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CROSS-REFERENCE TO RELATED APPLICATIONS [0001] The present
application claims the benefit of the filing date of U.S. Provisional Patent
ApPiIRAtiBA8EF?al No. 601691,889, filed on June 17, 2005, the @iH&$2516/023489
of which is incorporated herein by reference without disclaimer.

BACKGROUND OF THE INVENTION Field of the Invention [0002] In

certain embodiments, the igpepten HSESELRGERIN relates to analogs of
peptides corresponding to class | MHC-restricted T cell epitopes and

methods for thej ' o] n ' ingQ acid
substitutions g?%s%ﬁ%&iﬁ%éﬁiﬁ&m@%&es and

can cofé@piproldd prredifipdloriise lkimstbadlogittpipe fiksg Hate of U.S.
RALUEHIAG) SRitoRe Analog ial NOBEle ja ! %05, th
NY-ESO-1, PRﬁtM PS Agﬁé}égn.aéer,@a{]? TEE érﬁﬁ?&%ﬁ%iﬁdé& e
ApidntiGHAIN, wiheh dsinroipRIReS hneivHivt eRe st ovishast itriatiosrs

comprise the non-standard residues norleucine and/or norvaline, are
disclosed. Description o Related Art The Major Histocompatibility
Complex and T Cell géﬁé&%@iﬁﬁi@nf@%%ﬁ%&ﬂ%ytes (T cells) are
aividerf-dpdaifmiiamune cells that function in response to specific antigen
signals @ dymphagyies and the xP&éi'%?d'%‘}?% tﬁ%é’nﬁ%%d 1%%1“%%%39@ relgtes to
antigen-specific entities. However, Uniike fymp ocy es, o ce S do o
rexbetid 46 peRiginssoergrerdingstiutisfolMIEErwsTrictid t3 redpopiiapesaand

ardigess foremdireseReantioerte be.Rgund 108 RS ERINg LA X tutions at
comprised of major histocompatibility complex (MH%)é{)rotelns. 0004]

EftotBfhsireride THErafe AR b)Y WRicR T e lIs R eifiateo MettvaIBro ved,
"seifielis o fareigneelsyy epmaleCHEp AR A £AQHORHE GLIRMUASM the

receptors that present poteptial penti [topes to be itored .
ey T B e rho R A R St TV Bopipgee, and
anclaiass dtdvitd BBl + Addeitsaiiterdessaithoflassid dvHE prbicinshandarious
Radaminaleliiag iR AEneiPR AR GRREHEURINIBEMIL
class I MHC proteins and predominately have a cyt&ytlc

Zb88asede562 PCT/US20061023489 phenotype, but each of them can

also exhibit regulatory, particularly suppressive, function. Both MHC class

I and Il gre transmembrane proteins with a majority of their structure on

t ! ell. Additionally, both classes of MHC

The Major Histocompatibility Complex and T Cell Target Recognition

[0003] T lymphocytes (T cells) are antigen-spéciﬁc immune cells that
function in response to specific antigen signals. B lymphocytes and the antibodies
‘they produce are also antigen-specific entities. However, unlike B lymphocytes, T
cells do not respond to antigens in a free or soluble form. For a T cell to respond to
an antigen, it requires the antigen to be bound to a presenting complex comprised of
major histocompatibility complex (MHC) proteins.

[0004] MHC proteins provide the means by which T cells differentiate
native or "self" cells from foreign cells. MHC molecules are a category of immune
receptors that present potential peptide epitopes to be monitored subsequently by the
T cells. There are two types of MHC, class I MHC and class II MHC. CD4™ T cells
interact with class II MHC proteins and predominately have a helper phenotype while

CDS8" T cells interact with class I MHC proteins andtpredominately have a cytolytic
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have a peptide binding cleft on their external portions. It is in this cleft that

small fragments of proteins, native or foreign, are bound and presented to

th t !‘ environment. [0005] Cells called antigen presenting cells
(A%%s%%%s%%%%ntigens to T cells using the MHC. T cells can rggggfln 58)6/023489
apLaRtigeR, ift is,presepted on th MH@, This requirement is called MHC
rggtric(g%% JIfan gr%ﬁg%{%lg ‘ﬁo%‘"’é’.s%ﬁfgy% Bﬁ’taregé’?g@?ﬁzmwm fpnressive,

c&mﬁwrhoﬁ@f@o@mg‘em herdrithecantiperesignat. froeliss SRecicdgbrity of
thEcpaptida.ROMEL L0 246 GoRIZARIE MH %e'ﬁ'.”% i%poensaﬁr}ll\e/l ?gcgi)pgi%'%gf of MHC

complexes and proceed to the next stages of the immu

KintAeREgsromdina e T S8yl partoanaldyieinbibdiniitshat small
[a8R6)mbedinients Reke-analngs of hinMHGCRs Lesiricted T cell
epitope SSX-24149, KASEKIFYV (SEQ ID NO. 1), poly;%a“e%ﬁ%’esle exteacellular
comprising %hese analogs that can be processed by pAPC to present the
epitope [8A0fbgs, Erlsmutleicaratids thatenpsassiiha pglags,hhe.anRI08 1
camhavesSimlpRRr inpqred immunological properties compared to the
wild-type g,eSipitope.‘ [00079%ﬁgn paricular %’n%&%?rﬁééﬁ?l&f@%%%?%&ﬁ%ﬂc-
SSR.IPEpRE i Fdled shElie resttesmprisif guonetigemaseramingpagish by o
subsituionsyttheseauencsiKASEKIEY. D, NQ:1),.in an amount
suffiﬁ%fn to ﬁlicit cytokine production f%:or%é zﬁ; (i%mpn'%ek%gl%%gg?esdgg%} Feetss
iRz Ao QG SRHEE hP Rish oD & WAtk §RiEabie) MSHE bitA SE KIE\MBEQelifide
NOrbjehesone aspeet, thiemaunksyfiicientisdess thaniQ M. In a further
aspect, the amount is less than 3 isM. in yet a further aspect, the amount
is less than | .tM. In one aspect, the one or more amino acid substitutions

can include at least orf&J3aidRd amifoRRid/snbstNtion. "Standard

AR ‘Qggda';}%%!g%@oa%gmsincludes any of the 20 genetically encoded

amino acids. Thus, Inone aspect, the at least one standard amino acid

substitUfiBf%an, Farkodimpres Tnelndaknatags Althd & IMELITNI-RRGIASPT cell

Ashopt SEK.I0,3,/URASEASIPSSH: {86011 1P RS A sybstition
substitu

can inclgige at least one non-standard amino aci S Rphising these

10 DA SR RERIGSTRSRAIEY BABKAIM prEswittho it anslagy efidhaucleic
festidsvinigat -@{W@sﬁﬂﬁ)ﬁlbfi%@a P%-E/L&g}aggﬁ/gl%%%%éq%%Pheoéwggsmvc 4
: i nyiglycine , 4-fluorophenylalanine (Phe(4-F)),
%@Eﬁé%@é ﬁﬁ‘fﬁﬁ%\‘mﬁ%?@wf TBRGSPHCREId (Abu), a-
aminoi$®Mityric 4did paibyulaethybleinine (Matew), snefiurhadnesiiiealkde
(Br{Brobe lenyds ' -(3-henzothienyl)Ala), 0-methyltyorosine
-n%regth I-Tyr) cxg@é\ﬁe%glgaé\%r% %gﬁ%f‘,"lﬁ‘-?l%ﬁé&%&%ﬁﬂﬁ@%ﬁ’&lﬁ%ﬁuem
g@@;ﬂ%%‘m%( iH& WIL}Z)I,H an amount sufficient to elicit cytokine production
from a T cell line generated by immunization against an épitope with the sequence

KASEKIFYV (SEQ ID NO:1). In one aspect, the amount sufficient is less than 10

UM. In a further aspect, the amount is less than 3 BM. In yet a further aspect, the
amount is less than 1 M, In one aspect, the one or more amino acid substitutions can
include at least one standard amino acid substitution. “Standard amino acid” as used
herein includes any of the 20 genetically encoded amino acids, Thué, in one aspect,
the at least one standard amino acid substitution can, for example Tyr, Val, Leu, Ala,
Ile, Met, Trp, Phe, Asp, Asn, or Ser. In a further aspect, the one or more amino acid
substitution can include at least one non-standard amino acid substitution. Non-

standard amino acids include, for example, but not limited to, any of the following:
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D-stereoisomer of a standard amino acid, or amino acids wherein the

carboxy terminus has been modified to the amide (indicated by -NH2).

Thus, in one asg)ect, the at least one non-standard amino acid

subS Al A e Nle, Nva, Abu, or a D- stereoisomer of a starfddyyS2006/023489
amino acid. In a further aspect, the one or more amino acid substitution
cmiliveinde @odiftedatarenifalamipbearlgliciendRispect-theropbdifigdanine

tesunRk AMIRQAGIhEAN 26,20 a{ﬁiﬁ@@ﬁ&ﬁ?f@i&ﬂmu#gfﬁd%m by), o

further aspect at [east one of the substitutions can be thé addition of an

Sine achiwinaith (4B adrftiotrieusics (vl aswitiohvaling fivibeéal), B-(3-
epide further ; hstition.of v ~
D Al AL T,
areclobesylstanan/ (e imaaty eleninte®ielibh $-(doosthyv fatthine (Nal-2),
Q%Qﬁfﬁ@i@_ﬁéf'gﬁ% @aﬁ&'ai@ OﬁPﬁ‘ﬁjod p@ﬁﬁg?@f[agn@éﬂi%i&d%ﬁe%ti{otﬁeg ’tc)arboxy
ICN can Include one IN0.acCla at eacn site. -or exampie can be
ey e e PG e AR M g
Dhtys;1dag can he-Atahdard liMndasid sNakididhawaAibe Nie, orilvabRr a D-
. P4 ¢gn Nle, or Nva: PS can be K; P6canbe |, L, V, .
SRS T Beab e APV ERSAL el eI ek aino
kb wHsthetion (com, Neadye\apdoiisibisriningbmelstantedntiose aspect, the
sedusneeds Nl kAR KHTY Md BE G 5 NGQ e e [QOANA LR cid. 1n 2 further

embodiment relates to an isolated peptide of 9 amino acids, P1 to P9, ]
VIFRER SRR ORR OO RS SRR g a8 h (BRI fibeB e AP RIMPe @gid: plerein
Kh& a¥diMboPleg, Pheddifl Rhi{#dINOR) sMertyer @ﬁ%@&ﬁéqﬂbﬁﬂb‘%ﬁiﬁ@ﬁéw
D-Lys; P2 canhbeV, L,.M, Abu, Nle,.or Nva; P3 can.be S; P4 can be E, Q
g S e e
Gah belV, ditePibich-me mmsat Rgodew e rty VA MNivagrhéeivfad, Abu, or
V-NH2. 9 A Rriishambaiiasohl slaies @ an inakaled BERIAE &S amino

amino acids, Pl to P9, which can include one amino acid a site:

Seatiple, 1 i iiehear inglugle pomine @eid)aielsitg0 onrempple, P1 can
[Be(&,bE,WQWEQ‘M)Pﬁ@4%,ﬁ’l&é{3¥l\?2)§%@?r’?ﬂ—t—3-V@rM@tﬁ‘féHy 10NN vs,
B S oboahe. Do B Bt S AP TN Eroh N ookl £ b
FE,RB tdn, beNﬂz,aFPPbI&('éeFS; PO @arbbé Y/, .‘HUNBI (&tm RABdE-E oF B8 can be
ol P B e R AR B0 ot & B Sl o 20,
eSeapspRstPenthdrequercevs Wt BRGBEHEUVRS O EMANOD), MeTyr,
I3-(3-bepankyeny il Aldner BrisfBinRZGARRE ¥ 53 £OR0E FaRACAP Boing
E, Q, Nle, or Nva; P5 can be K: P6 can be 1, L, V, Nle, or Nva; P7 can be
FAoB:ah 18 S, veishheam pyluse e aing: agiabpegimsite. For example, P1 can
be K, F, Y, W, Phg, Phe(4-F), Phe(4-NO;), MeTyr, B-(3-benzothienyl)-Ala, or D-Lys;
P2 can be V, L, M, Abu, Nle, or Nva; P3 can be S; P4 can be E, Q, Nle, or Nva; P53
can be K: P6 can be I, L, V, Nle, or Nva; P7 can be F; P§ can be Y, F, Phe(4-F); and
PQatPYcanbe V, I, A, Nva, MeVal, Aby, or V-NH;.

[0010] A further embodiment relates to an isolated peptide of 9 amino
acids, P1 to P9, which can include one amino acid at each site. For example, P1 can
be K, F, Y, W, Phg, Phe(4-F), Phe(4-NO,), MeTyr, B-(3-benzothienyl)-Ala, or D-Lys;
P2canbe A, L, V, M, Abu, Nle, or Nva; P3 can be S; P4 can be E, Q, Nle, or Nva; P5



can be |, L, V, or Nle. [0012] A further embodiment relates to an isolated
peptide of 9 amino acids, PI to P9, which can include one amino acid at

ea &t&% e ample, Pl can be K, F, Y, W, Phg, Phe(4-F), )

Phe( -Nog)g}{ﬁ/iie(Tyr, 3-(3-benzothienyl)-Ala, or D-Lys; P2 can blé(i_'l";/g5§00(/023489
can be S; P4 can be E, Q, Nle, or Nva; P5canbe K: P6canbe 1,L, V

KA, briVES P sl e I Pl caM B Fophier 4 FF Sparchih el PaFA-BY PO

aLPAOveandrd. & pYo Ma B Wya..[0013] A further embodiment relates to
an isolated peptide having the sequence: K{L, V, M, |, D-Ala, D-Va .
o3, A8 Bt Kiek G RV EPGERT S TN PGy ammino
REia(4 1) 1PPe(4NDarOnmketdrybikyandn (83 at each site, For example, P1 can
e hi - EKIEY car Y, E, or WHV, or ,
SER v I ) i or A SR b (SRt L
V2 orrl b K IBY¢ s BB BN By Iork Nlor o SR IBY vaNpe K(SB@ambe 1, L,
NONTY: GIFUSEKIEYfl. & MYam/ Aty o MRVABEO IR MOV B0t P10

{G, Nle, or Nva}KIFYV (SEQ ID NO: 9); or FVSEK{L, V, Nle, or
R¥aPEWLSES IINO. 10); or FVSEKIF{F or Phe(4-F)}V (SEQ ID NO.

N (S T N Lo Y o T B Qe I Jramino

e .. , Or, 1k, V. e, or Nva

f&)%i(%ﬁ? %}’Yﬁéﬁge‘i?fbg‘alf &ritfe to)- %%8?5%8‘&%?‘?&%?&%69 fHecan

Qﬂqﬂﬁﬁﬁé; R{LPNg, Phokbir), e ( SiNOa S ERIE S (B ERQotDidN@)-233; or IF-Lys;
P ELKIEY V(S 64-0L.Y.V Y, 1. X

ST SRR S B B o .

NG Nig)ob Ny Bt cerSE KIS oo 10 NEhod)For BVsE keFY{pod RVt P10

(SERLP N %) §0843] A further embodiment relates to an isolated
peptide having the sequence; ;igv or L)SEKIFYV (SEQ ID NO, 22): or {F

or YIASERE Y (SEdTRST NBbelipet FUaek feviy el RBda)bayne the
Wqudaes/ X3856%2, PG TIUS 200610234 881a]00) 18] fubthaxiemkosvapSEKIF YV
r S ass | MH ti wherej peptide has. the
KW SR saltl b e ey E e
arohzigeenyéralhpASIRKIE YHe @it ctPth@ondplerrcalY beF crossWigddtivie, or
[ # » 28518 F\PSS 414
\gfgtr%%’%g( In a(%%?t%ﬁgrf g(gg f,%gﬁiﬁc?grﬁg%( can be a él%@&%%%éé%ﬁ& Vs
coniplERBOM {SER RN @nfbotitdht pe Mt [EY mbHimCgERiED NO. 7); or

cwmﬁmom]tb@& cRRdnalude anyset/the peptideremipdinestsidesarbede, or
above and elsewhere herein. In one}ggfectt e peptide can have, for

XA ,%ﬁé S RO, 0 FNS I Nie, or NvajFYV (SEQ ID NO. 10);
or FVSEKIF{F or Phe(4-F)}V (SEQ ID NO, 11); or KASEKIFYV{I or L} (SEQ ID

NO. 12);0r KVSEKIFYV {I,L, V, or Nle} (SEQ ID NO. 13); or KLSEKIFYV {L, V,
Nle, or Nva} (SEQ ID NO. 14),

{0014} A further embodiment relates to an isolated peptide having the
sequence: K{L, V, M, Abu, Nle, or Nva} SEKIFYV (SEQ ID NO. 15); or {F or
Phg}A SEKIFYV (SEQ ID NO, 16; or YVSEKIFYV (SEQIDNO. 17); or F{L, V, or
I}SEKIFYV (SEQ ID NO. 18); or W{L or I} SEKIFYV (SEQ ID NO. 19); or K{V or
L}SEKIFYI (SEQ ID NO. 20); or FVSEKIFY{I or Nva} (SEQ ID NO. 21).

[0015] A further embodiment relates to an isolated peptide having the
sequence: K{V or L}SEKIFYV (SEQ ID NO. 22); or {F or Y}ASEKIFYV (SEQ ID
NO. 23); or FVSEKIFYI (SEQ ID NO. 24),



or Nva) SEKIFYV (SEQ ID NO. 15); or {F or Phg}A SEKIFYV (SEQ ID
NO. 16); or YVSEKIFYV (SEQ ID NO. 17); or F{L, V, or )SEKIFYV (SEQ

ID . or WAL or }SEKIEYV (SEQ ID NO. 19); or K{V or L
(sn‘zblé) |2D°]0 gr\)lr(%gg 30): or FVSEKIFY{l or Nva} (SEQ ID NO, 21), or ﬁ%gﬁ%&/ 023489

LISEKIFYV (SEQ ID NO. 22): or if or Y}ASEKIFYV (SEQ ID NO, 23): or
FvserPEHlSES iTRees. %%PFO’@)‘E%‘] BHIFS frhsies %%W@?@‘F@l&%%‘ex

anategs tht thepvild Qnlags lsepsirieted dngelepitopephiésERQht1&kB6Ements

LLMWITQC (SEQ ID NO.2 olypeptides that include these analogs
A 5 0L SAN) R T pr el b i o R e Cross
merclive aviths that esthresspthe @R gbaT hecagailsgsacaladral SMEIRMEH O 4149

sk oo _ _ Al o 2l
S P ect 12 b N ot P ks neee

having I88dduendeleshsp gEIhedERbI L 8 HINS BRIBOSERIStQ TS B iHdat

20RIUEN6E: S VMM Qe SELHIINGNB5de iarit @AM B S U igieRh - lisitin.
cytokine production from 3 T cell line generated by immunization against

AR WsiRspEchils psetidsy °SiF AP S BB BRI Us) Y R Abw, Nle,
exapleSEKINEaspeQt [halamcynsstifficierlic tArS BE185S/tI8RQODVINGY 46);
fur t be | than 3 ' t pest,

R I N IR ke ISPl QTSNP or
W& O3 NIEIRIBNY ASBELIDAK0AD op ety amind BRI KU ESEREBNNANR0); or
ipglygr@tienst arg)standard AMIng Reidkinafurthanassestdhe Qpees, 22);

more amino acid substitution can include at least one non-standard
ARPRG e RER N SEDHR N thdone Smbre AriFAEY HBstifution
can inc{uoesp mosidigs fethwnahaoditee asidel 4t aneuaspect ftie: moddiethss 1-

terminal.amino acid can b {dated C-t inal ino .acid. In.a
fﬁerstﬁlgﬁegspr)%cfea 1888PBhe o 'tﬁgaé%%é’ﬂfﬁ’tio%g@g? mr(?e é%%(lct;iorfl}%f Ny
avlyrspitids thabiadhntdectedditiviogs sha-temiinal ewditidry-BARO to present the

063800 E GLAURZANS10234R3 {00201 Qne,gmiad %%”&J%%_?%ézﬁi have

an isolated peptide having a sequence'in which: Pl'is’S, F, K, or S

Lsimilpr RpémpraNeAimma e logisal pranettics cRMIPE R PEid-fyRe eRiteper

N; P7 igd1978 is @cFelsdirhent relates to an isolated NY-ESO-1,57.165 peptide
having a sequence comprising one or more amino acid substitutions of the sequence
SLEMWITQC (SEQ ID NO: 25), in an amount sufficient to elicit cytokine production
from a T cell line generated by immunization against an epitope with the sequence
SLEMWITQC (SEQ ID NO: 25). For example, in one aspect, the amount sufficient
‘can be less than 10 pM. In a further aspect, the amount can be less than 3 uM. Also,
in a further aspect, the amount can be less than 1 uM. In a further aspect, the amount
is less than 0.3 pM. In one aspect, the one or more amino acid substitution can
include at least one standard amino acid. In a further aspect, the one or more amino
acid substitution can include at least one non-standard amino acid, In a further aspect,
the one or more amino acid substitution can include a modified terminal amino acid.
In one aspect, the modified terminal amino acid can be an amidated C-terminal amino
acid. In a further aspect, at least one of the substitutions can be the addition of an

amino acid, wherein the addition is a C-terminal addition.



PQatP9isC,V, 1, L, A Nva, Nle, V-NH2, or L-NH2; and wherein the
sequence is not SLLMWITQ{C, V, I, L, or A) (SEQ ID NO. 26),

FVLMWITOA (SEQ ID NO, 27), or FILMWITQ {L or I) (SEQ ID NO. 28).
(002142 Oﬁgﬁ%‘é ?

embodiment relates to an isolated peptide havingtd/US2006/023489
sequence in which: P1is Y; P2is L, V, I, Nle,or Nva; P3isL; P4is M, L,

or N; P930; peQsa smbpdivest KRy s T BSlised pEytids draTink 32saqiR8ce
isVwiidh: Nva, Nle, V-NH2, or L-NH2i and wherein the sequence is not
YVLMWITL (SEQ ID NO. 29) or YLLMWIT{l or L) (SEQ ID NO. 30).

[00221 A rth & ddiment relates to an isolated decamer peptide

having azsequenveN® o Xid, MWITQ{C or V} {L, | or Nle) (SEQ ID NO.

31), [09 31 Yet another embodiment relates to an isolated peptide having

a sequence SILMWITQIC, V, L, or A) (SEQ ID NO. 32), YLLMWITQ{Nva

or Nle} REEQID,NOY33), F{L or VILMWITQ(V, L, or 1) (SEQ ID NO. 34),
Y{I, Nvasqr {Jle)LMWITQV (SEQ ID NO. 35), YLLLWITQV (SEQ ID NO.
36), or TVLMWITQV (SEQ ID NO. 37). -6 WO 20061138562
PCT/US$006/028489010624] A further embodiment relates to an isolated
peptidefaxing a sequence {S or F} VLMWITQV (SEQ ID NO. 38),
SLMWITQNva (SEQ ID NO. 39), or SNvaLMWITQV (SEQ ID NO, 40),
[0025] $fiFsRothét 8mbodiment relates to an isolated peptide having a

sequeneg St_l\RwilsMW,'llgy SSER) @M@Mﬁi,[gpgﬁﬁﬁgm em_bodiments
csonta 5 B e AT O L SR e Vaf X (HhiSElR 30 NO. 26)
specifiels\drAyl Bihi\ dSi b Hhd'aniifp caditl, MVA'PQ (K &, IF (SEQVIIPNG). 28).
Phe(4-dolhe(4-NQa-Meh¥bdRntR bx%%’éh'k%”)ﬂ)'@é@ra%rd[’i;%}éﬁéé‘ ngaving a
sequence in which:

PlisY;,

P2isL,V, ]I, Nle, or Nva,

P3isL;

P4disM, L, or N;

PS5 isW;

P6isI,A,L,V,orN;

P7isT;

P8isQ,E,D,or T; ,

PQatP9isV, I, L, Nva, Nle, V-NHy, or L-NH,; and

wherein the sequence is not YVLMWITL (SEQ ID NO. 29) or YLLMWIT{I

or L} (SEQ ID NO. 30).

[0022] A further embodiment relates to an isolated decamer peptide
having a sequence {S or Y}LLMWITQ{C or V}{L, I or Nle} (SEQ ID NO, 3 1.

[0023]  Yet another embodiment relates to an isolated peptide having a
sequence SILMWITQ{C, V, L, or A} (SEQ ID NO. 32), YLLMWITQ{Nva or Nle}
(SEQ ID NO. 33), F{L or V}LMWITQ{V, L, or I} (SEQ ID NO. 34), Y{1, Nva, or
Nle}LMWITQV (SEQ ID NO.35), YLLLWITQV (SEQ ID NO. 36), or
TVLMWITQV (SEQ ID NO. 37).



P2is A, L, V, I, M, D-Ala, Nal-2, Abu, Aib, Nle, or Nva; and P3is S; and
P4is E, Q, Nle, or Nva; and P5isIC:and P6is 1, L, V, Nle, or Nva; and
P7is F; and PSis Y; F, Phe(4-F); and P92 at P9 is V, I, A, Nva, MeVal,
AbY QP 2or PO is v, and PQ at P 10is I, L, V, Nle or NvaP@H§S2006/023489
PS2+1 is X, XX, or XXX, wherein X specifies any amino acid or no amino
acid; afid2#hereia thetbeguericdisamot KMASE KIFY (SEQJDphAdd having a

: ) oS O _
L R R O A AR R A e BB o, 39,
RVENSERYEVA QB ESEDINOO2140r {F, Phg, Y, Phe(4-F), Phe(4-NO2),

0-methydodyy, or &i(BaRfngotlisoniia) BREKIGYY: (REQP MR dS)hing a
{Y, F, or W} (V. M, or |)VSEK|FY\é§<%%(|D NO. 4); or {F or WILSEKIFY
sepenre N B Bk (PES D | (SEQ ID NO. 6): or KiL or
VISEK|§02¥INHZ 6k QriBoliders @late VS RKiIfoYdleApdpvide Alllie feptide can
McYal (EﬁEQS.II? NO. 8) or -7 WO 2006/138562 PCT/US20061023489

B R R LG R “B3Chs PVSERIL. v, Nio. o
NvalFYV (SERD IDXNOD3, O, K 5 VB EHIIFKEsopdfiex 455 irhtBF6Id DrNOamino
11); or ,KASEKIFYV {l or L} (SEQ ID NO. 12);or KVSEKIFYV {l, L, V, or
Nle) (SEQ'ID NO. 13); or KASEKIFYV {L, V, Nle, or Nva} (SEQ ID NO,

14). [0028] THE isélated Heplidé'caRbaclBde(bridonBhs(édsentialedt theb-(3-

sequeneiiilieny) VA 1AL NS 08fiva} SEKIFYV (SEQ ID NO. 15); or IF
or PhglA SEKPIEYV (%Eg P NQ. 16);1\(1:341 YVSEKIFYV (SEQ.ID NO. 17); or

isA , 1, M, D-Ala, Nal-2, Abu, Aib, Nle, or Nva; and
P3is S; and
P4 is E, Q, Nle, or Nva; and
P5isK: and
P6is1, L, V, Nle, or Nva; and
P7is F; and

P8is Y, F, Phe(4-F); and

PQatP9is V, 1, A, Nva, MeVal, Abu, or V-NH,, or P9 is V, and PQ at
P10isI,L, V, Nle or Nva; and

PQ+1 is X, XX, or XXX, wherein X specifies any amino acid or no
amino acid; and

wherein the sequence is not KASEKIFYV (SEQ ID NO. 1);
[0027] The isolated peptide can include or consist essentially of the

sequence:

K{L, V, M, I, D-Ala, D-Val, Nal-2, Aib, Abu, Nle, or Nva}SEKIFYV
(SEQ ID NO. 2); or

{F, Phg, Y, Phe(4-F), Phe(4-NO;), O-methyl-Tyr, or P-(3-
benzothienyl-Ala} ASEKIFYV (SEQ ID NO. 3); or

{Y,F, or W}H{V, M, or I}SEKIFYV (SEQ ID NO. 4); or

{F or W}LSEKIFYV (SEQ ID NO. 5); or

K{A, V, or L}SEKIFYI (SEQ ID NO. 6); or

K{L or V}SEKIFYV-NH, (SEQ ID NO. 7); or

FVSEKIFY({I, A, Nva, Abu, or MeVal} (SEQ ID NO. 8); or

-



F{L, V, or )SEKIFYV (SEQ ID NO. 18); or W {L or I} SEKIFYV (SEQ ID
NO. 19); or K{V or L}SEKFFYI (SEQ ID NO. 20); or FVSEKIFY{l or Nva}

(SI%Q)IB I6\;9¥ %). [0029] Also, the isolated peptide can include 3{

b
essentially of the sequence: K{V or L}SEKIFYV (SEQ ID NO. 2 )?clg?%—ﬁ 6/023489

or Y}ASEKIFYV 5 ID NO. Z%Or FVSEKIFYI] (SEQ ID NO. 24); or
KVSEKIFYV Féég Y2 Ee 88 R AR sdlafd peptide can
include or corSISEIS e talyebriNe3eqUe (SEUSERIAYY ¢SEQ ID NO.

41), [0031] Theg,i pepsid n.h inity for a class | MHC

peptide bind?r%/bz%ﬁ.&? e"%@@ﬁ%gﬁoﬁ%}yﬁélé 4PA-A2. [0032]

Some emboditeiE IEME tonlgl48EQ M) pEdtide complex wherein the

peptide can hﬁ\(@ﬁ]@ns@\qp@%e of &rmgg (ﬁgg@%gtlg@s ggsggjbed above or
epfi

elsewhere herein. The class’ | MHC/p % e complex can be cross-reactive

with a TCR thtTEEIENiYed-a tiads: PRA@ISSRQHR MO cbhhplex, The

class | (db@ypeptite oMRIEXEaMBEA HefrA2/FSHmedd-4ERMBIL%T the
[0033] Other embodiments relate to a polypeptide that includes a peptide

aSWELSibed above and elsewhere herein, embedded within a liberation
sequence. [0R3A] BiiMfusiheNeboNivap SEKERIY (SHQMDNOQENS; or

compositions that ipclyde j rihed above or elsewhere
herein. -8 Wép%o%%i%éﬁwg%g@é@;éﬁooss] Other
embodiments Y¥&HEE B c(ERQBRIN @nEBdirty or nucleic acid means for
expressing a p@xn@@ﬁg%@@yi%@mqgﬁgwhere herein. Also,

some embodiments relate to mmunoienlc compositions that include such

nucleic acids BrnGEBiR R me&Hl 183381 0k’ embodiments relate to
methods of inKyving LIpsEKamMmMgsBQ Iwntify»g; a:CTL response. The
methods can WM%[W@%O Ia?d&ggeésﬁ[%a%@ % a composition as
described above and elsewhers hetein. ] %her embodiments relate

to metH8029%f entkkinirieaiwibsd | v @s cestiicted T acalbmaapensaialhiclf the

s.can include intranodal administration a composition as
described above or elsewhere herein. The methods can further include

administratior'dfVaf¥ imMERSpEIEMBRAY Afert2); or
{F or Y}ASEKIFYV (SEQ ID NO. 23); or

FVSEKIFYI (SEQ ID NO. 24); or
KVSEKIFYV (SEQ ID NO. 41),

[0030} Further, the isolated peptide can include or consist essentially of
the sequence KVSEKIFYV (SEQ ID NO. 41).

[0031] The isolated peptide can have affinity for a class I MHC peptide
binding cleft. The MHC can be, for example, HLA-A2,

[0032] Some embodiments relate to a class I MHC/peptide complex
wherein the peptide can have the sequence of any of the peptides described above or
elsewhere herein. The class I MHC/peptide complex can be cross-reactive with a
TCR that recognizes a class I MHC/SSX-241.49 complex. The class I MHC/peptide
complex can be an HLA-A2/SSX-24;.49 complex.

[0033]  Other embodiments relate to a polypeptide that includes a peptide
as described above and elsewhere herein, embedded within a liberation sequence.

[0034] Still further embodiments relate to immunogenic compositions that

include a peptide as described above or elsewhere herein.
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[0038] Further embodiments relate to methods of inducing, maintaining,
or entraining a CTL response, which methods can include intranodal

ad{wp [{(%} 9f a composition as described above and elsew
herein. [0 :?gﬁl 9] Some embodiments relate to isolated peptides that |nc?ﬁ(():i()e6/023489

1 to 3 amino acid substitutions in the sequence KASEKIFYV (SEQ ID
NO. 1)04&5ing aAtharrmOR e R P MR B CE BRCATR I B M ¢!

nagieriettbaisthe @@&lﬁ)ﬁ%&d&%%ﬂ&?ﬂéc{%&@d R:NQedhier saidiglassdo,
MHC binding cleft. The

fd t t
SR P AR i o TG EErf B FERGER 0 (O BRI
atRosaicRliassidMiEEdinding cleft. The isolated peptide can be
recog y T.cells with spec d I
NO. 1?@%%40] §?ﬂl?ur %r‘%lprnn gldlr%égtrts re é%tﬁe(g)(t% %}%@5 peptl%n@ﬁ% 3
amplifyengra CSHsisspeswntibly wEhedprnins rovinermplehmmisragipn of a
A SIS Rhetd NOR MeT nenzotienyl-Ala or D-Lys;

D-Ala, Nal-2, Abu, Aib, Nle, or Nva; and P3is S
and pmﬂ Q QTB%‘?Q\R%‘“B%FS s o BAEPS ( FiTaiRgS, LERIALHC-

e cRé 1% kemnesPéhis, Ywhicl heddhddl and Reduat RBtandddl AdMNuastration a

MeVal, or Abu; -9 WO 2006/138562 PCT/US 06/02 9 th
e e TR R S R

dﬁhﬁfé&ﬁ%l&h&(énﬁ@ﬁﬁﬁd@@ﬁt@ﬂ@-ﬂb&ﬂzothIenyl) Ala or D- Lys and P2
.l Ml NG ani RO g8 e Bl grhasond,
@[w(miﬁ)paﬁd)TL response, which methods can include infranodal administration of
a composition as described above and elsewhere herein.

0039} Some embodiments relate to isolated peptides that include 1 to 3
amino acid substitutions in the sequence KASEKIFYV (SEQ ID NO. 1) having an
affinity for a class I MHC binding cleft that is similar to or greater than the affinity of
KASEKIFYV (SEQ ID NO. 1) for said class I MHC binding cleft. The halftime of
dissociation can be similar to or greater than the halftime of dissociation of
KASEKIFYV (SEQ ID NO. 1) from said class I MHC binding cleft. The isolated
peptide can be recognized by T cells with specificity for the peptide KASEKIFYV
(SEQ ID NO. 1)

10040} Still further embodiments relate to isolated peptides that include or
consist essentially of a sequence in which:

Pl is K, F, Y, W, Phg, Phe(4-F), Phe(4-NOj), MeTyr, B-(3-
benzothienyl)-Ala, or D-Lys; and
P2is A, L, V, 1, M, D-Ala, Nal-2, Abu, Aib, Nle, or Nva; and
P3is S; and
P4 is E, Q, Nle, or Nva; and
P5isK: and
P6is], L, V, Nle, or Nva; and
P7isF; and
P8is Y, F, Phe(4-F); and
PQatP9isV, I, A, Nva, MeVal, or Abu;
-9-



PO atP9isV, |, A, Nva, MeVal, Abu, or V-NH2; or Plis K, F, Y, W, Phg,
Phe(4-F), Phe(4-NO2), MeTyr, R-(3- benzothienyl)-Ala, or D-Lys; and P2

IS Avdr206sMis&PU, Nle, or Nva; and P3is S; and P4 is E, Q, Nlg @ dN4dis/023489
and P5isK:and P6is |, L, V, Nle, or Nva; and P7is F;and P8is Y, F,

Phe(a P, PhoCENBA IR 3 18 bers et BB a2
isV;and P3& S;and P4is E, Q, Nle, or Nva; and P5isK:and P6is |, L,
V, Nle, or Nvgyand R7 is Fyang PBig Y phe@8(4 b @000 Wryr, p-(3-
2006/138562 PCT/US2006/023489 P is V: and PU at Pl Ois I, L, V. of
Me; orprhengDAlgyopRd sisid-F), Phe(4-NO2), McTyr, (3-(3-
benzothienyl)pAla, wriDdysRNNE2isNvaaind P3is S; and P4 is E, Q, Nle,
or Nva; and I;g {Ss; ;:a%Qd P6is |, L, V, Nle, or Nva; and P7is F; and
P4isE, Q, Nle, or Nva; and
PSisK:and
P6isl, L, V, Nle, or Nva; and
P7isF; and
P8 is Y, F, Phe(4-F); and
PQatP9is V, I, A, Nva, MeVal, Abu, or V-NHp;
or \
Pl is K, F, Y, W, Phg, Phe(4-F), Phe(4-NO;), MeTyr, B-(3-
benzothienyl)-Ala, or D-Lys; and
P2is A, L,V, M, Abu, Nle, or Nva; and
P31is S; and
P4isE, Q, Nle, or Nva; and
P5isK: and
P6is1, L, V, Nle, or Nva; and
P7isF; and
P8is Y, F, Phe(4-F); and
P9isV; and
PQatPl0islorl;
or
Pl is K, F, Y, W, Phg, Phe(4-F), Phe(4-NO,), MeTyr, B-(3-
benzothienyl)-Ala, or D-Lys; and
P2isV; and
P3is S; and
P41is E, Q, Nle, or Nva; and
P51sK: and
P6isI, L, V, Nle, or Nva; and
P7isF; and
P8 is Y, F, Phe(4-F); and
-10-



P8is Y, F, Phe(4-F); and P9isV;and PU at P10is |, L, V, Me or Nva.
[00411 Some embodiments relate isolated peptides that include or consist

essential% of a sequence in which: PO is X, XX or XXX, wherein X

. . . : : ) 20064023489
spg]cﬂléoso }13)§5§%11|n0 acid or no amino acid; and P1is S, F, K, \/\}’%?’95 AR

P2isL,1,V, Ni;or Nva; and P3isL;and P4is M, L, or N; and P5is W,
and P6 is 1, R V; 8#N; and P7is T; and P8is Q, E, D, or T; and PQ at
POis C, V, 1,dq A, INvas NIg, V-MH2eor L-NH2; and PQ + 1 is X, XX, XXX,
wherein X specifies any amino acid or no amino acid; and wherein the
sequence is 16t SLLMWITQ{C, V, I, L, or A) (SEQ ID NO.26),

FVLMWITQARSES K) NO, 27) W LMYV I PR{(4-1))} PRE@ N NOVRSYr, B-(3-

YVLMWITL SE% IQNQ %Q}or,YL MWIT{l or L} (SEQ ID NO. 30), Pl is
S. F. KVE’V%‘} HE Q/vgg\alz?fo 138562 PCT/US2 00 61023489 P2is L, I,

V, Nle, or Nv&2R8lisandP4 is M, L, or N; P5is W; P6is |, A, L, V, or N;
P7isT; PS iSP@isES;Qn&’r T;PL2atP9isC, V, |, L, A, Nva, Nle, V-NH2, or
L-NH2; and wherein the sequence is not SLLMWITQ{C, V, |, L, or A}
(SEQ ID NO P44y, B\ Mg Qi as12é) 1D NO. 27), or FILMWITQIL or I)

(SEQ ID NOp28YK: and
P6isI, L, V, Nle, or Nva; and
P71s F; and
P8is Y, F, Phe(4-F); and
P9 isV; and
PQatP10is I, L, V, Nle or Nva.
[0041} Some embodiments relate isolated peptides that include or consist
essentially of a sequence in which:
PO is X, XX or XXX, wherein X specifies any amino acid or no amino
acid; and
P1isS,F, K, Wor Y, and
P2isL, 1, V, Nle, or Nva; and
P3isL;and
P4isM, L, or N; and
P51is W; and
P6is1, A,L, V,orN;and
P7is T, and
P8isQ,E, D, or T, and
PQatP9isC, V, I, L, A, Nva, Nle, V-NH,, or L-NH;; and
PO + 1 is X, XX, XXX, wherein X specifies any amino acid or no
amino acid; and '
wherein the sequence is not SLLMWITQ{C, V, I, L, or A} (SEQ ID
NO. 26), FVLMWITQA (SEQ ID NO. 27), FILMWITQ{L or I} (SEQ ID
NO. 28), YVLMWITL (SEQ ID NO.29) or YLLMWIT{I or L} (SEQ ID
NO. 30).
PlisS,F, K, or W;
-11-



or PlisY;P2isL,V,1, Nle,orNva; P3isL;P4isM,L, orN; P5isW,
P6isl, A, L,V,orN; P7isT;PSisQ,E,D,orT;PQatP9isV, I, L, Nva,

Nle, V,.V-NH2, or L-NH2; and wherein the sequence is not YVLMWITL 4
(S @"VQIB?SZ‘@)) or YLLMWIT{l or L} (SEQ ID NO. 30). [0042] RGUH5ap06/023489
embodiment relates to a class | MHCipeptide complex wherein the

peptide can h&¥é thd-seqisneefany of the peptides in the embodiments
described abgegor.elsewhere herein. In one aspect, the complex can be
cross- reactive with a TCR that recognizes a class | MHC/NY-ESO-1
157-165 comgﬁekq‘. a&’ fiither aspect, the complex can be an
HLA-A2/NY-B5G@s 57.165 complex. [0043] In one aspect of the above
embodiment ptide,can.have affinity for a class | MHC peptide
binding cleft,sgg(l:ﬁlg%&tzﬂ . [0044] A further embodiment relates to a
polypeptide c8misrising the peptide sequence of any of the embodiments
described hergindmagspcigtion with a liberation sequence. -12 WO
2006/138562 PCT/US2006/023489 [0045] A further embodiment relates

to an immunogeREddipotitohsthatikeidies ‘ahlerthE-pifrdad

embodimentswigserib@d fieieiice isane spagtviire peptide, caghavasEq I

seque fort in. [004 rther e iment relates to a
o EhdScb At (LIS bt A AL S B AR 10
but preféeag)those which do not have non- standard amino acid
substitutions. |0 a further aspect, the nucleic acid can be encoded in a
vector. [0047] A further embodiment relates to an immunogenic
composition thaAtisif¢ludes a nucleic acid encoding any of the peptide
embodimentsisglosedihereipy N9Q48] A further embodiment relates to a
method of indagci,n a CTL response comprising intranodally administering

of any of the o itions or peptides of the embodiments disclosed
herein. In a fuptherMsheat Nhe method can

P5isW;

P6isl, A,L, V,orN;

P7is T,

P8isQ,E,D,or T,
PQatP9isV, I, L, Nva, Nle, V, V-NH,, or L-NH;; and
wherein the sequence is not YVLMWITL (SEQ ID NO,29) or

YLLMWIT{Ior L} (SEQ ID NO, 30).

[0042] A further embodiment relates to a class I MHC/peptide complex
wherein the peptide can have the sequence of any of the peptides in the embodiments
described above or elsewhere herein. In one aspect, the complex can be cross-
reactive with a TCR that recognizes a class I MHC/NY-ESO-1,57.1¢s complex. Ina
further aspect, the complex can be an HLA-A2/NY-ESO-157.145 complex.

[0043] In one aspect of the above embodiments, the peptide can have
affinity for a class I MHC peptide binding cleft, such as HLA-A2,

[0044] A further embodiment relates to a polypeptide comprising the
peptide sequence of any of the embodiments described herein in association with a

liberation sequence.
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allow for maintaining a CTL response, In a further aspect, the method can
allow for amplifying a class | MHC-restricted T cell response. In a further
aspaEShHG pethod can allow for entraining a class | MHC-restq’,%u[egj&],'2006,0:,,3489
cell response. In a further aspect, the method also can include
adminigigsg any4 iaf| . [0049] Some embodiments
relate g%ﬁated%%%}?&%%%ﬂygégﬂ gg?q%%e%%egl?:é%ﬁ%?ﬁa%cn(éo BRpikieR fhat
Rivdsh ity afidsneideamhedingHadvecabre persyuenoe, antvetaimepeptide
conesripiionatihe peptideHgdwred to elicit cytokine production froma T
cell Iinrf?gs eratedfkéék;mmu iéation a%%ant an epitope with the sequence
is not mMore" tharf ‘a PAHc T ORERHF SiThi 6 re e e d Foapding my@Bthe
Mptadil b dikenchibbedntbtad tinempbho praonib0ya6iskS URSHEULIOAS O]V e non-
[ st o tandard in cid substitution and/or at least one
%%%%%ﬁg %%‘ﬂ%gsﬁ%%é’&%ﬁ.‘?u BT R PrHE B PR SRR cncoded
Hahvaeidard amino acid can be any of those described herein, for
exam -steyegispmelifasiangd ino.acid, Nva,.or Nle. The
one toqlgx\)rfépo,r %ur amino ggid substi%%cgar%1 %gﬁ%?ﬁ%: u%%exél?ncgg?ﬁgamon that
RehAS P AR 4cid carrfipramt odihecretiniem bedimeaisidisdnshé kenein.
amidaged4siterminahampinenciin{ene Ridths suRstiuiionssanbrille » cTL
r%‘gditi(s)n of an amino, acid, for. exa}#f]gle, the addition can be a C-termina
Sckition. (OBBET Bfh & RS BHimRAT Y HSIST G BhtieshAlinganpasiings or
repiddseqiidncenthatiineludesabieasiona. differeneeHompacsegiencenod dan
RAME . et- ciated antjgen, the segment having known or
e’ﬁpreo[ ict'gﬁé%ﬁtnaiﬁt%/{%rtat%zﬁ%rgﬁ%les eblnig ira%gﬁ%:xf[e{’a FSPReRRHES APS f, SRR for
RelEyisgs ehes difffiéhtastisivh e acll18sywBs20064 88862 aspect, the method

B IR 20064023489, Masof M@[ﬁ%ﬁifé‘?e&e?lgﬁm‘gsggr_es%'dﬂ? a %er.ﬁ%eot,

Hc-é)‘inding motif anchor position in said segment. The anchor posi
8PS AR SRR ArlH IBERISHRTIRG By ERABIEO POca DL Fernanchor
positiojd@H] be Sv:aLBHARSROFNNSIHONsJIRR AHIBIRIACE 6 INCHIICAce
M%ré)rgsli\lnvaorhees%d%% regl/a%cin a.ht\)/droghobic residue in said segment. In
some aspects I, L, or V Can be ¥ e PR TUE RIS M KRR BRT ciFgrence,
yhetiFianctmcoshiono{ths papsidspertseh e péiptids oamhaxalactengifvosf a T
@haut 849, abaut A A ' e preferably a length of 9 to 10
amino z;%i}és, for g?(é%n% %QZ[%?@F%%&%E? %ﬁ-f@tﬁr%%&]ﬁ%gﬁ B%ggeﬁﬁﬁﬁﬁ% Here
thRBta PR IaT AR EIeR, Torbmppitel. e MG pBotdih) aahtbeifar The
RN PR ALY BRISHE DS - QG ol ¥ AB8 AGY B7, BS.
G5, 827, B35, 337,1338,1Bsﬁéﬁééﬁ%ﬁsﬁggéé?%ﬁ%%ﬂ Ao
B BEF BT A 38 185 Rg nenrsenlard Winowdid ekeitmion, amtithe like,
T/ ltassame mspeatgathedhiCapiotein sanbe diid 200~ Th8n, for
e%%l‘é?g' B?Q(e an ancho reggéjaercplndlng pocket, wherein the pocket is

ereoisomer of' a s amino acid, Nva, or Nle. The one to three or

four amino acid substitutions can include a modified terminal amino acid, and the
modified terminal amino acid can be an amidated C-terminal amino acid. One of the
substitutions can be the addition of an amino acid, for example, the addition can be a
C-terminal addition.

[0056]  Other embodiments relate to peptides having an amino acid
sequence that includes at least one difference from a sequence of a segment of a
target-associated antigen, the segment having known or predicted affinity for the

peptide binding cleft of a MHC protein, wherein the at least one difference can be a
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homologous to the B- or F-pocket of HLA-A*0201. The MHC residues
responsible for forming binding pockets, and which binding pockets
accommodate epitope anchor residues and thus define the binding

spetfdt)°OPtHE* MHC molecule, are well understood in the art. BB US2006/023489
clg@%iFl%?on of such information is found at the FIMM (Functional

IMmUhOISEYT B TR At e irssHe & Fandiar prodos fistis:A)chor position in
e gineny. SHBRBAIGAYDAIT(BeeAsQ SRRRRPAME: pKANck LY« SRERY p2
X Wgn?hé_aiﬁggrgb%ugﬁcé Fl eM, a da]téabase %f functional molecular
immunology. Nucléic Acius ReEE&K 2R IoP 29sKign Pho dffarence can
SeHBAbACN T or KT esidimwepBis Wondrbphahit Besigies\n SMMeg@nent. n
databassaf fjunctignal Hmu ;. updat 2. Nucleic,

Acids Igiear&%: t%%%d%}/%ﬁ%%o 1 2%%%%%1%%3%&@;‘% fptihanchor
MBI 1871 Bgeren aspeers teomenéde vast heriton lenbBrebylinaoporaitedt by amino
referenceinsix ebiifelyh ie: 1o RERIdR SRRV eagLNe binding

charac H%ﬁ"f th%isl\s%zf tantially the same as, or better than, a
corresé@n ihg cCharac éﬁ’éoé‘?’ga’fiadl Sp henitd  BLimneic. ooremplpleass
th¥lbingintyiohaFactbfidicpanibe:slevator ccamparedywit that of3aidas A3
segm I diments, the hinding, characteristic _can be affinity
o o i G 1op ehoti (S0521 s pp e Car Ao D48, B51
iR SteRicRy Bt iBEULBEENtRAK B, Saifie BES OBBRLEN a0 tRy3, Cywa,
ICWaUIIRgE RisdtY @fihe se InMuRRgenicity can , be increased.
Elgei nogenicity can %\?(ﬁ(regsgg?igrﬁr{nu,ne'res%gégg%t%a&tl’ée%cirgs%sf&s or A24.
ree{:cﬂ(\\?g% §§i‘d R shtBF ket evidke diodingerpriisse Wikiin the pocket is
iromeinggenicityicBh hieFasnesserpios.exemole. yaing VG stamer .
tplgne a%%@/t’s ac t%(%mty -14 WO 2006/138562 .

35‘5%@}%% pct agégé, BUdinemBosksimAReRreResatsRRitope anchor
Fé?ngmé thespdpfive, thy biedisgrisngaficity mﬂnﬁermwg&h%ﬁ%@%n
sl SN eNtLHISIAG andn.¥itfe immunizations system, or any other

itable methgg%?ﬁe%%gﬁ{%é%%s%sfg?ﬁ égir? fRettgR ﬁl%?’l’éﬁflcaéllgfe TRM
T RIS e g a stelasited Bisity alhypevivt inrmsfiz aposteystefitp:/)
fodnexinopiag BB O/ ahing .|UQS&%H@@%E&%E&E‘@isﬁopﬁipfp%ga%g%%g

n at simil inding characteristic as said segment fof sali
B BT UMM i ok ReaneRicheniowhle Pomiogan Beei
deiérifine dasvd QPO (128, iNGiAN LTI STIQS BERs KL SATE PRBICHET oy DR,

FAREC , "Simiarity” gan sed,ypon, for example, peptide
conceﬁfa%&(?:\%%%lf-mm Biﬁé%l%bﬁ,s?e? t%ﬁ‘%ﬁﬂﬂﬁ&/frﬁ HieF (amanelesy;
BriSseaidHy afsdderds SeaactbiBUfinbtions0 avidity2 265 209 XAMBIgAC. o

geplidasanzhe. copsisiered similas if it has results or characteristics that
]aerée?: within twofold, evgfjﬁger?o%?’foéégﬁég &Hi LoTd B ERE VATQEPRER el bY
N

AXIVEBepitenFexahitte!hopeerdssae betiviyluncionaiaivigithamcteristic
tishilasuesultiadin e enasvicse Eeﬁegﬁ{ﬁ‘a?fxecorresponding characteristic of said

segment for said MHC. For example, the binding characteristic can be elevated
compared with that of said segment. In some embodiments, the binding characteristic
can be affinity or stability of binding for example.

[0052] The peptide can have an immunogenicity that is substantially the
same as, or better than, the immunogenicity of the segment. The immunogenicity can
be increased. The immunogenicity can evoke an immune response that is cross-
reactive to said segment or can evoke a CTL response. The immunogenicity can be

assessed, for example, using an MHC-tetramer assay, a cytokine agsay, a cytotoxicity
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within three and 10-fold of the native peptide. As another example,
percentage of binding values can be considered similar when within 2, 3,
4, a,(ﬁw%mjr%sgb; or 20% of the native peptide. In some aspects 5191?
values can be considered similar when within 2- or 3-fold of native
sequence. Similar halftime of dissociation can be, for example, within 2-
aprag, hyldngRsISHiE FNOMENBRRIPRESE BROSVERB R PIRIE: tRE TS HR 20
indRlgkdiffersnt frumpildhe GREke CaRsigatedSpilamThRsRsimilaystem,
values are exemplary only and given in the context of some aspects of 1
OB Gl SHBGHHIABI I Mer TP PAIAESTAH BE B IS iy cells
TuRoRhageeiimenim did deashihgsitereini{0063]ifhepeptice s céenhefor
immunologically cross-reactive with the segment. Thus, th
R S SIS i B n o LT T VHGPL I Shhaee g Yoot
sandlay bigdisgogmitiotriiitih esprptidegnaing rfvativddy MAE crBss sxarpigityrcagine
RE ARG Drifomunizing withithe pepidesantd.assayngdepeaniion fhnt
the segment. [0054] The peptide as described above and elsewhere
FedlerieanihSOmbEMEEMETARIGHS (HdmEEntEsbrobaskd AR, 1 SRmRPle,
fostRARCeRceRehidTRre nee-indaRansemily candncdugeadNleasiNyahalf time
residue, In some instances, qne_difference .can is not a Nle ar Nva .
A BEREATARIIEE FRSPEHTTS SRR SV R SEBRRC I
waroinchiscel thiredao i Molesdiéteisnaeshf@0kisTitettaiget-addociatedold, even
nti can be a tumar-assogiated anti The.target-assogjat
e 0 % i G L B e B DS R T e, o
PGTHIBSIO0S/02848%1 [00BEY, Ctisemidenbosithants belare tovhenn o gelicare
Ragien.hatdneiude the inslantasriidesasdsaseriesaovieittage of

elsewhere herein. Further embodiments relate to methods of .
bindinaiveliencaided reRMIE EdRmItE hEStERR dntpdsiticnd 10 mariR%t, of
fior axaRpiepasiNinistasng diseetly toihe dyphaticosystemeaidhgmilar when

mammal. [00571 Still other embodiments relate to methods of making,a T,
Wéﬁ@%&l’tdﬁé"ﬂ d L%a’tl-}lﬁ é%%%%d?%élﬁ ?‘rr]ckll ime 0 glzssocxa‘aon.caxgbe for

ude providing an amino acid
sequelaceidiia 2segheitdf Atatifjenatsocistaplantigasstrecteierituedmt is

I et i e oG OBl A e

' e sequence corresponding
tecarxemplroy pobithnd givenip Chdisrieytrabaees MBesisNTacmsPmbodiments.

Sthesizing2 RERIde. £UNRESIAGHNE han 98dSRRUSHESIMERR SNBaHmgs
can be, for example, chemical synthesis or any other synthetic method.
W@)‘E}Bl Some embodiments relate to T cell epitope peptide analogues
whereifoyss pnalggeediffers friam aaativeuepipeapeptideshyaeniacettente

of at leas . . . .
segment. tl"hus, the cross-reactivity can be assessed by immunizing with the segment

006/023489

and assaying recognition of the peptide. Alternatively, the cross-reactivity can be
assessed by immunizing with the peptide and assaying recognition of the segment.

[0054] The peptide as described above and elsewhere herein can be
modified to include two differences, for example. In some instances, each difference
independently can include a Nle or Nva residue. In some instdnces, one difference
can is not a Nle or Nva substitution. Also, the peptide as described above and
elsewhere herein can include three or more differences.

[0055] The target-associated antigen can be a tumor-associated antigen.

The target-associated antigen can be a pathogen-associated antigen.
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one native residue corresponding to an anchor position of a MHC binding
motif with a Nle or Nva residue. [00591 Some embodiments relate to

isol q&% % including or consisting essentially of a sequence in
Whig{‘lg' E,ﬁ’& %ix or XXX, wherein X specifies any amino acid B HES2006/023489

amino acid; and, P1is G, A, S, Abu, or Sar; and P2is L, M, |, Q, V, Nva,
Nie, or IRBS6land (theis Pusltogimanid PALESS tandmPBIsgeriadePanesRioandbat

RciSdY: @80iERAs HefadsPR 198ecrhbekt: Soel «ANRQRALE 10:iSd; Li¥rther

Nva, or Nie; and PS2+l is X, XX, or XXX, wherein X specifies any amino

SERIBPREP S A R AR TRARP i B T 28t RBN hE s BRb S LIsBYpiFigpe such
(@E@dﬁlbk@ 2}, honME), 2006138562 LGN RZHR62 343 90 [@R6BAmphatic
solfi\tt%dbgl tlde] can include or consist essentially of the sequence:
ar or A 5}%5@' PVHPI (SEQ ID NO. 43); or G{M or Nle}PSIPVHPI
(SEQ P8O} 44)SetiGihen, axhmdindils} veBiR B Rh¢BED 13 NGkias)aoE cell

%W§| %Xalégx{é\l Ve YMidoRQdR 1%&@1‘@510@% il Eﬁﬁﬁ%’%&ﬁ %éh&%#c@ of a

; or GLPSIPVHP{V, L, Nva, or Nle} (S
oY RIS AR sER. | BN é?@’@‘}anﬂG{lPWé}@PP’VPFPWa%‘Cd
(ﬁﬁl@tﬂﬂdﬁ@m @e@iﬂdﬁ@/@lﬁﬁrdﬁ Iﬁ}ﬁﬁ@\gﬂﬁﬂa\[n ELHRMNOad) 08¢ amino

G E Y  GE NG e A Lo
5l or N{tyalaSiPek(SEQdRiltOchbyrbing the changed sequence. The
synthesis can be, for example, chemical synthesis or any other synthetic method.
[0058] Some embodiments relate to T cell epitope peptide analogues
wherein the analogue differs from a native epitope peptide by replacement of at least
one native residue corresponding to an anchor position of a MHC binding motif with
a Nle or Nva residue.
[0059] Some embodiments relate to isolated peptides including or
consisting essentially of a sequence in which:
PO is X, XX, or XXX, wherein X specifies any amino acid or no amino
acid; and
Plis G, A, S, Abu, or Sar; and
P2isL,M, L, Q,V, Nva, Nle, or Abuy; and
P3 is P or W; and
P4 is S; and
P5is1; and
P6is P; and
P7is V; and
P8 is H; and
P9isP, AL, S,or T; and
PQatPl0isI, L, V, Nva, or Nle; and
PQ+1 s X, XX, or XXX, wherein X specifies any amino acid or no
amino acid; and

wherein the sequence is not GLPSIPVHPI (SEQ ID NO. 42).

-16-



ALWSIPVHP{V or Nva} (SEQ ID NO. 56); or GVWSPPVHP{V or Nva}
(SEQ ID NO. 57); or G{Nva}WSIPVHPV (SEQ ID NO. 58). [00611 Also,

the, | e tide can include or consist essentially of the sequence:
{Abﬁfi@éﬁ%@?—él (SEQ ID NO. 59); or G{V, Nva, or Abu}PSIPV%ﬁT/(@%%(’/OZ“BQ
ID NO. 60); or GLPSIPVHP{V or Nva} (SEQ ID NO. 61); or

GLWSIPOSBIP{I oFievipSE&QHEPING . BR) iuruG]Nie |PSIRy HR{Miiall {SEQhe
RN, H3); or G(Nle or Nva)PSIPVHPV (SEQ ID NO. 64); or {A or Abu)
LFngIPVHP (V or Nva} (SEQ ID NO. 65§; or G{Nva} WPSIPVHP(l or V)

(SEQ ID NO. {658 ondsival i FRISRQHPI YEH IDPNO. 67); or AV

orNva }PSIP\HPMLSEQHENGIB33HQ@62¢dn prtigular, the isolated

B P PR (S1D NG 0T G BRI B ARy (SEQ 1D
NO. 61); or -GLWEIP209B({1B88562/ P SEAY82008/028489 GLWSIPVHPI

(SEQID Nomsﬁ%ﬁﬁﬁégﬂ?élg%%vgb(ﬁgédp NO. 63). [0063]

Preferably, the iso ep nsist essentially of the

sequence: GIRSHVVRRA (5EQND.NOY RO SBOEH ¥Rk pBptite can have
affinity for a C@ﬁﬁléﬁb‘l@@ﬁ[’%ﬁﬁabm get ardithesglags | MHC can

be, for exampl 0065] Further embodiments réfate to class |

e, HLA-A2.
MHC/peptide%W@é’ W rHERR P29 sequence of a
peptide as desgnhad;akeveardBlvewieSEHarRiROTbe)class |

2 class | MHC) PAAS RS0 SORER THEaEO HCpbie complex
can be an HLA{A21,P8lA2 882 375 tvit{ie xS D &b [N8oné))entbodiments

relate to poly&e‘gﬁgﬁg;ﬁ@g\?q%%g% %&iﬁ 569 _,g)n% as described

above and elsewhere her ithin a Tibération sequence.

[0067] FurthefAehtsodiPhBMISHEI GEIIMURSgestic compositions that
ALWSIPVHP{V or Nva} (SEQ ID NO. 56); or

GVWSIPVHP{V or Nva} (SEQ ID NO. 57); or
G{Nva} WSIPVHPV (SEQ ID NO. 38).
[0061] Also, the isolated peptide can include or consist essentially of the
sequence:
{Abu}LPSIPVHPI (SEQ ID NO. 59); or
G{V, Nva, or Abu}PSIPVHPI (SEQ ID NO. 60); or
GLPSIPVHP{V or Nva} (SEQ ID NO. 61); or
" GLWSIPVHP{I or Nva} (SEQ ID NO. 62); or
G{Nie}PSIPVHP{Nva} (SEQ ID NO. 63); or
G{Nle or Nva}PSIPVHPV (SEQ ID NO. 64); or
{A or Abu}LPSIPVHP{V or Nva} (SEQ ID NO. 65); or
G{Nva} WPSIPVHP{I or V} (SEQ ID NO. 66); or
A{Nva or Nle} WSIPVHPI (SEQ ID NO. 67); or
A{V or Nva }PSIPVHPV (SEQ ID NO. 68),
[0062] In particular, the isolated peptide can include or consist essentially
of the sequence:
{Abu}LPSIPVHPI (SEQ ID NO. 59); or
GLPSIPVHP{V or Nva} (SEQ ID NO. 61); or
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include a peptide as described above and elsewhere herein, [0068] Still

other embodiments relate to a nucleic acid encoding or a nucleic acid

means for expressing a polypeptide as described above and elsewhere
hergfﬂ,Z%GWérzlGés immunogenic compositions that include the nut§di&S2006/023489
acids or nucleic acid means. [0069] Some other embodiments relate to
methods of inGUBREE VHRINSEON diCaktpliving a CTL response. The

methods can é{b: W i gj draip f?‘ﬂf@ Q composition as
described above a"‘i.%%gg%yé’ %ereln. (')070]'A1555?3, some methods relate
to metHBRS3bf erftreferieijya Blaisirigtsridsireadaciude presponisessomiehy of

e q%g@rgnpm@@ﬁpmr@gélmiﬁgﬁtion of a composition as
described above and elsewhere herein, The methads can also includ

adminidd¥thn of & RRRTGRGEOEAYRANPLY AT f0t7T D eﬁ%%ﬁrﬁaﬁégg

rditeatal ibolatas Indpc eathat fincinaed ¢o B aubgtitutions in the sequence
GLPSIP I (SEQ.1D NO, 42) and which have an affini lass |
{%’?}% ﬁut her. emba%a)mengs rggte & f?ass Ia%{g%%%fé co%nplexes

MHC b cleft that is similar to or greater than the

ehesipilE PiSE bapiNocarytorcte riatdd MdSBihamhgperstrdscwhere

nilime ?ﬂe%%mi%m@%%t% %Mﬁ%&%@ﬁ greaissdhanihe hatitimereR that
dissociation of GLPSIPVHPI (SEQ ID NO. 42) from the class | M

HC
Breamizerercitnd Bl SMA wver s00wlass562 T IS b0rRIgRgnplex
Reptdecan hearnqogvizgd By chsglts with specificity for the peptide
GLPSIPVHPI (SEQ ID NO. 42). [0072] Some embadiments relate to .
colato bl o FRE R BH o HAR: SRR OFS BB Jas e, peptide
witjchn e QrisdéscdedomdoXiX, anfierbirwiespéeifias empakitdovadithos iberation
%%lg&c@cid; and Plis S, K, F, Y, T,Orn, or Hse; and P2is L, V, M, I, Nva,
NIe, or Abu; and P3is L, Nva, Me or Abu; and P4 is Q; and P5is H; and
P6 is LI8863] NieFuithepcraberiments |1dfld P8 isn@uposnsy Surrand@e that

3hE9dS dpcftiicAs MiSorii¥a BBKb SlaleFBeAKEREL+1 Is X, XX, or XXX,

wherein X sg;ecifies an¥ aminq acid or no ) i i
[0068]  Still other embodiments relate to a nucleic acid encoding or a

nucleic acid means for expressing a polypeptide as described above and elsewhere
herein, as well as immunogenic compositions that include the nucleic acids or nucleic
acid means.

[0069] Some other embodiments relate to methods of inducing,
maintaining, or amplifying a CTL response. The methods can include intranodal
administration of a composition as described above and elsewhere herein,

[0070]  Also, some methods relate to methods of entraining a class I MHC-
restricted T cell response, which methods can include intranodal administration of a
composition as described above and elsewhere herein. The methods can also include
administration of an immunopotentiating agent.

[0071] Other embodiments relate to isolated peptides that include 1 to 3
substitutions in the sequence GLPSIPVHPI (SEQ ID NO. 42) and which have an
affinity for a class I MHC binding cleft that is similar to or greater than the affinity of
GLPSIPVHPI (SEQ ID NO. 42) for the class I MHC binding cleft. The halftime of
dissociation can be similar to or greater than the halftime of dissociation of
GLPSIPVHPI (SEQ ID NO. 42). from the class I MHC binding cleft. The isolated
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amino acid; and wherein the sequence is not SLLQHLIGL (SEQ ID NO.
71). [0073] The isolated peptide can include or consist essentially of the

sequgnge: il Y, T, Orn, or Hse}LLQHLIGL (SEQ ID NO. 72); i
M, 1, Nva,wr\l#gé? or AbU)LQHLIGL (SEQ ID NO. 73); or SL{Nva, ﬁgr%ﬁr}&"“’““”

AbU}QHLIGL (SEQ ID NO. 74); or SLLQH{Nva, Me or Abu}IGL (SEQ ID
mOidESpbeSer@Riktiibis Torebamiti SECHY NGO 8)e pemidecH PGV P
(@Eﬂ'ﬁb N‘@!’@?U’ or L-NH2) (SEQ ID NO. 77); or {F, Y, T, Orn, or Hse}
{Nva, Nle, M, or ILQHLIGL (SEQ ID NO. 78); or S{Nva, Nle, or
MILQIRIB NV SR Y ISEe DN 78)I85Hatse ReRfides . dpetude or
ddnek LEENKBY (BEQURNGN 8@)chr {F or TILLQHLIG{NIe} (SEQ ID NO.

81);or {F org),N M L)%Hl:l Nle EQ IQ NO. 82)..[0074] Als ,;hg
isolated pept e‘g%ﬁl %({:18}(!1e or C()%rlligfscil}é(‘gss fa }e/so %rhé%(ﬁ%céﬂﬁgéé -1 °
WO 260641886562 PCT/US2006/023489 IF, Y, T, On, or Hse}LLQHLIGL

(SEQ ID NO.83); 91 SN2 NIg, 0 MO GL (SEQ ID NO. 84); or
" SLLQHLIG{NIe, Nva, or'L-NH2} (5EQ 1B NO. 85); or SLLQH{Nva or

Abu}GL (SEERID NG, 86) divas ING0t ORR: k8iNIe} (SEQ ID NO. 87); or IF
or T} {L or NvegLQHG{NeSER HAINO. 88). [0075] Further, the

isolated peptide can include or consist essentially of the sequence: S{L or
Nva}LQHLIG?ﬁIQ}QS‘E’é ID NO. 89); or T{Nva}LQHLIG{NIe} (SEQ ID NO.
90). [0076] Tire is@fated can include or consist essentially of the sequence

S{Nva}LQHL {gll }IQS %ID I}Igbés?n 40077] The isolated peptide can

E
have affinity for a classt v BE peptide binding cleft, and for example, the

class | MHC &bk #0A-A2. [0078] Embodiments relate to class |

MHC/peptide goppiexes \gpg:g{a’iga@e peptide can have the sequence of a
peptide as disclosed above, and elsewhere herein.
PQatPIis L, V, 1, A, Nle, Nva, Abu, or L-NH;; and

PO+1 is X, XX, or XXX, wherein X specifies any amino acid or no
amino acid; and
wherein the sequence is not SLLQHLIGL (SEQ ID NO. 71).
[0073] The isolated peptide can include or consist essentially of the
sequence:
{K,F,Y, T, Orn, or Hse} LLQHLIGL (SEQ ID NO. 72); or
S{V,M, I, Nva, Nle, or Abu} LQHLIGL (SEQ ID NO. 73); or
SL{Nva, Nle or Abu}QHLIGL (SEQ ID NO. 74); or .
SLLQH{Nva, Nle or Abu}IGL (SEQ ID NO. 75); or
SLLQHLI{A, S, or Sar}L (SEQ ID NO. 76); or
SLLQHLIG{V, I, A, Nle, Nva, Abu, or L-NH,} (SEQ ID NO. 77); or
{F, Y, T, Om, or Hse}{Nva, Nle, M, or I}LQHLIGL (SEQ ID
NO. 78); or
S{Nva, Nle, or M}LQHLIG{Nva, Nle, or V} (SEQ ID NO. 79); or
{K, F, Y, T, Orn, or Hse }LLQHLIGV (SEQ ID NO. 80); or
{F or T}LLQHLIG{NIe} (SEQ ID NO. 81); or
{F or T} {Nva or M}LQHLIG{Nle} (SEQ ID NO. 82).
[0074] Also, the isolated peptide can include or consist essentially of the

sequence:
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The class | MHC/peptide complex can be cross-reactive with a TCR that
recognizes a class | MHC/PRAME425-033 complex. The class |
MH%é]ngtide complex can be an HLA-A2/PRAME425433 complex.

[00 ter &ifbodiments relate to polypeptides that include a Jepifl2006/023489

sequence as described above and described elsewhere herein in

association with, & Iibepation SsqtidneE{IOB O EUrtReNenfidodiments
relate to imm@@gﬁpmlg%pm@%@gl@zﬁi yeeneoPgRide as described
in. [00

above and described elsewhere herein. [0081] Some embodiments relate

to a nucleic ad4'eREdHgBhda Atk iSH8aRNEr 8xpressing a
polypeptide asgesgtipec above Al deBCyiipdielsegyhare herein, as well
as immunogenic, CompQsifi t inclu ch nucleic acids and
means. [OOSZ?%Y%@?&%%@%%é%}[%}rgsai&;%@eﬂ%ods of inducing,
maintaining, dfamplifying H-ETLQBEHGNSE WRIEQ etHddsigan include

intfanoci@b?ﬁmi”iﬁgﬁﬂ&f‘ t}_%r BHRIPRR o ag deseribed,abgve.an entfially of

described elSewhere herein. Some embodiments relate to methods o
&GS class | MHC-restricted T cell response, which can include

intranodal adngifisgraties DHRCOOPOSItiEesdesoribed gbove and -20

WO 2006113 PCT/ / 9_described elsewhere herein. In
some embodiﬁgﬁf[&}%émgggfﬁ% J%Hsgd‘eyo dministration of an
immundpotéhtiatiigeagpehticfD@83]i8dnie embonkineniserelaliy tofishtateduence
pept i tittions in the sequence SLLQHLIGL
(gg%g??g“@%dgﬂ%vﬁgég fmg’t%r a class | MHC binding cleft that is
similar t9®greateherispialsd asinity etnSlavepiticy (GEQAIBSNOMHS fpeptide

seiia oSN g he Uha litee.of sissosation can be similar
to or greater than the halftime of dissociation of SLLQHLIGL (SEQ ID NO.

71) fromPUZR} cladmhnditcnis drijede flerhb Vi s ide saaw eapstrherein the

r@ép@cﬁ&mfd hyvE ﬁ@l&wm@pmb ; Ti;&ébtiﬁ@ra:;hemﬂwdﬁ aﬁﬁue%w@éev@&@d&m.
L 71). Further em iments relate to methods t nerate an

b Fo s ieob it M s e Mt e e

celass UnviziGrBRAN A acidsrapione dhemiltiple MHC apdderaasideesan be an

[Q883] &WW&QQC@W&M the present invention relates to the pSEM

plasmid and immunogenic peptides expressed by this plasmid

correspMiRh to RietasmRG 5B JRIR ) fohekiepEdes Ahas drolves. aT heptide
pREMplasnitertrdaniie MelanhiRaddyEosinasrARI0RES I GMANASH o
S o qhanear expression and

[0080] Further embodiments relate to immunogenic compositions that
include a peptide as described above and described elsewhere herein,

[0081] Some embodiments relate to a nucleic acid encoding and a nucleic
acid means for expressing a polypeptide as described above and described elsewhere
herein, as well as immunogenic compositions that include such nucleic acids and
means.

[0082] Still other embodiments relate to methods of inducing, maintaining,
or amplifying a CTL response, which methods can include intranodal administration
of a composition as described above and described elsewhere herein. Some

embodiments relate to methods of entraining a class I MHC-restricted T cell response,

which can include intranodal administration of a composition as described above and
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presentation by pAPCs. Details of the pSEM plasmid are disclosed in U.S.
Patent Application Publication No. 20030228634, which is incorporated

her@,ig %J@j@ggznce in its entirety. [0086] In particular embodim%,ggzt&% 1023489

invention, there is provided an isolated peptide analogue of an
immunogenic peptide expressed by a pSEM plasmid consistin

dexaiivallylerTher s dGtdce IE SRS RWB?@M@%@@E%V@N\?&}W frelpde

eafRtdila NGy dh) REntiMpYehtvir atDGTMSQ{V, Nva, or Nle} (SEQ
ID NO..92); and wherein the sequence is not E{A or LJAGIGILTV (IS QID
& T apore :

NO. 93P BB MDTS i SERP LR oIS . 1945 O iBERAERF Jepiiglude 1 fo 3
ansdogienfithtdiveniiens InaYHE Kele(@Ed) Tonvdhe trdupiagnsistifiginf for a
LAGIG \Y/ EQ | . 95), EN IGILTV (SEQ.ID NO, 9 .
AT MG aTRE SR st s, O S e RN ity of
SLDBTNGIQRER (DB N6ro8jd [des7] MiBthbinding stifheethelftime of

igQlatadRaPide shalpgre is2rAnalagre consisting assentially Qliigion of
amino acid sequence ENvaAGIGILTV (SEQ ID NO. 9

6). | t oth
S S iSH H6 (UB ATE! Ho Jere AHAIHS 1S HG TN el i solated
espanbaliy obtheaming asidrsequenad YEGTY & MeanHER IS NQHLIGL

21% ée %;IDV\Z 2006/138562 PCT/US2006/023489 further embodiments
t nl&i € has affinity for a class | MHC peptide binding cleft. The class |

MHC is[¢18A}F A2 . o088 traihdinemtb odishe tisnafttive s rtvegivmnate | ate tosutting
i v o rtions |
e O R MR A T IR B v
PR #iramey elaktriaME Siantaetdsidgeater than the affinity of

EAAGIGgsY (SEQUELNQmEBARA{RE laaR4MHE BidINaI A& oI SHEEM

other emboaiments, the halftime of dissociation is similar to or greater

AP ARG GrOGRG cRABHADST BRSO OrViRSERER N P OTseR TRdiRe 1o
thepiass;) MHEbindingselaft: 4 pthetepabodimentsEhe isalates peptide the

[ ized by T cells with ificity for t tide EAAGIGILTV

R N o TR0 o AN SRR b Thoargton s
rgxlawstwcanh}scplawbb pEptudl ardlegptdd mpssingondisliveein U.S. Patent
Zﬂf{?ﬁﬁ&‘dﬂ%%ﬂ%ﬁ@ﬁﬁﬁ%@%3b’i‘ﬂ%ﬂdfﬁ%ﬁ’ iSRRG @é}):i'ﬂét\?‘%lr?ftﬁgnce

ffinity for a class | MHC binding cleft that Is similar to or greater
affiyHIYIMIDG TMSQV (SEQ ID NO. 94) for the class | MHC binding

cleft. In pekether empasimantsatbeihalitime aldiasoaiationhisSIMPAAN an
greater than the halftime ?f dissociation of YMDGTMSQV (SEQ ID._NO. |
J%9 iSHh AR E R 1ORHS O IR dRG EROECTHE SR8 ROUaRTREmE, aRe [ alagmid

consisting essentially of the sequence: E{A, L, Nva, or Nle}AGIGILT{V, Nva, or
Nle} (SEQ ID NO.91); or Y{M, V, Nva, or Nle}DGTMSQ{V, Nva, or Nle} (SEQ
ID NO. 92); and wherein the sequence is not E{A orvL}AGIGILTV (SEQ ID NO. 93)
or YMDGTMSQV (SEQ ID NO. 94). The isolated peptide analogue of the invention
may be selected from the group consisting of ELAGIGILTNva (SEQ ID NO. 95),
ENvaAGIGILTV (SEQ ID NO.96), YVDGIMSQNva (SEQ ID NO.97),
YVDGTMSQV (SEQ ID NO. 98) and YMDGTMSQNva (SEQ ID NO. 99).

[0087]  In other embodiments the isolated peptide analogue is an analogue
consisting essentially of the amino acid sequence ENvaAGIGILTV (SEQ ID NO. 96),
In yet other embodiments the isolated peptide analogue is an analogue consisting

essentially of the amino acid sequence YMDGTMSQNva (SEQ ID NO.97). In
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peptide is recognized by T cells with specificity for the peptide

YMDGTMSQV (SEQ ID NO. 94). 10090] Embodiments of the invention

alsg re class | MHC/peptide complex wherein the peptide has the
sesc?ﬁ{ér%?:‘}eg%%%é peptide of, E{A, L, Nva, or NIe)AGIGILT{V, NvaCorNfey®023489
SEQ ID NO, 91); or Y{M, V, Nva, or Nle DGTMS%?\\/I/_{}{Nva, or Nle} (SE

85 g dimein e prafdesg heisdict dass bMYAGRRIdT bipdmesit
NG QasarMDSTIVSQY. (SEQ ID NO. 94). In other embodiments, the

class | peptide complex is cross-reactive with a TCR that ,
recognwé_égai clas Wﬁ&gﬁﬁgﬁeﬁ%\f 55 dBHspHE T%%tecltgsgnl isolated peptide
mmgnemm@mnmx_ of fsrem submwwleianhé%gﬁ&ce BRG] GO0DY (HEQ
SIHIN@. @89}*}{%{%{%‘ l%gdifﬁgﬁé’ %&eacéﬁlﬁ i W%‘?Q&&?@ 8@@%@( i$Similar to or
cross-reactive with a TCR that recognizes a class |

BRERTT e iHissaBBots 7 EOmBIIL THTRSIPMIE Afhtiae beralsrsxlid [HC
Mhm%gaﬁr%z?inml ﬁgﬁwﬂ@- laXe _m&%ggﬁ‘%f%%m@@tﬁl?%{%\) or
invention relate to, a polypeptide comprising, the ide sequence 0 :
R PN AT R AR E) OGS CoILy s ORom
che\ HRGT WS Wbihliag orléfte I(SeifkiDeMBodREen22 WO 206AL IBPHR= is
P 3 ithy iberation s ; rel
e ey A SRR e R
WADEPMSQV (SEQ ID NO. 94). In yet a further embodiment, the

inventiqpogiptes 19 a8:inHUBP RBicISAEMROBIEOR FAMBIISg AN, ofthSolated
peptides of E{A, L, Nva, or. NIe}AGIGILT%, Nva, or Nle} (SEQ ID NO.
SERGE Y M0E G S BPRIEIBG TMS Ty it GHRHEPISER iB Nies, gpuence

SNADYGBYEQ th€STHY UB NS .isM diakifd an kJAGHGILTY o8k QNPIN GindBe0fleft
MDGTM SEQ ID NO. 94). The. inveqti
e Mo R N o B AR TSRO BBpor) or

the plaptit 86T Bipding, dofia, oy lefhaGi@HofiiMeMvahe hNfEISEQisEvciation
Q08 Y Mo Yt N R PR MNIEHRAG L MSREY e NYE QF Wb@ﬁgs% ID
[ Embodiments o

92), and to a nucleic acid encoding such a polypeptide.
[

mibnitarnEieraiate MR midieg eHiE. denadessitrerbedimsnisindhenisolated

rpeplede aciebd RO bhe dENTWIRGSRIG ERIRRSIIONS AidhamETTIRIVaYEQ
l}ﬁ ﬁgéﬁ\é’g’éstered as the entraining portion of an immunization strategy
against a cancer such as glioblastoma and melanoma, but is not limited

to such{ap98iiditiofmpediticass chtire spomding dsdheldtteian-A26-BSa®peptide
t I 7 [ i nalegues _can be. administered

SRR SO A EPORR AP . TS,
Préferreddmbodimiies, the DeptidSBRalBYuS EPR; LoNVE{Mr V, Nva, or
NWeSHSUIV, Nva, or Nie} (SEQ ID NO. 92); and wherein the sequence is not
E{A or L}AGIGILTV (SEQ ID NO. 93) or YMDGTMSQV (SEQ ID NO. 94). In

other embodiments, the class I MHC/peptide complex is cross-reactive with a TCR

that recognizes a class I MHC/Melan-Ags3s complex. The class I MHC/peptide
complex of is an HLA-A2/Melan-Aj6.35 complex.

[0091} In still yet another embodiment, the class I MHC/peptide complex
is cross-reactive with a TCR that recognizes a class I MHC/Tyrosinasesgg.s77 complex.
The class I MHC/peptide complex is an HLA-A2/Tyrosinasesgo.377 complex.

[0092] Some embodiments of invention relate to a polypeptide comprising
the peptide sequence of E{A, L, Nva, or Nle}AGIGILT{V, Nva, or Nle} (SEQ ID
NO.91); or Y{M, V, Nva, or Nle}DGTMSQ{V, Nva, or Nle} (SEQ ID NO. 92)
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Nva, or Nle) (SEQ ID NO, 91); or Y{M, V, Nva, or Nle}DGTMSQ{V, Nva,
or Nle) (SEQ ID NO. 92) may be utilized in the amplification step, The
ent‘g%nz-gotg - lify protocol employed in the present invention is as
disclosed In greater detail in U.S. Patent Publication No. 20050898
Pravisional nt Application No, 60/640,402, both entitled
%%%s@%%c@%&?%%@?&% [‘3"’§8§H‘ATR? RGRHEIGE is ot E{A or
RESPISISES REQINS NOING CLASBEIESIRIGSEQ EPINORES, FOR! »

RPRAEHEN LA P S, each of whichis |
in coré)é)raﬁ%ﬁ%ﬁﬁbéyﬁig%@ﬁ%%\%gcear%{iﬁé%ﬁ%g%%ﬁ THURCTH gRgomprising

SMbShiRREPIIRR I8 Gitd Mg orilatakerig IoF { XmNlitying NETKSEQ ID
ASpemeisil itenvEhe: MRYING AR dNGIR INGARALA! SAAMIDISIANAN .
Q,{, foimmLno e%g:nggrr}g]osmo icj%mprlsm a nucleic acid encoc_:iln a”’

po}%/peptl € cOmpHag enBter% Hqdehe S A iniRFRgéRic Nephar or
SPieSdadsQy a(@EQWIﬁ@&rﬁd)cdhsisﬁﬁ@:laSﬁesmﬁmBél@fegle%sgg%ﬁggic enic

i T{V..Nva. or.Nle EQ |ID NO, 91); or Y{M, V,

ﬁ@?%?‘“ﬁ%ﬁﬁ%%%@k&%ﬁ e 1 B e P H R AR A 1 Nva,
SmboaltEntELRéNe idysro0iddlea fRbAD! eFlrAingoa (9488, | V, Nva, or

MidSDETNSEOVT KeU resnassestamsising 923 WE 2008138562 »
g&glgszpoes/g 348}? iﬁ(t?[(}a,nodal administ_ratio% of the anrlﬁ%%lggaecﬁclicenwdmg
composiioR &nd an THRANHBPEtefitsg inge ety elothép embudinrents)ic
teareds pro videpraimetiroshokiingig;ing, maintaining, or entraining a CTL

responmgﬂmpri?'&p&q iptraﬂggal .administration of any immunogenic
composition disclosed héreme BRIEF BRSERMSTIRIN F ygntion may  be

BRisIRre S0 ts5 tignies parterd & surimaide-siehsifuden S fainst a cancer
SoX3 ﬂr%l@%lﬁ&’%x?&& indiyidual amino. agid posjtion for nonamers
and dedggmers, res ectivgﬁﬁggéﬁqg%ﬁ??ﬁg%éggﬁé’ﬁt‘at%&%Pé’ﬁv BfRHdes
ﬁ?érﬁ‘?é’%%tﬁftgepg’éﬁf@ﬂ’é’m@rﬁ%ﬁi’ﬁﬂ‘ém%bddemﬁymmdleg‘so}ieaﬁil]ogues
BigUre dtisisisaRla shending e GrRssHeasivi jonal . avidity of
§}S)r(e-§4le.€f9 aéo s sub tiguﬂted at aiingle gggl}t%n. %% Ufgllgzﬁ\{rignflgaécgy'
fable s owiﬁlgl{gﬂ "gr%‘é%- %B?Rfi‘ﬁfé‘ﬁai‘?ﬁﬁéfi%r{ﬁh L iiitg: of SBR/2GIGTLT{V,
ééﬁal@gé\fwbéﬂmé@ alOwp! pasitigns, {2@@&% %%};;qgg%ﬁng‘@g@f@imywqg Nle)
BERSNISAFY, ctional. avidi - analogs _
N OBt i cles vple-shrwmefs
PrRQSRsenaleaditin dhel Puprstibimlerinulity of S5Xc24d #9eeeanietal in U S,
PRI TSBREATR TS NS H3E IO ide, Figure 7 is a
timeling shqwing the irgectigz?i?:%%{jnﬁlleﬁé%{ﬁlﬁegsv&ngql&%lm pplication No.
402, both~entitled METHODS TO ELICIT, ENHANCE AND SUSTAIN
IMMUNE RESPONSES AGAINST MHC CLASS I-RESTRICTED EPITOPES,
FOR PROPHYLACTIC OR THERAPEUTIC PURPOSES, each of which is

incorporated herein by reference in its entirety.

006/023489

[6094] Thus, in one embodiment, a method of inducing, maintaining, or
amplifying a CTL response is provided. The method can include intranodal
administration of an immunogenic composition comprising a nucleic acid encoding a
polypeptide comprising the peptide sequence of an immunogenic peptide expressed
by a pSEM plasmid consisting essentially of the sequence; E{A, L, Nva, or
NIe}AGIGILT{V, Nva, or Nle} (SEQ ID NO.91); or Y{M, V, Nva, or
Nle}DGTMSQ{V, Nva, or Nle} (SEQ ID NO. 92). In further embodiments, there is

provided a method of entraining a class ] MHC-restricted T cel] response comprising
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241-49 analogs. [0102] Figure 8 is a bar graph showing the activity of the
SSX-241.49 A42V, A42L analogs and wild-type in lysis of tumor cells.

[0103(1 :Iz:{}i&%ge 9 is a timeline showing the injections schedule for in vivo
cytoroxey ' 2iatfies and ex vivo cytotoxicity studies as well as the CT/US2006/023489
SSX-241-49 analog peptide used for the boost. [010411 Figure 10 is a
tHBransdalvinadmniFofian spedific ysis iezuksdeenac nunobarositie armldgs an

ameampRReiRiacaiol (wid:typr Peptidehand EAG(MeRRA 283 hod of

[0105] Figure 11 is a table showing the in vivo specific lysis results for a

G ESof PT84 108 9 BHAIBEE ad cOrhbarBReraecHoREI oA tjpeanodal
pepticeatioh ErAyasmwel asvMHicHipdinghansMECrstability. [0106]

Figure 12 is a bar graph showing the percent specific lysis of tumor cells
(624.38 human tumor cells) achieved following immunization with a

number of analogsRIEEOHPERIPIECGNIE-THE DEATGITNIISWO

2006/1 PC Figures 13A-C bles
summa’i%the E’u stjt%%gh&s%z?g‘g%}@%\%%%l l%ilgr%l?ﬁ% é)cisc?srp%gﬂéﬁ%arlogs o
fGNAREE Y Ferardf sdtipe davanpamenenddcshmassitmoiieihed for

each. [qB0S)Figured4 i5ia Sinatnpshowinghs miestionashedule ¥sedered
for lg;lonﬁrlxes%and tesgxni.ﬁ of tlle NY-ESO-1 analogs. [0109] Figures 15A-C
show the élpe%riﬁ%egﬁ il ?ﬁstarget cells as measured by removing the

spleens[@#9T PBMGzfrons clsallentyed mmaés tadcroreastingtic BE functional
fuatescanaa.y. [ aema i L Fihigs d0f,anc B are bar graphs
showm%ﬁthe in Vivo cytotoxicity agalns%1 fc'arget%esﬁs coated with wild-type
peptide A& booSiguih N Ye BS@LE athaloie {02 tidsEivpantiy ity ArghduBetional

afei ey G epRSSNQWInG ANseYuiNRanalyRisefitheability of the analogs to
trigger Zgngug)nced immunjty against the wil -ty&s epitope as assessed by

cytokind BroductibiE¥511 2F Figtie hntiseetls £iomsteestiain andafigtional
theidinti g SRR of Shea BEMARES RATepiteptaswelesithe results of the

testing. @r&ﬂﬁ] Fi%re 196is ata gfsrgggvin th cross-_reactivjty and .

functional avidity of PSMA288.357 analoge stgﬁs?fﬁﬁse&%cttg@néf@ functional
podiioho 68 Xaldrig drsaeeistantable stowingithetic ossieactivity aagtide.

functiongh @yiditypof FSMR288+in 2 0RI0dR SHRSINIeD At Vo ROSIions.o o
24149 analogs,

[0102] Figure 8 is a bar graph showing the activity of the SSX-241.0
A42V, A42L analogs and wild-type in lysis of tumor cells,

[0103] Figure 9 is a timeline showing the injections schedule for in vivo
cytotoxicity studies and ex vivo cytotoxicity studies as well as the SSX-24;4s analog
peptide used for the boost.

[0104]  Figure 10 is a table showing the in vivo specific lysis results for a
number of the analogs as compared to a control (wild-type peptide) and EAA (Melan
A 26-35).

{0105} Figure 11 is a table showing the in vivo specific lysis results for a
number of the SSX-24;.49 analogs as compared to a control (wild-type peptide) and
EAA as well as MHC binding and MHC stability.

[0106] Figure 12 is a bar graph showing the percent specific lysis of tumor
cells (624.38 human tumor cells) achieved following immunization with a number of

analogs as compared to a wild-type control.
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[0115] Figure 21 is a table showing the cross-reactivity and functional
avidity of PSMA288.297 analogs substituted at more than two positions.

[0 @\ Figure 22 is a bar graph showing the immunogenicity of various ‘
Pé%ll ﬁﬁ%g 2analogs measured by Elispot. [0117] Figure 23 i G fHEP006/023489
graph showing the amplification of anti- PSMA28s-297 response by the

1297V BA80g mEisursdl Bi-Elispotaiiasl srigarzing idea Béshripms at each

shanang heiresuits ghhaestios with-ibe 424870tanaleg [Iheasssy showeds

that the boosjtin% resulted in cytotoxic immunity against a PSMAt human
thsierlisebioined figarR 25 illustrates a protocol for validating the

antigemigibgjof the;dRAM E425%id3B:epdopeins hellgectha residdaiofuiid for
testing. [0120].Fig i le showing the cross-reactivity and
?ﬂ%@ﬁ%ﬂ%\&gﬁ]ﬁﬁl%ﬂ%é%ﬁé%@g-%goﬁalogs substituted at a single
positiof01f]21] Figures RYAACanib® dhe tsizieidishdimngptioe crbss-geactiatyas

Ctj di 425- 0 ubsti t
?S‘o@g?%f%*ﬁs@?%‘?‘é%%@i%s elsé‘/!é’llz1 ngfg’ésfzgoo} gylog%??ég %t(g]%g gid%%‘% and
aeaBiEshoR Mg sksascren Envitgyapiaetinctional avidity of

PRAMEgA2b1+33 analrgs §Hb§1§ilﬂ%9e3$am@f@m%g§w&9%é%ﬂﬁv&%]mieity
Figure 29 is a bar graph showing the immunaqgenicity of
R, bRt POl Th IR BYPENS AL BRSSPIV 5 Srbapeloes.

the resj@ita jf bodsgmgsithithed B 26MNvar I433N bhoanalag dhehassayysis of
ho that.the boosting resulted,in cytotoxic immunit ainst ,native .

A B e S G L PR Rl S

evataeiionh bf PRAMEPdattgs; as well as a bar graph showing the results

of the qgﬂ%ﬂony[g&%ﬁlsﬁiﬂ&g&t’é?f SBNRA RECIRGRIIRI I %t}’%gf?icity of the

stimulation Of cytokine production in analog induced, native epitope

ESMienaretPitons) asarRl DR giph LRBuWIF B results of the
evaluatieri3P127ikigereo3s is ablaramahshnwiigsthedasuls aldoastingal
with.the Nva L433Nle analog. The assay showed that the boosting
Pé’égh?éaﬁh o %%R@&ﬁfﬁ&&%&%ﬂ%‘ﬂﬁ%&e|| line. [0128]
Figure B4 dpicts gprottds fortableitsboninguizationstocdRRAdY 2 5438 onal
(3451 s o SOl fer i

[0115] Figure 21 is a table showing the cross-reactivity and functional
avidity of PSMAsss.207 analogs substituted at more than two positions.

[0116] Figure 22 is a bar graph showing the immunogenicity of various
PSMA ;33297 analogs measured by Elispot.

[0117] Figure 23 is a line graph showing the amplification of anti-
PSMA;s5-207 response by the 1297V analog measured by Elispot.

[0118] Figure 24 is a bar graph showing the results of boosting with the
1297V analog. The assay showed that the boosting resulted in cytotoxic immunity
against a PSMA" human tumor line.

{0119} Figure 25 illustrates a protocol for validating the antigenicity of the
PRAMEu;s.433 epitope, as well as the results of the testing.

[0120]  Figure 26 is a table showing the cross-reactivity and functional
avidity of PRAME4s-4433 analogs substituted at a single position,

[0121) Figures 27 A and B are tables showing the cross-reactivity and
functional avidity of PRAME4ss.433 analogs substituted at two positions.
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[0130] Figure 36 depicts the structure of the plasmid, pCTLR2, a plasmid

that expresses the PRAME425433 epitope. [0131] Figure 37 is a bar

gra%h showing the assay results for an experiment in which humor, tumor

celld (624°385\Were lysed by T cells primed with plasmid DNA g T/US2006/023489
boosted with peptides. [0132] Figure 38 is a bar graph showing the
tetramel04ad)ysisrasntts &ftera phbdmitiopring thithriPpe389:87Tyamu plaptidenal

boasiWiheRE AT NYa- A0 0033 BIgHES3R4S ADaH giaRk, showing

in vivo response against_analogues Tyrosinase and Melan A epitopes.
[0134] AJaAd 40 Kigttinefinds sholwhgapty rdonds dhaldmiamogenicity of a
ir};@@gggg@giﬂ@y@ly@ﬁgﬂda@qg@pl@135] Figu6r§ 4;8is a”bar graph it
showing the immune response results against 624.38 cells contacted wit
atfoctor A ron T FES S PREES A T et A48 o Nl
analbgs. T26 ¥WaEy2006+/23 8621 Gkt m30eeM2348 S yidtokad ilnbPlunity against
DESGRIPTION OF THE PREFERRED EMBODIMENT [0136] Peptides

1Ve CD1 NQIa . .
encompassing T cell epitopes are usually poor immunogens or immune

modulai§idHue td recot rbRipteatarstionn  deubsplinvato phvatwticokif 8ResME
Prafilssdimitedibioding o Mk malseiesdirdyead Ky and;dpcreased

Koth, or decreased intrinsic recognition by T cells present in the normal

immune {H8rioird @4 thribayh YEFRECIh ST 4o rantEptinpgf cytokine
spaidgitsnhiavendiegindutsuedad improye thesimmanaopiccnropartiesefgraph
p(salptides, artic%arl}z Qt[\e screening and use of peptides in which the

owing'the.resu o1 the evaluation. =~ .
sequence ditfers from the natural epitope. Such analogs are known by

various H’éﬁﬁés in hevaet3sueh @@f@t@bbﬂ%&dw&hﬂwﬂtﬂoﬁh&m@g with the
PERSASigARARR REA LN erge el ok UGt QH@IQ&%tE}?gsz’J%‘BﬁE(ﬁ?E?&mmoxio

utilized amino acids from the standard set of genetically encode

rdBHRYBEY S8R BRERAN SV FIHIND. et al., J. Immunol. 160:1750-1758,
1998). Ysezef norrstandazd atopnds acigsdigsotygisally, begryassegiatedion to
with effarts to improve the biochemical stability of the peptide (see, for
example. Bfahicher, J.-S. et at, J Immunol. 167:5852-5861, 2001). [0137]

Generall§l12Halog8igare béScateguorizbe inteather fallalysig twaihsaisfter in virro
C'ﬁ%%%ﬁiﬁ?oq‘&gt@ [ 3229338%% ggrsl:chor residues to achieve better HLA

binding profiles and higher'immune Tesponses, and (2) modification of

peptide BHéAbr rd&iges aneritRhsotitacitre sifl thesniosoivicu pVERRT, eqtlasmid
tolerangs.forsel-pRIGARS,;[A138l;peme embodiments of the invention

described herein relate to. ]
[0131] Figure 37 is a bar graph showing the assay results for an

experiment in which humor tumor cells (624.38) were lysed by T cells primed with
plasmid DNA and boosted with peptides.

[0132] Figure 38 is a bar graph showing the tetramer analysis results after
plasmid prime with Tyrsg9.377 and peptide boost with the V377Nva analog.

[0133] Figwre 39 is a bar graph showing in vivo response against
analogues Tyrosinase and Melan A epitopes.

[0134] Figure 40 is a timeline showing a Tyrosinase analogues
immunogenicity evaluation protocol.

[0135] Figure 41 is a bar graph showing the immune response results
against 624.38 cells contacted with effector cells from HHD primed with plasmid and

boosted with Tyrsee377 analogs.
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analogs that have at least one of the following retained or improved

properties, including but not limited to: I. Cross-reactivity and functional

avidity to TCR; 2. Affinity for and stability of binding to MHC class I; 3. In

vivey f?gg?/gﬁsl?ﬁmunity assessed by cytotoxicity; 4. In vivo effect i US2006/023489

immunity assessed by ex vivo production of IFN-ganuna; and/or 5.
Increaseb TASiStErcEICRIBIEONSRT [DHBHRESHHR b SHiMeREMERIte to

peptidgagyences,iacluding,analags, whetein the:amino acids.ofie poor
sequence are referred to with a’position designator, for example P1, PZ,
PrmpsyECatco BRI M AE Rt sk aREsealine fariarearguoptmal

*mxﬁﬂig@@@fﬁfﬂﬁ[i@ﬂtﬁ%@%ﬁw Ofg INEMeRERA cet%, d?sé_a@l@al bg, X and
XX, Or , wnerein IS, any.amino aciq or no aming, acid. similarly, in

ieasd ool Bserepsec MBS RSEOGTRIB OVoHleTEl RISy Pk, Gormal
anithafeneprmine @oid. thfuughforriaid With2006@E3BBEY Various strategies have

CTIVSZ006/0234009, S(EBIG, 0GR MeAn AN COMPAUON LAY, e

amin 1d resi Oor no amino aci es, se
erntroding erdsisaniareptidgas s sbptdess hesihfoup fomitheenalaetiopiere.
QTR AN ARY GPIRIDAIRNRE AMINOLACIH LR SIONES) RN & Ntides and

terminus or C-terminus of the specified se%uence. Also, in some aspects,

MHisTedsptinadistedaii EhdosEsasistiondiishan apalng derimesidiis gflized
haihbiesmintsnoribstimdernisust bt dhedvddedasidiias Repensienple

ing bindi kets, ich bindi t te .
B Rb T EE ATt AL HRPL e Bt o o B g emino
et haslgpide]abecwelsuridedstodd dffthe tartm@oee donbpitateonat stablity of
iﬁf@;&:%gﬂﬁ@ §doung attheE N (Eranctiogal Immunojogy) Web Giteqab thes

hypertéxt transfer protocal (http:l/) "sdmc.lit.org.sg:8080/fimm/, which is
REFBy incorporated by reference in its entirety. (See also Schonbach C.,

Koh J.Lypi37Pheng:XeraMo R diog @08\ BEURISeANha SateNRSES two main

functional molec,ular,lmmunology. Nucleic Acids Research, ZOOOH Vol, 28,
NGS§e5241) Sa0dHerduh 8hBERFICANKIR TS PR ABREWEHEFL [ hfgbinding
Brosiiey ahiMivbhardatabase akivnstionaldnoleatdaificatioinoldgyptipelatechor
2002. Nucleic Acids Research, 2002, Vol. No. 1, 226-229; each of

T RS RATIER R b ee e f G Thens
phrase [ib3%htionSseguembedimsnisenf lbeeinyerfiors tosarpedtitierein relate to
camBHSRg,PhENCoring AN ERitgPR O, ARALEYiahS RAPRdded i aries,
larger” sequence that provides a context allowing the epitopé or analog to

Haglpizgdyigpt limited to:

1. Cross-reactivity and functional avidity to TCR,

2. Affinity for and stability of binding to MHC class I;

3. Invivo effect on immunity assessed by cytotoxicity;

4. In vivo effect on immunity assessed by ex vivo production of IFN-gamma;
and/or

5. Increased resistance to proteolysis.

[0139]  Some embodiments relate to peptide sequences, including analogs,
wherein the amino acids of the sequence are referred to with a position designator, for
example P1, P2, P3, PQ, efc. In addition, the peptide sequences can be referred to as
including a PO and/or PQ + 1 designator. In some aspects, PO can be X, XX, or XXX,
wherein X is any amino acid or no amino acid. Similarly, in some aspects, PQ + 1
can be X, XX, or XXX, wherein X is any amino acid or no amino acid. Thus, for
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inununoproteasomal processing, directly or in combination with N-terminal
trimming or other physiologic processes. In some aspects, the analog or
epi{ga%ﬂc‘:%r}stgg(zdesigned or engineered. [0142] Other embodiments relate (
to epitope arrays and other polypeptides that include the epitopg%H8?3&06/ 023489
sequences that can be processed to liberate the analog. Further

eraplion E3(X redatertennucleioralivksj qrast culza N Aqph sysidis: sevrcod wrgino
e &9&1{?&9“%ﬁs,%@*é@‘@x%(b%Eiﬁ@ﬁ!@_@aﬁ%ﬁé&%ﬁa@%ﬁi&%%@i&'&?r}%ﬂ’/ﬂ{@’up to

The analogs, the polypeptides comprising them, and the encoding nucleic
dbrge edditomyenampridieriviioamn AAmRiBEINE ebAmBsiasIositrs aRihe N-
f@c@ﬂ@ﬁ@@a&h 'ti@él?wm @s{%&ig]léswlﬁi_dl i%éliﬁﬂ&‘@éy, QAI@B,\N{HSE}OEQ@@;S'@as:, the
urther embodiments, eptide analogs wijth Improvead immunologic
OB B SRSRIE A b THOATI ATHRR SPCHEP TESr R msIGRR S ©

the iDtenagiian. with MHC molecules, so as to increase the binding and

stabiliz ormatio HC-peptide ¢ lexes. Such modificatio

cor be B by Whonice ore Bia ot o e b s
PV SE00EI0PBHEE pestamedainsinseresitahe ortidieesHidtiiyMIDe the
molases theigduhenexEhvatigts dWesrnderes.andAlge s that one
can be used to predict the properties of analmbearmg various

stsentistionohistinfmmrias it et S ERNbH ot b mreal ge) web
standardseyRirarnetisatly pReadabiemmineiaios.o@lk4d ddomwmeavear: thekeh is

re no databases or algprithms to predict the_outcome of re in

ARG BRI  HONSTARGEA SR GRS A O aER okt - ¥
psawigusty, ndtonglexplatel. Brisihefdividisclodadttivat tHe fnoctistahdandecular
aRINQASIS NQHaULING N IR) And NoyRIIngNyg)¢an, be aduantageousit . .n

substituted” into the anchor residué positions of MHC-binding peptides. It
iCprétebrdl thiatsePBe Wrael iradpBaiitn YavdMly dcaipiate sf Aunctional
hyiephabigmeradrige amine amid, Masnaciallds hes@hi¥n[0b43)] Vol. 30, No. 1
MHC-binding m ‘%s gr,e generally defined jn terms of preferred residue
s "&?gm?fgt?g 19515 B S HIRRREY S S AT 1B I Sids (see
for exarjgpid Ramiitentesset lierilitd Gelpigacd$ @andddapiieie, Mdtifs 16 a peptide
(Malecular Biol ntelligen niv), Springer-Verlag,. Germany, 1997
B e e R A VG SSR B7E terger

rapiiegosotesitipMides AZgitting losinieidke bakerroIT iprp@ ritldst Bhstiieg by
of HRAMIIMRIRRBUCE R IR SABINE ey M BObiAi O 3, R MBRR e rimming

algorithms are also available which can be used to predict MHC binding.
See tB-RIMDIR OB WBTISHide Rel BagE RNt GBI FAnTRIERS e be
Jutiddsaglmanmddiels Emmerich, Stefan Stevanovic: SYFPEITHI: An

[0142] Other embodiments relate to epitope arrays and other polypeptides

that include the epitope analog sequénces that can be processed to liberate the analog.
Further embodiments relate to nucleic acids, particularly DNA plasmids, encoding
such polypeptides, or simply an analog, and their expression therefrom. The analogs,
the polypeptides comprising them, and the encoding nucleic acids can all be
components of immunogenic compositions, particularly compositions suitable for
intralymphatic delivery, all of which relate to further embodiments.

[0143]  Peptide analogs with improved immunologic properties can be
designed by modifying the anchor residues involved in the interaction with MHC
molecules, so as to increase the binding and stabilize the formation of MHC-peptide
complexes. Such modifications can be guided by knowledge of the binding motif or
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Internet Database for MHC Ligands and Peptide Motifs (hypertext transfer
protocol access via: syfpeithi. bmi-heidelberg. corn/ scripts/ MHCServer,

dII/VQ (P nd "bimas. dcrt, nih. gov / molbio/ hla_bind." For(,cr/%%2006/023489
I-restricte epltopes the C- terminal position, P92, is typlcallyaprlmary

anc or The osmon P2, is also often agnmary anchor or,

IR SERi PRl i SE AR MIRC PBSHEHE P2l hRroUfyFtpY exist

nwmmldu&emrﬁe&gnmeﬁagosﬁmﬁndﬁwﬁnaw(m@w w@ia@jlmgqmﬁ&ﬁes of

a therMHC seeR ens l.,.a ee Table 6 from U
Pate né A?)gp Blicatic anB fgg tion Hf%sz 8% hér)l%ag 0. aﬁ(ﬁﬁ’nfumt‘mt’on is
AplohitastioonNbe mm@d@@soffywm@mnﬁwtew@mmacﬂmtled
EPITORR &Y NCHRONLLATION AN ANHGEN B ?S%%g'é; ﬁ'.%f ﬁE';oLr%m the

which is incorporated herein by reference in'its entire
duleasref. FRlagngs mebetrictdduspitopesnetspadepd, @rinaneti9 hadetheir

h@@ﬁxlﬁ@éﬂ@@%@%@ﬁ;ﬁfi@@%@@f@ﬂ&@& therorageingizdntendsd a5 andard

be considered exemplary and not exhaustive or

gatlaneral nd .sh L%
Ilmmtnng %3 PP AR LARIRG FHutHEgsRupgsubstituted
remdﬁheﬁnahm‘ tbﬁdﬂ@pﬁﬂﬁl&ﬂﬁdﬁhﬁl@'ﬁbh&im@%&ﬁd@é@@@@-ﬁﬁ%&d that they be

%Iég%g%oé%s@ X 42%9 O§%efntlf|c ‘géfﬁ ']Esnt Iltgrat and ov?r the

iternet. Their conventions tﬁ]f)sae BESKATHT e
Sarasiatly fdidemte regardlng the design of epltope analogs when

COUpleqM the W%}de%%t@%@] gTeggr d89.P§ dseo?‘(l:}r)gye ”%ed

bound to the presenting M molecule can be ongert an the nom

RSttt FEns HoamirabPesEiens AT incfetpraradi 8gs | Marninerastisuihes for
mmmmmmw@unmtmg&am LR edandetiateithelandif 180gy

motif. | c%ntr st, the eft is closed at both ends in class |

(I;I/foiff 'Mofeculés %%?%ﬁe eeﬁ §’o HEBOUNd PeptdB RSP ipsriensay Austin,
cfsmgpmﬁjﬁakhe mictf, havkewer feigmifiban poesintid HibAengthisanHeeptides
A ah; I ofth central region qf the
g%%%&g%%q%%%g soc%#atlB p%&glxg%es 0 p9t(g a Iga%ttla ou({l a%mo%c%%’?ﬁnd
|éﬁ%;t¥§%érf \B?é%nt@eq@%@ﬁoaréx@mpa@admmmpembmsaa tg. predict

IMBN Qinkif 56 190648, 28Bhle (04 7LERIOREANGIRYS ;?%%/IEI(%V Hans-Georg
s

rgg roved KO_and Koff related to the interaction with clas

SEC ol i P AR Yt AV Jr HEF B SR e iRt SERIBROWRN STY EBEI THL: An
rhxte;ntcnr@mbagnibmgﬁﬂi@ Diigingl epitbpeidoodified arPRREQYeRIBMIMR Aol

SRS S oy UGl B o
inbyiees . cyeotoribitgongainkitoar gishiadryinBonatlaal bpitopesd reptiptadihy C-
-Ee%lllﬁam%sfﬁéﬁt%w Q‘%%@?pé'gﬁrﬁ%f (%ggrx%rr] sﬂ?hﬁ{éa{%%ﬁx%%npz is also
interact in a more optimal fashion Wit
often a primary anchor or, alternatively, P3 and/or P35 can serve this role. Positions P2
through P7 have all been recognized as secondary or auxiliary anchor positions for
one or another MHC (see Rammensee et al,, and see Table 6 from U.S. Patent
Application Publication No, 20030215425 (U.S. Patent Application No. 10/026,066,
filed on December 7, 2001, entitled EPITOPE SYNCHRONIZATION IN ANTIGEN
PRESENTING CELLS; which is incorporated herein by reference in its entirety for
all of its disclosure). For class Il-restricted epitopes, P1, P4, P6, P7, and P9 have been
recognized as anchor positions. The foregoing is intended as a general guide and
should be considered exemplary and not exhaustive or limiting. Many analyses and

compilations of binding motifs, anchor residues, and the like are available in the
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distinct MHC class | molecules. [0148] Such peptide analogs with

improved immune properties can encompass one or multiple

substitutions, including one or multiple non-standard amino acid
sub¥t3t¥mMEsAhong non-standard amino acid substitutions, subtiTuRietIgs/023489
for primary anchor residues consisting of norvaline or norleucine are

preferifid belcause, Beexes plified betaw jthaycampat eslydnmeraventneessults

i ction with MHC .class |, but can also preserve crgss-reactivity with
R e e et U S iope
p@@ﬂ@g%@fheﬂamplegi mi_jtaﬁngemh_imfamino acid residue from A, L or V to
norvalln@p‘{@orleyﬁgw fedTIRIBY %S’e'%é@%ﬁ%ea% 4es @qol§hy\]}5]rsésenting MHC

preferred, In addition, modifying the C terminal residue to norvaline or
RSty B rRsulomesTifiprole dnpaingh extifisray b ehd Banslgsofirthe binding

acldition: aRRIoDMHITaLRNCAMPARSIHA RSN RRIHAIQRS Al RIMANLRRY ded
seco%%z%r%@ré%hégr residues . including norvaline and/or norleucine at P2 or
b

% TR MeHnip RAESinthsURBiRg siitids clagpdhab both ends in
(2@6@/18851’123 F%ﬁ?o'f_éuwol@a)@/ﬂ%%s _éﬁaﬂd%f %&fst@guu@eﬁel\lpﬁa%)rgfdé%mgeg;nemny
orieugine re mentioned. .S. Patent No. ;
P@g@%ﬁ%ﬁé nqiﬁfos. (?5%\[/3 8585 RS", é%]%a%ovaﬁ‘f% 76 A],e%h e be
PeesmPodiiedtibrong 200025821 $Adink ovie b thesealrefgionces the bound

terphes the @en %5@&35?%&“1&35{?00&'\%%9 Mg SYRsited alan.anchor . be
position of a MH -bldlng peptide to improve an |mmunolog|ca1 property.

THESa! sttt EHES Ak tRecsubstiteited rdsitirssrsholid 56 10-5616,
irgorporated at TCR- interacting positions and not at MHC-interacting
position [9,}1]501 still another embodiment of the invention, the [l)eptide

is an arﬁé]rog of a Peptide dé @50“%%35?1 NPy Edifon ARG dotnagiped to the
inmatavoigenidthutasnl ehie phatitobenis. Wée anpaissuitdle ipeptistesifiéraction
thi ' i encephalitogenic.self-peptide is, . .
g e B L PR e R v
bifidiAY sref¥Its deftrsteh einfakans s sponssits adtivetedib Ul st populations,
angsaized (aimehRantass bY%%&@iﬁ@tI%i‘i?%@ #3RFLOISEE 4 %%%@%y

su% ested a variet%/, of non-sﬁm I
Wi

Jard aming acids may be substitute
FEEH By TAG TS GEBHANBRLCBEIh & pdistRie b de fitettainisretedovith the

ORA022 Qﬁ,éaldi‘ﬁon,-s&hgambgmmiﬂm&séhﬁmwoﬁﬁﬁﬁé%ﬁq&ﬁ ‘Iwith(multiple
[ [ mnteraction.between TCR and the MHC-peptide complex (see
L Rl

for exa e{fA and Sasada, T. et al. Eur. J. Immunol,
30:1281101489, 2090)h Beaptide sholves suithe ngsfuledssmofiMe anopAbisatcan

NAR-ARERAr BesitonRandNISRLRmANChaLR ﬁ%i%%é” 3 PRRePuds.
presented by the muringgMHC molecule H2-Db {J. Pegti(?gu§t%?g fon-standarg
amino acid substitutions. Among non-standard amino acid substitutions, substitutions

for primary anchor residues consisting of norvaline or norleucine are preferred
because, as exemplified below, they can not only improve the interaction with MHC
class 1, but can also preserve cross-reactivity with TCR specific for the native epitope
and show improved in vivo immune profile. For example, mutating the P2 amino acid
residue from A, L or V to norvaline or norleucine improved immune properties and is
thus preferred. In addition, modifying the C terminal residue to norvaline or
preferably norleucine, improved immune features of the analogs. In addition, analogs
that encompass multiple substitutions at primary and/or secondary anchor residues
including norvaline and/or norleucine at P2 or P can be associated with improved

immune properties.
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Sci. 8:327-334, 2002). Each of these forgoing documents is hereby
incorporated by reference in its entirety. [0152] HLA-A2.1-restricted

pept ' orating Nle disclosed in WO 01/62776 are derivig from
c?%?g@é{]g% MAGE-3. In the CEA peptide I(NIe)GVLVGV and the poa 45

peptide S(Nle)PPPGTRV (SEQ ID NO. 101), Nle is present at the P2
positiol® 1/ teadtrigmpwsacfivonehardNissrmmasslsriordligiasgnentioned

fRreyislepaang ﬁ@dess%@hw mmﬁdai@@ﬁcmg ey @yofE38seA: ﬁnd WO
u tions alter the pro ertles of t analo cO ar tot
e i oo B R S A lgBeeet hese
efitopeanadons that docosposafelibsa afidiornMe dlia positiordramotingchor
indi e embodiment ifically exclude th ¢
I8 & W TR SRR Al S S B e SR, iR 218
Biblicysn3, teadhios MAGE: Zubstitied pepttes sHerldeld P MABEI32CEAR-
ARGLERR Fo s SAMELIPAAMRIIS: QRGiAE Mg Rithe specific sequences

as disclosed in the above patent references are specifically -31 WO

2006/18388b pAr/gBbenehss sARP ERGHed. thy drersRbYfinkeRtide is an
am&ggﬁl : d@g@ﬁﬂﬁ&ﬁd@fiﬁ?ﬁoﬁpﬂ?{?ﬂmmﬁn%ﬁwﬁiﬁdmﬁﬂf B%g@f%c/ but not
exc . Other em ry. odiments include the use o e an [
v b e o o A A
toardicdimganiakedf gbptidons ARedifipd i ABel FHioll nestpcte (& Rppé&dimarsite
iti f i at.is,nat.deri C I

A R e AR e o A MO A0 QLSO bt o
TErgivgd K ators al. Hknerscibtitlah@iys may be useful for

immungierppy REley HRveRMdaxisebuaripys liseasesh-sHeRAS amino acids
infectious, cancerous or inflammatory, as_single agents or in combination

Y5 SuPsHitsd Wby drsiosPiniietsritinsetioh tirinmitec ssrofat gisgapte
&nd T2esibosseptorsikeytiadansehdnd eglddinr efdombreneuseisponaesstigate

Analog. production [Q155) The a may be produced using an
B s R R BRI e rle o
Pa(iidé 8 issingdaSerathod oftpeptidie. dyrdthasisodr &kpP8dsiA§ohile.aBmstin

gﬁ%&%@%@ &Q&gﬁ%g%q IQI%%QEA%%!P%IHMM %&ﬁfbm W@gﬁ an anchor

include one or more non-standard amino acids, it'is more likely that they
RAFIBETHID dUREHISY i hrstRBica e Pde pae Mdisn it thie At dgBeptide
BIUgie 20y DO NIEe Selstistons withistandars R AGiterHaeMted by

c%n be e>i<#r,essed from an expression vector using any method known to
CHETBREKHH I IR Alternatively, the peptides can be expressed using a

method@ifsg¢ne tHerap2.1-restricted peptides incorporating Nle disclosed in WO
01/62776 are derived from CEA, p53, and MAGE-3. In the CEA peptide
I(Nle)GVLVGYV and the p53 peptide S(Nle)PPPGTRV (SEQ ID NO. 101), Nle is
present at the P2 position. No teaching about the general usefulness of norleucine is
provided and no disclosure is provided indicating how or if these substitutions altered
the properties of the analogs as compared to the native sequence,

[0153] Some of the instant embodiments relate to epitope analogs that
incorporate Nva and/or Nle at a position promoting binding to MHC. Some
embodiments specifically exclude the use Nle and/or Nva in HLA-A2.!-restricted
epitopes, HLA-A2.1 epitopes from CEA, p53, and/or MAGE-3, or other peptides
derived from MAGE-3, CEA, and/or p53. In some embodiments, one or more of the
specific sequences as disclosed in the above patent references are specifically
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Analog testing 101561 To evaluate usefulness and/or activity, and/or

improved properties of the analogs and to compare the analogs in any

way, 1o ild-type, one or more of the following assays were _

condéj%:gg%?\%égpztide binding affinity for HLA :A*0201; peptide-HIi),gi3:&‘@’)22&")(1/023489
complex stability assay; a cross-reactivity assay (recognition of peptide

easiadeds Iy wild-typbopeptide-spelcific CTImwHREcOyBItSH BPIviHTgpMHC-

r%gﬁzttlgc? e%}(@?%ls%%e&?c’iﬂ%&ﬁﬂ& BERiide-aRA80SInRRIMNUBOBRNISHYS Nie

ssay, S as an IFN-y secretion assay, a eytotoxicity assay, and/ar an
amlispdvassdp, &9 cmdjeinfiynauag iR al dh AT IARCICE SR TSE: ©
ARS8, ANLXVOFUBRICE dysisn 200 iamin vivardumbksripysis; andihor
proteolysis assays to identi i_ncreélsed resistance to gfr;otfeto sis, Detalls |
POFEQBITAAISPHEE AN Lo RRSaiEb AR Ak B GRSBReY BERSAT 5B RS
23 QB4 BERHR 6 PERR AR ARATH 016 T] dbtigddsing the above
meth ies, useful and/or impyroved analo iq%mif
usefu(i,8 g#)‘gnal&a ﬁ?ﬁ?r%{;tsﬁ%ﬁﬁ%%%{gﬁy%ag f%% rgge%?bggr impro%\%a%eﬁ%ﬁgn dior
ritiphtified agsaysorsodiexampieich %mmémr@éﬁ@m&w@mw as
o ‘l@%”!:%%ss&fl?b%%&ﬁlﬂ&iﬂﬁ%ﬁéké&@s}%f ZRAPRUSNLER IeFiRiaRk hteraction
pl%tGO%/SIS. o be improved, a peptide can be found to have a clefar
Wi AdFEen el puitR iR To SH1E TPESRIOTRIKENNEP tOTRRE M GERILIERRIGT AMTPRRS
HgRy¥ed immune response or any other biological activity. In some
instances, a useful peptide does not appear to be improved when using a
murine test system, but because of the differences in the human immune
ilgatetimined to be improved when tested in a human. In some
cases sefulness can stem fro lalto br ANGE 1D & of
tolerizg}ggﬁiman. %a§§rﬁ Sirr\%%r?g g?ﬁ?ggﬁgﬁﬁ%e% 'cﬁa%:ﬂ%%m fromﬂthe e_o
siiillitin tthesethmgeditide rasashsingothru Bt desiagich ek mifyeptide
ég?ﬂ(?ﬁ&@ l0gsnHagsat thesdnalagadaipaldisafanepied sdarusintus,
the disclosed analogs in inducing, entraining, maintaining, modulaﬁgﬂa hat
HAENARSOHTHINGS SRESaTP DRI rBSIR AR STRREN T GEHBR S8 S A SRR UIH, 12
gifecion spcgmRmary T sepnaitsepiocapigeniae WastnbeannddsSaclude
Patent Nos. 6,994,851 (2/7/06) and.6,977,074 (12/20/2005),ho I
RGBT T A S A B S e S S Bt
GOAPER93 fitetbonsihgeng T 2OEB et trlond BT HODS troat ONER@ively.
HC CLASS |- D RESRANSE,; and U.S, Patent
Sﬁ?ggt%sf\%s%l?%%{%%%%? (Fgu%%ﬁgoog%%mm and Provisional
U.S. Patent Application No. 60/640,402 filed on December 29, 2004, both

%%%CM% HODS TO ELICIT, ENHANCE AND SUSTAIN IMMUNE
S

S AGAINST MHC CLASS |- - . .
[0156]  To evaluate usefulness and/or activity, and/or improved properties

of the analogs and to compare the analogs in any way to the wild-type, one or more of
the following assays were conducted: peptide binding affinity for HLA-A*0201;
peptide-HLA-A*0201 complex stability assay; a cross-reactivity assay (recognition of
peptide analogs by wild-type, peptide-specific CTL or recognition of wild-type
peptide by CTL generated using peptide analogs); an immunogenicity assay, such as
an IFN-y secretion assay, a cytotoxicity assay, and/or an Elispot assay; an antigenicity
assay, such as an in vitro tumor cell lysis assay, an ex vivo tumor cel lysis, and an in
vivo tumor cell lysis; and a proteolysis assays to identify increased resistance to

proteolysis. Details of exemplary assays are presented in the Examples below.
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RESTRICTED EPITOPES, FOR PROPHYLACTIC OR THERAPEUTIC
PURPOSE". The analogs can also be used in research to obtain further
opéig]izogg&r%%logs. Numerous housekeeping epitopes are provided in
U 8P ABPIEANS Nos. 10/117,937, filed on April 4, 2002 (Pub, RpT/US2006/023489
20030220239 Al), and 10/657,022 (20040180354), and in PCT
AppliclidTINo. PBT/US2D0B£028706 (RukhodddygitsO 04622 798IAR), ifiletbved
§§3§€é?3:tl : ; Provisi Iéggli i 0/282,21
ﬁ%dg on Aprilggﬁégé?ggggg%)%% %?éj\g%?r%ovem er%é%%ﬁly %0/ %néié(i]ge
FdesrivmBR Hestified antte0/d9 LemElRe EorshRsRiiser B 200 ather

plopdricl: appligatians isentitled (EREOPE SEAUENGES: Jbeapalogs; ve
&elmrf%grw%r ebrgiéjsgd I% ant)[g?i gh%va%cf)é:fs, modes descrlbeg,ln those
apphicatoneEDtSHe & 1o Ve P ForRTEER A 1n binding to the TCR,
Piivig 32006/0232 8@ olvhith, cad conipriseved ingldedhesistanbanalogsher
re disclo d mor ly. ined in U.S. Patent, Application No.
B S R L L P B el 1o e
WISERBRIbITBSf B insirfy THRHNGelpgb Artethe butthetaasalof) this differeribesdiin the

khiBaai@RtRPRUEAHONS RAURBASPH 30488744 dsaued agemigr 20 1n
2005) and in PCT_ Application No, PCTUS98/14299 (Pub, No.

$RB8 SE5 1 858 By e BRFsse e AT E TR BtE RN e iNesacE L2 tolerized

Rinfak O Sdnie BensfteiqepiafeinseleaicrprnsiRlgR KHSYAB use the peptide
e disclos lication Nos.

iIrmnunotherapeutic dinU.S, Patent A
%Sg?g’éﬁ,fé’s, ifed S‘r‘ngi%ﬁf‘ﬁ’és, tﬁ’dﬁ%‘}%/‘&%fb" Eﬁf}é)?pf\-la 20030215425
Al), filed on December 7, 2001, and 10/005,905 filed on November 7,

%Q@oﬁﬂeeﬁﬂgﬁ%;EPITOPE SYNCHRONIZATION IN ANTIGEN

ELLS"; 6,861,234 (issued 01-Mar-2005; Application No.
09/561G78]), ertitely! "metido oo msmm| TP Eipiseo \aERYgs in inducing,

&24afinb 7 hafthedriiyll £84¢Q0Rs enltlad, EOIT ORECHURIERSYicted T cell
10/094,699 (Pub. No. 003§g46714 Al), filed March 7, 2002, entitled

RPN E BV ASE L AT REPREBARAHONS PORESANEER®, antigen, arc
dgsptibedionNDS. PA1dR7)837 (P28 No(22008D 220289741 BN12/20/2005) both

b filed il 4,

SRR Bt LIRS e an 200,
49AB2 2Rl PTTunppiiGaliens Nentitd TINSIHUINR 0 ENBRNO. MHC
WARLORREAIRR ot e AESRPISHRGED, %Q@%.@%@gyggggga%n No.

"EPITOPE SEQUENCES". AsE)ects of the overall design o
HYARhidd e listivsdtlin 89 1parent Appisiansh Nos. bovss Anricatiles No.

S0/ Mpri281112000, ERtitetEXRREGSIOMN \EGEOREENEPRING ELICIT,

T, - ANTIGENS" and 10/292,413
S S s SR R N el |
RESPRIEIEION B CFEHSS ENTODPRGPERITACES OFOR  THERAPEUTIC
%%E’A%pgﬁgﬁtgéwgg EGNL%@%NQ rhéls%;rrt&xoposo&gg ftheeroptimized
analogs. Numerous housekeeping epitopes are provided in U.S. Application Nos.
10/117,937, filed on April 4, 2002 (Pub. No. 20030220239 Al), and 10/657,022
(20040180354), and in PCT Application No. PCT/US2003/027706 (Pub. No.
WO04022709A2), filed on September 5, 2003; and U.S. Provisional Application Nos.
60/282,211, filed on April 6, 2001; 60/337,017, filed on November 7, 2001;
60/363,210 filed on March 7, 2002; and 60/409,123, filed on September 5, 2002; each
of which applications is entitled "EPITOPE SEQUENCES". The analogs can further
be used in any of the various modes described in those applications. Epitope clusters,
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10/225,568 (Pub No. 2003-0138808), filed on August 20, 2002, PCT
Application No. PCT/US2003/026231 (Pub. No. WO 2004/018666), filed
ﬁ@ogéf@ 19, 2003, both entitled "EXPRESSION VECTORS ENCODING

S BF TARGET- ASSOCIATED ANTIGENS'; and U.S BHHEp06/023489

No. 6,709,844, entitled "AVOIDANCE OF UNDESIRABLE REPLICATION
TNIERVMEDIAPES N PLAGMED RPROPAGATION!: Siretiiedantijenice fully

nati ti [ ting ag,| ajnst
%?%Eﬁ]ﬁ}%ﬁ%%ﬂéé%&%%%% fEa el S R i

BIA P8 ESA WIS g dvebprobeyFarpinesind desive i esatistrm analogs is
d&YG7ted 8 Ui P aBnd upslidAi R WA 880, fﬁﬁg@@ﬁ?ﬁ@@mg@ DNRmber 20,

i Colndnin S 1

anﬁmmAmmmmmm IN YVACRINEDROR. VARIDUS epitope
;_Yepgélonncégggaz ntl%ﬂ'{?es: SOOS]I%%t dg\llg;]etu SC{OSB as%llgtuf;atent

in connec ion W

é@ﬁé@?@@é d%éaé&5@%4§5dl§dmbemlmiﬂ PteRR08pplidaB68¢6o,(Pub. No.

10499416925 (R@ AN 20300467 H4 260 fled Mansh Jo2004. o%”&&g%gﬁxb r7,
"ANTI-NEOVASCULATURE PREPARATIONS FOR CANCER ds

0 Migglrenfitatait Hity P AN GHR G CRY IDn QSR ER rERIBSENTING
GHIIIS Stra{Em) Qﬂblﬁﬁgwmﬁmmmoﬁﬁiﬁf&a& digelaseskto9d ), entitled

w ethods 0@3%%?8%%2523(%%???&% £l %13# }E)f eqmrﬁgn%mkd

BRI TS0 SR THES,; Rﬁm&sgémmpblmmmmao@mﬁm,&m fileg ®Murch 7,

DRECTNe @ %ﬁ%@g SR %"t?ﬁﬁ%ﬁﬁf kaﬁ{c‘iﬁ PSR,

epltopes assoc with target organisms, ¢ seases are

HestapieniNes. $0/AppREAHBRING 0 623020220388u4 t) Bet 8RIFER 2V 1 00K ub.

fled Wwelwiaeas 290 handmatitied AMETH %@o@ FANDH 'é'ﬁx&c?TEPzTOPE
%%NSE Exemplary methodology is found'in U.S. Provisional

CER. B8 HATPYEE o8 e TH00mor B3 SAPRigsion No.
RODIICALONSNA7 2006 GE0B4O8- M b lishes, o Jamean1 s 2096:botho0s,

B R AR At ete e Rrab oty
nhar@i@mv@sﬁ_mmﬁk@d%& BisehosEpblicati® NoovRSoTtdl SAhiedtionAyeil 28,
500B4QRIR e PREARFEIRAE 2D0RA04 NE&H%%% IT%P@B%T@%@T

TUMOR-ASSOCIATED ANTIGENS IN COMP
PYRRSIOFEMITEREN et lgYafidnt G Ragndtuidteiibiids 40 )addebon

mdame&tmrmmee&pgwmg&@wiﬂ‘E@r@m%mmm@ﬁ%ms OF
eebsien MgER e SO IR o,
2002 BB PSh Ratex0A0pEsatiR)n MNed on August 20, 2002, PCT Application No,
PCT/US2003/026231 (Pub. No. WO 2004/018666), filed on August 19, 2003, both
entitted "EXPRESSION VECTORS ENCODING EPITOPES OF TARGET-
ASSOCIATED ANTIGENS"; and U.S. Patent No. 6,709,844, entitled
"AVOIDANCE OF UNDESIRABLE REPLICATION INTERMEDIATES IN
PLASMID PROPAGATION". Specific antigenic combinations of particular benefit
in directing an immune response against particular cancers are disclosed in
Provisional U.S. patent Application No. 60/479,554, filed on June 17, 2003 and U.S.
Patent Application No. 10/871,708, filed on June 17, 2004 and PCT Patent
Application No. PCT/US2004/019571 (Pub. No. WO 2004/112825), all entitled
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US-2005-0287068-Al, published on December 29, 2005) both entitled
"IMPROVED EFFICACY OF ACTIVE IMMUNOTHERAPY BY

INTEGRATING DIAGNOSTIC WITH THERAPEUTIC METHODS".
ImMAABYEREBolypeptide encoding vectors are disclosed in U RS E5a§a6/023489

ication.No, 10/292,413 (Pub. No. 20030228634 Al), filed on
m@mﬁﬁ%&ﬁ)@ﬁm OREOSHGRY ADTEHAE NCURNGNES FOR
FRRIOPE S OFES ARGERABROCIATER ANTIGENS ANRMETHODS .

E%Rpgy%%g%wiaﬂg in U,S. Provisional Application No. '
07691,579, filed on Juhe 1 SHOsIsE Y IR SUBITEoR Mg Pustdistases,
Apislidaatosed dnidl Mo PesttorAeyl DaiketN0 1b180d6496.0b 34 flgd 21030646714

samedateas ept.application itfled "METHODS AND
%@ QS TONG T EILTF 8 WE JOMA S b Ksbbalbs s
VALENT Mo o RESFONSESAGA INSTIDIRMINANME AMRnses by
BUBROMINANTRBIT OPEHEXRRESSERONCANCER, CELO AND 1) o
ods and™

R . STROMA™. Addjtional useful disclosure, including me S
%yr%%gﬁ}oﬁgpgf%%’{t&?-is&fZ%Wd7?r7uﬁé‘%d%\}%%mb¢rp%%a@i% Ndethods to

BOreY 10584, fildld om Genmditti 005 cariited M IIMALENT sclosed in U.S.
ENTRAN-AND- Y RAPEUTICS FOR
(;ARClNo@%@%@ﬁgmg%%é%@?%%n%o@ﬁ?&ﬁ&%eﬁ&&Q“an&xemplary
%éefﬁese %ﬂé&%@gﬁﬁ@@@egﬂd anim@mmawd Amlif@gi&gb&a&sms, cell
£510/38L 065 ;AL 8.96% &0 'ﬁ n une 04, and. respective
Spiled Sex2 PEPTIDE ANAI%%S%gﬁd%&éggép belistjpsiDecember 20,
56 < SRR b tEUp eanBided ntMIRTB DRt GNEUTING abaver,
RIESROMPRS iSharphrincomaated by mafereneednyits qutirety for all that i
ég@g@@%gA giéiggajl an?.éo%i Eeptides and methddg‘?glé?gclégggﬁaﬁlﬁ?go'
Paterit Application Plibfica I B Ge St 1orlisation NoSIO06-0008465-
g prhibEcdNAIGGSY, R 0S. RatentiRublicalonNA ROR6& 95 &
Aptieheden Marei;h6, 2006, entited ” PE_ANALOGS'; anj PMCi
C%p&pj)licatiq‘n Publication ﬁ%%&&gﬁ@ e‘%ﬁﬁea‘/ ARHPRHOPEYPES OF
KiEBE s Mithndalosy ruecomppotispaswelbasiistlds@. IRroVESIPRRksional
A&@Ieiatiegpplimtion@@@;@g/@@l,%%gdfile&onﬂ ne 17, 2 entjtled .
E@gﬁ@%%@% -and U.S. Patent A pIi(%Iccélét%llcl)‘tl}r1e o(.)%?, %&hﬁed entitled
A BUESQAITBE KT NG EWANN K052 SITIHNS
FO&RM RISPUSAITRRS0OF CABRR] REMARERTIDE ANAL Rl
2ROSKeI N MANNK 052A2) and U.S. P teﬁpplicqﬁ%@N%%,g’enﬁéﬁfg °
MELANOMA AN#;?I?SEN PEPTIDE SR AL G egieds mibymsirizaiia including
URHENE KhosABR! eetogf vihidhsisshetelyincIpo ek Oy efRIence B jis,
Agliation BxErDRIANY JBMRRUR IR AU AIS BB Vs cion o
Ug-%?@%mé&m, published on December 29, 2005) both entitled "IMPROVED
EFFICACY OF ACTIVE IMMUNOTHERAPY BY INTEGRATING DIAGNOSTIC
WITI‘i THERAPEUTIC METHODS". Immunogenic polypeptide encoding vectors
are disclosed in U.S. Patent Application No. 10/292,413 (Pub. No. 20030228634 A1)
filed on November 7, 2002, entitled EXPRESSION VECTORS ENCODING
EPITOPES OF TARGET-ASSOCIATED ANTIGENS AND METHODS FOR
THEIR DESIGN, and in U.S. Provisional Application No. 60/691,579, filed on June
17, 2005, and the corresponding U.S Patent Application Serial No,
(Attorney Docket No. MANNK.053A filed on the same date as the present
application) both entitled “METHODS AND COMPOSITIONS TO ELICIT
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Application No. 60/691,581, filed on June 17, 2005 and U.S. Patent
Application No. (Atty. Docket No. MANNK.054A), filed on date even with

the mstant %) lication, each entitled MULTIVALENT
-AMPLIFY IMMUNOTHERAPEUTICS FOR

%;% mﬁcor orated %/ reference in its entirety. Further
methodology and €O ré%ﬁ%% Ssed IS TP SVBIGREANT  AND
AHBRANEN AT GE7EBOIIEA HieRkBSSEIMeON @Q@éE@@L@i§§N§ TUMOR

BERONRE-ANCIRGR): !ﬂ%ﬂl&?dfa%ﬁprowg %%%ﬁ%—?@@posmons of

60/580,962, filed on June 1
WEO@@méch%ﬁwﬁi@ﬁwnﬁbmmwhﬁnerffom@teﬁﬂeremnedur@,,u,tgune 17,

emgety. Othgigpplications sly inc her
%m% tent Igh%ﬁ?{a?fgggsfgﬁal No, %/m&% %FLIFY
§ §48§A(EGBH%&1"NO ) Hitsbeon dumienddlogy,
%@@%ﬁ“m‘edﬁgﬁmg &’EdD'ﬁH@EdAMAQ%g 0581’56 L&%@é@%ﬁﬁ%ﬁ%@é% \®Wsional
entite -
F>T|D%’i{\;l\ﬁ{%\L‘?‘??;%1 éﬁ b?%anor?%%gs) St st A piRestion A4l and
We%wézlegeﬁe&n § DR-DeEBMBBE29, 12005 @stitlggs METHRBS pEPT1pDE
ARIGGER, NIPYLATE IMMUNE RESPONSES BY
TAR ETED%SH%%@%%% o E?SE&@?&A‘E}%E ﬁ%f@ﬁe paragraphs
RB5E E‘F‘%@RRFW Py KFEFROD @F&G@N@fy tﬂa@apmenmawmtmdsﬁmm

CE AND, SUSTAIN IMMUNE RE
‘fﬁéﬁbﬁ?ﬁm gﬁ T%ﬁl%ﬁﬁ@%@@ﬁmma@mmmm
PHLIB}RMMTMOBMBHVGJBESI @&SM@HWQHQ@%G%H gnggpg

d entjitled "METHODS TO BY
:%}%ﬁgéggé%_% INTHE N ’Q‘%F‘%\%HWMJNECP&%@ﬁ@?@%@ entled
BRILMPR [ﬁgﬁmﬁeﬂélw 04/328 ma%msdd@awmef#@, 8082y yisional
Mﬂ{e@ CAYHRINATI F E NTIGENS IN
/ﬁ\pm $§%NSN%O%?F€I§%§9F%P Aﬂ; sengitied EREHPPE
HpHicA e Nigtent Aprlioiontied Décemb ereﬂé;iacﬁ)@&mﬁtlggp"fmg
ABOMBINET IONS ObKEMQR-MSSQENTE 6'\!:“9% N, plication No.
D)AGNOSTK%% FO?%@RIOE%TYPES OF CANCERS." As gﬁ I’TI‘I1 Fg
~WithoutBeing limited tHéreto EHEHY %r%é—?@%@&%or%@@ byDeﬂecén@éo
M WHatit2d3shesnadboiit. &Ias?dtMthﬂglsmgtﬁgg epitgpes, ,analogs t
Miesignef gpal of an methods of USin
klﬂéeéJl ggﬁki;ggd%&gﬁ%%se of n@(ﬁ%@&ﬁ vekddhs foP ﬁ“» No.
MAR P\oeaféﬁ'm%}&}ﬁi@hgsmm@&rnsccpm&%ﬂh@reﬁﬁeﬁﬂ@ﬂﬂ Antgens,.
Eepitppes ohwhiedeealt beraReNIZed Biliosed i Us, Provisional Patent

Application No. 60/691,581, filed on June 17, 2005 and U.S. Patent Application
Neo.__/ (Atty. Docket No. MANNK.054A), filed on date even with the
instant application, each entitled MULTIVALENT ENTRAIN-AND-AMPLIFY
IMMUNOTHERAPEUTICS FOR CARCINOMA, and each incorporated by

reference in its entirety. Further methodology and compositions are disclosed in U.S.

PCT/US2006/623489

Provisional Application No, 60/581,001, filed on June 17, 2004, entitled "SSX-2
PEPTIDE ANALOGS", and to U.S. Provisional Application No, 60/580,962, filed on
June 17, 2004, entitled "NY-ESO PEPTIDE ANALOGS"; cach of which is
incorporated herein by reference in its entirety. Other applications that are expressly

incorporated herein by reference are: U.S. Patent Application Serial No. 11/156 253
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cells in an MHC-restricted manner, for which manipulation of an immune
response directed against them has therapeutic or prophylactic potential.
The principles for making analogs of MHC-binding peptides described
he%ﬁ?%\%gé@ﬁérally applicable to any of these antigens and th8f1/US2006/023489
epitopes. A particular focus of the present disclosure is epitopes from the
Cwbbicessobiatedfdatigeisdd AAL)BS 62t “BSR-), PRAVIEE RSMAGS™;

| , y 6 I now. as Hom-Mel-40, .is,a,
R B e e A L

1356 ePER TAR D ACHERP T2 @8bloztoni§e7):Whis P ientratyinagorpbratddNo.

by efesenceinuitseniveiibdisisentifisation as g MO0 13RPES ER,
mﬁﬁ{%@omozmsg TUuAA antg&n IS taught in U.S, Patent76,025,1‘9‘1

i OATEDY RUE LR A GGV E CREES NIRRT BNCAHHRGETED
MBEVANOTMRASFECIRIE ARTOGENIEND USED FREREIEDWIIGhSS INTO

IREQr t y rence.in,its entirety . Cancer-testj ige
D O e A B RO Ao o on
Reetmbes s 2005 prttb WEXHORSRor dd ke TnENENIffe ASHDtFHEKT AN
INRATENRIBAEIGSHN RUATRAFEATaT, RelRROMes S ARAIRDH BT ERREBoR

breast, colon and ovarian cancers. In, addition to its widespread '
BRGNS I ety BRI G S SidhSgBARnir patieisnaiial
tage mx?lma,d‘n;gaﬁai Bucthsvethore to \viganee ispaUBReryBRUmMRaL D4+
r u s tawards en etastatic tumor
Gins Pyt L Eanal ras, o GBS Sl e
Apalicatmmuidetid 68W%); 17172324200 jadhidbeisincarpa@te @ b einehyitled

&%fém?ﬁm@x@WW&%@@@%@&W&%&&%@%9@8@@;%%3

identified recently using reverse T-cell immunology, namel

YAR o RIC3{at LY HEm GRoIC188(ARI 71 2, Paent Wshlipationt Sigial No.

615%48,064, eiflqstolaPb A IEDoPERINES CNBBIINGDRE MINGvioR-
g%gég UENCES FOUND IN. SSX OR NY-ESO-I MOLECULES, THAT

A KOTEEDEEINU BRI IR TAD iR n KdRIQHS 7I04ES  OF

(RUBIER®N Na.sUs 200381220280 beintitlechiteP RORE cach reference is
EQUENCES") and SSX-2103-111 (Wagner C, et at cer Immunit;
TS L ASTe oo T ol e A iy TGRS epfopes,

apipgyy. tih dGigrephimabigsotsce pifofrewpemdng effibientiynepbnésatédsinginnd

VIO QISR G GBS ot alSOlAle L HAAR) FAA% multimert

CDSﬂr'Ege%%g from tumér-infiltrated Iymplh %géig%éééé%%sﬁgé%g&n’ and

@ &hibited high functional avidity and can effectively recognize
SSX-2 positive tumors; however, the spontaneously occurring
mrt?unological responses were not sufficient for stopping tumor growth,
§ because these immune response did not develop until fairly late
in the di8e@%e  There are many antigens, epitopes of which can be recognized by T

cells in an MHC-restricted manner, for which manipulation of an immune response
directed against them has therapeutic or prophylactic potential. The principles for
making analogs of MHC-binding peptides described herein are generally applicable to
any of these antigens and their epitopes. A particular focus of the present disclosure
is epitopes from the tumor-associated antigens (TuAA) SSX-2, NY-ESO-1, PRAME,
PSMA, tyrosinase, and Melan-A.

[0160] SSX-2, also know as Hom-Mel-40, is a member of a family of
highly conserved cancer-testis antigens (Gure, A.O. ef al. Int. J Cancer 72:965-971,

1997, which is hereby incorporated by reference in its entirety). Its identification as a
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progression, and the activated T cells were not numerous enough. U.S.
Patent No. 6,548,064 (which is incorporated herein by reference in its
entiret 4 further describes substituting a T or A residue at both the P2 and
Pd"&g fyHP8an SSX-2 epitope. [01611 NY-ESO-I is a cancerR€d(s2006/023489
tigen found jn a wide variety of tumors and is also known as CTAG-1
%@ﬁ%@ﬁé&tﬁl’%&ﬂﬂ}fﬁm‘@%-@((éah%brewaﬁgé‘rﬁs%ma@smma@m
A@imokgEseCialas antigen (NedDis dissoaetimirS: Balenis 80433y
%eﬁ@%ﬂwpc IC ACID MOLECULE ENCODING AN _
ESOPHAGEAL CANCER RS SOETRPERCAR TRy Tiaer saT i@ B entirety.
o AN US SO ERE T i bt AR Dl o
n - : entirety.
é%ara%)gggﬁ |§§E“§S§ﬁqc%’ﬁ%qa§ré]ﬁ§§%§%v%ﬁn S Ve s BB AL ietsRtidy pes of
R i uhite saesrinh Aardeavis, edlandiseldwed impubiichymailaiiest, colon
asbembliaseidhe. i mRRGEROMS ARG RAYE DEENE0 C'Uge‘ﬂe#‘) arise < i
-%, Cancer-Tesis- !

1thglsl,(l)glh alternate, splicing. Additionally, CT-2 (or CTA
An |geﬁ}§}u§85%rﬁ?s€fd°ﬁéc’étﬁﬁ‘é‘rﬂhﬁteaﬂ fe disprpant wiharsBgrecividence of
iserepansy o EatfLcdluidoitheere REen S AHRNERS ORI, MARY iy
j f -ESO-1.can alsg induce immunity to tumors expressing
ﬁl}%gge& g?hé%? gr%‘}.]%h%’eak gf%‘f%i?}l\é’a?te %tu?;ﬂﬁcﬂeﬁﬁﬁapﬁﬁ}&g% hrfing003;
A FO Mgl st o7 11484 NS 10PLE S1008), Of heerthRePUERRI herein by
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se ru nceslare éﬁﬁ?&%ﬁﬁ %ggejgg&l%%tfl%eﬁ %)ggﬁgs(gagﬁ FAGEH
fgfgﬂif% riRE Sxeest fhralsingrnelianenapel ASEIn/ isAyyreiatsd duel, J
herthved|te - spice2 3 hEAMEL pad ; ige
Blepve-iEQ ﬁﬁ%@ﬁg@ %RNA but fror%lt ﬁfﬁﬁ?ﬁ%%ﬁﬁ%ﬁﬁéﬁ%ﬁg ED
giving ns&o un p tm&é@%.sﬁ@w%@m@ikSSX OR
PA¥deseidn 1mRP BES,HWI SG?JEQDS Thr m&OM@hﬁEg%%"; U.S. Pdatent
= mplete sequence, which is incorporate
ﬁ%gﬁ%iﬁe]?gfer%gg |}r19 ?é lrer?}lp Pe?{}? gtrleof)lort Pth i%&%%%%%ﬁoéi lih tRpgitled

T ER R CHQUADES SsnAGEX tomesiBhing @ GTAGELIRNDmmunity
VeRTDGassIMBHeR): I;g:‘.h% E2-B (both .corresponding
to CTA ?1 in the S’Z)ﬁ%ene asse_r%%fli%s%.@%}fg% N fég&]ﬂf@?%’é%j{s The C-
TERHRIFRIPL SRERPRS A Rectlitisa i Rensaaied ISP tent Ness6;27 4jtddion,
Tevititteld HEOLATER/BICLEIC AHMMOLBRULE ENGQRING CANCER
Iﬁfé‘o&g%%? %‘I_’ GESN1 i;,I'eHE ANTIGEN ITSELF, AND USES '

REOE" "and’ 06 HoaHYS DRSS S N6 tek faogsipnpl myvinis; end can

eé%eéoézozmiﬂ%%ﬁdmma@a%uﬁ%&e@M@ﬁtﬁﬁ@b&i? occurring
anteHmi i e ing prateasome in an in vitro
i iseisds ragnarated.by ihe Q’J%{’gfng%% '%fpwnérw%?%ﬁ@s&biy

assay. Analogs substituting A, V
D P DR A OFAMREA Ta8RoReRheid not develop until fairly late in the discase

progression, and the activated T cells were not numerous enough. U.S. Patent No

6,548,064 (which is incorporated herein by reference in its entirety) further describes
substituting a T or A residue at both the P2 and PQ position of an SSX-2 epitope.
[0161]  NY-ESO-1 is a cancer-testis antigen found in a wide variety of
tumors and is also known as CTAG-1 (Cancer-Testis Antigen-1) and CAG-3 (Cancer
Antigen-3). NY-ESO-1 as a tumor-associated antigen (TuAA) is disclosed in U.S.
Patent 5,804,381 entitled "ISOLATED NUCLEIC ACID MOLECULE ENCODING
AN ESOPHAGEAL CANCER ASSOCIATED ANTIGEN, THE ANTIGEN
ITSELF, AND USES THEREOF," which is hereby incorporated by reference in its

-38-



position, are disclosed in U.S. Patent Nos. 6,417,165 and 6,605,711, both
entitled "NY-ESO-I-PEPTIDE DERIVATIVES AND USES THEREOF",

Each of the references described in this paragraph is incorporated herein

by Y&SPENESRts entirety. [0163] PRAME, also known as MAFRETYSAZSS,/023489
and OIP4, was originally observed as a melanoma antigen.
Stibsequ@athiogbhaddeesnereodiyzetigsna @Tthaekigesiybusaqniikecmdentity,

%ﬁl}?ﬁu {9 8eMARE 1GRAGEANLRAG : B&%}i%?%’é@é%&ﬁé%@‘éﬁﬁ&ies of

emias, PRAME is a member of the MADE family whic

Benkisenagerayef MybdeNstbarprathiodtionaien el lipmalg splicing.

ot 8.4 P AR O ekt .
usefulness o as a TuAA is taughtin U.S. ent No. , )
dleet *%61&&?@&%@&@6%%%&&&6@%@% e ckiensive

FYMOR REIEC HOY AMTIGENGREOURSDR GAGEANBUUS ESnunity 0
THEREQFE", .which is herehy i potat reference. in its entirety. U.S.

e St DT BN o B e SR o
anine gt 40 MIETHMRESIE0R- 18E HE donges AR DI PRODUBINGS T ICEESO-1

ERANBE ERITGRES ANRNAGHNGSsINGRRPORRAIINGSA X ent, From
SELECTED EPITOPES" (which is incorporated herein by reference in its

Bty ) idattiidd T RAHAY LR pSERRS BiSitsisRECheltaRigfor 2 single residue,
RRAMEBR2%A3% usieigtl \diro WigestinematthsplicaunopsateasehentDL84}E-2
PSMA (prostate-specific memhprane jge TuAA described in U.S.

B B B0 STt TR e Ay o BT MR AfEGal® Teiding
ANTIG ENS' givileh Tshdochyr dtrtotporited teavefieeenchlimdtseeeilptyGimBank
RXLEISFOA 9118 BIOSIAE SR URAN R R WORErehdSi1s, Rps-

prostatic cancer. It has also been found in the neovasculature o

RO biSs tAmPIEH s MR SR TR RA B TR EID S o Ras P 5% i ROCHSE -

tepapifvpeRsirlg aanse N thigihe N6R vas Al af R RIGIIMES fedfd8ding
Iat?é}%% cept is more fully described in U.S. Patent Publication No.

F0d3b0%671%; PETRBIEafTT RS WORIZI060607 and Wiplovidiord (both

thSespateintg applivaticniNteGRI27: A63eblited "ANTI-NEOVASCULAR

VACCI%E@ FO % ER", filed.% ghg 200?1 QL%S Application .
No, 1006509 VAR IEH Ko U BU03-B0MR AL M T afape i
2082 Paistitiedo: ANETE. NEOwAST ULAPLAREP ARATIENS £0R AANGITRILE
eARPh diCh At BRIl draarperRied RGatereREeAR ER ARt ET e AND
teachings and embodiments disclosed in said publications and
SRR o0 e oring PR AEEmbBdim B fabteBds No.
anokosefabn) cannectEPITPH eSPRTEN RNt Brighy, 185 tanatsinus is

row t &Y re&rui}t ins%g(owth of new blood vessels, This is unlijnesstood to be.
%8%%% earf;y e housckeeping proteasome In an n vifro assay. Analogs substifuiing
AV, L, L P,F, M, W, or G at P2, alone or in combination with A at another
position, are disclosed in U.S. Patent Nos. 6,417,165 and 6,605,711, both entitled
"NY-ESO-1-PEPTIDE DERIVATIVES AND USES THEREOF". Each of the
references described in this paragraph is incorporated herein by reference in its
entirety.

[0163] PRAME, also known as MAPE, DAGE, and OIP4, was originally
observed as a melanoma antigen. Subsequently, it has been recognized as a CT
antigen, but unlike many CT antigens (e.g, MAGE, GAGE, and BAGE) it is
expressed in acute myeloid leukemias. PRAME is a member of the MAPE family

which consists largely of hypothetical proteins with which it shares limited sequence
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to sustain growth as the centers of unvascularized tumors are generally
necrotic and angiogenesis inhibitors have been reported to cause tumor
%essmn Such new blood vessels, or neovasculature, express antigens

fdeHE % a&ablished vessels, and thus can be specifically tBFJESeL081)23489
mducmg CTL against neovascular antigens the vessels can be disrupted,

simelauiptinGheh eftduinetn ol BRI ME(amsdarehucdvaal Bf wastiesn fromm) RuRarSNo,

toesna dodmaersiOIAET iRinale sRId0 fe NS MENARPor

Ieads to a protein with an apparent start at

brdrNaNHAE Y i BRIGE ISR d3A1eEcbBY SDSSTHRERBOF",

R1935i pt e ANy 0.
ﬁ@?@%ﬁéﬁ@ﬁ%ﬁ%&é&%@%ﬁ%g\%@ﬁéﬁ%@ﬂ@ﬁéﬁ%ﬁ% ;
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identififd el poseEinEPEastaeARAG i ranabRsoss RntiaeD)0d/ERA7A6 described

entites. "HARINDIGSBE PIBES ANR DSEARBISES RICR i5) kel s

ted reference. in its entir Its production in vitro by digestion
‘ﬁ%ﬁ&&ﬁous&e%‘pﬁ n%’féﬁ%%éaé?‘f% FISF BRI R MEHYAD Grpgessed by

mmmwesnbﬁmmawpm|aammﬂubanaﬂ@ad§kaneeﬁi’a@22|ﬁa&8 also been
CES" [0166) T
ﬁ%ﬂeﬂ tﬁﬁ@&&%& non fl ?L)lmgr Sﬁgﬁ% ?flg ég@f %P&% %3515

|osynthet|c enzyme atI1s con I ere one em
@Frﬁéramséyﬁtseatﬁérénﬁaﬂbrprqsyr@smserummceshedammmmmtypémer

REBALY TR Malanosyes:, gr&@l&}%k@y%l%&&%e%ﬂ&”xﬁ%"gaga gt BANOMAS N

The usefulness m;pyrosmase as a TUAA is taught in U

%‘?%9‘?2‘%"&&&’1@ wieFio DI EORADEATAY TN dNDIoDEmes U.S. Patent
SIFRER NG, FRRM AsC Bl AR ABNRRMAL I SOME/QE WMHRSEor

G e SRR & SRR ED PP RB R AR o M RS9 Eapication

NREATINCOSHDA6IDAV I BUAL Sledvhich |s/11ae:nebw,mczmmraegqﬂ@y "ANTI-

i qu MAR elano
ﬁ%ﬁ%\%&?&%ﬁ?ﬁ%@ T cewls anothe r metanin b |l§\s§’/£t ém‘ qugté%reby
iBRpreYsEl &y H‘Féﬁ?é%@ iff $AkTERo rﬂfég teﬁh@mﬁumeﬂé@ﬁments disclosed in
il MART t 7

FUAMART wnaSphieA:s bR S 0% 38 én?@%?ﬁems

59%523 oth nt|t| ed "MELA MAAN HEIR US
K blﬁrﬁ%ﬁ%ﬁew@ MEWS ingenii]| aBisfy, as tumors

grow they recruit ingrowth of new blood vessels. This is understood to be necessary

to sustain growth as the centers of unvascularized tumors are generally necrotic and
angiogenesis inhibitors have been reported to cause tumor regression, Such new blood
vessels, or neovasculature, express antigens not found in established vessels, and thus
can be specifically targeted. By inducing CTL against neovascular antigens the
vessels can be disrupted, interrupting the flow of nuirients to (and removal of wastes
from) tumors, leading to regression.

[0165]  Alternate splicing of the PSMA mRNA also leads to a protein with
an apparent start at Metss, thereby deleting the putative membrane anchor region of
PSMA as described in U.S. Patent 5,935,818, entitled "ISOLATED NUCLEIC ACID
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Patent No, 5,620,886, entitled "ISOLATED NUCLEIC ACID SEQUENCE
CODING FOR A TUMOR REJECTION ANTIGEN PRECURSOR
PROCESSED TO AT LEAST ONE TUMOR REJECTION ANTIGEN
PRESEMTEHBY HLA-A2", each of which is hereby incorporatREHyS2006/023489

ntiret The immunodominant HLA-AZ2 restricted epitope
L SRl o R e b BB BT IC
ME()W%M&WW@HSRM" bvnmiu [ch{izﬂe%t}l)ﬁi\zlclﬂgrated by
which is here corporate in its entire arious
gleneérl%hézg TnCSHBTAS |% zt BEGE 5?3'1}% gg&ﬁi%ﬁdﬁﬁegh | : (HTBRGGE pocession
awaley SUBSflithgvhict iPRyretre idistipsetdrbly :SfdrateninNe <at025,47 Oearly
sied ISQLATERNONY AND V0, 2000138802, »ocssion profle

BCTIUS 20061023480 DECAPEPTIDES W
RsE:Eesurers pagdey ah-piloss aHBEREORE whidhdstiore bycrebiporatedino

bydetetenos. ipste gt Eeﬁmlh@eﬁk%eafasaﬁ@d%%zﬁgc&m@mtm binding motif in
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Reeby witictpisahet dyyrifeenpeiatés hytmefgrdtﬂ:pﬂﬂﬁ&:@ﬂﬂfﬁ%@S%tﬁgesuon

4 th t t
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B@%ﬁéﬁﬁ)@%@@ﬁ%ﬁ%@ow@cwm&mwm stwmtm@as"

only a ogisratelypsgogenis-ReRlidR s yhich can furtharlinitits; slinieal, .
ggg% ntial. Stron er SSX-2 specific immune_responses induced by the use

ORGSR é%%f&grf JREIQiic A HErratiaien Jatierirethith Samessed

mfgv&mmm[mhmum m@m?@ﬁkbodimeﬁigﬁh%%l@'?@s&z&%und in
1IN com ition 0 Stim e the Immune onse o subject to

%%c?ﬁrrl\(t)rgﬁslm?n?ﬁne rjfskf)onse gg%tns’f]ﬁs Tafget cjé‘ﬁ%asﬁfaﬁﬂ t Patent
arfdd e 1T retisleth SMFEROEaRORVS ENTYEY ING ﬁﬂé@wamam ;ﬂ@V@EﬂRING

eResaplastie 204 Xiehaiverea A0 PLBRIBUSR IEWNE MGG L0 s
is onﬁéﬁ moderatelé immunogenic peptide, w |ch may prevent |

etk &M@WM@%M&&W@EMS AND
Wm%mmsm mm&esenmemdh@rygfﬁ%%med

1bmp ved %Vo %ertles By using a more immunogenic SSX-2 ana
B %Sggfﬁ "to stimulate a stronger immune response and/or

to am pﬁ(ﬂ'ﬁ’ﬂe navmmuymmdﬂga&mmqme tegyiensenin mﬁi@m@&g&%d by
(fh%@ﬁ §3 |IQ£%%%€ SR}%D}%? blO ﬁt ! bmd”’ggup roﬁ?ertles (%glr%xgg ?8¥§18 in

HLA-A 0201/pept| e complexes Ltabi ty) Immuno
BisteoBs- rddetvisfubnerreof it lyp A A B8 hasre Taumymei@n eathSofPtent

Aaloge 19, sentif as JouseyedRIORRIe N SBEANOMA ANTIGENS AND
THEIR USE IN DIAGNOSTIC AND THERAPEUTIC METHODS", as well as U.S.
Patent No. 5,620,886, entitled "ISOLATED NUCLEIC ACID SEQUENCE CODING
FOR A TUMOR REJECTION ANTIGEN PRECURSOR PROCESSED TO AT
LEAST ONE TUMOR REJECTION ANTIGEN PRESENTED BY HLA-A2", each
of which is hereby incorporated by reference in its entirety. The immunodominant
HLA-A2 restricted epitope from this TuAA is Melan-Agg.35. It has been shown to be’
produced by the housekeeping proteasome (Morel, S. er dl, Immunity 12:107-117,
2000, which is hereby incorporated by reference in its entirety). Various analogs
incorporating standard amino acids, including an improved analog substituting L at

P2, are disclosed in U.S. Patent No. 6,025,470, entitled "ISOLATED NONA- AND
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embodiments, by improved property it is meant generally, that the analog

can be better used for some purpose than the wild-type. Thus, the analog
need not exhibit improved binding, stability, or activity to be improved and

may @eEK/EHS5H a reduced ability to mediate certain parts of theBrAeE886/023489
but still be improved for use in another way. For example, analogs that

r@ﬂsﬂmma@%/iwm}m?(?@wpcmdiqumg@mmmmimm%/?mms USE
t rized.ta the wild-type antigen, [0171] Previously, modifications

o?%r%[ﬁjgré tgrr\?]oggggsg'oc%\%ﬁ b%%f%?eratggiP&éé%sz);tfﬁ%d?pﬁa%{mﬂﬂv&%I%Se of
cmelvs rasipestivy egesendted analogsidithyil22WN20PGd38F6Rnproving
%%Iﬁgxgr%gp&égg %@réﬁ%%%’%g ' %weg Br_(g‘l Igf a\?.l,lt.? ? LAu;rpocz,l %%L}l(gﬁ#g 61,

enhanced immunogeni ne of the most successfu}rz@amples iS5t
REOL: plirhiis beralygnsprreraisdbe geBmengsiiogts. sutineiwri et all, "Enhanced

generation of specific tumor-reactive CTL in vitro by selected
]V\ggggg-ﬁélvsART-l inununodominant peptide analogs,” Jimmunol. 1998,

A1 7506, h is hereby incorporated by reference in its entirety.
The ori{lﬁliéli]epitﬁpglflﬁé@kd%mrmea?sﬁ&bleimﬁﬁﬁ&?éwmsﬁ kéAs%?gz in cancer

e sg it lacked a m anchor amino acid.residue at

R R D SR At T dit o SO e contoling
- dertshshddisignequildtany Stetdasedsuinbingprofilesl withmithokeh? peptide,
raplesulas andireaial MmUnagsnichian '&M&}yggﬁ%“@ SRR immune

Immunizing patients with this analog generated strong T cell immune

rESPOHEE S IRy dsos S T SEBRRRB I ety e Bisitopdipied drensditat for
thatieatt sutfieR$:6-2Simtilave madifications have been obtained successfully
with mf@y@iher mor:associated,. epitopes, such as GP100 209-217

(Parkhuratet al., *FHbrBV S iHGORAEH Y HietaRlosnRCradeive Eir comppsitions
pestidedateoire themmetamgoeanfigenbgel @0moadified@inune response against a
A% -hindj S s l. 1996,.157(6); 2539-48; which
e e IR oo s s pi s e
(FmsR darevaptioroverr alertidsgevictydafeaseinununodominant
epitopejof-ihe HERMRSU BEOIQANERIRNEJRKHerations HC contact
residue[s," Jmlemmunol. 2004, 172(6): 3501-8; Wl‘fliéﬁ is%e?é%g in%o%grggfgﬁly
B PATBPERRE RPRE‘ENTTRISH, Tt 72 NiBtrbds B € imisrsinedharsiafientioaly i
beévasedhftidhevidantticatibmandipiod S3Rm Al analnass tha SYROME potent
) rg]g&naa Xiké{e%gpoir}tz SX-2 .vrilg-t e sequence, Using the methods
é%c 0sed herein, a panet of 98 Htve gépygﬁ%%mggggeﬁ%ﬁﬂﬁgalog
WRELYD 6t Seguensblfrtnstéamilate acitierRéd iddmerespdentified owith dnplify the
vanietiofJm _ rties. Jhe impraved properties incl but are
not limited ,t%‘gg?gg%%gc% sO ?SI\QA%;(IZQ %ﬁ%v acgﬁ?r%céfb ocre(‘ftlldﬂk?)ﬂ1CaLd response.
mBscthedinHpemmpgitar (spirsad Sleh-ad 0RALpasitetiompiyretoxibitity),
anghiBeineatyysigid2eRigeaitrossreactivity to the wild-type epitope were

analyzed for each of the analogs to identify an improved property. In some

embodiments, by improved property it is meant generally, that the analog can be
better used for some purpose than the wild-type. Thus, the analog need not exhibit
improved binding, stability, or activity to be improved and may even show a reduced
ability to mediate certain parts of the process, but still be improved for use in another
way. For example, analogs that retain some activity, but not all activity can be better
in human systems that are tolerized to the wild-type antigen,

[0171] Previously, modifications of natural tumor-associated peptide
epitopes by incorporating favorable anchor residues have generated analogs with
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improved potency that retained cross-reactivity with the wild-type epitope

were also identified. Among these analogs, some were demonstrated to

be the superagonist variants of the wild-type SSX-241-49 peptide, some

of WRiéPPeiER&§3hown to have much higher affinity with HLA-A*@ZUIUS2006/023489
molecule, and the peptide-HLA complex possessed extended stability.

Thpseahbintjiagndetkd @ngambfd@ﬁdma%fsﬁmasmﬁd? icity. One
enic.mice immunized with them. resulting CTLs cou
g o St AR L e S A b TR
iFrileReing ahaetne @ EnhasowlQeROOE B354 R Tl HROAGIRA3ABE in vitro
agneraied N&I&Q-Wgwﬁ%&ﬁ%%%%%%%ﬁh W'ldﬁggz%zoz. 1998,

?SX-241.49 epitope that naturally presente e cetl&lirfac
B ParldohR-Brithirl S herpdncaparsed by exitspec ihdtamaioys. afedetgnal
ephoidatendas tzbend@\é@l@]@m&ab&&%ﬁﬁ%@%@_@ﬁ&e&%%%&%fﬁiIbglééd an

8 bodimengs of the invention disclosed herein_include families of one or
more pephdey 8FE 8t AriiHBCAL BSsHHIBrythl sl amedifisd defliehisdarpA 26-
afn prpadidsndlbgt Baof dhedismacicanesi testisy (GE)RRID 8 AKX RIS with
19)- Thesindividual peptide embodiments have one to several defined
%ﬁ%p%gé%g%tlﬁ%né%%eiw %90 S 58t (331]83. "f‘?wewé%%té’t‘?ﬁjt&%uﬁﬁﬁﬁ%“
Leruniring, patsoltyits sraheb crenofthe stangd & ¢ dbinfantinespoidss that

oamenapRlyORBsicaliencadadpdsrivaivasdharaal Eﬁgiéﬁn surfaces, Similar

D-stereojsomers, or other non-standard L-amino acids. These "analogs
are ﬁéce%ﬁ%r A SEGARIAREG BT SRIIEH B tHE vimaRty sdhepitomervaitpoiated
cispes Mbichans TPROMaleoules atreREaes companenisREe immERs, of
, r~desigpin itional analogs with further optimized,
AT R

Kbt 107 ALhi1Sigie Tssibissibd forthelil 4999 pesapiioasip-tite which is hereby
iﬂb&ﬁm@@aﬁgcmaeemdﬁhim%@% hﬁgﬁfef%@.‘%s}e remush o o
n f Wﬁlll(lih a ”’

tides can be useful in humans, as SSX-2 Is a self-antigen to

eft BIAHREEHTLY 1Y cathaBienaferiaEminbasidodiftee BEER-dheu

thetanaiogs.can hepadorstioTuiatecresationsnbd colls halhaveavaided,.
-EV% }%%Lffth%?e ut1 are cro:%s- eactive with the wild-type epitope.
%@%US peptide BREoliHeRTEed PRSI BIie Brithidid Hibroved
immuniIBRE prodethieds imr¢htisdheydinssesh greater alfiaity fa MG Riation
ili inding to . elicit gre cytokine pr tion or

O e e RS A o o ee
fraHPICEe s b sshpns digssdosricheypio. epitopk £96 nooed SETRRNQgERIDES
bandndhuge: ariampily aqGeass HeAF e 6/ IOMICIRRANSEO IR WAGIVRE, .
e%tqﬁe,fand/or can break tolerance. (0174] In one embodiment, the o
HREI0gE CHRREYRE PRSELE Hn EhsUBRRIRNS Prap aries il dw | betaeefrotithged

grobipdiog sistingsof, RIEC2anR4T R61 R&PRANEIR P rdlecules, and biological
responses such as IFN-y secretion, cytotoxicity, and tumor cell lysis. Peptides with
" improved potency that retained cross-reactivity with the wild-type epitope were also
identified. Among these analogs, some were demonstrated to be the superagonist
variants of the wild-type SSX-241.45 peptide, some of which were shown to have much
higher affinity with HLA-A*0201 molecule, and the peptide-HLA complex possessed
extended stability. These analogs induced enhanced CTL immune responses in HHD
transgenic mice immunized with them. The resulting CTLs could effectively lyse

A2+ and SSX-2+ tumor céll lines both in vivo and in vitro, indicating that the CTLs
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a further embodiment, the analogs can have at least two substitutions at
residues selected from the group consisting of. PIl, P2, P4, P6, P8, P9

and PIO. In a further embodiment, the analogs can have at least three
suBERANMEMmE R residues selected from the group consisting of, FEE/F52006/023489
P4, P6, P8, P9 and PIO. In a further embodiment, the analogs can have
%B%rﬁfﬁﬁdﬁglﬁt%m PRIEllP Y mm%@emﬁwmﬂsmw epitope
eptidesapniavetsyRstivtiens id nd. P9, In a further
gmbodiment, eptide analoﬁéﬁgzﬁ' hﬁ%i%%%ﬁﬁ%gﬁtsﬁ atp?es g@?‘?ﬁs}{

he
S and PR n&élef 85S - AP \DBT001di98562 oC T S2006/0RBMEE cancer
&pgbiodiment, the peptide analogs can have substitutions at residues P1,

P2, anghPpyIn a r(t§ r embodiment, the peptide analogs can have
,substitg(':ion% at ré%f llfiens1 ¢ Ingr,yo B8, Iﬂg)ﬁ}éeeﬁ%%ﬂﬁiérﬁ}%ed herein

Sttt fipnice i pro duceoimpeotides proertis athifo fuieiaBRRRCIENARY by
eapGsyitan suPIdICEAMPIoYSd prapertes, In g further
?mbid,ygent, three substitutions qg%lg S?oe Sggrié@l%%%gﬁgﬁ%tﬂ?ﬁﬂi&?ﬁﬁ 458X~
e  BFBERHAPEREdS FaBp darats Bbsitations sanplaidfinedmprayedid
propieutieashint aeewstilliypeagnizatby R HoR AL tegagZes the wild-t
%gygéhggb(%iI%fr?‘%s-{eadctige W‘i?EF the wild-type se%gg)cgﬁl%f%[vgﬁéeﬁy ?
embodiment relates i6 epit Pt AR FD e r Pomypptierasticdinprisiodyd,
tRe efiteptiemelo seBudaceithatgan hBpIeseada SIS Neis These
AaleY arE uEther SMRoM relate to nuclei¢ acids, particularly DNA
pla r%ids, encodir;g?ﬁsuc%é%g{%ptggﬁ téega}%llp giﬂ?p%ﬁavﬁl AARSEPARR@a veLh class
;ﬁfﬁ%ﬁ@ A e e
{ eiddoshing RHSISIS asiFSGanA components of immunagenic
egﬂogggggieti%nsf %artic larl compositionfs}i.)!g{ljlit.a Ig%nrwllr? PRIy rRpIRaESs: Some
e ivery,? al coRSfitits T iR dRMBotmienisnwmiby dasigridE6]the wild-
tamm@ﬂmemswmm&sw&%@@m@@a%nwﬂ%%{fﬁ%@&%s Qe
ggaﬁgﬁﬁggg&ﬁ@§§sKﬁYj}{ﬁSE ID !\ﬁ 1; (See Figure 1). In a further
embodiment, the analog can B8 GeRtriay ansharbigetiasa msyizh 2. gegree
Hdelraprpmptide axperitt mmmm&m&%&&@%ﬁ%ﬂ%ﬁ&gﬁ)&%m
toesieRsOp SRR ACIdsTtng: up the. peptide are referred to herein
as PI-P9,§2r%€P1’O to design%?]e%ti%vgggfff(gﬁ%ﬁ%ﬂ}ﬁ?esﬂéﬁi%% are Cross-
rﬁ%}ltlll ee FBE’]WHQ“WP?O%@@-IEWMQ?GRHC@ﬁlﬁbpmﬁ@ tQu{hl%ve one or
e impned ddy Bifeuabld 9 88 RORAING 19 -terminal Valine in the
Op%?@a%?r. {Agltﬁn{v?a%i\é%l%/,, the residues may b%gt]rg?g??éscigfrg %}e/rtﬁ IIBFVn?ngHC
activity of the mole glﬂ%artotﬁ@%réliﬁ@(ﬁ%mmﬁéﬁe&m@t@ﬁmsi:o:tuecl%z?re
9y ensyiide b arssthir diicermainalopr A YRR BIEEHE o WY 'ggnPlf (9,PAQ.
ré@c;@ﬁzéj?ﬁt?%@-fgpgegﬁhb%d as gplg primary C-terminal anchor. Resi ues
P4. P6 and P8 art Pe, I° Immunogenic, can induce or amplify a
cross-reactive cytolytic response to the wild-type epitope, and/or can break tolerance.
[0174]  In one embodiment, the analogs can have at least one substitution
at a residue selected from the group consisting of, P1, P2, P4, P6, P8, P9 and P10. In
a further embodiment, the analogs can have at least two substitutions at residues
selected from the group consisting of: P1, P2, P4, P6, P8, P9 and P10, In a further
embodiment, the analogs can have at least three Substitutions at residues selected from
the group consisting of: P1, P2, P4, P6, P8, P9 and P10. Ina further embodiment, the
analogs can have substitutions at positions P2 and P9, In a further embodiment. the
peptides can have substitutions at residues P1, P2, and P9. In a further embodiment

the peptide analogs can have substitutions at residues P1, P2, and P4, In a further
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primarily involved in TCR interactions. Substitutions can use any amino

acids, including standard and non-standard amino acids, known to one of

skill in the art. A number of exemplary amino acids are disclosed herein,
hoW&\EPsth8SEtibstitutions disclosed herein are not meant to b@@THEBPRH023489
includes all imagined substitutions, but are exemplary of the substitutions
thrabedenpos sisleeifiide ofabigd tattevarsuhstytdineha at 4&MEs 200821 38568, In

Eata (%%S%%% %%%ﬁ?%h@ %g}'?ﬁé %L%Egg%rc@ﬁEﬁ%gﬂ%ﬁﬁ%@%ﬁ?‘%&%‘es PL P2,

referehcesthat may be purchased or chemically produced

ferduB® ithnh enghrsliveshévai nufotizrasmambedsepbesiblednaipesissers 2
Rirglieed i medificationefi-Rentidenanenard sifivrsdQ RPRIGNS. DA Further
HLA binding profiles and higher immune responses, including at the
NPRERHRER prifieTy SUPRHBHIBS FOSIRtTF oS IRPIQMEHRIORFEE ondary further
amdhuaigRit phsitashrabhtie Ndetmitak pamnprydacd sesordanranehes (Y are
and P2 positions) the N-terminal pri /secondary anchor (P1 |
A BB B e R B R RS e 0T Figcve
p&@id@s@ﬁhym@dmmﬁ@hs at the anchor residues and TCR contact
residuegyvare PregucatiQultaumysns 1, celilalerance R’&Sfr’é@']&ﬁ?&%udes

these modifications included modifications™at the N-terminal

FITFRBFTTE8 ComeRIF)PArERtR g PR RGeS SBbSHidPR PiaRerss dentbargia hRanalog.

rBGABHUSILSERS I rdPRecaftiicRE RORIOPSH siRENIGaNAN$ REM8sNencoding

terminal prim; %/secondjgy anc%ors (P %n,d P2 lgositiog_?, a&?

MO ACARSHE St s TR rAThERBAR AR HEhSHRISSY i S GeRntiyaloes:

TR pelypeptitien sitepiiBi4gPhand/ord RBepesitidig). Furitier adeisamer all be
r 7 ice of. which residues.would best

oS B oD T o

Nfrelephadis felérerctiohns condini Brtharmpbpdigieniteractions and

previous analogs that were known in the art. Some residues are primarily

involved. in a specific interaction and some are secondarily or even
tgﬁ%l%%%ed. Thus, the knowledge of how the residues are involved in

the binflingsio thE&ssbobieatieswasdrig&Rved i pestapalysisimupthiesstitutions
S of the wild- | ferred, ning.that they work wel

R S e e et N s e
tlﬁf@}?’wmlﬁoﬁﬁ)ﬁﬁ@bm m@amnma&qwﬂﬁéﬂ”ﬁﬁGMBMd@hmm peptide
neRrRIRIeah e siduesican B8, YeRg it ash POy %@%Qi&ébsrva%!!&g aiiGhat

C-terminus is generally a preferred anchor reSidue because it produces a

B TRtéhachriidtATthEfaradniBl et atidP thD, of WasPES Spriseimnsie the
tosunstiturministresishpsdsloweneninedificaionsohwildstyBe C-terminus, P1
tumor-assgciated peﬁtide epitopes, by incogporating favgrable anchor

rSYHERYKR e Yer AtSTHHAR g SHith APt o SATBTRARG MR o eyt pimanal
mbleot lestentemhancatidmanveiygriciyidues may be referred to by the primary

activity of the molecule that they are involved in. For example, residue P2 is
described as the N-terminal primary anchor molecule, while P9 (or P10 in the
decamer) is described as the primary C-terminal anchor. Residues P4, P6 and P8 are
primarily involved in TCR interactions. Substitutions can use any amino acids,
including standard and non-standard amino acids, known to one of skill in the art. A
number of exemplary amino acids are disclosed herein, however, the substitutions
disclosed herein are not meant to be a list that includes all imagined substitutions, but

are exemplary of the substitutions that are possible. One of skill in the art may find a
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One of the most successful examples is the A27L peptide analog of
Melan-A 26-35 epitope (Valmori D, et al. J Immunol. 160(4); 1750-8,
1998; which is hereby incorporated by reference in its entirety). The

origiRPeBHEPE failed to form a stable complex with HLA-A2 m8febiedt4423489
it lacked an optimal anchor residue at position 2. In contrast, the modified

Melar A6 3RARM-spaplide Anialo g demansttatied atb ME20064138862 be

PCTIUS2006/023489 unequivecally increased binding profiles with
EAEROR R R B B L Ok B e g BRIy
countelpar}immanizingepafigotsibithathiloenalay geharatesy strodifidated of
' e ; regognize.the wild-type .epitope.
e e Y AR R B

sersasshuigciniting sy otterirabprimeoc e eBRapssisnprath GP10minal
20952ty (RRHSPYBSt MR ake %Hm%&ﬁﬁ&%%%%-é&&%@% which ig1

here% Incorporated by reference in its en.tiretyzé Her-2 369-377 (Vertuani
&ndi B postitRiorfy (613 B0 BN ss0 BRI T8 RdREhy RS FA S by 2

refeensg unitsCentingty), fAAd Theehqioe péhew)manyrtesidyestt@es with
substitute involves a desire to . substit tter residues while still

o e T AR L £t0 Ser R AN Sl 5 Produced t
wrpgaiveatl By Takllsottraneecdgnizesthantigichty pthespitopediTicesons  dnaguded

enabadiment, ée%%%%M%ﬁmée%@ﬁéaﬁym&twwh@z%eaggm) and

peptide. In a_further embodiment, more than two substitutions can
SEAABR INERifeRaR i etitrdd Phie i qebS nriiiersssmedidinrtpnsias treN-
}wiggséaepﬂwﬂ@e' s J6HB0) @elg@r@{bg %@tﬁtp%rﬁmsb%)pﬁmiﬂ@méiﬁdﬂy@d\fﬁ@o
i recognition is desirably substityte roduce improve
IR RAGENTER SR B CPREL ASRETHET Wh R RO . T
@&mpiéompdﬁﬁﬁem@b&hemahogmgeq:mmﬁogenicity is _preferreo!.
pecausphe P2 RASIUAREL SPAPRAATIAG R AINGALETIINE LARIR iny
believed to be primarily involved in the process o proéu INg |mprove5
iHAPKIYS 8 dnveititiqarinvalilgdtarelishs ivh prolietlddiNgRigporside ride aittisra, studies
petetedsRstitbansie Mﬁ&%ﬂp%%g@%ﬁ%@mw&rmﬁéﬂw Qe
S

exemplary analogs to identify desirable substitutions. Similar _
COMSHRS AR, 5 the carBoRyHitrifiarptemibR Mancmichrefadaein or
kedmporiatly fandidE TAtiNthe]QA81Iddeus How e esslasinmatatbBed in the
%@3&% (:tanﬂilnscelurgO a ausb%}itsu%iovrg R\,te he / 2 reii?guet at ubstitutesfah 14
more’?%/cﬂop%oblc feSidue o the wild BypE AMnine. 1WA firRggpe ot the wild-
dymeodindent, aleptefetrephobinirsitioetiaigovon wdb sestha imenddiuikiesicon,
et Unddibalcamadinentdigesidia al R aen s substiled il o
a more hydrophobic residue, In a further embo |meﬁt, residues Pl'and P2
OdtRSeai e embodiment, the non-preferred residues can be substituted. For
example, the valine at the C-terminus is generally a preferred anchor residue because
it produces a strong interaction with the HLA molecule and, thus, it was less preferred
to substitute this residue. However, modifications of wild-type tumor-associated
peptide epitopes by incorporating favorable anchor residues have generated analogs
with improved binding profiles with HLA molecules and enhanced immunogenicity.
One of the most successful examples is the A27L peptide analog of Melan-A 26-35
epitope (Valmori D, ef al J Immunol. 160(4): 1750-8, 1998; which is hereby
incorporated by reference in its entirety). The original epitope failed to form a stable
complex with HLA-A2 molecules as it lacked an optimal anchor residue at position 2.

In contrast, the modified Melan Aj3s A27L peptide analog demonstrated
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substituted with more hydrophobic residues. In further embodiments, at

least one residue at P1, P2, and P9 can be substituted, In a further
embodiment, at least two residues at P1, P2 and P9 can be substituted.

In ¥ RFMER BT Bodiment at least two residues at P1, P2, P9, P2 GKUSP@6/023489
can be substituted including one or more residues involved in TCR

bineljniyosWinc20061 1388562 RETidS2006/023489 [Qd82JURSOME sreater

ime substitutions, of those, residues only secondarily involved in
S o R A B i g
dspetrigdorirorg deoriti @R Gimdisey dmineeacists canrgenaiatahanaldgspe
(Bt BiRAARA PidHEe gl SRARRE,ANG ARAOLIKEHRIE N (e bl
0

in
1¢ations . were n‘?tax ed
to the molecule, but preferably overcome the {erance issuss O %{

SUfeaHBn Vit Ry s8TeN BapausserisifbrpitRshasdanscBME) 1969-217
astigiydplavireddo ghe ANLERNT NYS7{8)0r9es§0,verearme thaly is perehy
tolerance, analqg that retains some_activity can be preferabl_e to an
%ﬁ?@%?ﬁgﬁ?&ée BP6%ed itfmtrBEehics Beda8s¥ Tit Winrbene s likelgl. /
tripemetolTized as01s8jf 094hesieminasysiemciRiSaldn paddiiendtee in its
Whstititing amino acids at various positions of the defined nominal
epitop€, length variants can also be used as analogues. Most typically,
additioh®} Ehino Zbtdchetiel eés aweraagtadsiduss rensahishfromyohes theesire to
atherings Bolraadankapaptids o liopaltermi -
r sidﬁes are rémoved by ro%%fl%?zﬂaﬁgr adr migsfr%{t%o%u%l éeglfb?j?ef%:et,epmpe
r@a@ﬁ é’fﬁ‘nﬂb}lth%fﬁmﬁmde@m@ﬁé st resnapiyadhsrie-samm enibisth Thus, in
lmebembﬁddin@t\ﬁ/&me MHGo kaHiercases H;ergﬁétifé%f vI@}iEﬁ{ lsaatheis 1 o
igeni orss-reactive, as described in Example 20 or _
e IR R, B odkSR TR A2 B Bdovisidheaisype
[psBtideh e hila gtibtolethirmerivndivederiionvidditrentrisppeifigalieincluding or
excludi Y P&t ino_acid of these additional terminal
positio.rgsﬁ (sfr{? som%gﬁ%y(?gg?%@reﬁerﬁeﬁqg& ?r?gjs%@flisafng%% the TCR
SECASRIGOE iAGEREN Watibied marsiduchivarerehimtoguetnisiid thile stll
consistsspntially OkasROHBRCS S0 e Hﬂg%@{&%%, tgaﬁe%ﬁ% $h hows

Ien%th variants that are either trimmed or that retain Cross-reactivity are

intenaed. Th S SIREBIHROSIRTERIEEdn RIS e drAdmsitiam s womes yaige acid
ghyoind-talmminbent sentie)cespeeiptnhelveroihg angharpesiionscRRing
imj : in.TCR-interacting resiques. 1. N-terminal .
B R ) PR by
RHARBEISSHS e it 2kt muankenifonadificofitns pepticiedand isdeeemplary
bhiespingl paeXimAl RIMBLY A0EHALS Pﬁ'ﬁ?@ﬂlry JW&&%?QiE@}%TEppIy to the

interaction with the MHC molecule and substitutions can resu
carboxy-terminal position, P(2, which also can be important for MHC binding,.

[0181] Thus, in one embodiment, the analog can include a substitution at
the P2 residue that substitutes a more hydrophobic residue for the wild-type alanine.
In a further embodiment, the hydrophobic residue also can possess a more bulky side
chain. In a further embodiment, the residue at P1 can be substituted with a more
hydrophobic residue. In a further embodiment, residues P1 and P2 both can be
substituted with more hydrophobic residues. In further embodiments, at least one
residue at P1, P2, and P9 can be substituted. In a further embodiment, at least two
residues at P1, P2 and P9 can be substituted. In a further embodiment at least two
residues at P1, P2, P9, P4, and P6 can be substituted including one or more residues

involved in TCR binding.
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improved binding and stability, However, it may be secondarily involved in

TCR interactions also. Thus, substitutions at this site can result in a

peptide with improved interaction with MHC molecules as well as
impr8vaLF iR ction with the TCR, -48 WO 20061138562 PCT/US2006/023489
PCTIUS2006/023489 [0185] The alanine found at this position in the
wild-tyd@$2gjuenbe isagmamﬁydm&atseddﬁbb&tﬁmnwreﬁ;rﬂgﬁéo&gm?e; only

[ 1 ' lec Tth{ﬁ{rree odiments of the
T B R S o gy ieous.
JiRgirAPmIRld S YEsHtiarhefvitdondeysd§iRneiadiag baisubstitstednyiboarate

MaRIR SWUER BHD G AN BEide ANYsPaate hyd @PH&%&PQJQ%E'&&&H&?& to

u[‘%-:'d including any that is available or known to one of skill in the art,
[

Gy SERARER i S ARTR A AUCHSISARRI AR R dsaesen  soal funtasns.
erhtoimenil theariginabdient s Jlastiuted With semaradiydiaehoRicto the

L id. al ossessing a bulky side chain. Examples of more
o ARG AL M r e RSV Lo OBED e
Eﬂ-ﬁmﬁmtyﬁ @@Mﬁ‘kﬁ)tdemcmloandw onvadi ﬁ]ﬁpfkﬁ/l@té}ﬂa i b len b Eﬁt?[’)}?&fause
t i i i ) ifications and the results for
s mentareumalaunnL o eslcplars ke e
MODIFIE&TiON featéiferrepttetinging Seipecrrids SE QU mwictvnHatfthe
Refaibd StoRitibCepsepty Nawe SERIAR Maxinmie yd 1&@&_@@%&5\5&%@%@' WA st

| affi {'t Hrs) and fct Bindin (1. IRA) avidity g (mm) (native to analogs)
R Tl R R B2 5 F894R4 BHPAa pepitcing Other
SEHAMdrdDoPeppide Tk KIMY Vadf2 a8k B8 hﬁzﬁgao/rgﬁdaggéw'za %ﬁ%@@by
Primary. Anchor SSX2 41-49 A42 KV.SEKIFYV 103 22 / 6407 .
R N T S A e
4125008 05 thy KB BeaEy VefQs DisABS with MIBD Ih &R8BF%ses, the peptide of
altered length is truly antigenically corss-reactive, as described in Example 20 or

exemplified by the relationship between Melan-Aj7.35 and Melan-Ajg.3s. It is to be

understood that individual embodiments specifically including or excluding any
particular amino acid at any of these additional terminal positions (in some places
herein termed PO and PQ+1) are within the scope of the invention disclosed herein.
When an analogue is said to consist essentially of a sequence it is to be understood
that such short length variants that are either trimmed or that retain cross-reactivity
are intended. In some embodiments, insertions of smaller amino acids (e.g., glycine,
alanine, or serine), especially between the anchor positions, can behave similarly to

changes in TCR-interacting residues.

1. N-terminal proximal primary anchor modification(P2)

[0184]  The N-terminal primary anchor is the second N-terminal amino
acid of the peptide and is the N-terminal proximal primary anchor. It is primarily
involved in the interaction with the MHC molecule and substitutions can result in
improved binding and stability, However, it may be secondarily involved in TCR
interactions also. Thus, substitutions at this site can result in a peptide with improved

interaction with MHC molecules as well as improved interaction with the TCR.
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SSX2 41-49 (A42(D- K(D- 106 NA N/B N/B N/B 10 Ala)) Ala SEKIFYV
SSX2 41-49 (A42(D- K(D. 107 NA NAB NIB N/B NIT Leu Leu)SEKIFYV

SSX2 41-49 (A42(D- K(D- 108 NA NB N/B N/B 3 Val)) Val SEKIFYV

sSX9 PAGRMal- 109 NA N/B N/B N/B >10 A42 Nal-1 1SEKIFEF/ ES3R0$/023489
41-49 KNal- 110 NA 13,9 1.1 N/A 3 A42 Nal-2 2SEKIFYV SSX2 41-49
KAbuSHE&IBS] 111ThNA:Tabiie BudiA 0. 3hid4R AtdonViiS SX2M4Se sequence is

1Y 42.Nle A 22Nva 41-4
e e R BB o B B0 sbeaHC motecuie.
pEhpsUBSiguslosBasEmERiter§ P apaltan have SedrtinueSEQHD Pradiotiv In
Half RelaiNeRiabilt Crpss ) T142) teagtivi
(RINIH) al affinity %‘w{%ﬁ%ﬁ%ﬁﬁﬁ%‘%ﬁ ;?/%is’/m é%#r%)%%%@é{om be
aMHSYE s Wi amore i aipeheRif-yinc acida 48uneoe Nipagpmbicaupino acid
Nederiminalesetendiny angheamedifisatie GRNIRLEELT RadNsetminah the ar,

sgl%?néja%y gn?o& is the first.amino, acid at thggéN- terminus. This residue is
LYS 2T AR IATEHh SEPHL 2 ¥ALo S SRR PRI RRTY hisisacting Rittfurther
tieenbodaner 201 angied uida M isesrdistitisdlsdle agagechinitbehdbierastionacid
bt stq.a ain .. Therefor odifications of .
e o g S s (LRI ISR G acia
irfifluAogaRieramet dimsied intabe.fofalhdlelcvito prrannobutymorvat diekucine

Althovghthe lysing at this pasitign| rafl i Q.be favored
substitutions can result in ﬁighly im%r% ﬂ%ﬁ%&%ﬁ%‘%ﬁ%ﬁﬁ? I oarzlieCholr

ePrtsSnatons ard Brgrsalts i 22ckound in the wild-

TABLE 1
N-TERMINAL PROXIMAL PRIMARY ANCHOR MODIFICATION

Catergo Peptide name Sequence |SEQID|Predictiv] Half- | Relativ|Stabilit! Cross-

ry , NO. |e Scores | maxim e y (T1/2}] reactivity
« (RINIH) | al |affinity| (Hrs) | and fot
Bindin | (1/RA) avidity
g {mM) {native to
analogs}
Native [SSX2 41-49 KASEKIFYV 1 2271017 | 14.64 1.0 11 1
|peptide
N- SS8X2 41-49 (A42L) |KLSEKIFYV 102 28/ 8.89 1.6 19 0.03
terminal 73228
Primary :
Anchor
SSX2 41-48 (A42V) |KVSEKIFYV 103 [22/6407] 5.2 2.8 20 0.03
SSX2 41-49 (A42l) |KISEKIFYV 104 26/ 8.8 1.7 225 3
10068
88X2 41-48 (A42M) [KMSEKIFYV 108 26/ 8.8 17 225 0.1
52887
88X2 41-49 (A42(D-{K(D- 106 NA N/B N/B N/B 10
Ala)) Ala)SEKIFYV
S8X2 41-49 (A42(D-|K(D- 107 NA N/B N/B N/B N/T
Leu)) Leu)SEKIFYV
S8X2 41-49 (A42(D-{K(D- 108 NA N/B N/B N/B 3
Vah) Val}SEKIFYV
S8X2 41-489|KNal- 108 NA N/B N/B N/B >10
(A42(Nal-1)) 1SEKIFYV
88X2 41-49{KNal- 110 NA 13.9 1.1 N/A 3
(A42(Nal-2)) 28EKIFYV
S8X2 41-481KABUSEKIFY | 111 NA 7.56 1.9
(A42(Abu)) v A o3
S8X2 41-48{KNleSEKIFYV | 112 NA 5.82 25 24 0.1
(A42(Nie)) '
SS8X2 41-49{KNvaSEKIFY | 113 NA 11.4 1.3 N/A 0.1
(Ad2(Nva)) v "
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type sequence can be substituted with a more hydrophobic amino acid.
Any more hydrophobic amino acid can be used, including any that is
available or known to one of skill in the art, including standard amino

agigdseuad 338sp-standard amino acids, In a further embodimengdhgibysAid3489
can be substituted with an aromatic amino acid. Examples of more

hydrophobic-amino-acidstrctude; but-arenottimitedtor PheFyr B
%rmgey LSSV o R SERY R ke Gross.
mddifications and thelresults for eac f \Iﬁﬁ'ﬁ r‘:ﬁ; fot
SECONDARY ANCHOR MODIFICATI NS CategovdiRg avidity
Sequénce SEQ Predidtiv Haif- Relativ Stabilit Cré<&™y r‘§ MR
ey (TL12) reactivity NO. (RtNIH) al affipity (Hrs) and f¢ *
aviditysgEmm) (Mayve KRpeBRegs) Natve SR X2[44549t i 3
21101P43@4i8% 1.0 11 1 -50= WO 2006/138562 PCT/US2006/023489 N-

88X241-49 (K41F) FASEKIFYV 115 23/1336 9.55 1.5 >24 0.3 terminal
Seconds ry Anchor SSX2 41-49 K41 WASEKIFYV 116 22 /1336 27.07

0.5 N/A >10 N9t iR dsddayy itk Yo diti¢ribd 886 8.74 1.7 >24 3
SSX2 41-49(K41(D-(D-Lys)ASEKIFYV 1 8 NA N/E N/B N/B >10 Lys))
SSX2 {1849 PhdhASNK¢Eyival 3@ MBSy 1ch6r-i24h0. irs 4thiRh 88XA the N-

i Cee F E%\Gsl%%'\h‘} N IV/B:- DB, K G, %&%@ré&aﬁg in

Phe(4-F)ASEKIFYV 121'NA 6.72 2.2 >24 3 K41 Phe-4F 'SSX2 41-49
ipRREANOPRSER B AP Riamalspule) NREe ey TiRRclaNORESXIn the

iAtrd&i06AHIE 1K-edhedeptors to a certain degree. Therefore, modifications of
this position can generate some heteroclitic analogs that are more immunogenic and
Although the lysine at this

position is generally considered to be favored, substitutions can result in highly

more suitable for the development of tumor vaccines.

improved properties.
[0187]

type sequence can be substituted with a more hydrophobic amino acid. Any more

Thus, in one embodiment, the original Lys 43 found in the wild-

hydrophobic amino acid can be used, including any that is available or known to one
of skill in the art, including standard amino acids and non-standard amino acids. In a
farther embodiment, the Lys 43 can be substituted with an aromatic amino acid.
Examples of more hydrophobic amino acids include, but are not limited to: Phe, Tyr,
Trp, and D-Lys. Table 2 is a summary of N-terminal secondary anchor modifications

and the results for each.

Table 2
N-TERMINAL SECONDARY ANCHOR MODIFICATIONS

Categor| Peptide name Sequence SEQ | Predictiv} Half- |Relativ|Stabilit{ Cross-
Y ID | e Scores | maxim e |y (T1/2}{ reactivity
NO. | (R/NIH) al {affinity| (Hrs) | andfct
Bindin | (1/RA) avidity
g (mM) {native to
analogs)

Native |SSX2 41-48 KASEKIFYV 1 122/1017] 14.64 1.0 11 1
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rASEKiFYV 123 NA 19.5 0.8 20 3 methyl Tyr SSX2 41-49 (K41(b- b-(3-
124 NA 24.1 0.6 N/A 10 (3-benzothienyl)Ala)) benzothienyl)AlaASEKIF
YV 3. N-terminal primary and secondary modifications (P2 and P1)
[HS8dadn 88 embodiment, both primary and secondary ancheeasiches23489
were substituted to result in improved binding affinity to the HLA molecule.

e

Aeaieic

|1y of binding to
np and/or stability
2d, but other pro

Nn a Tistherempodingristradpubie SUDIUTUEI]
e HLA molecule. |
was not improved
erties_of the molegule were improved

and

BRPHICHICELhS
n further embodime
may have even been

proyed
Nts, the

>24

such as

0.3

actnat
aCtrvit

S8x2 41

{SSX2 41 (K‘&M

WV) W@EKHF¥V7QH TaYa FiVITi

i

i2a 08 hmsary MfA

>10

8.74 . 224

N-tern
for ea

Bt PAVASRE
iSTABLE 3 N-

SEFSREERygChoT
'ERMINAL PRIMARY AND SEC

'WS

bﬁﬂul I3

1
RS S
RY

> NIB' T
DNDA

>10

ANCH

Predi

reacti

GHERINIH) al a

@%ZM DIFfEATTTENRSES g0 Pepti
R oA Tvo—y

|n|tv (Hrs) and fct

H&'R

Lmé“Seqpéﬁée

SBO ID >24

0.1

Bindi

IRoSToRgS ™M
0 (L/RA)

Yr\ﬁl 2)N/B
g (mm)

CORIE S
avidity

>10

(native

08 a8 TRTVET

RIAY 49 KABEKIERY

18791

NOODAD

0F214.624

1.0171 SZBXN be/4449

R 126917

YVSH

) P

U KRN A SRR Y 1257987
imary/ Second_ar

Anchor SSX2 41-49 (K41

9 T8 112w2
)!

A
[~ ™

B TEASEFREYY ¢

). B34

42" 1SEX8 U1

49341 %,

YMS
PCT/

BIREYM -4 (REAE]
USxneiz2348Y

B39-508 25 0.6 >24

opRE Bt

ame

3239

T VWi 200%¢ T4
Sequenge SEQ ID

N/A

10

Predi

ctive Hatf-Retati
3.
[0188]

palailid
V oldDIMITCTTUSS

N-terminal primary and secondary modifications (P2 and P1)

In one embodiment, both primary and secondary anchor residues

were substituted to result in improved binding affinity to the HLA molecule. In a

further embodiment, the double substitution produced improved stability of binding to

the HLA molecule.

In further embodiments, the binding and/or stability was not

improved and may have even been reduced, but other properties of the molecule were

improved, such as activity or recognition by a tolerized individual.

Table 3 is

a

summary of N-terminal primary and secondary anchor modifications and the results

for each,

TABLE 3

N-TERMINAL PRIMARY AND SECONDARY ANCHOR MODIFICATION

Catergo
ry

Peptide name

Sequence
NO.

SEQID

Predictive
Scores
{R/NIH)

Half-
maxim
al
Bindin
g (mi)

Stabilit
y (T1/2)
(Hrs)

Relativ

€
affinity
{1/RA}

Cross-
reactivity
and fct
avidity
{native to
analogs)
*

Native

-{1S8X2 41-49

KASEKIFYV

22 /1017

14.64 1.0 11

1

N-
terminal
Primary/
Second
ary
Anchor

88X2
A42L)

4149

(K41Y,

YLSEKIFYV 125

28796243

11.8 1.2 >24

N/T

S8X2
A42V)

4149

(K41Y,

YVSEKIFYV 126

2378421

14.6 1.0 >24

0.1

S8X2  41-49

(K41Y,

YMSEKIFYV 127

27 /69508

25 0.6 >24
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ry NO. Scores maxim ey (T1/2) reactivity (R/NIH) al affinity (Hrs) and fct
Bindin (1/RA) avidity g (mM) (native to analogs) A42M SSX2 41-49

(K41Y, A421 YISEKIFYV 128 27 / 13233 6.5 2.3 N/A 1 SSX2 41-49 K41 F
A4gl FhoBIEIRYV 129 28 /96243 4,9 3.0 >24 0,3 SSX2 41-4%C1/182006/023489
(K41F,FVSEKIFYV 130 22/8421 4.675 3.1 24 0.1 A42V) SSX2 41 49

(K FMSEKIFYY 131 P61 69508 B.58 212 >24 3 A1 cross
ER&H.QF, A4Eﬁ.pflq3’§mﬁ:YV 1§2q2gfi3¢% K g%ezz}%% g-' reactivity
(KA1W, WLSEKIFYV 133[27196243 4.472 3.3%/8410.3 _Anz and fot
41-49 (1<41W, WVSEKIF)V 134 21 18421 4.82 3.0 > g‘ (:;tggigvm
41-49 (K41 W, WMSEKIFYV 135 25 | 69508 5.13 2.9{>24 2analogs) |

41-49 (K41W, WLSEKIFY) 136 25/ 13233 5.98 2.1 %24 0.1} A42L{S5X2

AT 29 (RAHR{D-LYS), (D- 137 NJAZ.55,9 15 10 A42L) Lys)LSEKIFY V

SSX2 MY@WIW‘) M@EW@N\I/A 2485 D23 N2A33 0 ﬁ’) [) 2.3 N/A 1

YV ] 196243 /3 >24, | 03
Lys)‘v’\“g-ggm«% ’ #éég@ /9 "l |g|8¢gu (g—ger IITQI@I 0.1

primar /Am@dlflcatlon (P2 P1 and P9) [0189] The C-terminaliVal of the

wild-ty ﬁ;ﬁﬁptﬂjéﬁs genETaliNSE  pete(red’an AROPIESidueEng Frimariff 3

velvea R IeHTe withRevtHC Inoles Rz qVeEeT| SEFSIWENS 53

erec o401 wﬂsmhmmlﬂowamcszwmmwn‘thez nalegy >24 | 03
134

havingi##nary and secondary |><|g ' _Theke o
substit ﬁﬁéﬁs Hifbe ﬁ%@g W‘fﬁ ébsence of pne or more4'§?-terrﬁina

U

(

]
vB
B,

P
-

modifigagnns aise. [QRL0Y, modificatiopngawersshown to iaprove24 1
indind’dEity_and

98SX2  41-49 (K41W,IWISEKIFYV 136 | 25/13233 | ©€.98 2.1 »>24 0.1

A42h)
SSX2 41-49 (K41(D-Lys),|(D- 137 NIA 2.5 59 15 10
Ad2L) Lys)LSEKIFY

N
SSX2 41-49 (K41(D-Lys),{(D~ 138 N/A 245 0.6 N/A 10
A42V) Lys)VSEKIFY

\
4. N-terminal primary/secondary anchor and C-terminal primary

modification (P2, P1 and P9)

[0189] The C-terminal Val of the wild-type peptide is generally a
preferred anchor residue and primarily involved in the interaction with the MHC
molecule. However, substitutions were carried out to identify which amino acids
improve the analogs having primary and secondary N-terminal modifications. These
C-terminal substitutions can be used in the absence of one or more N-terminal
modifications also,

[0190]  These modifications were shown to improve binding affinity and
stability and in some cases resulted in analogs with decreased cross-reactivity. Thus,
in some embodiments, the substitution to the C-terminus resulted in a peptide with
improved binding and/or stability without decreased cross-reactivity, However, in
other embodiments the substitution to the C-terminus resulted in a peptide with
improved binding and/or stability with equal or decreased cross-reactivity. Bach of
the molecules can be of use in certain cases or in certain patients. In one embodiment,

the valine at the C-terminus is substituted with a large aliphatic amino acid. Table 4
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stability and in some cases resulted in analogs with decreased
cross-reactivity. Thus, in some embodiments, the substitution to the
C-terminus resulted in a peptide with improved binding and/or stability

witho creased cross-reactivity. However, in other embodiglelq%% .
SUBs %%g%{?%?the C-terminus resulted in a peptide with improved |gt§&/gﬁ48)
and/or stability with equal or decreased cross-reactivity. Each of the |

ihe BURBEEN B GHTEENH R SS8Rd RN B n P iEniE i Bl grimary
ashadimentanth ey alin@aicthads-terminus is substituted with a large

aliphatic amino acid. Table 4 -52 WO 2006/138562 PCTIUS2006/023489

is a summary of N-terminal primary/secondary anchor and C-terminal

primary modifications and the reSiABE&rdeach. TABLE 4 N-TERMINAL
PRIMARY/SECONBARY ANGHOR ANBNETERMINALRBINARY
MODIFICATIONS Catergory Peptide name Sequence SEQ Predictiv Half-
Relativ Stabilit CrossERMENSE oP S VRARMM QI EA TR ity NO.

RINTHTar affinity (FArs) and ¢t Bindin (L .Hpe%avu]l_t ) LIAVI %]qtlw%é%,‘,t Cross.
gﬁ*ﬁi&‘é Natix?&‘}éé‘*i‘i'%zﬁAg <£§“Eﬁ’lffgv P2 P ARG BT I 112) | renetinity
N-terminal SSX2 41-49 (K41F, A42V, F\{SEK|RRNIABY 28/2586n1t0| /rs} | and fct
17 >10 {Primary/S V49L) econdary Anchor, G- terminagl‘('gﬁgﬁ‘éfv)ﬂ nchor (:z:’ti;?/:yto
SSX2 41-49 (KA1F, A42V, FYSEKIFYI 140 2011283 9 1.6 24 0.3 M491) | analogs)
SSX2 41-49 (K41F, A42V, FYSEKIFYA 141 16/601 6/9 2,1 16 1 VA9A ¥
B’ 4lsd@ M43 F, A42V, FSERIFYM [[4P 162600147 8.643 22010 11 1
y, IS > ?ﬂMaQW&lﬁzmﬂ%WSE KBS (IR 1885N/05,59 D98 $247 >10
gma BN?e)) e
Anchor, C-
terminal
Primary
Anchor
SSX2 41-48 (K41F, A42V,[FVSEKIFYI 140 [20/1283] 9 16 24 0.3
WZE
SSX2 41-49 (K41F, A42V |FVSEKIFYA | 141 | 16/601 | 6.9 2.1 16 1
VA9A)
SSX2 41-40 (K41F, A42V,[FVSEKIFYM | 142 | 16/601 | 17.8 0.8 22 >10
V49M)
SSX2 41-49 (K41F, A42V [FVSEKIFY(NI | 143 N/A 558 | 28 >24 >10
V49Nie) e)
SSX2 41-49 (K41F, A42V |[FVSEKIFY(Nv| 144 N/A 189 | 7.7 20 0.1
V49Nva) a)
SSX2 41-49 (K41F, A42V,|FVSEKIFY(Me| 145 NIA 179 | 0.8 22 10
V49MeVal) Val)
SSX2 41-49 (K41F, A42V,|FVSEKIFY(Ai | 146 NIA N/A N/A N/A >10
V49Aib) b)
SSX2 41-49 (K41F, A42V,|FVSEKIFY(Ab| 147 N/A 3.43 43 20 1
V49Abu) u)
N-terminal [SSX2 41-49 (Ad2V, V48l) |KVSEKIFYl 148 | 20/961 | 13.9 1.1 N/A 0.3
Primary
Anchor, C-
terminal
Primary
Anchor
SSX2 41-49 (A42L, V49l |KLSEKIFYI 149 26/ 5682 | 2.6 N/A 0.03
10984
SSX2 41-49 (A42a, V49v) |K(D- 150 N/A N/B N/B N/B >10
Ala)SEKIFY(D
-Val)
C-terminal [SSX2 41-49 (V4891) KASEKIFY1 151 20/ 14 1.0 N/A 10
Primary " 152.56
Anchor
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41-49 (K41F, A42V, FVSEKIFY(Nv 144 N/A 1.89 7,7 20 0.1
\S/A?Q(sza a) S(SXZ 41-49 (K41F, A42V, FVSEKIFY(Me 145 N/A 17.90.8 22
10 V49MeVal Val) SSX2 41-49 (K41F, A42V, FVSEKIFY(Ai 146 ’ll\‘I/Azl(\)I(@(}zmw
N/AYR/R G135 U0Aib b) SSX2 41-49 (K41F, Ad2V, FVSEKIFY (REHYY:
N/A 3.43 4.3 20 1 IV49Abu) U) N-terminal SSX2 41-49 (A42V, V49_1) .
KVSEKIFYI 1%3%‘*26‘?@’@1 1BRmaryRyeaom S rintashAnchord C-EERinAdsidues
Primarymaddihaiti&S X2 41-49 (A42L, V491) KLSEKIFYI 149 26 / 5.682
2.6 N/A 0.03 10984 SSX2 41-49 (A42a, V49v) K(D- 150 N/A N/B N/B N/B
>10 Ald@EKIFY (DheVEDR GiterminghBENR A&a@&iﬁv&%}é{sﬁ%@bﬂﬁb}% P8
2l 146l ROBRLY RRim0: A0 PR IV B00GIIRBS02 other
PCT/US2006/023489 5. N-terminal primary. secondary anchor ent
SEHISE WRsaiflsatisn [@roledrie TeRisiestes deneradiyssecagaized @S one
remtiudmd, B anto8 THARG AR YRGS MAMERIDINS Loy v
b;gggp Eodthe TCR. Hqowever, other residues may also e involved in
i cioa 19 A'fae %S‘?té‘?%ﬁf?ﬁ%’?e Brafithinethessnarbstitvtianotthegenerate

Interaction to a %s%sgr

shesrpelifiariyalogolvied idoTOR intefaetianicanamSubstitiogito INGIRARS 1y

I i ly, these substitutions can generate heteroc‘itlc’
e BN R - cecate ecimert, o

oVETcBRTelthR tokstiindenissncs ihthaluliktype pepticles sHb ALK position

[ leqst ) ion_can.be.included with a_lt least
mppg’lbagﬁvgri 92 'a?@%g?t%g SI%%%%§}§an65§? E’\bg.%}g%?ﬁ r?g AP ASSimEsof the
é?é?s%%s %][% e W%ﬁ@d}em(ﬁ@l?gfméno acid. In a further embodiment, the

substitution can be an aromatic amino acid at position P8. In a further embodiment,

the substitution can be an amino acid with a large aliphatic side chain at position P6.
In a further embodiment, the substitution can be an amino acid which has a larger side
chain to preserve the interaction. Table 5 is a summary of N-terminal

primary/secondary anchor and TCR residues modifications and the results for each,

TABLE 5
N-TERMINAL PRIMARY/SECONDARY ANCHOR AND TCR SITES
MODIFICATION
Catergory Peptide name -Sequence | SEQ-| Predictiv| Half- | Relativ Stability | Cross-
‘ ID |e Scores | maxim e (T1/2) |reactivi
NO. | {R/INIH) al affinity | (Hrs) |ty and
Bindin | (1/RA) ’ fot
g (mM) avidity
{native
to
analog
s}”
Native 8SX2 4149 KASEKIFYV| 1 12271017 14.64 1.0 11 1
N-terminal |SSX2 41-49 (K41F, A42VIFVSDKIFYV| 152 | 21/8421 | 13.18 1.1 N/A >10
Primary/S {E44D)
econdary
Anchor,
TCR sites
SSX2 41-49 (K41F, A42V,|FVSNKIFYV| 153 20/2054| 8.97 1.6 N/A >10
E44N)
SSX2 41-49 (K41F, A42V, |FVSSKIFYV| 154 20/20541 175 0.8 N/A =10
E448)
SSX2 41-49 (K41F, Ad2V [FVSTKIFYV | 158 20/2054 | 12.94 1.1 N/A >10
E44T)
SSX2 41-49 (K41F, A42V,[FVSQKIFYV| 156 2072054 408 0.4 N/A 10
£44Q)
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P4, P6, and P8 positions can be a polar amino acid, In a further
embodiment the substitution can be an aromatic amino acid at position

61 a)further embodiment, the substitution can be an amino acid with a (
IarE)Ve AhphiH%ide chain at position P6. In a further embodlmeﬁfqﬁgw%m”“w

substitution can be an amino acid which has a larger side chain to
presegve the irfigraetiemeTable SdqsenseiNBpQNPREMHEIMING| Relativ| Stability | Cross-
primary/secondary anchor and TCR residi2s ﬁ@g@ 6He andethe ré@@l)ts reactivi
fbr each,| TABLE 5 N-TERMINAL PRIMARY/SECONDATY ANRHORT™) | v 20
AND TCR SITES MODIFICATION Catergory Peptidesirabie Sequence | avidity
$EQ Preflictiv Half- Relativ Stability Cross IDja Scores maxim a (TL12) | {native
reactivi NO, (R/NIH) ai affinity (Hrs) ty and Bindin (1/RA) fct g (mm) analog
dvidity (native to analog S)" Native SSX2 4149 KASEKIFYV 122/1017 | s)*
14.64 1. Cg%gllﬁs‘me(ﬁ?ﬁﬁaksy) XYANialg (KBTI, ARV, FVSDKIEYV|15&/a 10
21184218 Bt WA 0T BRI E44P)-eqondary AnchorTCR
dites SSXPALaS (RATE, AdOU SNRIET 1530013054 8,97 1 6|NIAE: | 2
>10 E44I§S§%33(’24911*549:(MF§W\ SSKIRY4264 20/2054917,5 @8 3
NFA>10 maﬁg’a\’(ﬁ A S T I N F Y TN S 17 N R
1.1 N/A SBeVE44 3SX2 41-491(K41F, A42V, FVSQKIFYV 156 10054
40.8 0.4 @@%16‘“@4%@‘“5&%(?%‘88%2 POTHI$2066/023489 22 >10
CatergonE Bap YR TTRIE SeA R TetiefipHalRetaiy Stabiiy—r—g
Cross 1D [@88ebres maxim e (TIEYR) reactivi
SSX2 41-49 (K41F, A42V,|FVSEK(Nva| 163 | N/A 821 | 2.4 >24 1
146Nva) YFYV
32:)3(’?) 41-49 (K41F, A42V,[FVSEKIFTV| 164 [24/1531] 3.9 3.8 24 >10
\s(sxz 41-49 (K41F, A42V,|FVSEKIFFV| 165 |22/8421| 8.8 1.7 20 10
48F)
\s{igg 41-49 (K41F, Ad2V |FVSEKIFSV| 166 |24/1531| 3.8 3.9 20 >10
SSX2 41-49 (K41F, A42V,|FVSEKIF(P | 167 | N/A 106 | 14 24 10
Y48(Phe-4F)) he-4F)V
SSX2 41-49 (K41F, A42V,|FVSEKIF(P | 168 | N/A 585 | 25 >24 >10
Y48Phg) hg)V
SSX2 41-49 (K41F, Ad2V,|FVSEKLFT | 169 |24/1531] 567 | 2.6 24 >10
148L,Y48T) v
SSX2 41-48 (K41F, A42V,[FVSEKLFS | 170 |24/1531| N/A | N/A N/A N/T
146L,Y488) %
N-terminal [SSX2 41-49 (K41F, A42V [FVSEKLFT | 171 | 187108 | 6.3 23 12 >10
Primary/S |I46L,Y48T, V49A) A
econdary
Anchor, C-
terminal
Primary
Anchor,
TCR sites
SSX2 41-49 (K41F, A42V,|FVSEKLFS | 172 | 18/109 | 6.2 24 N/A >10
1461, Y48S, V49A) A

6'

[0192]

C-terminal amide

In some embodiments, the C-terminal residue can be modified to

contain an amide in the place of the free carboxylic acid. Thus, for example, if the
peptide is a 9-mer (nonamer) the P9 residue can be modified, If the peptide is a 10-
mer (decamer) the P10 residue can be modified. Preferably this results in a peptide or

analog that has increased stability in biological media, including but not limited to

blood, lymph, and CNS. Preferably, the peptides can retain the other necessary
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NO. (R/NIH) al affinity (Hrs) ty and Bindin (1/RA) fct g (mM) avidity

(native to analog SSX2 41-49 (K41F, A42V, FVS(NIle)KI 157 N/A 13 1.1

N/A 10 E44Nle) FYV SSX2 41-49 (K41F, A42V, FVS(Nva)KI 158 NIA 3.8
3.9¥0U B/ B4 va) FYV SSX2 41-49 (K41 F, A42V, FVSEKLFYCIZDS200$/023489
8421 7.81,924 3 146L) V SSX2 41-49 (K41F, A42V, FVSEKVFY 160

2248425 N/ANIAR M nd e WDRN3rdhtdhdtbhhbr ARV REHRNYFYL1R is
1818421 9.2 22.>10 4 M\é X2 41-49 (K41F, A42V, FVSEK(Nle)

153 RAS%E TP R ) o85G Fr Ay,
FVSEK(Nva 163 N/A 6,21 2,4 24 1 146Nva )FYV SSX2 41-49 (K41F,
A42V, FVSEKIFTV 164 241153 3.9 3§ 24.>10 Y48 SSX2 41-49 (KALF,
A42V,FVSEKIFFV 165 2218421 8,8 1.7 20 10 Y48F SSX2 41-49 (K41F,
A42V, EVSEKIFSV 166 24/{53EBMBISHAMIBPEA 85 X2 41-49 (KALF,

el BV I30° £ ST 10 U R Bl 9201 LI
13 ¢
A,

<

T
11SSX2 41-49 (K41F, A42V, FVSEKLRINISO 24115306 6Fi2)6 24 >b@
46L Y4B V SSX2 41-49 (K41F, A¢2¥|FVSEK %igg;;'@’%/ 5531 NI WA
N/ANIT 146L,Y48S) V N-terminal SEX2 41-49 (KA1F, A4RV, FVEREKLS
171 18/109 6.3 2.3 12/>10 Primary/$ 146L,Y48T, VAOA) A |to

LI

T

analog
_ s)*
Native {SSX2 41-49 KASEKIFYV 1 12271017 | 14.64 1.0 11 1
C- SSX2 41-49-NH2 |[KASEKIFYV- | 17 N/A N/B N/B N/T >10
terminal NH2 3
amide

SSX2  41-49-NH2|KLSEKIFYV- |17]  N/A NB | NB | NIT 3
(A42L) NH2 4

S8X2 41-49-NH2|KVSEKIFYV- |17 N/A N/B N/B N/T 10
(Ad2V) NH2 5

7. Decamers

{0193]  The length of typical MHC binding peptides can vary from about 8
to about 11 amino acids in length. However, most of the previously used HLA-
A*0201 are 9-mers (nonamers) or 10-mers (decamers). Thus, in one embodiment, the
analog can be an analog of the wild-type sequence SSX-241.5p. However, because the
wild-type 10-mer does not have the correct binding motif and showed no
immunological activity, a 10-mer was created by substituting amino acids at the P10

position and identifying the effect of various wild-type and analogs (see Figure 1B).

8. Remaining residues

[0194] With reference to Figures 1A and 1B, any residues can also be
substituted with conservative amino acids. Conservative substitutions can be paired
with any of the above substitutions that can produce an effect. Alternatively,
conservative substitutions can be specifically at residues that are not believed to be
involved in any of the activities at a primary, secondary, or even tertiary level. Such
residues include P3, P5 and P7. For example, the Serine at position P3 can be
substituted with an alanine or threonine to produce an analog. Typically, such

conservative substitutions do not significantly affect the activity of the analog,
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econdary Anchor, C- terminal Primary Anchor, TOR sites SSX2 41-49

(K41F, A42V, FVSEKLFS 172 18/109 6.2 2.4 N/A >10 146L,Y48§, V49A

A 6. C-terminal amide (01921 In some embodiments, the C-terminal

resitti@%8&i3BE¥modified to contain an amide in the place of the FEEUS2006/023489
boxylic acid. Thus, for example; if the peptide is a 9-mer (nonamer)

P?@W?ééi?dﬁ%‘rtea‘ﬁ‘@’@%@fﬁe@e]’ﬂm@lwmﬁm@@@n@etmate(d@o@ama)séhﬁnam

Padpvigsidue can be modified. Preferably this results_ in a peptlde or

analog that has increased stability in biological media, !ncludlng but'not

limited to blood, lymph, and CNS, Preferably, the peptides can retain the

oM¥thHsedssary AfB0AO 2006/138562 PCTIUS2006/023489 activities to
result i iny alogfé a 53 for VaCCI ation or as an mununogen Table 6 is
a summgrfyb %If"C terminal amide B g SrbHichn ot bediments ead @spects of

TRBRE WWE‘RMFRIA@S&M@E @@mrgm@etm]de asanmz&emuﬁe@szsﬁ epitope.
Prediedivaladredbativinialilih Qf&?&u% g G19¢ g?ﬁ Jcnlz / %t(aéx]iéig}bsequent

reactivi ID, (R/NIH) al aﬁ‘lnlty Hrs) ty an
RRHYSn EECW%W&B’@%)D Nﬁh\@sslsmmmgbmsamﬁﬁwm 2B sake of
18vi}4.64 1.0 11 1 C- SSX2 41-49-NH2 KASEKIFYV- 17 N/A N/B NIB

SSX2 41-49-NH2 KLSEKIFYV- 17 N/A
mg quﬁ@ m%};ﬁ% amld?elate to analogs of the MHC class I-restricted T cell

epitope NY-ESO-1;57.165, SLLMWITQC (SEQ ID NO. 25), polypeptides comprising
these analogs that can be processed by pAPC to present the epitope analogs, and
nucleic acids that express the analogs. The analogs can have similar or improved
immunological properties compared to the wild-type epitope.

[0197] One embodiment relates to methods to derivatize and improve
analogs of NY-ESO-1;57.565, along with specific sequences that encompass
substitutions. The analogs can contain at least one substitution, but can have multiple
substitutions comprising standard or non-standard amino acids singly or in various
combinations, The analogs can result in peptides with retained or improved
properties.

[0198] The epitope NY-ESO-1;57.165 has been shown to be presented by
NY-ESO-1 expressing cell lines, by measuring the epitope specific T cell activity
against such cells (Jaeger, E. et al, J Exp. Med. 187:265-270, 1998; U.S. Patent No.
6,274,145, entitled "ISOLATED NUCLEIC ACID MOLECULE ENCODING
CANCER ASSOCIATED ANTIGEN, THE ANTIGEN ITSELF, AND USES
THEREOF", each of which is incorporated herein by reference in its entirety.
Methodologies to improve the physico-chemical properties of the peptide NY-ESO-
lis7.165 have been described in U.S. Patent No. 6,417,165, entitled "NY-ESO-1-
PEPTIDE DERIVATIVES, AND USES THEREOF", which is incorporated herein by
reference in its entirety, and can consist of replacement of the terminal cysteine with
other amino acids that preserve or enhance the interaction with MHC and are devoid
of the deleterious property of disulfide C-C bond formation interfering with the
activity, However, sole manipulation of the C terminal cysteine residue ignores the

advantages of optimizing multiple residues throughout the peptide for major
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SSX2 41-49-NH2 KVSEKIFYV- 17 NIA- NIB NIT 10 (A42V) NH25 7.
Decamers [0193) The length of typical MHC binding peptides can vary

from about 8 to about 11 amino acids in length. However, most of the
preViOHYR %Y HLA- A*0201 are 9-mers (nonamers) or | 0-mef& T/US2006/023489
(decamers). Thus, in one embodiment, the analog can be an analog of
thﬁwﬂdﬁy&&ﬂﬁg@ﬁ@e)&ﬁ&&m &l Hewpmr(’b@mllﬁ@dihg Wﬂﬁs—t}bﬁ@ond the

L0:mer des gt flave s sonees Anplng mott apd showsd g, 1o uing
munolo IC& ac IVI mer was create iiuting ami 0 aclds

amﬂldexm@wwmr@aﬁ@m@mmmmwfeﬁooémlswmmywam be used
aﬂ?‘i‘aﬂﬁeﬁs@;ﬁxﬁ%rﬁé%cﬁn&%@ﬂ@@%@ﬁl@?@ﬁ%gﬁww (RIPeRER Mmore

ures 1A and 113, any residues can also be substituted with
E%*fv%ﬁwl&?ﬁ%“é&}&}"éctonservatlve substitutions can be paired with

any of thetedjove Bubisidintions idatca Tanakicst anediesion ephatyelys or 10

conservatl e supstitutio be sp eC|f|caII at reS|d
SRR A0 ROBIcs Ry TR A i A ey SSScHo, T
evawthw(@Vb@SthﬁﬂﬂbS {hCleide(P By sREsand P7. For example,
the Serine at position P3 can be substituted with an alanine or threonine
to produce an analog. Typically, such conservative substitutions do not

ect the activity of the analog, -56 WO 2006/138562

PCtT/ U 3@?&@102%@%@@@@@&@&9@? @B@ﬁg@@tﬁﬁiﬁ ég]g;aﬁﬁﬁ the
certain actjyitie ain activities

Y ST o2 P CaHBE) o SrNBEIRH MG SR emive
aspﬁst&ebraﬁaﬁkzgcﬂewpxafermsdmbpkaﬁweammwsgﬁrmhaﬂpmﬁs-MHC or

124,12, 108 2553 e&%nl?% {;, Q.88 “”dFt?.tOe that such disclogure on. -

is'a so app icabie to this and seq ent’ epltopes xphcu rei&tement of
sM@SéI@B@h@Wﬂ&@@@nﬁmm&@ed fretheos gktebicchrewityngOin@Bhetion with the

Eprbadimrats iglatena q@%@ﬁl M%&t@%@é&%&@%&;&%@ However,
epitope NY-ESO- 1157,165, SL (SEQ ID NO. 25), polypeptides

cOHHISHE e tPEEee FhRRSHOTE] &%B@%b@é@%@@%ytm@% ShbsHgtting
epifopenanalagsd prsiuaycleipasidsith %Qiiﬂf&%rﬂiﬁﬁla@'qgﬁt%hﬁm@ﬂ@{%% at

can have imilar or| roved i olo roperties edt the
OB ShS TR 5F P BB REH RS f RAGHHBHRLE cndor bulky

demiad zeidnchilirdrove peptade gs thfiNyrdvSOpidietit 65 Tatorgiduith specificirily

Sqﬂ%@&??&ﬁ% QREPAOREE Swith the TCR (P4, P6 and P8) showed a preference

generally for some polarity, and in the case of P8 an aromatic generally produced
peptides with favorable properties.

[0201]  One preferred embodiment relates to an analog that has a
substitution at the P2 position. In one such embodiment, the substitution can be a
hydrophobic residue. In a further embodiment, the substitution can be a bulky -
hydrophobic residue. In another embodiment, the residue at P1 can be substituted
with a more hydrophobic residue. In a further embodiment, residues P1 and P2 can be
both substituted with more hydrophobic residues. In further embodiments, at least
one residue at P1, P2, and P9 can be substituted. In a further embodiment, at least
two residues at P1, P2 and P9 can be substituted. In a further embodiment, at least
two residues at P1, P2, P9, P4, and P6 can be substituted, including one or more

residues involved in TCR binding. In a further embodiment, the residue at P8 can be
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substitutions. The analogs can contain at least one substitution, but can

have multiple substitutions comprising standard or non-standard amino

acids singly or in various combinations. The analogs can result in
peptiBédNit¥ietained or improved properties. [0198] The epitopET/US2006/023489
NY-ESO-1157-165 has been shown to be presented by NY-ESO-1

expretising cdthliaearbymeassidng tBxepinpecspacifisibwal activifitions are

agﬁm%t h cell %%a} r, E. etat., J, Exp, Med. 187:265-270, 1998; U.S.
Patent I@(L)&%%‘Ee/sj §?§ititled "ISOLATED NUCLEIC ACID MOLECULE

ENCODING CANCER ASSOCIATED ANTIGEN, THE ANTIGEN ITSELF,

AND USES\. . ich isjnco ed.herein by
referen?«é}q EjJ g%i@gﬁ%%%%%&%%ﬁ%@ﬁ B’ﬁ@ o-chemical

propertid®8tthe pEitidh RIVIRS GrReEy Ansbotaife the sfcaad Ntierninal gnino
PatiehtNbe eplids] BRusehititert NYermSQt pRERTADERERIMATHY BRnONR the

U§n%ésrléli eR(I}.—'.HCI)EF'I',S\évhichi incor orgtqd herein by reference. in its

entiféty, and can consllsst%os r%%lfglcgrn‘%entnffflfﬁée?g?@n LR rpthe MHC
om@kaﬁﬁn@lésiiiﬂsm e serdecoranipdrdeetht interacdoiuiity MAGANE one
aeengeyRidnOfiRG AEIRIETIOVS A oRBI PhAISUITIdR GG bu%?%{é:)a" m?et 1O stituted

interfering with the ‘activity, However, sole manipuiation o ermmal
cysiBiasiraileormored i riabistaies afidptitwizihgrrphople resituesd can
trsoughbuhineiperiiteter Majaliabk W6 4DAGLIA8REB%0 one of skill in the art,
PCT/US2006/023489 histocompatibility (MHC) and/or T cell Receptor

( R PHL S B0 AT et aRRRIRP A thRRy AsidEys kesiddfarther
trmbdéimn?:d&raﬁ%nmmm aﬁwanl mmag%mgddﬁw%@%iﬂyg@&ﬁébiﬁ amino
t ut the peptide. For example, substitutions can be used to further
o B e T R T S BIRE RGP ccid
effedtde bpplivationlimitidics. [eL9YRE iidyaslimeatsnalatatieitamilieNefleucine
o] eptl 0] ino acids in,length related.b
e B R C R IR pgrrabty, e
aﬁ‘%@féﬁ“ﬁu@ﬂe%l@ (NYiIESOed Hndieg) Arblsgdbtigniid208] Hic\analkgule,

iscaensia|l YR aRalR00k e NYGERQ1dP oW SEAMERS :
SLLQQWIT.QC (SEQ ID NO: 25).°Ana|yyslié%?f whé%ﬁ%%?ylge am.r‘%e"a"“‘m’
a

HPEVERS SAPGHIRRSHE e I A Yed dssRaisins AnaSEeRof other
peptide-MHC or TCR interactions. For example, the Cysteine at the
C-terminus is generally a non- preferred anchor residue because it does
not prodkicB-4eswring ireeaedaiorrnitiotheofifikatiole@lle and, thus, it was

highly preferred to sulstitute, this residue. However, although the Serine
at positiiﬁé%eis gﬁ‘\% 57 PR STORMdtHe Sivmimmgeid at the N-

terminus or P1. This residue is involved in a number of interactions. The residue of
Ser 157 was defined as a secondary anchor residue in interacting with HLA-A*0201
molecule. It is also engaged in the interaction with the T cell receptors to a certain
degree. Therefore, modifications of this position generate some heteroclitic analogs
that are more immunogenic and more suitable for the development of tumor vaccines.
Thus, substitutions can result in a variety of improved qualities.

[0204] Although the Serine is not considered "non-preferred," a number of
substitutions can result in improved qualities of the peptide. Thus, in one
embodiment, the original Ser 157 found in the wild-type sequence can be substituted
with a more hydrophobic amino acid. Any more hydrophobic amino acid can be

used, including one that is available to or that is known to one of skill in the art,
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an aromatic could produce a peptide with improved properties, Further the
Leucine at position P2 is generally acceptable, but substituting a
hydrophobic and/or bulky amino acid resulted in a peptide with improved
propyérties/ F$eresidues are primarily involved in the interactiorr@itlydt®s/023489
TCR (P4, P6 and P8) showed a preference generally for some polarity,
atpirding gasdeot PBian aroinatic generaliaptathieehdEDASS MRS of more
f I8Sni referred e diment relates to an

g o s e o Sy PR TS, and D-Lys.
embodiment, the substitution can be a hydrophobic residue. In a further
embodimenttérm A Fian 6an fe hobicresidue,. [n
another@gbg?dim nt,§tIhe r;%zi jue at gﬁﬁlﬁﬁggtﬁ%@ﬁﬁ%‘éﬁzﬁﬁ‘ﬁ% re
hydrophobic tesidte T SRIRNEBMBo Pemereari e PamdRAcaretidues
bt swstitited wittemabre hygrophpbisdiasidaesindutberem hodiments;, ,

akleast | t 2, and P9 can be substituted. In a further
embodi%%%?élggz{%tﬁa?egs% ll?seqs%laioﬁ P ,r%g‘caeﬁdrﬁi@ 4 plabilivsaitineding to

It4 iftnerekatdtimEntushs snbadbnesidubs binlihgPRidR9, RARRGRE not
canpbeved sl s thine N GLAG PPN | involved in TCR

binding. In & m embodiment, thg@ f%sgi?jﬂgeﬁélgtyl§§)ggw%seogé% {fhecule were
2&%&%@%‘5 TR0t a8 ditstrister dvindiaidaabmatic residue.
Examples of the following substitutions are shown in Figures 13A-13C. 1.
N-termigal ps@x| rimary anchor modification(P2) [0202] The

N-termi&é! pﬁorgg%}?;é%éhgf %‘g?ﬁ%};seé% YK-RAhPE 2RSn&-teemigptherimary
pRstlification (RzsRthamd ®Mminal proximal primary anchor. Although the
original jgeggine pgigng [ ‘nanspreferred” for binding to the
MHC n}lglgg?ﬂe, substiguti%%%gfa%%rggf US%nEQ%éb”t{%'é?’%‘ftﬁ?m vegenerally a
BIRAIRE TR SR s SikBoMrsate the wiiinalL sends8youinehitithevolved in
wiid itytpeceguehhateaRiie suhstitted ithea, IR OL IS e residues that

hydtgrhobig amino.acid. Any h %rophobic amino acid can be used,
including pﬁe%‘ﬁﬁ.ﬁrié“g‘*\féﬁ%@/e“% i Gk meriep e onBtas skilbiti thfenst were
ieAEIrg ranelartiadtgortioids antsnollistandartaminReidsy IR A MRS
amboginentdhe gg_ggag £ 158 can be sulstituted with a more
hydrophobic amino aci lg@(; p%sgg?gir?én Q@hﬁ?ﬁd&‘ﬁkﬁﬁ?ﬁ@%d%é@fg
OPE P dFBPHSBHE alfifoPalis ithudeptuvedr&indiimiteroio s8Nty ahithout
|chasedearminekityiic. agidyNerleysing %Qg arvaline. Further, a
qgg%}pu%l side chain can also be substitute _‘Sré%‘}’g&ﬁl ?hsélgétﬁ%lgﬁfhﬁ’owe C-
results i improvedih i RARLAS M EBRE) sé thind e sanlivoletiliey Widweyet, or
tﬁ@sms@wa;mﬂﬁmkpo@ﬁﬁﬂ%@mwﬁ@ﬂ%iB‘I’Qiﬂ?%@}d&:@ag:ﬂ%r Cti%@zsdusly
%H%&"R?E%@?&Si&a” als(s) re§Ut|n,|mgoved recognition by the E{r

Proved peptides, it can be preferable produce peptides that are
more improved in the interaction with the MHC molecule as well as other
interactions, such as the recognition by the TCR. Thus, in some embodiments, the C-
terminal substitution can be paired with at least one other substitution. Examples of
amino acid substitutions to the C-terminus include, but are not limited to, valine
lysine, alanine, and isoleucine.

5. N-terminal primary/secondary anchor and TCR residue
modifications

[0207] The primary residues involved in the interaction with the TCR are

generally recognized as residues P4, P6, and P§. However, other residues may also be

-60-



2. N-terminal secondary anchor modification (P1) [0203] The N-terminal
secondary anchor is the first amino acid at the N- terminus or P1. This

residue is involved in a number of interactions. The residue of Ser 157

wa¥ Qéffed®a€a secondary anchor residue in interacting with PCT/US2006/023489
HLA-A*0201 molecule. It is also engaged in the interaction with the T cell
révepicd itote daitairticdegredesEhecefore, modificatiodsmehthmpesitiane of the

g it} ] r | ogenic and.more
B el e

reBisreRtiany afrstralblim thesre UG BiEvieas [peoia istrugHitiveageloge fhahdp not

cansigREasiiinBndMeiertrd M QUNRRLRT BHRSUUERRS AN IGSHI Rsues of the
m\gg{é)ved quall(?es of the pegtld‘e. Thus, in one embodiment, the original
S

ent g
EPRIRTRG R tHE RSB LR Bb ALl AT b SHRSHAM 5 b gl uded
hydtiopindtis: awdnatacithtidnyameseittyd Fap ohieaibin @ @ cidcanebenbs@ehent,
[ ing.one that is available to or. that,is known t of skill in the arg,
S ot B SR S PSR R et g Mt
agrabodivdenb aremaiidaraiamasisiaciideBrbstiplts of thoR8 poaitiophobic
amino acids include, but are not limited to: Phe, Tyr, Tip, and D-Lys. 3.

N-terminal primary and secondary modifications (P2 and PI) [0205] In one
embodirfrent, BotArtiRRlmid secondary anchor residues were

?U bﬁtiw‘{edgmd_resmt éeéﬂa ééfﬁ%?&h’ﬁ%@&@fﬁﬂgﬁléﬁxm%eﬁg&m&lgw lt%(_)lmc% to
urther. embodiment,.the dou f unstitution produced improved stability 0
BT

bircing 1o e FA PoRIRE T ol tRE FERBOf S S, tHE"bifehrRfaRRifo the
Stepititle vsees Sotrimpnewed) dhel PRaysihvecaven bedifiked et hepodaes a 10-
p I ere. | sugh as activity or recognition .

o e e, KAt P AR A I TR e
Cotetrainaithrikripcrmatid caaiilityrn bnlegicrPopfiR 06} Mo Chtemoinahited to

Cmﬁl%ﬂﬂﬁﬂwléﬂweﬂ?@ﬁyﬂﬁ)’?twﬁgfﬁ&é{s Q'eﬂgll{]fﬂéﬁfg{ﬁ@g a%'aﬁﬁ%rs to result

residue, Because this residue is generally primarily involved in the

it PRI ST TS W LRSHBHSELAE 2} ¥RMBEIRAEREIred to substitute
residues that result in a stronger interaction with the MHC molecule.
Thus, s stitutﬁons were shown to improve binding affinity and stability
. . ecamers . . .o
and in sOme caséa fesulted in analogs with decreased cross-reactivity. In
some erff388imentse e Shivdtitption MHRSDdbeg péptidacarnriesdtbin sbout 8 to

PeRtidter vithimnroyved kinding ﬁ@q/afe%ﬁg;@%t}’)%%%‘év%%ﬁe%Seead}%L%A* 201
cross-reactivity, However, in other embo |ments,. e su SPI(tU lon to the C-
tERRITTRCEAR VU TH U pEpnEE (Wesammssby Ebusingingesdhodstabilithevitihlog
eguabera deGHRASLEherASRIHISBE I MREAAYSESIB SO QI INS raRIGHE: the
has Been pr%wouslg e
wild-type’ 10-mer does not have the correct binding motif and showed no
immunological activity, a 10-mer was created by substituting amino acids at the P10
position and identifying the effect of various modifications (see Figures 13A-1 3C). In
one embodiment, the residues that were added or substituted for the wild-type at the
C-terminus can be selected from the group consisting of norvaline, leucine,

isoleucine, valine, and alanine.

8. Remaining residues
[0210] With reference to Figures 13A and 13C, any residues can also be
substituted with conservative amino acids. Conservative substitutions can be paired

with any of the above substitutions that can produce an effect. Alternatively,
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shown to provide improved peptides, it can be preferable produce

peptides that are more improved in the interaction with the MRC molecule

as well as other interactions, such as the recognition by the TCR. Thus, in
som@iedHfitfents, the C- terminal substitution can be paired i &2006/023489
least one other substitution. Examples of amino acid substitutions to the
CoRERTITRIS SntbelEutiensarenriet fipaRideably \adliresiduysitiet ataninepeliebed to be

iselesiciasnR deeRinahAinaASasandan. aneher Ad LG %Jt?asrits? W&l Such

modifications [OZO?kThe primar)gresidues involved'in the interaction wit
tHE 1R 578 HHt Aty recogiLed: oS YeSHRsY PubsE LA PE. koweverthose
otifeskiB sitithe s dytalse dxemfe, WOLA06K 38562 BT LIS 2R06/023489 with

in%ol\éfz .inetho% i%eggnclggntto a lesser extent, In one embodiment, one or

more of the sites primarily ifvofved ifr CRARErachiBHETH b elbetmstaeptive
t@‘ﬁé%ﬁﬁrﬁrﬂmmﬁm}ﬁﬁﬁ@n§ ﬁ@etmhiy,oﬁﬁﬁ&m&lb@ﬂtﬂﬂmen in some
gensrimBaieraclic.apalogs.that de.not, dnigrfere with bmdmge%(t) ihe '\(cl'?ri]%es.

molecule, but overcome the tolerance issues of the wfé??fge peﬁlt?dég.
ONEBHTB Sdi iR HECAdBSTAsHENFCIR 18 Bkt et anchestmetrdstyewithséitutions
least e suhstifidiencatepasition BftRZacareies. P9. In one embodiment,
amino acids with some polarity can be substituted at P4, P6, and P8. In a
further embodiment, aromatic amino acids can be substituted at the P8

alsiiilei sy ategiegmal amide [0208] In some embodiments, the C-terminal
residue e meglifi I ide in.the.place.of the fre
carboxyribcm, cid. Tﬁ%ﬁ%ﬁ%ﬁ%ﬁ@%& %ggﬁﬁg igef aB Iggr%%lfr’(eﬁ%%%feﬁs)pﬁ%s of
PR destesn Be Gistired. wbave:peithiie senerally mer {slepmitet) the @M tular

reiebiesan hetnpelifiegbrRsefebiuilisnesnlisdnia REPULS;OfANRI08: ¢ ang
tha%has mcreasedéﬁé?ﬂ% in biological media, including but not limited to

blood: Iy FRpRPARSS SrSRERhel septidis! pewnvtHkhe aeimized for the

asthatiddrevinsult in an analog usable for vaccination or as an

immuno /. Decamers, [02091 The length of typica] MHC bindin _

peptides? \?alfﬁgs fr?%mgb%nﬁlf[aélz oelésgﬁia&elq gar?ﬂﬁ%’ éﬁ?ﬁéhﬁ Mﬁ&ﬁ?ﬁ%%?fé\%ﬁted

n%%?ibFPH@WBSMﬁsW-HBMﬁWWm@SEQr@N@EI@W@mﬁﬁﬂkﬁéomprising

10 ANRRAMAT Sin TRUSIIRLQRE ' log. can be

10-mer of%%g wild-type st?quence Sgg%%@fﬁé% %%‘grﬁgv%gv%?c baenc%l%e and

R ASHIS PELRE DR SRARgS thBecarrebiing vciiay showedved

nimimomingieginebaaibitimpimernasiraaed b sHbSHAIRG ARG the

id at he Pflgdsposglon and identifyin th? effect of various

?&?od%lcgﬁgrﬁg (éeeﬁgllgotﬂ%ts)yrllﬁﬁqi% 1 cells 1s presented in Example 32 below.

[0213] One embodiment relates to methods to derivatize and improve

analogs of PSMAjgs.097, along with specific sequences that encompass substitutions.
The analogs can contain at least one substitution, but can have multiple substitutions
comprising standard or non-standard amino acids singly or in various combinations.
The analogs can result in peptides with retained or improved properties,

{0214]  Embodiments relate to families of one or more peptides of 9 or 10

amino acids in length related by sequence to amino acids 288-297 of the human
PSMA.,

Analog Design
[0215] In some embodiments, the PSMAsss.597 analog can contain

substitutions of the sequence GLPSIPVHPI (SEQ ID NO. 42). Reference to binding
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one embodiment, the residues that were added or substituted for the
wild-type at the C-terminus can be selected from the group consisting of

norvaline I%ugine, isoleucine, valine, and alanine. 8. Remaininrg)residues
[OZ‘X&WM fafdrence to Figures I3A and 13C, any residues ca S153 17061023489
s%po%%t%t d with conservative, amino acids. Conservative substitutions can

be paired with afy BITEEh R dbibrititirmiachrprodutientss ditsche P2
Anesireativelyye-6h WA DB G4GIE PTG A0 APHEONSEYAIYS sition
sybsHtutiops can.ne s Scific:illly[ at residues that are not believed to be'
involved in any of the Elc?il\)/?tie% a %Cﬁﬁ?hé%, ABWH AR 2hthe R pepitigy is the
SRR g preEsidd denein. indla RORACRE anitloe, RbIGORSLIY®iVG able. i vifro
SUPSEttiangiay t ilin the art, but, for example, the
Leugine at posif[%ilgirfzi g%a?&ﬂ%ﬁ%ﬁf%ge éit (gtngg RHIREBE tr‘f?‘né ARG ot the
pPSHﬁ%gegﬁdﬁﬂlé%é?Wbﬁb’aWﬁeWél’?@éﬁ&%a{ﬂ?@r@tﬁb&b&t@uﬁﬂg aotompared

sigrific 88Ny nHeCNyeRBUMItRbHe. aralog,; g@'@%ﬁ%ﬂ@ﬂ%&?ﬁcm binding at

e lments they may.increase certain activities or decrease certain
a{:%%%%@ei “é’c.%?ﬁ’sggnorra)ghoé’ﬁtﬁl@ﬁ’r‘ SRR DAETS ik elyelREYSothallow rise
chngan satveatobstihwtions-mpk kaitere significaniefieat ARAPYOTHNG as those

hyitd - 211] Many features regarding the
ey oD A o LSS HEG SRR Wecioaagcve n o

M@?@ftﬁ@ﬂ‘&@ﬁ%@w cﬁ“@@g&p@iﬂ@d% pariegtar @pitipas. Wiid thdeavorable

urdetstopdithatsueNdisslosure fér%i?@@@ic@:%eﬁﬁﬁeéﬁ?g%@é%?% x‘%ggstsed

e i(t)g}ge IEX licit restatement of such disclosure wi
s'gﬁe df%r%\ﬁ%éc F)‘f’l S8 Jiife R HEeRFREMES RRstefan BnarysbMBRLMdGiope.
cFamal Iy estectethilacdireiito paroMAKRS; 2@7}9&@&5’ SIRY 'ﬁ'ﬁyr£§59 Itgaé help

NGeriR ides comprising these analogs that can be processed
by BAPC?%S%?(?SQG At the ep) %5% tgﬁa%ﬁ%?%ﬁbayn EORiceaRicReTpRieciksreisctive

tHE B RABERChelatha pgpsidanth shetsimilanior ivopse vsiimmunalogisabide is
HESHRe he Wi - epitope. Evidence validating the
giéekgg]tiation ?)F%ﬂl[sg %g%o e byl %Jxm%ﬁlggtﬁcg%e c& ésnb%g%ﬁﬁ%‘&‘? rance to the
@R&ﬂi’&eﬂ@fﬁ%‘m\ﬁﬁé)ﬁ Gre evhisbdirreenitelatésdaimdthodsttical between
decivetizel anchimprva . analogs of PSMAZ88-297, along with specific
sequences that encompass substitutions. The analogs can contain at
least one substitution, but can have multiple substitutions comprising
standartl or ndv-stamisarchacninm Bsidm SHIGIM Mol Y SiiRSRAMPHIAtioNs,

The an can gesult in peptides, with retained or improved properties,
[0214] @r%%@dimé&r%tsy‘}é"rgtg"?g Tafniliee&sr SR B 1Rore fReptidibs SPapepition of

this epitope is generally the optimal residue among genetically encoded amino acids.
The effect of substituting other preferred or bulky hydrophobic residues were
examined for potential improvement of binding, tolerance breaking and cross-reactive
immunity. Exemplary substitutions can include Met, Ile, Gln, Val, Nva, Nle, and

aminobutyric acid (Abu),

2. N-terminal secondary anchor modification P1)

[0217]  The N-terminal secondary anchor is the first amino acid at the N-
terminus. The native Gly is only marginally preferred at this position. Various
observations (see tables 7 and § for example) show that amino acids with potential to
improve the epitope include Ala, Ser, Abu and sarkosine (Sar, that is, N-

methylglycine).
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amino acids in length related by sequence to amino acids 288-297 of the
human PSMA, Analog Design [0215] In some embodiments, the
PSMAZ288,297 analog can contain substitutions of the sequence
GLBSBVIBFESEQ ID NO, 42). Reference to binding -62 WO PCT/US2006/023489
20061138562 PCT/US2006/023489 motif data, such as presented in

table 7 in example 2 below, indicates that the P2 anchor residue can

make thg largqst iadiyi ibution to affinity. of osition in an
A2.1-re§ricte(§@eltpki§tlg%)yggilj[? %ﬁi%%gslgféﬁ?g %‘ngﬁi;]l%cgg%pm P2 position is

the optithedf) prefBifeBadiriHe. athdip Qostishoisasitrielliselqueivapis but not

feopntmblerdaduéros bBIgingorusiem SR i Te.helhansay SYRIBAL (femplary

shown) have indicate t the pative peptide has generally superior
bigr%lsr{l}éu Elﬁgsré:%?e]ﬁg]l §,%§rt pared to the SSX-2 and

NY-ESO-1 epitopes. The epitope exhibited significant binding at relatively

low congentragg@& ‘t%ﬁu A this wa Ei'!red ith a relatively shallow rise
. h
toward saturation. The Wil -tyoprg ié‘f)lté"pe carn ggﬁ?ﬁoﬁroved. Analyses such

as thosd??&Presehhsdnsyukishate 7rapitl @ ai avk mgeseand thid behaviaratiary
agiien m@m@@@&@ﬂl@%ﬁfﬁﬁﬁﬂymtmﬁ%ﬁ MEA%% HQ@C?{QE V1298 nave

Con§jstent \?/%2 the falivora results obtained with Nle and Nva for the
SERAhG NYCE &b 1 dhitBlsactirse beusah db ge, Nie snatrkiaalso aproved
beistioge$Sfiikly:uste:fpothtoinstantcRS MAGPHIRITIRG I EVERRITRhicity
bMQ%ﬁﬁr?ﬁEEi i6s, if paired with alterations that help circumvent
whatever tolera cgit%n%%%%ﬁgl}ﬁgyré’)‘(’festﬁorléln increase the effective
immund§éffdity of ereepeptiiedimatie telmsganicombinssmode], e matives at

PeRlisadSapRAY INRMIgERIn ke HXRMRe 3r:forinsiance) which ma
reflect taler. n%e to the epitope; therégion o ’Fgg?\ﬂ%\&‘%gfﬁaﬁrﬁ% s ctiects
ePitapE s“&%r R ISEr R veen mouse and human PSMA. 1.

N-terminus proximal primary anchor modification (P2) [0216] As noted

a Ithough the nati sidug at the P2 position of this epitope is
g%—%%zﬁ@%’pﬁ“%%@g&@%%f%%ﬁeﬁ%ﬁ&a@a ShfwePagignts and
THecstHeof ohslisstitesign athetiprefereborduligidnyssapanpicresidugsicd o
WRKE cexaming A for jal | t of binding, talerance breaking
and ccrossir&(zg%%ve t%ﬁ@%ﬁ“%%%g@% Ss‘ﬁ%‘s%f?ﬁ%%%eégﬁﬁsﬁcﬁaéﬁ% f, T this
iBPEHOSP AN RIVEPTIQRSS aRAPigHimestivieypRR b ofispab Wisdlottermiihak minimized
steahdatyeamehensnodification (Pl) [02171 The N-terminal secondary

anchor first aming acid at the N- terminus. The native Gly is only
marginamy refer lab mgrﬁ%g?ﬁme@gﬁ@% of the MHC class I-restricted T cell

epitope PRAME425-433, SLLQHLIGL (SEQ ID NO. 71), polypeptides comprising
these analogs that can be processed by pAPC to present the epitope analogs, and
nucleic acids that express the analogs. The analogs can have similar or improved
immunological properties compared to the wild-type epitope. Evidence validating the
presentation of this epitope by human cancer cells is presented in Example 39 below.
[0223] One embodiment relates to methods to derivatize and improve
analogs of PRAME,;,; 433, along with specific sequences that encompass substitutions,
The analogs can contain at least one substitution, but can have multiple substitutions
comprising standard or non-standard amino acids singly or in various combinations.

The analogs can result in peptides with retained or improved properties.
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observations (see tables 7 and 8 for example) show that amino acids with
potential to improve the epitope include Ala, Set, Abu and sarkosine (Sar,

that is, N- methylglycine). -63 WO 20061138562 PCT1US20061023489

3. ¥Rt primary anchor modification (P12) [0218] The nativeTifES3p06/023489

this positign is geperally a preferred but not optimal residue. Substitution
at this pﬁ@%‘éﬁ ca OthepFB%%’%a’i%?ﬂé%&@ﬁ?pfawl%l@émmi@hmemmmgeof 9

Ve, 1 Deuniltvacidnth Nisgth :8eediganqanehiors ahe J seRiexiorstion (0219
TW!Q&}“%%‘ epos.ition (PQ-1) can serve both as a secondary anchor

and a TCR interacting position. Substitution of Ala, Leu, Ser, or Thr can

have a primary effect on TCR interaction, though it can also contribute to
impeyed.bipding. P3 is another position that can effect both binding and
immunogenicity. Substitution of Trp at this position can improve both,

[0220] Al r entiverfrRehesisrms tsletnibinatives of SulbBRANGES AL, which

eI ERSHeRFINRAISS 4R GORIBIRE, ﬁyqj%g%ﬁggghg)ﬁ '\tlﬁl 5 1%1 SReference

various. effects , obtained with the single s
4‘2’5555“%?86%0%14 Ny 3o dhores mesentnd gm Taiety dhemrsugiimentsslow,
aindicaspetbts dfeaPRlaglitesigndaredissarediabaYS,LiIheL IeneralY-RLAS, 1o

Eﬁﬁ? 9 particular epitop It is ta be understood that such disclosure’
is also app#é%g% {0 this BhidsuBEGGSH: Eithseln tip farerdheaterionedd at
sther? digersdenas il loetiminlimnizetirfed thechakerné PR viyh{D 282k ue, loucine, is

Smanveniniaslyle aalogRal RMHC caes Lresticieg ool cpiope,

PRAME425-433, SLLQHLIGL D NO. 71), Bolisept
{RESESEHNOGE that cHRTpEehrEucthse posjtisaP Anwysresenh the thpitopgorted in

dhelegs7 and fuelesaclds thal expressing %}aéogﬁfelqgs%]ualq Sacggrticulax
have similar %r im r9ved immunological properties comparecfto the

WIELD)56 SPBEESERRNEE DATASRrcP PR SshriioR orrs epipotyined
hmﬁhaﬁbﬁan@rl‘mm”ds ﬁf@&ﬁlﬂﬁ&ﬁﬂ@&@%ﬁ? 9@]!9(’!‘(1&9&%&2’]0'91{‘%6 lpbtained
A A e et U Bobihpagier bincng
StBstiHsHss. Firaiemhiol shermomaihattepstionensubstibiioveviGane to
skl s eSS S D ST
peptide@%ﬂ retdiRedeHP IS révetiprsertbstitgiony Ga2 06611 88562h above.
RGBT (SO 102348 ions investigated for the PRAME ;5435 epitope  follow the
same logic and are disclosed in the Examples 40-48 and Figures 25-27. Substitutions -
were made at the primary anchor positions P2 and PQ (P9), the secondary anchor
positions P1 and PQ-1 (P8). Substitutions were also made in the TCR interacting
positions (in addition to secondary anchor positions) P3 and P6. Selected
substitutions have impact on binding and/or stability of MHC class I — peptide
complexes; a key feature in determining the immunological properties of peptides. In
addition, due to T cell repertoire considerations and to circumvent mechanisms
responsible for the limited immunity to native epitopes, substitutions that retain the
capability of analogs to interact with T cell receptors recognizing native peptides can

be of practical value.
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[0224] Some embodiments relate to families of one or more peptides of 9

or 10 amino acids in length related by sequence to amino acids 425-433

of the human PRAME sequence. Analog Design [0225] Some

emBOdifERE félate to analogs of the PRAME425-a33 which c&6 BoR4ie/023489
substitutions of the sequence SLLQHLIGL (SEQ ID NO, 71), Reference

to binding motif data, such as tho¥XpnadanRS] in Table 7 in Example 2
below, inpdipates thatt %@Egh idue .make the largest

indjvid afr‘%%}ﬂtribugg& ?(? Igffinity oéfyg&?f! F%Jsi |%§1O|1§g an A f)f-sreégﬂiité‘?fth()ds of
eSﬁ%‘ﬁa@‘ﬁ%tﬂ?&le%e?ﬂ?eaﬁﬁﬂabca@iaeatsqﬂefmp@sni@mmhmpgmallyaccines,
preféiietbleteinghenP & anchakyesidugcLeycing, ) e thou '@h ;
noLas trqn%%)?r%eferred, nor is the wiliqydéglapgéJ P?Z{% ré%%gu%‘é&?\%%eg;soé%f]@%. & ‘m
most preterred tortHAEPHSRIONCIA HaysEeka FhawmHadixrmpls fReddrare listed in

Tghi?@io;z énd'l&mlagenages% sesied fﬂmehat%haxei@W@@éy@&_gﬁgﬁyﬁ;gg,%mes 4
pajtic iseguenescapddiverge fro e average. Consistent wi e _
favorable resu:%s otﬁaﬁﬁgd wi‘ﬂ?’ﬁﬂéﬂn g%%gf\lgér fgpgﬁ%vﬁcﬁ@%eﬁﬂ%ﬁs?@ﬁ%ﬁ n
intreRRl RS EAS @ aRt destinginBBS kb stialug dfordng il \PitpdRISs is presented
segERRaBIkITANG ayRNSENIYrPRding: charagteristics, if paired with .
alterations that heIE) circumv%nt Whatevﬁf‘a??r%g& U e SpROpe TRy rHes 1s
eRISECRSH indisaselasd eftéctive immunogenicityof the peptide, [0226] The
rationale for various substitutions has been set forth above. The particular
substitutions investigated for the PRAME425.433 epitope follow the same
logic and are disclosed in the EXM@@ and Figures 25-27,

SubRERIRT W N TREO S VR DFI0ATY ROShONPOSHANSAR A 2Rd 2ORION

(P9), th nda r_positions P1 and P92-1 (P8). Substitutions™

were aI;%%%?de ir? %fﬁ%n%%oge#r%tg gghersllgméo%higﬂée'(iﬁ GJuRtoRtlipsRmride
aREHFssiB RS mhneiesis. Héiboreah SUBEtHAGANShaTe IMPRSIARR (Applicd
bisidipg.ans/eesi@biity OEMRE Elass b-1PgRli plexes; a key feature
in_ determining the im%ungllbogic(gﬁoge_lrt%%go gpsé%gtfl%lg&él.n %St%na%ﬁ%%e%ﬁewhd
t %eﬁ%%@%%irg'émrﬁ%?@‘%?ﬁf@%ﬁrﬁ’ﬂfﬁ\ﬁéﬁﬁmﬁmismedoad PEG-

ré@SpomsiblfoSheplimite oMM tedR: '{@HVQEI)PO PeR P UMHRRS b tides

regal ilit an Interact with T cell receptors
A e P o d e es o purehased rom

200BitdgBEEPETA (B20061023629. EXRMVPRESHA227hdhe HHOWINGeptide

EXHMBIES QY of jdentifyin logs. The
ér?aa‘ll;ﬂ(} s can begﬁgg%%g %@M@ggﬁ?ﬁu@%ﬁ? ame?d AOPeD K San
t %S‘frgéféﬁne%?%ﬂ%?réw@ﬂmcm.carri@chm|b3g§aweaeqara¢mebas in

[0229] Peptide purification was carried out on either semi-preparative

HPLC columns or SPE cartridges (Phenomenex, Torrance, CA). The purity of all
peptides was > 90%. The identity of each peptide was verified by Maldi-TOF MS
{(Voyager DE, Applied Biosystems) and analytical HPLCs (Varian or Shimazu) using
a Synergi C12 column (Phenomenex, Torrance, CA),

EXAMPLE 2
DE NOVO DESIGNED SSX-2,;_,0 ANALOGS
[0230] Structural modification of a moderately antigenic peptide can
considerably  improve  peptide-MHC binding, CTL recognition, and/or

immunogenicity. General guidelines regarding how to modify a wild

-type epitope in
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Example 1. SSX-241-49 analogs were identified as shown in Example

2and are listed in Example 3. The analogs were tested for improved

proé;%erties as shown in Examples 4- 21. The testing of NY-ESO-1157-165

anN O R ifroved properties is presented in Examples 22-30C Tki§2006/023489

te%tricrileg %‘ PSMA analogyes for improved properties is presented in
Examples 33-38. TRERStiAG e rAME R SAd Daeatoges omimpraiedut. An
proprriescs spassantedin iixainnias A0l sEXMMEL-ERRERTIDE ositions for
S\ghﬁ;ﬂgg%g 5&%%’?‘%@ é D CiHARACTERIZATION 0228]

Peptides were Synthesized on BRSEHS EyRBRomy R O HER k2, a marked
?Wfﬁffj%@r_ frivrenhokiy mémgﬁm%nm? PODHER SURIHESZserve,
AnplieslaBioSYS{eNE o PSSR ERY - 0.1 mmole scale using
standard Emog solid_phase chemalstry.' @%r?sﬁ?r?g }@g@%g&%a@%,@ the
syRHES z 647 USTHG Pre- 154t IS B8 -op S e slrectuingymphonghah \Mang resinde.)
(OReABEnE fherminsdsicaiad RRRNARS JMaleSYItesized.on

FIRs fli’f\léégEG-PS resin. All resins were purdhased%rongOAaBSIi% can also be
Blosyste%ns a=oster City, CA). The Fmoc-amino acids used in peptide
syntheses were purchased from Novabiochem (San Diego, CA) and

AnaSpec (Sank a WREIHEIRAVBIE XS FIsaHIRH O by the
standard protocq{Al_[%gggJHf’ icagptgxxvas carried out on either

0 fi
_ _ 6Py -
semi-preparative L%Qﬁ‘s&ﬂ%&r SR Eheisenex,
gg?-nec ) - -AieY Coefficiont or HLA {1 N
= C . 4t- : , ﬁiﬁpﬁwo column
) ) , - NED L St
en El . : 0 . 1,000 1 1.00 1.000
. , . 0 i 00 11000~ 11.0
nugenig pe . ; 4 10 . 1.00 0.4 '-}nw’p L
COgNNioD 6 A TTOT 60 TITER) e ; S -
roe& L Vg! oYP® BEIOPT 4, -9 0] 3800 1 1.900. I 580 WRYIEN
jla] . . ') T . 000 || 0.015 |
I N o R B e oo ==
$0-callefl @ . : T \ 730 2.100 |
(ESUe. T Thopapent D T 00 00 1L, 003 |
esiguey at e | 3. : . 0 Lo 300 ]
s:n . o Z0k P2 000 -2, 1.0 ) 000
EpItRpe | Fogob 496 Ui} 1,000 1 00 0 0 15
bephde) R % . I, 0 '
e ; 1.000 | 1.000 | 0.003
. 300 || 1.000 | 1.000 [ 1.000 || 1.000 || 1.000 | 1.000 1 0003
R 1.000_ji 0010 | 0.076 | 1.000 [ 1,000 | 1.000 || 0.200 | 1.000 I ¢ cas
S 1.000_i 0470 || 1.000 || 1.000 | 1.000 | 1.000 || 1.000 || 1006 1 00:s
T 1,000 J| 1000 Ji 1000 | 1.000 | 1.000 || 1.000 || L.ooo | 1000 13 so5
% 1700 _Jl_6300 | 1000 [ 1.000 ] 1.000 || 2.300 || 1,000 | 0410 112000
Wi 4600 | 0010 | 8300 [ 1.000 ]| 1.000 || 1.700 | 7.500 I 5300 | 5055
Y || 4600 | 0010 | 3200 1000 | 1.000 | 1.500 | Toos | s<o5 [ 0.015
final 0.060 ‘
constant )

TABLE 8. Scoring Pattern for HLA-A*0201 used by the SYFPEITHI Algorithm

(9-mers)

(Algorithm available by hypertext transfer
(Algorithm protocol:
//syfpext}u.bnu-hezdelberg.comfscripts/l\/{HCServer.d!}/home.htm)
| AA [P1 (P2 [P35 |p4 [Ps__TP6  [p7 |Ps P9 ]
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advantageous. TABLE 7. Coefficients used by the BIMAS algorithm
(Algorithm available by hypertext transfer protocol:
//lbimas,cit.nih,gov/molbio/lila bindl) 4-mer Coeircient Table for HLA A
028K h}gi&%ld Type Position_=St 1st 2nd 3rd 4th 5th 6th 7tFGIUSK006/023489
1.000 1.000 1.000 1.000 1.000 1.000 ; 1.000 7044 1.000 C 1,000 0.470
1.0Q0 1j090 1.0a9 1.00021.000; 1,000 1,000 ~-i30.075 §.100 0,400 4.190
1.0@0 1/090 0.499 1,000@ 0.003 00.075]1p400 0,¢64 4.109 1.000011,000¢
10,490 1.0 0.008 F 41600 0.050 3.700¢1,000 39800 1{900 5,800 5.50] ¢
D,05 G 4,0001(00470 1,000 1,000 1.001.000{®130 1,000 0.0x5 H 0,034
D.05%0 1.000 1,009 1.00011,000{11000 1.000 01045 I 17490 9.900 1.000¢
1.0@0 1000 2.300 1.00000,410{2,100 K23.500 /09100 0{GB5 1.00p0 1,000 ¢
1.06D 1,000 1,00® 0.0030L 1,700 72.000 3.700Q ¢.000 1.000 23@0 1.00Q
1.000 N{.p M 1,800 2.0@0 3.70001,000] .000 2.300 1 1.000 0.4¢0 11009
1.06D 1,000 11000 1 0461000 1d.aoD.000 0.01% PP 0j022 0,479 LO,000
1.030 1 12000 1.000 1.0@0 1.a0@0.003 1c) 1,008 7300 1.000 1.0000 | 10
1.000 1.000 1.00® 1,00010.003| R 1,00000.010{00076 1}@00 1.00® 1.0006
D,200 1,000 0.0083 S 1,000 0.4{70 1.00001..000 10000 1000 1,000 1,0040
b,0f5 T £.000 1©00 1.000 1.000 1.00011..000 10000 1.000 ],50® V 1.7@0
6.3@D i 1.000 Opp 1.0002.300 1,00 0,410 ' 14.000 4.6@0 0.0118.300 0
008 1.060 1.700 7. 00J%.500 %015 Y ®,600 \@1 3.20001.000{D.000 .500
0069 115,500 00015 firfhl 0.06% oonstdht TABRE 8. $6oring Pattern fér
HI ALA*(0201 usefl by the SYEPEATHI Alforithm %9-mef$) (Algothm | 6
vaifable by hypdrtext tréhsfer pfbtocol; 0 6 2 0 10
syBeithfomi-hefdelberdecom/schipts/MHICServed. dil/harfie.htm) 0AA P1 P2
0

p3 B4 ps0pa p7 8 Pal-B7 WA $006/138562 PET/US2606/023489
Y |2 0 1 11 1 0 1 0 0

[0231] Adapted from: Rammensee, Bachmann, Stevanovic: MHC ligands
and peptide motifs. Landes Bioscience 1997

EXAMPLE 3
[0232]  The following analogs were produced using the predictions in
Example 1.
TABLE 9.
SEQID
Catergory Number |Peptide name Sequence
wild-type 1 18SX-24149 KASEKIFYV
IN-terminal Primary] 102
Anchor ISSX-2 41-49 (A42L) KLSEKIFYV
103 ISS5X-2 41-49 (A42V) KVSEKIFYV
104 ISSX-2 41-49 (Ad2D) KISEKIFYV
105 I13SX-2 41-49 (Ad2M) IKMSEKIFYV
106 1SSX-2 41-49 (A42(D-Ala)) K{D-Ala)SEKIFYV
107 1SSX-2 41-49 (A42(D-Lew)) K(D-Lew)SEKIFYV
108 SSX-2 41-49 (A42(D-Val)) K(D-Val)SEKIFYV
108 ISSX-2 41-49 (A42(Nak-1)) KNal-1SEKIFYV
110 [SSX-2 41-49 (A42(Nal-2)) KNal-2SEKIFYV
111 SSX-2 41-49 (A42(Abu)) KAbuSEKIFYV
112 1SSX-2 41-49 (A42(Nle)) KNIeSEKIFYV
113 1SSX-2 41-49 (A42(Nva)) KNvaSEKIFYV
114 SSX-2 41-49 (A42(Aib) KAibSEKIFYV
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A2620100216C000000000D-100100=0::00 E-10-120
020F101-110000G100220010H0000001001282
006008 K10-1010-120L21020161010 M0O81000006

N Y@ 200603%200 P000210100 Q0000100000 R @ONQI82000/023489
000 S200000020T06-11002026 V1600062010 wOO

18N Gddoklany 1Q@, 0PpO00000 Y201-11010p[0231] Adapted
fro¥ieRammens - hovic: MHC ligarisSEsme\peptide
Londa bﬁ-ﬁﬁﬂ%%m E3. rn'n')] TheAEHEX N
rrUL:ID, |_a| Iuco LJl:\igﬂfbllu £ 4 Sy A vanvaay; Y
a[rarogs - wereproat; ;rgu ’§ LAY 42L / lﬂ)*LXS),)\ Dila EKIESY o
S’I:Q iDCategorny N %nu Sﬁfﬂ‘f ‘d‘ﬁ( 'ﬁﬁu"f) OCHUC' 1CE—W ;“ A f N o
41-49 [KASEKTRY Vo=t ’S@E‘wﬁiﬁwfcﬂﬁ‘ Anchor-SS ST DN
SEKIFYV 103 "5X4241-48:A42N0 ket EXyV 104 bb)&i,% Amastiiras)
SEKIFYV 105 $SX524149 Ad4VkEMRERIEYV 108 SeXanglAdkrvy
A(42D-Ala) D-Ala SBKIFEN-2 41-49 (K41(0-methyl Tyr)) O-methyl-TyrASEKIFYY
124 188X 41-49 (K41( B-(3-benzothienyl)Ala)) |B-(3-benzothienyl)AlaASEKIFYV
g;;rerxzr:;?ggcondaw 125
Anchor SSX-2 41-49 (K41Y, A42L) 'YLSEKIFYV
126 ISSX-2 41-49 (K41Y, A42V) YVSEKIFYV
127 [SSX-241-49 (K41Y, A42M) YMSEKIFYV
128 ISSX-2 41-49 (K41Y, A42D) YISEKIFYV
129 1SSX-2 41-49 (K41F, A42L) [FLSEKIFYV
130 SSX-2 4143 (K4IF, A42V) [FVSEKIFYV
131 ISSX-2 41-49 (K4IF, A42M) IFMSEKIFYY
132 ISSX-2 41-49 (KAIF, A421) IFISEKIFYV
133 ISSX-2 41-49 (K41W, A42L) 'WLSEKIFYV
134 ISSX-241-49 (K41W, A42V) WVSEKIFYV
135 1SSX-2 41-49 (K41W, A42M) WMSEKIFYV
136
SSX-2 41-49 (K41W, A421) WISEKIFYV
137 |8SX-2 41-49 (K41(D-Lys), A42L) (D-Lys)LSEKIFYYV
138 ISSX-241-49 (K41(D-Lys), A42V) (D-Lys)VSEKIFYV
N-terminal
Primary/Secondary 139
Anchor, C-terminal
Primary Anchor SSX-2 41-49 (K41F, A42V, V49L) FVSEKIFYL
140 ISSX-2 41-49 (K41F, A42V, V491) FVSEKIFYI
141 ISSX-2 4149 (K4IF, A2V, V49A) FYSEKIFYA
142 [SSX-2 41-49 (K41F, A42V, V49M) FVSEKIFYM
143 ISSX-2 41-49 (K41F, A42V, V49NIe) FVSEKIFY(Nle)
144 1S8X-2 41-49 (K4IF, A42V, V49Nva) FVSEKIFY(Nva)
145 SSX-241-49 (K41F, A42V, V49MeVal) |FVSEKIFY(MeVal)
176 S8X-241-49 (K41F, A42V, V49MeLeu) _FVSEKIFY(MeLen)
146 [SSX-2 41-49 (K41F, A2V, V49Aib) FVSEKIFY(Aib)
147 ISSX-2 41-49 (K41F, A42V, V49Abu) FVSEKIFY(Abu)
g::qrg:;?;gacondary 152
Anchor, TCR sites SSX-2 41-49 (KAIF, A42V, E44D) FVSDKIFYV
153 58X-2 41-49 (K41F, Ad2V, E44N) FVSNKIFYV
154 ISSX-2 41-49 (KAIF, A42V, E448) FVSSKIFYV
155 185X-2 41-49 (K41F, A2V, E44T) FVSTKIFYV
156 |SSX-2 41-49 (KAIF, A42V, E44Q) FVSQKIFYV
167 |SSX-241-49 (K4IF, A42V, E44(Nle))  [FVS(NIKIFYY
158 [SSX-241-49 (KAIF, A42V, E44(Nva))  IFVS(Nva)KIFYV
159 [SSX-2 41-49 (K41F, A42V, 146L) FVSEKLFYV
160 [SSX-2 41-49 (K41F, A42V, [46V) FVSEKVFYY |
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107 SSX-241-49 A42(D-Leu) D -Leu SEKIFYV 108 j]SSX-2 41-49 A42
-Vai (D-Val SEKIFYV 109 ISSX-241-49 (A42 al-1) tKNal-ISEKIFYV 110
SSX-241-49 A42 al-2 'al-2SEKIFYV 111 SSX-2 41-49 (A42 Abu

buSERIEV3IE2 SSX-241.49 A42 le KNIESEKIFYV 113 SX-2 BET4GSAM9/023489
va vaSEKIFYV 114 SX-2 41 49 (A42 Aib IbSEKIFYV -68 WO
2006/138562-PCT TI'1611’::'){ YD 4 Qe N A, D Secodd Eiﬁ\@’ﬁ}v‘hnr
SEX=2-41-494H-A |/:l§$s/§7;:i’l4,%GK%IE¥A AN Aoy ). Ny Q)FY’IV]7
SEX-2ATASMKAL Yo, YASERIEYY, J18 Sl ool :Qﬁ{i’w
ABEKIFYV T19[SSX:24 148 KRN PIIRSERIFYY- TR SER-041-49
K41 Cha ChaAbEKﬂ@BYVSSbg%;@)ém{ﬁ%\}«%JSwne 4|—'F'Q§'éﬂng—s\¢\o:r\|r YV
122 S5X-24149 K41 PhesdMN0d-hetd NI AREEIEFY Heseetedid 49
K4l 0-meth | T r O-reeth &sX-1ASk Kt ¥aI24 3602 4 &fdEnyv
3énzothien I)Aial- 34senzathien-dsAtak SEKIRYMy s4ermMNGEKLFTY
Primary/Secondary 195 136k6r S XA K421 Y4608 24s) SBHENM-s126 SX-2
4% 9 4JrY A42 SEKIFYVY 127 SSX-24149 K4lY, A42M) MSEKIFYV 128
SEkmddkdBudhl Y |A42], SEKIFYV 129 35X-2 41-49 (K4{IF, A42L
F IEW”&&%@ 5SX-24149 KAIE ARV 4 REKIEY) 131 SSX-241-49
4|ke EKIEYV[v494132 3SX-2 41-44IF,A42 FiSEEYN 133
SEX-2 41-49 1(41 WAIREYE SERIFAF ISESSRI U349 KAl W, A42V
SEKIFYV™1I35 be-é 149 (4T W AA2My MSEKIFYY S
APBOKA] MifeMA24sI SEKIFYV
Primary Anchor SSX-2 41-49 (A42V, V491) KVSEKIFYI
149 ISSX-2 41-49 (A42L, V49T) KLSEKIFYI
150 ISSX-2 41-49 (A42(D-Ala), VAI(D-Val)) _K(D-Ala)SEKIFY(D-Val)
SSX-2 41-49 (A42(D-Leu), V49(D-Val)) _|K(D-Lew)SEKIFY(D-Val)
SSX-2 41-49 (A42(D-Val), V49(D-Val)) _K(D-VahSEKIFY(D-Val)
C-terminal Primary, 151
lAnchor SSX-2 41-49 (V49T) KASEKIFYI
C-terminal amide 173 ISSX-2 41-49-NH2 KASEKIFYV-NH2
174 1SSX-2 41-49-NH2 (A42L) KLSEKIFYV-NH2
175 1SSX-2 41-49-NH2 (Ad2V) KVSEKIFYV-NH2
Decamers 177 188X-241-50 KASEKIFYVY
178 1SSX-2 41-50 (Y501) KASEKIFYVI
179 1SSX-2 41-50 (YS0L) KASEKIFYVL
180 ISSX-2 41-50 (Y50V) KASEKIFYVV
181 ISSX-2 41-50 (Y50 (Nle)) KASEKIFYV(Nle)
182 1SSX-2 41-50 (Y50 (Nva)) K ASEKIFYV(Nva)
183 ISSX-2 41-50 (A42V,Y501) KVSEKIFYVI
184 1SSX-2 4150 (A42L,YS0) KLSEKIFYVI
185 1S8X-2 41-50 (A42V,Y50L) KVSEKIFYVL
186 ISSX-2 41-50 (A42L,Y50L) KLSEKIFYVL
187 ISSX-2 41-50 (A42V,YSOV) KVSEKIFYVV
188 ISSX-2 41-50 (A42L,Y50V) KLSEKIFYVY
189 ISSX-2 41-50 (A42V,YSO(NIe)) KVSEKIFYV(Nie)
190 |SSX-2 41-50 (A42L,Y50(NIe)) KLSEKIFYV(NIe)
191 SSX-2 41-50 (A42V,Y50(Nva)) KVSEKIFYV/(Nva)
192 SSX-2 41-50 (A42L,YSO(Nva)) KLSEKIFYV/(Nva)
193 SSX-2 41-50 (A42V,V49LY50D) KVSEKIFY
194 ISSX-2 41-50 (A42L,V49LY501) KLSEKIFYII
195 |SSX-2 41-50 (V49LY50T) [KASEKIFYT
[0233] Abbreviations for non-standard amino acids are as follows: Nle,

norleucine; Nva, norvaline; Phg, phenylglycine; Phe(4-F), 4-fluorophenylalanine;
Phe(4-NOy), 4-nitrophenylalanine; Abu, a-aminobutyric acid; Aib, g-aminoisobutyric

-70-




137 SSX-2 41-49 K41 D-L s, A42L D-L s LSEKIFYV 138

SSX-241-49(K41 D-Lys),A42V (D-L s VSEKIFYV { N-terminal
Primary/Secondary 139 nchor, C-termina Primary Anchor SSX-241-49

KaW® RAFEYA9L VSEKIFYL 140 SSX-24149(KA1F,MTV, VAFLIRRIA{023489
141 SX-241-49 '41F,A42V,VA9A FVSEKIFYA 142 SSX-2 41-49
m,mmwmtﬁw%wﬁvmmg SEXhPI4dlie; (WFbaM@Hie\iﬂBAﬂ)@ B-(3-

\ég%ﬁ 5\;}@9 SR}IF \942\/ V49Nva S 1g/‘%c ﬁ'exylaianme

%klzz&(wmm a\wvwgw?euwms@mwmemaemwlm the
(e ARV VG RATBSEKIRY Aitho BT SHS:2 41-49 KALF, A42V, VA9AbU
SEKIFY Abu N-terminal Primary/Secondary 152 nchor, TCR sites SSX-2
41-49 (K41F, A42V E44D) SDKIFYV 153 3SX-241-49 K4IF,A42V,E44N
FVSNKIFYV 154 SSX-2 41.49X3N1PY Ad2N 3 E44S FVSSKIFYV 155
SSX-2 41-49 KA4IF, A4 41 49 K41F, A42V,
E44 FVS KIFYV 157-SSX2F =49 HATFA
158 SSH2B3411-49T4¢ Iﬁpa&d@\wcﬁtﬂmeﬁa})ﬂ%ﬁm IQIWM 12 §8dSBXa2td A4 Such
4 F,A42V 146V
e S e i ROl d54s0 161 Ssx.2
41-49 (K41F, A42V, 146M SEKMFYV 162 SSX-2 41-49 (K41F, A42V, 146
le) FVSEK Nle FYV 163 SSX-2 g&ARKHE £A42V,146 va
FVSEK(Nva)FYV 164SSX 2 442V Y48T VSEKIFYV 165
SSX-2 41-49 4IF, ARBYTINDE BENMING, : Ko2a4q2A9 KAIF, A42V,

Y48S v&m]:wmﬁ?aﬁ%z)ﬂﬁcﬂadé%wg@a\&d M&}Aﬁ@%ﬁt&)@h@ﬁfk

A%?%V)észeﬂ'alua?e& ‘%xslggAef' 21\6 %P based assa e%ner M, et al, Exp Clin
Immunogenet. 1996;13(1):30-5, which is hereby incorporated by reference in its
entirety).

[0236]  For the binding assay, in brief, T2 cells that lack expression of TAP
and thus do not assemble stable MHC class I on the cell surface, were pulsed with
different concentrations of peptides (controls or analogs) overnight at 37°C, washed
extensively, stained with fluorescently tagged antibody recognizing MHC class I (A2
allele) and run through a FacsScan analyzer. The difference between the MFI (mean
fluorescence intensity) corresponding to a given concentration of analog and the
negative control (non-MHC binder) is a function of how many stabilized complexes
between MHC and peptide are displayed on the surface of T2 cells, Thus, at limiting
concentrations of peptide, it is a measurement of K, mostly and at saturation levels of
peptide it is a measurement of both Koq and Ko, The binding was quantified by two
factors that are mathematically related: half maximal binding (the peptide
concentration giving 50% of the signal corresponding to saturation) and relative
affinity (1/RA). Relative affinity, RA, is binding normalized to a reference (wild-type
peptide); for example, the ratio between half maximal binding of control relative to
peptide analog. The higher the 1/RA index and the lower the half maximal binding,
the higher the Ko, of the interaction between the analog and the MHC.
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169 SSX-24119 41F, A42V, 146L,Y48T) FVSEKLFTV 170 SSX-2 41-49
K41F,A42V,146L,Y48S SEKLFSV N-terminal Primary/Secondary 171
Anchor, C-terming Primary Anchor, TC SSX-2 41-49 (K41F, A42V,
1480 UT3&i6ds 40A FVSEKLFTA 172 SSX-2 41-49 (K41F, ABGY/US2006/023489
146L,Y483, 49A} SEKLFSA terminal Prima 148 nchor, C-temzina Prima
Anchof®BX7p41-0malne \idd o) KA BEKIFYith1 388 $XRrgl pdufdidts, were
: I 247 AR VA9 VAl D-A)SEKIEY Val |
R s U N et s DRk it s
wanmwﬂwaova}wpﬂaﬁ@mmmnwm@mmamtﬁhmolmandard
EXrRAHE) WAL K ASEISH Yla Gole timingl ﬁ!‘}zi%éi Ao e A it
EKIFYY-NH2 174 SSX-241-49-NH?2 (A4 @I@gﬁ%ﬁ EKIFYV-NH2 175 °
-fﬂ‘}/-%g-ré\élz ATk e I HeR OB ME h vading wasdependey on
HBAGESKIEANY, SLER SN2 4025 ¥R08) SERIRY WerdgQiGSo¥mpAdiRis or as
FYVL 180 SSX-2 41-50 (Y50V) SEKIFYVV 181 SSX-2 41-5
gg%?@é&&‘ﬁ‘é%i’é‘ée?ﬁﬁ??f‘ﬁfg gf}‘?ﬁ% SEKIFYV va) 183 SSX-2
41-50 A42V,Y501 VSEKIFYVI 184 SSX-2 41-50 A42L,Y50I LSEKIFYVI
185 SSX-241.50 A42V,Y50L VSEKIFPY e 486 SSX-2 41-50 A42L Y50L
LSEKIFYVL 187 SSX-2 41-50 [A42V KIFYVV 188 SSX-2
41-50 A42L Y50\VAEEGEIBY LA ; 50(NIc

VSEKIf¥3sNle pYRisS3aRind-a0,A4LYi30 ﬁé%lgo%\%% HELIR R

- IFYV.v
FHR Uty (232 YRS Yit3ing, the stability of peptides on MHC class 1 is

e’ A4\

notoriously important with regard to the immunological properties of such peptides,
as the activation of T cells depends on the duration of "signal 1" (MHC peptide
complex interaction with T cell receptor). For the stability assay, in brief, T2 cells that
lack expression of TAP, and thus do not assemble stable MHC class I on the cell
surface, were pulsed with a concentration of peptide (controls or analogs) known to
achieve maximal loading of MHC class 1 ("saturation”) overnight at 37°C, washed
extensively, and chased for different intervals in the presence of emetine, which
blocks endogenous protein synthesis. After extensive washing, the cells were stained
with fluorescently tagged antibody recognizing MHC class I (A2 allele) and run
through a FacsScan analyzer. The difference between the MFI (mean fluorescence
intensity) corresponding to a given concentration of analog and the negative control
(non-MHC binder) is a function of how many stabilized complexes between MHC
and peptide are displayed on the surface of T2 cells. The decay of the signal over time
was mathematically expressed as stability index 50% relative to the binding at 0 hours
(at the beginning of the chase interval),

[0239] Such improved analogs can carry one, two, three or multiple
substitutions (including standard and/or non-standard amino acids) involving
positions that are known to participate in the interaction with MHC and/or TCR, with
an overall effect on MHC stability that is dependent on the modification, Such peptide
analogs can be useful in therapeutic compositions or as a platform to further derive
therapeutic compositions. Forty three of the analogs had increased stability relative to

the natural peptide.
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192 SSX-2 41-50 (A4ZL,Y50, va) KLSEKIFYV Nva 193 SSX-241-50

A42V V491,Y501 VSEKIFYB 194 2, 50 A42L,V491,Y501 SEKIFYIl 195
SSX-2 41.50 V491,Y507 SEKIFYII [02331 Abbreviations for non-standard
amitfd AEf4S8¥e as follows: Nle. norleucine; Nva, norvaline; PhgCT/US2006/023489
phenylglycine; Phe(4-F), 4-fluorophenylalanine; Phe(4-NO2),

4- nltro@mmylalamhe,aﬁebb!gs':ltﬂ&ﬂHMWWB@YQCIQ@M%@@Q&E@Q'%@léﬂﬂﬁlty are
R% 02006/1 8562 PCT/U52006/ ﬁ&s 59 acid; MeLeu, methyl-leucine;

Imeth vall PERPIStEBE 0% SEH HRIATR, %@e@éﬁm%’ﬁﬁlfmﬂ ons
@fﬁbethwfrlyrb@wﬁéthyltyorosme Cha, cyclohexylalanine; Nal-1,
[3-(I-napthyl)-alanine; Nal-2, [3-(2-napthyl)-alanine; -NH2 indicates that the
carboxy terminus has been modified to the amide. EXAMPLES 4-21
TESTING OF SSX-24 .49 ANAIBZARIRREA The analogs produced in

Al S*IfmweoE es;mml ma@nm;@qmomamﬂg Opdhalpgiead SfiRelss.
as follows in Ex -2
CELLS [0235]1%%—%?@1% ot
HLA- A63201 wa@k&vatuatmdlugmgm;%?.tm@lldiapgﬁixasﬁ@ﬁr(%g&@c%e@t as a
| et. h|c erehy inco porated
%{x/néfée%é%g}en W@ﬁ%ﬁgﬁoﬁ%ﬁf& |ng agsg)ga “Sibfe epien
@?émekTé;EbmisMﬁGfpmmwmw@o hvﬁ@tda'mymtkﬂe)ﬁtabimﬁ/l MEiClassHor
oRithR CellRAIRCRa W QUisBA. It ifferent conean % L peplides
ely, s

11
(controls or analogs) overn ht at 37C, washed extenS| ined with =

fRprekR hinding G \‘l?éognlzmg MHC class | (A2 allele) and run
th roug maﬁ@csSmmba{mr of besliffarenerbeuasn aME |c(35‘§' %Bact the
mtgns%% Wgﬁto a given concentration of analog
%'eo neganve Rontrd RS FRBHR 18%a U ACRO A St eh B Fon and
ﬁmﬂb@dmmgb@ﬁeslvmmdﬁb& and peptlde are displayed on the
Surfacqﬁlﬁ? cells. J&H&dﬁ&@@&%&?&%‘e Elons Of(P a{%qg&i&lﬁ screening

measurement of K mostl y an at saturation eve(fs OF pep

RigsstidsraaHpat BomirchignpeheTmt witidhigpress auraimificof loyetwad factiohng
&ﬁé@@a@@ﬂﬁ%ﬂiﬁﬂ@@@ﬁ@ﬁéﬁ@sm néﬁé”ﬁoa{lf%]gtlﬂg QWWQQ%muoéu and

clcq%csy tion 9 7[39 50% of the signal corresponding to saturatlor;géﬁan
Cgﬂ‘?m?y ReBlivassraty 8on biRdtAEh dRatIRASd fep amethod
reébrdmiceeqwitditgpB cell lines against a natural (non-mutated) epitope (SSX-24 149)s

and using an immunization strategy potent enough to generate a useful response in
transgenic mice carrying human MHC (such as the A2 allele). Peptide analogs were

interrogated ex vivo in the presence of competent APCs and the functional impact of T

cells specific for natural (non-mutated) epitopes measured. The evaluation was done
at various concentrations of analog, because the expected effect was biphasic in the
case of cross reactive peptides (activating at limited concentrations and inhibiting at
higher concentrations, due to antigen-induced cell death, AICD). Measurement of the
following three parameters were used to define basic and useful characteristics of
peptide analogs:

1. Minimal required concentration of peptide analog to trigger effects

indicative of T cell activation (e.g. cytokine production);

2. Maximal (peak value) effect (e.g. cytokine production) at any analog

concentration;
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peptide); for example, the ratio between half maximal binding of control
relative to peptide analog. The higher the I/RA index and the lower the
half maximal binding, the higher the K" of the interaction between the

anNOFYd HEMHC. -71 WO 2006/138562 PCT/US2006/023488 T(5%)p4/023489

Fifty three analogs identified with these binding parameters were
determined ta\beldmprovedratiative peatheaitd ety peipepiidefddaésg., cytokine
improved bindgrs, carey gne, two, three or multiple substitutions (including
standard and/or non-staridard amino acids) involving positions that are

known & pdlrticigiae fratrrlaniereeohainssHT redieest TPORS Riowsyted with

iheaavead| £ffasl on MHdacing:was.dependsant onsdhe magificaligBpe and
Suc%#ﬁptlde anal%gés can be _lzé;seful in therapeutic compaositions of as” a

PIAEGIRT RPFIHRRY HRHVE (RETAE AR EBRTPSShib e eeRiknfp1dens isiog Fipsees
STABNATY LIS peGrTial CELLS [A23BEPerttide dtpbilityptkea)ien WMiHitatively
c t be solely inferred from binding (Kp). In addition to .
s AR e S R LT S ]
\ﬁﬁﬂﬁ%&?@ﬂb ﬁh@ﬁﬁmﬁﬁ@o@@aﬂpﬁwﬁﬂﬁe@lw sefen peptictesctiafthehey may
arsraianaliloels fiepends pa R daianl-sianal & (MHGRRPIR . -
complex interaction 'with T cell receptor). For the stablility assay, In brief,

T EXNCRIA L OINEK RERPFRESICR Boresr i airbilisy e tasictlbtansmplarestore

MEtorstassekom thepcell surface, were pulsed with a concentration of

peptidel&g%trolsésr%r anaéo s) known to achieve maximal loading of 1vIHC
class | {"&atdration’} o9&t eﬁt(g S RAEHUGE SHRrRNBRudh e maipality
forddidfedéyt istesfaterinrthiespreselycadlemeatinBnavhigteabloekstentially biased
rotein,synthesis, After extensive washing, the cells were
T e e o et =
SteleanandinT CRr i RE rhalsSeatraniaye antT eodiffercticéybetd cimdtienal

MAdinean-tpeiesaercenigasity yaerasrONging to-a,diven.conceniration,,

of apalog and the negative control (non-MHC binder) is a function of how
RIS ST IS 2R R ST IXREDARIE SHapRIEes A7 Hejstide srbngriplugritlgrnels
thie pewfakce afaldcetls. ThRdec@rnkthe Signal@yep g aNe8 and practical

athematically expressed.as stability.index 50% u relative to.the bindin
g]% ﬁ%tﬁ(?xsls'(at the %gﬁn%n%ao?%h%asag%fgwgl)9%%3’5?%@4 iA§BHBYed R
apriidisfentheappiopevtidoytrew tdauitipledisisdstitutinrs {includingle effect
saRdaidAndi SRR AR ARYRC AEURTYPIING, posiions that are

known to participate in the interaction with MH r TCR, with an

overall €#8€t on Whacsderity ety ddse agemedmtind Foekficaiien. Bachhe
PeIRSiEe A REIDD G SRR WeREIEAR G ARAH GERMPARIIONS QB A 1l J Exp
%QOE%E?QS%%%[SC&?T@’/, which is hereby incorporated herein by reference in its
entirety) were immunized with 50ug of SSX-2 natural epitope (41-49) admixed with
25ug of plpC at day 0, 4, 14 and 18 by bilateral administration into the inguinal
lymph nodes. At 7 days after the last boost, the mice were sacrificed and a suspension
of splenocytes prepared at 5x10° million cells/m! in complete HL-1 medium. Cells
were incubated with different concentrations of peptide for 48 hours in flat-bottomed
96-well plates (200ul/well) and for an additional 24 hours with rIL-2 at 10U/m] added
to the wells. The supernatant was harvested and the concentration of IFN-gamma

assessed by standard methods such as ELISA.
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therapeutic compositions. Forty three of the analogs had increased

stability relative to the natural peptide. -72 WO 2006/138562
l%%%/()06/023489 [0240] The analogs that showed both improved

b|n ing an f’ablllty are useful in improved compositions or as %5%?5?%’023489

to generate improved compositions of therapeutic benefit. EXAMPLE 6

EVALUATION OF IMMUNOLCOEXAMRHPERTIES OF ANALOGS:
CRERESBRAG VY ANDNDUN PN AV IRNNTI92 e ARG oGS

immunologic properties of peptides can be described as a function of

binding to MHC &!&E&%@%MWW of interaction

betwe@2¥GR anﬁ&éﬁ%&eﬁﬁd&ﬁ@mp{%}ﬂ%ﬁ@ﬁﬂ@%ﬁ Rb#RadYo scan
MG eachoniesdues asnerl fve asonlcant deacee clprediahlity.

Inre ard 0 overa Impact on molecu es
Modifipaopn $foh SEESRUANIRCRANERo ! Yedid u@s»chmtmactsuhe (&ifinity 3).

sfnterartion AtheMHGPeRlde commRle)d %mﬂgﬁgeyat%'a%éf Adoe

Koff relative to peptide-MHC interaction. [0243] A methodology was
Qeflidl %8&1%%@%?%&%%&%%%%@%@& aﬁwgs 4 gytokine
ﬁ&a{u@ﬁbﬁ@ag@%mgﬁﬂ@@ogp@g@hods of use and modellng the overall
immu properties (Ko" ive to MHC interaction and

TCR k}%%%lg propé f&%ﬁ ?faﬁgl‘ Iﬁ’é f s?ﬁcM)”ﬁ?’?é’ IRdRsrERRLRRipEic
pratbnids iniclbeecbgén exm@'[m@iblma‘gamt\a matuial weenaoivated)was
SRIORS (SRR Stk POS R I ZHEO S Atca RIEP LR
to generate a usefn resp: n In transgenic Mice carrying Nian AT
TeeeniakgHboaziidietes epigptde analogs were interrogated ex vivo in the

presenge49f compsirpt ARCSrandAhe foaeiang! inpackold, SelssRecHicas

for natural (non-mutated) epitopes measured. The evaluation was done at

V5Hote ¥ AtRRENE bPatafolBERANEE ProRsTHe Ridlraertfggelative to
Mhammdr@m@semrﬁs&m%W&@eﬂﬂtﬂmKaﬁ{&ﬁﬂrtﬁ‘ ahlimitedquired to

tr bitin trati due t
e RS P R A o PGS ORSef, o7 HEFoi dndgtans
mmsez&w@rélaséﬂ-&wdﬂabﬁbaslm&ml chi@radtensticeaftivity and
R;QHH&? 1%919%0%1\’1\/? QMS@&W?Q&QR@%‘}&E@%&P&%@BH&@ %GF‘ %% Isgﬂl be

trlg er effects indicative of T cell activation (e,g. cytokne productio
hiar athen driyiimsen L pdytbianhansaciish) oangianadagNal-1 at
Wﬁ@ﬂﬂ@ﬁ@[’bgated the activity.

[0250] Changes of the first residue K4; showed that, while replacement
with F or Phg improved on the activity, W, D-Lys, and Cha obliterated the
immunologic properties in this assay. Replacement of K with Y, Phe-4F, Phe(4-NO2),
O-methyl-Tyr or beta-(3-benzothienyl-Ala) retained activity.

[0251] Modification of position V4o (C-terminal residue) by replacement
with T retained the activity at a lower level compared to the original epitope.
Modification of the last residue by addition of an NH2 moiety obliterated the activity
of the peptide that was subsequently rescued by modifying the A at position 42 with L
or V. This directly illustrates that analogs with activity that is lower than that of the
wild-type peptide are still useful for further derivatization.
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-73 WO 2006/138562 PCT2 S20061023489 3. Analog concentration at

peak value of activating effect (e.g., cytokine concentration) [0244] For
example, analogs that result in reduced values associated with
paranfete¥¥1%and 3 but increased #2, can be useful. Use of n&iF4iS2006/023489
epitope and unrelated non-cross reactive peptides as references is

valuable in identifying classes potential value. Analogs that

disp SeRE A

attenuated from th

Tt activity-they-may display
immuri8RSgic propertisettet drendiSinctios Rigerofthevaatupalipentids.an
1o eXR RSO We kR ' ' ICD or ability to break tolerance

r?egg?ore rjeax]é‘,%onsivgrlggs??r%%%y%ggﬁ?‘%on%é 5??\87%% gﬁééeo‘f’lﬁléype SSX-

HraShig Sirdte gy hbrmae srriopidégeality and rapidity, use of more
relevaft2ss]yclomablaneldings dnsiaash olnaientially hiased, Tcellglones. .
5

g lead o t, and the composite value, integrating parameters such a
%§ o6r aﬁ'd %&%%ﬂ%ity ?F?ét BIPRSn Skt e ar s irdhcuiidby ¥nd or W
fonebiontdd axiibitubstgeptidefMAC somplexesorelativg toslieR i heS@rved or
LAl ters: & edictive of the in vivo immunologic properties and
thu%ec%gn%(%ﬁ;}r?gatgg &Eéfl%ll %%/ Selge% Yc?ef) i&eeaﬁvé%']gt&f) GRS 0 T thpubly
By iGA RpLidssthiaam ineisasplatosiumpplicatipns, tinaiegs HhatdaiRartor in
Michrad gatain giassireagstivity against: ecific for the nominal |
wilg-t pe peptide are lrezi%:tléé%x tcgt?lg%ﬁélrgg: r?tehzféu(r;oa%fg eﬁseegk‘pi Qpigractical
E ‘3@4 G\‘HESW&Q?Fngm%W%%W@dQWigm@t [@2H6fiTbeao TCR.
Gnotiocisns héonibie ganemuane! ¥ eaklings wosihe PlovpgHlD) w
@ nig mice caryi gan.AZ human allele (Pascolo et al., J. Exp d.
QH) ONATET 01 G RO by BerBirarel netein by Fétermntion
I T Pl o ot e o SR e
> t ay, 0, and, ilatera o
admin?s%?\gégﬁ%%ﬁt)k?ﬂg ﬁ??:%‘?“ﬁ’/r%%}? %888%?‘2{?‘% %%l)%r arét wesiiigg 41 and
%86%(1, thémfieafiree aneptiviy smia subpensivildelsp tespoid¢teReplacement
qineparedat Sxtos milliegcell i t -1 medium. Cell ere
incubated v%/,'th diff,@rﬂent conczg@g%??sg%%ge%ﬂ & %%554%1 orﬁtrasl?ﬁg adtRity in
‘#‘Iétf‘ﬁso i é RSBUHEN THABE Yoh0Eietipemirsonaiakadividemakiadonafrsuch
Paitivier oo Bising metdedntarthenkeisidie supesatant yas harvested
and t cengration of. IFN-gamma_ assessed by standard methods
such l@%gSSA. -%%A%I‘S%é’%ﬂé"’é@ BT $956ism 339 I at position 49

resulted in increased activity over the natural peptide.

EXAMPLE 9
CROSS-REACTIVITY AND FUNCTIONAL AVIDITY OF ANALOGS
SUBSTITUTED AT MULTIPLE POSITIONS
[0255] The strategy from Example 6 (Figure 2) was applied to scan
through a library of analogs bearing three or more substitutions relative to the natura]

S8X-24149 epitope in its wild-type version (Figure 5).

[0256] F and V at positions 41 and 42 respectively, combined with I or A
at position 49 resulted in improved or similar activity relative to the wild-type epitope.

In contrast, L or M at position 49 resulted in heavily diminished activity.
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EXAMPLE 7 CROSS-REACTIVITY AND FUNCTIONAL AVIDITY OF
ANALOGS SUBSTITUTED AT SINGLE POSITION [0247] The strategy
from above (Example 6, Figure 2) was applied to scan through a Iibrary of
analogs bearing_ single substitutions relative to the natural SSX- 24](1
epitobgéo(ﬁ(@ﬂ%’é% Byv (SEQ ID NO. 1)) in its wild-type version (FlglIJ’re
Strong m\ﬁi% corre:a en Stfsogcprg ?g}gve&g Elhe m'”c{“ % A5 uII’amds Nva, Abu
amount o ana og to (ﬁlCl gammpa prc%ductlon eX VIVO and the maximal
ameiuiiedfat ptokerlestmedietiorsetedng c@m@mmtnmmfvamag)f[azmpe activity.
SuBSKILEGRiAL EE AithrkelY (e HIRTVELQRINGMMURMANC and resistance to
properties | of the peptide assessed in this assay. L and V mutants were
actieymajitde 1ttive than the natural epitope. The | mutant retained

cross-reagtzsg} to thaoiERatiesogizingdhawile-inr e pians. {Qilkﬁitatwe TCR
Replacement of the A posm 42 with n nd rd min

NI ST SR A QLT OO B NS OS8R
to a&m:g\/ﬂdﬁﬂypeoepﬁwevmtmmtermstmifemermmcﬁdl donogsiooftammale immune
requisoh IR HIQOSE BIRARE HOUMEHBRA0 NS PEHEARAIN Of EURKIAE groove

produced, Mutants encompassing D-Ala, D-Val, Nal-2 or Aib display

retéiribighify sitfesetifiepatiat rbapbeal |H?ﬁﬂ§3ﬁé Aditign w@s&ggws at position

relavetoNke sesuey) 9@5@@1@@4@%0% ik be NisgTo Iy fHrtAeThe-4F) resulted in
derlvmzaanfﬂ to a%ust or_enhance their properties. An Nal-1 at éo% ition 42

abS SRR R NORP o5 0} CHinyaRsFiHeRita: Maie ® g position

%52006/()23489

tha@&mhlleatqﬁauemwwwim &t 08 Rizglieddromedogn dbepattiy iyt ity DFlopdly, two

andC aobll dth unoI ic properties in this assay.
Rep acem gﬁtt of K f\? el 8%%%2}!%%%{%‘6? ethyl-Tyr or beta-(3

-benzothienyl Ala) retalned act|V|ty. [02511 Modification of position V49
(C-terminal residue) by replacemeﬁk»ﬁrﬂ)t t@ned the activity at a lower
level comared to the or||nal epitope. IVIoalflcatlon f the Iast rS|due b

su mmAwmemﬁm mmDrAw mmous
directly illustrates that analogs wﬂ%s lower than that of the
wild-type peptide are still useful for atization. -75 WO
2006/138BZHCT/UB2606/023480n EBsaPt B JGRGSS REAGPNIFAYto scan
AN ELNGTIBNALAVIRITE GF ANALRS S SHBEUTL TR AR AN 95 2419

peptide (Figure 6).

[0260]  The decamer SSX-241.50 was significantly less active in stimulating
the T cell line specific for the 41-49 nonamer, relative to the latter. Modification of
the Y residue at position 50 to I or L, but to a lesser or no extent to V, Nle or Nva,
resulted in restoration of activity in this assay. Further optimization of the activity of
decameric analogs was obtained by modification of the A at position 2 with L or V,
The A42L substitution rescued the activity of the Y50Nva decamer. Peptide analogs
of similar or reduced activity in vitro (but retained cross-reactivity) compared with the
natural peptide are still useful for induction or boost of immune responses due to: i)
more limited AICD; ii) potentially higher in vivo activity due to increased stability on
class I MHC and/or slightly modified interaction with TCR which can be important

for tolerance breaking.

-77-



[0252] The strategy from Example 6 (Figure 2) was applied to scan
through a library of analogs bearing two substitutions, relative to the
wild-type SSX- 241-49 epitope in its wild-type version (Figure 4). [0253]
Cogré/ ?’ngé]&%g)dlflcatlons at position 1 and 2 had a variable eff8&fl/GA2{{{&/023489
activity of analogs. For example, substitution of K41 with Y, F or W
corroborated with substitution OEXAMBIIEM, IM or |, and resulted in
pre RO ARALY Edr PG ARAIRARRA VAR ‘Q"'Héy
U I.llV cU pep !‘ . El a EdSEU OPPOTTU
|mpact the interadNAd URKIT ER X ¥a 4 oIerance

breaking s bmysgwgprar%eatna@plw@mgem% resitignid

participates fo a certain extent in binding to' TCR. Combinations between
tREPISRSENSS Y- {posifishal pRiieRs / adhssiioaaation s dhrolr@analiismph
O JddatRASHENY 421 ANGFPBORUIPN ARNVEBde. oY dhial, POSIHOMAD). This was

resulted in analogs that were more active relative to the wild- -type peaptlde

CONBTRARNEBANHENS REpiserrst Giaifat sainbneh sag 31, The
pedihnedl ancluM b & $hdyeonfBipack an @ativibeisurdarte tbadtpfplenocytes

W|Id -type tide, Re Iacem K with,D-lysine.at p |t|on 4 duce@h
resutt %?r?g%a%logs with re re%aler%ta(?c Nﬁti‘ ?r‘%mt% R a@sgay a tﬁ peedgla figas séancr'
blebrdeg aseftibdincE2hellm etaboletBOF aditoi ghsugh "phptmi;s showed that

EACOMRRRSIRANON:RiaRdard ﬁi@\@P RGeS deareasadhin Wye: E%?’@smg the

Comblnatlons between V or L at position 42 and | at position 49 resulte

ifiHEre RsBHSCAUMPHTR FAHBC AP DEpide oXaidmine peptide itself, as boost
GRASSTREAGTOALY HDIRUNGTHO ML AMIBI T @ ANMRGSned by ex
SUBSTITUTED AT MULTIPLE POSITIONS [0255] The strategy from
EXEHPREBTERHE ) was applied to scan through a library of analogs
bearing three or more substitutions relative to the natural SSX-241-49

epitope in its wild-type version ('E%Arﬁ’@% éOéSpG] F and V at positions 41

and 42 respectlvely, comblned osmon 49 resulted in

orM at posmon %&M@EWMYEIQQMEC}NI%V66WO Wity

2006/138562 PCWUS‘ZO'O'GTUZBZB’Q"[O’?S?]‘I?TIEWEompnsmg the
non-stantPit amiRERCiEONR AbESF MEVA dtte BEEBBERbNYERUR&Asmid

mgfemm SR Gy anneal e@musge @ediityiootledPeRtABs afguinal lymph
extrem fuI du [? ci |n?V|v stahility and resistance tg
AT B B (OE8 RIORAERRD P HE dorg LR il v
tkfeuwtraﬂ\kgr TKaFRadditional peptide boosts (similar amount) at day 28 and 31, using a
negative control peptide (Melan A 26-35 "EAA"), natural peptide or analogs as shown

in Figure 9.

[0263] To evaluate the in vivo response against natural peptide,
splenocytes were isolated from littermate control HHD mice and incubated with
»20ug/mL or 1pg/ml of natural peptide for 2 hours. These cells were then stained with
CFSE™ fluorescence (4.0uM or 1uM for 15 minutes) and intravenously co-injected
into immunized mice with an equal number of control splenocytes stained with
CFSE" fluorescence (0.4uM). Eighteen hours later the specific elimination of target
cells was measured by removing spleen and PBMC from challenged animals and
measuring CFSE fluorescence by flow cytometry. The relative depletion of the

populations corresponding to peptide loaded splenocytes was calculated relative to the
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binding region can result in peptides of considerable value that retain

binding to MHC along with cross-reactivity. Such peptides are useful for

restoration of immune responsiveness or tolerance breaking because

thef E&HBH#fon in the MHC groove is slightly different from tREF6fS2006/023489

natural peptides. Additional substitutions at position 44 (Q, Nva or Nle),

p68iteh(wdqaded) Niewtiina)ndr kBrised BHEsAfppediuliadsinrigativeo (spleen)
lags : it orT, S, Phg,at . .

A R L e A e R

dﬁWﬁ/7 Fﬂgﬁ?, (fgvg‘ea??é‘i%é’mﬁ@sﬁ%muﬁéﬁg 8hdviret! Mo slotivity increased

(rdthuiite @laﬁf\)%Ml?lb@&&Q%@ﬁ&%ﬁlwﬁgn%@&%%m et cells
A%|TY$@D§%MERS ENCOMPASSING THE NATURA PEPTﬁDE
AR Rt PP

PR U BB R srrpise Fiearstidlegy from

Example 6 (Figure 2) was applied to scan through a library of analogs of
a decamer encompassing the %%41-49 peptide (Figure 6).
[0260] The decamer : antly less active in

ik HEtOF ANAL QESIHE JIRIGIGES ANADFED REBEO NSRIVA GAINST
latter. Modification of the Y reqimmmg 50to | orL, butto alesser

or no ei&ent to V, Nle or Nva, Tesultedin restoration of activity in this
assay. Fafter ogﬁgﬁfzaﬁmﬁ?@f e BRIt desarneanidodswiths plasmid

aiitaineddgINaTifigation-el pedabpsitian2ouiildoito FRSAME 1ymph
gggtut%grbgescue%trl\e \gég %tjhe Y50Nva decamer. Peptide analogs
3%5|mifgr of Tedlitéd ad ﬁﬁ% 0ftPo (BB Bl s Fedbting ) 7. This was
dehaeadthiith tditiva raé péfstiote sioesititl niseful for) industion A1DO0RE; o
[ | redimited, AICD; i) potentially hjgher in
R CSRSERAS IO DA R R v

&8 Interaction with TCR which can be important for tolerance

breaking268y WoZ00643806 AMPLE 11 USE
gglfé\?ALOéa-%) TRIGGER éhl\%ﬁr!\l%%&gg %\g/lé U%%%F %ﬁ?ﬂ e vivo vt
#AL EBROPPRESEREEE BVt 0Xen]abried hrowps ofmiceslls
e gy e A S
‘ect inoculation into the inguina| lymph nodes with 25g in 25
A SRS BN RN gt e s
SEEo AR pegsiid e poessing shmiterueahB8KE AL slayiBeand 31. The
schedule of immunization is shown in Figure 7. One week after the boost,
splenocytes

L MALE)

LETY =

EXAMPLE 14
N-TERMINAL PROXIMAL PRIMARY ANCHOR MODIFICATION™ AA)
[0266] When the substituted analogs shown in Table 3 were tested, the

analogs showed improved binding and stability profiles in comparison with the wild-
type peptide epitope. However, the magnitude of improvement for each analog
varied, and the substitution of A42V showed the highest improvement in terms of
binding affinity with HLA-A*0201 molecule. Further, the stability of the A42V-
HLA-A*0201 complex was better than the complex formed between wild-type
peptide and HLA-A*0201: the T1/2 extended from 11.5 hrs to 20 hrs. The peptides
with 42 A to L, V and M substitutions were able to induce the IFN-y secretion of
wild-type peptide specific CTL at remarkably lower concentrations. The 42A to I

substitution generated an analog with improved binding and stability profile, The
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were stimulated ex vivo with SSX-241.49 natural peptide and tested

against 51Cr- labeled target cells (T2 cells) at various E:T ratios (Figure

8). The results showed that the analog A42V triggered a higher response
ag&’&%%@@t‘%lls expressing the natural peptide, compared t@€iUS2006/623489
analog A42L or the wild-type peptide itself, as boost agents. This

desieiatetthoil? thesiinding ald istabidiy daramelsis atermineddy 8% Ydin
égneﬂli?stl PL USE OF ANALOGS TO TRIGGER ‘
E%ANCED i i%‘?&%ﬁﬁ?ssflpﬁﬁﬁ AUEBHUPE RS SR SErb Al
g0 B gt grsup siotlaidending pifeity imithuilzedwiitnplasaide to the
WW%W;MMQ natural epitope, by direct inoculation into the
inguinal lymph nodes with 254g in 251Al of PBS/each lymph node at day

0, 3, 14 and 17. This was followed by two additional peptide boosts
(similar amount) at day 28 and 3&x N8¥P3 & f¥gative control peptide

MelaR 1, hatural peptide or analogs as shown in Eigure 9.
fozes ok PESbOHEE At MW

IneHibaied v f | peptide f hoyrs. These
Icells. Wegfe %Dr?é%?r% Q%%%D%{gﬁlér%h utgfgegspgae%? S(f%iﬁ}ll%gr TRtRS; B d-tvpe

[SRABTASS Snarhatishaiidng cacksjdodarhelidranduniliodamioe with. an equaire
niydrophelicenirph BRI anesy sciapeghwithi G §1'!:::1J(!i‘rﬂ' %ﬁ?%%ﬁa@eﬂ'w)jr C;hat
Elq(hnteen pours I?etagjﬂ:e specific elimination oftarget cells was measure

by Temovifg Spi& Hllﬁ%ﬁ\ﬁé FRHIURG RMSEEC MR I 8 Ad 2 derpsuptandard
GESE fidse bengsdsyfiowreyiodreiibkhenlativa Aapetionef thenot limited

Q&pﬂg’tiﬁ) r éEing to peptide loaded splenocytes was calculated
relative tﬁh@gﬁw $906/138562 PCT/US2006/023489 control

(unload@d§BopulBtioresiddeaxrzs$édvas dsfispé cific dysindrigurR kR residuc in
(silepmhaashl irfblogd) sho In vivq eytetoxicity elicited by the . .
r gimens%escribe% ﬁ% ?:%}Jr}g&?@rdr%éé\{’ gf?'%%?stgesef}eggggéﬁﬁdtg’se, },/R\tf%}mn with
F S RARPTSSwesdie dsasesd Bernlyrrernndificotivres ndtinialmeistintesan
betiinspierrhandbiptatnshinteehrlSaaIec I 20a(mL ASWELL for
1,xgJml of na \r%l)é)églde (Figure 11). EXAMPLE 13 USE OF
X“Sﬁ)gﬁ% 558 ENBANCED RESPONSES AGAINST TUMOR
CELLSIf3261] Eight groupsiof Tatte =éphuig imyaunizednvith-plageist phe
%%ﬁ%mﬁﬁ%ﬁérﬁn@?wE%':S@f&%?%@é’n% oyt O e lanine)
resulted in analogs that have higher affinity with the HLA-A*0201 molecule and form

more stable complexes. On the other hand, the Lys to Trp or Trp derivatives analogs

have shown significantly decreased affinity with the HLA-A*0201 molecule,
although based on the predicted algorithms, the Trp analog should have a similar
affinity to that of the Tyr and Phe analogs. The experimental data demonstrate the
limitation of the predicted algorithms. For examples: Lys 41 to Phg substitution
resulted in an analog with improved affinity and extended stability with the HLA-
A*0201 molecule. The para-nitrophenylalanine analog was shown to induce the IFN-
y secretion of the wild-type peptide specific CTL at a much lower concentration,

although its affinity with the HLA-A*0201 molecule was about the same as that of
wild-type peptide.



nodes with 25ug in 25ul of PBS/each lymph node at day 0, 3, 14 and 17.

This was followed by two additional peptide boosts (similar amount) at

day 28 and 31, using a negative control peptide (Melan A 26-35 "EAA"),
nattiPat{3eptitié?r analogs as shown in Figure 9, [0265] One weERAf$2906/023489
the boost, splenocytes were stimulated ex vivo with SSX-241-49 wild-type
peptide and tested against 51 CEXakh®&d.Biihan tumor cells (624.38

melanamREA PRICHTE SIRRIARC See ROR RIS AL A o
K41 elicited immune respon
cytotoxifYPgaindtheiubrth RRmsCcetideprendiy grsheatuesidues at the N-

S Tnd e pitntadE XAMBIE 44N-FERMINALRROXUIMALPRIMARYted
ANCHO ODIFICATION(2ND AA) [0266] When the substituted
i

ARRIgYs B bl me th dhe dhigyé St enalemrisvikable 3),
biitblimgland Stabiliteqrodiies mmm?_amm w'mm? wqu%@qmm@_lay@,
| e. udge orl rovement.for each an varied,.
e D e e T e erasyce
BRsEifE SifinityCrAaRining the-d20 WnishstitmsioBuritie A4RE stabiit) dfttreved the

Ahdirpt DO ROMMRISX WAk betielothal thescomplexformes ey
vﬁ%lélt%%%e ptide and HLA-A*0201: the TI/2 extended from 11.5 hrs to 20

N8 RERHdG2 AR tombination suprifienions Webbtapring primary
mutioe the Hebbniagcration ohawdldt tipefepntideseRaaHiCatd bodtormation to a
% fg}(@%ﬁ:@wer concentrations. The 42A to | substitution generated an
analog with improved binding and stability profile, The -79 WO
2006/138562 PCT/US2006/023489 residue at the P2 position can also be
engaged in the interaction with gﬁ&\lﬁ,ﬁﬁeﬁain degree, This observation
was also sup rted b th r35qu§Vv’iTﬁTﬁé‘Zt2 Ato Ab analog, wich

wild-type ptope. EXAMRU@N-WRWN DARYAHOR
MODIFICATION (1sT.AA) ,[0267] The N-terminal secondary anchor is the
first anﬂl}?c?l Heid af IRERE ﬁ%‘?ﬁﬁﬁl°$§?sfvﬁ]fiﬂ?i86é?ﬁﬁ§&iﬁﬁ%?ﬂ,ﬁﬁée&?&iﬁﬁ$hor
rericda8. fobheohiryeheimiltbtypeposanyenaes istsehstitui@ehwithvaimarated to Ile,
[ Ik iInQ acid. Any more hydrophobic and bulky |
B P R P e et o
foebiie Hbskimbstingar, Feludhey sralndarshamidoimpidsedrislming séficiaydand

seineAcils. Bxamtesidace MaehahicRmaR aGdseds U LAIE ne
not i |t8d to:. Phe, Tyr, Trp, and D-L}/s. .
peptide C-terminal anchor residue also plays a critical role in the recognition of T

cells. (Table 4),

EXAMPLE 18
N-TERMINAL PRIMARY/SECONDARY ANCHOR AND TCR SITES
MODIFICATION
[0272} Substitutions of secondary TCR binding amino acid residues
generated heteroclitic analogs that did not interfere with the binding to the MHC

molecule, but overcame the tolerance issues of self-antigens. By combining the
substitutions of N-terminal primary/secondary anchor residues (K41F and A42V) and
the TCR sites, analogs were generated with improved binding affinity and stability
(Table 6). Some of these analogs induced the IFN-y production of the wild-type
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[0268] The residue of Lys 41 was defined as a secondary anchor residue

in interacting with HLA-A*0201 molecule, and it also engaged in the

int%;éczt& 5}1‘5‘@%? the T cell receptors to a certain degree. Therefore
modHications-of this position can generate some heteroclitic an%?gégsﬁqgfm“”

nAre. i eni more suijtable for, th velopment of tumor
\e/}g%g%geg?ggg% ?Aﬂsgslh%%v%gi%oqga eag??%’p?élgflnas%{f/ggi AR R S
Phdagfe (PHENy IS fdyD Apdlélunrsptienylalanine,
Para-nitrophenylalanine) resulted in analogs that have higher affinity with
the HLA-A*0201 molecule and form more stable complexes. On the other
hand, the Lys to Trp or Tip deriVeXdddBaBI1d8s have shown significantly

decreased affinity with the NLAERIZRAMAlSALIg; although based on the
predic ave a similar affinity to that

t orithgms, the Trp analog shou simil
Ot the 107 2 PICBASIOB% RERAAb et e Aetid Srlarapes vih an
'ﬁi‘?im‘hé {hrepiptitt algttittitnsn Fosiexra pi&ﬁ;_d__ygs eaggerﬁﬁlg dstaé)ﬂity to
n,{es ;gglg : with Improved affinity and extende i

?ttlabilgi;t;;;Ig ﬁtfﬁﬁe&ﬂ LA- ggé%%ﬁégglegéj%?xgﬁgpﬁagﬁas% RFSISIRERY/14Pa e Peptide.
AIIEYvasanefvitsaridisat aprogsNosy seigeiticanttheumilet: typie gisptigayith
SpHCfigCl a2 RUGRIPWET iGRRCRIILAL Its.affinity with th

%%IA-A*O 01 molecule was atl)out the sﬂaﬁn?ga?g:g#g E%/{)/?IC - ype)%%%‘t*?a%&"d‘%
A0 T Soss SO S A P B "ER AL EX NLTE viasabis
PRINVIRY (BEQGINFSRANCNOR MODIRGATION; 102601Whan Bothrype

| econdary. anchor residues at the N- terminal were modified,
e P eIt G U SROAR b isrovier Ay 1
ahdl SidadenhstailitynnitithieoFiha 10203 rpebeiaule (Trble 3). ith Q}ﬂm
2V).

tions;. (KA1Y, Ad2V). (KAlY, Ad2M) and (K41(D-Lys), A4
B I P b PEE e Dbt

specific CTL. Combining the K41 W substitution with A42V or A42L

improved the binding/stability %%%éi%gﬂﬁ%analogs also had desirable

cross-reactivity activity with th tide, The combination
modifications of N-terminal primBECAMERSand secondary anchor

%&?ﬂ?ﬁmﬁf ﬁ*%i@%%%%%@%%%@ﬁ&%ﬁ%&w o
PERIRACS VOB RS PERIREfOY £ miis ©-tltvmieral WabroRious
thsemittiayper Peptidendd§-mpréferrachaneliGequence were both found to possess
a binding motif for the same MHC, and had the same N-terminus. From the
standpoint of proteasomal processing they are distinct epitopes, but were nonetheless
antigenically cross-reactive. In the case of the wild-type epitope SSX-24149, the
epitope is a 9-mer peptide and the 10-mer peptide, SSX-24;.50, lacks the appropriate
MHC binding motif and showed no immunological activity, The wild-type epitope
was therefore lengthened to a 10-mer with amino acids that could create the
appropriate binding motif. As shown in Table 8, while many 10-mer analogs have a
lower binding affinity with the HLA-A*0201 molecule, analogs SSX-24).50 (A42L,
Y50L/V/Nle/Nva) showed improved binding affinity with the HLA-A*0201
molecule. Two 10-mer analogs in particular, A42L and Y50 Nle/Nva, were able to
induce IFN-y production from T cells immunized against the wild-type peptide at

lower concentrations than the wild-type peptide.
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residue. However, improved potency was observed when it was mutated

to lle, having one additional -CH2 group. Similar improvement was also
observed with a Val to Abu substitution, The other analogs showed
imr}?]&/%oc?%ms&ﬁfg affinity and stability with the MHC molecule. THelrESH1p4/023489
of these analogs indicated that the peptide C-terminal anchor residue

also plays a critical role in the recognition of T cells. (Table 4), EXAMPLE

18 N-TERMINAL PRIMARY/SEWCHOR AND TCR SITES
MODIFICATION [0272] Substit ndary TCR binding amino

acid residudsSgedr AN 4 hexe i did OMERGO MEL DOLER Idtef#ONwith the
binding iy ¥a3¢ MHS,.moleeHSs:, E(@lvﬁ{é:adpﬁ(}EE 59ulxe¥§[§r>}%§flﬁstsggsir%}carovement

self-antigens. By combining the substitutions of N-termina
pPFRPsBEGRT ReRRO T dRidfEaERd TP SRS/ aitda thenBC Rysites, and
analegseveralarneniedaiib impmyetRindpg-sfinitiand stabiliy (Lah'ene
6§. ome of tr}@e analogs induced the IFN-y production of the wild-type
B0 5006/ p85°p aCEE G B89 PéptaP st ety caaemeious

comckntiatiahisesutilasd4d, the AdgEdd{dvadd (hlg) imptanisanthikdion of

I 4 / le)smutants. EXAMPLE 19 N-TERMINAL AMIDE,
[('1512{%1% \Ige%)@?r%gl E?é%%ﬁt%@éﬁ ?rggﬁgfa Soxylic Acid & HRPRRHER M5 vsing

it danersvae ihevpeistithe Selhifitginnbptto§ieasneedia Byocotetringid, Sci.
stablisy fpnuotelyein anshepnleried dieeplity kA IPAIERARE 905, Tess o
resistance to the peptide. However, some of the resultant analdgs lost a
R AR AR O HhehSaerHEY (it PRSI 8b e s uedliens 2:279-287,
ingaanegRLLion s Astigenie '&p&a@m@q@dh {})éncd@m%}r‘egilﬁ’éﬂfeeh
analogs djsclosed. herein at T lost their binding capability with MHC
moIecul&Z%X-z fﬁ%}%&ﬁf@’ (2%&% ?e?é?ﬁ%d%??@écﬁ%?%itﬁ%ld%ed by
prsptidiaspmeific Bl Repmicdted byfiiswapabilitywfirdueiRgdhtied out using
I -y AatA similar jon to that of the wild-t
Lo (20 R Ve Rt WRpgems and
| RO RO SteR IS fer edhtenthatio HiEXEAMPLEDY BEGAMERS: CTL,
[@2itd gbhe irnaiin otbyRieAIMNCRIRGIPG RePLdasYaries-Irom 8- ML IRy ang
1&2;%%(1 most H A-,})*g)ZOl blndlrflgx%eptldes are 9-mers or 10-mers. In
prviole BESERASAS IR TR B RIS R B BMG R Anrewsiende ragh ef
baithfetindviochassessporated herein by reference in its entirety. Briefly, monocyte-
enriched cell fractions were cultured for 5 days with GM-CSF and IL-4 and were

cultured for 2 additional days in culture media with 2 pg/ml CD40 ligand to induce
maturation. 2 x10° CD8+-enriched T lymphocytes/well and 2 x10° peptide-pulsed
DCs/well were co-cultured in 24-well plates in 2 ml RPMI supplemented with 10%
AP, 10 ng/ml IL-7 and 20 IU/ml IL-2. Cultures were restimulated on days 7 and 14
with autologous irradiated peptide-pulsed DCs. Immunogenicity was assayed using

the in vifro cytotoxicity and cytokine production assays described herein.

EXAMPLES 22-30
TESTING OF NY-ESO-1;57.165s ANALOGS

[0277}  The analogs listed in Figure 13 were tested for activity, such as
binding and biological effect as follows in Examples 22-30:
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a binding motif for the same MHC, and had the same N-terminus. From

the standpoint of proteasomal processing they are distinct epitopes, but

we ess antigenically cross-reactive. In the case of the wild-t
eplggé]e% §%{%%zﬁ 09, the epitope is a 9-mer peptide and the 10- rgT/USZVO(/ 023489
peptide, SSX-241.50, lacks the appropriate MHC binding motif and

showed no immunological activiBXAMPIHEREpe epitopc was therefore
lengtheipckine AC-MOTMINRDIRTREYS IR FOUIITEARCARCANAL OGS
approprlateﬁlnam moflf Ks sﬁown mlab'le 8, ﬁl : I()-mer A
analogs PeBS BTN A L ASINGEE LG g,

analogg(a%s- 241'1:59 a(ﬁ’eéaé-y fféﬁowﬁummw@/m lﬁpﬂﬁ@&e@immagmgh

affi with the HL A*OZOl oIe Two 1 mera artic,
A B A T S BT, TR oo X haeo-
|rir1mumm@d(agamsmhmww{typwwpm¢é azbrh)wer(Ergtmr]ﬂ}itlanmﬂsm itheerse

ild- ' / 2006/02348 PLE.
i A oy SR e
BPeReiRTAteHOR ata GaCHe reprisahemewripediatakine m@uﬂﬁ@n at any
VeleldamRgRitepsaisdp. increased immunogenicity in a human system and
tolerance _breakin leferences in_the TCR repertoire, whether due to
germ |I§§ a?kerergeg§ O RRSTemtes T hggaﬁ\?e teshliedon, analastitat partially
peteintid| MIfiVe ahiomaldusosestdtsvitp aitlrass Buehdspuasicthe analegsinal

use In vitr unization of HLA-A2+.blood to generate CT
mé? ﬁ)ﬁlqu%%@cﬁ%ﬁ?ﬂtr%ﬁrir‘?m%nl %‘%olf?l eVen t u%n% nalvuntcl) sr}egrerﬁ%o% fhe
irPepBdfeiel asorsesdhpleis Szaihsd‘:émf ;, Whoead bl SA¢adsuBed, iU@Aial retention
8k 48y VR aliiAdor Al $liRlanBNARS RGRo WOV 2[4%7%&%9&11‘5@(1 in
Tsai et al,, J. Immunol. 158:1796-1802, 1997; and Chung et al,, J.
IWWGM@?@WS 1999; each of which is hereby mcorporated by

referengg2goiheir peitesy. {@ﬂﬁa@pmﬂsaﬂymawQﬁér@meﬁﬁmaalﬂgmﬁ or

were urified trif at on in Ficoll-H om huffy coats. All

cu u\F@s Wereéjcé?ﬁ%% AU ngﬁlém%l??olo &ﬁé?ﬁ%%%%‘mﬁﬁ %cﬁﬁa}’ relative to
etyeosilketippotenidal xemdgeueitipatiogens ahd arﬁmgnmimy @fd: BBterial for
PRPHLE S0, BUARING IRMEG: %ﬁf@ﬁé@t&%g{tp%% Sesftdte

cifi
autologous dendritic cells (DCs) were employe é S Were
generated and the CTLs were induced with DCs and peptides from
PBMCs as described in Keogh et xaln@G08 pwhich is incorporated herein

by refere 1t Briefly. monocyte- enrlched cell fractlons were
CUltUM&Eﬁyo Vot \J% ! a0 A1) T ALOGS

additional days in cuﬁmmﬁmmmwm@mmmns to mduce

maturation. 2 x106 CD8+- enn%&ﬁ%gﬁoates/well and 2 x105

peptide-pulsed
[0281] The strategy from Example 6 was applied to scan through & library

of analogs bearing two substitutions relative to the wild-type NY-ESO-1;57.165

epitope. Simultaneous semi-conservative modifications at position 2 and 9 were
found to have profound effects on the immune properties of analogs, depending on the
precise identity of the analogs. Combining L1581 with C165V or C165L further
increased activity relative to the wild-type peptide. Similarly, L158V improved on
the activity of the C165V or C165L analogs, further increasing such activity relative
to wild-type peptide. L158V partially retained the activity of C165A or C165]
analogs, showing an interesting effect of double mutation of primary anchor residues.

Similarly, L1581 partially retained the activity of the C165A analog.
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DCs/well were co-cultured in 24-well plates in 2 ml RPMI supplemented

with 10% AP, 10 ng/ml IL-7 and 20 IU/ml IL-2. Cultures were restimulated

on days 7 and 14 with autologous irradiated peptide-pulsed DCs,
mPﬁ@n%&%H%?@ was assayed using the in vitro cytotoxicity and %9?6%306/023489
production assays described herein. EXAMPLES 22-30 TESTING OF
NY-ESH28357.1 85 nlimieos SHodifivativne ahateyddistet] im&iguhed] Prafenend

NY-ESBRibT SolAT Phe aha Lo
%np‘f%s 0 R 2008k TAEEy RO LBa00I6A R0, LA

Ex

3RO SSREALETNATY RS FONEtronalinga DN (orlaiae oE® sition
su&smua&a;&anﬁasw@ﬁ&g@&w%ﬁd@ Lﬁgﬁflﬁﬁ‘&gﬂ [Ql?_eg&m e
trat 0 e (EX e was applie to cantroug a liprary o
R Y e, DR H LR 5 i SRR SRS G EL or
115712 e6repitopedipatsialbtives(ardwiie dypev ef stenS RigyreniB)g A SHORg, A-
i QN tween inimal, required amaount of
R T Al o e
&@kﬁ%@ Provsiitantatang s pttitiiorcdithn atmdod 627 9Substitotionseful
LR Wik mefhlkyasyindithanaleos hat paigivsetaingd MEGLIAING me

and crgss-reactivity with the T cells specific for the nominal epitope.

SHBEEHWON'G? 155 withPRITGHSRS Pehecrmdn dfogrdreatdrel #1dHe a lesser
peptidé.as aeseiseditiithistmeibedoRuivherenmt La8Ygesuliaskine more

jal.retention. of activity. Maodification,of C165 with an he amino, . .
T RO R P IO R el e esaue in

thepntaactina Withel b stitlitheney imelh benefmimintbpositibe pepédeewhditity of
&ngk pEeRRAL with retained but not increased activity in this assay relative to
the wild-type peptide, can be useful in humans. In addition, they are
material for further derivatization to improve on their properties, as
described below. EXAMPLE 23 G8@85-REACTIVITY AND

FUN VIDITY. OF ANALOGS SUBSTITUTED AT TWO
PO S, L g‘as. é’l:s'.. '-.‘.!..\3._-_.;—57'?'_.. 2 :“ & AN
applied $/BSGHTRFO#Ih ATiMEN TOP BRAOS DEONSY PRSI Utions
relativegogiie wildrtype ltt\éé, 0O- 157-{6 epitope. Simultaneous ,

semi-ce([)nse vative modifications a Xy%gl |?ogh %ﬁH%;%%Pescant ough a library
of analogs bearing multiple substitutions relative to the wild-type NY-ESO-1 epitope.

O AN ) VAN

[0284] L158Nva or L158Nle considerably improved on the activity of the
S157Y C165V mutant. Combinations between V or I at position 158 and V, L, A or 1
at 165 partially restored the potency of analogs relative to the wild-type peptide.
S157Y L1581 C165V displayed increased activity relative to the wild-type peptide
and S157V with C165V or C1651; and S1571 with C165L or I retained MHC binding
and cross-reactivity with T cells specific for the wild-type peptide,

[0285] Triple substitutions comprising Y and V at positions 157 and 165,
respectively, in addition to L or N at 160; A, L, V, or N at 162; or E,Dor Tat 164,
retained the activity of the peptide in this cross-reactivity assay, making these analogs
useful compounds for breaking T cell tolerance in vivo as positions 160, 162 and 164
participate in the interaction with TCR.

[0286] Triple substitutions comprising 157F and 158V plus V, L, or I at
the position 165 showed activity in the assay described in Example 2, In addition,

triple mutants encompassing S157F and L1581 plus V or A at position 165 retained
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found to have profound effects on the immune properties of analogs,

depending on the precise identity of the analogs. Combining L158I with
@5‘13/ g}ﬁ %_ further increased activity relative to the wild- tyg 1023489

pepti §m llarly, L158V improved on the activity of the C165V S et

analogs, further increasing such activity relative to wild-type peptide.

Lastinpdiresiberetiipe datianéeing dCrebicnitassivanmions-Ehewirgure

apriptarpRing affestf double mutation of primary anchor residues.

S|m|IarI LI158I partlally retained the activity of the C165A analog. -84 WO

200611428¢b P FRIES Bl JBUAS'S [BRDT LN FHAHSb s fidighss S sent

pSSﬂ’th&olg@]iHi Qwhtad psefount effesys ahdhed MBlRedrOPeHies asdd activity,

analo epe the e |dent|ty of the analogs. S157Y
cor elgntseétit;vltﬁpa(g, on?&??t@f dt' fre (norleucine) at position 9

resulted in substantlally improved activity over S 157Y alone or the
wild-type peptide. The C165V %’NI?EE I scued the activity of the
8157Y mutant V NH2 or L NHZat position €

betwesnéoi@ﬁmw tmz wﬁm@m@mﬁﬂh émibﬁr@km%ﬂm

retained strong act{ylt / of the analo and ma be more Use ul than single
mutants at positior3eR O 1982 RE &3 -Ldidue in the

interactiassjth TCR. s@em@;rﬁamr&mmeem& &ﬁm&@w sMaﬂ-tHr@ﬂght@ [brary
leo%sg{al yéé oqla dgéam e chsr’ntI%QStret Q ed strop% g}gflon f the an 1%9 While

and may-be more usefu Singie Mutants at posi 6I7Lfé5 B e
paRicipaen dseHeldrsedesigiBdmttiie WireractivitywitarFOR sibdtitud @veralthis
bg 5@&% Q¢§r RAdRE RERYIAE, SOUNILItY 8T 46 At ROSIRAe L EXAMBbRZAith
CROSS IVITY AND FUNCTIONAL AVIDITY OF ANALOGS
SUBSPIFEBIATMULTIPLE POSITIONS (FIGURE 13A-C). [0283] The

strategy[Mm] EX&FBptlﬁléS aap apRiedinisaas el tNE Y, AP RIS ith
%r%? % Ie Su Stlé utions rel tlveﬁg the |Id t pe NY-ESO-1 epitope.

VSt TR RPTPRE: suﬁ’e %Iy Beé’mﬁeaé?:tﬁm%/ S for
S&@V%@leﬁvqmtaﬁtnﬁnnmbme&mnsebehmem \5 ondrat hositid 1S aastigen-
Vinjuée % élladélaﬁé Fgfj‘g@g ¥ %Q\Eﬁg t!l‘a NEY:Q f1g<r:]rae|aosg§ el%ﬂve tgntlgl%ss I

wild-type eptlde L1581 C165V |sp ayed Increase actlv

réYsd Veihtypadibedidricestion yeth/Tiakh d‘i’ee\ﬂms@a%qgem useful
53&%}%}3&&@%&( | retained MHC binding and cross-reactivity with T
cells specific for the wild-type peptide, [0285] Triple substitutions

comprising Y and V at positions 157 and 165, respectively, in addition to

L or N at160; A, L, V, or N at 16EXAMPIT¥drelat 164,

EVALUATION OF IMMUNOLOGIC PROPERTIES OF ANALOGS:
PEPTIDE BINDING TO MHC CLASS IMOLECULES (FIGURE 13A-C)
[0290]  The affinity of peptide analogs and the wild-type epitope to HLA-

A*0201 was evaluated by T2 cell based assay (Regner M, er al, Exp Clin
Immunogenet. 1996; 13 (1):30-5, which is incorporated herein by reference in its
entirety). For the binding assay, in brief, T2 cells that lack expression of TAP, and
thus do not assemble stable MHC class I on the cell surface, were pulsed with
different concentrations of peptides (controls or analogs) overnight at 37°C, washed
extensively, stained with fluorescently tagged antibody recognizing MHC class I (A2
allele), and run through a FacsScan analyzer. Peptides that bind A2 stabilize its

presence at the cell surface. The difference between the MFI (mean fluorescence
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retained the activity of the peptide in this cross-reactivity assay, making
these analogs useful compounds for breaking T cell tolerance in vivo as

po%'v'o 6? f‘162 and 164 participate in the interaction with TCR. [0286
Trip é)g(&ilﬁé ions comprising 157F and 158V plus V, L, or | at I:‘tﬂ’E;USZO(}A/023489

it showed activity in the assay described in Example 2, In
) RPN e SAERG es i onlpe s e et (o

peBRiiGHA b5 dipipadidg 55\ O12006/ HBBLE2RGT W4SA0RE/023¢3Res between
Ativityanho , nderline the.com interactive and |

non-linaena[ gg{ﬁ% cﬁ‘im};]u a%%&%bgﬁtéﬁ%ﬁg%Sﬁ a‘fﬁi%strig@l?mﬁbﬁ’@mmg
CONRPRISAGRS PEPRRtida dthes dsifi grrasurtoent SABZTnogbthed Witk hE8Mangels

bEpdtishalved rtaingekRlTeBsgdactyify; respectively, relative to the
wild-ty tide. EXAMPLE 25 CROSS-REACTIVITY AND

FUNC L AVIDIFFOR DEE RNERS - IeTNiFABSING TidErs that are
O Sy [y T e e e AR RO e s0%
- stra om Example 6 was applied to
scan%%ég%ﬁi}gégén%%%ﬁ%%gaéoﬁg a%H:LE%?ﬁ‘EF @ﬁ%&‘ﬁf Ja&&ihly thed is binding
P e Yo B Sceners 7 (b8 5ipeptigeptidbile the tecamebisalEiasketaximal
sigmticant s vaire aetivity . vari stitutions at this, paosition partially
P p BBl SN B R et o e
el §Fupal dindmesdr bigharthakalorstheithtsinviandrereduced activitynd

eVl (huiblsdthes etaippakerosstreactidty) comparaddo;the wild-type binding
Eﬁ%@%ﬁsre Stlg ug:efe I%‘IQJr |ndt¥#%tlo,n or boost of Immune responses dueto:
i) more imited ATCD (Ahtigen=ihdakst e persist) Shyhighse ied io decsivityry

Ufe tIntnsasetstabiitysorutasof MGEanObSESRNMRINSHno acids at

; ; - th | useful for breaki
e ANEE SRR B B no Ueicandor Tox, v

Preyerk s iom AMECOBSIRERTIDE BNDING 50 MEtGsCL AR bgated

MR GIdLES (R = ffinity of peptide analogs
and the wild-type %gﬁ%el%ﬁ ¥ %AE[%O%%%JWES%&%%&%@S VPPOSHEIRD 2L 2

LS g Rar ey S ibemps Wik orepasifinagenet. 1096; 13 (1):30-5, which
is incorporated herein by reference in its entirety), For the binding assay,

in brief, T2 cells that lack expriigigg of TAP, and thus do not assemble
stable MHC class | on the cell , pulsed with
METHOD OF IMMUNIZATION (FIGURE 14)

{0292]  Eight groups of mice (n=4) were immunized with a plasmid
expressing the wild-type NY-ESO-1;57.145 epitope by direct inoculation into the
inguinal Iymph nodes with 25ug in 25 ul of PBS into each lymph node at days 0, 3, 14
and 17. This was followed by two peptide boosts (similar amount) at day 28 and 31,
using a negative control peptide (HBV¢), wild-type peptide or analog as shown in
Figure 14,

EXAMPLE 28
USE OF ANALOGS TO TRIGGER ENHANCED IMMUNITY AGAINST
WILD-TYPE EPITOPE, ASSESSED IN VIVO (FIGURES 15A-C)
[0293]  To evaluate the in vivp responses obtained against the wild-type

epitope, splenocytes were isolated from littermate control HHD mice and incubated
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different concentrations of peptides (controls or analogs) overnight at 37C,
washed extensively, stained with fluorescently tagged antibody
gr%d I—é C class | (A2 allele), and run through a FacsScanT
yzer ept es that bind A2 stabilize its presence at the celf$d

e between the mean fluorescence -86 WO
%ed%qg%%%% %6%@7% oPTRESISHS 2diraspordnsg slis giese then
émmmmmwd@mﬂﬂﬁ&m@@&%@e@fwh(% Sdipdi for 15

ctlon how many stahbilized complexes between M
gﬁg{i#egzt fil displ a;%%”&%?ﬁ@iﬂ%&@%?@%ﬂ%cwué aatqﬂm!mgmber of
eoRfERhtriskneytos p@m@mﬂhﬁﬁ’ﬁmmak@ﬁm(ﬁgﬂt@&g%s later

%IW| I a8 measurement of both Ko" and Koff
In F%ﬁiﬁ’% %gygﬁé%é%uanﬁedswg&g FREGH g Ahe Apleens and

miERalg e 1aaimaaxmmdl riealingrEh € PEPtidaceneep alipnfiow

gyengeE0% T Hef Mg isignalicesresPardp d re atlve afl
é % hat is bi 1gfﬁi@ormahzed tgiagﬁeﬁ%é%wycg V?Isllg peg é’teg )1 ?Oegded
& rato

Soras iy t‘b?ﬁﬂﬁ@%ﬁ%mﬂﬂdﬁdvavwwlpemdexpwssed

etwe

@m&iogpamﬁchm;mr mguues\qnmnmah%waf et masimaly mice
q henléo1 tt{ f? %teractlon between an analog n,d
MHC molecu &S, In F igure Y HR&r 1830 Bribows heserinkls \mﬁtgamy n

WGIW&%@@ mhpm\%drxcelanphﬁedhmmndﬁqmeﬁep&m&qqgm 15C

gnw@\@g bimdRER:SRTEY L R Qr more Substitutions of standard
%‘?ﬁ on-standard a%m%ﬁai.d%’%}%g% Hlona“th AP BB WH ty Plasmid and
k!

FPS&006/023489

1R Tehrosb ot METE and/or TCR, with an overall effect
on MHC binding that is dependent on precise / conjugated modification.
Such peptide analogs are usefEmepmgytlc composmons orasa
9

VIRV, G PG TTHB PRI IEEGAM'%%ED
NY- ESO 1157- 165 epltope ﬁﬂégd[c n into the InguinalTlymp
nodes with 25g in 251Al of Mh node at days 0, 3, 14
and 11954k walrfcwaet s repdiisiastsdsinilasanednt) Btae g
228 asidSih: usﬁﬂg;aou@adgge aoatal wild-t tide or

tanag eho nin Figure 14, EXAQI\%I%%!’E&%%@%B E %)Iu—Z Kl\fﬁ%%’éﬁ?@gam“
TR %@%ﬁ%&éﬁlﬁ&rﬁ@%&%%@mmmm&& wild-
AS SEBHE RNV VRuE GERES é‘\%a@c{gggéauggt%/ Jluatg the | eligdva\rlr?p lify

ses obt ined, against the wild-type
PRI using p bmid and peptide analog respectively for the two Stages, Results

expressed as average % specific lysis +/- SE showed that the analog L158V C165Nva
induced the highest activity and that the analogs L158V C165V, L158V C165Nva and
S157K L158V C165V showed an effect in the same range with wild-type peptide or

the C165V mutant. Because multiple substitutions can alter the TCR binding site,
such analogs can be more useful than the wild-type peptide in breaking tolerance
against a self epitope. In addition, the S157K triple mutant can ameliorate the poor

solubility of the wild-type peptide or other analogs with direct practical implications,
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epitope, splenocytes were isolated from littermate control HHD mice and
incubated -87 WO 20061138562 PCT/US2006/023489 with 20pg/mL or
419/ml of wild-type peptide for 2 hours. These cells were then stained

with B B8EEAH CFSEmed fluorescence (4.0M or 1M, respecti&lj/§or086023489
minutes) and intravenously co-injected into immunized mice with an equal
number of control splenocytes ESusdPIWRIBEFSEI fluorescence (0.4M).

| S\,
LASR RSB 105 PRECHER N ru,i?*g%‘d%%?rf%&ﬁi o a?éﬁ@@ﬁﬁl_@

h!»-‘-x.!‘ a.'ﬁ'l_!i!.‘.‘.' IO

of the populations correspon gtpﬁl ded splenocytes was

calcula ﬁg ative tq the control (unloaded) population and expressed as

% spe @i %%sﬁ%wéitwmqﬁ Drotregtatesaargdrimiisample

réteﬂnm@)tw@vn@%\mzﬂmeldaamm xﬁlm@xﬁmshwm@w&%amd
tolc a%@' lmm nlze%\i/%ig and amplified with wild-type
pt| tre" ShOWSvﬁ;l a? c‘é’ﬁgt%‘?ﬂtlﬂfté\{gx%ﬁ%ﬁlmiééfor 3

m:hﬁmimd nestieqlasinidanchamplified mﬂa&heam@&%‘éé&v@&kﬁ%\{m-y

MPARISON OF VARIOUS ANALOGS IN TRIGGERING
=G GaTe

. UNITY AGAINST THE WILD-TYPE EPITOPE
ASSEJER0]17vAINGE IFl@NReESmm&Bc{mmmlmeammm thgee levels
'BTTFN%@H%%@%&}%?QKR% %‘»@Sa%%%ﬁu&”%“ I}i‘ggalth r analogs

methodology described in the Example 9, in vivo cyt oxicit

SHILELES Hoktad Wit fifitdd 8V CRigiNa 6A) bil S8BradptMm atdumsalifiteells
miﬁamlidowedpﬁia%i@e@%ﬁi@%? HORLWAS £ Vs d@&@@%&@%@%ﬁﬂh&%ﬁ%w

en n and am oto g plasmid and peptide analog

respe |ve]i)y1?o ig%é E‘egﬁﬁgaséx&éé d B8l deadedyses daeitesed

|9@3b*]@t55f§ h d)tm?m o) g%itg% LI58V %ﬁlﬁgg Itli%&edq@& the
that the analo va an

%%%@élg? i ngg nFgl eeﬁ% 5?%the same range with wild-type peptide

or the C165V mutant. Because multiple substitutions can alter the TCR

binding site, such analogs can%isg‘ul than the wild-type peptide

in breakln tolerance agalnst a In addltlon the S 157K triple

analogswﬂh dlrect practical |mpI m 88 WO 2006/138562
E'ZU'US‘E%)F ANALOGS TO TRIGGER

PCT/U g%6/0234€;§ EXAMPL
ENHA IMI\ﬁ’U HrgoRedIR& 9ty plates containing class I monomer loaded
with a so-called placeholder peptide were used to evaluate peptide binding, affinity

and off-rate. The monomer-coated plates were supplied as part of the iTopia Epitope
Discovery System Kit (Beckman Coulter, Inc., San Diego, CA, USA). Assay buffers,
anti-MHC-FITC mAb and beta2-microglobulin and control peptides were also
supplied with the kits.

Binding assay:

[0298] Native peptide and analogs were first evaluated for their ability to
bind each MHC molecule by binding assay. This assay measures the ability of
individual peptides to bind HLA molecules under standardized optimal binding
conditions, Monomer-coated plates were first stripped, releasing the placeholder

peptide and leaving only the MHC heavy chain bound to the plate. Test peptides were
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WILD-TYPE EPITOPE, ASSESSED EX VIVO BY CYTOKINE

PRODUCTION (FIGURES 17A-B) [0295] In the context of the

im %nziggaﬁiogs 2rotocol described in Example 27, and following the

challénge §&3tibed in Example 28, splenocytes were isolated, Pﬁ&é@am"mm
and stimulated in vitro with 10M of wild-type peptide NY-ESO-1157-165

f&ien igkadycgdyandespriimad oldingerpeditinasvelenpamitstbe and-MEC-FITC
GaReentaton ot Iy easured Ay &k ISAJ0390]ANAlRIA-FPBNYAA b binds

C165V induced T cells that produced large levels of IFN-gamma more
rRSTarR s & diveidatl gergakec1 7Aherstaes: dhalfyaresaercagdntensity
tsm&% (Y @aﬁﬁwieéba&é %1?5@@]: IF&@Q@M&&@%@% iRgdcesnbies!isin
roduced increased.amounts o -gamma, upon ex vivo |

rgﬁs&#mnﬂ?get?onev%ﬁ%@ 5 ggﬁﬁ%?ﬁﬁén%fﬁﬁ%%@&% PO control
fedieiititopiodided inchedsedindababibiytofvEreadiptesprodduceitiMgy, relativelogs
t ia-ty eptide. following t rotocols described in Examples
B R R B B R e Sy
ks affritEyvdRifsRauremA TESTING) [0297] Avidin-coated

microtiter plates containing class | monomer loaded with a so-called

p%gﬁeholder peptide were used to evaluate peptide binding, affinity and
< onomer-coated plates were supplied as part of the iTopia

Eréitomﬂmpgvifmx&hstefﬁmcﬁmkbmm ?ﬁlﬁﬁﬁéaﬂ @g-ip&a@ lef&g@l pﬁ@ek&older
A), Assay buffers, anti-MHC-FIT Ab andbeta2-microglobulin an
T B e T W 0 2 s v or o
Igatbre ghefsticeranatidedlty e wenesfirst woliuatddifontheid ability the bioeditions
eRchNIG ggule ing Al measures the ability of
indivi:jual%g%)%%deg tgﬁ é‘fﬁé@ﬁﬁ%g’é@ﬁ%ﬁﬁ’%ﬁ?hg |zoéé£2)8 |Srﬁar%/8p{mse
SRy VEBh BRRSFREC M BHB N BFieBatef pere s Theremipsnstep peptideleemiitgd to

thenplacstmaldemdepisauandde adpgiany HeMhiGheavy chain bound to
the plate. Test peptides were -89 WO 2006/138562 PCT/US2006/023489

then introduced under optimal folding conditions, along with the anti
JReE BE€ymADb. Plates were incubated for 18 hours at 21C. The

Therefots e oo aingc Han 5 et ot et eIt s 18 s
rislerbelitn thie p¥p tic etsnatvil ity tosfapaptidemilex plaths MEIE theal@ailBatReh the
%QEE%%&%B%XYS‘% %Ygtlééa&?g’f%a,ti\‘f%et %Ita}&gspvgesljg\ge%%}gg lat multiple time
points (0, 0.5, 1, 1.5, 2, 4, 6 and 8 hrs) for relative fluorescence intensity. The time
required for 50% of the peptide to dissociate from the MHC monomer is defined as

the T1/2 value (hrs).

iScore calculation:

f0301]  The iScore is a multi-parameter calculation provided within the

iTopia software. Its value was calculated based on the binding, affinity and stability
data.
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peptide provided in the kit, and the results were expressed "% binding",

The analogs identified as "better-binders' relative to the native peptide

were subsequently analyzed in the affinity and off-rate assays. Affinit
as%‘é??f&%b%iélzor the affinity assay, after the initial stripping of ffef/US2006/023489
placeholder peptide, increasing concentrations (range 104 to 10-8 M) of

each test peptides for a given BieA@PEE added to a series of wells and

et s i GRS ISR R B ere re o

the fluoro ¢ using
Prism §5¥%hre. T airangaerd¢ peistid@Téd uive tonaehieve B0% BEMA 255207

g%?_ﬁH@'{'f@;YéQE PeePHahaSIRIDT0 yRlUG P TRIEBRFMIPINY fFALNE 3, 14

fi-rate assay, the plates were washed after 18 hrs incubation at 21C to

rafhbldmrcresiRiisidle BorstorRieRaREre Yah MetHateestigevith the native
piel:spesifiepmonenderplatagais 7Crlfn RlalesmuerRmeasia@sitiA*T A2

tiple time points (Q, 0.5, 5, 2,4, 6.and 8 Ins) fqr iV .
Mt Rer g et TaCur st oot R s blocking
aisgodigteatrovartbesMEHTC mtnomertlhs definksl asxitvestd/2svdluesflarsic lysis
' lagian; ISCOkR | ti-paramet '

e e T e ooy o
BRHgiHY 2 dAThignArprasiinn dAHC oo vobéilisgsepfirming display of the
POUIVSR{06/02 8488 deXANPLE SZMALIDATION:QItoWiE immune mediated
ANTIGENICITY OF PSMA288-297 [0302] HHD transgenic mice (n=4)
iFhHRERSiI28Y with PSMA28s-297 peptide (259 in 25! of PBS, plus
12,59 of pl:C to each lymph node) at day 0, 3, 14 and 17. One week after
the boost, splenocytes were sé g?n‘%:siﬁé\_/gwith the native
PSMA288.297 peptide and t -labeled human tumor cells
(PSMA+ A2+ LnCa( Ndeich: AN LOACHD cells coated with

MHC clgsgdy b'OokHéQ@QyMtﬁ{ USE 10 AP0 THELERWEY for various

expressed as % specific lysis (mean+SEM), showed that PSMA-specific

FrEBREiferech s tBnSEhehai ERASRRIENE ff hirdirorrerspendBiporith the
i Ce Gipisspk il alattin dpenititinorelisplay-of e pRs MAsepitope on MHC

class | of tumor cells in a fashion allowing immune mediated attack
(Figure 18). EXAMPLES 33-38

EXAMPLE 33
CROSS-REACTIVITY AND FUNCTIONAL AVIDITY OF ANALOGS
SUBSTITUTED AT SINGLE POSITION
[0304] Using the procedures described in Example 31, the binding

characteristics of PSMAygs297 and analogs were assessed in comparison to each other
(see Figure 19). The positive control for binding was melan-Azs3s A27L. Cross
reactivity with the native epitope was assessed by using the analog peptides to
stimulate IFN-gamma secretion from a T cell line specific for the native epitope,
essentially as described in Example 6. The data shown in Figure 19 was generated by
stimulating with 10pg/ml of analog (approximately 10uM). This concentration
generally resulted in maximal or near-maximal IFN-gamma production for the
analogs and thus was chosen to represent cross-reactivity.

[0305] The observed affinities of the analogs are reported in Figure 19 as
EDsgs. Met, Ile, Gln, Val, Nva, Nle, and Abu were substituted at the P2 position, and
generally resulted in similar affinity. The Nle and Met substitutions also maintained
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TESTING OF PSMAms_297 ANALOGS [0303] The analogs listed in

Figures 19 and 20 were tested for various properties such as improved

affinity and stability of binding, cross-reactivity with the native epitope,
anﬂ%%%%léé%%icity as follows in Examples 33-38, EXAMPLE 3B8CT/US2006/023489
CROSS-REACTIVITY AND FUNCTIONAL AVIDITY OF ANALOGS
SBETIRLTED ATISING bit,OS| T QN0B0A pOding thtipracdédurasThe Val,
descring A, EXAnRIG R MEiRdING, S Aste érg&? o P@ {5488-297

and ’anzéggs WGFE%%SSGSSG iSn clompgz\ilélison to e%c other sléglgri:igure 19).

The po&i#falcontiailiokBindiry Wik MelaremosBsingsl fardss e attivity PQ
VR BRI SIURRE. WAS dssersediRIHSIBeHNe ANRI0g, PaRidesiAng Nva

stimulate IFN-gamma secretion from a T, cell line specific Tor the native
e%ﬁétbté?w&éswmﬁ cSRPIBE h BRAMBIST! ThEcasd SronRaRnEigLIEN-
I8mias pedecatedndjcasiig dtasingwithitQglintiof araleglpriexdmatebproved
]iOM}! ‘ghis %anentration generally resulted in maximal or near-maximal

I -garﬁma ﬁOduction for the analogs and thus was chosen to represent
cross-réiitility. [0BoSeThélablerved AtfimisigsofuthmanalRigmaireaiepd e lar
in; : e

BiFdhY S rhatf SR R MRt life iy ¥%%$M%&§é}g§ﬁj§e ;ﬁfﬂﬁi%eu’ Ser,

substituted at the P2 position, and generally resulte y.

TR NiBrafaberEvEomstRttBss Bidd nramtionedlso Inwia#oob 1siedse 2binding
REFAISANGE/023489 wsimilay siediliioel Bindingmaas LH&Q&%.S DRTUBEOS of
iti)ss(%)ciafion in hours. The Val, %/2, an%aAbu analogs elicited a similar
(BUSKE PRSI BT GRS PSR OLF, By NN AoRp R e that was
seiltistittteddidr dhihdlessitvthse Ride pilimanyraitg Boniasitines All four had

similar binding affinity. The Val and Nva substitutions improved the

stability of binding and increased the amount of IFN- gamma produced,
indicating cross-reactivity and tHaXAMBbEISds can have improved

Immmmﬁ@%ﬁf@e&%m&q@m@wg@%&%s

maintained similar binding characteristics but had margin |

cross-reactivity. TheSMBSILEUTED ATITWOROSELIONS ot the PU-i

positior[@es]mairtaénesisim denbipeiag tshasasieristies. inalYe RepdiRid not

substitution at E.Bcﬁxhibi d affinity, and sta iligﬁgf binding that were both
FREG

i (r:?(‘éttzl;l?'selﬁl%%léutl Woroid ARG & ORIt e xamined
tirogokd 2P xverivativefpeptjddspilygenendldy sinmilarosel omdmSAMBIHE Bdpared
G RaRRARULT K AN FYNGLRN A SR R A M B3GRy anchor
positions, those with Nva of Nle at P2 and Val at PQ, and Val at P2 and Nva at PQ)
displayed improved binding stability and the former two increased IFN-gamma
production (data not shown for the 3" analog). The Val and Nva substitutions at PQ
were also paired with Ala and Abu substitutions at P1. These analogs all had robust
binding stability and IFN-gamma production that was improved compared to the
single PQ) substitutions, thus further improving the P1 substitutions. The PQ Nva
substitution was also able to maintain better cross-reactivity than PQ V when
combined with the P3 Trp substitution, although the various binding parameters were

generally similar.
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SUBSTITUTED AT TWO POSITIONS [0308] The pattern seen above,

that substitutions in this epitope did not greatly impair binding affinity,
continued with the double substitutions examined (Figure 20) which
unitbPAK)diEsiEed similar or improved binding affinity compare8CistHr806/023489
native peptide. Among the analogs with substitutions at both primary

anchor positions, those with NVEXEMRLE 3% and Val at PU, and Val at

P2 a0k 0ivs REAC diopley D RONE I 500 %fg'wgh@&g;;%;gwo
increased IFN-ga roduction (data no ;
The Val and Nva gﬁé&i& oA THREFSBOSIONS Ala and Abu
substitd@&¥ at Fl’hmemmuakmg&aPh@Q rekust bindi gg%ﬁ?%}% and
bt - Q@ apRr htws oved compared 1o the_single PU
SUbStItUtIOI‘?g@ i%gg%%ﬁé:rrgmp%w gg?ﬁ % fﬁ |‘Eﬁfﬁ§n§herﬁé W%W%wn was
&l Hititioh Wessiaienabies (5 mainthihdoBResisatistienctixitthavaP2 dove,

aiifieity conelingehwith SheR3 Y %@%‘%&0 %‘ﬁ %@theﬂyeaﬁ?u?zb'lgg 'Sgss

generally similar. -92 WO
@a ?B%g%% %WOWA?RH@%@@WREMWWVMQ% elicited a
FUNG TN o AVIDERYRFVANALOGS BT ERA tx&@ncrease

POSIT, [03 tions at P1, P2, and P3; P

PU; PJ%}?andg ﬁthgDn%P%BP%& ?F&%@We?é%é{aé TR B rirakither
EXRI iR Famsabslititdingvaebilie, (6 SNbSHOITAIWAS TiP 8 HGeq
RdssiHastityiieny &l 203 AR, %pg&(%%aff@t atI tS|m|I oﬁﬁ@a};ygﬂ 1

ptl Was maintained. For the ass
|mp R SUASTHROR RIS, bmﬁsimawasamddﬁmgamaapﬁimbn that
wmamaﬂph%d@%ﬁmaam'ﬁéhﬁtwp@p@égg showed a substantial
increa 1O]I;Zor he Pl, P2, PU class, Nva and Val at P2 and PU in
either [CoMmbinatoh %/eg bi r?c%@%ﬂﬂ?‘yﬁﬁ?; P& Pundid@ashbogd

1a1§é°§h®vb§dimgsub§lﬁﬁt@d1mﬁﬁepsﬁwad&bl -gaming RrRduatiops (ay da%fogs
| atpgth Re.and, PU ple substitution showed bin
ST AL

stability and IFN-garnma producii early halved from that of
the native peptide, [0311] For the P2, P3, PU group, only the Nva/W/V

analog showed improved bmdmk}?% ggmma production, For the two

P1, P (f’ X IosI examlne Nvalmproved binding

VARIC[IBSZ]\NAG&G:I& mlﬂ]{ﬁf%ﬁ@%@'ﬂgcya(ﬂég?We{Qlc%l Slyelen,
;JSBHH%:” ﬁ%ﬂr\ﬁ epitope PSMAygz 097, or analogs bearing substitutions at primary or
secondary anchor residues) by direct inoculation into the inguinal lymph nodes, with
25pgin 25ul of PBS + 12.5ug of pI:C to each lymph node at day 0,3, 14 and 17.
[0313] Mice were sacrificed at 10 days after the last boost, and
splenocytes prepared and assessed for IFN-y production by ELISPOT analysis,
Various numbers of splenocytes / well were stimulated with 10ug/m! of native peptide
in ELISPOT plates coated with anti-IFN-y antibody. At 48 hours after incubation, the
assay was developed and the frequency of cytokine-producing T cells that recognized
native PSMAjgq.207 peptide was automatically counted. The data is represented in
Figure 22 as the number of spot forming colonies / well (mean of triplicates + SD).
The data show increased priming of immune responses against the native epitope
achieved by the 1297V and P290W analogs, with the other analogs showing slightly
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peptide (natural epitope PSMA288-297, or analogs bearing substitutions

at primary or secondary anchor residues) by direct inoculation into the
mgwﬁ !%m h nodes, with 254g in 25pl of PBS + 12.549 of pl:C to each
lymph Rode atday 0, 3, 14 and 17. [0313] Mice were sacrificed BE T0/84§&023489
after the last boost, and splenocytes prepared and assessed for I.N-y,

higeugion syt ISP Qibtaiglyiais tamatisenpephides @2 $pienoay@38well or

i /ml t trde in ELISPOT fplates,.coate
TS ko B SRD A e B Dt YRR (e
mél@erepwébmdethehﬁeqn@my(bfae?mmnefptbemvcmgameellmmnts tolerance
Be&g&g@‘zed native PSMA288-297 peptide was automatically counted. The
data isrepresented in Figure 22 as the number of spot forming colonies /

well (mean of triplicates SD), The data show increased priming of
immune responses against themummmtgpe achleved by the 1297V and

the natlve peptlde (Mﬁ:@f IBRH%(AED BY LEB&SIMHDZQ?Nva) To the

extent f?ﬁt‘ﬂw PYQY &eﬁﬁﬁyt&%@%%‘W%ee%L%g%gﬁﬂg unized with

toleran e improv ctivity of theseanalogs r ents tolerance

e}@émgxmwz@%mwhymwm@%m@qzwxnmmep@mdes
Ppﬁ%%ﬁor@e‘%%?@a%@% GER BYyREASWUDA31A] TO vas

rou so%HHDtransgenrc mice (n=8) were immunized with plasmid
gsémeé Ry BeRAREE8 e b i e dtifbctbarshihttth & g bapamiReptide

Bﬂd&smwrm abgpin 25! of PBS to each lymph node at day 0, 3, 14 and 17.

This w low b%/tltéy rgegtc'g%%@?s S ¢ %59351%3%?%:@”(1}%]{ Vgoost and

either thé natura pe analog ICeé were

spkmbcﬁdsam@ada&smﬂea&taesla*stfbndﬁNan@r@piemmWeSWMd amﬂyszs
sessed fo IFN duc ISPOT

spﬁrenocy’%es ﬁX Hes nﬁ eFa?ed V%Illth iﬁgfmﬁ%’? |ve p((a)ﬂzS oggjmm b we
RépSRON rﬁéﬁss)@ﬁatﬁdtmtboamd-lﬁbdhy amtiiody. Atdddpurs sfterhours after
incu |on he assa velpped. and the freq 0

R R R B R B A RS s oo
whats mnanéaw M@sfﬂ@dﬁi&dswaememqaﬁvmm@%ﬁ@ data is
frag yeaea%snga@%‘ gslrreaeém?l@regp&aﬁ&my@pnr)?éﬁﬁ%!?rocelbsmmm

(mean of triplicates + SD). The data show that irrespective of the number

PSP CSRBS (mven, o é‘#&%ﬁﬁ@ﬁc’y oPhafibe dprofeypdeaifisrespertivaad the
cansiletibly bigbped HRIMAOE QAR TOMRITECLHERINBLART Y cells was

consxgerably higher in the mouse group immunized with the 1297V analog,.

EXAMPLE 38
EXVIVO CYTOTOXICITY AGAINST HUMAN TUMOR CELLS

[0316] HHD transgenic mice (n=4) were immunized with plasmid

expressing the PSMAsgs207 epitope by direct inoculation into the inguinal lymph
nodes with 25ug in 251 of PBS to each lymph node at day 0, 3, 14 and 17. This was
followed by two peptide boosts (same amount) at day 28 and 31, with the analog
[297V. One week after the boost, splenocytes were stimulated ex vivo with the native
PSMAjgs.207 peptide and tested overnight against °!Cr-labeled human tumor cells
(Lncap, A2" PSMA®; or 624.38 A2" PSMA’ or control 624.28 cells A2 PSMA") at
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EXAMPLE 38 EX VIVO CYTOTOXICITY AGAINST HUMAN TUMOR

CELLS [0316] HHD transgenic mice (n=4) were immunized with plasmid

ex [ PSMAZ288.297 epitope by direct inoculation into the ,
ing%%?%gr#g $*nodes with 25g in 25l of PBS to each lymph nod’écéff%‘)é/,”“”
3,14 and 17. This was followed by two peptide boosts (same amount) at
Jayops Hnbl Biowithhth ecanltiiy iM20mNty Oves wiektiafidn thediotsg, cytotoxicity
RIENeeHewetg slirysated ex vivo with the native PSMA28s-297

peptide and tested overnight against 51Cr-labeled human tumor cells

(Lncap, A2+ PSMA+; or 624.38 A2+ PSMAV or control 624.28 cells AT

PSMA-) at -94 WO 2006/13856XR&EB23906/023489 various E: T

ratios. The,resulting i nj Ive in _mediating cytotoxicity

against LNEAPHF ‘ £ ‘

ANTIGERICITY EHP RAMEAZS435 (0847 transgenicMICERIY 5 s,
> imguinized with PRAI id in 251 of PBS, pl
R S P S PR T R e il e

sl BB oOmspleakoree thw brestispltatesdee xweireostiithltte rativen with the native
@RAMEI%%% ﬂ%ﬂéﬂgﬁi%@Qeﬁ?%%%ﬂaﬁ%fa@é@&'mﬁﬁdtﬁﬂﬁ}%ﬁgWAME"

cells %’é + A2+ 624.38 melanoma cells; or negative control 624.38
delis, Béfidemalimmman @stss sponyegeiEgictea el fdess Thlsedefisient in A2

Hprassas as %.sResific lysisidmeansENMY showeddhal PRAN! L:sii%gﬁgﬁ?ysis
T cells were able to lyse human_tumor_ cells, confirming display of the

SRR ADE 330815 P oS -Shesidif of RrloMEEN Sl 2phsRigHman tumor
abtiyiomimrinpdispediate chaRRCRUEIQULS E5)ofo*AMIBILE 314Q-8f tumor cells
TESP'I G C{){ PRAME425433 <é}AN@LOGS 103181 The analogs listed in
Figt 498 B WG yne fBPdialid dSast hities’lich as improved affinity
and stability of binding, cross-reactivity with the native epitope, and
immunogenicity as follows in mugng the procedures
described in Example 31, the - mding characteristics of
PRAME425433 and &2 AhX(e AMNA &ison to each

" N P ANRADOG:
other. T@ﬁ@gﬁsi?ivﬁ:&%ﬁwg@lg ging w l@@ﬁgz%gcA?ey‘edTﬁﬁ various
observed affinities of the analqgg are reported as % binding (compared to

OO Ch At BIPE e E BB TR ARSabING 6f Bintingg HeWaRasHiepvith the
disbaciatinopdCrans reasiivisyenithnthes NRIKB/EPIIONEXWASIAS38S8ediYng the

using the analo ptides to stimulate IEN-ga crefion from a T, cell
I}ﬁgcg%t%rm icg?g?l?#égnﬁiv%exgﬁ%p ?’eé‘fewg%@ss%}iﬁ G8rCBYRRpIgiEs of

PRAY A s.433 and 69 analogs were assessed in comparison to each other, The positive

INRAM B33
N

control for binding was melan-Ags.as A27L. The observed affinities of the analogs are
reported as % binding (compared to the positive control) and EDsg, and stability of
binding as half time of dissociation, Cross reactivity with the native epitope was
assessed by using the analog peptides to stimulate IFN-gamma secretion from a T cell
line specific for the native epitope, essentially as described in Example 6. The data
shown in Figures 26-28 were generated by stimulating with analog peptide at
approximately 0.3uM. The results were collected from three separate experiments
and were normalized to the amount of IFN-y elicited by the native peptide in each. In
some cases, the reported values are the average of two determinations. An asterisk "*"

indicates that IFN-y production was not distinguishable from background.
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shown in Figures 26-28 were generated by stimulating with analog peptide
at approximately 0.3M, The results were collected from three separate
exw%%& ¢a9d were normalized to the amount of ITN-( eIiciterq /l;[ 18 /023489
native peptide in each. In some cases, the reported values are the

average of two determinationsI Sg iiéﬁrlgg indicates that IFN-y
production was not distinguis kground. -95 WO
2006 3336R I TIDIIV0ANDIEN CIHIAMNRLAAYIHRY S8 REAT TGN Y

AND FUNG ‘i‘ﬁ%\éﬁ?ﬁﬁ&%ﬁﬁb%}%%ﬁ!&%} A

SINGLE POSHHONTFIGURE 2 Itutions of Val, Met,
lle, NIdOXN93, andiveheisukstirieneofofaindebdatiite Wyapandatpanaipmade
Rosiion.All.pfihese analpgs.axhiRitasiveRinding within 20064 theiBatve,
peptide, The ED50 for the Met analog had an_affinity comparable to tﬂe
bi ﬂb@p‘é’é}ﬁ’ée%ﬂ%IQQHEENW&%@Q@S%aBGSE%ﬁ?ﬂﬁ%%ﬂ%efé?e?ﬁfﬁ@% ad an
Nithin, akeyiedhaldobit werr silksadaparablehtorte REMA2asablE’ affinities
epitope, All of the P2 substitutions maintained binding stahility, at t
TR R Vﬂ%e%%%t%é%ﬁegm e‘ffeﬁﬁes,t%l?w d W\Pf%ﬁlael g&séﬁc@%ﬁ"
prodpetionl witthin PAvolskitoidhe matitened Middreweliibty at fsaalegmilar to the
A Jes inal ituti . , oy
N o s (homeine) ese iy ST, Pipafafon witin
prefalsioidhegrtiese it 359 Beniistenrlos SIRERGIETH 20% of the native

p%ptiqr E l%to fgsﬁ@a% E’E?ﬁtﬁﬂ@&gol Wwhigh %a@;e@g,«;mﬂ,r@m%g?@m@g,e&mse
side. e or the yS analog was reauce st 6- fold, pbut the

StABPRSh I SRAR R SEVE, T ST S i %%@@%ﬁéﬁ%w
Stability @ hhindi Doy eiigenaallysitiitardaph éonatiBhpentithe withcthex®héed
Pl analog showing greatest bindi tapility in_this group with If & )
e o R SR e KSR B e L R
Pelgtitiet Wthttve Bxcepalogsoial e ffiniteswithl dbgenthichod librarrdvepertide.
Gy fihe palie-praniee saliek %Qﬁ@%ﬁ%&@%&%ﬁ%&eﬂi analog

cross-reactive as they elicited IFN-y production in twofold of the

shevEngEptRiest ondinp Sithjlisipdit ions BivahaibtimpmoRdissprationss, 177

WEties Aasated the ?B@ﬁﬁmrm@ﬁitm, p%@ti/g@“\ﬁﬁﬁﬂﬁa Fyﬂfagﬁh@ of thel Lys P1

carboxy-terminys by the additio an ide group. Al| of these.analo

RHIRt Db IR SO0t 3T E R BEI AP o theee Silogs

rmeastresitenis cangechitom andreytblaritdDIFdNdylessitotithenAfbinswiastitd dthe
com frigtble value for the Nle substitution; the Nva substitution and

0
8?%‘?31% "aide were also within 3-fold of the EDS0 for native peptide.
Stabilitf &2 Hindirtinglas shsbtgeersr aflyy slnlilear e Beithéys, i kbe weyg made to

analee akihs: Iﬁ&kﬂ%ﬁg&%ll as modifying the carboxy-terminus by the addition of
an amide group. All of these analogs exhibited % binding within 20% of the native

peptide. ED50 measurements ranged from more than 10-fold less for the Ala
substitution to a comparable value for the Nle substitution; the Nva substitution and
C-terminal amide were also within 3-fold of the ED50 for native peptide. Stability of
binding was also generally similar with outliers of the Nva analog at the high end, t1/2
of 17.2 hours, and the C-terminal amide at the low end with a significantly reduced
t1/2 of only 3 hours. The Val, Ile, Ala, and Abu PQ analogs exhibited less preferred
cross-reactivity, but the others elicited IFN-y production within twofold of the native

peptide.
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of 17.2 hours, and the C-terminal amide at the low end with a significantly

reduced tl/2 of only 3 hours. The Val, lle, Ala, and Abu P&2 analogs

exhibited less preferred cross-reactivity, but the others elicited IFN-y

pro\aﬁ&%ﬂ’ﬂﬁﬁgﬁw twofold of the native peptide. -96 WO 2006/135¢552006/023489

PCTIUS2006/023489 [0322] Single substitutions at positions primarily

affecting322R interagitionshwengiaiso readpoditieniNvariantd KbuadBdhandCR
pgAla, R&.. The; R6. Nvasanal roduced IFN-

Rfe:d SEL & I@fe, I\.§fa, B& fé%yatﬁg% S%Cg Ee’ ngé% K%Fa, éer aéd Sar at

within twofold of that of the native peptide, u’analog was

EBsEhst 20 9fvisnalnmrpdgsed HOSSRIEACT PR oANE PURCTION Akptide,
AU E AN QGESvar BRTAHTA49ED AT TWO POSITIONS [0323]

Double substitution analogs were created at P1 and P2, P2 and PQ, and
P1 and P12 using various combinations of the single substitutions above
(Figures 27A and 27B). None @XeMPMER 4ipuble substitutions examined

had ' ' IIY-Qr ility, byt no ibite
sign 6@%@% T g gﬁ@%b:ﬂ%{‘{nma %ﬁmggﬂ
with the P2-PQ doubléBS HIEW KB AdaI0WS) RONEVEONEe L426Nva

L433N}g38 Iogﬁmmmﬁiﬁiaeyimsé%é@&g%%J@ﬁmﬁ%ﬂpf% PO,

native peptide in the IFN-y assay along with its similar, somewha ,
r?ﬁg\rl%éa%ﬁ'f?jihﬁn@h‘é‘%ﬁ’éﬂéﬁgﬂt@?ﬁfﬁaﬂﬁff%ﬁtﬁéﬁsp@?%%@bove (Figures
wmmrfo*rgswen@elmﬂm ) ?’ﬁ@%@wﬁ@ﬁ@f%@ﬁ%ﬁg@ﬁﬁwﬁﬂ changes
tern. o ing at least.similar _binding.characteristics, but eliciting,
R ST R o e R e RS B ey i e
&roltipingsavere tinal842BRrh483NtenamilotheVAlidiNadhibltesh tstimewhatalogs,
R d Bjpdj il ignifican -reactivity: and the S425F
S S et b S e R e U oo
SSEHEY RaThifronstiuscReRtideion b Bliviecerypag PNty itsimHernetivewhat
peptisiedEXNANE LE AdcfeRASS REMG, TV T AND G UG QNE i tutions, the
AVIDITY, OFﬁ@NA OGS SUB TIT@TED AT THREE POSITIONS [0324]

S P BT RRa108h A0 e THRTBYE v r S el Rat e Ra O nBRIsing GF et aimilar
PindMgcbruietratiR pandiditea h B gHeISI26T e 2604sL433MNeyaralogThe
imilar. affinity S ini [ ed for,the other three, .
T LR A S b
SeapFTSBRYRY dirflingsinkilint radetizoilinossreactvityy BeafighreSA85F
I9B3Nle analog, which had a more that fourfold reduced EDsg, a nearly doubled

halftime of dissociation, and elicited more IFN-y than the native peptide.

EXAMPLE 42
CROSS-REACTIVITY AND FUNCTIONAL AVIDITY OF ANALOGS
SUBSTITUTED AT THREE POSITIONS
[0324]  Four triple substitution analogs were investigated, having Phe or
Thr at P1, Nva or Met at P2, and Nle at PQ, The S425T L426M L433Nle analog had
similar affinity whereas the affinity was improved for the other three analogs, Both

analogs with P2 Nva substitutions displayed increased stability of binding and

significant levels of cross-reactivity, See Figure 28,
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WO 2006/138562 PCT/US2006/023489 EXAMPLE 43
CROSS-REACTIVE IMMUNOGENICITY OF THE L426NVA L433NLE
AN‘@I(_)Cz)(% 6;0325] Two groups of HHD transgenic mice (n=8) were

imMunt2&d Wittt a pCTLR2 plasmid expressing PRAMEA25-033PCT/US2006/023489
described in example 49 below, by direct inoculation into the inguinal

lymph nodes of 259 in 25pl of IEIX%MP&:EMJNmph node atdayO, 3, 14

W&Fﬁ%ﬁ g%:%_ﬁgyé%%?ﬁ[gé Eil

]
Mice were sacrificed at 10 days M&Q%st boost, and splenocytes

D P o PR &lyith o
X ells / well, wi ml of native peptide ours after
Ml disiestrid %@%ﬂaeaw?@:}%&mx;eé?éms & Eoms %%é%?é%é?ﬁ:m!v‘

prRdusre mtae&ewgﬁﬁm heR Ei&d\éb%ﬁ&%%%mspﬂ@fwes FoRAskIeRRY node

%‘,I—ﬁ%SA Thed%;?é resent |nF ure 29 anq ow a %nlfca%dt 28 and
St emihst TENERISPEY %Vﬁe P IR RSB eol 5t “g at day <5 an

PRAME#H243R1¢E 42 616\ PR AAEB Mo prnalatp AR NNRIEE 438 eV IV O

CYTOTRHITANRUGED BTG LZONAL 33N, CAVALOG, 0927,

Two g transgenic mice (n=8) were’ iImmunized as descri
i ExantpieptPaiod \and 0828 cid@VENateptiduntivnafies ponges sbtailagidn at

aingt t atl it I |s f term
R R B S R S R T CI MR, e
fop2 s waehiervesied thiehtbtaipragniiaioC PEEN-amodRSE inggsponse to the
Baoreacence (d-0AM.OLIM a8 SvVEIN SR The BN GE) @ nted in Figure 29

mtravenousfy co-injected into immunized mice with an equal number of

aphtrbp Vsl sHisiras sealirademitnt OF SEN-ubrededtinse lromive  teRskéeyith the
bmﬁ@ter thg@@qg@g@]mg@@g%gaf target cells was measured by
removmg 5the spleens and PBMC from challenged animals and measuring
CFSE fluorescence by flow cytometry. The relative depletion of the
populatlons corresponding to p@p{gmmged;splenocytes was calculated

rel 0 (L Ig,i%e)d

I
IBJCJUD

when tI{@HﬂualogI}wepI@ethd riﬁﬁ]}airmmghda amaeb(me@bemagaenmfﬁhﬂzed as

|§:na al %g }%Ogalog can improve on induction of cytotoxic
|mmun|ty BI138562 PCT/US2006/023489 EXAMPLE 45
{0328} To evaluate the in vivo responses obtained against the native

rqﬂ

epitope, splenocytes were isolated from littermate control HHD mice and incubated
with 20pg/mL or 1ug/ml of native peptide for 2 hours, Cells were then stained with
CFSE™ and CFSE™ fluorescence (4.0uM or 1p.M, respectively, for 15 minutes) and
intravenously co-injected into immunized mice with an equal number of control
splenocytes stained with CFSE" fluorescence (0.4uM). Eighteen hours later the
specific elimination of target cells was measured by removing the spleens and PBMC
from challenged animals and measuring CFSE fluorescence by flow cytometry, The
relative depletion of the populations corresponding to peptide loaded splenocytes was
calculated relative to the control (unloaded) population and expressed as % specific
lysis. The results in Figure 30 showed preserved induction of cytotoxicity when the
analog replaced the natural peptide as a booster agent. The trend indicates that the

analog can improve on induction of cytotoxic immunity,
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IN VIVO CYTOTOXICITY AND TETRAMER STAINING [0329] Seven
groups of HHD transgenic mice (n=4) were immunized with a plasmid,
pCTLR2, expressing PRAME425433 by direct inoculation into the inguinal
ly

m%ﬂ #086rd 88259 in 251 of PBS to each lymph node at day 0, BCTA§#6/023489

17. This was followed by two peptide boosts (2.5g) at day 28 and 31, of
native peptide, negative control (EAAGIGILTV peptide (SEQ ID NO.

100)), or PRAME425-433 epitm%igé Earing mutations at the

primary and/or secondary anch 425F, L426Nva L433Nle,
ALARA NP, ANAIRT Me KA A

vivo regperme agedieh RSl BERNS «SRIGAALY IR WRLe) i@ﬁﬁ&{mw with
littermat cﬁf%i—lHD mice and incubated with 0.2g/ml or 204g/mlof
R BB b BT A Wb AU S AR P inginl
flyonesaefeethangia i cesmartlyedvh AlSMIES)ANG NUAVENPUENp;s
c\g-sl%ei%%gdr%o | mugz}e@&ce V\L/{éh an eq%JaI number of control ’
spienocytes stained With BT joradoeRtdtD 450 Eighpéchrisaikentide,
|aegrfitve epusilid BHAGEGDATST papget cESBQADMCASU0SH DyreprovMg, ., ..
t een,f challenged.ani and measyring CFSE fluorescence In
t;@égéu 0 e e\ﬁ%‘%%%@ﬁ%/ OFTRECRSBR AR SERIAUSF —

the resultingTe F%ﬂn%%ensmns, by flo ,
thé2pBplfdtdrie ESABSpoRdRT lotpaiticeddsded BplTOOEEs R,
calculajgghplativ Lolo qpulation and expressed as
% spect:ificilﬂsis. ?r% %g%%%%?j{%\qekf@éu%%%%%% &%&ﬁ% E%ﬁ‘ﬁ&ﬁ%@gﬁ@ ﬁ%’?“ytes
CETS %ﬁ?‘@gmﬁem@aﬁéw@@@%d%@aim.i{(OBBeﬂr]ﬁhe'tho@ﬁug/iﬂm or
WRIOEA SACANRABSIAGMIASIANRAL PRI Q,SeEondaty anehar ., opsy
residues showed comparable immune activity as compareds o'the Mative
pRiSTeRSeRREsH R sViRsRBRE S antb el mensesiniogl Thieenalogs co-
eregapapienafAmeliiing ey mmupg:’ IR SN ;
\gtc? pe Isop with the "EAA" t(tar%hp.boosteﬁclﬁl\%vﬁi%%hisan irre evasrﬁl%xeoﬁgtdees. %amed
ma?w@ﬁ%, ﬁvﬁ%ﬁ&c&ﬁ%ﬁ Jiighieen) oy daten thnseeeifisaNifmination of
SupSTULUSINIE peso6425 bi.42abhiad AB3MRwe Al SANBNIE Dhnimals and
unity against the native epjtope, as assessed by in vivo
c totoxu:%usi,j glﬁc%rv?&(gﬁso%rfy tﬁ%%ﬁggﬁ?g?ﬂ%l\i\gﬁpﬁﬁ%ﬁ‘%ﬁle}?yaﬂﬂ‘ﬁ&ﬁ?ﬁletry-
LAparlotive dgdmienapiaiogsoenistindechthes subliet of Pepeitis-sp@ettieplenocytes
agRinsidhepat| it | significantly higher than in mice o
primed Witht pla%r%%%gg%%%gég\ﬁtﬁ%%%%%ﬁ%’ég&%ro pe%’%%ssed as %
GRS 31500 Wy Dtor1 tssEeuricT |05 PBOSHIR3AB9 SEEAMAL Eeli§ was

BMAR 5 YRRKINEARRQRUGHIEN (0332] Three groups of I-IED

transgenic mice (n=4) were immunized with
10331} ¢ boost with analogs encompassing mutations at primary or

secondary anchor residues showed comparable immune activity as compared to the
native peptide, based on in vivo cytotoxicity and tetramer staining. The analogs were
capable of amplifying the immune response, as shown by comparison with the "EAA"
group, boosted with an irrelevant peptide. In that regard, analogs comprising S425F,
L33Nle, L426Nva L433Nle, S425T L433Nle, or S425T L426Nva L433Nle were all
capable of expanding the immunity against the native epitope, as assessed by in vivo
cytotoxicity. However, only the L433Nle, L426Nva L433Nle, and S425T L426Nva
L433Nle analogs expanded the subset of T cells specific against the native epitope to

a level significantly higher than in mice primed with plasmid and boosted with the
negative control peptide (Figure 31).
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a plasmid, pCTLR2, expressing PRAME425-433 by direct inoculation into
the inguinal lymph nodes of 25¢g in 25p1 of PBS to each lymph node at
¥VO % 14 and 17. This was followed by two peptide boosts (2. 5%%2
day O W8 ¥1°%f the PRAME epitope analogs L426Nva L433NIEafRp006/023489
S425T L426Nva L433Nle or the negative control peptide Melan A
(EAAGIGILTV (SEQ ID NO. 100)). 103331 Mice were sacrificed at 10
days after the last boost, and mﬁepared and assessed for
IFN-y production by ELISA at incubation with 10g/ml of
native peptide. The ZstB/ & 58 [

concengain in ol eean eiinliates eﬁ%megmmemwmh

cytokine productlon by splenocytes from mice boosted with both analogs,

e R aC TS0 rar e g FIRAN E asan & tHiRcio sl onntnips inguinal

%dEsMMsP Enhs B YO Eal ol E@gﬁ-}l&}é ARAINST, AHMANThis
OR CELL LINE AFTER PEPTIDE BOOST WITH ANALOG 103341

mﬁ%’gw&m\me@ He PPRRTAAming ATZRY RS bhide pRAMEZPitope
@SWWAW&Q&b&ME‘CLWlMSMMh@ ifhg Uiie @bl ontrol

'PFPS was 2}6% /k‘v\é %8&@@%&8&%@6&%@@? %ﬂg )a;td(? gyoég ’a%lfrj %qd v%/;h

the and3$31426Niee L 483N keciifiredvek Hiteddpe bfiost{lsplémicyimst, and

T
prewiesie with dOwatml PR ztiye megtidoe Tontieleons, 38 weiled defittort i as
’E’#‘(@kﬁ% EHRETRIAM & YRAAUSEAL 69@9@1&1@584“'51199 TALONY UARINIE vivo

cited immune responses that mediated significant cytotoxicity agalnst
SRS ARG HCEEN B XPIESSIHES AB s 54 8 )0 SHg Aty BIB0 ReRAlRfen ARG groater

pespeaipanan ERBANR Lent@astI3q signdicant.agtivity was measured
against A2- 624.28 control cells. See Figure 33, -100 WO 2006/138562
PCT/US2006/023489 EXAMPLE 48 IN VITRO IMMUNIZATION TO
PRAME425433 [0335] In vitro ilakAMPAtiod Wvas carried out according to

theWW@pﬁaﬁt@%ﬂw simgmwcm LINE

mo WETE
P OEIIHANALO606), together

YiBE

with 5 WQMhPRAM@M%%&E@n%?'%ﬁ&’ef&xﬁ{@ﬁ%gd'nﬁmcﬁ"plasxmd
é medium. Subsequently 20 N/ml of interleukin-2 was added to H‘é‘%?Ch
L e aiinee ROUE A7t St ToREPReRRIAE Wi Sy

didWes SFUlBIES$n 25u] of PBS to each lymph node at day 0, 3, 14 and 17. This was
followed by two peptide boosts (2.5ug) at day 28 and 31, with the analog L426Nva
L433Nle. One week after the boost, splenocytes were stimulated ex vivo with the
native peptide and tested against *'Cr-labeled human tumor cells (PRAME" 624.38

melanoma cells pretreated or not with IFN-y; or negative control 624.38 cells,
deficient in HLA-A?2 expression) at various E:T ratios. The analog L426Nva L433Nle
elicited immune responses that mediated significant cytotoxicity against human tumor
cells expressing A2 (624.38), slightly elevated upon their pre-treatment with IFNy. In
contrast, no significant activity was measured against A2- 624.28 control cells. See

Figure 33.
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were maintained for an additional 10 days before effector cells were

harvested and used in tetramer staining. IVS PBMCs were labeled with
PRAME425-033 tetramer and analyzed on the FACSCalibur (BD, San
JoSEOERY ¢35 rants were set based on negative controls, staRfSHu§A#6/023489
irrelevant HBV tetramer and SSX2 tetramer, and a minimum of 10,000

gated events were captured. TelBAMPRICHB/e cells were expressed as a

percentage of thalyRPREGYIS H.‘ ¢ 3; specific
tetramers were Significan NESRiiila ide analog

as comi¥3Rsd wi ﬁéffﬁeiﬁ@ﬁﬁdt@@aﬁert@@. Gd@nﬁn@traté& thateral
thhanalpgeandena Dl |

P%{ASAQI@@EXER%?%%@C?%& %ﬁ?%%%%%@%%f%%A{ﬁﬁm
IS F OB AN BN A PReSHi YAk e Une daing ekseranteptiGeeshitARMCs
msxmm%pmg&maTMél\%m?eﬁrmmM 15, aﬁﬁlegtt@@iqnggﬂéqk?gp %\ﬁg,ﬁ

QL . itope cluster region of ,

Sﬁli_no aci%lsnﬁd@gk-%o l,lblsﬁ%ugéqmZagg%xgr?’c}e’%ﬁﬁ‘éiﬁb@b%ﬁtﬂféqﬂ fpgach well
A M brareasdrafditishpt orptidr Snhaindg vesgidded e M 7. Cultures
SWRMLLAIoV b I icientdranscription of
%?gsenge%%g fﬁ%%;éggﬂ?g é@lr} g:)&r?%liﬁ%a %ébg%rﬁﬁgre%eg?evggﬁti%%vféffg and

bR B BFE RS NI et B ete i dabricdiviil PBAMBalyd)tet dner3ind
endyobtheretieoding seqenc@provides signakioronalyadenylation.af the .

messenger 1o increase,its. tabil:i as translocation out of nucleus
PRI o

24 O

as well

i SR SRS Sl dtiestaer, and o
Augleanimplort 680 epued NiBpfromeBintianurials Zenumsinoerios iiRe were
Blgseaidg backb C f immunostimulatory motif was _
engineered int09129#1%8%itjaagsemgi)g))t&cl)%fugt%%A %%tqﬁ%i&%n{gnr’eg é%ﬂfé?s‘ﬁ?/‘?mﬁc

tts PR TSR el knrantd flDWIMOIPO0GEIRDEA: analog as compared
RET AA820QRA2R4A8R inthg plasmighare; ible for amplification in
E.coli, tPle, kanamycin resigt%nce gene (Ke?rlf%%{}égn%qtﬁeatp %%‘a%ﬁc? A be a
BITTReB I BB TARERT(See Figure 36). Imimmogen Translation Product
Sequence [03371 The amino acid sequence of the encoded polypeptide
(150 amino acid residues in Ieggm iﬁ given below. [0338]
malgslighliglsnithvlypvplesyedi Irclicelgrpsmvwlisan

R re RiloA ST BRI greiRlspakesayasiahighpsi
krsllghﬁ)gj EQ,BINRs ]i?@)- ggg.l% I’h irst 89 amino acid residues are
an epitQpe‘fz}ISustQé)r ouion e g a-!;xta [N p?asmxd vaccme enoofmg one
polypeptide with an HLA A2-specific CTL epitope from PRAME, amino acid

residues 425-433, SLLQHLIGL (SEQ ID NO. 71), and an epitope cluster region of
PRAME, amino acids 422-509. The ¢cDNA sequence for the polypeptide in the

plasmid is under the control of promoter/enhancer sequence from cytomegalovirus
(CMVp), which allows efficient transcription of messenger for the polypeptide upon
uptake by antigen presenting cells. The bovine growth hormone polyadenylation
signal (BGH polyA) at the 3’ end of the encoding sequence provides signal for
polyadenylation of the messenger to increase its stability as well as translocation out
of nucleus into the cytoplasm. To facilitate plasmid transport into the nucleus, a
nuclear import sequence (NIS) from Simian virus 40 was inserted in the plasmid
backbone. One copy of CpG immunostimulatory motif was engineered into the

plasmid to further boost immune responses. Lastly, two prokaryotic genetic elements
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representing PRAMS 422-509. Within this epitope cluster region, a

number of potential HLA A2-specific CTL epitopes have been found using

a variety of epitope prediction algorithms. Amino acid residues 90-150 are

an &yépe/isspation (Synchrotope™™) sequence with four copiesof/us2006/023489
PRAME 425-433 CTL epitope (boldface) embedded. Flanking the defined

PSAE @W%ﬁ%@m%@amﬁmmﬁeﬁﬁeiﬁ§Mk BeeRistance
slaener(apig)asinig [ precessing of the PRAME CTL

epito;g(e. Inlgddition,%%%%%%%%%%qﬁ%ﬁ%%ﬁ% AkdBgyiigsEAND NO.

197) (corresponding to PRAME amino acid 276-286, in italics) was

expressi f encoded polypeptide. [0340] Using a variety of

immuno ?)%i?al asscﬂgf/sa,nllrg:% u%ﬂ%s?@ﬂ%ﬂ??eﬂ Ehel sprodedapeBactint (150 amino
CW&S%E}W;S strlsngtT gbspdnées. specific for epitope PRAME425.433
have been detected from HLA-A2 transgenic mice immunized with the
pCTLR2 plasmid, suggesting immunogenic potency for pPCTLR2. These

data intie3ibd that the plasmid was taken up by antigen presenting cells,
the encoded polypagdidasynR ' ot tica rocessed to
E%lgg{é%% neogtiam ?e%emgjg%%%ag ae_t]ﬁé?nﬁol%rfﬁ Sissiemamidsan
LA-A2 bound foF raBerftieisedu ibadislimetion JoRNakIHRpMISSI gL
I%‘éﬁ@@ &P 696Ong complementary oligonucleotides resulted in
generation of cDNA encoding amino acid residues in the "String-of- -102
WO 2006/138562 PCT/US2006/023489 Beads" epitope liberation
sequenf&mind beidisso (B9 50)imhese eRNAROsE: apPE Réit@éecﬁ% eSINE: 1
[

ecsstalingsTICNAMEENZYNGS thatfan t%sgg%?rgé% é&l&%exi:]égg@fgngggypber of

%/ t'é"%a?%f;egi the PRAME epitope ¢
ich we at}r‘%ﬁﬁlﬁ%%fw%%smn@e hoOR mnmcewﬁgia@a{?%h&ﬁegﬁope
ferdisitite. Tlpericintice im&ﬁm&&ﬁ@@diﬂé&e%m{g{%é{ egror Qg‘CkbO“e

. . 1 i 'on
k@%@g& gnl nd EcoR | sites, The entire coding sequenc%pW%l%evé‘hﬁ@a‘
by DNA g%qJe%& G EXARBLIES0 GENERA FRONVEF S9ABENTL epitope

d. ! i
o (e V. Ot o L g i
(?\i/%'g and used for evaluation Blgflhzglimméﬂ%’t‘}ﬂéﬁ processing of the
ﬁ@x- SHushiees Hi}n%éﬁi@@mdhfassmmbaaedicgd@&ex& Tsherplosy
ROTLy7epitmepofarials PoavEL2.1eeks:0f Adg were used o @EQ y
3 7 elolflicdrbrmepaipeered

itralymphatic.immunization and for isolation of Sp
1cytotox_ig:‘?llfnfs(i'a Feaﬁﬁﬁglﬁ‘ﬁc@ sttt harztadtioa hifatarakisguingl dypanky
I?%H@m]@:tion. Mice were anesthetized by

[0340] Using a variety of immunological assays, including tetramer

ELISPOT, ELISA, and Cytotoxicity, strong CTL responses specific for epitope

PRAME 435433 have been detected from HLA-A2 transgenic mice immunized with the
pCTLR2 plasmid, suggesting immunogenic potency for pCTLR2. These data
indicated that the plasmid was taken up by antigen presenting cells, the encoded
polypeptide synthesized and proteolytically processed to produce the nonamer epitope
peptide, and the nonamer epitope peptide HLA-A2 bound for presentation,

Plasmid construction
[0341]

Stepwise ligation of sets of long complementary oligonucleotides
resulted in generation of cDNA encoding amino acid residyes in the "String-of.
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inhalation of isofluorane and surgeries were conducted under aseptic
conditions. Following preparation for surgery, an incision 0.5 can in length

was made in the inguinal fold and the inguinal lymph node was exposed.

A EXRaB3Pume of 25 | (2549) of plasmid DNA vaccine or peplids2006/023489
was injected directly into the lymph node using a 0.5 mL insulin syringe,
Thedsbuetvres Klesahwittaiente G:maonshin FILES, ﬁ?ééé\/”é’bgélbm
Ea)é%(évr%tg%];gsﬂgéé ”i_’Y AGAINST HUMAN TUMOR CELLS t[g?tdr o
HH fransgenic mica (h-d/Grotipy WereTmfs IR satwhthuged for further ligation
pYég?mH’ESEWPQdé@:tkmamfaﬂydpem&ist&ategibﬁm@xﬂﬁﬁgi%il}lqhgg) which

34 Al which is | dh b
o e e ekt RN ey e
By UireC o ateN litaeRdnifythatir Kavigonotiesvwith 254 iandSEesR 1 sites.
Hﬁsmmokym@mm@@w@syv@rﬁegg}aﬁg] 13:756115%01“9{ s followed by two

additional peptide boosts (same amount) at day 28 and 31, with the
analogs A27L, A27Nva, or A27L V35Nva. One week after the boost,
splenocytes were stimulated exEywovvithetsg native melan-A26-35

tid t - labeled t lls (624.38 cell

ey S R LA 1
PCT/U§298b/028489 clasmuringatiter bHbating WithailageAiR 7 ILTPIDA 24NV ayere
adalRgsvas ahle . ive than the native peptide | .
EA@ﬁ:GM\F/ﬁgg Q ID Né%%%%ﬁ%%{%%%ﬁr ‘é@é‘ﬁ%%“tﬁé ¥ ogeniity
Sthdihit-Exptassaistat Momnafupsgasecispbrivienttiadla lpotenislbiesTL)
iepfmm,dfamaxenm@téom1W%@@%&@&t@e%yfw%éﬂi?&gg{%%%%‘thi%&n
é&? va.a a!o% may he an underestimate of it potency [f priming made

use o j[hg? LRI QﬁﬁgeﬁfﬁMﬁﬂﬁ’%fﬁ@MWlEﬂdﬁﬁﬂAEkﬁs@ce were
bogudzEnvinéibtionldh et antigensieificdorelsiteies:600Ral6d by

KeRRERIIOROf | receptor (TCR) by a Class | MHC / peptide
complex. Thissgc%fz}lr;{r E%e?édc%ge i%?%%g avggr%\ﬂ ‘i‘étﬁérﬁ’é‘?grvmﬁml‘ér%mdmom

EoMpER8 PHPaTabARpax SRRy, ML AIMHE Oldssat moleapipseacheundihe
iadhiespecfia Peptide.and KMy it luorgscent protein. Thus,
tetramer assays allow qua‘r{gétag%iogr?%%mét%% Cgel TDopUIBTo epRE i Kl
PREIVERBRH IS b rAsiEiRe @TPenpde tiealanibiC dirolebuito the lymph node
Esiipermeral besauseRiRdinordess.agk dvmeags@@ {ctional p&wwﬁgﬁ’ﬁm
d

th'ﬁi!é)opulation includes all specific CD8+ T cells regardless of functi
S, F : .

Sl The CTL response in immunized animals was measured by
co-staining mononuclear cells

EXAMPLE 51
EX VIVO CYTOTOXICITY AGAINST HUMAN TUMOR CELLS
[0343] HHD transgenic mice (n=4/ group) were immunized with the
plasrrdd’pSEM (described more fully in U.S. Patent Application No. 10/292,413 (Pub.

No0.20030228634 Al), which is incorporated herein by reference in its entirety)
expressing melan-Ags.3s A27L epitope analog by direct inoculation into the inguinal
lymph nodes with 25ug in 25ul of PBS/each lymph node at day 0, 3, 14 and 17. This
was followed by two additional peptide boosts (same amount) at day 28 and 31, with
the analogs A27L, A27Nva, or A27L V35Nva. One week after the boost, splenocytes
were stimulated ex vivo with the native melan-Ays.35 peptide and tested against *'Cr-

labeled human tumor cells (624.38 cells) at various E:T ratios. The resulting
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isolated from peripheral blood after density centrifugation (Lympholyte

Mammal, Cedarlane Labs) with HLA-A*0201 MARTI (ELAGIGILTV (SEQ

ID %QZ&O%QQ'PE MHC tetramer (Beckman Coulter, T01008) or a .

TyroSIRase36377 (YMDGTMSQV (SEQ ID NO. 94)) specific tetriHigp06/023489

reagent (HLA-A*0201 Tyrosinase-PE, Beckman Coulter) and FITC
inconjligatécriecatitemithdbecBBh ¢ Y 2 NiBrBaloAuIAR By Bty and more
oIS} PRIR W Gl oEeSIOm AP EAC ROV Tylome®1

nalysed using cellquest software by gating on the lymphocyt
Bcipstation B ERIPHEEG R AAE R el EREcdlS R TG CBia®

p(lg:’%%rlltli/llNC? %SEYIS%[?E BO(%&S)E&L TIVE VEF;& U . N b SW@irieg_With
’ resh ARRGHAR fidd o
th5rHeddSist RIAISEARSR Aic RS THE seﬁgﬁéaﬁn%nﬁlfigg Wltlg plasfinéid
saxpregsgelyrosinase 369-377 by direct inoculation into the inguinal

lymph nodes with 25g in 25| of PBS/each lymph node at day 0, 3, 14 and
17. This was -104 WO 2006/138562 PCT/US2006/023489 followed by
two additional peptide boosts E¥AMERENNY) at day 28 and 31, of

natural peptide or the 37{fyRanaior. ARADegEdater, the immune
response was monitored usm%&g rosinase369 77,ispeﬁific tetramer e

' reagemz(mA-AE@ﬁ‘fm?’%ﬁg B EBERRAIER Coultén), Individual m ce
e fled MaHb e teirqeoepital (BIRIshienGlass PBVIC wevptidoleaaplgsinghis
density centrifugation halyte Ma C

G 05 AL DG S e S A EHEPRCE LEpSh s Do

DS NBICRibssibnobsimcable Fywhinibe mersfnaenédgent seriugamith
PHCRLROGSMELE dOMH ARk QU MRICHHEREG RAGE GalbT! ool
low cyfomel%r Biosciences). The percentages of Tyrosin S e?mc1
ODSatwll st ﬁaatarép\ra%é??@%ﬁeoF?ﬁé’Wéﬁ@éfbépRP&BR)&?ﬁﬁ fﬁzfgn%faaw ¢
Praseneddhe expansiamef Tasesinasedspesiicsubsstidhg trerigvays, this

indicates that the analog can_improve.on the.expapsion, of Tyrosi
RPBAET BSROERLTEESY, ERANPTE SF TV Y T RO IRy ARG -
FEIRAME RSHAIYM GnifhtEA D 5 OridEABICOMPARISGN BEPWEEN cells

NATIVE PEPTIDE AND.A QG.GANDIDA 846mal,
EQﬁ‘%‘%E u%rél ot ﬁﬁﬁ%g%%%%‘gr% ﬁlizélzé(e%@r@?fgrv%/tereglmmu[re%'zl%adE vﬁv(i?r%tglasmii%
(SEMneLpts3siith FlAAA28 B0 T Ahd MeIGALAY5(SEEND, N He:
%H@'r‘%‘e%l&%?L{@é%&%ﬁi@t&@ﬂ%@dmmm@&&&s&gg PASIDETNSQY
1 of PBS per lymph node at day O, 3, 14gnd %Z TIBIS was folgﬁ/v%d %
{REQPidOpIhEpecific tetramer reagent (HLA-A*0201 Tyrosmase-Pt, Beckinan
Coutter) and FITC conjugated rat anti-mouse CD8a (Ly-2) monoclonal antibody (BD
Biosciences). Data was collected using a BD FACS Calibur flow cytometer and
analysed using cellquest software by gating on the lymphocyte population gnd

calculating the percent of tetramer” cells within the CD8" CTL population.

EXAMPLE 53
TETRAMER STAINING (PLASMID PRIMING, PEPTIDE BOOST - NATIVE
VERSUS ANALOG)

[0345]  Two groups of HHD transgenic mice (n=8) were immunized with

plasmid expressing Tyrosinase 369-377 by direct inoculation into the inguinal lymph

nodes with 25ug in 25u! of PBS/each lymph node at day 0, 3, 14 and 17. This was
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(similar amount) at days 28 and 31, of Melan-A26.35 A27L into the left

inguinal lymph node and Tyrosinase369.377 analogs, bearing

substitutions at the primary and/or secondary anchor residues, into the

right QA #iSéf. As controls, mice immunized with plasmid onBCEYUS2006/023489
naYve mice were used, [0347] To evaluate the in vivo response against

afdald ¥OBINRASA AR MBIA0R SBIAPES:SRIeNRRYIRS) eI g.lSolateth iFam ¢

littermate control HHD mice and incubated separatel Wlth 20g/ml of

Ratiall papitieonvibrah L AER 38 Bl gy rd§ih 888693 0y AR IRE LHSHRTSR as
Sﬁéﬂﬁbxfé@”e megium (ﬁambm)@&ﬁ %@ﬁﬂ\i/raé@ﬁﬁrﬁ%ior&és@fg QﬁibM*ozm
ese ce e wit rant cell tracer
SRR TR AR ST AECRBRS, R b g e orbite
mmxmvm%ydo@lﬁﬁyﬂbtmbmtmsmmdl nizeg; oderaiyecanifobktdD (hipaphithyte

LR PAbeL oL SRR TPRER S S SRR S nat
POV SPORBro2BdgslyEightdeh HildrBiassienrssipaedichelifimegiorsoftetramer
targehealis Wasimeastepd 2y rnavingihe srieen amchallenesths a FACS

anlmals and measuring CFSE fluorescence in the resultlﬁ; cell

SEUBEN IBWS B RS S IMBIRTCIPRRe b lafiVe BEISRHIBRSfthd PoptiRiotRseific
aopespandingrehaepitedardedfsptenniowespias mmlate@br@ngeetoed the

the control loaded po ulation a se % specific lysis.
R ey SP o et s S Por ERiralen koo 56 Qg™
Trepitsiewastevaipats dribyf (Erasiresd ©B8ficd-stalnifggure 38).
(HLA-A*0201-tetramers, Beckman Coulter). [0348] The tyrosinase analog
V377Nva was capable of expanding the population of tyrosinase-specific

T cells and amplifying cytotoxic XN Eskhilarly to the native peptide

and greaterﬂ*mth@wgq'mwmwgﬁw@%

EXA PLE 55 EX VIVO CYTOf:OXICITY AGAINS UMAN TU
AT pELWEENNAVIVE PERT DiE AND A

THIUUPI \AAY2 mrmmrmuarmacu

(accordlng to the gmmnmmmmmmmmmud (pSEM)
expres eT 36 e.b dlre t inoculation into th
mgumasﬁt%khh ngg gé%g ]p')%sm rg% %4 of ré;%?per]iymmDﬁur]?cl)yéft(eie gflth
degsonid, (ph M Wprmmgvgmmwemgw tans! pesiite Abopsts2(Baregitopes by
a&nemmhm@%m%gﬂw%éw&d&e@m gim@%@%gi of PBS

substitutions at primary anchor re s P2 and 370 and 377). One

vise v Bederioly dhléndtyaed Werdhis ﬁYQPaféB‘éV@@nhY With mwnb@osts

Tw@ﬁlms&&ﬁz ahe @ta%dmd Fsryadagainst Al Gkdabeled Highiad lymph
tug;io?h 1;624 ,38 cells) at various E:T ratlos Both the native peptide
3

BOSPISa650 S 8659&?8%08? Bifgtions at the primary and/or

secondary anchor residues, into the right lymph node. As controls, mice immunized

4

with plasmid only or naive mice were used.

[0347] To evaluate the in vivo response against natural Tyrosinase and
Melan A epitopes, splenocytes were isolated from littermate control HHD mice and
* incubated separately with 20pg/ml of natural peptide (Melan-Ags.35 or Tyrosinasesss.
377) for 2 hours in HL-1 serum free medium (Cambrex) at a concentration of 20 x 10°
cells/mL. These cells were then stained with CFSE (Vybrant CFDA SE cell tracer
kit, Molecular Probes) (1 and 2.5uM respectively, for 15 minutes) and intravenously
co-injected into immunized or naive control HHD mice with an equal number of

control non-peptide coated splenocytes stained with CFSE'" fluorescence (0.4uM).
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cytotoxicity against 624.38 cells (Figure 41). Whereas there was some

dilution of cytolytic activity with the native peptide, there was none with

the analog, thereby reinforcing the indication of greater immunogenicity
ga@PHSH R tetramer results in Example 52, Together with theT/US2006/023489

preceding example, this observation illustrates the usefulness of
Eighpdenentinpieiare siefigentiagsayen(vT wyeecytotoxisityiartréataMeoving

ainin ith more sensitive assays (ex vivo icity after in vijtro .
R DD R RE Rt o B AT G o DR St8 igsagtine
REIT SRO66162 B4 880 XANREyS 6TBEN RING ANEPISHONB I TiMe  populations

AR BRI ST RS YRR R g come

StabiRgeer Be iR INsRisastd Bie’ MRaeilic dpviplExadditere SaeRaavency of
OBLasHRSS UnuRa BsRANSS. NatamPItoRes, and &nalegs theraeierecps
tested for their binding and stabili%( 1/2) tg A02§1 restricted MHC Class
f%‘l‘ér&ﬁ?e@ﬁéfr@ ﬁ%%’léfeérﬂfﬂ%% %&&7&&%?}& m (also discussed in
Exampli@3BB). Thalingingiand afitdée (T112Ywasaetaiabiedfoegixndatp/ehe
epitopes _and their analogs.which,were desigped to enhance the immun
R Ry SRS ol By
Neovtiegerivg 57pti sand\GESQ B The by 1B8Manal @1 BBVY)Y V377Nva (Figure
Mejan-A26-35, Melan-A26-35 (A27Nva), SSX-24149, SSX-241-49
(A42V), Prame4d25-433, Prame425433 (L426Nva, L433N1e),
Tyrosmase369-377, fyrosinaSe369-377 (V377Nva), PSMA288-297 and
PSMA288-297(1297V). f0351] TrableviPr(be#gw) shows the average
values ide binding.a il i ' )
native%ﬁ S gS-of A Ao 53 A
showed8349§tantidHNcheasgenc hdeefcehthingingeco tapataibetd EHreording to
i t] : f Melan- m 7 .
e A R eI e Tyronngsn
percpittagdbiditngiotehletpeptide themepard dyropihaadativé phptioéplasmid in
( - V. W. ial incr. in the .
9??&%%%%@?&%@% % @) e syastapial Ncrease I e Reptide

stability to’théMative peptide. Significant increase’l

tiheostaiimpaeBowss afvéay 8% etided hrididyiP saieaspiirie (a2@mlgs bearing

Noib& Rkt T fRatly a8 e Sd R YD REFTEAI04RE $57PEN B weck after the
L433N1e) and SSX-241-47 (A42V). No significant differences were

oD S TRARES et A Eh &To g R FoEh HSe B8 S 77 AP Ry Peptide
camipatagetd athinnatie-peptide himendiffierencas aleseneddnshe: halfilifs BT
of the anal may. be due, to the differ i echanism of bindjn

oL TS B B e L e e
VAL EBIQFaPARCEN T B ININNEBgAN @ HWhereas there was some dilution of

cytolytic activity with the native peptide, there was none with the analog, thereby

reinforcing the indication of greater immunogenicity gained from the tetramer results
in Example 52. Together with the preceding example, this observation illustrates the
usefulness of complementing more stringent assays (in vivo cytotoxicity and tetramer
staining) with more sensitive assays (ex vivo cytotoxicity after in vitro stimulation) to

outline potentially useful analogs.
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STABILITY (HALF-LIFE) OF NATIVE PEPTIDES AND THEIR ANALOGS.

# Peptide Name Half-Life % Peptide (T1/2) Binding at TO 1 Melan-A

26-35 1,85 74 2 Melan-A 26-35 A27Nva 13.55 79 PSMA 288-297 7.34

85 10RMKA3366¥51138562 PCTfUS2006/023489 4 PSMA PCT/US2006/023489
288-297(1297V) 16.72 92 5 N eso-1 157-165 12.74 63 fi N eso-1 157-165
L158Nva C165V 16.98 100 7 PRAMR 433 12.42 79 8 Prame

425- 433 L426Nva L4r33NIe 16'87'89‘9‘5’87(2 41 49 9. 90 55 10 SSXZ

369-377 (WZWVE)PMP@ﬂEdQ%ﬁ]AﬁhRE@M%?‘?WPAWS‘?@M'qUes

to carry out the invention. Of

descnbe&, owde a H}Jg’er of

course, it 15 t 8%“}%?08%% s%ﬁl?ﬂ]ﬁéﬂ’%m%&‘?@gg%rbound to the
aMbﬁﬂdgemdé@mlmd evyithe achievegbinl :mmudamomw @ity Papieplarand
emhasingatAeSerRagnarRlD. s, o, eamnle, ose Skiled i 198 aft g

will recognlze that the methods may be p o orme
abAGeSTays dp@ﬁﬂ?f@éeﬁ)N@%iwﬁma’géwm@mdp@fvad’v&m&gmieés)tdwtmtsed in

hexeimprEnayt necasaamly A8Nieyng ahsroRIScivas R ady @9&%%? 9 pitopes

may, be taught or suggested herein. A variety of advantageous and

o Ahhe: 3&%‘8&%%{ R desienaieiotaieacdhsimmmisno s o eFipetive
thmpmmaﬂxregt erakodimentssspeviisaiy 19;3&%?@%@&9&% (EE 58Nva,
%dvlgln %ousf res while &@@pecmcally exclude on
ano‘%f: o1 severa?écﬁ%a ?ﬁa@%ﬁd&s ﬁﬁﬁ‘é%‘ﬁﬂ%tﬁé&”&“% (A42V),
sﬁe@mmlgemiﬂgata&pmée*%ﬁmduamagepusyﬁ?aﬁwsﬁﬂgyﬁaﬁ |W§i@@l@§sr::359_377
3 AAQLReT evera eou es. [0354] Furthermore, the

ssﬁed artls%ﬁ%rzé%zggnlzﬁ&éﬁ% pfﬁzsgéﬁ?%f various features from

different{@3bbdimEis- Bihirdeny) she watisuevetegnenisssfefinseiiabihding and
steasidieysarcabonaxananl asoifiar kR eAvalenls [Rnsachch o,

eleme re or step, can be mixed and matched by one of ordinary

s&%ﬁf&tﬁfﬁ% e HRsHTBBRARTAL daskearc it RsERraoRbadiRg epeared

herdire Adtion@dpeides. The analogs of Melan-Asg.ss, Psmajygga97, Pramesssqss and
Tyrosinasessg.377 showed a marginal increase in the percentage binding of the peptides
compared to the native peptides.

[0352]  Melan Aje.35 (A27Nva) showed substantial increase in the stability
(half-life) compared to the native peptide. Significant increase in the stability was
observed for other analogs Psmaggg.a97 (1297V), NY-ESO-1 ;s7.55 (L1 53NV&, C165V),

. Prameyps.433 (L236Nva, L433Nle) and SSX-241.47 (A42V). No significant differences
were observed in the half-life of the analog Tyrosinasesgs.s77 (V377Nva) compared to
the native peptide. The differences observed in the half life of the analogs may be due

to the difference in the mechanism of binding of each analog to the MHC1 molecules

TABLE.10. THE AVERAGE VALUES OF PERCENT BINDING AND THE
STABILITY (HALF-LIFE) OF NATIVE PEPTIDES AND THEIR ANALOGS.

# Peptide Name H?,'.ﬂ};,_‘)fe /Ef:cﬁgge
{ at TO

1 Melan-A 26-35 1.85 74

2 | Melan-A 26-35 (A27Nva) 13.55 79

3 PSMA 288-297 7.34 85
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various elements, features, and steps some will be specifically included

and others specifically excluded in diverse embodiments. [0355] Although

the invention has been disclosed in the context of certain embodiments

and EHNNEER will be understood by those skilled in the art thRCH&S2006/023489
invention extends beyond the specifically disclosed embodiments to other

%tgrn RHue eIBRoshmeAls and/or uses and modifications gnd ggl,livalents 92
esrecpryg.Q()%Wéj_{é)ﬁ()blldebz PCT/US2006/023489 [u.556L 5/ LA

arfations and-afternative efements of the-inventiomhave-heen-disctosed:
Stifl-fyrtHEPUAASHdRS L NrRbA St Iblements will be appatent!f8ne [of 100

skifl in fRAME 48Priilg these variations, without limitation, are tAéd&pecific 79

nufbePrefantipeds(id28ardaiittepanel or targeted by ajtherapeutia 89
[

oraducgdke4ype of antigen, the type of cancer, and the partiewar 55
epn{tgerﬁ@&geg@i%z\@rious embodiments of the invention Caly, ’

peCi |C@Ugs;gg§ggggg;7§xclude any of tThese variationsor ,ierqs%s. 03571 ;3

) ’Fé)m_?y%m&[g%%l%%% w%[;ﬁl\ggluers expressingquantitresof-trigredients; -

I el ﬁ Qnrflr

Properties suchas motectufar-weight; reaction-condittons,-and-se-forth;
used to describe and claim certain embodiments of the invention are to be

undersffgggﬂﬂas being 6986‘54%&&&&%&”%@1%8? ydt(!‘é%ﬁgéma euftga'“'ovide a

Accardingly, in some embodiments, the numerical parameters set forth in

tRRPIRRELEh SR OHRSTY A A pRPBIafRfcaresapib i knbatiodstatonchibst not
vidie epBNdingupaie flagiradaRioRestigsaonaht 1o heptaINg Yo Riance

particular embqgdiment. In some embodiments, the numerical parameters
D 2B, BRI U Che R SER Bt ] SR EigR i i
¢heldoiraibiplsingnorelthar yheouating teshbigpe foiNetivithstangingiiaicthees or
Q}g!%‘ﬂﬁ' I P ters setting forth the broad scope of some
embog%%rgé{rx?té; of tF; e ?r?v(grrl |onpa?(=;Is 5515’6% esa?lso%g,gﬁ@ %ﬁ%@f?&%u3£ﬁcé’§sanly
sehferingrPthse ehisetitcerarmpiariages rsponpdbaspratiselpaeptadtivabie. A

TRAMBESSAYALeS Meseniedkinsons ambadiments &%Hﬁ%aig?rf (?J%Fé?ﬂ. It is

may contain certain errors necessarily resulting from the stan
&8\%&\’&4@?&&?&‘ ihahesmespiered eadtiniimenis Sopeifivatts inobgg|aresamer,
gmboz&iﬂemsaﬁfb;géeﬁm sgaarrwg ebvm'l' @H&é‘é&}%bﬁﬂﬁl@%ﬂ@fg&@@@&%&ﬁ&? or
in.the context of describing a particular iment of the invention
R S i Lt ALy e = presem
cherstyapiggerwoveststhbthdrsigiotar eindribie plotadr, The secitationiodntageous
rangessof values herein is merely intended to serve as a shorthand

method of referring individually to each separate value falling within the
range. BRRYs otfermhernpgicheeskHisdatisacivill recognize the applicability of

various features from different embodiments. Similarly, the various elements,
features and steps discussed above, as well as other known equivalents for each such
‘element, feature or step, can be mixed and matched by one of ordinary skill in this art
to perform methods in accordance with principles described herein. Among the
various elements, features, and steps some will be specifically included and others
specifically excluded in diverse embodiments.

[0355] Although the invention has been disclosed in the context of certain
embodiments and examples, it will be understood by those skilled in the art that the
invention extends beyond the specifically disclosed embodiments to other alternative

embodiments and/or uses and modifications and equivalents thereof,
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individual value is incorporated into the specification as if it were
individually recited herein. All methods described herein can be

performed in any suitable order unless otherwise indicated herein or
othERMEY/ L3y contradicted by context The use of any and alfCT/US2006/023489
examples, or exemplary language (e.g. "such as") provided with respect to

certain@ppodimants hergindadiendad-marelyadedatierdiuminaiedith have

invention and does not pose a limitation on the scope of gg invention

BeRR sk i i TN eI T AT B6 T SB%62 PEFRTS V08I PAEY" o one
lenguager the spesificatienahaiddspeiconstliad-asmndieatingpacific number
%?n-claimed element essential totthetgéagtice 81: tge invgntig& 0 e9]ty e of
r(%%ﬁ%% 3 AIESTREIVE EfEfieRts OF embodiments %ﬁf‘ﬁ%e Fvention P
disidesedbbetgin ané nanteheapdnsteugdristimitatidigsn@actpepidigg.  Various

Bk ey henefeusadiin and %‘?é[éﬁ'ﬁ&lziﬂﬂii@@ﬂﬁ'éy&%f 0ANe any of these

combination with other members of the group or other elements found
eriatinns ¢35 elamepfated that one or more members of a group may be

include@igypr deletegitormmd@halptior trasansRtconyraianse RdMes of
patentability. When any such inclusion or, deletion occurs, the specéfiggt'gnh

IDESFTASBEREATS Lhdh TGRS 0 EL8RTo AFRSHAh FQEHHART,
witiden desabptian ofall ddsariishtgdimpsts o€dhia itherajaperre ed lelaindsrstood

10360 Prefert léjdel%‘%gr‘%'ig’em% S oLINis ivention ’a%%gtgscf&%%gr&%%?i?’in some
inclu n%g e best mode known o the inventors for carrying out e *
inméndiomnivatiztionsoricoperprefer adte fabibdimeahes wiittbe cdasreiption and

apRatent iRithose O QinaNA Rl indheart UReD rRagdiRgh e foreeRiNgesired

description. It Is contemplated that skilled “artisans may employ such

VHPRRTE RS seu i Sedpsiabiaingthine mvdiehembg Becpradicembiiabatiaents,
thansResiisabyHeseivemdigmet. Ascerdinaly ipaNYs eRbadipants eéported

this inventign, include all madifications and gquivalents of the subject .
RCTBL A P B A R B B PGB by E e tht
ld@w, MMekeRYEr ranycombinationcatihectthqyefadscrire beleimestiseinadll some
RoSsigls vaatons i”lz%ﬁ%PJn'%x%”gp MRARSEshEY RS IVENIaNUNIESS.  forh in
othenvise indicated herein or otharwise c early contradicted by context.

[O36xeFifiivanmples aermenetedrefarericdy havuastierPlnaddeaparsicd spges
PriptestRuUBlcatipRs tipsahumtdhis specificatiann Eash aldhairbovesitedrors

references and printed publications are herein individually incorporated

ereserelice i g fomtirthy . JoRdst fexialnmy fRueddhaaiideresgue st ting
the:gmbedinents of the invention disclosed herein are illustrative of the

D eSSBS RS BT T i
referents used in the context of describing a particular embodiment of the invention
(especially in the context of certain of the following claims) may be construed to
cover both the singular and the plural. The recitation of ranges of values herein is
merely intended to serve as a shorthand method of referring individually to each
separate value falling within the range. Unless otherwise vindicated herein, each
individual value is incorporated into the specification as if it were individually recited
herein. All methods described herein can be performed in any suitable order unless
otherwise indicated herein or otherwise clearly contradicted by context The use of any
and all examples, or exemplary language (e.g. "such as") provided with respect to
certain embodiments herein is intended merely to better illuminate the invention and

does not pose a limitation on the scope of the invention otherwise claimed. No
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Thus, by way of example, but not of limitation, alternative configurations of

the present invention may be utilized in accordance with the teachings

herein. Accordingly, the present invention is not limited to that precisely

as H¥yaedaEdescribed. -110 MCSLLP CLAIMS: 1. An isolateBGI&p#R#es/023489
analogue of an immunogenic peptide expressed by a pSEM plasmid

chingisiiRgigsaenijrliyiehtbe secuanse: fotfirkedva, iNIRIARIGH YordNY&imed

NIF S%%ID N(%:Iﬁé%?; or Y{M %,eNva, Nle}DGTMSQ{V, Nva, Nle} (SEQ

|5 RS0y (e e e S EN 9ot E{A, LIAGIGILTV (SEQ ID

NO: 93)[036%MD GIMBRRY (SN O:18dEn?s dharibolitecioeptifeinvention
i i i j ogue.is.selected from the

B R P R e ey e

(Stfeyeo N endodyimedpEimAdsdiN s (SEQ ¢orbinaom), Wity DT MeQhers of the

(SRSDIB: Died: Wt YMERGENR QN Yea RN &%Ogm-gl?@d?%%@g ofa

peptide analogue of claim 2, congisting essentially of the amino aci

SERRTES ERUEAETEILTY (el Aoo? $8yUR HsassiariepRjsmence and/or
apategielinf Cllrn2ngonsistingsise otidbeabiheo ey uenNegecification is herein

YMDGTMSOQNva (SEQ ID NO: 9 CAn i d tide analogue .
AR MR ol e A SRR R T e Buen g
pbistlonligrnapies deidpugitote @ritB, in the sequence EAAGIGILTV

(SEQ IDg368; L00bhaving ansfipituier aclgss Waﬁo@iqgénse%%égjs&em,
similar to or greater than the affinity of EAAGIGILTV (SEQ ID NO: 100
fOPSLngdEs PRAtiEsindiig ete dher iRy dratefPpsptinsf Ahithes nvention.

Whgtigtioh @M elbiies: bLisB eI Mt St RE AFpatel RAMRINEof ordinary
hallcflﬁ'me fdissociatiogé,of EQQHGIGILTV (SEQ ID NO; 100) from said '
A FMPSCTRIRIPGFERE PorREsResh daTERRNER of fRmsmplate that skilled
recognizetapychpkls with spéttifiaitysforiheqpeftid eakAAGIGHIMISERy be
IRNR: NS isglated eﬁ analogu prising a substitution in
& th ;
at least one p(ﬁ?gp%v%ﬁgrseglﬁc? lgaqa}?’ Ie%%?%gr?’g%gill ion'is alR §ﬁ?ﬁ46n§ g ey
peEbetipesisefifhihaveetiprinctuynb GTPMEQUB EQ HYUNGlea%)didvirmybiect
amatlinitedaee glaas ! MG bipding.alaftiat @é%@&%@%ﬁ%&@%ﬂ law.
the affinity of YMDGTMSQV g Q ID NO: 94) for said class’| MHC
bM&Fﬁﬁvgfeﬂr}y combination of the above-described elements in all possible variations
thereof is encompassed by the invention unless otherwise indicated herein or
otherwise clearly contradicted by context.

[0361] Furthermore, numerous references have been made to patents and
printed publications throughout this specification. Each of the above cited references
and printed publications are herein individually incorporated by reference in their
entirety.

[0362] In closing, it is to be understood that the embodiments of the
invention disclosed herein are illustrative of the principles of the present invention.
Other modifications that may be employed may be within the scope of the invention.
Thus, by way of example, but not of limitation, altemnative configurations of the
present invention may be utilized in accordance with the teachings herein.
Accordingly, the present invention is not limited to that precisely as shown and
described.
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9. The isolated peptide of claim 8, wherein the halftime of dissociation is

similar to or greater than the halftime of dissociation of YMDGTMSQV

(SEQ ID NO: 94) from said class | MHC binding cleft. -1l LMCSLLP 10. MCSLLP
The isolated peptide of claim 8, that is recognized by T cells with

spedifisiiVifor the peptide YMDGTMSQV (SEQ ID NO: 94). 11. Aclass |

MHC/peptide complex n th tide has the sequence o .ahe

pepide of claim 110 e A T LA e ReRi fororessea by
wherEMeletass cavriGepespietaldyarf HeAedidTeaosinase369.377

complex. 13. /A ROPARide, cRfUPAEING e RERIAC RAGURACS f IBIB . or

embedded within a iibération sequence. 14. A compo omprising

any of the peptidé @halogiies HicIBFIMSEA AueleldadidfuadbdNig: $);
polypeptide of clajnhidr16: @e%%m@aéglgmspmz%@%%@yfk@'gs%%gﬁfm 03)

claim 15. 17. An isolated §eptide analogue of an immunogenic p

expresse@by MY SEYPRIYPHRCBN SIS bof the following: (a) E{A, L, Nva,

NIe}AGIGILT{V, Niéﬁs&ih%é&%%@d@ah@i LorWRGEEIN &hi%r%ﬁgyzﬁ@'\%%éﬁ&m
E{A, !f_g(PAGIGILTV(SEQIDN +93); or (b) Y{M, V, Nva, NIe}DGTMSQ{V,

NvATRfE) e Bt M G oapihe gz o iR tsnRieRbé (3 FEE TNIB ETRASIOWO: 95),
(SEQVRANGG B4 vorsdaitheoebe) eribdivikensongisingrian o7),
N-terminal extension, a_C-terminal extension, or both. 18. An isolated
peph S P A NGB LHIE Sephie SkpNER 42 HRRERPO).
plasmid cemprisirng ibelsedpepees EAoud\brul e A IEILIRY Nuai IS the
NOVBER i shiira he b SHER YRt v (e 1b o
93) or YMDGTMBENV{SEQ tptNOuM)glOoAtldRnIatesrsRlidessentially of the
iR MR SN, Wicines any amino acid orno
amino ackd; andARlisEsxdpepRds maloghvapmpNit@ndubstitution in at least one
position, wherein the at least one position is at amino acid position 2 or 10, in the
sequence EAAGIGILTV (SEQ ID NO: 100) having an affinity for a class I MHC
binding cleft that is similar to or greater than the affinity of EAAGIGILTV (SEQ ID
NO: 100) for said class I MHC binding cleft.

6. The isolated peptide of claim 5, wherein the halftime of dissociation is
similar to or greater than the halftime of dissociation of EAAGIGILTV (SEQ ID NO:
100) from said class I MHC binding cleft.

7. The isolated peptide of claim 5, that is recognized by T cells with
specificity for the peptide EAAGIGILTV (SEQ ID NO: 100).

8. An isolated peptide analogue comprising a substitution in at least one
position, wherein the at least one position is at amino acid position 2 or 9, in the
sequence YMDGTMSQV (SEQ ID NO: 94) having an affinity for a class I MHC
binding cleft that is similar to or greater than the affinity of YMDGTMSQV (SEQ ID
NO: 94) for said class I MHC binding cleft.

0. The isolated peptide of claim 8, wherein the halftime of dissociation is
similar to or greater than the halftime of dissociation of YMDGTMSQV (SEQ ID
NO: 94) from said class I MHC binding cleft.
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P3is A; and P4 is G: and PSisl; and -112 MCSLLP P6 is G; and P7 is I;

and P8isL;and P9is T; and P10 is V, Nva, or Nle; and P11 is X, XX, or MCSLLP
XXX, wherein X specifies any amino acid or no amino acid; and wherein

the sequence does not comprise E{A, L}IAGIGILTV (SEQ ID NO: 93). 20.

An isolatéf. peplitie isolasistingtofdiof dequéntefOrd3tnR2dR3-P4dASHi6h

P7- -P10,.4 fele) | , 2in X specifies any
arrsl}if?gﬁgg:?it ci)g(r)gr’%% a}# r?c? e@ﬁﬁ@?@éﬁ&@ﬁggﬁ/ Nva, or Nle;
and P3 i5lD; amt ¢asdd BiHEr@epBlischmphek, Réiischn; thageptitlishSs tirdequence

P%ﬁl@b@ﬁ'@d@%ﬂ%lﬁﬁnwﬂa' or Nle; and P10 is X, XX, or XXX, wherein X
specifies any amino acid or no amino acid; and wherein the sequence

does notlGompride Vi ENIMS Qrr (e @np 0o Bdyim 113 wherein the class
MHC/complex is an HLA-A2/Tyrosinasesg9.377 complex.

13. A polypeptide comprising the peptide sequence of claim 1 embedded
within a liberation sequence.
14. A composition comprising any of the peptide analogues of claim 1.
15.  Anucleic acid encoding the polypeptide of claim 13.
16. A composition comprising the nucleic acid of claim 15.
17. Anisolated peptide analogue of an immunogenic peptide expressed by
a pSEM plasmid consisting of the following:
(a) E{A, L, Nva, Nle} AGIGILT{V, Nva, Nle} (SEQ ID NO: 91),
wherein the sequence is not E{A, L} AGIGILTV (SEQ ID NO: 93); or
(b) Y{M, V, Nva, Nle}DGTMSQ{V, Nva, Nle} (SEQ ID NO: 92),
wherein the sequence is not YMDGTMSQV (SEQ ID NO: 94); or
(c) either of (a) or (b) further consisting of an N-terminal extension, a
C-terminal extension, or both.
18. Anisolated peptide analogue of an immunogenic peptide expressed by
a pSEM plasmid comprising the sequence:
E{A, L, Nva, Nle} AGIGILT{V, Nva, Nle} (SEQ ID NO: 91); or
Y{M, V, Nva, Nle} DGTMSQ{V, Nva, Nle} (SEQ ID NO: 92);
and wherein the sequence is not E{A, L} AGIGILTV (SEQ ID NO: 93)
or YMDGTMSQV (SEQ ID NO: 94).
19.  Anisolated peptide consisting of the sequence P0-P1-P2-P3-P4-P5-P6-
P7-P8-P9-P10-P11, in which:
PO is X, XX, or XXX, wherein X specifies any amino acid or no amino
acid; and
Pl is E; and
P2 is a, L, Nva, or Nle; and
P3is A; and
P4 is G; and
P5isI; and
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MCSLLP

P6 is G; and

P7isI; and

P8 is L; and

P9is T; and

P10 is V, Nva, or Nle; and

P11 s X, XX, or XXX, wherein X specifies any amino acid or no
amino acid; and

wherein the sequence does not comprise E{A, L} AGIGILTV (SEQ ID
NO: 93).

20.  Anisolated peptide consisting of the sequence PO-P1-P2-P3-P4-P5-P6-

P7-P8-P9-P10, in which:

PO is X, XX, or XXX, wherein X specifies any amino acid or no amino
acid; and

P1isY; and

P2 is M, V, Nva, or Nle; and

P3 is D; and

P4 is G; and

P51is T; and

P6 is M; and

P71s S; and

P8 is Q; and

P9 is V, Nva, or Nle; and

P10 1s X, XX, or XXX, wherein X specifies any amino acid or no
amino acid; and

wherein the sequence does not comprise YMDGTMSQV (SEQ ID NO: 94).
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