comprises any number of contiguous or non-contiguous amino acids and which can be
presented by an MHC molecule, preferably an MHC I molecule. By “presented” is meant
that the peptide can interact with an MHC molecule and, more particularly, the MHC cleft.
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delivery of the 5 peptide to cell surface expressed

IVHC nol ecul es. Preferably, the peptide conprises a

conti guous sequence of 2-50 am no acids, nore

preferably 2-40 am no aci ds, s;'ll nore preferably

2-30 amino acids, yet nore préferably 2-20 am no acids

and nost preferably 2- 15 amno acids. 10 In this

regard, reference to a "peptide specific" T cel

rAas IS encddvnid, thehdeftiofiehish gookcapied bY a peptide is dsyedmesderred to as a

N I s .induced .a consequence. of. T.c e

N aPrd e S TR R aebsERet LG By EC peptice
BeteFRAbA ﬁﬁ&%@curf‘tﬁrra ?&ﬁiﬁﬂl@meﬁ!ﬁst RcluBR g b%@ﬂt\tﬁ” mtracellular
pol'yclonal °T cel i mul ati on which can occur

rmscwlsﬂng) find aﬂgog@‘mq'mwgh tfe MEG mplscwie s g@rpg(tra@qllulal dehvery of the

erant i mh ch I
SERRAT RSB R PR gL R A PR compriss
CRhtig@fils is¥@lendlot 150 agiitio adiﬂsaﬁloM-l@efeeSjly QGItO&dmna laaels .still more
However, it shoul d be understoo t the "
apelerabic2-39 asung agids ﬁéﬁ%fed?fef@ﬁé’ 5 8HENQ 3 qddﬂ%t greferably 2-

e which results from MHC presentation of a
al%y%rﬁgga&gge to the imrunol ogical specificity which

is prOV|ded by the T cell receptor repert0|re any

ven eis likely to b fically . recognis
At e rcs o & pPhgs Bt food asa T
athe‘ﬂql% oﬁ%illcﬂq{'ﬁﬁﬁcéafas-ﬁ SBYquEARET: ceiPRpRIT int@HRtibOwith a
t currence of certain degrees of crosSreactivity,

i pepltlde-;ﬁﬂﬂ@ct)he)ldm Ahisghiotd leeantrFsted Ifor exagpés VWit fhe extensive

Qi%% &E & osg]%hlg A ggﬁlqnocfrgl?rs soanr%eu ?fdth%gctlons of certain mitogens

U&dﬁlﬁ% nk @hich ﬁb’hl&\!téch cdll ﬁﬁhﬁla‘tﬁcﬁﬁl@;@éﬁ@%f&l@ ciroh@vfiging the
it be a strong, weak, highly specific or cross

reguiréngent ﬁ@rsfﬁ oelb @c)uv,a’gmato 6Pt inga l\gblgcqeﬁtp@tedm@@pq However, it
ﬁqsoﬁf 5 e | rsttcn)% tﬁ&n[fléa’ ﬁegga? E]Q:%lf?CB TPLHSE onb@éﬁetﬂ@ g%@ent invention is

aV|ng resu romthe presentation
P&t ﬂe@bim%-l(?/mdmmlﬁ oo VAT pmedaﬂtatrcencefm meptidé.nDhagt thei n

t nmbodi t f th t .
oL TSR TEN Sl tre Freser L on L
&%ﬁld% AR ¢ ?t)e&t spte@ﬁ%gﬂ)n&cb éhlse@lr(gﬁhe EOnteki oF "éﬁf)ﬂ%ﬁﬂaﬂe hgHC

response of "a given T clone, which results
f presentations by ackiwinial] nuhkesr eﬁif qupkme nﬂowewml@dp tlee occurrence of

RS RBaP L R e Rk Sk slopss could also

eyRaRdedinhlafi &S RABSRNbO 0dh® BREd BRI of such a peptide. It should be
understood that any such T cell response (ie. whether it be a strong, weak, highly specific
or cross reactive response) is a “peptide specific” T cell response in the context of the
present invention due to it having resulted from the presentation of a peptide-MHC
complex to a T cell receptor. In fact, in certain embodiments of the present invention, it
may well be an objective to modify a peptide in accordance with the present teaching in
order to strengthen the weak response of a given T cell clone, which results from
crossreactivity, thereby improving a subject's overall immune response due to effectively
increasing the number of T cell clones which can be expanded in response to a peptide of

interest.
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a T cell is capable of perform ng. For exanple, the
subj ect response nmy be one or nore of proliferation,
differentiation (eg. induction of nenory or effector T
5 cells fromvirgin T cells) or, .other formof cellular
activity such as the productié&gdf cyt oki nes,

upregul ation of -cell surface nol ecul es, rel ease of
cytolytic granules (such as can occur with fully
activated cytotoxic T cells) or intracellular

S5 P BAED I AT Pl 5480 o o

r@s paRsend Whicha T cel BRIcAHbRCbtheslobaing! Foedxpeplt, tHesutgect response

either fully or partially ufr egul ated (eg. .increased

onay be enheriae;of peplipigtipdfdirerentiationee indsHpa pf mgmopsher effector T

T . i .. Lnhi.bi .

Tl PRl R U DD fon o

celbkines pprgaitisred@dellserface mbleulegtrelesseof cytobyticespohssesuch as can

whi ch woul d occur _in response to.the nodi fi.ed form

GRCt Bt S RAAteA TSN I 15) 8 FRFGRILR emalfi R The present
Jent 1%99&?&’[@&"@0 ‘B Suliing” MiSRAE6hsBSmenifLher BB eRpbie to the B-

the physi cal agoni sm or antagoni sm whi ch can occur

bahineewid substitoled papteds i Sitlierfully espaatiatlycudregulaedmgoincreased or

an eptjde- C | ex) but ..ar reference to, th

ARG hSE el = eoRBRCELI LR SR EE ity Feentted (e
IRAGSRH @8 retdb® Hefeil Rifertd DAY “altBYRNSE” oftthel dehl@esponse) relative to
agoni sm or antagoni sm of the response which is induced

i themoture of the cespaise which weulgrasgws isnespensedpiths wanedifiegform of the

a_physi gal oni sm._or t. LSm_bet ) :
oD AR AR URSoL g e o
(Bf@Bhdeo Aed shysi¢bsddohishi @rantdgoafsar abicy cars adadir betewebh two molecules
20 response is T cell activation. The presen

|
i (Puelnes oh cehecepior andpetide A W@@@g“ &< A frmcafo the nature of
. P e e ety . .
nﬁfégf ?r%al\ft {%%paﬁg@%ﬁﬁ is ﬁﬁiﬁﬁtél%r gel D8¢d. TTRR nc?c%& _hl_é@g‘g%)f)@ver, that the

sal conprising contdacting sa
Whgdnisnanr AtEydnigne pf ihd eespongel vebich whindirep épdtde fact due to the creation

conpri ses at_ | east 3- an i d 25 i tut |
O DR SRR R r R L o
a&ﬁ%%gg@&e QIASOR $ulPbf B-AnthCABt subshiton 2PrdMablly Ofid T cell

relati to the CD8+ T cell activation inducible by a
naasponse is T cell activation.

The present invention therefore preferably provides a method of modulating peptide
specific CD8" T cell activation, said method comprising contacting said CD8" T cell with
an MHC I-peptide complex, which peptide comprises at least one B-amino acid
substitution, wherein said f-amino acid substitution induces either agonism or antagonism
of said CD8" T cell activation relative to the CD8" T cell activation inducible by a non-

substituted form of said peptide.

Reference to “induces” should be understood as a reference to the direct or indirect
induction of the subject modulation. Although it is envisaged that the 8-amino acid

substitution described herein will generally directly modulate the nature and extent of the
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"I nduces" should be understood as a reference to the
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nodul ati on. Although it is envisaged that the (3-am no

acid substitution described herein wll generally

directly nodul ate the nature and extent of the WO

2004/ 022084 PCT/ AU2003/ 001150 _-20 signalling which

results fromT cell receptor |@peract|on with the

IVHC- pepti de conplex, it should be understood that in

sone circunstances the subject nodul ati on may occur

i sighalleng Wiich Fesulte frampl ecll reeqten irmteﬁ@n’cm vath the MiACmgptide comple, it

a |d ubst.ituti may result in ation t he
Rt P tortE Syt R By oo ligoay occur

p@aﬁé&eiyy Foﬂﬁﬁﬁﬁ%le,gzeﬁﬁln@oﬁﬁﬁom -afiiotacid sd?cﬁﬁtuﬁblﬂ alaly et in
activities of e cell which is presentin

papdilaiéon ¢frthe pigbiligoelt the pewsideiin sher MHE ¢1ﬂft,ttgérehy pegsibly impacting on
,r:cgf og)r%lz(ﬁﬁ lo}:l’ale fﬁ&& ongﬁacqg}’ﬁeg of @‘Egc'}afé %ﬁuéhr i g}%?%cpfg;}ﬂfs%%pude, in the
Qﬁ@uﬁﬁbﬂgsnﬂ@ﬁﬂﬁbﬂhﬁﬂ&qunﬁpduced or synthetic
regener at ed pol ypeptide or 10 protein which, upon
upt ake or expression within a cell, is subject to

DOPGIMIRGS BSSEAgTot | b ASER fIROIRIL o

| natarally assurtihg, réddnerinattiyyebduced hES}pﬁmﬂC d%matyztddqaod)mpude or

whi ch Iiﬁ’Ot derived froma Ia%ﬂ %g @ e,, such as d

aPToFR BPiPho HPYOIRIHE A CHBICSHRR WHHIICHC S n1SHRICF tp gFocessiig an

' ﬁ%Eé‘l@é’cﬁ)ntcﬁf kesSpdphie P Rints RriREPeESroml & th éé?ﬁla}ﬁ%f @fther MHC
eptides include but are not limted to, peptides

ddamled clase bh mlwmtwabeﬁwepﬁdﬁm@ﬁ babre Wf]lCh is not derived from a larger
Lgﬁ gglic agglph;cgllnl oF gP} )]?eptb ata‘?flélaﬁ ll'll’lst%g Jt lillﬁlg%ncg takes the form of

oggaﬁkhng pr ot ei naceous t oxi ns, enV|ronnentaI

pr ot ei naceous antigens or self nol ecul es (such as
t hose agai nst whi ch autoi mmune responses are 20

dEQ%ﬁ]glgg z)f ]g/é tt1d§411?19fuge B&: #2486 15HAA! ﬁ%ﬂ%@@etﬁ%gjfﬁﬁﬁ proteinaceous

I munogeni ¢ or non- nogenic. In
t ecrmpomhtsmfmmcmrgmg;ml (sugheysbiaciesy, vamgespfungher mﬂngtsetess)ssynthetlcally
of the £resent invention i.s to provide a ne

TR SAHBY BTN RRISET PRy S5 BgBR L g o e ngcsous

antigens or self molecules (such as those against which autoimmune responses are
directed). It should be understood that the subject peptide may be immunogenic or non-
immunogenic. In terms of non-immunogenic peptides, one of the objects of the present
invention is to provide a means of effectively improving immunogenicity by agonising the
response of T cells expressing a TCR directed to that peptide, which T cells would not
ordinarily undergo immunologically significant activation in response to the naturally

occurring form of that peptide.

The peptide which is utilised in accordance with the method of the present invention may
take any suitable form. For example, the peptide may be glycosylated or un-glycosylated,
phosphorylated or dephosphorylated to various degrees and/or may contain a range of
other proteinaceous or non-proteinaceous molecules fused, linked, bound or otherwise

associated with the protein such as amino acids, lipids, carbohydrates or other peptides,
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the naturally 25 occurring formof that peptide. The
peptide which is utilised in accordance with the ,
nmet hod of the present invention may take any suitable
form For exanple, the peptideégay be gl ycosyl ated or
un-gl ycosyl ated, phosphoryl at'eéd "or dephosphoryl at ed

to various degrees and/or may contain a range of 30

ot her protei naceous or non-protei naceous nol ecul es
fpedgebptilésndegoteimound or ot herwi se  associated with the
protein such as am no acids, |ipids, carbohydrates or

ot her peptides, WO 2004/ 022084 PCT/ AU2003/ 001150 -21-
PREYBEPIhARE 1R petcdt &lvestionIntdn9Way! hdflulallP @cdtEnPpRIAAS (and
invention in any way, naturally oCcurring proteins
(thmtfore Hermeptides deered Sistdfthes) ate eompesed hé peftibpjcidy, deing the

conposed of .a-am ng, .acids. bein h n r . o
GRBARY e Rl R i SRO8nlyde el b R feat pgation i
PireaRAkd b ¥EhkihAhgl che o frtilé Bthe d-MMing Wbidh corpiidige @peptide sequence
or nore of the a-am no acids conprising a peptide
swijhefcaminppapidandgpragfaredy .4be aora%?n%%g@fram §eidt he
corresponding (3-amno acid. Preferably the peptide

is derived from 10 (i) a tumour target such as

NYreESahly MdGleptiB\SeriBAGRomRAGE or CAGE family

menbers. (ii) viral targets such as EBV, CwW, HV or

HCV. (iii) tolerogenic epitopes such as MBP, which is

an ant } gt Fﬂarg&l LERLENTCESOOSIC 1, MRGRS BUSHY RISGRIOR CAGE family

e term"amno acid” refers to an a-am no acid or a
(3-am membeisd and may be a L- or D- isoner. The am no

Tabi e Tt el i AN 868U i ng st de-chai n

(a8e TeMrBgchibe)idpks subh@s MMBPOvhigl {schnyigéd Bianil€iple sclerosis.

further su%stltuted in the a-position or the

13-position with a group
As used herein, the term “amino acid” refers to an a-amino acid or a f-amino acid and
may be a L- or D- isomer. The amino acid may have a naturally occurring side chain (see
Table 1 above) or a non-naturally occurring side chain (see Table 2 below). The amino
acid may also be further substituted in the a-position or the B-position with a group
selected from -C1-Cyoalkyl, -Cy-Cipalkenyl, -Co-Cjoalkynyl, «(CH2)sCORy, ~(CH2)uRo,
-PO;H, -(CHp)nheterocyclyl or -(CHy)paryl where Ry is -OH, -NH,, -NHC;-Csalkyl,
-OC;-Csalkyl or -C1-Csalkyl and R, is -OH, -SH, -SC;-Csalkyl, -OC;-Csalkyl,
-C3-Cacycloalkyl, -C3-Cracycloalkenyl, -NH,, -NHC;-Csalkyl or -NHC(C=NH)NH,, n is 0
or an integer from 1 to 10 and where each alkyl, alkenyl, alkynyl, cycloalkyl, cycloalkenyl,
aryl or heterocyclyl group may be substituted with one or more groups selected from -OH,
-NH,, -NHC;-Csalkyl, -OC;-Csalkyl, -SH, -SC;-Csalkyl, -CO,H, -CO,C;-Csalkyl,
-CONH, or -CONHC;-Csalkyl.

The term “ci-amino acid” as used herein, refers to an compound having an amino group
and a carboxyl group in which the amino group and the carboxyl group are separated by a

single carbon atom, the a-carbon atom. An a-amino acid includes naturally occurring and



20 sel ected from-Cl-d oal kyl, -C2-d oal kenyl,
-C2-d oal kynyl, -(CH2)" CORI, -(CH2)"R2, -PQBH,
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-NH2, - NHC1-C3al kyl, -OCl-C3al kyl or -Cl-C3al kyl and

R2 is -OH -SH, -SCl-C3al kyl, -QOC1-C3al kyl,

- C3-Cl2cycl oal kyl , -C3-Cl2cycl oal kenyl, -NH2,

- NHC1- C3al kyl or -NHC(C=NH)NH2,..n is O or an integer

from1l to 10 and where each al'k¥l, al kenyl, al kynyl,
cycl oal kyl, cycl oal kenyl, 25 aryl or heterocyclyl

group may be substituted with one or nore groups

sedrendted]lf ooenrri@eL- ammplztcxds N&qtiile@:ﬁ-lls,@mers angcleriggaydgyhereof such as

?‘f&l é?? R@W%eﬁ?ﬁgnq Igp?il] grgupgrﬁr%gro clt(eg by sgn’tﬁ@é'grot@ctmg groups.

heh &b himih6 h&H SndyCal b RAPRBUNGsthale 3 tHRMH-pHdifAeh FitBUlkroup selected
30 and a carboxyl group in which the anm ho grou

an
tfremcéh@x%lkylgﬁzt@mdkm}d,eﬁafawé@m%é -CHBICOR 8 -l Ddh, -POsH,

é?ﬁﬂ&fﬁ%m&@gf; " ﬁadyl\/@}fgﬁ&gr }%%gg}g, ﬁﬁb %eaiclkyl -0C-Czalkyl
P&TIALEZQA03A &Qﬂﬂ?ﬁ -OHR 2SHOIS (At uIke], -9 Coas sk, NQs-C 12@Y@1&ﬂkyl

aci ds and their D-isoners and derivatives thereof such

aCs-Gmpradoadirengb Nkt Mé@l (wrdled of cMHQ(@nHH)@H@uw Ogrean integer from
LRGP s Yt R E aRERUTELL R, FERHAS oy OB AN I

V\lhétbroaycgybgrpuISﬁia@Q)b aabstitutednvitbnEooalokeygroups selected from -OH, -NH,,

éﬂZng&gﬂky% O? C%l-iﬁhgﬁlér'égy 93§} 5‘1;}&?)1%%92% &Cﬁﬁ%e 1(ONH; or

Rg %13-1'(19'@ &I -NHCI - C3al kyl , -QCI -C3al kyl or
a Icyf1 and R2 is - OH, -SH, - SC1- C3al kyl ,
- OC1- C3al kyl, -C3- ClchcI oal kyl, - C3-Cl2cycl oal kenyl,

-NH2, - NHC1- aIk nis or
| feebe NG o PromiREi GhNE oy foid 3t s from an -
ahﬂﬂb’éad 1‘}13”[?15 QR K Yo vy (@) PRLEE IS s@ﬁa)fétlr%;the carboxyl terminus and the

het erocyc group may e substituted wth one or nore
g amunstemhlas:t Asl stiahg franfhb aciliiHRith h&pedxﬁmdélﬁhmk ghn exist as the R or S

- OCl- C3al kyl , -SH, -SCl-C3al kyl

@E@@Pﬁ%@tl@iﬁhﬂ af s C A) caroa Béﬁé) gashqn, resyltingdpya total of 4

d

B8 D LA PR S B e s ose o
ahgutally dedhrrigglobamindtRid (Sepbit 1 sgveher may bomylside chains of non-
termnus and the 15 amno_term nus. As such, (3-am no
asiiyealiyiachumsing pEdng addsiserTelar helodn: exi st as the R or

20 S

3 3
HZN/Y H2N :
R R
R R
)\/ CO2N /\/ ooan
HoN™ 3 3 HoN™ 3 3

Furthermore, the f-amino acids may have mono-, di-, tri- or tetra-substitution at the C2

and C3 carbon atoms. Mono-substitution may be at the C2 or C3 carbon atom. Di-



enantioners at either of the a (C2) carbon or the (3
(C3) carbon, resulting in a total of 4 possible
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be the sane as those of naturally occurring a-am no
acids (see Table 1 above) or may be the side chains of
non- naturally occurring am no acids (see Table 2
below). 20 3 3 2 CO2H 2 CO2H SN HZN R R R CO2H
CO2H H2N 3 2 H2ZN 3 _. Furtherndre, the (3-am no acids
may have nono-, di-, tri- or tetra-substitution at the

C2 and C3 car bon atons. Mono-substitution nmay_ be at
t wdstiption incBrdes o sbstigsnts pt the® 2@thongyangavo substltuents at the C3

E%Ié(ﬁuégrg%/ %9% %@%ﬁme@a@eﬂa’ggf y UZ%d'd@Céagg% GSatdAS Trl-substltutlon

Uent on ato stituen
aihclubes & sub@ﬂith@ffts at then(Qrcachiol asothand dnesubstithieiat thecﬁi3 carbon atom
the C2 and C3 ca£1 gn atons. Tri-subs |tut| on i&cl des
t Qo BititeeEnRidhe £3 cRtboratqm phen carbon atom.
S’PQ%]Mb hoﬁ‘%r&vtﬂfes%r SR DBRtBL RN RS CQ ‘Q’Qrbéﬂ Q§fn’1 Eﬁ@ﬁossubstltuents
car on atom and one substituent at the
catrtho@3 atbon aforiefnitablupbsiituents oelydle o@t-@e@lliydlrczt-(?\malkenyl

:ﬂgﬁx ia‘hﬂlﬁl{g L3 &thitﬁ%CZ E?g %}é@r@%& 1?V¥§Iiﬂcgclyl or -(CHp)naryl where
SHPfst Druer H§ JNT@CP@%IK}@]—'CQJP@MH%LZ r &&= @aﬂ@'l k@R is -OH, -SH,

- oal’k (CH2 11 - PCBH,
(S@ﬂ’z@ﬁmy t-@Co@s@lkyl, -Os- C{:(C@FLQ?I s Gnéycéoallr:enyi sNHoH,

Rg{lfﬁgl"céf—ﬁﬁ% ﬁﬁﬂ(&é&k@%la@l e?éé%fﬂ &(gﬁ%ﬂ(@ﬁ?ﬂ gﬁcg/nﬂngycloalkyl

- &zl &liey |af2')a|o|r Gyferocy €ISt @bﬂp ﬁ&ly@@skbﬂﬂiﬁkted wlNhlZme b®more groups
- NHC1- C3al | ¢ or -NHCé }—II%NHz and vvhig Ilil,
23HEHA Trom -0y N e G L -Oyeli Bl NGl S tair Gralkgd -COZH,
g-reéacg%éé‘:‘@g%hé&'l, -%NE@Z SRY-gHe RS lihut ed with One or nore

Other suitable B-amino acids include conformationally constrained f-amino acids. Cyclic
B-amino acids are conformationally constrained and are generally not accessible to
enzymatic degradation. Suitable cyclic p-amino acids include, but are not limited to, cis
and frans 2-amino-Cs-Cyo-cycloalkyl-1-carboxylic acids,
2-amino-Cs-Cjo-cycloalkenyl-1-carboxylic acids, 2-amino-norborane-1-carboxylic acids
and their unsaturated carboxylic acid examples of suitable conformationally constrained -
amino acids include 2-aminocyclopropyl carboxylic acids, 2-aminocyclobutyl and
cyclobutenyl carboxylic acids, 2-aminocyclopentyl and cyclopentenyl carboxylic acids,
2-aminocyclohexyl and cyclohexenyl carboxylic acids and 2-amino-norbornane carboxylic

acids and tropane amino acids and their derivatives, some of which are shown below:



selected from-0OH -NH2, -NHCLl-C3al kyl, -QOCl-C3allcyl,

-SH, -SCl-C3allcyl, -CO2H, -CX2C1-C3allcyl, -CONH2 or
woCuMKe208€3al kyl . 15 Ot her suitabl e a-am no acPds/AU2003/001150

i ncl ude conformationally constrained (3-am no acids.

Cyclic (3-amno_acids are conformationally

constrained and are generally not accessible to

enzymati c degradation. Sui tabl_e24c_ycl ic (3-am no acids

include, but are not |imted to, cis and trans

2- am no- C3- C10-cycl oal kyl -1 -carboxylic acids,
2- am no- C3- C10- cycl oal kenyl - | - car boxyl i ¢ aci ds, COH
2- am no- nor horane- Qr oxylic acids 20 ard ch z

conformatiopally ¢onstrained (3- am no acids ijncl ude
igar boxylic acids, 2-ampng obut yl
and cycl obut enyl caMboxylic acids, 2-am nocycl op¥tt yl
and cycl opentenyl carboxylic acids, 2-am nocycl ohexyl
and cycl ohexenyl carboxylic acids and

2- am no- nor bor nane car boxylic acids and tropane am no
acids and their deriyatives, some of which are shewn

bel ow. 25 W 225084 PCT/ AU2003/ 001150 2 420
CO2H '//N C02H CO2H NH2 NH2 NH2
NH2 CO2H Cp 2 Alzlr N2 HNN
KON NH,
COH CO,H
NH,
NH,
CO,H CO,H
/ NH, /
NH,
H
H N N
N

CO,H

COzH COH
COLH \

Suitable derivatives of B-amino acids include salts and may have functional groups

ZT

5 protected by suitable protecting groups.



H COZH N 4 CO2H N CO2H COZH Suitabl e derivatives of

(3-am no acids include salts and nay have functiona
wQnroeudp284 pr ot ect ed by suitabl e protecting gr oROT/AUNMD3/001150

2004/ 022084 PCT/ AU2003/ 001150 -25 The term

"non-naturally occurring am no acid" as used herein,

refers to amno acids having a side chain that does

not occur in the naturally occg ring L-a-am no acids.

Exanpl es of non-natural am no |ds and derivatives

include, but are not Iimted to, use of norleucine,

4-am no butyric acid,

AL rgertemo - @gmy@tumﬂyngcmggymggﬁcah ‘Fisasedheteingrefers to amino acids

gﬁg?%na&qg%a%gn ﬁj&f &(i)ets moﬁ%but ﬁ-ﬂ,tg%\ém i o%%r‘rﬁ%lg & amino acids.

4e IR AEs G IIN@ N £nifB bbb H&P&&Mﬁﬁesﬁﬁélﬂde Dut feidy limited to, use of
al anine and/or D-isoners of amno acids. A list of

umnbuunalﬁl amined Ui aksid, Haaminay3-nalrerse s phemdpaitanaisacid,

© RT3 O A VRROE JBAER s

Qﬂd@uno% ih?‘ﬂfd)&yiﬁcméth@mepﬁn@@IadldﬂE-alliIEJﬁbd hitnjtrel amdac iDlisdhigrs of amino
L- N- et hyl al ani ne_Nmal a , a- am no- a- neég | buty

Mgadsu A Liptofenpgirel gmMoRIdS R ERaYDA 1SR i(;eqeald.s éﬁ Q¥ in Table 2.

Cpro L-N-net hyl asparagi ne Nmasn 10 car boxyl ate

L- N-net hyl aspartic acid Nmasp am noi sobutyric acid

Ai b L-N-nethyl cysteine Nntys am nonorbornyl- Norb

L- N- et hyl gl ut am ne Nngln carboxyl ate

L- N- et hyl gl utam ¢ acid Nngl u



cycl ohexyl al ani ne Chexa L-N-nethyl histidine Nmhis 15
cycl opentyl al ani ne Cpen L-N-nethylisolleucine Nmle

wOrel4an208¢ Dal L- N-net hyl | euci ne Nml eu D ar gi RCTIRAURSI3®01150
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L-N-nmethyl lysine NmMys D-aspartic acid Dasp

L- N- net hyl met hi oni ne Nmmet D-cystei ne Dcys

L- N- et hyl norl euci ne Nml e 20 D-gl utam ne Dgln
L- N- net hyl norval i ne Nrmva Dgl2 tam c acid Dglu
L- N- et hyl orni t hi ne Nnorn D hi §t"i di ne Dhis

L- N- met hyl phenyl al ani ne Nnphe D-isoleucine Dile
L-N-nmet hyl proline Nnmpro D-leucine D eu

L- N-net hyl serine Nmser 25 D-TABILXe2 Dl ys

L- N- et hyl t hr eoni ne Nnt hr  D- net hi oni ne Dmret

L- N-net hyl tryptophan Nntrp D-ornithine Dorn

L-N-net hyl tyrosi ne Nmtyr D-phenyl al ani ne Dphe

A TRy ol yo! neoKimet g S0V SHFHE B er Code

LiNngeeiQy! -t - but yl gl yci ne Ni nt baglino Btitthr eoni ne Dt hr

L-norleucine NNe D-tryptophan Dtrp L-norvaline Nva WD

2004/022084 PCT/ AlU2003/.001150 =27 D-tyrosine Dtyr

e

ax-amitoyd-opthybhiexste al aMigatsr Mchexb-N-Dethylaeginiae ar gi ni ne Nmarg

L

Manegxylal- a- net hyl aspart at e Drasp-Naawttylgpgpenaad | | ami ne  Nmasp

Natfgigoisobutyric acid Aib L-N-methylcysteine Nmecys
aminonorbornyl- Norb L-N-methylglutamine Nmgln
carboxylate L-N-methylglutamic acid Nmglu
cyclohexylalanine Chexa L-N-methylhistidine Nmbhis
cyclopentylalanine Cpen L-N-methylisolleucine Nmile
D-alanine Dal L-N-methylleucine Nmleu
D-arginine Darg L-N-methyllysine Nmlys
D-aspartic acid Dasp L-N-methylmethionine Nmmet
D-cysteine Dcys L-N-methylnorleucine Nmnle
D-glutamine Dgln L-N-methylnorvaline Nmnva
D-glutamic acid Dglu L-N-methylornithine Nmorn
D-histidine Dhis L-N-methylphenylalanine Nmphe
D-isoleucine Dile L-N-methylproline Nmpro
D-leucine Dleu L-N-methylserine Nmser
D-lysine Dlys L-N-methylthreonine Nmthr
D-methionine Dmet L-N-methyltryptophan Nmtrp
D-ornithine Dorn L-N-methyltyrosine Nmtyr
D-phenylalanine Dphe L-N-methylvaline Nmval
D-proline Dpro L-N-methylethylglycine Nmetg
D-serine Dser L-N-methyl-t-butylglycine Nmtbug
D-threonine Dthr L-norleucine Nle
D-tryptophan Dtrp L-norvaline Nva



D a- net hyl cyst ei ne Dntys N-(4-aini nobutyl)glycine Nglu
D-a-inethyl glutainine Drgln N-(2-arinoethyl)glycine

wolaeg/028a- met hyl hi sti di ne Drhi s PCT/AU2003/001150
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N- ( 3- am nopropyl ) gl ycine Norn 10 D a-inethylisol euci ne
Dmil e N-am no-a-rethyl butyrate Nmaabu

D a- et hyl | euci ne DMl eu a- napt hyl al ani ne Anap

D-a-net hyl I ysi ne DmMys N benzyl gl yci ne Nphe

D a- net hyl met hi oni ne Dnmret N (%— car banyl et hyl ) gl yci ne
Ngl n  D-a-nethyl ornithine Dhorn

N- (car banmyl nmet hyl ) gl yci ne Nasn 15

DP-4wpsiee hyl phenyl al anPi¥é Dnphe o-methyl-aminoisobutyrate Maib
[ arboxyet hyl') gl ygi.fie Ngl u , P.ar Bt hhRLekd ne Meab
%rg%&el\l-(car boxymet hy % yci ne 0LI\Ias‘?py D-a-net hyl serine st

Disenethylalralnebut yl gl yRinake Ncbut e-mBthylayelohstyidianéeni ne Mchexa
hr cycl.oheptyl gl xci ne Nche - r ypt ophan
%“f‘i}eﬁg:&léygﬂl%exyl gl y%ﬁ%%g I\bhex&)'%@g?cgﬁ% n%{}ﬁ%l%]taé%y ne Mepen
DotoymdhoMsiaegary| gl ychaasiNcdec o-Rethyiretdaythylalanive Dnval — Manap
N- cyl cododecyl gl yci ne_Ncdod D-N-net hyl al ani.ne Dnmal a
Ny RFEBRERAEIey ci ne NEB@EP D N%B}%F%P’ﬁflﬁfrﬂ%e_ Dnnar g Mpen
hle%EtﬁR{C?ﬂthl ycine Dapyp D NNBhLivhdssdppginee Nglu
Dnmasn cycl oundecyl gl yci ne Ncund 25 .
Dr-meb g Gapaet at o Difglp  N-(-aminoethyDglycine Naeg

%%;}éth%hﬁ’sgiﬂ%}él et hyl )Phl\ﬁfsi ne Nbﬁlts-a%%kg@ngiyem%t eine  Normn

di phenyl propyl ) gl yci ne
D> -methijidodgugingi ni ne Drmigl n N-amino-a-methylbutyrate Nmaabu
R EoDT DY) AL e N R 01 vt amat e s
DoN-nethpitydhiest | di ne Dbnflyss N- ((h)elreoxyiglydiyé ) ) gl yci ne Nphe
Derneba R pPBERy 1)) oPy o, Nl N CERREmREYDEbne N
Dprd-guthiodthimdol Y1 yeDiokn gl yci Neca¥bimhfmethyl)glycine Nasn
P B e T e T SIS g
DhN- ARty sREehi oni ne Baipet N-(carboxymethyl)glycine Nasp
D-o-methylserine Dmser N-cyclobutylglycine Ncbut
D-a-methylthreonine ‘Dmthr N-cycloheptylglycine Nchep
D-a-methyltryptophan Dmtrp N-cyclohexylglycine Nchex
D-a-methyltyrosine Dmty N-cyclodecylglycine Ncdec
D-a-methylvaline Dmval N-cylcododecylglycine Ncdod
D-N-methylalanine Dnmala N-cyclooctylglycine Ncoct
D-N-methylarginine Dnmarg N-cyclopropylglycine Nepro
D-N-methylasparagine Dnmasn N-cycloundecylglycine Ncund
D-N-methylaspartate Dnmasp N-(2,2-diphenylethyl)glycine Nbhm
D-N-methylcysteine Dnmcys N-(3,3-diphenylpropyl)glycine Nbhe
D-N-methylglutamine Dnmgln N-(3-guanidinopropyl)glycine Narg
D-N-methylglutamate Dnmglu N-(1-hydroxyethyl)glycine Nthr
D-N-methylhistidine Dnmbhis N-(hydroxyethyl))glycine Nser
D-N-methylisoleucine Dnmile N-(imidazolylethyl))glycine Nhis
D-N-methylleucine Dnmleu N-(3-indolylyethyl)glycine Nhtrp
D-N-methyllysine Dnmlys N-methyl-y-aminobutyrate Nmgabu

N-methylcyclohexylalanine  Nmchexa D-N-methylmethionine Dnmmet
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WD 2004/ 022084 PCT/ AU2003/ 001150 -28
D- N- et hyl or ni t hi ne Dnnorn N-net hyl cycl opent yl al ani ne

Dnnphe N-inet hyl ari noi sobutyrate Nmai b

D- N-net hyl proline Dnnpro N (1-nethyl propyl)glycine

Nil e D-N-net hyl seri ne Dnnser 5

N- ( 2- et hyl propyl ) gl yci ne N eu N- net hyl t hr eoni ne

Dnnt hr  D- N-net hyl t rypt ophan DA trp

N- (1- net hyl et hyl ) gl yci ne Nval D N-nethyltyrosine

Dnntyr N-net hyl - napt hyl al ani ne _Nmana .

D-N-metipinithitene Dn QR et hyl- H@ﬂWEqYF]IOH?ﬁtﬂ@aN%en

gic acid N-(p g i ne

ﬁmﬂ}%&ﬁ/t but yl gl ﬁ%?ne Tbug%ﬁlgﬁ?ﬁgﬁe%%%éﬂim ne

mémthylaimnchgdbgtwm ne I‘Etlgb pe ni c i D-Namethglprdime

R DR VP L et e BRI e
|N-@2 Hﬁfﬂywr@}@ﬂ))grybﬁfee N@lﬁﬁ) L- a- maEd-Npnethyblueydigd yci ne

R R A T

Yo NImethyRorb@hdy| hi st iplidgr: Mi s N—meth l-napthylalanine
L- a- met P{ﬁ? honmophenyl al arﬁt?ne Mhphe yenapty

ID-A-methilypiirsol euci ne el N- ( 2-NratetipilReRi by ) gl yci ne
%}tunolkhgr (ﬂyl | eucigg,yM eu L %&M&}@ﬁ@l‘lﬂ%l}%ﬁés 20

i oni ne Vet L-a- neth nor1 euci ne
H:—&bmtetgjwimor val i ne Miwg L-a- w@ﬂiﬁ&l'llm%b&tl}gﬂ}ﬁ@el\/brn

i SthP‘r@E}hyl phenyl al anl l\/phe Lﬁpﬁﬁfa%@f ol ine Mro

seri ne I\/Ber -a-neth reoni ne M hr
L--Bemephey)lblayint ophan H@hep L-a- rﬁeuhyéthyylalamme Myr 25

Mﬁﬂ(’élﬁglg}{l?rllel ne Mal argN met hy]{ oons y }a%{n%m ne

L-a-methylaspartate Masp L-a-methyl-t-butylglycine
L-a-methylcysteine Mcys L-methylethylglycine
L-o~methylglutamine Mgln L-a-methylglutamate
L-o-methylhistidine Mhis L-a~-methylhomophenylalanine
L-a-methylisoleucine Mile N-(2-methylthioethyl)glycine
L-a-methylleucine Mleu L-o-methyllysine
L-o~-methylmethionine Mmet L-a~-methylnorleucine
L-o-methylnorvaline Mnva L-a-methylornithine
L-o-methylphenylalanine Mphe L-a-methylproline
L-a-methylserine Mser L-a-methylthreonine
L-a-methyltryptophan Mtrp L-a-methyltyrosine
L-a-methylvaline Mval L-N-methylhomophenylalanine
N-(N-(2,2-diphenylethyl) Nnbhm N-(N-(3,3-diphenylpropyl)
carbamylmethyl)glycine carbamylmethyl)glycine

1-carboxy-1-(2,2-diphenyl- ~ Nmbc

ethylamino)cyclopropane

wolrog@208N- met hyl gl yci ne Nal a D- N- net hyl phenyl aCanitne3/001150

Nmcpen
Dnmphe
Dnmpro
Dnmser
Dnmthr
Nval
Nmanap
Nmpen
Nhtyr
Ncys
Pen
Mala
Masn
Mtbug
Metg
Mglu
Mhphe
Nmet
Mlys
Mnle
Morn
Mpro
Mthr
Mtyr
Nmhphe
Nnbhe




N-(N-(2, 2-di phenyl et hyl ) Nnbhm
N-(N- (3, 3-di phenyl propyl) Nnbhe

woanhaayiswet hyl ) gl yci ne car banyl net hyl ) gl yci nePCT/AU2003/001150
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1- car boxy- 1- (2, 2-di phenyl - Nnmbc

et hyl am no) cycl opropane 30 WO 2004/ 022084

PCT/ AU2003/ 001150 -29 The tern1"a|ky|" as used herein
refers to straight chain or agched hydr ocar bon

groups. Suitable alkyl groups“’nclude, but are not

limted to nethyl, ethyl, propyl, isopropyl, butyl,

i sobutyl, pentyl, hexyl, heptyl, octyl, nonyl and

dewyterm ff@ikyle)@aﬁﬁﬁdélef@l refgltR yiraight cham qr@rmwéﬁ%bydrocarbon groups.

n
SUBH R DA RSBGPS ooyt b,
UBSHRIA! gér@g héwtl rh@p@z[ tmtyl OGfoaypandcduat/iai Hur egaraple, Or-Cratky refers to
doubl e nds. Suitable al kenyl groups include, but
anethiibethyl presd ardisepoeRy| | propenyl, isopropenyl,
but enyl, pentenyl, hexenyl, heptenyl, octenyl,
nonenyl and decenyl. 10 The term "al kynyl" as used
HElieeterm Falkemnd” houset hateghtefarb &i sirapght lBhainohbrinched unsaturated

SpopLuret e Mk ocarbeD, groues, CoRLal A, ROR S P S

ai'h@luﬁ@ tbult b0 J R findifRd € QM@IY}JI prBfSéh@/Y Qé’dproﬂéﬂw B}zﬁenyl peantenyl hexenyl,

pentynyl, hexynyl, heptynyl, ocfynyl, =~ nonyny
dﬁm%mwlocmﬁynhemﬂwimxiﬁvwmdalIcyI" as used hereln
refers to cyclic hydrocarbon groups. Suitable
cycloall cyl groups include, but are not limted to,

C’Yl@é RBH RNy nyle %S Lis¥aUieydin refyis kO Reas! chaanh‘ bkalBxyinsaturated

ohepty cycl ooctyl, cyclonanyl ycl adecyl
%@rwﬁm&pu@r@ma@;@g EvEYTE tr1pé bonds Suitable alkynyl groups include,

but are not limited to ethynyl, propynyl, butynyl, pentynyl, hexynyl, heptynyl, octynyl,
nonynyl and decynyl.

The term “cycloalkyl” as used herein, refers to cyclic hydrocarbon groups. Suitable
cycloalkyl groups include, but are not limited to, cyclopropyl, cyclobutyl, cyclopentyl,
cyclohexyl, cycloheptyl, cyclooctyl, cyclononyl, cyclodecyl, cycloundecyl and
cyclododecyl.

The term “cycloalkenyl” as used herein, refers to cyclic unsaturated hydrocarbon groups
having at least one double bond in the ring. Suitable cycloalkenyl groups include, but are
not limited to cyclopropenyl, cyclobutenyl, cyclopentenyl, cyclohexenyl, cycloheptenyl,

cyclooctenyl, cyclononenyl, cyclodecenyl, cycloundecenyl and cyclododecenyl.

The term “heterocyclyl” as used herein refers to 5 or 6 membered cyclic hydrocarbon
groups in which at least one carbon atom has been replaced by N, O or S. Optionally, the
heterocyclyl group may be fused to a phenyl ring. Suitable heterocyclyl groups include,
but are not limited to pyrrolidinyl, piperidinyl, pyrrolyl, thiophenyl, furanyl, oxazolyl,
imidazolyl, thiazolyl, isoxazolyl, pyrazolyl, isothiazolyl, pyridinyl, quinolinyl,
isoquinolinyl, indolyl, benzofuranyl, benzothiophenyl, oxadiazolyl, tetrazolyl, triazolyl and



The term "cycl oal kenyl " as used herein, refers to
cyclic unsaturated hydrocarbon groups having at | east

woneoddoriske bond in the ring. Suitable cycl oal RemAU2003/001150
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groups include, but are not limted to cycl opropenyl,

cycl obut enyl, cycl opentenyl, cycl ohexenyl,

cycl oheptenyl, cycl ooctenyl, cycl ononenyl,

cycl odecenyl, cycl oundecenyl 38 cycl ododecenyl . 25

The tern1"heterocyc|y|" as uséd-herein refers to 5 or

6 nmenbered cyclic hydrocarbon groups in which at

| east one carbon atom has been replaced by N, 0 or S
Qutinodiayl.y, the heterocyclyl group may be fused to a

phenyl ring. Suitable heterocyclyl groups include,

but are not Iimted to pyrrolidinyl, piperidinyl,

mHert@ﬂni/ {ary s QpdEtbin, febdratyC-Caxaamhiyd hyddearbon groups, for example
i m dazol y? t hi azol yl, isoxazolyl, pyrazolyl,
inhenylicadaephthyloyr i di nyl , quinolinyl, isoquinolinyl,

i ndol yl, benzof uranyl, benzothiophenyl, oxadi azol yl ,
tetrazolyl, triazolyl and WO 2004/ 022084

REWIIALIZO 03 160 EAiS& thatfle compouriddiof ﬁdrmu]l'ah(é) pcssms 'aasrrymétric centres

g\?]éé;%etd ep e(;lglég ! e%fe rxgqutélg);p mégﬁcat?ﬁ.gr o? llfe%lsg {10 Oﬂie invention

hﬁé)al?c?reﬁeﬁg%ryoﬁﬁguﬁ&q}l shib\gartal1P Bh'x'%q%rﬁéncf formnat @ne( dr)more

possess asymmetric centres and are therefore capabl e
oa‘symmaﬂm a:@tnem egmgreawhﬂman obent S0%r ep S@J}W@ rabeutfagfmer e ec or greater
|on Lo conp

{?tqea"llsl Véif)%ﬁré‘l% %Trgﬁiél?ﬁ Cifl%}iaf%elgtl ﬁcg g5, ther theleof Such isomers may

%ymhﬂy 6c&@ithd 85mBPbe gﬁb&@ﬂ B aEMeﬂh@yhthQﬁ%fﬁﬁexample using
such as about 95% or 97% ee or greater 10 than 99% ee,

achimblnteramsdiatost errtyschirahteselgtiog racem ¢ i xt ures,

thereof. Such isoners may be naturally occurring or

may be prepared by asynmetric synthesis, for exanple

UA B@ail&hhdraihbéfbies thivatktaddfor tinr prbgent iveationrie poididatedron replacing

As detail ed herei nbefore, hod for the present

i o erforra Rt pRY PRt re%r@éan%a@gbq%@? Hamdf@fffﬁﬁfeg @?ﬁ?of

a&% eg{)](ﬁld(?ﬁ R4t SThAAndR Q&gOfAcE(g}ﬁl Ot dRn6d tol‘BhBNiB/Ing” should

th %orrespon i ng orm of at am no acid.

Abecmdérsn@icyas aefeeeren dethiorepbgtratittenentn glovetven itghould be understood
that although it is preferable that a given a-amino acid be replaced with the B form of that
particular amino acid, it may be possible to achieve the same functional outcome by
conservatively substituting the subject a-amino acid with a different amino acid, albeit in
B-amino acid form. Methods of determining suitable conservative substitutions would be

well known to those of skill in the art and could be performed as a matter of routine

procedure.

Typical conservative amino acid substitutions include, but are not limited to, those detailed

in Table 3, below:

TABLE 3
Suitable residues for amino acid substitutions
Original a-amino acid Residue Exemplary B-amino acid Substitutions

Ala Ser




be understood as a reference to this replacenent
event. However, it should be understood that although
worodg28ef er abl e that a given a-am no aci d bercepltaeB®1150
with the (3 formof that particular amno acid, it
may be possible to achieve the sane functional outcone
by 20 conservatively substituting the subject a-am no
acid with a different am no aC|3ﬂ albeit in (3-amno
acid form Mthods of determ ni'ng suitable
conservative substitutions would be well known to
t hose of Skl|| in the art ‘and could be perfornmed as a
ginal d-pe Refiidue 25 Exgmplany Baonseasid Sibssitutions
am no acid substl ut| ons include, but are n(ét)é; imted
to, those detail €d®in Table 3, bel ow TABL
Sui t abl e resi duesA§rpr am no acid substitutiGasHis
Oiginal a-am no acid Residue Exenplary 13-am no acid
Substitutions Al4sSer WO 2004/ 022084 Glu
PCT/ AU2003/ 001150, 31 Original a-am no aci g, Resi due
Exenpl ary P-am no %m d Substitutions Arg Lys Asn
G@n; Hs Asp Qu Gliys Ser G n Asn Gdu Ala A8y Pro
g?‘Aanu dn IIeGhleu, Val Leu Il e; Val LyilaArg,

Gly Pro

His Asn; Gln
Ile Leu; Val
Leu Ile; Val
Lys Arg; Gln; Glu
Met Leu; Ile
Phe Met; Leu; Tyr
Ser Thr

Thr Ser

Trp Tyr

Tyr Trp; Phe
Val \ Ile; Leu

Any number of the a-amino acids comprising a peptide of interest may be substituted by
the corresponding B-amino acid. As few as one amino acid or up to all subject amino acids
may be substituted, although it is anticipated that the number of substitution events will lie

5 midway between these figures. In light of the teachings provided herein (both in terms of
the means of generating a panel of substituted peptides for testing and the in vitro testing
methodology described herein), the person of skill in the art could now, as a matter of
routine procedure, determine the nature of the substitutions which are required to be made
in order to achieve the objectives of the present invention. For example, most of the

10 common MHC alleles are now known and have been the subject of x-ray crystallographic

analysis. Accordingly, identifying potential anchor positions and effecting substitutions

thereof can be routinely elucidated. Even to the extent that some MHC alleles are not



Met Leu; Ile Phe Met; Leu; Tyr Ser Thr Thr Ser Trp
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substituted by the corresponding 0-am no acid. As few
as one amino acid or up to all subject am no acids

may be substituted, although it is anticipated that

t he nunber of substitution events will lie 5 m dway

bet ween these figures. In Iigﬁg of the teachings
provided herein (both in terns of the neans of
generating a panel of substituted peptides for test|:§
amdrehfhyeknwww it teomg eSthein ghreefétrmmd@ln@lga}mé@lsfc rtlnqu@@hmque of pool
her ei n t he person of

etieeie P Pt S BBt ety [anES s Bl Bchoring

gj ositBs %FQ%EﬁtIdétdf Qlﬁ%re\é‘d" | P Sdq@erc@ittisraagkll indud teldeque which
ger to achieve the objectives of the present

i prowides tom thq:mab@;saﬁgp@enﬁ@gﬁ a yimbasof epitepsiivbichNaied a given MHC
quJre eyt%grreég Fgﬁﬁﬁlgér lgep}‘]ﬁgnt%&ugﬁ\é? c&%&%&% g‘g)gﬂj qjln%&jinsq;f determining the

ana

| Remtof WO Fle e tvhadh gief10epiEs binds, rthera racb mrfdam mathods known to
substitutions thereof can be routi P % £H0|date
80

ihese afskilhin thy pi phighprovids iy thigdegiif i Rgculy MHC

4
2SR LA 2yt st i
t €abi These afetipds Ismmqulmmt mely pn v ldwlaigecnﬁ thirae-dimensional MHC

thod of t hel i
BRICRTem g QI O ST oL il BSor g JEG NG g iLin the art
an\gfle théf%@i’l\ﬁafeea%gfﬁpgﬂd% "F\'t‘élp(floné%rf&\/ 4 8R8n ESIfope interest or,

SIS sequence of a nunber of epitopes which
baltmin'cmvglyv whewrm &pitapt bascbeeh shasiyytoegeabiaterag ipgune response in a

ebnécla;nfﬂ t Ia?c%]é %E)Plgl]aﬁglggusc %eggmrapblt & E%ngﬁucleal cells in order to

eﬂia‘lﬁ@ @mﬁhﬁ@ Zell bdapoisiRMesss brhds totofmti0dell i@%p&m’sntdness In this
those of skill in the art which provide for the
i thgand; ftishould be vplersiged Hhat atthaueh thaupesent invention is exemplified utilising

an ovalbumin peptide-MHC I model, this is not intended as a limitation on the broad
application of this invention. Rather, the teachings provided herein now facilitate the
application of this invention in relation to any peptide which is presentable to T cells by

MHC and, in particular, MHC I presented peptides.

Without limiting the present invention to any one theory or mode of action, the inventors
have determined that substituting the MHC anchor residues of a given peptide is a
particularly preferred means of modulating a T cell response. In this regard, it is thought
that although the MHC anchor residues do not directly interact with the T cell receptor,
substitution of these residues with their § amino acid counterparts results in a certain
degree of conformational change which is thought to then impact on the T cell receptor
related signalling. Further, in another preferred embodiment, the subject residues which

are substituted in a given peptide of interest correspond to the solvent exposed residues.

However, in light of the teachings and principles provided herein, means for determining

and designing appropriate peptides to achieve the object of the present invention would be
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of three-dinmensional MHC 10 structures. In terns of
the analysis of T cell responsiveness, the person of

skill in the art may either generate appropriate T
cell clones for a given epltopg3 i nterest or,
alternatively, where an epitop has been shown to

generate an i mmune response in a subject, isolate a
cell population such as the peripheral bl ood

niometiercifeatingairpesdire a@ldd@@lud% bup#g myTslerlmt?#ﬂsm appligption of the
r fegilg 0ns) aysgaﬁrg z%mcﬁ%# VQCSCI r &t ?ra%d-ﬁ“ %ﬁ hco L%n CPOE)%

under st ood t hat aIthough the present |nvent|on IS
exenpllfled utilising an oval bum n pept

. | '
btie! , the Mo § celbelons arliies Leelbtr w4 | C>6 Kipfgroduction as a
broad ., .apgl cﬁafcg@fégah%ntaﬂﬂ? del\ gp\t/a{ti%ﬁ Sﬁﬁflﬁearssayg BEist for immune

teachlngs provi ereln now facilitate
appl i clghiphncydés fohisgle¢memelytipbmoile €§5t|ohm|e@mdlmt16m;ﬁ g IL-1,

' par ENEEERS. TNETO MOEnt AN TEopERt bEasSbseqpy R iluar cytokine

limti ﬁ&ﬂ@l@gﬁﬁﬁmA 58408 bh B6LchBurd RYpPRRarkt ) §B6t¥inQhicro-arrays,
node of action, the inventors have J%tern1ned hat

subst | ELESpoty or hisinpibicasedyo suchaslbiesngtivecali lnes CTLL
peptide is a particularly preferred neans of
nmodul ating a T cell response. In this regard, it is

t ipughLymbhetyteddivatiehcdngsMdGsssdity pr@ﬁfddaiﬁ)ﬁ Whgnetake of
dlrectly Interact with the T cell receptor

subst i tadialehel GreRESwmidior ge shrpopherafichs M‘Ho aci d
counterparts results in a certain degree of

conformati onal change which is thought to then inpact
oiii} he[nTvth@hdtivlitgeﬁﬁTamﬂgerlrmbmimﬁos tagiyalpghboges ¢anraldodre, measured by in

i oh Vi €T SO °d1'an”éf@d@a%§§psin%8£f“tdﬁﬁ?é?@%fedfrceﬂs
corresgg% @gngpgﬁﬁgh?ent exposed resi dues.

Howeve n l'ight of the teachings and pr|n0|ples
prOV|ded herein, means for determning and de3|gn|ng

af gg en u%{ﬂe}}ég& F glﬁglg%% {1&% g@% é%ﬂ%ﬁ%%ﬁ%seg I‘or example) can be

F’CT I AUZRRBhODLERO HI AR gBE nEe Rith HiRLsb4I@ 1igfe@@BoNY & by in vitro
and include, but are not |limted to, application_of

the f slinoiatiogobbwagsPBisdhsipe s1onoare Peréveddendiitig cellsgas APC for
T cellr{%&g%nltlon)

The B-amino acid peptides of the present invention may be prepared by using the methods
depicted or described herein or known in the art. It will be understood that minor
modifications to methods described herein or known in the art may be required to
synthesize particular b-amino acid compounds. General synthetic procedures applicable to
synthesis of compounds may be found in standard references such as Comprehensive
Organic Transformations, R. C. Larock, 1989, VCH publishers and Advanced Organic
Chemistry, J. March, 4™ Edition (1992), Wiley InterScience, and references therein. It will
also be recognised that certain reactive groups may require protection and deprotection

during the synthetic process preparing p-amino acids or peptides containing them.



(i) the use of T cell clones or lines, T cel
hybri domas and cytoki ne production as a 5 read out of
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exi st for immune |ynphocytes for spleen or |ynph

node. Cytokine production, e.g. IL-1, [|FN gamm,

TNF- al pha, M P, RANTES) can be assessed by

i ntracel | ul ar cytoki ne stalnlgg (1CS), ELISA assays

on co-cul ture supernatants, tein mcro-arrays,

ELI Spot, or using a bioassay, such as IL-2 sensitive

cell lines CTLL. 10 (ii) hocyte activation can
SFutablpepratestng e cwrcﬁmmg thedsdhr igastivg fupatipral gpups are known in
tﬁd Iéﬁd%bel ?n(lﬁ)e%]l Prcﬁeétt%r& ?bﬁﬁ%z or 5@1%'32}91%95?9% &F. §lEeR & P. Wutz,

VI'vVo - ac

ProBs emil ey &or 6" IRdiEg @999eealdoanma \dend bl mmzu Semthbxys, Tohn Jones,
15 vivo CTL assays or proliferation of adoptively

t Pufpsd Seicaer m@m%e@‘@ T cells (Lyons-Parish

anal ysis). (iv) Humani sed responses (i.e. HLA

A2-restricted responses for exanple) can be exam ned
U[S-laﬁgnd‘&didi hamgo®eiRCside cieimiionp bh€2 m&y?prépasdde\mﬂaﬂmmemphﬁed

by in vitro 20 stimulation of hupan PB

ngﬁlﬂ@tﬂ} neetlpst dopictediargheme & Suitalle sggmappateripls Can be Cﬂ’qamed
| n RER 1 t he present
|%%%%”&%%Wﬁggﬁgéﬁggggggggﬁg%1u5|ngqt éﬁaethods

depi cted or described herein or known in the art. It
will be derstood that m nor 25 nodifications tsg,b

nmet hods scri bed herein or known in the art maybe
required to synthesibenzplaminecul ar b-anmi ng acid

>~ Cener al ynthetrt*proc@ﬂuggi/aﬁ I|ca to
synthegis of~goyplaynds nay be found stan CO,CH3

references such as Conprehensive O ganic
Transformations, R C. Larock, 1989, VCH publjshers

and Advanced Organic Chem stry, J. March, 4th Edition
(1992), Wley InterScience, and references th 5@&&xo&&ﬁon

will 30 also be recognised that certain react|ve
groups nmay require protection and deprotectio duri ng
the synthetic process preparing (3-am no aci or

pepti des containing them WD 2004/022084
PCT/AUZOOS/OOl%?O -34 R

Carboxy deprotection
H,oN - HoN
CO.H CO,CH3

Scheme 1

B-amino acids having the R side chain group at C3 may be prepared with the exemplified
general method depicted in Scheme 2. Suitable starting materials can be obtained

commercially or prepared using methods known in the art.



Sui tabl e protecting and deprotecting nmethods for

reactive functional groups are known in the art, for
wexenphzsin Protective Groups in Oganic Synt heeTaU2d03/001150

W Geen & P. Witz, John Wley & Son, 3rd Edition,

1999 and Ami no Acid and Peptide Synthesis, John Jones,

Oxford Science Publications, 1992. 5 (3-am no acids

having the R side chain group % C2 may be prepared

with the exenplified general method depicted in

Schenme 1. Suitable starting materials can be obtai ned

comercially or prepared using nethods known in the

art. R R benzylamne H Ph N CRCH3 CO2CH3

N—deprot ct ion CB ?HCar boxy deprotection H2ZN H2N CO2H

S abemrylaaghels h%t he R si de CO,CH;

chal group at C3 may b_m th xenp i ed

general nethod depicted in Schene 2 SuitaHl e starting

materials can be obtained comercially or prepared

usi ng nmet hods known in the art. 15 WO 2004/ 02084
PCT/ AU2003/ 001150 - 35 R CO2CH3 benzylam ng CO CH
RPh N2 s N-deprotection
Y
R R
Carboxy deprotection
CO,H — CO,CHg
HoN H,N
Scheme 2

Alternatively, B-amino acids having the R side chain group at C3 may be prepared with the
exemplified general method depicted in Scheme 3 using the Arndt-Eistert reaction.
5 Suitable starting materials can be obtained commercially, for example, o-amino acids or

prepared using methods known in the art.



H N-deprotection R R Carboxy deprotection CO2H E 1

)--~"~ CO2CH3 H2N H2ZN Schene 2 Alternatively,
wO2e@rmzs4 aci ds having the R side chain group aCTAR20m84001150

be prepared with the exenplified general nethod

depicted in Schene 3 using the Arndt-Eistert reaction.

5 Suitable starting materials can be obtained

commercially, for exanple, a-amino acids or prepared

usi ng nmet hods known in the art. D 2004/ 022084

PCT/ AU2003/ 001150 -36 RR NEt3 P-HN )"", CO2H

CICO2Et P-HN )-", COC) CH2N2 R O silver

trifluoroaceRate R 11 THF/ H20 N nethyl norpholine CHRN

22 PHNSOHP-HN)"", C- 10 O Schene 3 Peptides

contai ning the (3-am no aci dsNi&y be synthesized usi

known s I on~pept jde symthesis tectmi quep_ar

phase techni ques:. Al typi cal ©6lQAt phase syn?he5| S is

shown in 5 Scheme 4. WO 2004/ 022084 PCT/ AU2003/0Q1150

CH,N,
Y
R 0 silver trifluoroacetate ‘ R
)\/ ” i /k
N-methyl morpholine
C CH3N,

P—HN SoH T P—HN ﬁ/

O
Scheme 3

Peptides containing the B-amino acids may be synthesized using known solution peptide
synthesis techniques or solid phase techniques. A typical solid phase synthesis is shown in

5 Scheme 4.



-37 H NOH)_--y Resin-CH fnoc 1st Coupling R O
DVAP/DIC/ DMF 4 hours H N OResin fnoc R 0 fnoc

wdeprgezsti on  20%°i p/ DM 20 m nutes H2ZN O ReBCWAU2003/001150
)---"y R 00 2nd Coupling H PyBOP/ HOBt / NVM DMF
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§ ot
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4 hours
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R O

fmoc deprotection
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20 minutes
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R’ O

O

ZT
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90 minutes

fmoc OH

R"
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O R’ O

R"

ZT
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Iz

1. fmoc deprotection
2. Cleavage from resin
95% TFA/5%H,0

60 minutes
Rll

H
N OH
H2N \|/\”/

O R' O

Scheme 4
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pepti des of the present invention may al so optionally
undergo any one or nore general nodifications, in
addition to (3-amno acid substitution, for any

sui tabl e reason such as, but t limted to,
increasing solubility of the peptide or increasing its
resistance to proteolytic 5 degradation. The peptides
may al so be nodified to incorporate one or nore

pol ynor phisns resulting fromnatural allelic

Variati . . _nat ut. . .
i B0 ot P B edfon, B a8 bfiBhn 0By S BF more general
aﬁhd&ﬂich@oﬂsailﬂ elglidttﬁin&o Bruuniiin iacidtsubsitaivth, frataap suitdble/reason such as, but
i ncrease solubility of the peptides according to the )

| FREREESH: IneieRePE SRRFIiRHRS 1 SRS Op cHaInE CAE TS to protealytic
' ghggry&&ieg. e Eéﬂﬂd&@n{% BB ihd G EPIARERDERREOREGr more

cl eavage sites, addition of functional groups or

r ey sogphesms whultipgifrophoitire! allelit sremaion Dramine gsids, non-natural amino
hydr ophohi ¢ r.esi dues. e various nodi.ficati Q..

ol eag ebfaAsERs. draot Rt it ERE0 T blupete

B QA6 aAPA¥EnMIE 1NBBAJRBRMIIRY oV pepti@sABWr&in@Rb ¥he invention.
and are nerely intended to be 1ndicative of the broad

r Qe vest! kmowinttiecstof ornslifigations ipaluding inseriiecelegesific endoprotease
rel.ation..to | [ ) ' : . .
S0 AP BB sl o RSO Bt sids it

sheuhgtirbghobivhesislien dHeo 260 Gompdisisativns td Beptiden acaeditg to the
substitutes _and derivatives of that a-am no acid such
akveBiien which hayribses mugndionehatoye gecnsptiongd B avy @b example only and

are merely intended to be indicative of the broad range of modifications which can be
effected in relation to the subject peptides. In this regard, for example, reference to an
“a-amino acid”, per se, should be understood to encompass non B-amino acid substitutes
and derivatives of that a-amino acid such as naturally and non-naturally occurring a-amino

acid substitutions and analogues detailed in Tables 1, 2 and 3.

Without limiting the present invention to any one theory or mode of action, cytotoxic T
cells recognise peptide antigens presented by target cell MHC class I molecules through
their T cell receptor. The T cell receptor/peptide-MHC interface is the focal point of the
immune synapse. Antigenic signals generally beginning from a viral or tumor protein
result in the activation of killing pathways, cytokine production, serine esterase release,
calcium influx and cell proliferation that ultimately removes the infected/damaged cells. A
T cell receptor only reads a very small portion of the presented peptide. In the context of
the peptide exemplified herein, being ovalbumin, the ovalbumin peptide composition at
Asn-P4, Glu-P6 and Lys-P7 is sensitive to substitution and results in dramatic changes to T
cell receptor signailing when modified. In this regard, it was determined that particular
B-amino acid substitutions led to a generalised agonism of the T cell response whether the

substituted amino acids were solvent exposed or not.
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recogni se peptide antigens presented by target cell
MHC class | nol ecules through their T cell receptor.
The T cell receptor/peptide-MiC interface is the focal

poi nt of the inmune synapse. tigenic signals
general |y beginning froma viral” or tunor protein
result in the activation of killing pathways, cyt oki ne

production, serine esterase release, calcium.influ
ahlge prepant prV@nwreﬁhaterf@ﬁ ProvAdes A means & ppdplatag the Qaﬁge of the T cell

rré a}%g: sg gc{ Q?gﬁ F Flﬁ!ﬁlg?tt I@hszlgr]p{!'-ltdgsg&t?ﬂess eg@tﬁﬁlapﬁl the context of

| iﬂnﬁlh@othﬁap@ﬁbs add tht: devglephérdef pm&rﬂemaémm dmdnmlmdes but is not
be| ng.ov I n, the oval ept rrp05|t| on at
Adimited to, n’éﬁﬁit“{“;/%fr@‘?‘PHg&E ey | " lfhtca 'substitution

and results in dramatic changes to T cell receptor
signalling when nodified. In this regard, it was
dé} er nUpexgutabeaor qntbmmszmuamenmae ArdeHaesponst to antlgens which in their

substituti eneral i sed agoni sm o

o't r bt Seraaraiidife FERSERnhRERrRATRSTAT s bl pmumogenicity
were sgf egfth e @fﬁﬂgﬁ@ de@veddm ti¥¥le200441322P84sed by tumors.

PCT/ AU2003/ 00115 39 The present Invention therefore
provides a nmeans of nDduIatlng the nature of the T

66{) ens Fl%%@g e mcﬁuc’u Etﬁqg%ﬁ oL r? €L é]{cg s 5£thol-ggic§1 PLaw 1H%Shlgh1y

I un OEﬂREe’thDQMd $p%81fﬁﬁdaﬁnhﬁwdﬁm|wmjlﬁnmsm@ th)@@érledaé functioning of the

vacci nes and includes, but is not lim tﬁmd t he

adni ni SRRHRG SYSIHL M & FegingRasapRlcRligRile e dzsAlmagt of gny unwanted
Upr egu} r GIRY TthGe Neisblnt reject
ant i gen@n\%ﬁ ?8&{%@ %g%l?rgs 1?h%at urs 1512?3%% eidﬁ It ? Sfé it rejection
or no bndrifwgiesi i tesms sﬁihtsewphctwomealke admnltmfglempmsdny invention

of peptide ep| topes derived fromtj ntigens
expr es BBy 2iands alteragiveitp the GiggR ﬁés 3 PYHpPEspsant regimes.
anergy or tolerance of pathological T cells in a

highly efficient and specific manner w thout

c Gmpr oRireiidradjinant bkeprabertiohby st@huhﬁlgg dlfe prpgentipgriyiife molecule
2¥S;ﬁy tl}fﬁ%%&?gg{a%%ﬁﬁn&gra Ereg ik} lt{o%.a he I Ge 1@u}f]€ €. tfh?saﬁlgsﬂtes a more
associ atteche\dhll Mor@yi Ialstriﬁg.liﬁhﬁmqolctgi@dm%ant rej ection

(iv)  Induce a polyclonal T cell response that may utilize alternate TcR Va and V3
elements relative to those induced by vaccination with the all o-amino acid
containing peptide. This has significant potential in chronic infections where T cell
specificities may become exhausted and T cells of a given specificity may be
difficult to elicit or in situations where the target response is towards an self-
antigen that has been the subject of tolerance induction, e.g. many tumour antigens

fall in this category of self antigens.

) Provide for stabilisation of a peptide in the immunisation vehicle. For example, a
number of peptides are susceptible to proteolysis and others forms of degradation

and are therefore difficult to formulate for administration to an individual, such as
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I mmunosuppressant reginmes. (iii) Provide adjuvant

i ke properties by stabilising the presenting MHC

nol ecul e thereby facilitating | onger presentation at

the cell surface. This provides,a nore intense and

| onger | asting i nmunol ogi cal effect. 20 (iv) Induce a

pol yclonal T cell response that may utilize alternate

TcR Va and V(3 elenents relative to those_ induced by

vacci neigiigrevigheus mepas.alue to thei ingabibityd Acserfinglyi sipilising these
peptide, . This. h i anl fi t tenti L [

o et PHE fisp B oy bleGRY of RGP T ek liHiGliEs 0 means of
exhausinefbaging theircbdvailability WeneBy reidednd thesd peptidy vinein®s more
difficult to elicit or in situations where the target

r espon@éedti¥ets owar ds an sel f- antigen that has been the

subj ect of tolerance induction, e.g. many tunour

antigens fall in this category of self antigens. (v)
PAostrdieglyg yetstnathiet aspatti ainhopresenp apentien providhea method of modulating
I munj sati Q ehj.cle. Far ex le,..a .30 nunber of .. .
p%B?Rt@@sSP?ﬁgc ﬁl% éiﬁPP’aﬁeénta&u@ggtt gl wt@%a“ﬁalPB‘PW&Flemste“ng to
f Qefiﬂ@ulgéct de eredfle Rhunfhth AdRidE Rokieh BERidEIchbipEisdstat 1ddst one

fornulate for admnistration to an individual, such as

WDag 0 A6 2084t RoT/ 2008y odrmger condions suffintentipemengst said peptide

ans, .due.to their instapidity., Accordingly. .. . .
STEBH T SHR PraBetur FnHC deblige PRGN R s aamigp 2cid
t BhsBfugise Mduchyé&itet SfbnnO ¥ SlRsconisieansidT cell R8pedSirélgtive to the T
their bioavailability thereby rendering t hese peptide

v el bieppanserindaicibls yee Renraubsttutgdclormiof 1 pegtide. anot her
aspect of the present invention provides a nethod of
nodul ating a peptide specific T cell response in a
siiyre particalailg, the preseht doweptios proyided minmitsddesfi medulaingseapegtide
subj ect an effective anmount whi ch

péliﬁclfﬂ:ecy&fﬁﬂci% TESPORSE Iy a f@cg_sgiﬁ]%gcgkqodnpnsmg administering to

25%1? ?31'(1:1?3 gcﬁ:'taﬁtrégfe%t?&’fefzsaé}gtﬁlggt{ %ﬁ éigltegﬁléicﬁ OBstidel @Rrises at least one
B-amino acid substitution, for a time and under conditions sufficient to present said peptide
to said cytotoxic T cell in the context of an MHC I-peptide complex, wherein said 3-amino
acid substitution induces either agonism or antagonism of said cytotoxic T cell response
relative to the cytotoxic T cell response inducible by a non-substituted form of said

peptide.
Preferably, said T cell response is T cell activation.

The subject of the treatment or prophylaxis is generally a mammal such as but not limited
to human, primate, livestock animal (e.g. sheep, cow, horse, donkey, pig), companion

animal (e.g. dog, cat), laboratory test animal (e.g. mouse, rabbit, rat, guinea pig, hamster),
captive wild animal (e.g. fox, deer). Preferably the mammal is a human or primate. Most

preferably the mammal is a human.
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response relative to the T cell response inducible by

a non-substituted formof said peptide. Mre

particularly, the present invention provides a nethod

of nodul ating a peptide 15 specjific cytotoxic T cel

response in a subject, said nefHod conpri sing

adm nistering to said subject an effective anmount of

a peptide, which peptide conprises at_ |east one

(13- ﬁhﬁmmh@@smcéab@ invenjorsdiayve pwipriginglyfsteamened depg @ peptide which is
con [ f f

Cyapg?ltg )?? g’ld.lllélllllg tﬁé %H%&C%n@%%?ﬁs@adf%ﬁ&&;l pe%}éoﬁsg 8§ ah Folated T
ceind] e cambmrféd:tnlrﬁl&d:dja@ﬁ&mamen oﬁthed)p@dh&treﬁpmhseo(me antagonism or

i nduces either _agoni sm Qr, antagonj sm sai d_cyt ot oxic
B, FEDEURSl ) Jhen TGt GO Sy ghe b ot o the

S
pg%ﬁﬁ@ 4nd alr;l%#{ce‘érog% ﬁe@& g%clltg%[}o 2%%?%;{%"2% éﬂ{esmvl%&é r;s"’lh ¢act inducible
aleyt ihcatiwrstitn@éd ﬁ'dpelds albbpect of the treatnment or
prophylaxis is generally a mammal such as but not
limted to human, primate, |ivestock animal (e.g.
Sﬂ@&ﬂdlﬁ%ﬁf‘"’ye{l{%&% asHRBksTYhe Prle8bnt 11ﬁ/@ﬁ‘tﬂﬁf‘[b1@ﬂlde§@hﬁ&ﬁs of agonising a
(e cat), Iaboratory test animal (e.g. nouse,
rlaﬁmmdt: spercaﬁc Tgeil mesporsiedn ahalpqutes’a}d mehap CPWPIIRE §O- admlmstermg to

a is]ubééc%s_g Ffﬁ?[gfe de%trn 0 q?qre%ggsr EF ygl%t C{eé vr‘r’aﬂﬁ 'ﬁ?f)tlldse cg%lpnses at least
bﬂ@{]ﬂam&% AR AHIAARI3R 8 et WA IO @31 308stihked f04.=ﬂ;1 dMaidleieptide for a

anot her aspect, the inventors have surprising %? .
d‘@m@,ﬁﬁd H@@elpﬁgqhugnsp@ﬁflq:lg@ tQRTEsentisaid pey ggﬁﬂtg sgfl T cells in the context

| c r sm or antagonismof the T cell
QEAEAR Bl coBafe, i

response ed T cell clone can, in fact,
i nduce augmentation of the opposite response (ie.

ant agoni sm or onLsm espectiyv
ali PR BrPE JUTHE DR TR M et Ea i e dhendy speeific T oel
Fénse &Pk ka8 ectaBsl ﬂ’@%d %Qﬁ‘@hﬁiﬁg e6aliRlA itk % io%aid‘s%bﬁct an effective

ee of response which is in fact i nduci
umumﬁtqﬂamagdnlptappapdde,amdepepﬁxdc coaipriggsy! lepeitong rﬁoetrhlép acid

aéﬂaﬁf é\tlﬁfa ttggeeth Y With ﬁle nloﬂys% gt{tl(l)tgd ?orr%v(l) satd paep{rgea 5t a(%lme and under

conditions sufficient to present said peptides to said T cells in the context of an MHC-

peptide complex.

Reference to “antagonistic” peptide should be understood as a reference to a f-amino acid
substituted peptide which induces antagonism of the T cell response of an isolated T cell
relative to the T cell response inducible by a non-substituted form of said peptide.
Reference to “agonistic” peptide should be understood as a reference to a B-amino acid
substituted peptide which induces agonism of the T cell response of an isolated T cell
relative to the T cell response inducible by a non-substituted form of said peptide. In light
of the teachings provided herein, it would now be a matter of routine procedure for the
person of skill in the art to determine whether any given f-amino acid substituted peptide
is suitable for use in accordance with these aspects of the present invention. For example,

methods for routinely determining the antagonistic or agonistic properties of the given



pepti de specific T cell response in a subject, said
nmet hod conprising co-adm nistering to 10 said subject

wano@fkzsti ve amount of an agoni stic peptide, wrOTAW2003/001150

10

15

30

pepti de conprises at |east one (3-am no acid

substitution, together with the non-substituted form

of said peptide for a tine and under conditions

sufficient to present said peptjdes to said T cells in

the context of an VHC peptlde4éonplex. 15 In yet

anot her aspect there is provided the nmethod of

ant agoni sing a peptide specific T cell response in a
quepfidstin tbmouhtaxébfmmsohtqdr"h" sal]rrgowmmﬂlﬂmgwer iFrgfheromethods for

SEsewint i e pGseT R Egrrrssy sy Sl Y3l EphTaian.p e
45k SUDSEdth el sBstithed BhdBsn-Wibshtitd¥efoRBNoSlUb pEbtidetcddld also be
fform of said peptide for a time and under conditions

wﬂormccéan a mttprcefgemnesap@ﬁdp@p therby nr@V1§1a1g@ rqutis means gf

t %1g§ﬁ1%§93§1§ﬁ i ct18 an%/g%::trap gltlg %%{ihogglg §)u gﬁgtlgg%ﬁ{gtﬂf‘s%revmusly

rgldesceiee phéhomendnam no acid substituted peptide
whi ch i nduces antagonismof the T cell response of an

|solated T cell relative to the T cell response

b . .
&%%#1@4 fo¢ QX ffigfeﬁeld Shidiybe Gnéé?%gbcg ooezll@gggzﬁe)s% Ritd 8wltaneous

er ence 1 agoni stic
L€l nistratich m&haserrﬁ Brankeon or & t@\@ -dafferaot faondlations of the subject
substltuted ept i mhlch i nduces agoni. n1of

PP S BBror ST o R R REE S RHe Al A0 i S iof by the same or

Ccﬁhjgle'h?ﬁﬁ Sy ‘@g?{&hgéleadlﬁ}in@trﬂﬁﬂf’S'IéJQI%&ﬂttalﬁrﬁéjdﬂfﬁfdﬁb@f)f seconds,
sai pept| of the teachi ngs provided

hanmlt&m, hours wodﬂyts hqbwenéheaadmms@rnn@f oftheitvnyppt olcwmelgedes. These
erson of. skil.l in the.
WRBERES BBy PEAum i i A aere TibabTebfeiDelbrdetsspe
' é‘m&&ﬁt&ﬁﬂb%n&ﬁﬁpd@ ¢hd dindfiGRAERNCRNBipktidehelsee drpeindr peptide is
of the present invention. For exanple, . methods for

r durain ereperian dieruhionl HaiExamplagent By ek fo adjpisiyriad-amino acid

LPSE A B VB AR, OBy g o

| peptidt @ded; ncﬁeabladﬁilmslered[ perwe) shndertbmpeptﬁlerﬂs h&tural]rmirds&sd‘sm an

for determnlngthe overall? Iatlve respons d
pB{ddushaiThip ieas] QCCho 52N B i {hg fentexf ol &R 015’6’?‘!{16 156a5es.
t he substituted and non-substituted forns of the

peptide could also be perforned as a matter of

r Astetadedphacmtiefoes, themesny invewiindibaygldalsodgtunderstped e extend to the

oIlse of the method of the present invention in the therapeutic and/or prophylactic treatment
of patients, such as the treatment and/or prophylaxis of disease conditions or other

unwanted conditions.

The present invention therefore contemplates a method for the treatment and/or
prophylaxis of a condition characterised by an aberrant, unwanted or otherwise
inappropriate peptide specific T cell response in a subject, said method comprising
administering to said subject an effective amount of a peptide, which peptide comprises at
least one B-amino acid substitution, for a time and under conditions sufficient to present
said peptide to said T cell in the context of an MHC-peptide complex, wherein said -

amino acid substitution induces either agonism or antagonism of said T cell response
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understood to enconpass the simultaneous

admnistration in the sanme forrmulation or in two

different fornulati ons of the subject 10 peptides via

the sane or different routes ou_their sequenti a

adnmi ni stration by the sane or ~ different routes. By
"sequential admi nistration” is nmeant a tinme difference

of seconds, mnutes, hours or days_between the | )
adhitivg &1 thatTi eshl responbreindueiblehyesnast subgfitated | fesn ofippad peptide.

nol ecul es may be administered in any order.
"Co-adm ni stration"” should al so be understood to

EPYG IR Saill Mecelld B Y Htdxa¢ Tesll afid eeMISPpepidadoatget sen MHC I-
ot her peptide is 15 already present in the s%g'ect.,

FRAPtidR aemppiex. SHE mety Pederblysardhesl seransgisae iﬂ%‘l&faﬁon-

acid substituted peptide which corresponds to a

naturally occurring self-peptide, which self- peptide
nRefdrenos tdm “athairmitstmraded gearthewisesnappeopriaied Toegdt desiwnse should be

L@r&%?s:tg q[d?;l}sl %f f%%?cg ?ct) PI%H 919%2&6&%2 ?J%s\é{)rgsg? tloiarégritsfc’)h%}é/ally normal response
alhRh HRE,EhS A8 $E that # G lﬁﬁ?fegl@édaéﬂt@@_n besaitRReEGoRse. LAedetailed

present irnvention should also be understood to extend
t lpereinkeforss theod artetpeanysohditions which aper dependent piy dietindrtion of the

pitrosh e PO e ot Tk i beE Al eileqeoppe
iSRS yCa e rhimSei @l lyHoR@RI resitied) batwaiehadédpbasesis ndfertheless
The present invention therefore contenpl ates a_net hod

f wmwaried andegmneeqssars i hsrconisibpiy ialqeyoet andisgn b arogher example, a T
Cpeé}f 1%&1%0%@!—: 8{%9@?&’ to%gaagﬁ%&% !}%sulty ﬁl‘y\ﬁg thFCHlCHBl’l of Qﬁ{)iﬂrﬁlﬁle conditions

i happropfi ate peptide specific T cell response in a

swhjohcie highlydmdesitubie. danpt asitig exadpienths heghlynipeffeiaaildell

subj ect an effective anmoynt of a peptide, which .

pEBPORFES VBItH A smetimes| 1 d &]gery g\[e Y Aguamogenic peptides can result

SHPGEA M di®hs Wike fhat b%id@ RqRLE Frof P HighiyIR$hogenic organism or
sufficient to present” 30 said peptide to said cel

i tuntidre Axootdéngly,ahe methvHIOL pepirestst ouenslomhas wkiensveswat th relation to
(3- ,am no acid substitution induces either agoni sm or
aﬂf&d@ﬁﬁ@ﬂ?%f said T cell response WD 2004/ 022084

PCT/ AU2003/ 001150 -43 relative to the T cell response

I nduci bl e by a non-substituted formof said geptide“
In a preferred embodiment, where the subject aberrant, unwanted or otherwise

inappropriate T cell response is an inadequate T cell response, preferably said B-amino
acid substituted peptide induces agonism of the subject response relative to that inducible
by a non-substituted form of said peptide. In another example, where said aberrant,
unwanted or otherwise inappropriate T cell response is an overactive response or even the
mere occurrence of any degree of response, said f-amino acid substituted peptide induces
antagonism of said response relative to the response inducible by a non-substituted form of

said peptide.

Another aspect of the present invention provides a method for the treatment and/or
prophylaxis of a condition characterised by the occurrence of an unwanted peptide specific

T cell response in a subject, said method comprising co-administering to said subject an
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activation. 5 Reference to an "aberrant, unwanted or

ot herw se i nappropriate"” T cell response should be

understood as a reference to an underactive response,

to a physiologically nornmal regponse which is

i nappropriate in that it is unwanted or to an

overactive response. As detailed hereinbefore, there

are many condi tions which are dependent on the .

i effhgtive amowtt of pe ageniginrneptifie, vdyeh pepiide AANDTES 3t legst-pne P-amino
CaecL1 surbgﬁﬁl?lgﬁ %o rgeﬁl% with3 Iﬁ)ﬂ-s%]bft?cﬂteﬂ lfJ)lﬁf 8t &id pﬁ‘e}%@ ?(Er d thne and under
technically arr 1 munol ogl cal' Ty normal response, but

wdtindhiohe spifioiat iospreeviesdidpdperlss touniddh et iatlde context of an MHC
unnecessary in the context of an innocuous antigen. In
dﬁﬁﬁﬁ%?m@R%ﬁple, a T cell response directed to self

antigens results in the induction of autoi nmune

conditions which are highly undesirable. In yet
ainctiiemothenagpeet, thedaeés pioyhiled ainmalidd for SisttreTtnpesitfand/gr prophylaxis of a

responses whjch are sonetines ipduced..ta. very weakl . .

AR BgeRP B SR Meet S BB e oy Fpibdh bt BRpiRe subject,sad
Whged chﬁbriE’iﬁ? thAandiSisieehg weRid audfactaléfBtive BabiRgEAL @ntagonist

or gani sm or umor. Accordingly, the nmethod of the

pp@@'é.ﬁ,tw]ni!qh gﬁptid@moﬁ@gisg@@t denst e [sampe a,c}ql substifutiem tegsther with a
SH s SPEL 87 e POo LB RSt prsen

| HAPpERIRkE 8t @idIT celld inlths paNGe of sn MHC pastewailck. cel |
response, preferably said (3-amno acid substituted
pepti de i nduces agoni sm of the subject response

5, 0 R e ) ol LAt oo
aberdition, 2 trausplanioedn allergiclvenditios. Predgpblypaidavedilios ehdracterised by

response i s_an, overactive response,.or even the 25 nere
ot et BF bibaaG BEnep B fRLEn S A 5% no

acid substituted peptide induces antagonismof said
response relative to the response inducible by a )
nén-“s{fbstvietamandt T oeansah anwantngsessaiyd leagimsrihefo aitgpebe desired

of the present i,nventjon vides a ne 0

CraeRent & aares TCaH Sa ey SBAR g ek Ve onsetor
ChRypaskioh iof B favtidulle coRditibh BEIGE trefte@NThWasire dapiepddpeding upon
specific T cell response in a subject, said nethod

ctheperkh pieyl plarsiegheandattcarofiibe indivadnaljtoshedyeatad, Hyg taxonomic group of
the individual to be treated, the degree of protection desired, the formulation of the
composition, the assessment of the medical situation, and other relevant factors. It is
expected that the amount will fall in a relatively broad range that can be determined

through routine trials.

Reference herein to “treatment” and “prophylaxis” is to be considered in its broadest
context. The term “treatment” does not necessarily imply that a subject is treated until
total recovery. Similarly, “prophylaxis” does not necessarily mean that the subject will not
eventually contract a disease condition. Accordingly, treatment and prophylaxis include
amelioration of the symptoms of a particular condition or preventing or otherwise reducing

the risk of developing a particular condition. The term “prophylaxis” may be considered
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non- substituted formof said peptide for a tinme and

under conditions sufficient to present said peptides

to said T cells in the context of an MHC peptide

conplex. 5 In still another asagct there is provided a

met hod for the treatnment and/ or-prophyl axis of a

condition characterised by an inadequate peptide

specific T cell response in a subject, said method
conmphicsigiye sowesitindminseteafiamgrticalas spadigon| Ebeatgent” may also reduce

fecti. at. of an .ant i st tide, which
e ot gt b Ml 00 U5 ahiho acid

substitution, together with a 10 non-substituted form

of said peptide for a tinme _and under gondiﬁions
ST preseahinvertiqy fsthen contemplatppeoraaation ofherames, spelyas the

| DR SOM §he BloaBi e B8 RIdcR: GATRKRX pr iR READbYon-

i'on charac y an unwan
respimseolssnascidest whinimmg fadbtath the desired thargrespt anprophylactic
an allergic condition. Preferably said condition
cH4¢det-eri sed by 15 an inadequate T cell response is

a neoplastic condition or an infection. An "effective
amount" means an anount necessary at |east partly to

ah dmimsttdtion o gier regtidesed plonpresent invertiahehesginbdfereglesesibeg fherein

i nhi bi.t hal t al t.,qget t -

Oar el e P pRe R afPrkdr By b g sl

TOEn ARt miRIbe PerfB@RANS 4 cdpRhieH? niches. ME) hbdw@Mdry agent of the
physi cal condition of the individual to be treated,

t plermaseutionti compositipn it contameplatpdifoxdiit thewgppgioracEzity when
t he .degree. of prot i i r i .
B P BB b b0 L oo dpencs
sfdr éRdrhpls, orathd hatragior beihey amd the actdoatasory lapentshoexpecbm®dd range of
that the anmount will fall in a.relativel roadbraﬂqe

o3 0.1 mg to about 1

t feses B bs@rpétablem (rRagldeting & pgert-dot PrEH s iipnsa
R I AR RIRGS HebntliRay td RALIRREed f4 Lilo REANIBHoEY Wight Per day.
6 be coné@%grggliﬁnits bfoadé%ﬂigcbﬁ ext . %hg tg%n?m?ay
" Doerae megities dogdendjusted e pmaidel the dptphymithaepeatis ugspense. For
I gxaltrrip?gtsg\gergln&ilvilded doses may be administered daily, weekly, monthly or other
suitable time intervals or the dose may be proportionally reduced as indicated by the

exigencies of the situation.

The modulatory agent may be administered in a convenient manner such as by the oral,
intravenous (where water soluble), intraperitoneal, intramuscular, subcutaneous,
intradermal or suppository routes or implanting (e.g. using slow release molecules). The
modulatory agent may be administered in the form of pharmaceutically acceptable non-
toxic salts, such as acid addition salts or metal complexes, e.g. with zinc, iron or the like
(which are considered as salts for purposes of this application). Illustrative of such acid
addition salts are hydrochloride, hydrobromide, sulphate, phosphate, maleate, acetate,
citrate, benzoate, succinate, malate, ascorbate, tartrate and the like. If the active ingredient

is to be administered in tablet form, the tablet may contain a binder such as tragacanth,
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and prophylaxis include 30 anelioration of the
synptons of a particular condition or preventing or
ot herwi se reducing the risk of devel oping a
particul ar condition. The term'prophyl axis" may be
consi dered WD 2004/ 022084 PCT/A%003/001150 -45 as
reduci ng the severity or onset of a particular
condition. "Treatnment" nmay al so reduce  the severity
oforia Ataechi osteieliginc o Aginie gsating rgentp puchap vlgimg apid; ol a lubricant, such as
further can | ates a conbinati on of therapies, such
d@a?ﬁ%nm%&g%ﬁgﬁistration of the nodul atory agent
together with other protei naceous or non-

pr ot ei nacequs nol ecul es which may facilitate

t
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the formof a pharnmaceutical . c 0si fion b
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g Rhi@htibh R suBfRiAREEH digRl conposition is
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Consi dering a patient, for exanple, fromabout 0.1 ny
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reduced as indicated by the 20 exigencies of the

situation. The nodul atory agent may be administered in
aPreteraklyiseidt T pelhresponsel it @gotbyicthelloesdonse angt saal/Mitsupeptide

B ot el SO T e BEBE BP0y S oty ponse s T
I 8] /tvbiiéh.(e. g. using slow rel ease nol ecul es). The

The method of the present invention contemplates the modulation of T cell functioning
both in vitro and in vivo. Although the preferred method is to treat an individual in vivo it
should nevertheless be understood that it may be desirable that the method of the invention
may be applied in an in vitro environment, for example to induce the activation of virgin T
cells for purposes such as the creation of T cell lines directed to poorly immunogenic

peptides.

In yet another further aspect, the present invention contemplates a pharmaceutical
composition comprising the modulatory agent as hereinbefore defined and one or more
pharmaceutically acceptable carriers and/or diluents. Said agents are referred to as the

active ingredients.
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zinc, iron or the like (which are considered as salts
for purposes of this application). Illustrative of
such acid addition salts are hydrochl ori de,
hydr obr om de, sul phate, phosphﬁz nmal eat e, acet at e,
citrate, benzoate, succinate late, ascorbate,
tartrate and the like. If the active ingredient 30 is
to be admnistered in tablet form the tablet may
contain a binder such as tragacanth, WO 2004/022084
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8 red nethod is to treat an individual in vivo it

Sterile injectable solutions are prepared by incorporating the active compounds in the
required amount in the appropriate solvent with various of the other ingredients
enumerated above, as required, followed by filtered sterilisation. Generally, dispersions
are prepared by incorporating the various sterilised active ingredient into a sterile vehicle
which contains the basic dispersion medium and the required other ingredients from those
enumerated above. In the case of sterile powders for the preparation of sterile injectable
solutions, the preferred methods of preparation are vacuum drying and the freeze-drying
technique which yield a powder of the active ingredient plus any additional desired

ingredient from previously sterile-filtered solution thereof.

When the active ingredients are suitably protected they may be orally administered, for

example, with an inert dilyent or with an assimilable edible carrier, or it may be enclosed
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i nduce the activation of virgin T 25 cells for
pur poses such as the creation of T cell lines directed
to poorly i nmmunogeni c peptides. [In yet another
further aspect, the present invgntion contenplates a
phar maceutical conposition cdﬁgfising t he nodul atory
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use of a coating such as IeC|th|n by the mai ntenance

of the reqU|red particle size in the case of

dTﬁ@&% Ofoc xﬂ @%Iéjssa%d(ﬁfle G o3ff by 860 20ft3in t}-@@%néponents as listed

preven Ons 0 Ion of m croorgani snms can
bhﬁlalghi abindér dugh uﬁglilm;,laz:aalal aobmslhﬁhloalgehﬁd @mtp'iénﬂsngmh as dicalcium
ents, for, exa ara chl or ohut ano

en I
I5Phatec f&squgr Gt SHFIES 400 FPIEE: PO FHRGH: eg%@g acid and the

' flkéN' al lhblk?cean‘g-glcﬁrﬁ Wgﬁ@lﬁnfsféafa@ Lydg slveatang Qgé%ﬁ 8#dhSas sucrose,
for 'exanpl e, sugars or sodium ¢hloride. Prolonged

absmspbr gclufinhey bajdstet ab hélatz@npxgagcntcsmh espeppermint, oil of

bro ht abou he use Wﬂe @Fd conpo 'f})r' ons of le, it may contain,

aepessly Syt B o BF doVRRRRD ol i e 1tmay

NRQRIEA B ir@atéidls 008k @b type, a liquid carrier. Various other materials may be
present as coatings or to otherwise modify the physical form of the dosage unit. For
instance, tablets, pills, or capsules may be coated with shellac, sugar or both. A syrup or
elixir may contain the active compound, sucrose as a sweetening agent, methyl and
propylparabens as preservatives, a dye and flavouring such as cherry or orange flavour. Of
course, any material used in preparing any dosage unit form should be pharmaceutically
pure and substantially non-toxic in the amounts employed. In addition, the active

compound(s) may be incorporated into sustained-release preparations and formulations.

The pharmaceutical composition may also comprise genetic molecules such as a vector
capable of transfecting target cells where the vector carries a nucleic acid molecule
encoding an unsubstituted form of said peptide. The vector may, for example, be a viral

vector.
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ot her ingredients enunerated above, as required,
followed by filtered sterilisation. CGenerally,
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whi ch contains the basic dispersion nediumand the
required other ingredients fromthose 25 enunerated
above. In the case of sterile powders for the
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let. For oral therapeutic adm nistration, the active
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in the formof ingestible tablets, buccal tablets,
troches, capsules, elixirs, suspensions, syrups,
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: . . . y weight of .
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uthietpepiidenftioteteat wih et weespaiding f-amino agidand f2og®nally afalysing the
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SRS AP RGeS, CehaaTeh o H U b soRdsog SRR Efsent
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or gelatin; excipients such as dicalcium 15

phosphate; a disintegrating agent such as corn starch,

p%[lg {DI%SGSI}’[ zi‘rﬁv%ﬂtiorﬂs%ml& d%&irﬂ)ea %9 tﬂJ‘ﬁ)llowing non-limiting figures and/or

examples.
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peppermnt, oil of wntergreen, or cherry flavouring.
When the dosage unit formis a capsule, it may
contain, in addition to materials of the above type,
aliquid carrier. Various other..materials may be 20
present as coatings or to otheé& se nodify the
physi cal form of the dosage unit. For instance,
tablets, pills, or capsules may be coated with
shel l ac, sugar or both. A EXAMBEE lelixir may contain
the active conpound, sucrose as a sweetening agent,
met hyl and propyl parabens as preservatives, a dye and
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course, any material used_in dosage unit
f orm shoul d be EW@%&QIEQIF '815"6 E [TIDE
substantially non-toxic in the anounts enpl oyed. In
addition, the active conpound(s) nay be incorporated
i nto sustai ned-r el eaSEETHODS ANDOMABERIADS mul at i ons.
The pharnmaceuti cal conposition may al so conpri se
genetic nol ecul es such as a vector capable of
fihgcting target cells where the vector carries a
nuc el c acid nol ecul e 30 encodi ng an unsubstituted
form of said peptide. The vector may, for exanple,

S S B R R A R e 15

aplBd filsS e NLNGast, @ JoPRliEL 88, I0fL. tPheeghr E8N tD1rdcﬂbmﬁirigOﬂ peptide to
per se, the present invention is also directe

a@mmy. MHE ¢lavg Toprleaiasj sdntacirells pad Yisge (el r62v66€ hKarﬁg‘/ K.,
e B g%&g? (521}1 m}?}f&%ﬁ:ﬂ@ Q{d%ﬁ s{]ﬁ‘g & L@elé@ﬂv@ ‘f‘% Ec%h ﬁ%@‘lﬁ Q%gﬁment

may assi st rn target e pept
t BniphiorRIwriafits Segesd attyrnbtymhﬁmaheafegﬂms stratEgy. t Netre. 1986 Feb 20-

ARk RS ch axrehat it bR S REL B e (DMEM) media
P @&%ﬁﬁg"&‘@% Rid1asie %rﬁﬁ?@ﬁcﬁ el?—ghﬁé&ﬁﬁl@ 288 Qnﬁkﬁoﬁrﬁf{o Smg/ml G418).

con MHC, such dm ni stration of
e"x"hesessllmgmeﬂsll«swmetsmfﬂ@\(e 5&b ¢ Q%\of| blemnall) @laﬂv@ctel&nswtface at37°C,

(ejaglzlataﬁgﬁé{] ‘?}%g{%a ot heré??ra 2 e(%hf&d % { oF h?a{gplf%g?ssmg) molecule of

these cells. Incubation of RMA-S cells at temperatures between 19° and 33°C results in an

amplification of the surface expression of K® (~ 50% present in the RMA parental cell
line)*®. These molecules are bound by sub-optimal peptide ligands and as a result are
unstable when these cells are returned to 37°C. In fact only when high affinity exogenous
peptides are added to the RMA-S cells will this amplification in K" expression be
observed. This makes these cells an ideal whole cell reporter assay for ligand binding to
K® molecules, and as shown in Figure 1, exogenous peptide results in a 50-fold increase in

surface K staining as revealed by flow cytometry.

The SIINFEKL/K -restricted CD8" CTL clones B3.1, GA4.2 (Nikolic-Zugic, J., and
Carbone F.R. (1990). The effect of mutations in the MHC Class I peptide binding groove
on the cytotoxic T lymphocyte recognition of the Kb restricted ovalbumin determinant.
Eur. J. Immunol. 20:2431), 149.13.13, 149.42.12 (Clark S. R., Barnden M., Kurts C.,
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scanni ng approach and the identification of peptides

exhi biting desired functional activity and inproved 15

bi oavai l ability. The subject nethod is based on

generating a popul ati on of peptide analogues by the
sequenti al substitution of oné-or nore of the a-am no
acids conprising the peptide of interest with the
correspondi ng (3-am no acid and functionally anal ysi ng
tCeeponeanBl, ddules J.8e Heathdl. R h €hefacienvatibaod tht ewglbypmintspecific TCR

cspnes i R ROI0 Sleineis thepaBirag neat SRk tmmunol Cen
dgiol. vedo EAJ%W@{ZP]QIID 7[?yoa,n_<ml@e Hérﬁ@ﬁd’%pleﬁ\(fﬁﬁl fp@ﬂiﬁ'c%l(fn@ HIWL.3 (Wallace,

descri b lowing non-limtin I gures and/ or

Epﬂ@gtmg;\@ 20eath. OV R 3G AP0 339D 3 he spiotaxspT-cell response to
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W@@&nﬁh@dﬂﬁiﬁﬁﬂl dBtebmirfaat. [ Vitd1eSepi B (RVIE19-268 lese derived and
%glgitea?lfqlélgq%gtegcnbgd g]\? 1T F@glpjftgéis lés%vé gsﬁ%%éggl%gr%éerqa ]gﬂ/I'EM containing

% ?(%al M s'éﬁ'un]r L Wﬂf at® %91b19}crs ‘EGW g}’rﬂldGmEB) Of TL clones were used

e to ass | ecul es on intact
meahheogandml assays tamd cl@@ek B362a16663A4 Ravare uséd, in am]agotggn @psays. T

Pi ont ek d_Ki essl
Hagtiich i YRS hRReER DTPY RoracTU4PE AFEnaligyesT goll function
aldaenatii& gﬁ%ﬁe Ak AEN g FNECDB Ssee F9R0e FRD
20 15 26:319(605 were kept in Dul becco’s

Modi fi ed Eagl es Nbdlun1(DNEN® media containing 10%

TR e W TS Sl T,

(DI\@M 101 @%0cefls Refd ikl aofarddd eellsthIC Uk e@tti@t andi/fatagonism assays.

The interleukin 2 (IL-2) dependent cell line, CTLL-2 (Gillis, S., M. M. Ferm, W. Ou, K. A.
Smith. 1978. T cell growth factor: parameters of production and a quantitative microassay
for activity. J. Immunol. 120:2027), were used in an IL-2 bioassay to determine the relative
amount of IL-2 production by CTL clones as stimulated by peptide analogues (Chang, H.
C., A. Smolyar, R. Spoerl, T. Witte, Y. Yao, E. C. Goyarts, S. G. Nathenson, E. L.
Reinherz. 1997. Topology of T cell receptor-peptide/class I MHC interaction defined by
charge reversal complementation and functional analysis. J. Mol. Biol. 271:278). Cells
were grown in DMEM-10 supplemented with 100 U/ml rIL-2 and upon removal of IL-2 in
the culture medium CTLL proliferated in a dose dependent manner to exogenous I1L-2 (see

Figure 4).
Peptides
Protected B-amino acids were synthesised in collaboration with Dr. Patrick Perlmutter at

the Chemistry Department, Monash University. Peptides were synthesised (by Karen
Stewart) using solid phase peptide synthesis and the standard f-moc (N- (9-fluorenyl)
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staining as revealed by flow cytonmetry
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(Papttidled and theitr rdaticfmoleeul avmass anil mustyecmnfoc vicper in Table 4.
transgenic line OT-1: MHC el enents for positive and
negati ve selection. Imunol Cell Biol. 2000 Apr;
78(2):110-7), and the herpes sinplex viral specific
clone HSV2.3 (Wallace, M E., Keating, R, Heath, W
R, Carbone, F. R 1999. The cytotoxic T-cell response
to 5 herpes sinplex virus type 1 infection of C57BL/6
mce is alnost entirely directed against a single

i mmunodom nant determinant. J Virol. Sep;
73(9):7619-26) were derived and nmaintained as
described. Al T cell hybrids were grown in conmercia
DMEM containing 10% fetal calf serum L-glutam ne and
antibiotics (0.7ng/mM &418). CTL clones were used in
recogni tion assays, and clones B3.1 and GA4.2 were
used i n antagoni sm assays. T 10 hybrids were

ext ensi vely phenotyped prior to use, including

exam nation of T cell function and cell surface
phenotype (flow cytonetric staining for CD8; see
Figure 2). 1-3 fibroblast cells which express MHC
Class | H2-Kb (see Figure 3) were grown in



PAOPER\TDOWHC PCT.doc-04/09/03

DMEM 10. 1-3 cells were used as target cells in CTL
recogni tion and ant agoni sm assays. 15 The interl eukin

wa 20d4k022)84 dependent cell line, CTLL-2 (G IIis, PEI/AURN03/001150
M Ferm W Qu, K A Smth. 1978. T cell growth
factor: paraneters of production and a quantitative
m croassay |for|activity| J| Inmunol.|120:2027), were
used in an IL- 2| bi oasssay|to|detierni ne|the relatfive
amount of 1 1-2 pEoducl ongbySCTL chongs g8y nul at ed
by peptide gnal pBues |GEngRg|PH. &0 L. |SA|&SSHE yar, R
Spoerl, T. Wtte, Y. [Yao| E| C| Goyarts, {S. |G '
Nat henson, EB. L Rei jnherz. {1997. [Topol ogy af T cell
receptor-peptide/class || MHC i nterfact| on|defli ned by
charge rever|sal | conpllenent atfi on and functi onal
analysis. J.| M Bi Olec RA1:i2783 (el |® |werjeegrown in
DVEM 10 suppl eént ed @i tH 180 (M miEr [ - 2:2aneR upon
renoval of I|L-2|Tn t[R Al 19 ¢°me@ ufCTEL |
proliferated in|a dose dependent nner to exogenous
IL-2 (see 225 Flgure 4) |Peptides | Protegted (3Fam no
acids were siynthesised i n collaborjati pn with Dr
Patrick Perljnutter at| 30 the Chemistry Departnent,
Monash University. Pepti des |werle synt hesijsed (by Karen
Stewart) usijng solid phase pept|i del synt hesi s and the
st andard f-gloc N (9 fl uorenyl)) WO 2004/ 022084
PCT/ AU2003/ 001150 - 5 mphoxygas bosyl )5 protledt | ng
strategy. Affter|synthesi s-and sebecki v€ depri8t ection,
the conpletle deéfrotelti pn and |cl eavage flrom the resin
was achi eved using tr}fl uorgacdtic| acid |[(TRA).
Purification of |peptif@s ras &dhf.ev8d| By |revietse phase
hi gh perfornmancexl i quj-d | chriohgtdgrdphy (RP-|WPLC) and
purified peptides werp characterized by EEL;Ectrospray 5

rﬁbs
n

i oni sation (|BSl) Mass| speéctronetryj a“% 9 eguent

NS/ VS (Departgmreu, of I\Ecr&bicﬁog% andJl munat ogy,

Ui versity ofSM#bour [ie) | tsiliy agi | Ent|<Felchnpl ogi es
LCD ion trapnmss spectronmeter,. This| gonbinatipn of
RP- HPLCZpurificati on pad|ion |partdcubar.g orw trap; M
based eZperijents al | fiedaunanbigupils |t féct|uf a

confirngti on| of |®ach [ 3-anal ogue. | Pep® des jand|their
[

relativé mol ecul ar mass and |purjity| gan be vilewed in
Tabl e 4; g le el lagl|e |a
8 < %mmmmﬂmmm
Q [«
0]
S o |0 |d
g " 0 o o o o
I Mo T o T I B Y (- B I T
% A~ | H | H R H R R
S Q.
=
g o [0 o o |o |0 |@
& 1 T e I O [ (i R [ [ S i e
] HHMHH}—IHI—!H
g n
2 4
O S S S I
5 ~ o |l oo o |0 o
] n 8 |vw |nn |lnn |nn ln v
] =o'}
G
Q
Q
3 a
D o Ol o o | (v |V |~ |o
= q Z
o 98]
wn
2 @
= 3
Nt
9 ~
G
=



WD 2004/ 022084 PCT/ AU2003/ 001150 0 0 O\ 0O O 00 ©
C7/~ 00 C00 00O rnn 09 00 09 00 09 00 00 OO a U U

Ww02004/008% a a aa as U a >1 U U co U >1rel/A¥2003001150

10

15

25

30

co aaarl aa>2>(D(D- a a aaaaaa n- Eco
cocolU U colU oA" FCv ~CFCFC r ow U 4) H
ay U MHHHHHHH aHHHpPHHHH cd 4) NN 4)
4) 4) d) aj c:IHHHHHHHI—%4

H2-K" Stabilisation assay

RMA-S cells were grown to a density of ~ 10° cells/m] at 37°C, then maintained at 26°C
for 20 hrs with 5% CO,. Cells were washed and resuspended to give a final concentration
of 10° cells per well (200pl) of a flat-bottom 96-well plate. Cells were pulsed with peptide
titrations in PBS, incubated for 1 hr at 26°C and then an additional 2 hrs at 37°C. This
second incubation removes unstable Kb-peptide complexes from the cell surface.
Following washes, cell surface expression of H2-K® was detected using the monoclonal
antibody Y3 which stains properly conformed Kb complexes on the cell surface (Jones, B.,
Jr C. A. Janeway. 1981. Cooperative interaction of B lymphocytes with antigen-specific
helper T lymphocytes is MHC restricted. Nature 292:547). Following additional washes,
Y3 bound Kb-peptide complexes were detected with FITC-conjugated sheep anti-mouse Ig
(Amrad Melbourne) during flow cytometry performed on a FACscan (BD Biosciences San

Jose CA).
SIINFEKIL/H2-Kb Stabilisation assay

The procedure from the K" stabilisation assay above was repeated with the monoclonal
antibody 25-D1-16 that specifically binds to SIINFEKL/H2-K" complexes and not to
other H2-K° peptide combinations (Porgador, A., J. W. Yewdell, Y. Deng, J. R. Bennink,
R. N. Germain. 1997. Localization, quantitation, and in situ detection of specific peptide-

MHC class I complexes using a monoclonal antibody. Immunity 6:715).
T-Hybrid assay

I-3 cells were grown to ~70% confluent, then plated out into flat-bottom 96-well plate at a
concentration of 5x10* cells per well (in a total volume of 100ul) and incubated at 37°C for
20 hrs. Cells were then pulsed with peptide titrations for 1 hr at 37°C. T-hybrid clones
grown to ~ 10° cells/ml were washed and resuspended at a density of 10° cells per ml, then
100pl transferred to wells containing the pulsed I-3 cells. T-hybrid clones were then

incubated in co-culture for 20-24 hrs. 50ul of co-culture supernatant was harvested from
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26C for 20 hrs with 5% CQ2. Ll s were washed and
resuspended to give a final co éentratlon 5 of 105
cells per well (2001) of a flat-bottom 96-well plate.
Cells were pulsed with peptide titrations in PBS,

i qaclybatledd faddeditotthe @I LR aAdioekses: an addi tional 2 hrs
at 37C. This second incubation renoves unstable

Kb- pepti de conpl exes fromthe cell surface. Follow ng

VeEnes2 bidksaysur f ace expression of H2-Kb was detected
usi ng the nonocl onal antibody Y3 which stains
properly confornmed Kb conpl exes on the cell surface

i é PE> e%’s ’We}? gléRAin(I?O S5y 16%@%’%){ tnhljtﬁéllwas‘ﬁ@&’ B %ﬁ’és'lﬂ %edla containing

er ac 1on O hocyt es anti gen speC|

hed @ergedodsylivgh O(Cgltsa&ere fhehdm([atecbsmtnn atvédlat-Nattam eWell at a concentration
2§f25 0%6 7c)ells II):eorl vlve 1 to afina '\dfé)ltu;n%n? 15 Tc’lffasr\’lested co-culture supernatant (50pl)
was then added to plated CTLL-2 cells and incubated at 37°C for 18-22 hrs (depending on
visual inspection of control wells with no added IL-2 for CTLL-2 cell death ). Cells were
then pulsed with 3H-Thymidine at 1uCi per well for 6 hrs. Cells were then harvested onto
a glass filter and allowed to dry. Once dry, scintillation fluid (Packard Biosciences,
Melbourne) was added, then counted on a TopCount scintillation counter (Packard

Biosciences, Melbourne).
Antagonism assay

1-3 adherent antigen presenting cells (APC) were pre-plated ~ 10° cells per well overnight
at 37°C. APC were pulsed with 1nM of agonist SHINFEKL peptide (this concentration
gave 50% maximal stimulation of the T hybridomas see results figure 9) and incubated for
1 hr at 37°C. Graded concentrations (10"°M to 10°M) of p-analogues were then added
and incubated for an additional 1 hr. T-hybrid clones grown to ~ 10° cells/ml were washed
and resuspended at a density of 10° cells per well, then transferred to wells containing the
pulsed I-3 cells. T-hybrid clones and APC were then incubated in co-culture for 20-24 hrs.
50wl of co-culture supernatant was harvested from each well and added to the CTLL-2
bioassay as in the T-hybrid assay. Antagonism was detected as a decrease in the basal
level of IL-2 production at a concentration of agonist peptide resulting in half maximal

stimulation of the T hybrids.
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supernsacimitds(chenty B awdhe fodlavwiy 2008Nn022084

PCT/ AU2003/ 001150 -55 each well and added to the
CTLL-2 I L-2 bioassay. CTLL-2 bioassay 5 CTLL-2 cells
wergligitown to - 5x105 cell per m then washed 3 tines
in media containing no exogenous IL-2. Cells were
W@ﬁ3ﬁmﬁﬁﬁpout ina 96 flat-bottomwel|l at a

P{‘égp Qltebg% 60 B'SQ)Qg?ﬁghI s per well to a final

unme~ o Har ves co-cul ture supernatant (501)
mas then added to plated CTLL-2 cells and incubated at
37C for 18-22 his (dependjn vi sual] inspection,of
cbhe FINMRSYas Riarmnagis LRGeS %}dﬁcﬁ sligp cexpn ‘ﬁ%d‘i\f[ nogpERy Rarticle size

) and$4d 8 pdf&'sfze. The flow rate was 200pl/min and UV detection was used at 214nm,
254nm and 280nm. Values are given as area of peptide peak (214nm). Peptide amounts at
T = 0 min were used as 100%. Peptide digests were fractionated and Electrospray

ionisation (ESI) Ion Trap Mass spectrometry was used to characterise the fragmentation

pattern of SIINFEKL and selected 3-amino acid analogues.
EXAMPLE 2

EFFECTS OF Bc3-AMINO ACID INCORPORATION ON MHC BINDING
AFFINITY

The response to SIINFEKL by CTLs in C57/BL6 mice is predominantly restricted through
the MHC Class I allele H-2K® (Porgador, A.,J. W. Yewdell, Y. Deng, J. R. Bennink, R. N.
Germain. 1997. Localization, quantitation, and in situ detection of specific peptide-MHC
class I complexes using a monoclonal antibody. Immunity 6:715). To characterise the

effect that Bcs-amino acids have on K® stabilisation, mutant peptides of the SINFEKL
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(Packard Bi osci ences, Mel bourne) was added, then

counted on a TopCount scintillation counter (Packard

Bi osci ences, Mel bourne). 15 Antagoni sm assay 1-3

adherent antigen presenting cel ]75 (APC) were

pre-plated - 105 cells per wel P7aver ni ght at 37C. APC
were pul sed with 1nM of agoni st SIINFEKL peptide (this
concentration gave 50% maxi mal stinulation of the T
hyebfideleirasinBg8irgbspistaniho geid eule)titlafmhs wecuhathediséb(Tapk 4). The

1 hr at 37C. Graded concentr 0- 0-
areptidesaiee deptrdsionbindingie e e Ko Pﬂég}} Hﬁm@@%F@?%%RMA S.
additional 1 hr. T-hybrid cl ones gr own to - 106

cells/mM were washed and resuspended at denslt of
1THese etllssexpesss et leyels bEK® (+ a¥fst 6% efinermaledt 3Z°C ~, but at incubation

cont ai ni ng, t he 3 [ b id o
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nRyh el molstilegdrayiieRlyatmbhel ffohyte $uiﬁce \Aﬁeﬂ ﬂ[Mde([lQ 2R84turned to
PCT/ AU2003/ 001150 - 36- Serum.stapility sa 10l of .
a/ Gudess stapidised bﬁéa Ko bipdingpeptife-aRh g qe %gtﬁfqdocgvermght at

I Aol r K
%Caa%gqgs’técg%é%@ exphessiot docglti'@gér% 1?6‘?1 Iﬂﬂgeﬁ V&lﬁf@eﬁq}rjééﬂug%ﬁg 8f each
12ephidbfsr: anP&tddﬂﬁmbl 1 hinteefpreibaing pdavet] @63 7R€rfel 2 kse rbubsidtution at the N-

serum protejns renpved b rec ti.on hr ou he

GENYTS RGP e PepIe TSP 5?%?%@ srbPEihe K fatecute.

f abwade J%&Sﬁﬁgon St mhifige %ﬁd CSERBINAERMeSuINRYI8 elili®Hlent or increased
renove kept on ice. 50l of each supernatant was
abiatlingesthbblysaipn pixtoB] sf@,blhgechll nyglmkgs irelatieg forthg SIINERKL peptide.

oS8 v oo Bl B 5RO LA bl R AR 5.
EXAMPLE 3
EFFECTS OF Bc3-AMINO ACID INCORPORATION ON EXPOSED RESIDUES:

The monoclonal antibody 25-D1.16 specifically binds to the SIINFEKL peptide in
conjunction with the K® molecule. The SIINFEKL peptide is mostly buried within the
MHC cleft with only the side chains of residues at P4, P6 and P7 facing outwards from the
surface of the complex. This peptide binding orientation was first predicted by an alanine
substitution scan (Jameson S. C., Bevan M. J., Dissection of major histocompatibility
complex (MHC) and T cell receptor contact residues in a Kb-restricted ovalbumin peptide
and an assessment of the predictive power of MHC-binding motifs. Eur J Immunol. 1992
Oct;22(10):2663-7) of SIINFEKL and then confirmed by the K®/SIINFEKL crystal
structure (Fremont D. H., Stura E. A., Matsumura M., Peterson P. A., and Wilson I. A.

Crystal structure of an H-2Kb-ovalbumin peptide complex reveals the interplay of primary
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pore size. The flow rate was 2001/ min and UV detection
was used at 214nm  254nm and 280nm Val ues are given
as area of peptide peak (214nm. Peptide anmounts at T
= 0 mn were used as 100% Peptg’ de di gests were

fracti onated and El ectrospray ""oni sation (ESI) lon
Trap Mass spectronetry was used to characterise the
fragnmentation 20 pattern of SIINFEKL and _sel ected

eaondaey enchanpesiies in texpaip st cappatibigy opmplex binding groove.
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EXAMPLE 4
EFFECTS OF Bc;-AMINO ACID INCORPORATION ON CTL RECOGNITION

CTL clones (expressing different TCR VB/Va segments) restricted by the H2-K® molecule,
and specific to the SIINFEKL peptide were tested for their ability to recognise the various
Bcs-amino acid substituted analogues (Table X). A titration of the parental SIINFEKL
peptide on each clone was completed to determine the optimal peptide concentration for
CTL recognition (Figure 7). I-3 cells were cultured overnight then pulsed with 1 pM of
each of the Bcz-amino acid analogues for 1 hr. CTL clones were placed in co-culture with
pulsed I-3 cells for 20-24 hrs. Supernatant from co-culture containing secreted IL-2 is then
added to the IL-2dependent CTLL-2 cells. CTTL-2 proliferation is then measured by 3H-

Thymydine incorporation and counted on a scintillation counter.
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dilutions of each peptide for an additional 1 hr

bef ore being placed at 37C for 2 hrs. Substitution at

the N- term nus end of the peptide resulted in

decreased binding affinity tongge Kb nol ecul e.

However, substitution in the nifddle and C-term nus end
resulted in equivalent or increased 15 bi nding

stabilisation of cold stabilised Kb nolecules relative

tioi fiehmc &l Wi Bkterpesbini thecffedres sibsttulieneatisdifgereyt positions. Analogues
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antibody 25-D 1.16 specifically binds to the SI] NFEK
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E. A,
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RM%_'p%s%i%ﬁ B HeSAbit AR ASSRY 0B shIvE R SR EoWelafloh Reth stability of the
body 25- D1.16. Changes in 25-Dl.16 recognition

ant | '
hiVpeptideconpddy Resslis vorerrepratdediblsian represepigtive data are shown in

Figures 8 and 9.
EXAMPLE 5

TCR ANTAGONISM OF THE K®/SIINFEKL SPECIFIC GA4.2 AND B3.1 CTL
CLONES:

The antagonist assay was used to determine if the incorporation of fc3-amino acids could
alter the normal signalling and IL-2 secretion even in the presence of the agonist peptide.
The peptide analogues were tested in an assay designed to distinguish TCR antagonism

from competition with MHC binding. This involves prepulsing the target cells with a



TCR recogni tion (Porgador et al, 1997, supra),

suggesting this anti body has TCR |i ke binding
weoepewiok2osikty. 10 Substituting a 3-am no acid i RCD/AANRYO3/001150

part of the SIINFEKL peptide resulted in a change in

the orientation or conposition of solvent exposed

residues. The nost vul nerable positions for

substitutions were P2 and P5, i ch abol i shed

recognition by the 25-D1.16 antrbody. Substitutions

at P4 and P8 had the least effect, while peptides wth

substitutions at P1 and P3 needed a 100-fol d i ncyrease

[ snb@pjrm@ osa0f the ST FEEe pentide befpreincalasing ghem with the f-analogues
g%t I'J\CA% S E?P]tglllﬁ IcloN:e%&t H&s&gn h& Sathfa? NFEKL ]éeptlde was 1

repro UC € and representativ

da1avhied ﬁa§ﬁe@s‘é€ﬂ oh ﬂieFSIQﬂFEKE titfaX iV Rsky 4F igﬁkeEEﬁEEﬁﬂ'eShﬁ%oncentration
13c3- AM NO ACI D | NCORPORATI ON ON L RE

| TI
cm@wé 50%xprtag maﬁgn%lﬂh?ewe%w?ew - bR ?)\I cellS Were pulsed

s R BB P S
rtﬁmgﬂins EE’I‘]h elovey GA4L and B33L wmerthelap]lacbdauhetquﬁultee\ﬂlth pulsed I-3

g{%ﬁ’l lﬁ]g%f%e %gglggllﬁﬁeqog)éugq?n:tgg%{fa n%%\gilgg% ﬁs{&% ge?]té%lefl Oand placed into an
dgt ?'bmags‘%gtalé]?n &@UWEC@@H&(’H{:’%S&}O”C entration for CITL

recogni ti Figure 7 1-3 cells were cultured
over ni ght then pulsed wWith 1 M of each of the

c3-am no .aci d_anal ogues, f clo
10 1131%@80@?118@81183[5@%1 iofis “ﬁa RG2S %Fgﬁkae?%@ oyt T gvo
h t 0 SeBaitetiRop-Tle at P2
Yo LTS Bsop ol S sy Sascaig e

Qirrwuczdpamdnalfoguethabmcregsqdﬁbﬁrerh@a/@ dEedsepigtigpio8both clones. In the
Th t
TO R 0L AOLSL LU B0 ARUEASH S0 81T A 12

Didcfion fe BShVIEY. B ambeamveetls (Fighers 8{%) sttwedtr when this peptlde is co-
substitutions at different positions, Amalo%ues
15 submsinistaed vith the papantal S INFAKL peptidedit | prreesdahe oy secretlon above the

éﬁ%ﬁiﬁ %Elhre%p%ﬁg'é @%ﬁ? 16)5 050 93@1 ﬂférﬁeg r@@ntaﬁ%u@}h%er at P1, was

I OXI ecognition by B3
30 %rodpyantddnikBoB3.1 ANt Iao;uﬂyhexfﬂn:ammst ofBABY. Idtheqevigus CTL

o oS et SLE MReD S Comel B Lo L ey bt
r gﬁilélaé)ﬁé? 1éL§fe 8), but when co-administered with the parental SIINFEKL peptide it
20 resulted in extensive antagonism of the parental SIINFEKL response. The fact that both
these analogues altered the response in both cell lines demonstrates that the modifying
TCR signalling by using B-analogues may not be a monoclonal event. This antagonism of
the parental response was observed to occur down to 0.1 pM in both CTL clones. Results

were reproducible and representative data are shown in Figure 10.

25
EXAMPLE 6
EFFECTS OF Bc;-AMINO ACID INCORPORATION ON MOUSE SERUM
STABILITY
30

Since B-amino acids are resistant to proteolysis, the influence of peptide modification on
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the control CTL clone HSV2.3 (Herpes Sinplex Virus
specific clone) is mainly nediated by the SSI EFARL

peptide, as expected this peptide was not recognised

by the Kb/ SII NFEKL restricted %? cl ones. Concanavalin

A was used to induce maximal TLC-2 secretion in CTL

clones as an indicator of CTL functionality. The

ef fect of substituting 13C3-am no acids on CTL
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Kb/ SI | NFEKL = SPECI Fl C GA4. 2 AND L CLONES: The
2R A AP % ofhe mytighasak wasrecsvey %ﬁt% Sif the
i ncorporation of (3C3-amino acids could alter the
normal signalling and IL-2 secretion even in the
pFesethe TRIFC hdedysigio mias bbgeeyxd tha. sose fHgmeptspiiddgaded p-Ile (P3) and

I 2p DA RehEdke S p et R EDhe CTRBEr 17 ol DouMaps Spgetomeny
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with a WO 2004/ 022084 PCT/ AU2003/ 001150 - 60

sﬁ@p@n’cm’fo gttiwe thsf rests reyaaigdri cleeyset deinkeliep serum proteolysis, and

atvw@gch%tgﬁ rriél}’%“?l}iogf'aﬁllg)ﬁ og ﬁie?% %%Lét%ﬁd st%g)%d gre%%ge-g? the position of
Sédbléﬁtﬁﬁbn PRBfpresitatas rdsults Mewhowh imBiguladedl dmd he

SII NFEKL titration assay (Figure 7) where this
concentration

EXAMPLE 7
NY-ESO-1

NY-ESO-1 a cancer testis antigen is expressed in many different types of tumors,
including melanoma, breast, lung and bladder cancers but not in normal adult somatic
tissue. In addition to its widespread expression by different cancers, it is also highly
immunogenic eliciting both humoral and cellular immune responses in patients. Clinical
evidence suggests that cytotoxic T lymphocyte specific for NY-ESO determinants can
stabilize malignant disease and eradicate metastases, making NY-ESO an ideal tumor
vaccine component. Peptide vaccination with NY-ESO determinants has been very

promising, but along the way these studies have highlighted problems of stability and
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were then titrated in. CIL clones GA4.2 and B3.1 were
then placed in co-culture with pulsed 1-3 cells, and
after incubation supernatant fromthis co-culture was
renoved and placed into an lLB bi oassay as in the

CTL recognition assay. 10 The r'ficorporation of

13c3-amno acids into the SIINFEKL peptide resulted in
two anal ogues that could nodify the parental SI|NFEKL
rmwadslalltyasmatcmwuth@epmq imenupizatipn apg By freayerirfailure to elicit

increased the relative IL-2 secretion of
?ngﬁﬁhégt lﬁm? fi: previ ous CTL recognltlon assay

the substitution of (3-1le at P2 resulted in decreased

lkes?ons%etﬁrl\ef’ _ES® intapiApdBRnts andDakdifle Fecitbles (Fi gures

, however when this peptide is co 15 adm ni stered
with the parental SIINFEKL peptide it increased the

(I cret on above th
BRI Seh AEE gaR g e o
adellfbr aﬂ@ﬁmn@ra!;fdsp@@eﬁﬂ’é agients tBodlh CB3s 1amhdlaas eakeeted
antagoni st of GA4,2. In the previogus CTL d@#{ 8@|t|on
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adesapinapiserve hepn idgatifietmagne s ESRuptrdl 6 dom it, useful

I f
P Nl 0830 Bl B e

Z@rﬁ@ﬂaﬁl}t wdll icharaottidsediand fmagnrﬂhs i D67 regiquofghe aftigen. Peptides
S| | NFEKL r.esponse. The fact t hese
alrerathig regign Pr€§b‘k}rﬁ’§ P%’?d%F]H“%% |t‘il"5F Fﬂ&% LB@W{%@?‘%HJ? g Cancer

tﬁ@stealtc RLIEE). fbd Bbe, vEEEAI AR NYIESY peptided has generally elicited
3-anal ogues may not be a nonocl onal évent. Thi

apuoakydnmmaaﬁtlvet dnsi- peptide Tabs. Eb§r§@p@?§s (e %W%ﬂ’ﬁh goor antigen
N o T

N[ e. ?qﬁ?@bé}ﬁb $§ abdpterital OkidiBes3dedd N ACE e peptide due to
I PC%XT Nﬂ)g% SERUM STABILITY 30 Since
( the arisacesni @ 2ad detaesidyesnthrepentiderBpgpanoverlpgping region of the

p@]/ ﬁﬁg’gﬁgﬁéﬁ%@ OISR e RT490 IBNYR)2 P94 823LBIrwITQC (SEQ

ID NO: 10), and 157-167 SLLMWITQCFL (SEQ ID NO: 11)) have previously been
reported as HLA-A*0201-restricted determinants recognized by tumor-reactive Tcpg from
a melanoma patient, Despite poor binding to HLA-A2 tumor-reactive Tcps clones mainly
recognise the ESO|s7.165 determinant, The immunogenicity of NY-ESO peptides was first
evaluated in a trial vaccination of cancer patients in which a mixture of these peptides were
administered intradermally to patients bearing NY-ESO" tumors, A vigorous CD8" T cell
response to ESOjs7.167 Was observed, whereas reactivity against ESO1s7-165 appeared later
and at a lower level. The Tcpg response to NY-ESO peptide vaccination has also been
examined by HLA-A2/peptide tetramer analysis and revealed a heterogeneous response
directed against several distinct overlapping epitopes, including cryptic determinants
generated from aminopeptidase activity (Fig. 15). The cryptic ESOjs9.167 determinant has
also been and it does not appear to be naturally presented by tumor cells. Only cytotoxic T
lymphocyte recognizing the precise ESO;s7.1¢5 determinant also recognize the

endogenously processed determinant on NY-ESO" tumor cells. Thus, it appears that only
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reverse phase-HPLC (RP- HPLC) anal ysis using
correspondi ng peak area for peptide quantification.
The parental SIINFEKL peptide was degraded rapidly,
with only 5% of the peptide bekgg recovered 5 after 2
hrs. For the (3C3-anal ogues, the anpbunt of degradation
was hi ghly dependent on the position of the
substitution. Limted stabilisation occurred for
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utron a Inrtia
regovened. However, a significant resistance to
proteolytic degradation was formed with substitutions

at P2, P5, and P8. For R-Phe at P5 and (3-Leu at 10 P8
oﬁFJvioEl? (:éiné]}fi ﬁéeﬁﬁs't)gmkﬁrfd%&é&n»ﬁémfﬁﬁ WEIRR r&bis? luor reactive

hrs. analysis It was observed that sone
f eyagroeietBlyniphdege aded (3-11e (P3) and (3-Phe (P5)

pepti des were accunul ating over tinme (Figures 12 -14).
Mass Spectronmetry and MS/MS were carried out on these
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fragments. ether the results reveal ed the cl eavage .
poinvestidnabancher revidpessnewklydPsl.9 antiVo ahglegshryrdgen geperated. Whilst
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et AGORE oo T bR G035 0RRE by some eyt
Rﬁmmeyt& adikedenghRStiht hafia ESOQW ¢sipepiide] tHeg Slohdt intidcahigh quality
14. EXAMPLE 7 20 NY-ESO 1 NY-ESC>F a cancer testis

arti-erpricytose & dwaphogyisvmyvadilpgdestethe prsppres affthe Cys at the C-
t - I i . .
AR R DB O 0B LAC P Bl e

apdicedseNYOES Oslevdrniésaptsaactuap s iTha physemtiefdfelieamino acid causes
cancers, it _is also highly | nogeni ¢ elicitin ot.h ..
Dol i s agoR due HeridathESaBREsand HsHST o3t Which

it ' g ek Bedn EMh@ideéh CTHe exact role of the C
AR TR SRR YSISGHRc By BT e of e
s tealsiub ng@impdriigranthe diastesthicl nan be vidualisedimtbe secendesolved high

Pt ed VTR gt P bk SRl BEMER A LRP S8R stctigyhich defines

V@&iedtole of the thiol in providing anchor interactions, its influence on antigen binding cleft
conformation and potential TcR interactions. Moreover, the biochemical nature of the
naturally processed and presented NY-ESO determinants remains obscure and has only
been probed by the reactivity patterns of cross-reactive cytotoxic T lymphocyte. The
identity of naturally processed NY-ESO determinants present on the surface of tumor cell

lines and on professional APC is investigated.

As seen in NY-ESO peptide vaccination, proteolysis can effect the precision with which
peptide immunogens can be delivered to antigen presenting cells leading to the
presentation of cryptic epitopes that can divert the intended immune response towards
more futile reactivities. Engineering protease resistance and stability into peptide based
epitopes in conjunction with suitable delivery vehicles represents the way forward in

vaccine design, allowing the precise presentation of antigenic determinants by APC. An
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peptide i nmuni zation and the frequent failure to

elicit robust CTL that kill tunors. Response to

NY- ESO i n cancer patients and vaccine recipients 5

NY- ESO i s hi ghly i mrunogenic i _npacancer patients with
advanced di sease, where both "cel'lular and hunoral

responses are evident. Both Class | and Cass ||

restricted determ nants have been identified nmaking .
NwteEseed mpl@@btthai@m@mes perfidesgorganio shemistry, %Wﬁgblology and

COIRADGIN prBILERA e OB ArbRs RSHAL A AUSELSPAS B basea
S inRAhkE BFeudss. tl"lecﬁé&elﬂv@?y dﬁf@lltlgénmﬂetbﬁmmm:e isgeproperty of relevance

Peptides, fromthis region are current used in
clonvsreaRtiqn ingndedio qliE aptidvingy adnfiniab puedyagyell as vaccination

Eg%??%%ga %E&t@m ﬁ%l&fk t‘fﬂﬁélgﬂﬁ% e@ﬂ ﬁN' th NY-ESO

as gener cit oor y tunor reactive
anti - pepti de TCD8. Th| S appears to be associated with
oor anti avai l ability, cleavage of the N-term nus
ofXpefamsR %‘Spﬁggﬁnti gen to generate unnatural HLA 15 A2
ligands (i.e. cryptic epitopes) and potenti al
oxi dative degr adation of the peptide due to the
ptlésentlee plesadyatioarnd prptiderdstiraiinests dehivedrpmo ¥ eSO iy exgmined and

o st L L tsel R b it o el B QA By A RS are
NO  10)en@@il. 157- 167 SLLI\/WTQCFL (SEQ ID NO 11)) have

previously been reported as HLA-A* 0201-restricted
determ nants recogni zed by tunor-reactive TCD8 from 20

t Qﬁgl iy 8%50@%{[%1 Qﬁgtmets%f Ab'ﬁ?'ﬁ%ﬁg%tﬂteﬁgﬁ&ﬂexes of direct

r-react ones naln recogn
ES0157reldanctetbemntinativn. studies araﬁum@gaed aid theiobtrddfueSOorrelated with
pepti des eval uated (n a trial vaccination

s. first
of can@@l’rﬁg{t}’ Enpduse ANFHTUBIOT It ur e of t hese

pepti des were administered intradermally to patients
bearing NY-ESO+ tunors. A vigorous CD8+ T cell
r €9pon$ke stoucESed Sf7antismmend cBl@samiﬁetdd toAN&r B39 peptide-HLA-A2 are

T owet g EPE e FopaT e iR o el nappr R hof bicis anc-
vacci nafo@imbami! so been

(4)  New peptidomimetics based on the tumor antigen NY-ESO with improved protease
resistance and stability, based on the current invention, that allow precise

presentation of antigenic determinants are designed.

®)) Immunogenicity studies of the NY-ESO based peptidomimetics using cell lines
from cancer patients and vaccine recipients as well as HLA transgenic mice are

performed.

These studies identify the biochemical nature of naturally processed NY-ESO determinants
restricted by multiple alleles and examine the processing requirements of exogenous

peptide antigen.
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cryptic determ nants generated from an nopepti dase
activity (Fig. 15). The cryptic ESOL59-167 determ nant
has also been and it does not appear to be naturally
presented by tunor cells. Only _gcytotoxic T 30

| ynphocyte recogni zing the pre@ se ESOL57. 165

determ nant al so recogni ze the endogenously processed
determ nant on NY-ESO+ tunor cells. Thus, it appears
that only WD 2004/ 022084 PCT/ AU2003/ 001150 -63

O}gglgq%tgosrﬁ-(l)ﬁnm ﬂ% stcg%rg%) L oduc Sta@%ser Va (?'(%%M?%rlia'st é’ﬁ@fmcal

shetfi@hcd et indiRreassiol théHte%mgﬂiﬁs ¢lhd geneadkiby of Ellgh\tasmutlon structures
epi tope highlights jts inportance. 5 Previo

BEI1TA-ESO0| DR MDD RN APARADEITAPoeCBre schsy form the
bust I totoxic T |ynphocyte Anal ogs
3&“%%&%5@%% f(\?ﬁ%%eo edhegfgéter m nal Cys residue has

been replaced with nore conventional anchor residues,
nanely 19, L9 and V9 anal ogs have been gener at ed.

\Nhich sesolifion Stesguran af BYSESO rpitepes ce@ritfﬂg prRLArA20
HLA- A2 and are recogni sed by sonme cytotoxic T

| ynphocyte rai sed agai nst the natural ES0157-165

PERkA8urd HENLA0A D esmplRLeT® HE@L, QUELIIMWIBQCT) td RArresolution has
cytotoxic T | ynphocyte in vivo. |Indeed, the presence

deen blvey §Figt [6) haheelegteqmilansidy fos the papfidafiegnstis unambiguous and
ner ahgxag theysogyege(éc%es-gé Wg@‘ta étﬁeél ThEF Q&{‘Gﬁ{ﬂg indicating that

rocesse m nants on tunor
Qﬁé§e$ esidire vued plag a kel rolbiis Talirevogaitive. Thei€gs-8kBsidue is buried and

roblens with fornul ati.on due .t Xi ma
e P PHe b B S rAcHARL L e SE B S HICRB o Ty adates that
tEg thg@% h%crﬁ%%%ﬁgggﬁﬁl#aﬁowm NQSRIArisok & tB% Akttt 16 .A§9C V9 or I/L9

resi articular the reactive thi
canldee shiddiadviesle the mole the tlnelqﬂmsl iy nywiulagidg Hheggmtigen bmdmg cleft
res?Iutlon structure of this peptide conplexed to
HBR‘%EMPg%e next section), which defines the role of
the thiol in providing anchor interactions, its
i nfl uence on antigen binding cleft 20 confornatlon and
ploteetificationTaf R Y-HS€} daterngnants pasewied by tumer ails and vy «afasswnal APC
nature of the naturally processed and presented
NY- ESO det erm nants remai ns obscure and has only
The normal endogenous array of peptide determinants processed and presented from NY-

ESO on tumor cells and on professional APC is investigated. Following vaccination NY-
ESO determinants that are naturally presented by tumor cells (spanning residues 157-167,
155-163, 157-165) and cryptic determinants that are only presented as a result of peptide
vaccination (158-167 and 159-167) elicit anti-peptide cytotoxic T lymphocyte. Only those
peptides naturally presented by tumor cells and in particular the ESOjs7.165 determinant are

clinically useful.
(i) Isolation of endogenously processed HLA-A2 bound peptide ligands from NY-ESO

The process of isolating MHC Class I and Class II bound peptide ligands involves large

scale cell culture (5x10°-10' cells), isolation of detergent solubilized MHC complexes
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the surface of tunor cell Iines and on professiona

APC is investigated. 25 As seen in NY-ESO peptide

vacci nation, proteolysis can effect the precision with
whi ch peptide i mmuunogens can g delivered to antigen
presenting cells leading to the” presentation of

cryptic epitopes that can divert the intended i mune
response towards nore futile reactivities.
ERgigriaendhilizedrspt@fis mAte siusibant eorapldxestinbridj and yliafltration to

peptid ed .30 t th I
Gerove MY eftere SoRubY RSt e R UETEpER ik heftld APl are
s@?&hﬁ@ b9 @ﬁlﬁlﬁfﬂlln@hﬂl@dﬂl f@'efse& RAs6 ¢S MiEme Miadtidr@rnalysed for
I geni ¢ determ nants Ty An WO 2004/022084 = .= .
RiTloAld2De8V 0P (450 ytotedc | rimgh@sw&jasa@ﬁb andmdivigyal peptides identified
onbi nes +
R B R AL RS R R famonrcll

anRBeS WélkestailisbebprocBir@n I@fomﬂHLAQQZ-bme’dad epitopes which can be

I mrunot her apeutics. Precise delivery of antigenic
dé@]@rfmdmymlgss,(gr MS@/@ rf@gfryn@pop)ee}ng\%twto grgphic retention time are

s% r%ﬁlgcﬂ‘& eﬂ" H&t&%ﬁé&s&%‘tﬁk i Wim@kins Bmpc%gconﬁrmed In addition,

as vaccination 5 to
étl’(e hddﬁﬁeyt @f taeﬂecfracmwm its ycr@e&neﬂlfmuiﬁohal&nmhgqttoﬂoe;c& lyimphocyte lines,

d%{egf :ﬁqr%ﬁ‘g,t%@lgg ]geSI ggaésf (?I &Igh%%%ée %g@on of %E%%)&Luni gytolysis and
(ﬁ}%lﬂ-réa‘bﬁsgﬁta nmsjé eﬁLﬁeA%Bi‘nB@%ssar@Ejuflﬁé(:@l‘iﬁf_ir%ﬁletsﬁemﬁc mAb BB7-2,

t unor are identif I gh
r the ¢ 1dépotetet matetialrie theo fsubjeptedi- ﬁ\lﬁhES@lp‘éqmﬁ pugification to enrich for

of dj t I
IR P hohah bt PTG P A AL RS s
131didgb . ANYSITINS (DR, BPOCES @) ortBIADY (R Elliayes ff031) these alleles are
The str uct ures of anti-tunor TcR conpl exed to

pepniited a4 arseaondpréority iaihie Al - "o &gt bﬂfa%bpuld 335ld new and
e‘lﬁ}ﬁ%}n&qu usgﬁql%igtgrrﬁﬁ&@cgm tion process that elicits anti-

(ii) Processing of NY-ESO determinants by dendritic cells

This proceeds along similar lines following antigen or peptide feeding of dendritic cells
prepared either from pooled individual samples (10-20 buffy coat preparations will yield
approximately 10° dendritic cells) or bone marrow dendritic cells prepared from the HLA-
A2 transgenic mice. The dendritic cells are pulsed with various NY-ESO peptides or
recombinant ESO. Preliminary experiments using recombinant ESO has demonstrated that
20 pg/ml loads 2-5x10° dendritic cells allows stimulation of specific T cell cultures. This
is scaled up to provide sufficient material for peptide elution. A construct that expresses
an ER-targeted ESO1s7.167 generated ESO157.165 and ESO1s9.167 as determined by elution and
T cell screening of RP-HPLC fractions. These fractions are examined by LC-MS/MS to
confirm the identity of these peptides. Of particular interest is the examination of Cys-9 or
Met-4 modifications since these are potential oxidative modifications of the peptide and

treatment of the peptide/antigen presenting cell with reducing agents prior to in vitro
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NY- ESO wi th i nproved protease resistance and

weoeealik2asy, based on the current invention, thaCTat2es001150

10

15

25

preci se presentation of antigenic determ nants are

desi gned. 25 (5) Inmunogenicity studies of the NY-ESO

based peptidom nmetics using cell lines from cancer

patients and vacci ne reci pi ent% as well as HLA

transgenic mce are perforned. TThese studi es identify

t he bi ochem cal nature of naturally processed NY-ESO

determ nants 30 restricted by nultiple alleles and

exsays hes $erpqnt@e1§sﬁo inyperopsinreatseintcytotdxie X dyapbepyte recognition. In

o ot B0ty e Cr B pE andle SRR Rt

a}ﬁ@éeﬁ&ﬁoﬁ as cﬁpﬁbw EBOQﬁ'termﬁiaﬁﬁl (f.& TBE8;.1sAnd BPOL:$.R5)C Analogs of
to these designs is the generation of high resolution

ghesepeptidss arwxalﬂLm@CE@Dﬂp;@mbiﬂ&% e sonsrass the celwﬂh 16levapbliP O157-165
dure Vi the 5 structural
tagﬁ‘[ﬁsgﬁép 1% ﬂlalfa)nts %ﬁlﬁtﬂ% ap{j—f% gﬂ resol ution structures

of NY-ESO epitopes restricted by HLA- A2 The structure
of HLA-A2 conpl exed to ESQ0157_ 165 (SLLI\N\I’T%toéé.dl&
ridigh resaluiomsisuctunys wE S -ESQ vetonesirgsirigiey by Hled-eletad B molecular
d??s'oyﬁéez reI:&?rhﬁflP{gfﬁtﬁzJub ggpd 1s unanbi guous and
e's

ear | vent accessibility of Met-4,
Trp 5, Thr- 7 and G n-8, indicating that these

Cfféel e} gesp Ben sBugies el L AGR2 Sutmh ¥ ARG SRS LindiaintnF57-167,
| 1oef @Clidoms - 3h Qs %@E a@}h@fxféﬁﬁ? Blublidhed ‘Bfé’hec{fﬁnf{i‘ ku:@alo ues in which the

i ndi cates that is not critical I ng,
Hammmnafl Céysrrpsaduesmd cxffEStQmsesém besnunetated t<A§he mygregppropriate A2

Ipa{nzlg Qr 1|e ga gla Eoul %lge«ivfl?aeg%}]et %e[hlal(aryg %?(%%e 1|ﬂ aglshormg the peptide,
cap ERAER A @é'glstéldﬁ‘ epideciihdiog irothe MéfFsithelRhgemndantsic peptides and

presented by tunor cells and professional APC 20 The
ndeirilusnep o plstisonformgtioss is Fupertan frdhedesigneiianalogs. Co-complexes

p&q%ggs&;i E@@)qﬁ PRI &G %tﬂfeﬁj ng‘t{l&ﬂ‘y I}lYocessed determinants with anti-tumour TcR

are examined. These studies confirm which amino acid side chains make up important

tumour recognition elements and allow fine tuning of mimic design.

Structure guided design of peptidomimetics based on naturally presented NY-ESO

determinants

A similar p-amino acid scan, to that shown for the SIINFEKL epitope is performed for
ESO157.165 and ESO1s7.1¢7. The effects of B-amino acid substitution on proteolytic stability,
generation of immunogenic determinants and anti-tumor cytotoxic T lymphocyte-cross-
reactivity are examined. Presentation of ESOjs7.165 without liberation of cryptic epitopes
associated with N-terminal trimming is obtained. Other epitopes may be studied as they
come on line. Modification of the oxidatively sensitive Met and Cys residues is examined.
C-terminally modified analogues are designed by replacing the Cys residue with the

isosteric L-Amino butyric acid (Abu) or Ser. The structure allows the rational replacement
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cells (spanning residues 157-167, 155-163, 157-165)
and cryptic determnants that are only presented as a
result of peptide vaccination (158-167 and 159-167)
elicit anti-peptide cytotoxic | ynphocyte. Only those
25 peptides naturally presented”by tunmor cells and in
particul ar the ES0157. 165 determ nant are cIinicaIIy

useful. (i) Isolation of endogenously processed HLA- A2
fulhid reséspyeitol @nwr@amfgiehtymﬁtbwg@% egplemeEporEdle glements

|soI pepti de
ﬁé%t | n%&%cé’%?g?hé’?ﬂ‘g%ogcgﬁi%r% }még@d{ﬁg% (5x109- 1010
ceIIs) i sol ati on of detergent solubilized MHC
conpl exes WD 2004/ 022084 PCT/ AU2003/ 001150 -66 using
i kprs o geniclly Studiesiof Shepgpridaiiine#s of conpl exes in
acid, and ultrafiltration to renove MHC proteins from
t he dissociated peptide |ligands. The isol ated peptides
aﬂ& evaRptoabethe blyunmbgémdtyﬁr}éﬂfrm anadomsris petfohmd dnitially using
PLC and the i ons anal d
A yopECg. EPHBORS FROE o dyrer BOUEos Timphocytes or PBMCs
| 0k \paBtial WY 98 11880k, FR G riRer)aréB@Ss-SREE1iiONBE fudhor cells and
Pepti'de elution from HLA-typed human NY- ESO+ t unour
cthk knalpg pelsediswe ARS! (e JRaltploBews MBMESH Urremising anghogs are tested

:Jﬂa)g-. A2- ¢ eg%rg;l Cl%téeL?SP% i ﬁ;t&g}% A\g‘}j)z gh %ﬁ%ﬁg aglg?aél%ésq%ngé/kout

recRBiloAd) hicd®n ah@uniS@amtdiaes oihcd thesd m[batrb;fraéent the best pre-clinical
presentation_ in tunor_cells and APC are_conf irned.

aagileliod humap ramugint HAP wicegie gampniged PERINY @S&w@@@é@g peptides

f

SRR RGP, RO TR G Fometibred by
p@ttd)teﬂicﬁy,LE]LIIS@O‘IOM;tséysemd yﬁtrﬂcy]ﬁllsr IBDGy assyy.oKquedlybpeeide specific
assays. HLA-A2-cq Xes are rifj g usi t he

SR FiramamsronPagor (of Resl Aouah B I§IPhecssgnerated

Sﬁlgﬂnecﬁés@ @uftﬁieg Yhd fb? Ehé' ﬂéﬁgﬁrﬁﬁfch&léﬁﬂehhﬁﬁﬁl' &Qhélpa&iﬂ'ﬁﬂl&hstatus T

her cl ass ave mAbs specific for the
Bwlls a:hchtﬁmﬁwdﬂtsehmemde shalogs aré testedIfor their IabllhésstO(IesegN Y-ESO

43 Sp
f P%ﬁlﬁ\fﬁﬁg@é gR? 1] fines s\égﬁbﬁ’f[}geé@%ﬁ%rﬁéﬁ & gglggﬁsd? 161t of the immuno gen
pfn'ﬂ@lélhctek’ tHeOavid1fy é‘ﬂLaﬁtlﬁ*?ePﬁ&’é EEExIvE Biphbocias tn® Bk aely their anti-

yield new and “clinically useful determ nants,
tumor reactivity. Moreover, to elicit protective anti-tumor immunity it is sometimes

..I.

necessary to use multiple determinants from NY-ESO and other tumour antigens.
EXAMPLE 8
METHODS AND TECHNIQUES
Preparation of solu()le class I HLA-peptide complexes
Soluble class I heterodimers containing a specific peptide ligand are prepared by

expressing truncated forms (amino acid residues 1-276) of the MHC heavy chain (hc) and

full length B2-microglobulin (B2m) in E. coli and each protein purified from inclusion



(ii,) Processing of NY-ESO determ nants by dendritic
cells 20 This proceeds along simlar lines foll ow ng

wanvisgernsor peptide feeding of dendritic cell SPCT/AU2003/001150
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prepared either from pool ed individual sanples (10-20

buffy coat preparations will yield approximtely 109

dendritic cells) or bone marrow dendritic cells

prepared fromthe HLA- A2 traqﬁggnic m ce. The

dendritic cells are pulsed with”various NY-ESO

peptides or reconbinant ESO. Prelimnary experinents

usi ng recombi nant ESO has denonstrated that 25 20 g/m )

| twelibs a3 ¥@{106 dersribied in detaibelpesvhere ows Toe refoldat remplskes are purified
ecific T cell res.; Ihis . i :

e A Falpr Rt RN e A to 0 high level of

CanEY Eueibld latryerlogaplds sadiekR- t ar get ed ES0157_167

generated ES0157-165 and ES0159-167 as determn ned by

elution and T cell screening of RP-HPLC fractions.

T, . ions are exam ned by LC-MS/ M5 to confirm

t?@gﬁg%%??%y of these peptides. O particul ar interest

is the exam nation of Cys-9 or 30 Met-4 nodifications

sj.nce these are pqtential oxidative.nodifications of

¢ His FrmstieEon metiod Al ar e e S OB oAl PR although other

PLESBAL LY o ShindMibp ah & §lG)sRDURERNAE aP4ilaBle if QedeBsa¥y.t Fndthe hanging

WO 2004/ 022084 PCT/ AU2003/°/001150 -67 assays has _shown _.

ugrop anetitod;, ofudti-webrtisvermdives plates grespysed with| ageypislip pato which a

recogni ti.on. .l addi tion, . the conditions under. which .
SGR8 ey B aHY WOt a Pl g e Pk g oy YBlun bt hervoir
PERSRI & dBsifld sagp'a%é&ow 05561 ngr@&ipwﬂ R&IEtibh. Blost HLA alleles
ES0158- 167 and ES0159-167) Anal ogs o t hese pepti des .
anayedrantuysidllised usihgpelyetbylehe glyeel agarnsecapitant pied published conditions

clipicall.y relevant ES0157-165 5 d 7= . .
et Lot edie SBUREITmirY ks asem: TgmmPbales BPiiped. fine-tuning of
Sthe Wit bl @§stalfizbnEORNiEPhS, dHES- bkedinhtoteddiby aldlmiethddsaundd to
the nmol ecular basis of T cell recognition of tunour
ciacreaselthe Fize and greliteebihawcrstilst ruct ures of HLA-A2 with

NY- ESO pepti des (including, 157-167, 159-167 and

155-163) as well as previously published high affinity
anal ogues in which the GCtermnal Cys residue and of
ES0157- 165 has been nutated to the nore appropriate A2
anchor residue Ile or Val are solved. The role of this
Cys residue in anchoring the peptide, the change in

regi ster of peptide binding in the cleft of the | onger

and cryptic peptides and




15 their influence on cleft conformation is inportant
for the design of anal ogs. Co-conpl exes of

Wwol2do4A220880157- 165 and ot her naturally processedT/AU2003/001150
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determ nants with anti-tunour TcR are exam ned. These
studi es confirm which am no acid side chains nmake up

i nportant tunour recognition elenents and allow fine
tuning of mmc design. 20 St r_%t_ure gui ded desi gn of
pepti dom netics based on naturally presented NY-ESO
determinants A simlar (3-amno acid scan, to that
shown for the SII|NFEKL epitope is perfornmed for
EBolmipn vg9 cBreP Neowsl Carsructipg of Expression Plasutés no aci d
substitution on proteolytic stability, 25 generation
of i mmunogeni c determ nants and anti-tunor cytotoxic T
| RNphis gydparal fias ASRTHESOtystacted extiimed cyltesemtighploryte with

of ES0157-165 without |iberation_of cryptic epitope

aSaerli(hife d eqmotpgigs)- it arse; FanseHbsg- VA gnepdilipithey fhe TR o or B
e it j t i . H 9
N@g#fﬁ?ﬁﬁ%@# @?P(?IE g{:ﬂ S A IRYNA ‘aﬁﬁ% e8mbinB8ons of S]Eslcslﬁc 5 and 3

Xi datively sensitive Met and Cy
r psinetsesd ickoned artd tHedET-80 expraismal vegtomio Yagen). arte medietsd

are desi gned by replaci the Cys.residue with the 30 .
BT SRS Bk DS SAE T A0 5 R Snd Danslation i
Stel fatHig A ddeisly bB®ré sdch@fdle d 8IPb BE@MBMstanOregion cysteines that
2004/ 022084 PCT/ AU2003/ 001150 -68 of this residue to

eneuradlytihanipg deinterghain diswéphidecdhqneptlihg sodagscading iep ypaired

| % f - | 4ion. of s
: }gsqﬁﬁ% %tpg;sﬁigg rl%? %hﬁgfg g-rlr]-% I$c|n'[ %chl?l?%ﬁhletg @1(1)(?)d{3 %féeﬂﬁ{e b%/esht%—%hrected

peRtdgdassisteti cs 5 The eval uation of the
i mmunogeni city of NY-ESO anal ogs is perforned
initially using human cytotoxic T |Iynphocyte cl ones

ard, | i infiltrating | ynphocytes or PBMCs
f‘?kgrr(#ﬁ t?aélr‘])%gmv\{yth NY- ESO+ tunors. The criteria are
cross-recognition of tunor cells and the analog

sed onto APC (e.g.. T2, aytol ogous. PBMCs) . Proni sip
A AR R A PR
( H%h@l%is%rg;aha NEERIS IiB1cRy HATL iBliR%se K4 afek@bments are made using a

background) nice in inmmunisation studies, since these. '
mMRaegn KIF-SEIBR rotdtimglnsde ganeratdr witlch¢liumperged ©SMIGiaausing mirrors

ggg%ilrgg—%% Bitll%_rlgee ﬁ)gtg afe golfe% r&h%g%‘ﬂk&&“ﬁ@ Qetaegt%r. Crystals are
routinely flash frozen (to a temperature of 100K) prior to data collection using the inverse
phi geometry with an Oxford cryosystem in order to reduce the effects of X-ray induced
radiation damage. In addition, the laboratory frequently makes visits to synchrotron
facilities in the United States, where more intense X-rays are available. The three-
dimensional diffraction data is processed and analysed using the HKL program suite and
scaled using SCALEPACK. In addition there is a suite of Graphics workstations to

undertake the stages of refinement, mode! building and analysis.
Structure determination and refinement
The structures are solved by molecular replacement and model building are performed

using the tools within the software package ‘O’. Iterative rounds of model building and

refinement are required to yield a final model. Refinement will proceed using CNS or



and their efficiency to generate cytotoxic T
| ynphocyte responses is nonitored by cytotoxicity,
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pepti de specific 15 HLA-tetramers are used for the

eval uation of the CD8+ specific |ynphocytes generated
fromthese cultures and for the phenotypic

characterization of their actlz tion status. T cells
elicited towards the peptide analogs are tested for

their ability to |yse NY-ESO positive tunor cel

l'ines. Both the nethod of delivery and conposition of
trhiegiians m;iﬂléﬁg‘éw CGRf suitendas PtQﬁéeSé\9¥ grtpmgpt iy rquitgesgtydle Free R
cytotoxic h '

gt A edhetnl F9° G Sy Bt S ol Ao ¥t réhine the
aRbdels. UTRY cHoloswTiB-facidr réfinep@aeloverd, groepekBdagtors @1 uskvidual B-

mul ti pl e determ nants from NY-ESO apnd o
Py eisme SR AP0 B OOy P NG DY PG ctures are tested
é&’e&%ﬁ @I‘dcg?er&n?gs' lslgb@ﬁ | §6Ps |3 3HPROMELE lafl@ VIR CEHRK (reviewed in

ass etero mars COI’]t alning a speC| fic
Mepdsoder & ,JAaE). aTh}:rcpme ;aaneldttbly oB6ofexgr padiages availadat MPLSCRIPT,

ooy Gs3s sRVEN R w8t Rt S B g anatvze the

| B-fnrgol i and each protein purified frominclusion WO
2004/ 022084 PCT/ AU2003/ 001150 -69 bodies as we have
described in deta|I el sewhere' 19. The ref ol ded

f ed by gel filtration
cﬁggﬁﬂ%dbwgg "%nlon exchange chromat ography to a

hi gh | evel of purlty suitable for crystallographlc

studies. 5 Crystallization The hangi ng drop netho

pﬂbﬁebmdleg jsv@minefasingPPLePy EARHEALI0p 28TRYF B@S@ggl ound 15 stabilisation
I'E)%%I(g t}lagglﬁlﬁ rdeteﬁﬁﬁllaﬂtg %ns’l%:l*' @ﬁcl%lt tAtP(f]QJcﬂ a¥ H‘Zaa'ﬂg t]i'e]msfectants as
yS| ons are avallab necessary.

h@@lﬁl b Gsingiagoneidatdy adttyd éf-radnbihars FIeA QD ﬂnwfr@mhﬂttﬂmd peptide

are covered wth a coverslip onto which a_10 drop

(‘esong either AsPSPEOUPMEY Bi @tﬂ@ﬁ ieRiisles OF eaptie EddS i WlHﬂ an

e ol tion) is deposited

Bt B g GO HAE o peBR O (31 Lo, NSt

HLA all el es have been crystallised using pol yethyl ene

giycol as algre0|p|tant and‘Publlshed condi tions
valuation of CD8 epitopes in vitro and in vivo

For in vitro studies human cell lines are used from patients vaccinated with NY-ESO
peptides and those clones previously published by colleagues at various branches of LICR,
which are tested for their recognition of the various analogs generated in this study using

51Cr-release cytolysis experiments and intracellular IFN-y staining experiments.

For in vivo studies HHD (HLA-A2.1 transgenic on a H-2 class I knockout background)
mice (available at LICR) are used in immunisation studies since these mice represent the
best pre-clinical model of human immunity. HHD mice are immunized with NY-ESO and
analog peptides (formulated initially in IFA with the addition of an appropriate T helper
epitope) and their efficiency to generate cytotoxic T lymphocyte responses is monitored by
cytotoxicity, ELISPOT assays and intraceliular IFN-y assay. Equally, peptide specific
HILA-tetramers are used for the evaluation of the CD8" specific lymphocytes generated



will be used as starting points for these screens.
Once crystals are obtained, fine-tuning of the

woOnbd4ioatoser ystal | i zati on conditi ons, m cro- an#CT/AU2003/001150
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macr o- seedi ng are nethods used to 15 increase the size

and quality of the crystal. WO 2004/022084

PCT/ AU2003/ 001150 -70 Isolation of TcR cDNAs and
Construction of Expression Plaspids RNA is prepared

from A2-NY-ESO restricted anti-tunour cytotoxic T

| ynphocyte with Trizol (Life Technol ogies), and

reverse transcribed. DNA encoding either the TcR a_or

Rroib tletsaicnltirss aist far thecphisyotPOR changriefiratianiod theytacgipagon status. T

usi.ng,.c i nati ons of..specific 5 . D I

R BRI Rs el e ls BB B pRENASAR;- Y0 B50
Theiteaedinet @4 lifes i bablyeR apagduct from each DNA

fragnent |acks the | eader sequence and translation is

term nated i medi ately before each of the a or 0 chain

constant regi on cysteines Hﬁgé 1y form ng an
i nterchai n di sul phi de bond. 1glco gﬁ encodi ng the

unpaired 10 cysteine at position 186 of the C (3

region,is changed to encode al anine by site-directed
nthioydnacReeasg Assy cryst al | ography 15 This is

perforned at the Protein Crystall ography Unit, Monash

Uni versity, Department of Biochem stry and Ml ecul ar

BResfuttg yre pabdented-df eusteaditdrchyormimastgteasreastay Figirerddeand an intracellular

usi a . R kagu . 3HBR ot ati ng anode generator wth
h@'itﬁﬁﬁﬂf? ﬁﬁ%@oa%éﬁw&lg?rgi%gi ng mirrors as an X-ray
source. Data are collected using an R AXI S | V++

detector. Crystals are routinely flash frozen éto a
t Bffpuoratelis evend olit@idky from 65 7RIg6 daicainewihiset Wih 10Que B INFEKL,

| BBER v sEmBRbT AR CTRpE: b i Bt S RO ROLR  Bpleen cells
r @gﬂe%h%ddﬁ*%ﬁﬁrocm_s 8 ekt with %rid-BRRLEd Adhonjum chloride and

frequently nekes visits to synchrotron facilities in
t oigen spedfiST atbswenstrestenutated it vitredeel dayaysing imadiated SIINFEKL

avai | able. The.three- dj ional diffraction data is
pP@€%@§%ﬁmgﬂﬁs%ﬂ%?ﬁ%%ﬂgﬁﬁﬁﬂénPﬂ% HKL program suite and
scal ed usi ng SCALEPACK. In addition there is a suite
of Graphics workstations to 25 undertake the sta

es_of
- Bl nsediDdSIL BURY VARG FAdd b tsnema cells or EG.7 (EL4 transfected
with the Ovalbumin antigen facilitating physiological presentation of the native SIINFEKL

determinant). Cells were labelled by resuspending in 200pL 5% FCS v/v in RPMI
containing 200pCi 51 Cr (Amersham) and incubated for 2 hours at 37°C. After washing
cells 3 times, concentration was adjusted to 10° cells/mL with RPMI and cells dispensed in
100uL aliquots into 96-well U-bottom TC plates. Serial dilutions of 100pL aliquots of
effector cells were added in triplicate. After four hours incubation at 37°C/5%CO2, 25uL.
of the supernatant of each well was harvested onto Luma plates (Packard) and assayed for
31Cr by a y-counter (Packard Topcount NXT). The specific 31Cr release at each effector:
target ratio was calculated by subtraction of the cpm released spontaneously in wells
containing target cells incubated with medium only. These values were then expressed as
a percentage of cpm representing *'Cr released in samples from wells in which the target

cells were incubated in 1% Triton X-100 (Total releasable cpm). Spontaneous release



Structure determ nation and refinenent The structures
are solved by nol ecul ar repl acenent and nodel buil di ng

waneo4perdsor mred 30 using the tools within the poTtANA008/001150
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package O . Iterative rounds of nodel building and

refinement are required to yield a final nodel.

Refinenment will proceed using CNS or WO 2004/ 022084

PCT/ AU2003/ 001150 -71 progranmg,wWthin the CCP4 suite.

The progress of refinenent is nonitored by the Free R

val ue. As a general rule, bulk solvent corrections

wi Il be applied when refining the nodels. The choice

ofang:d h@mdr‘wrl@% olctotahrel¢asetde ap, Dgieonp otesentedat Begnegp of the
| Vi nds on the resolution of the

SY'ﬁ?tgf d%ﬁgn é?h%#ﬁé§ﬂa >the structures are tested 5

by such prograns as PROCHECK OoOoPS, 3D PROFI LE and

WHATCHECK (reviewed in Dodson et al., 1998). There

aPepridednucttrdde of sof tware packages avail abl e

(MOLSCRI PT, RIBBONS, Mdas Plus, PROMOTIF, prograns

within CCP4) to display and analyze the structure. 10

ER ad cuetiinaot H;QKHIAld@umdmmge ¢dpPeshddnidi M goli as exchrsiandebdies as described

caPrsrbent RomabEncbt 8 MaRr Bl e R Hihr 2 co-erstals.

T@ﬁnﬁ%ﬁé&isesgﬁce@g PouS 8GR nARatibh B0 X-Fdyasd @tfedidi® A%/ Biol 239, 581-7

as usi m cro- assenbl y assays of reconbi nant
HL],&94XJ mmthfr B2 bRiL) wtraind f psgiter idbialosliudibaglass T hegvy chain was

B

E{éﬁhﬁ@h&@@ 1.9f76 GPtheanithiRNSStelnselfidncs). IBNA rén&ddh@g ﬂﬁ)s Ingon was
in vitro studies human cell lines are used f

pbgatedﬂnéo thaherieelepigssinn Nyeterad T, 9aph truaaiﬁgrr%ﬁﬁidnt%fée BL21 (RIL)
Cst?aqg Sf B &Y h%ﬁﬁ&l p\%f?aﬁ%%%g 0? g{ﬁhgﬁ%g\?a 11?&uc¥@W1tﬂli§nM of

brancRes b are

r Rep@PIL 1 -‘ﬂﬂofﬁ Dtéh%c‘t’cﬁ}fylrm&da I(ll@mig SolgENedas, QJdcﬂeﬁa talat eSlysed in 50mM
study usin Cr-rel ease cytol ysis experinents and

e KGR s TS 8D ] o RSP UeDOREY Nag ] and 10mM

V \’ﬁ" S[B%ig%lgﬁ b'(;l('ﬂQS Wsﬁ?rte& b% c@lﬂﬁ 18n gﬁerﬁ%&%ggrf@?%ﬁM Tris-

ockou ackg m ce ava|
uBI@Zd 0.5% TﬂItUﬁXslaK)L D(if()rﬁMLNizi@Slml\/hNeEDfﬁﬂs émi ©4°T, pH 8.0, and washing
represent

m 50mM Tris- PICI ImM NaEDTA, ImM DTT, pH 8.0, and then solubilized in 25mM
MES, 8M Urea, 10mM NaEDTA, pH 6.0 with the protease inhibitors 1pg/ml Pepstatin A
and 200puM phenylmethylsulfonyl fluoride (PMSF). Recombinant protein (60mg Kb
heavy chain and 20mg B2m) was refolded with 30mg of the peptides (SIINBFEKL and
SIINFEKBL) in the presence of 3M guanidine-HCI, 10mM NaAcetate, and 10mM
NaEDTA, pH 4.2, over 24 hours in 0.1M Tris, 2mM EDTA, 400mM L-Arginine-HCl,
0.5mM Oxidized Glutathione, 5mM Reduced Glutathione pH 8.0 at 4°C. Following
refolding, protein was dialyzed overnight against Milli Q using a 6-8,000 kDa MWCO
dialysis membrane (Spectrum, California, USA). Protein was concentrated by ion
exchange on a DE52 column (Whatman, Maidstone, Kent, U.K.), and subsequently
purified by size exclusion on a Superdex 75pg gel filtration column (Amersham Pharmacia
Biotech, Uppsala, Sweden), and a final ion exchange on a MonoQ HR 5/5 column

(Amersham Pharmacia Biotech). Quantitative analysis was based on comparisons to BSA



best pre-clinical nodel of human i munity. HHD m ce
are i mmuni zed with NY-ESO and anal og pepti des

woORormtated initially in I|FA with the additi orCO/ATA003/001150
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appropriate T hel per epitope) and their efficiency to
generate cytotoxic T |ynphocyte responses i s nonitored

by 30 cytotoxicity, ELISPOT assays and intracellul ar

| FN-y assay. Equally, peptide S7ReCI fic HLA-tetramers

are used for the evaluation of '‘The CD8+ specific

| ynphocyt es generated WO 2004/ 022084 PCT/ AU2003/ 001150

-72 fromthese cultures and for the phenotypic
thateamt@rdamtusm HpS-phlyeeryketifly gelictnstrapharess. Arotedeps concentrated

I|C|te t owar ds ti anal ogs are tested for
Rg[n}g/lggf rutgfi/mf%y tg'l%zzﬁﬁ%tgg% posi tive tunmor cell
I ines in cytolysis assays. 5 EXAMPLE 9 Chrom um

Rel ease Assay Results are presented of a _standard
chH 6nistathizagpi ggq;}s g/ggeé:@n@mt@iug@glt-hy apging Arop vapour diffusion technique

'L&ggfaf %Jo}rf Itlgge 5% Iﬁlﬁg n?hesérgétél's %r@BL /‘t(g':r?nﬂ(('r:ﬁegeeq]a@ volumes of

t alned from
| 3mgail Keepeydtidh cdzﬁ@@x&lflth\ﬁEKés,ervoﬁrl Hulklie8 KEKM erdium cacodylate, 0.2 M

e N}'lzrgl?(gg’ LteI gbfégav)g)éﬁeq g6 n%}sg 1% ql'ls\é%%tg qurg %P/ysstals grown in 16%
g(m//{f)bll's]@@ﬁb@§ cONaiti6Rak B teMdebathrel EHEW(VEH lcBAtaMEBD RhIUsP reservoir

ori de and 15 antigen specific T cells were
rielter il hatefdtailsbe&mtgrto spae I@uUBE/Switk bnig celt dimtingtoag a = 66.31 A b=

Téi(’i' 6€ K q%gi igd%:sﬁ) F%‘.{&’EVASZ i) dé rggt\%né? %ve\ég gc()i?ef_c'_?e%{bﬁsmg ifvérse phi

C%%% gl%lcéée@ EndFeaibd (UElad the HK?Lf ek %fjpro‘gkafrﬁ‘s tTI® structures were

antigen facilitating physiol ogical
predis edauat aunmamblgms mectl¢opdar Strlagemkht sop@iadewvas ahitaiaed. ) The electron

l.l ed resuspendi ng.in 20 %FCSv/v
TR B P e BT S B (e A
i ncubated for 2 hours at 37C. After washing cells 3
times, concentration was adjusted to 105 cells/nL with
Rbvracatidlag €todind Sfgstieed in 100L aliquots into
96-wel | U-bottom TC plates. Serial dilutions of 100L
aliquots of effector cells were added in triplicate.

Af t er APQuUterbpital dudatleatirendekit3 G HACTOBlun2beL B ubivell
t he su er nat ant of each well was harvested onto Luma

p?-at eEifeqeitedls ayerapmiion Shepaignfglease

3. T cells were resuspended in RF-10 medium in round-bottom 96-well plate, 100ml
per well (2x10°/well)

4.  Brefeldin A was added into each well to a final 5~10mg/ml

5. Incubated for further 3~4 hours to let gITFN/IL-2 accumulate in ER in activated
specific T cells

6 All cells harvested and stained with anti-CD8a on ice for 30~60min

7. Cells fixed with 1% paraformaldehyde in PBS, R.T for ~20 min

8 Cells washed with 0.1% Saponin solution

9 Incubation in dark for 15 minutes

10. Cells pelleted by centrifugation and resuspended in 0.5% Saponin wash

11. Intracellular staining for gIFN or IL-2 at 1:100 dilution in PBS containing 0.1~0.5%

Saponin (final concentration, Calbiochem, #558255) on ice for 60 minutes



51Cr by a y-counter (Packard Topcount NXT). The
specific 51Cr release at each effector: target ratio
woaso4matosul at ed by subtraction of the cpm rel er6®AU2003/001150
spontaneously in wells containing target cells
i ncubated with nmediumonly. These val ues were then
expressed as a percentage of cpmrepresenting 51Cr
rel eased in sanples fromwells,i.n which the target 30
cells were incubated in 1% Tr i'ggﬁ X-100 (Tot al
rel easabl e cpn). Spontaneous rel ease WO 2004/ 022084
PCT/ AU2003/ 001150 -73 ranged from1l to 10% of total
rlg) e ¥sB$ enalpsis p@Ermed fer tpioccobmtvath gatingiee theaR Sorcelihgmong intact
val ues,,obt Ped fromtriplicate cultures. Peptide
st r ucElipery a]% 'P&conbi nant H 2Kb nol ecul es were
expressed in E. coli as i ncl usi on bodi es as descri bed
[Garboc2| D.N., Madde DR & Wley . C.. Five viral
pestse deillpgl m the a@dmarayglteauage thatéh‘?rtﬂ"?% ciibpd hergin gy gyisceptible to

5 d\%%{lg%yﬁxfll rﬁ?dfgg% 0]>és Bf;hl\érn gﬁ:ﬁ ﬁm%%h%&?fédaﬁﬁ dessl:?@g? E’Itgé to be understood

Eaattee irskhdorciokiudesTdbsuwh aadationh @ad ynodifaiationsa sSTHeGnvention also

nodj fied. by the renpval of the | eader se nce, g .

P HrEb LiHE B TORan OBP LI oA B PO e s pgindiceted in
ﬁ?s%%e&ﬁcétﬂﬁ Hﬁﬁﬁ&&l@r&t}@ﬂ&tﬁ ? USRICAY -ang BRoSIBERELADOS any two or

this'region was ligated into the bacCterial expression

vieotearf spid Bteparod faatmesf or med into the BL21 (RIL)

strain of Escherichia coli. At an A600 of O.86,

cul tures were induced with 1nmM of

i sopropyl -1-thio-(3-D gal actopyranoside (I PTG for 12

hours, bacteria were lysed in 50mM 15 Tris-HC1 pH 8.0,

1% TritonX-100, 1% Sodi um deoxychol ate, 100mM Nadl and

10mM DTT. Inclusion bodies were isol ated by

centrifugation after washing with 50nM Tris- HCl, 0.5%

TritonX-100, 100mM Nadl, 1mM NaEDTA, 1nmM DTT, pH 8.0,

and washing in 50nM Tris-HC, 1nM NaEDTA, 1nM DTT, pH

8.0, and then solubilized in 25nMM MES, 8M Urea, 10nM

NaEDTA, pH 6.0 with the protease inhibitors 1g/m

Pepstatin A 20 and 200M phenyl net hyl sul fonyl fl uoride

(PMSF) . Reconbi nant protein (60ng Kb heavy chain and

20ng P2nm) was refolded with 30ng of the peptides

(SI'I'N(3FEKL and




SI I NFEK(3L) in the presence of 3M guani di ne-HCl, 10nmM
NaAcet ate, and 10mM NaEDTA, pH 4.2, over 24 hours in
wO0 200v022088, 2mM EDTA, 400nM L- Argi ni ne-HCl,  OP&EmMMU2003/001150
Oxi di zed 4 ut at hi one, 5m M Reduced d ut at hi one pH 8.0
at 4C. Follow ng 25 refolding, protein was dialyzed
overni ght against MIIi Q using a 6-8,000 kDa MACO
di al ysi s nmenbrane (Spectrum Cﬁl ifornia, USA). Protein
was concentrated by ion exchangé on a DE52 col um
(What man, Mai dstone, Kent, U K. ), and subsequently
purified by size exclusion on a Superdex 75pg gel
fBIRLEOGBAPIOYurm ( Amrer sham Phar maci a Bi ot ech,
Uppsal a, Sweden), and a final ion exchange on a MonoQ
HR 5/5 col umm 30 (Anmersham Pharnmaci a Bi otech).
Quiahll tiati ve snalatSR SSpwrsl, Dagke, on mmaacn Goylﬁtst 5. BMathenson, E.
WO 2004/ 022084 PCT/ AU2003/ 001150 - 74 pr ot
S&, dkedalds 199 7nBOPSMY¢E ITﬁélrlycpe@fﬁrd@p’@@ep/class I MHC interaction defined by
186dr e
SRR D A S A R ORR S L2 ne QP OIS
trials were conducted usi ng the hanglng drop vapour

o oS T Ramgey Ml aRurtsion & ia oy Millss 15 Beitip 1 Characterization
V&Y tﬁgg%l%ﬁb%f%émf TRR BERbLEAE 1RO @?I' BRIt éTerBé}ﬁs for positive and

reservol r 0.1 M sodi um cacodyl ate, O.
cadgativaschetivat By eiiBigl. TRRG AAOOB)3): el m cr oseeded
fromcrystals grown in 16% (wv) PEG 4000 conditions
at roomtenperature. Each well contained 1 m of

rﬁ%ﬁfo‘ﬁ@DV H. miiher A Tetsehvsivl, Pehedonny A. Oarﬁipﬁfﬁgorgf QUCrystal
P21 with unit cell dimensions a = 66.31 A, b = 10

89rueBIrAof en H-2Gb-peallymingeeptidd copaplenreyegls thedateaplax pf primary and

Wsreﬁrgjce)%%aé}r %%c‘iﬁedosﬁs ?DEIQH H%_rgé@le ]{1191!3' ?mgﬁﬁﬂﬁtg c%mp%%ﬁ&iﬁg gloove Proc

SNEM Clichd 88 MSTA 199£Manesl :9a(M):2amo-8panbi guous nol ecul ar
repl acenent sol ution was obtained. The el ectron
density for the bound beta peptides was very cl ear

( 5 1%% 88 SVLRI Fetnh, wloy! RE hagflih ul 9a7r ERKI AR PO :pgﬁg{neters of

Wer e plated out  at reqwre ensifty 1naf
vp!iodm&lcmf an]iOﬂ]iJ/amﬂtlahve Ricrédstachonctodtyl & wenaohd 208027
Chromumrelease 3. T cells were resuspended in RF-10
medi umin round-bottom 96-well plate, 100m

Green, T.W. & Wutz, P., Protective Groups in Organic Synthesis, John Wiley & Son, 31
Edition, 1999.

Jameson S. C., Bevan M. J., Dissection of major histocompatibility complex (MHC) and T
cell receptor contact residues in a Kb-restricted ovalbumin peptide and an assessment of
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Jones, B., Jr C. A. Janeway. 1981. Cooperative interaction of B lymphocytes with antigen-
specific helper T lymphocytes is MHC restricted. Nature 292:547.

Jones, J., Amino Acid and Peptide Synthesis, Oxford Science Publications, 1992.



20 per well (2x105/well) 4. Brefeldin A was added into

each well to a final 5-1 Owg/mM 5. Incubated for
wobuond4her088- 4 hours to let gl FN I L-2 accunul at e PCIVAERG3001150

activated specific T cells 6. Al cells harvested and

stained with anti-CD8a on ice for 30-60mn 25 7.

Cells fixed wth 1% paraf ornmal dehyde in PBS, R T for

-20 min 8. Cells washed with 0..1% Saponin solution 9.

Incubation in dark for 15 m nut'es 10. Cells pelleted

by centrifugation and resuspended in 0.5% Saponi n wash

11. Intracellular staining for glFN or I1L-2 at 1:100

dK e Ko jumggRBSHcOn Paintélng., @nd&@%mgﬂ@ %émwp itej etjoneplt H-2-

oL st 0ia b s A0 U T8 sBey yagrre. 1986

amaJyﬁQ§3pﬁ5699nﬁ@g§or two color with gating on the
CD8+ celis anpbng intact cell popul ation Those skilled

in the art will appreciate that the invention

%%?)%If R hbp HOASR IR R Baipn 300 N AR Bl

is to be understood that the i nvention incl udes
aII such vari ati ons and no% i cati.ons. The inventi

al Becgise Ido‘ésanéii Kargy, ke HdO% eHgst treERC el Apleaneorsinst H-2-
a@éﬁc&%ﬁ ! .gn ?T@ bf fh8 %&Pﬁrﬁgm' JEx, Me§ Dec
specl at on I VI dua or collectively, any

ahﬂ6ﬁbbl@@hﬁ@natlons of any two or nore of sald st eps
or features. WO 2004/022084 PCT/ AU2003/001150 -76-
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conpr i wd8cibBle by a non-substituted form of said peptide.

3. The method according to claim 1 or 2 wherein said T cell is a CD8" T cell and said
MHC is MHC L.

4. The method according to claim 3 wherein said peptide comprises 2-50 amino acid
residues.

5. The method according to claim 4 wherein said peptide comprises 2-40 amino acid
residues.

6. The method according to claim 5 wherein said peptide comprises 2-30 amino acid
residues.

7. The method according to claim 6 wherein said peptide comprises 2-20 amino acid

residues.
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cell response inducible by a non-substituted form of

said peptide. 2. A nethod of nodul ating a peptide

specific T cell response in a subject, said nethod

conprising adm nistering to saiﬁ subj ect an effective

amount of a peptide, which péé ide conprises at |east

one (3-amno acid substitution, for a tinme and under

conditions sufficient to present said peptide to said )

B.cel IThermethed awotding taflainn? wiekcipwsid pepiide samIPEses 2-15 amino acid

wherei n.said (3-am no acid substitution induces either

agoni SH*8¥°®ant agoni sm of said T cell response relative

to the T cell response inducible by a non-substituted

formof said peptide. 3. The nethod_according to claim

or harariEpsaserding to.ep one! a1 Sbsrin s egRnge 5 T cell

VHC i%w . 4. The method according to claim3

wher ei n saléLpeptide conprises 2-50 amno acid

residues. 5. The nmethod according to claim4 wherein

said peptid onpri.ses 2-40 am no acid .residues..6

T reioacied Srarigs t dai? Hherh honsi P S AZghist
conprises 2-30 amno acid residues. 7. The nethod
according to claim®6 wherein said peptide conprises )
21120 dhfeunethod decording tuesim N\or 20 GdesRRgdd peptide is a tumour derived
PCT/AUZ%&&/OOllSO -80 8. The nmethod according to

cl ai mPFHifi®r ei n sai d peptide conprises 2-15 amino acid
residues. 9. The nmethod according to any one of clains

1-8 wherein said response is T cell  activation. 10.
THa nethoaetod epeirdige tocleinail hinderginesaid iy gerived peptide is from

act i valORshS\RRON MABE, BAGE, RAGE or CAGE.

13.  The method according to claim 9 or 10 wherein said peptide is a virus derived

peptide.

14.  The method according to claim 13 wherein said virus is Epstein Barr Virus,

Cytomegalovirus, human immunodeficiency virus or Hepatitis C virus.

15.  The method according to claim 9 or 10 wherein said peptide is a tolerogenic

epitope.

16.  The method according to claim 15 wherein said tolerogenic epitope is derived from

Myelin Basic Protein (MBP).

17.  The method according to any one of claims 1-16 wherein said amino acid

substitutions are substitutions of said peptide's MHC anchor residues.

18.  The method according to any one of claims 1-8 wherein said response is the

induction of anergy or tolerance of pathological T cells.
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CAGE. 13. The nethod according to claim9 or 10

wherein said peptide is a virus derived peptide. 14.

The net hod according to claiml3 wherein said virus is

Epstein Barr Virus, Cytonegal ovirus, human

I mmunodeficiency virus or Hepatitis C virus. 15. The

nmet hod according to claim9 or 10 wherein said peptide

is a tolerogenic epitope. 16. The nethod according to

cl@i m [ : [ -

From el oo s Anbtb gl A QRELERE R, is the

accor dmdgcttcm alrmypobyrdored TokRirespodsel6 wherein said am no

acid substitutions are substitutions of said

pepti de's MHC anchor residues. 18. The net hod

ag@.or d\Nfeth&d 8fYgoalh oo pephial Becin ST \éﬁ?‘fe%%)(ghsé% g subJ edt, said method

response i s the " induction of" aner ol erance

pat hoI eyieradingy C%@dmmlstdl\mg'i@ Saif (BQQGMHI%@E,CNQ@WI@ Gﬂalﬁﬁhtagomstw

Wh er ei P]epllgfe,d\gﬁlgg Co%él%lpﬁ% at ?q?ah%}eolg %mg{o 3?1 éurlggtlt:lllﬁon together

pol ycl gha |theTnd}1eidbsﬁtﬁ%H%§§ of @d R?tﬁ@tfwtlﬁg a9 BRSE PHitions
a peptide specific T cell respohse In a subject, sal

met hodsuffeippirto w&sgnt@@wammldnsstb eaidrilgcdlls is ﬁled:oatml&]‘. ect an
effective anount of an antagonistic peptide, which
peptide conprises at | east one (3-am no acid

suhst | AuhdtBod of AloRRing Mhdpkidé BseciRIT %élb?efs{)éﬂéé &idla 5@ 8B, said
of said peptide for a tlne and under conditions

suf f i chewhed comprigiag fe- aé@ilrustp@pg fogeisl subjeshireffectiat ot of an

the co f ant agoni si p
speci f1 .O%JYFTU g%ﬁndreégv%ﬁctrl]l éep cﬁe conglfjrbs%%%ftlea% gpeaﬂ aﬁﬁltuh gﬂd substitution,
conpr i ®elecitR e HiinSuBStithigd Féns of i Bputiae Fordtime and under
effective, anount_ of an _ ) ) )

conditions sufficient to present said peptides to said T cells in the context of an

MHC-peptide complex.

22. A method for the treatment and/or prophylaxis of a condition characterised by an
aberrant, unwanted or otherwise inappropriate peptide specific T cell response in a
subject, said method comprising administering to said subject an effective amount
of a peptide, which peptide comprises at least one B-amino acid substitution, for a
time and under conditions sufficient to present said peptide to said T cell in the
context of an MHC-peptide complex, wherein said f-amino acid substitution
induces either agonism or antagonism of said T cell response relative to the T cell

response inducible by a non-substituted form of said peptide.

23.  The method according to claim 22 wherein said T cell is a CD8" T cell and said
MHC is MHC L.
24.  The method according to claim 23 wherein said peptide comprises 2-50 amino acid

residues.



agoni stic peptide, which peptide conprises at |east
one n-am no acid substitution, together with the
waam4gatsti t uted form of said peptide for a ti RETAUA003/001150
under conditions sufficient to present said peptides
to said T cells in the context of an MHC peptide
conplex. 22. A nethod for the treatnent and/or
prophyl axis of a condition chafg?}erised by an
aberrant, unwanted or otherw se T nappropriate peptide
specific T cell response in a subject, said nethod
conprising admnistering to said subject an effective
anount of a peptide, which peptide conprises at | east
0 (3 [
comcl ¢ TORCTPEGor i) ot Ayt s sk ABfHBCEHo amio acid
T cel | rdsiduehie context of an MHC peptide conpl ex,
wherein said R amno acid substitution induces either
agoni sm or antagonismof said T cell response relative
togt hery [
g? - OT-II% gf%ltﬂogeagtgiﬁg 2136 cl.a'ﬂ_ﬂi_%é Vﬁ%t?eﬁggalg (@:gﬁ%eséégﬁﬁl oy 15486 amino acid
claln1ﬁzmmhsre|n said Tcell is a CD8+ T cell and said
MHC is MHC |I. 24. The met hod according to claim 23
wherei n said peptide conprises 2-50 am no acid
resi dugse méodQR e A% A8 1R DeARSAR 00 biptte Co%ﬁm%@s 2 20 amino acid
The nmet hod according to claim24 wherein said peptid
conpri twelups.40 anino acid residues. 26. The nethod
according to claim25 wherein said peptide conprises
2-30 amno acid residues. 27. The nethod according to
cb8i m 28e wheiod dicsding tpeRihde vaemgh ssie pepti B oaiprides 2-15 amino acid
acid resjdues. 28. The method according to claim 27
mherelﬁﬂ§%$ﬁ pepti de conprises 2-15 anmino acid
resi dues. 29. The nethod according to claim22-28
wherein said response is T cell activation.
29.  The method according to claim 22-28 wherein said response is T cell activation.

30.  The method according to claim 29 wherein said activation is agonised.

31.  The method according to claim 29 or 30 wherein said condition is a tumour and

said peptide is a tumour derived peptide.

32.  The method according to claim 31 wherein said tumour derived peptide is from

‘ NY-ESO, MUC1, MAGE, BAGE, RAGE or CAGE.

33.  The method according to claim 29 or 30 wherein said condition is a viral infection

and said peptide is a virus derived peptide.

34.  The method according to claim 33 wherein said virus is EBV, CMV, HIV or CIV.

35.  The method according to claim 29 or 30 wherein said condition is multiple sclerosis

and said peptide is a tolerogenic peptide.
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said peptide is a tunmour derived peptide. 32. The
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30 wherein said condition is a viral infection and

said peptide is a virus derived peptide. 34. The

met hod _according to claim33 wherein said virus is

EBY,  cilipe mathpdpiccendipg to ghim Plavhesein seid delewranis gpitepe is MBP.

claim?29 or 30 wherein said conditionis nmultiple

sclerosis and said peptide is a tol erogenic peptide.

V@7 20020 224014 decTrdig20 Ay Bﬂ&dﬁ@aigrs&il-ﬁﬁwhai’e'ﬁl sakl feegbnse is the

according to c]aim35 wherein said tolerogenic epitope

s NBPIndUgton FhamereY R lereesod PRGologiczhy & of ol aims

22-28 wherein said response is the induction of
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40. A method for the treatment and/or prophylaxis of a condition characterised by an

inadequate peptide specific T cell response in a subject, said method comprising co-
administering to said subject an effective amount of an antagonist peptide, which
peptide comprises at least one B-amino acid substitution, together with a non-
substituted form of said peptide for a time and under conditions sufficient to present

said peptides to said T cells in the context of an MHC peptide complex.

41.  The method according to claim 39 wherein said condition is an autoimmune

condition, a transplant or an allergic condition.

42.  The method according to claim 40 wherein said condition is a neoplastic condition

or an infection.

43.  Use of a B-amino acid substituted peptide in the manufacture of a medicament for

the treatment of a condition in a mammal, which condition is characterised by an
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sufficient to present said peptides to said T cells

in the context of an MHC peptide conplex. 41. The

nmet hod according to claim39 wherein said condition is
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wherein said condition is a neoplastic condition or
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pept i didbejrant h@wmmomh@mésedﬁa@rméﬁtﬂ iwekhrespepse whegein said f-

It ; € ?L ﬁﬁ]&x{a %Fﬁdssgﬁsg%hqgwn es Gglzﬁr@ﬁaﬁé% O\Qhalnt%gor(ﬁgrﬂ%lf tse'118 T cell

PCT/ AR OR1RR to tIRAT adlEfekifitse indlvd B Aén-OiREfvddserm of said
i nappropriate T cell response wherein said (3- am no

aci d spfP§Eet ution i nduces either agonismor antagoni sm

of said T cell response relative to the T cel

response inducible by a non-substituted formof said

pept i dg phédnaclutifABEFFAEE&IH dnCim B RIARGSH-hindib Addpulbstineg peptide
(3-amino acid substituted peptide_ together with one

or nortegpther itk eng pempreyphagestieAlly asentabdy cargergapd/or diluents.
di luents. 45. A nethod of designing and screening for
(3-am no acid substituted peptide anal ogues, which

N3 hodA ph@Mé dlesdedigiBd Gtrettih Gnel-hinirplHasd dubstituid peptide
a-amno acids for (3-amno acids in a positiona

scanni anglegyps, oduth madhod peovidrsrathedns af rasionadty sybsiiutiag g-amino acids
gixgla\k/) Iafq1 ﬁ%qq%lgfs) ;?(r: (Sjll'I a Ir)]c():stitllc?n% scagﬁltnlg\élplto%a&nand B e Hca’uon of

peptides exhibiting desired functional activity and improved bioavailability.



