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15 BACKGROUND OF THE INVENTION

The present invention relates to compositions and
methods for preventing, treating or diagnosing cancers. 1In
particular, it provides novel peptides capable of binding
major histocompatibility complex (MHC) molecules and inducing

20 an immune response against selected tumor cells.

The immune system has the ability to mount responses
that can destroy tumor cells. Among the various elements of
the immune system, cytotoxic T lymphocytes (CTL) are likely
the most effective in mediating the rejection of established

25 tumors. This is because CTL recognize antigenic determinants
produced from any protein synthesized within the cell, while
antibodies recognize and bind only integral cell surface
molecules.

The anti-tumor activity of tumor-specific CTL is the

30 result of a series of complex molecular events. More
specifically, after cellular processing of proteins in the
cytoplasm of the tumor cells, small peptides are transported
to the endoplasmic reticulum, where they bind to newly
synthesized major histocompatibility gene complex (MHC) class

35 I molecules. MHC/peptide complexes are then exported to the
surface of the tumor cell, where they are recognized by
antigen-specific Class I-restricted CTL. In addition to-
lysing the tumor cell, the CTL may also secrete lymphokines
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%5 " tumors. A recent report has described the isolation from a
melanoma patient of CTL specific for a 9 residue peptide
(EADPTGHSY) , derived from the processing of the MAGE-1 protein
(van der Bruggen, et al. (1991) Science 254:1643-1647).
Evidence also shows that the CTL recognize the MAGE-1-derived

20 peptide in the context of the HLA-Al molecule (Traversari et
al. (1992) J. Exp. Med. 176:1453-~1457).

In contrast with the somewhat limitedifrequency of
expression of MAGE-1, the MAGE-2 and MAGE-3 genes are
expressed in approximately 80-90% of the melanoma lines

25 examined, and also in the other tumor types such as breast,
colon, lung and thyroid cancers (2Zakut et al. (1990) Cancer
Res. 53:5-8). Thus, it would be attractive to identify
peptides derived from the MAGE-2 or MAGE-3 gene products which
could serve as CTL antigens.

30 Despite the developments in the art, the prior art
has yet to provide a useful human peptide-based vaccine or
therapeutic agent based on this work. The present invention
proVides these and other advantages.

35
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10 residues. an epitope having the sequence EVDPIGHLY. The methods of the
invention comprise contacting cytotoxic T cells with an
immunogenic peptide under conditions that induce a cytotoxic T
cell response against the target cell. '

20 The methods may involve contacting the cytotoxic T

cells with the immunogenic peptide in vitro and then
reintroducing the activated cells into a patient with cancer,
such as melanoma. Alternatively, the peptides can be used as
a vaccine to induce an immune response in vivo. A combination

25 of in vivo vaccination with adoptive transfer of activated
cytotoxic T cells can also be used to induce a strong immune
response. .

Definitions
The term "peptide" is used interchangeably with
30  "oligopeptide" in the present specification to designate a

series of residues, connected one to the other typically by
peptide bonds between the alpha-amino and carbonyl groups of
adjacent amino acids. The length of oligopeptides is not
critical to the invention so long as the correct epitopes are

35 maintained. The peptides are typically less than about 30
residues in length and usually consist of between about 8 and
about 20 residues, preferably 9 or 10 residues.



4 An "inmunogeni c peptide" is a peptide which conpri ses an a
‘nmotif such that the peptid€ will bind the MHC allele and be c H ll
i-nduci ng a CTL response ag};rl nst a desired epitope. Thus, |mm

pepti des are capable of binding to an appropriate class | MHC nol ecul e

(e.g., HLA Al) and inducing a cytotoxic T cell response against cells which
express an antigen which conprises the epitope The epitope

e.g., MAGE-3).
recogni zed by CTLs i nddded impunegendge peptiast' éésaoPePﬁSEFn%fEﬁFPon has the
sequence EVDRbdaprisedar eillel@ispecifdlemdti¥ hehpahler thef peptidecwilh a

PP ecogni ze f”cfg/f i M g LR ahd B pabapl 088 bl e 5L Pecklhee
di f f erent fora@@iﬂtsmmﬂiemthléml@md mm&er ﬂmumgqmpt Peptd ﬁeﬁhérﬁl ghly

conserveg resiguas) e T PIHAGRS d ¥ Apiffopiathi @1e@iscal MuchPubtechgber to
material which s substant iall essentially free fromﬁ?%oonents whi ch

normal 'y accoh@shyr HLARAY), |iﬁ"q"t"s"%ﬁ toxd < e &5BePEPdes of
this inventi cagabngotcebls a&hn.cmtexpnﬂss reay Imitliygemswxilcﬂt mmheshbhe in

situ environ cul d:‘?ﬁﬁ g Even
where a prot glgﬁi'fﬁ ebge ate t'o gﬁ%é)mfa s or r1ant t here
are trace con%&ﬁ?ﬁﬁ‘ﬂt%ﬁ%‘#@?% Rﬁp'@-@?/cﬂﬁ tﬁ‘(ﬁ a\ﬁhitbﬁ

© CO- puri fm W t BefhéndeSEVEBRPIGHIY £i n. | sol ated pepti des of this invention do

not contain such endog S £ ei ¥ ers
to an amino acid or e@g Eggmmp'ﬁéh% ?F\eg%e?psora egna r#ae&% nrggleq#lg g{xgé
am de bond orlanadpenbn@emﬁe@%ingklmmscmmm @OH#EQD%Q/\P%GS dure

L shows HLA Alnshgdagfad] SHISROLS Orédsdniinm e iR foural antt a:ueIae

ll\)/:ﬁ\sjl ﬁgpg} dte ﬁg“ﬁgr Seéﬁlée moglgs dgzs'ee é}é{gat ' 310£fetzheent érbletalc 4 u];iatnhﬁnc

15 allele and differ in the pattern of the highly conserved
residues.

The phrases "isolated" or "biologically pure" refer
to material which is substantially or essentially free from
components which normally accompany it as found in its native

20 state. Thus, the peptides of this invention do not contain
materials normally associated with their in situ environment,
e.g., MHC I molecules on antigen presenting cells. Even where
a protein has been isolated to a -homogenous or dominant band,
there are trace contaminants in the range of 5-10% of native

25 protein which co-purify with the desired protein. Isolated
peptides of this invention do not contain such endogenous co-
purified protein.

The term "residue" refers to an amino acid or amino

acid mimetic incorporated in a oligopeptide by an amide bond
30 or amide bond mimetic.

BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1 shows HLA-Al binding of synthetic peptides
from MAGE-1, -2 and -3. The MAGE peptides were tested in a
35 dose titration for the inhibition of the binding of the
radiolabeled standard peptide }25I-YLEPATAKY to purified
HLA-Al1 molecules. (@), MAGE-1 peptide EADPTGHSY; (w), MAGE-2
peptide EVVPISHLY: (0O), MAGE-3 peptide EVDPIGHLY. Dotted
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([err]), nel-888 puI secf9 ﬁ\/%& %HpésAéégéE%ggé-ﬁfpfi\éi&n%- 52
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(ref. 21) ([ cRp§Yyein-Bary Am}rwtmxsﬁomemmhpbéasuelmml—tme( 0,
_221(A1) wit heuk-Rept | dess (e dises 23kt Rabl-Bupsptise! BvbBEENaypop) de

EVDPIGHLY ([grr WlthQU ppt stra es t hat
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VACE 3 speci Tishdb+ YRS (4 3R 1908 | (eitall/2ly LB7Y6!,! wABRASK) 3n{op) Ostate
mel-888 (HLA-Al/24, -B22/52, -Cwl/w7 MAGE-3-); (¢), mel-888
pulsed with MAGE-3 peptide EVDPIGHLY; (v), mel-526 (HLA-A2/3,
-B50/62, -Cw3, MAGE-3+). Figure 2A demonstrates that CTLs

20 induced with peptide EVDPIGHLY can specifically kill MAGE-3~-
expressing melanoma tumor cells.
Figure 2B shows cytotoxic responses using
peptide-loaded HLA-mutant cells expressing single MHC class I
molecules (ref. 21) (@), .221 (Al) pulsed with MAGE-3 peptide
25 EVDPIGHLY; (0), .221(Al) without peptide; (M), .221(A2.1)
pulsed with MAGE-3 peptide EVDPIGHLY; ((J), .221(A2.1) without
peptide. Figure 2B demonstrates that MAGE-3-specific CTL are
restricted by HLA-Al molecules.
Figure 3 shows cytotoxic activity of MAGE-3-specific
30 CTL towards various tumors. The MAGE-3 specific CTL was
tested for its ability to kill breast and prostate HLA-Al+
tumor lines previously treated, or not, with ¢-IFN. Cytotoxic
responses were measured against: (@), mel-397 MAGE-3+); (O),
mel-397 plus, y~IFN; (M) HBL-100 (HLA-A1/10, -B7/8 MAGE-3+);
35  (0) HBL-100 plus y-IFN; (a), BT-20 (HLA-Al, -B16.MAGE-3+);
(a), BT-20 plus 4-IFN; (¢), PC3 HLA-A1l/9; (<), PC3 plus y-IFN;
(v) mel-888 plus y-IFN (MAGE-3"). Figure 3 demonstrates that



tunor lines previously treated, or not, wth [err]-1FN. Cytot ?H”B“m
were nmeasured against: ([efr]), mel-397 MAGE- 3+); (C%,lnel-39
[€err]-1FN;, ([err]) HBL- 10dL(HLA-AI/10, -B7/ 8 NAGE—3+%' ‘([err])

[err]-1FN;, ([err]), BT-20 (HLA-Al, -B16. MAGE-3+); ([err]), BT-20 plus
[err]-1FN;, ([err]), PC3 HLA-A1/9; ([err]), &C3 plus [err]-IFN;, ([err])
nmel--888 plus [err]-1FN (MAGE-3[err]). Figure 3 denobnstrates that 6
MAGE- 3- speci fﬂmﬁ;&-spéciﬁid CInwan &ildr tulafrsmethepnthahi nélangue sehide

MAGE- 3 gene p V?p cés éﬁsﬂ&?-'%q: }I—lll%dﬁlgléFERRED EMBODI MENT The present

invention pr 2 I nfrunhogeni ¢ €s capabl e of inducing i mune
responses against tunor cells. The peptides bind desired MHC O ass |

nol ecul es and i nduce a CPepsceIpaiof @gaipﬁgtpummlm.mm{mi ng proteins

whi ch coppri se desired itopes.. . The re ults ted h ha
resi due Peptide (EVDPI GRNPHETIRELTY pg@ﬁﬂgﬁ SPﬁga ffégp%*%?eln
can be used tcapabletofh jmduming dﬂmmmnmmsgm ngalml:l tupepreeilsg The

MAGE- 3. Synt @éﬂ:&&é‘é’tﬁﬁ% &’ééﬂﬁ%&‘%ﬁs@a& %ME%QetshsaapﬁﬂahEéI AYVct®

~elicit CTL responses to ngl anoma, breast, colon, ,prosta er cells

or o
whi ch expressr?ﬁEﬁ%ﬁﬁsa?§ﬁEﬁtéE“W?EeQ$*i§i?*ﬂrQQ§3§QZP§ %élﬁﬁoﬂhifg) havi ng
the EVDPl GHLYcempt bpe. ddéised pepbespesan be used therapeutically either in
the forgpof a peptidic yagci 9£ éxoésef‘rg: ‘q ‘h%xté“%’n%%ythat""g' Shsgé% age®
i nduced™i'n tissue culture and us opti vé 1 mrunot

bi ndi ng to MEFeptide (EVRPECHLEL ¢%r-‘(-:1@%<13rﬁrﬁ%dihﬁl W%F%Pfc@?p&‘@ﬁ"? he
MHC nol ecul e, pastleiRecai Be Ased €60 EI¢E: & PriinaigPio1de rebdongkadgainst
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MHC (HL colon, prostate, or other cells which express proteins (such
as the MAGE-3 or MAGE-2 gene products) having the EVDPIGHLY
epitope. This approach can be used therapeutically either in
the form of a peptidic vaccine, or for ex vivo therapy in
20 which CTL are induced in tissue culture and used for adoptive
immunotherapy.

Peptide binding to MHC Class I molecules is
determined by the allelic type of the MHC molecule, and the
amino acid sequence of the peptide. MHC class I-binding

25 peptides, usually contain within their sequence two conserved
(*anchor") residues that interact with corresponding binding
pockets in the MHC molecule. Specific combination of anchor
residues (usually referred to as "MHC motifs"), required for
binding by several allelic forms of human MHC (HLA,

30 histocompatibility leukocyte antigens) are described for
instance in copending applications USSN 08/159,339, USSN
08/103,396, USSN 08/027,746 and USSN 07/926,666. Definition
of specific MHC motifs allows one to predict from the amino
acid sequence of an individual protein, such as tumor-

35 associated molecules, which peptides have the potential of
being immunogenic for CTL.

The present invention provides particular
immunogenic peptides which are derived from the sequence of
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practi ce wher@am henaised e ®ldqit CTr copabde of kidlingt MAGEe3 K- tamor nus)
and the carboxyiigroup to the right (the C-termnus) of each am no acid

residue. In the formnul representing sel ected specif, dlnents of the
present invention, t hea‘ﬁ?ﬁ H’g’meé’rfg'a&&ﬁow d tor ﬁ‘FﬁSFleoBBE idey ﬁ%ﬁﬂ“ﬂ‘%ﬁ
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form they would assume at physioclogic pH values, unless
otherwise specified. 1In the amino acid structure formulae,
each residue is generally represented by standard three letter
or single letter designations. The L-form of an amino acid
20 residue is represented by a capital single letter or a capital
' first letter of a three-letter symbol, and the D-form for
those amino acids having D-forms is represented by a lower
case single letter or a lower case three letter symbol.
Glycine has no asymmetric carbon atom and is simply referred
25 to as "Gly" or G. _

The immunogenic peptides can be prepéred
synthetically, or by recombinant DNA technology or isolated
from natural sources such as tumor cells expressing the MAGE—B
gene product. Although the peptide will preferably be

30 substantially free of other naturally occurring host cell

 proteins and fragments thereof, in some embodiments the

peptides can be synthetically conjugated to native fragments
or particles. The polypeptides or peptides can be a variety
of lengths, either in their neutral (uncharged) forms or in

35 forms which are salts, and either free of modifications such
as glycosylation, side chain oxidation, or phosphorylation or
containing these modifications, subject to the condition that
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pepti des, suc T h S I nstance,
coval ent attagﬁggnt ?8?#Pfélﬁﬁalnsqéf%:egﬁg|ﬁﬁlﬁ §¥E§F858§pPVdes wi ||
i ncrease |nnuﬁ@ﬂéﬁié???°n$nsﬁﬁhl@$ohipi¢ﬂ$hﬂme glysesydaidon orqgenjugation
the formof systbthig pep{:ideé, SL6h Gdd) Ridd Qﬂh%tokt&%qm'enqﬂhe% rderived

duct h t |1
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aci d sed@enceSUGhtaSnanmatibhebpérteppepnxdesnwﬂmiInndma&sho t he sequence

that represenyambhi8gbhice®) tOpfnth&f.@fér? Phd PR Ui n® Bi¥ sequences
Alternatively, a g]x%ure ol 2 nor e
in e form of synthetic peptides, protein carriers or

recombinant DNA-derived products, which stimulate helper T
lymphocytes will increase the CTL response to the peptide
20 containing the CTL epitope. Specifically, an amino acid
sequence containing a T helper epitope can be linked to the
sequence that represents the CTL epitope to create an
immunogenic entity. Alternatively, a mixture of 2 or more
separate entities, representing the epitopes recognized by CTL
25 and T helper lymphocytes, can be administered to elicit the
desired CTL response.
Peptides having the desired activity may be modified
as necessary to provide certain desired attributes, e.g.,
improved pharmacological characteristics, while increasing or
30 at least retaining substantially all of the biological
activity of the unmodified peptide to bind the desired MHC
molecule and activate the appropriate T cell. For instance,
the peptides may be subject to various changes, such as
substitutions, either conservative or non-conservative, where
35 such changes might provide for certain advantages in their
use, such as improved MHC binding. By conservative
substitutions is meant replacing an amino acid residue with
another which is biologically and/or chemically similar, e.g.,



separate entities, representing the epitopes recognized by
| ynphocyt es, can be adm ni,stered to elicit the desired .CTL res “"
Pepti des having the desi r dd activity may be nodified ‘as necess

provide certain desired attributes, e.g., inproved pharnacologlcal
characteristics, while increasing or at |6§§t retai ning substantially al
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ani no aC|d S tiorls probed” lisin am n cl ds
nDdlflcatlom¥3%m?ﬂ&§3ﬂﬂde3&§Pﬁg ﬂéﬁluﬁﬁ§%ﬁiﬁe9tl esfaphides, pPress Rl as
descri bed i n Meignhdfen,i feael.d, (N(.3{93thSEtaﬁﬂ&ePﬁags$4lg§471-53480197191)1; and

Press) . Ty ECRIRRE 698 Young SsBlie PhAge aRE168 srathrate. o LRFFkEor,
Synt hesi s, (HBka(ﬂRiEHGQ)h 28 Edge)1984)Ed. (1984). The peptides can al so

be nodified by extendi AgeipedRAERAS AR hﬁ%ocBEpﬂHaﬂfieanb?Oeﬁ’ééﬂdiﬁﬁU@PCG
e.g., by theﬁ;ddltlon or deletlon of amno acid gg des of

i nvention ca Grddie [CORPERng' ScARARO: RE1G, §EAUSPCEonBolr vi BY the
certain resi cackbitidn ko mipletddn pfapminei atdédst haTheepeptidesi of thed
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sites or conserved fesidues, nay genera out an

adver se composition of ‘certain res;dues, it being readily appreciated
that certain amino acid residues essential for biological
activity, e.g., those at critical contact sites or conserved
residues, may generally not be altered without an adverse

20 effect on biological activity. The non-critical amino acids
need not be limited to those naturally occurring in proteins,
such as L-a—-amino acids, or their D-isomers, but may include
non-natural amino acids as well, such as B-y~é-amino acids, as
well as many derivatives of L-a-amino acids.

25 Typically, a series of peptides with single amino
acid substitutions are employed to determine the effect of
electrostatic charge, hydrophobicity, etc. on binding. For
instance, a series of positively charged (e.g., Lys or Arg) or
negatively charged (e.g., Glu) amino acid substitutions are '

30 made along the length of the peptide revealing different
patterns of sensitivity towards various MHC molecules and T
cell receptors. 1In addition, multiple substitutions using
small, relatively neutral moieties such as Ala, Gly, Pro, or
similar residues may be employed. The substitutions may be

.35 homo-oligomers or hetero-oligomers. The number and types of
residues which are substituted or added depend on the spacing
necessary between essential contact points and certain
functional attributes which are sought (e.g., hydrophobicity
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following Table 1 when it is desired to finely nodul ate the characteristics
of the peptide.



11 TABLE 1 Original Residue Exenpl ary Substifution APi§SheetHasBeen Replaced
Ser Arg ;\ Lys, His Asn S I"U“IHSM"““
Asp - - : du Cys . - )

Asn du. Asp Ay Pro

Hi s Lys; Arg lle 11 Leu; Val Leu

Il1e; Val Lys Arg; H's Met Leu; Ile

Phe Tyr; Trp Ser Thr Thr

Ser Trp Tyr; Phe Ty Trp; Phe Val

r
Ile; Leu 12 Substantial changes in f FRBLE (e.g., affinity for MHC

nol ecules or T cell receptors) are nmade by selecting substitutions that are
| ess conservativePFgggn%ﬁoggnguéable 1, i pfLempFSeCdipyt 11831 14Fes t hat
differ nmore signi VAL rr effect %ﬁ'ﬁ%?ﬁf%TﬁTﬁﬁ"(ﬁTJTﬁb structure
of the peptide backbang in the area of the substitggron, for exanple as a

sheet or helical conformation, (b) the charge or hydrophobicity of the

nol ecul e at the targéxrgsite or (c) the bul k bfsthBisi de chain. The
substitutions which in general

Asn Gln
Asp Glu
Cys Ser
Gln ' ‘ Asn
Glu | Asp
Gly , Pro
His | Lys; Arg
Ile Leu; Val
Leu Ile; Val
Lys Arg; His
Met Leu; Ile
?he Tyr; Trp
Ser : Thr
Thr Ser
Trp _ Tyr; Phe
Tyr Trp; Phe

Val Ile; Leu



are expected to produce the greatest.changes in peptide prope is Shect thas BeeReplaced
those in which (a) hydropkilic residue, e.g. seryl, #Stsubstit u ” lll
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by) a hydrophobic residue™ e.g. leucyl, isoFeucyl, phenylal any
al anyl; (b) a residue having an el ectropositive side chain, e.g., lysl,
arginyl, or histidyl, is substituted for (x@ by) an el ectronegative

residue, e.g. glutanyl or aspartyl; or (c) a residue having a-bul ky side
chai n, e.g. phenyl al Subgtantialuthanges ein fBngionyje dhe, PRLINAAMENR si de

e s due e B R e e I e e s a
i du L i i de. i X | i
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sequence becaysd.ebg sétectingnfesiduesnthet tdief fier storse ianmicf fidantly in
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art. Such nodeckbaneoiBd Fhe| aBea ofl the Sukskitytion AREXAURI/AE & he
a-carbon, anmseetabpoRglicadnpobrteriLPiacenEs) tHe tditarye dar bond,

t [ , l.eti . b, | j nks, , |
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ways. For i nﬁrz?ﬁgg, ﬁgpw‘hiség ghﬂseaﬁ‘oﬁg ‘B}i‘o&gﬁ&é&?éb’r -C IR human
pl asma and se&r.gw sexyd,bésnsubstiitutedsfost mtlbyy.aMr@lmbiNamuat
al ., 13 By ,g.J -leQE?Q. Nﬁ&@ﬁleﬁgg??gﬁﬂghylaﬁifl' %1&?6&1“ d Ty £ of

t he pepti des of” the edent inve I S, conven ent determ ned, usi ng a
25% human ser’iﬁﬁWPv?“W&S‘Sy.anTﬁleﬁFBPB'é%}ti%eg%%?a‘F 3ing ¥+ owkY®hool ed
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centrifugati%ﬁé%g;gaagative residue, e.g. glutamyl or aspartyl; or (c) a
residue having a bulky side chain, e.g. phenylalanine, is
substituted for (or by) one not having a side chain, e.g.,
glycine. '

20 The peptides may also comprise isosteres of two or
.~ more residues in the immunogenic peptide. An isostere as
defined here is a sequence of two or more residues that can be
substituted for a second sequence because the steric
conformation of the first sequence fits a binding site
25 specific for the second sequence. The term specifically
includes peptide backbone modifications well known to those
skilled in the art. Such modifications include modifications
of the amide nitrogen, the a-carbon, amide carbonyl, complete
replacement of the amide bond, extensions, deletions or
30 backbone crosslinks. See, generally, Spatola, Chemistry and
Biochemistry of Amino Acids, Peptides and Proteins, Vol. VII
(Weinstein ed., 1983).
Modifications of peptides with various amino acid
mimetics or unnatural amino acids are particularly useful in
35 increasing the stability of the peptide in vivo. Stability
can be assayed in a number of ways. For instance, peptidases
and various biological media, such as human plasma and serun,
have been used to test stability. See, e.g., Verhoef et al.,



use. The serumis then diluted to 25% with RPM tissue CU|tLH¥?BSh Replaced
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amount of Teaction solutioh is removed and added to eft her 696

trichloracetic acid or ethanol. The cloudy reaction sanple is cool ed

(4[err]C) for 15 mnutes and then spun to pallet the precipitated serum
proteins. The presence of the peptides is then determ ned by reversed-phase
HPLC usi ng stBsi. idt.y Depisc Metalc Pharmacgkaphy 3bh2917302. (1986 heptHaks ldife
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resi dues. Al tprecipitated tswri lpmsieinte n@hebpresekced o6 the peptiges is

peptide withoyed ?ﬁé@&xﬁﬂme@% B - “prase hiEcTRYiRg |1 nked to the T
er

hel per peptide el} Irectly or via acer elther arf the am no or
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attributes other than improved serum half life. For instance,
the ability of the peptides to induce CTL activity can be
enhanced by linkage to a sequence which contains at least one

20 epitope that is capable of inducing a T helper cell response.
Particularly preferred immunogenic peptldes/T helper
conjugates are linked by a spacer molecule. The spacer is
typically comprised of relatively small, neutral molecules,
such as amino acids or amino acid mimetics, which are '

25 substantially uncharged under physiological conditions. The
spacers are typically selected from, e.g., Ala, Gly, or other
neutral spacers of nonpolar aminoc acids or neutral polar amino

. acids. It will be understood that the optionally present
spacer need not be comprised of the same residues and thus may

30 be a hetero- or homo-oligomer. When present, the spacer will
usually be at least one or two residues, more usually three to
six residues. Alternatively, the CTL peptide may be linked to
the T helper peptide without a spacer.

The immunogenic peptide may be linked to the T helper

35 peptide either directly or via a spacer either at the amino or
carboxy terminus of the CTL peptide. The amino terminus of
either the immunogenic peptide or the T helper peptide may be
acylated. The T helper peptides used in the invention can be



they may be nodified to include D-amino acids or be conjugatéﬂl Replaced
nmol ecul es such as |ipids, goroteins, sugars and the Ilk In so l “”l“
enbodi ments, the T hel per geptide is one that is recognl zed by

¢ells.n the majority of the population. This can be acconplished by

sel ecting am no acid sequences that bind te4many, nost, or all of the MHC
class Il nol ecules. These are known as "l oosely MHC-restricted"” T hel per

sequences. EmadjifdedofinatheosavednesnernsesCThapeptidesoscfgr MIGkanse,i ct ed’

i nclude s equ@_ﬂg)e,s mfaFyO mea%aqeaaas geh iﬁéﬂ&é aPUSmiNS| Achds POSi B C&W
(CNIKANSKFIG'TE asmdi um f al ci parum rotein at positions 378-398
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(YGAVDSILGEMAIX@AA) For exanple, a vaccine conprising a peptide containing

a MAGE- 3 epi tope (EVIR| G0 ﬂﬂl}iﬂ},&% th&l{%s? f,g@g %QPE13§p£§‘A§ne that

conprising the tetands toxin epltope spacer
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type of vaccmwé-ecmm,crmMa nr@oﬂmwnngsabbbosaﬂ-i!omim‘gﬂim'sm

Al ternajgvel Bhelﬁez‘ ssdwsﬁd@sq t TP o BhIAb! scmapgbsﬁéneeaaak& Are
stinul ating hel tes, 11 | gosely MHC-restricted,fashion,

usi ng ani no éﬁ%eglé’qﬁ'@% sr%"t qt&?nd“ﬁJr“ﬁ&t ﬁF@“e’l‘ﬁ§§e ToM: ARELgeRS FHch AS
cal | ed Pan- Dirdtiamiisnctoaqiirt @t pd2AbRionsa8g 0664380 (Q¥ IKANSHPIBATES, of their

bi ndi ng acti S egybesqg SeC.
copendi ng ap\ﬁllt%éi Egﬁ%ﬁ?@f’( W@o&/ﬁ? | %gt gngl&lmé)‘??dg avi ng the
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For exanpl e, Yaptediaat thesdittiempinuseitser peptdides comprising the- tetanus
acids to increassh ldi¥itope (QYIKANSKFIGITE) using a AAA spacer can be used.
The tetanus toxin peptide is further lipidated at its N-
20 terminus using two palmitic acid residues via a KSSAAA spacer.
This construct, which has the formula (PAM) 5~
KSSAAAQYIKANSKFIGITEAAAEVDPIGHLY, can be used to elicit a
strong tumor-specific CTL response. This general type of
vaccine is described in copending application USSN 07/935,811.
25 Alternatively, it is possible to prepare synthetic
peptides capable of stimulating T helper lymphocytes, in a
loosely MHC-restricted fashion, using amino acid seguences not
found in nature. These synthetic compounds called
Pan-DR-binding epitope (PADRE) are designed on the basis of
30 their binding activity to most, HLA-DR (human MHC class II)
molecules (see, copending application USSN 08/121,101). For
instance, a peptide having the formula: aKXVWANTLKAAa, where X
= cyclohexylalanine, and a = D-alanine, has been found to bind
to most HLA-DR alleles, and to stimulate the response of T
35 helper lymphocytes from most individuals, regardless of their
HLA type. T helper epitopes can also be modified to increase
their biological effect. For example, peptides presenting T
helper epitopes can contain D-amino acids to increase their
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responses to then be injectéed directly in a micellar form, incorporated

into a liposome or emulsified in an adjuvant, e.g., incomplete
Freund's adjuvant. In a preferred embodiment a particularly
20 effective immunogen comprises palmitic acid attached to alpha
and epsilon amino groups of Lys, which is attached via
linkage, e.g., Ser-Ser, to the amino terminus of the
immunogenic peptide.
As another example of lipid priming of CTL responses,
25 E. coli lipoproteins, such as |
tripalmitoyl-S-glycerylcysteinlyseryl-serine (P,CSS) can be
.~ used to prime tumor specific CTL when covalently attached to
an appropriate peptide. See, Deres et al., Nature 342:561-564
(1989), incorporated herein by reference. .Peptides of the
30 invention can be coupled to P,CSS, for example, and the
' lipopeptide administered to an individual to specifically
prime a CTL response to the target antigen. Further, as the
induction of neutralizing antibodies can also be primed with
P,CSS conjugated to a peptide which displays an appropriate
35 epitope, the two compositions can be combined to more
effectively elicit both humoral and cell-mediated responses to
infection.
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The peptides of the invention can be prepared in a
wide variety of ways. Because of their relatively short size,
the peptides can be synthesized in solution or on a solid

20 . support in accordance with conventional techniques. Various
automatic synthesizers are commercially available and can be
used in accordance with known protocols. See, for example,
Stewart and Young, Solid Phase Peptide Synthesis, 2d4. ed.,
Pierce Chemical Co. (1984), Supra.

25 Alternatively, recombinant DNA technology may be
employed wherein a nucleotide sequence which encodes an
‘immunogenic peptide of interest is inserted into an expression
véctor, transformed or transfected into an appropriate host
cell and cultivated under conditions suitable for expression.

30 These procedures are generally known in the art, as described
generally in Sambrook et al., Molecular Cloning, A Laboratory
Manual, Cold Spring Harbor Press, Cold Spring Harbor, New York
(1982). Thus, fusion proteins which comprise one or more
peptide sequences of the invention can be used to present the

35 appropriate T cell epitope. |

As the coding sequence for peptides of the length
contemplated herein can be synthesized by chemical techniques,
for example, the phosphotriester method of Matteucci et al.,



pepii de sequences of the invention can be used to present the

cell epitope. As the coding sequence for peptides of fhe Ieng um

contenpl ated herein can bé_synt hesi zed by chem cal téchniques

t he phosphotriester nethod of Matteucci et al., 17 J. Am Chem Soc.

© 103: 3185 (1981), nodification can be nmade iknply by substituting the
appropriate base(s) for those encoding the“native peptide sequence. The
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vectors and COPLro uences e peptides 0 present i nventTon and
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adninistratioandousnaﬁ&ysa nﬁpﬁmcaﬂﬁmﬂ sysitennto providat aandipressdonant
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pepti des of t anona
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tumor c%gls, °£3§XP§P|1nsé%tign % NQ{t %Egr%hpko qabysequence. The
resulting expression vectors are transformed into suitable
bacterial hosts. Of course, yeast or mammalian cell hosts may
also be used, employing suitable vectors and control
sequences. '

20 The peptides of the present invention and
pharmaceutical and vaccine compositions thereof are useful for .
administration to mammals, particularly humans, to treat
and/or prevent cancer. Examples of diseases which can be
treated using the immunogenic peptides of the invention

25 include melanoma, breast, colon, lung, and thyroid cancers.
The expression of the MAGE-3 gene can be determined using
standard techniques such as measuring the presence of MAGE-3
mRNA in the tumor cells, for example by PCR or Northern blot
analysis. ,

30 In therapeutic applications, compositions are
administered to a patient in an amount sufficient to elicit an
effective CTL response to the tumor antigen and to cure,
prevent metastases, or at least partially arrest symptoms
and/or complications. An amount adequate to accomplish this

35 is defined as "therapeutically effective dose." Amounts
effective for this use will depend on, e.g., the peptide
composition, the manner of administration, the stage and
severity of the disease being treated, the weight and general
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peptide, akKX\pAA t | t get unor s
expressing the mseén% p#lg%c{&%&’e ﬁgﬁgél%gk §?e8|fsg g%%’(atéed into
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botween 10 amPYURLEY & SuptriRker forbe3negat, B5Barben, SE TReS T mebtine
vacci ne i s adrempesitions.
| For example, the peptide EVDPIGHLY can be used in an
equimolar mixture with the PADRE peptide, aKXVWANTLKAAa, to
20 treat HLA-Al+4+ cancer patients that have tumors expressing the
MAGE-3 gene product. The peptide mixture is formulated into
an immunogenic vaccine, for example in an emulsion with IFA,
or Seppic Montanide ISA-51. The optimal CTL immunogenic dose
of peptide mixture is typically in the range of 1-10000 ug of
25 CTL peptide, preferentially between 10 and 1000 ug of peptide,
for a 60~90 Kg patient. The peptide vaccine is administered
repetitively ever 2-8 weeks, preferentially every 3-4 weeks,
to boost the CTL response. The number of boosts can range
from 1-10, preferentially 2-4, depending on the therapeutic
30 . effect of the vaccine. The therapeutic effect of the vaccine
is evaluated, for instance, by determining the disappearance,
‘shrinkage, or reduction in number of tumor masses. In
addition, the effect can also be measured by prevention of the
establishment of metastasis, by determining the establishment
35 of new tumor masses. This effect can be correlated by the
presence, or increase of MAGE-3-specific CTL during and after
vaccination. '

I n-t herapeutic applications, conpositions are adm nistered to mm ll
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concentrat i on RFLETES AdRANSIRRA IR dFheorcoppesitions may contain

pharmaceutically acceptable auxiliary substahces as required
to approximate physiological conditions, such as pH adjusting
and buffering agents, tonicity adjusting agents, wetting

20 agents and the like, for example, sodium acetate, sodium
lactate, sodium chloride, potassium chloride, calcium
chloride, sorbitan monolaurate, triethanolamine oleate, etc.

The concentration of CTL stimulatory peptides of the
invention in the pharmaceutical formulations can vary widely,

25 i.e., from less than about 0.1%, usually at or at least about -
2% to as much as 20% to 50% or more by weight, and will be
selected primarily by fluid volumes, viscosities, etc., in
accordance with the particular mode of administration
selected. _

30 . The peptides of the invention may also be administered
via liposomes, ISCOMS, slow-releasing particles and the like
to increase immunogenicity and/or serum half life of the
peptides. For instance, liposomes can be used to target the
peptides to a particular tissue, such as lymphoid tissue, or

35 targeted selectively to infected cells, as well as increase

' the half-life of the peptide composition. Liposomes include
emulsions, foams, micelles, insoluble monolayers, liquid
crystals, phospholipid dispersions, lamellar layers and the
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Nos. 4,235,871, 501, 72 4,837,028, an
available for preparing liposomes, as described in, for

example, Szoka et al., Ann. Rev. Biophys. Bioeng. 9:467
(1980), U.S. Patent Nos. 4,235,871, 4,501,728, 4,837,028, and
5,019,369,

20 For targeting to the immune cells, a'ligand to be.
incorporated into the liposome can include, e.g., antibodies
or fragments therebf'specific for cell surface determinants of
the desired immune system cells. A liposome suspension
containing a peptide may be administered intravenously,

25 locally, topically, etc. in a dose which véries-according to,
inter alia, the manner of administration, the peptide being
delivered, and the stage of the disease being treated.

For solid compositions, conventional nontoxic solid
carriers may be used which include, for example,

30 pharmaceutical grades of mannitol, lactose, starch, magnesium
stearate, sodium saccharin, talcum, cellulose, glucose,
sucrose, magnesium carbonate, and the like. For oral
administration, a pharmaceutically acceptable nontoxic
composition is formed by incorporating any of the normally

35  employed excipients, such as those carriers previously listed,
and generally 10-95% of active ingredient, that is, one or
more peptides of the invention, and more preférably at a
concentration of 25%-75%. |
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In another aspect the present invention is dlrected to
vaccines which contain as an active ingredient an
immunogenically effective amount of an immunogenic peptide as

20 described herein. The peptide(s) may be introduced into a
host, including humans, linked to its own carrier or as a
homopolymer or heteropolymer of active peptide units. Such a
polymer has the advantage of increased immunological reaction
and, where different peptides are used to make up the polymer,

25 the additional ability to induce antibodies and/or CTLs that
react with different antigenic determinants of the virus or
tumor cells. Useful carriers are well known in the art, and
include, e.g., thyroglobulin, albumins such as bovine serum
albumin, tetanus toxoid, polyamino acids such as

30 poly(lysine:glutamic acid), hepatitis B virus core protein,
hepatitis B virus recombinant vaccine and the like. The
vaccines can also contain a physiologically tolerable
(acceptable) diluent such as water, phosphate buffered_saline,
or saline, and further typically include an adjuvant.

35 Adjuvants such as complete or incomplete Freund's adjuvant,
Montanide ISA-51 (Seppic, Inc., Fairfield, N.J.), aluminum
phosphate, aluminum hydroxide, alum, saponin, various
bacterially derived products and the like can be used. Ang,
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be i ncorporated |pt QB$)rof gssional antigen-presenting cells (APC)_, such as

dendritite celPRIEIGL r1R othe TRFUkAtian QfiMRMIe responses. For example
_ interleukin-2, (IL-2) IL-7, and IL-12 are known to enhance CTL

responses. Specifically, the peptide vaccine could be

administered together with an optimal dose of IL-2, IL~7

IL-12, or any other cytokine, to potentiate the CTL response
20 to a CTL peptide of the invention.

Vaccine compositions containing the peptides of the
invention are administered to a patient susceptible to or
otherwise at risk of cancer to elicit an immune response
against the antigen and thus enhance the patient's own immune

25 response capabilities. Such an amount is defined to be an
"immunogenically effective dose." In this use, the precise
amounts again depend on the patient's state of health and
weight, the mode of administration, the nature of the
formulation, etc., but generally range from about 1.0 ug to

30 about 5000 ug per 70 kilogram patient, more commonly from
about 10 ug to about 500 g mg per 70 kg of body weight.

For therapeutic or immunization purposes, the beptides.
of the invention can also be expressed by attenuated viral
hosts, such as vaccinia or fowlpox. This approach involves

35 the use of vaccinia virus as a vector to express nucleotide
sequences that encode the peptides of the invention. Upon
introduction into an acutely or chronically infected host or
into a non-infected host, the recombinant vaccinia virus
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are induced by incubating in tlssue culture the patient's CTL
precursor cells (CTLp) together with a source of
antigen-presenting cells (APC) and the appropriate immunogenic

20 peptide. In order to opﬁimize the in vitro conditions for the
generation of specific cytotoxic T cells, the culture of
stimulator cells is maintained in an appropriate serum
containing or serum~free medium. Various cytokines (either
recombinantly produced or naturally occurring) known to

25 enhance CTL response are also used in the incubation medium.
Examples include, IL-1, IL-2, IL-6, IL-7, and IL-12.
Appropriate APC include autologous peripheral blood
mononuclear cells (PBMC), preferably "professional" antigen
presenting cells such as dendritic cells, macrophages, and

30 activated B cells.

After an appropriate incubation time (typically 1-4
weeks) and the expansion of the antigen specific CTL to high
numbers (for example, from 10’7 to 10l), the cells are infused
back into the patient, where they will destroy their specific

35 target tumor cell. The infusion of CTL into cancer patients
can be done together with the administration of cytokines that
will enhance the in vivo effect of the CTL. For example
administration of IL-2 and/or IL-4 together with the CTL will
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Resting or precursor CD8+ cells are then incubated in

culture with the appropriate stimulator cells for a time
period sufficient to activate the CD8+ cells. Preferably, the
CD8+ cells are activated in an antigen-specific manner. The

20 ratio of resting or precursor CD8+ (effector) cells to
stimulator cells may vary from individual to individual and
may further depend upon variables such as the amenability of
an individual's lymphocytes to culturing conditions and the
nature and severity of the disease condition or other

25 condition for which the within-described treatment modality is
used. Preferably, however, the lymphocyte:stimulator cell
ratio is in the range of about 30:1 to 300:1. The
effector/stimulator culture may be maintained for as long a
time as is necessary to stimulate a therapeutically useable or

30 effective number of CD8+ cells. .

The induction of CTL in vitro requires the specific
recognition of peptides that are bound to allele specific MHC
class I molecules on APC. The number of specific MHC/peptide
complexes per APC is crucial for the stimulation of CTL,

35 particularly in primary immune responses. While small amounts
of peptide/MHC complexes per cell are sufficient to render a
cell susceptible to lysis by CTL, or to stimulate a secondary
CTL response, the successful activation of a CTL precursor
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of ex vivo CTL therapies. Methods for stripping the
endogenous MHC-associated peptides from the surface of APC
followed by the loading of desired peptides are described
. below.

effect of this treatnent. Prlor to incubation of the stlrrula’tn"s Lm‘ﬁmll

20 A stable MHC class I molecule is a trimeric complex
formed of the following elements: 1) a peptide usually of 8 -
10 residues, 2) a transmembrane heavy polymorphic protein
chain which bears the peptide~binding site in its el and a2
domains, and 3) a non-covalently associated non-polymorphic

25 light chain, B,microglobulin. Removing the bound peptides
and/or dissociating the f,microglobulin from the complex
renders the MHC class I molecules nonfunctional and unstable,
resulting in rapid degradation. All MHC class I molecules
isolated from PBMCs have endogenous peptides bound to thenm.

30 Therefore, the first step is to remove all endogenous peptides
bound to MHC class I molecules on the APC without causing
their degradation before exogenous peptides can be added to
then. |

Two possible ways to free up MHC class I molecules of

35 bound peptides include lowering the culture temperature from
37°C to 26°C overnight to destablize f,microglobulin and
stripping the endogenous peptides from the cell using a mild
acid treatment. The methods release previously bound peptides
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t enper at ure ffaamantigen presentation. Mild acid solutions of pH 3 such as
glycine or citrate-phosphate buffers have been used to
identify endogenous peptides and to identify tumor associated
T cell epitopes. The treatment is especially effective, in
20 that only the MHC class I molecules are destabilized (and
associated peptides released), while other surface antigens -
remain intact, including MHC class II molecules. Most
importantly, treatment of cells with the mild acid solutions
do not affect the cell's viability or metabolic state. The
25 mild acid treatment is rapid since the stripping of the
endogenous peptides occurs in two minutes at 4°C and the APC
is ready to perform its function after the appropriate
peptides are loaded. The technique is utilized herein to make
peptide-specific APCs for the generation of primary
30 antigen-specific CTL. The resulting APC are efficient in
inducing peptide-specific CD8+ CTL. |
Activated CD8+ cells may be effectively separated
from the stimulator cells using one of a variety of known
methods. For example, monoclonal antibodies specific for the
35 stimulator cells, for the peptides loaded onto the stimulator
cells, or for the CD8+ cells (or a segment thereof) may be
utilized to bind their appropriate complementary ligand.
Antibody-tagged molecules may then be extracted from the
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cells are harvested from the cell culture prior to
administration of the CD8+ cells to the individual being
treated. It is important to note, however, that unlike other
present and proposed treatment modalities, the present method

20 uses a cell culture system that is not tumorigenic.

Therefore, if complete separation of stimulator cells and

activated CD8+ cells is not achieved, there is no inherent
danger known to be associated with the administration of a
small number of stimulator cells, whereas administration of

25 mamnalian tumor-promoting cells may be extremely hazardous.

Methods of re-introducing cellular components are
known in the art and include procedures such as those
exemplified in U.S. Patent No. 4,844,893 to Honsik, et al. and
U.S. Patent No. 4,690,915 to Rosenberg. For example,

30 administration of activated CD8+ cells via intravenous
infusion is appropriate.

The immunogenic peptides of this invention may also be
used to make monoclonal antibodies. Such antibodies may be
useful as potential diagnostic or therapeutic agents.

35 The peptides may also find use as diagnostic reagents.
For example, a peptide of the invention may be used to
determine the susceptibility of a particular individual to a
treatment regimen which employs the peptide or related
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art and 'nC|u%inrO%r1ef §,52§Qer remgggl of the a-amino-ter-butylocarbonyl
protecting group, the phenylacetamidomethyl resin peptide was
coupled with a 4 fold excess of preformed symmetrical
anhydride (hydroxybenzyltriazole esters for arginine,

20 ‘histidine, asparagine, and glutamine) for 1 hr in
dimethylformamide. For arginine, histidine, asparagine,
glutamine and histidine residues, the coupling step was
repeated in order to obtain a high efficiency coupling.
Peptides were cleaved by treatment with hydrogen fluoride in

25 the presence of the appropriate scavengers. Synthetic
peptides were purified by reverse phase high pressure liquid
chromatography. The purity of the peptides, which was
routinely >95% was determined by amino acid sequence and/or
composition analysis.

30 Purification of HLA-Al Molecules. For the peptide-MHC
binding assays the HLA-Al molecules were purified using a
procedure similar to the one described in Ruppert, et al.
(1993) Cell, 74:929-937, except that Steinlin cells (HLA-Al
homozygous) were used as a source of MHC molecules. Briefly,

35 detergent extracts of Steinlin cells were first depleted of
HLA-B and -C antigens by repeated passage over a column
prepared with monoclonal antibody B1.23.2, which is specific
for these molecules (Rebai, et al. (1983) Tissue Antigens

Activated CD8+ cells may be effectively separated fromthe s i
using one of a variety of known nethods. For exanpl e, tnnnocle1
t
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coupl 1 ng’ st e e f Yl WAl SeAR BeARaa T LeChEabRR N BEbeAT g,
Pepti des wer ethe ceentids hxmngerﬂssnyt Hchparigdedf MHEST cdessnlt helecebes cks
of the approppaséd &if R GHIPFEbIVABAYE binding of the radiolabeled
15 standard peptide, !25I-YLEPAIAKY to detergent solubilized MHC
molecules. The standard peptide was radioiodinated using 12T
(ICN, Irvine, CA) by the chloramine T method. HLA-Al
concentrations yielding approximately 15% of bound peptide
(approximately in the 10 nM range) were used in the inhibition
20 assays. Various doses of the test peptides (10 uM to 1 nM)
were incubated together with 5 nM radiolabeled standard
peptide and HLA-Al molecules for 2 days at room temperature in
the presence of a cocktail of protease inhibitors and 1 uM
B2-microglobulin (Scripps Labs., San Diego, CA). At the end
25 of the incubation period, the % MHC bound radioactivity was
determined by gel filtration. _ |
Cell Lines. The Steinlin cell line (HLA-Al/1, -B8/8)
was obtained from the American Society for Histocompatibility
and Immunogenetics (ASHI) Cell Repository (Brigham and Women's
30 Hospital, Boston, MA). The HLA-typed melanoma cell lines were
provided by S. Rosenberg, National Cancer Institute, NIH,
Bethesda, MD. The breast carcinoma lines HBL-100 and BT-20,
and the prostate cancer line PC3 were obtained from the
American Type Tissue Collection (Rockville, MD).
35 The .221(Al) and .221(A2.1) cells were produced by
transferring the HLA-Al and -A2.1 genes into the HLA-A, -B,
-=C-null mutant human B lymphoblastoid cell line .221 (Shimizu,
et al. (1989) J. Immunol 142:3320-3328). The HLA genes were

exenplified in U S Patent No. 4,844,893 to Honsik, et al. aWj'
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were i ncubat et her radi o ed st
hr at 37°C before testing the:.r susceptlb:.lity to lysis

by the CTL. In all cases, the y-IFN-treated cells increased
the level of MHC class I expression by 2-3 fold.
Primary CTL Induction Using Synthetic Peptides. CTL

20 were elicited using synthetic peptides in normal blood donor
volunteers. Informed consent for blood donations was obtained
from all volunteers. Peripheral blood mononuclear cells
(PBMC) from a normal volunteer (HLA-Al/24, -B8/38, -Cw7) were
purified by centrifugation in Ficoll-Paque (Pharmacia,

25 Piscataway, NJ). Non-transformed lymphoblasts were used as
antigen-presenting cells (APC) and were prepared by incubation
of PBMC in tissue culture for 4-6 days with Staphylococcus
aureus Cowan-I1 (SAC-I, Pansorbin, Calbiochem, San Diego, CA)
at 0.005% (V/V) and 20 pl/ml rabbit antihuman IgM antibody

30 coupled onto a solid phase (Immunobeads, BioRad, Richmond, CA)
with 20 ng/ml recombinant IL-4 (Sandoz, Basel, Switzerland).

SAC-I-induced lymphoblasts were incubated overnight at
26°C and were loaded with peptide at 50 ug/mi in the presence
of 3 ug/ml B2-microglobulin for 4 hours at 20°C. These APC

35 were y-irradiated with 6,000 rads and mixed at a ratio of 1:3
with autologous CD4* cell-depleted PBMC (responder cells).

The cultures were maintained in RPMI-1640 medium
(Gibco, Grand Island, NY) supplemented with 5% (V/V) heat-
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.221(A2.1) cells .ex §§ 50-100% as much as cel |l "surface HLA- A nol ecul es as
do nor mal ﬁﬁﬁ%&P&gFgl Teel | s expressing single copies of the same HLA
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cells (10%) with 10 ug/ml synthetic peptide either for 1 hr
(during the 5lcr labeling) or overnight at 37°C. Target cells
were washed by centrifugation and mixed with various numbers
20 of effectors in a final volume of 0.2 ml of RPMI-1640
containing 10% fetal bovine serum (FBS, GIBCO) in round-bottom
microtiter plates. After 4-6 hr incubation time, the plates
were céntrifuged (5 min at 400 x g), and 0.1 ml of the
supernatant was removed from each dell,'and the radiocactivity
25 was determined in a y-counter. % Specific Cytotoxicity was
determined by calculating the % Specific 5Cr release by the
formula: [(cpm of the test sample - cpm of the spontaneous
51Cr release)/(cpm of the maximal Slcr release - cpm of the
spontaneous °lCr release)] x 100. The spontaneous Slcr
30 release was determined by incubating the targets alone, in the
absence of effectors, and the maximal 5lCr release was
obtained by incubating the targets with 0.1% Triton X-100
(Sigma Chem. Co., St. Louis, MO). All determinations were
done in duplicates, and the standard error of the means were
35 alwvays below 10% of the value of the mean.

RESULTS
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inhibition), 3 peptides were intermediate HLA-Al binders
(50-500 nM required for 50% inhibition), while the remaining 5
peptides bound HLA-Al only weakly (500 nM to 50 uM to achieve
50% inhibition).

20 Figure 1 shows a comparison of the binding capacity of
the 3 peptides derived from homologous regions of the
different products derived from MAGE-1, -2 and -3 genes. The
data indicate that both the MAGE-i1-derived peptide, EADPTGHSY
and the peptide derived from MAGE-3, EVDPIGHLY bound with high

25 affinity to HLA-Al. On the other hand, the peptide derived
from the homologous region of MAGE-2, EVVPISHLY, which does
not contain one of the anchor residues (D in position 3) bound
very poorly (10,000 fold less than the others) to purified
HLA-Al.

30 Induction of Primary CTL Responses to MAGE-2 and -3
Derived Peptides. Previous observations have revealed that
over 95% of the peptides corresponding to known CTL epitopes,
belong to the high or intermediate MHC binding groups.
Following this rationale, the 6 highest MHC-binding peptides

35 from MAGE-2 and -3 were studied for effectiveness in raising
HLA-Al-restricted CTL. Using the in vitro primary CTL
induction protocol described above, PBMC were stimulated from
at least 2 normal HLA-Al volunteers with the synthetic



- _ This Sheet Has Been Repla
Cal[err]/M[err]-free phosphate buffered saline (PBS). All ceI I n ced
| abeled with 100 [err]C [err]Cr(ICN) per 10[err] ceIvafor

37[err] C. Peptide-pul sed targets were prepared i ncubathg the? Mﬂml “lfll”“l

with 10 [err]g/m synthetic peptide either for 1 hr (during the [err]Cr
| abel ing) or overnight at 37[err]C Target sgells were washed by
centrifugation and m xed with various nunbers of effectors in a final

vol ume of O. 2pe£§tiﬁesRPMGtﬂiﬁ4& and & pepyidad setdlielipvontysenem €héS,

GBCO inro e Af ter 4: [ | b e
pl ates were ?g]?ﬁ d‘En %ir?ééé {%ﬁi %98‘“ M?GH ngh%ﬁ%gr%ér'n a‘f\%@
was renoved f&€®n mmmf thedkand Idmo@'a@t i Alftyrmasraéuésnoﬁeq@imubatmn
[err]-counterip %@@Sfélﬁlﬁtﬁm&g&ﬁé w&%ieaheb%aedtwgcaéwéams@ the %

S f 51Cr I t
apont ancBus [RAT5<F ST aokeid Aol maemidieplE pifflefie e%ﬂi\siw e
spont aneous [mwa}ﬂis rmm@%isemMzeﬁqe Haehlabearingetar@etr cedls ewams

det ermi ned bygp éﬁlﬁe et | a n o]
and the maxi rral %er‘sﬁl’Cr reI easféé)\?vas%(ﬁ a%ﬁggigihlgﬁguggtgl ‘rélﬁe Ebg%?g{é?éﬁw th

0.1% Triton XhY ErdnTeXRressing M‘§1 pefangma g ﬂ-érﬂrilﬁﬁ?l ons were
done in dupli cmmehrmdhms-t-mw,arzhmﬂ:r@t af. HIQQBBanS'aneee ReBRYS3 bBHDW

10% of e v | f f

and0 3 g‘gne g‘]?'%%uc%]'é?ﬁé{rfggddb}f oéﬁéfdﬁl‘ g&ﬁ: |y 2 the Eng\i}nﬁiségﬁ%nces of
MAGE- 2 and - 3agbhetweereeachibyities é@mdﬁ&wﬁ@ﬁ |1@e§'—heoﬁ-P§PnPﬁgtbﬁe
anchor motif fehathfngls(gétéMian oM tdpdl ﬁesg d@’s@’:ﬂesrﬁieh.ﬁ Qéirééhﬂﬁ%?’ln

and Y in the ¢ erm pal end, se 5 39 Atotal of
peptides (7 f?gr# %:#: %mé’ﬁd é? Wﬁﬁ* ?’llﬁ é T$0 residues in
length were found to aotigen Bpecbfhclitw amt iIMEC RestirictionTaadysdst.i dFhe
wer e syqighesi éﬁﬁ f&gpéﬁ§éegp{385r€% mrge, rm?] f'ifd %%d*h%%ﬂ%@%g&ﬂhe

results fromt assa e relati I ndi n init |es
‘of these pept ﬂ@get LArAl \gelanepa cells negative for MAGE-3 (mel-888), and

melanoma cells that expressed MAGE-3, but of a different HLA-A
allelic type (mel-526, HLA-A2/A3 Zakut et al., supra) were not
lysed by the CTL line. The exogenous addition of the peptide
20 EVDPIGHLY to the MAGE-3-negative, HLA-Al-positive mel-888 cell
line rendered the cells susceptible to lysis by the CTL
(Figure 2a, insert), indicating that this tumor expresses
functional HLA-Al molecules and can function as a CTL target.
Furtherhore, the CTL line did not cross-react with the product
25 of the MAGE-1 gene since it failed to kill HLA-Al targets
loaded with peptide EADPTGHSY derived from the MAGE-1 sequence
(Figure 2a). On the basis of these data, it is evident that
one or more of the 3 amino acids that are different between
EYDPIGHLY and EADPTGHSY (at positions 2, 5 and 8) function as
30 T-cell receptor contact residues.

Supporting the conclusion that the restriction element
for the recognition of peptide EVDPIGHLY was HLA-Al, were the
results obtained using targets derived from mutant MHC class
I-negative cell lines which were transfected with and express

35 individual HLA-A (Al or A2.1) genes. Only péptide-pulsed HLA-
Al-transfected targets were killed by the CTL, but not those
expressing HLA-A2.1 molecules (Figure 2b). The MAGE-3
specific CTL line was found to express the CD3 and CD8 T-cell
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surface. The other breast cancer cell line (BT-20), also

reported to express MAGE-3 (Zakut et al., supra), and the
prostate cancer line (PC3) were also killed, but to a lesser
extent, and only when previously incubated with r-IFN.

20



(397-nel and 938-nel, Zakut et al. (1990) Cancer Res. 53:5- 85mssmetﬁai|ﬁ°mniﬁﬁ“d

killed by these CTL (Figurg 2a). No anti-peptide or anti-tunor

were detected in the case of the remmining 5.potential CTL epi

despite their screening in at |east four independent HLA-Al + bl ood ‘donors.
Ant i gen Specificity and MHC Restriction Anaggsis. The CTL response appeared
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*Refers to residue number of the first position of the peptide
in relation to the sequence of the entire gene product.

{Concentration of the peptide necessary to inhibit 50% binding
20 of the radiolabeled test peptide to purified HLA-Al molecules.

The above examples are provided to illustrate the
invention but not to limit its scope. Other variants of the
25 invention will be readily apparent to one of ordinary skill in
the art and are encompassed by the appended claims. All
publications, patents, and patent applications cited herein
are hereby incoz_'porated by reference.



Cytol ytic Activity to Non-Mel anoma Tunors. As nentioned above™ h““
besi des nel anomas can alsqkexpress MAGE genes, in pasticul ar
The ability of the MAGE-3-“-specific CTL line to kill “HLA- Al -ex

breast and prostate carcinoma cell lines was al so tested. The results in
Figure 3 show that one of.the two breast cmgcer cell |ines (HBL-100),
reported to express MAGE-3 (Zakut et al., supra), was highly susceptible to
| ysis by theWHAL. IShCIATNED DS: Iysis i nproved significantly if these cells

were previously incu atedhmhg %g}%ézgékgf%e Ce@?{ qu?ﬂﬁﬁégagdp ?tgdgold)

t he expression of MHC class | ace The 0
br east canceFaEéPFel?ﬁelP@ﬁ°2@§ an,| ppyng, FASRPNSS éﬂﬁﬁ@? Rregld (zakut et
al ., supra), erptesstngr asprbte bancatiprising R epitiopeahavikygl the, sbgtiehcea

| esser %xtenhxgggsﬂﬂgly when previously incubated with [err]-I1FN. 35
Table 27 HLA ndi ng capacity of notif containing 9-mer and 10- ner

pepti des derived fromthe sequence of MAGE-2 and -3. Source Posi ti on*
Sequence - $i.ze The Bbﬂgbgﬂtibﬂf’t@f m{:@rf,] wﬂﬂ%ﬁn the cell i8la
EVDPI GHLY 1 ] ASSLPTTMNY

10 9. BURREESSLL- 61 ASSFSTTI NY 10 147. 1
MAGE- 3 62 SSLPTTMNY 9 454. 6 MAGE- 3

130 19 GSWGWQY 3. ne B MEi 2, wn e +

ssrsTTIY g e compositioh of 2, yherein the tumer

9 657. §efhcEksoselected fgqq the g{gﬂglgg§§}sting of 'a mglanoma £§33,>
MAGE- 3 a bredst canchSHHEhNEth a prostatte cell.12500. 0 MAGE-3

170 | FATCLG.SY . 12500. 0 *Refers to residue nunber of

the first position of the ptlde inrelation to the sequence of the entire
gene product. [err] Cd*ncenffgl@t compesithenpeft clrimcke stheTein thenmnatedon,

bi ndi ng sf tlig haﬁr@kl&b:@ o¢ heghggegéhge to purified HLA-Al nol ecul es. The
above exanples are provided to illustrate the
5. The composition of claim 4, wherein the MAGE gene
is MAGE-3.

20 6. The composition of claim 1, wherein the peptide
consists essentially of about 8 to about 10 residues.

7. The composition of claim 1, wherein the peptide
has a sequence consisting essentially of EVDPIGHLY.
25 | |
8. A pharmaceutical composition comprising a
pharmaceutically acceptable carrier and an immunogenic peptide
capable of inducing an immune response against a cell
expressing a protein comprising an epitope having the segquence
30 EVDPIGHLY.

9. The composition of claim 8, wherein the cell is a
tumor cell.

35 ~ 10. The composition of claim 9, wherein the tumor
cell is selected from the group consisting of a melanoma cell,
a breast cancer cell, and a prostate cancer cell.
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I nvention but not to limt its scope. Other variants of the in g

be readily apparent to oneK?f ordinary skill in the art. and ar
by the appended clainms. A Npublications, patents, and. patent
cited. herein are hereby incorporated by reference. 36 WHAT IS CLAI MED

o S A conposition conprising an i rmunggeni ¢ peptide capabl e of
i nduci ng an imune response agai nst a cell expressing a protein conpri si ng

aﬂ epi topﬁ haV: Ing thelseqmecﬂmﬁio}ﬁho& clafiie g}omi?ldlrp&lﬁ;pﬁméﬂhl
erein the cgll is e conposition of claim erein
the tunor celt®i% %’%?%‘% eao‘? r%r#h%z p consisting of a nelanoma cell, a
breast cancer cell, and a prostate cell. 4. The conposition of clain11
wherein the protein igza Wﬂ@%&mﬁés&%ﬂ%ﬁtuﬁ 11, Wiered bl Magzof

claim4, wherelntheamggene IS The conposi tion of claim i,
wher ei n Phe p S essentlal I y of about 8 to about 10 residues.

7. The conposition of clai m 1 wherein the peptide has a sequence
consi sting essential | ys0f %’fon d* Qﬁa‘{l@(‘aeut‘maleﬁp%%s? bide.
conprising a pharnaceutlc y acc e carrier and ‘an 1| mrunogenic pepti de

pta
capabl e of i nERRFHICRLFFARNERLEE RhabAFaiBnde abot l@xﬁPéégi“ﬁ&-a prot ei n
conpr|5|ng an epi tope having the sequence EVDPI GHLY. 9. The conp05|t|on

f cl wh | foclaim
5, whor &%’ the t uror o311 The SofotiPlot ot rrttn H° BRI i plpeiad
nel anoma cel | hag #rseguence ceongisting essentiedin @fcmma&m

15. The composition of claim 8, further comprising an
adjuvant. ' .
15
16. The method of claim 15, wherein the adjuvant is
incomplete Freund's adjuvant.

17. The method of claim 15, wherein the adjuvant is
20 Seppic Montanide ISA-51.

18. The composition of claim 8, wherein the
immunogenic peptide is linked to a lipidated peptide
comprising a T helper epitope.

25 '
_ 19. The composition of claim 18, wherein the 1lipid is
palmitic acid.

20. The composition of claim 18, wherein the T helper
30 epitope is QYIKANSKFIGITE.

21. The composition of claim 18, wherein the T helper
epitope is aKXVWANTLKAAa.

- 35 22. The comp_osition of claim 8, further coinprising a
peptide comprising a T helper epitope.
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37 11. The conposition of claim8, wherein the proteinis a p
MAGE gene. 12. The conposition of claim1l, wherein the MAGE g I I"
MAGE- 3. 13. The conp05|t|dn of claim8, wherein the peﬁtlde co

essentially of about 8 to about 10 residues. 14. The conposition of claim
-8, wherein the peptide has a sequence consigtlng essential ly. of EVDPI GHLY.
15. The conposition of claim 8, further conprising an adjuvant. 16. The

method of claim 15, %erehmet %mﬁ@b'ﬂi% bf EQapuPiS| ewheseDs’ 'Ehé‘erHéﬂier
17. The net hod ,of cl wherein adj uvant is Sepplc Mont an

|SA-51. 18. fRd &§|9Y5#AHFK€F§FFF8 wher ei n the i munogeni c peptlde i s
linked to a |ipidated peptide conprising a T hel per epitope. 19. The

conposi tion of claim [ i C

conposition of clai mzjj?g' ﬁfe: goﬁpt;:%q't#bﬁe 5e‘r§1§g+‘{%%é wa&ié%f‘%zg%?( ?3“?’&"“
21. The Tonp&Pitope ¢ AKXVWANSLKAARsein the T hel per epitope is
aKXVWANTLKAAa. 22. The conp05|t|on of claim@8, further conprising a peptide

Wherei n the T hel per 257 SpB el PRARRRRF Ry Ean Dy RthA r 8apEhlh Thaf tagt

clai m 22, whé &iaraste cﬁuielep:prreepnnqm protedn\VeempRriging 2an epiteped of

i nduci ng an IHHW'}@ RO gegRienddl BYDPRGHBY JCEhE Ohet RS 868pFTs fng' O €I N

conprlsigg an A%aéging cytotoxic T cells with an immunogenic peptide under
conditions that induce a cytotoxic T cell response against the
target cell.

'26. The method of claim 25, wherein the cytotoiic T
15 cells are contacted with the immunogenic peptide in vitro.

27. The method of claim 26, wherein the cytotoxic T
cells are isolated from a patient with cancer.

20 . 28. The method of claim 27, wherein the cancer is
selected from the group consisting melanoma, breast cancer,
and prostate cancer.

29. The method of claim 25, wherein the immunogenic
25 peptide has a sequence consisting essentially of EVDPIGHLY.

30. A method of inducing an immune response against
a MAGE-3~-expressing tumor cell in a patient, the method
comprising repetitively administering to the patient a
30 composition comprising an equimolar mixture of an immunogenic
peptide having a sequence consisting essentially of EVDPIGHLY
and a peptide having a'sequence consisting essentially of
aKXVWANTLKAAa in an amount to induce the immune response.

35 31. The method of claim 30, wherein the com?osition
is administered at least five times.

I



having the sequence EVDPI GHLY, the nethod conprising contacti

cells with an i munogeni c peptide under conditions that | nducammﬂﬂMHm
T-cel|l response against th&target cell. 26..The nethod'of cldi )

wherein the cytotoxic T cells are contacted with the inmunogenic peptide in
vitro. 27. The nethod of claim 26, wherein4de cytotoxic T cells are
.isolated froma patient with cancer. 28. The nethod of claim 27, wherein
thg cancer is sel ectesfrorne fmeﬂlmlp?ﬁmﬁiim, \%ﬁéﬁ‘ﬁfﬁtﬁiﬂ eonipogdtden,

and prostate t h jsm 25, erein the i munogenic
pepti de has af%en‘%ﬁéin%%%%%%fs |nlrgb%gss€étrﬁq‘i g;llrﬂf%df EVDPI GHLY. 30. A nethod of
i nduci ng an i nmune response agai nst a MAGE- 3-expressing tunor cell in a

patlen_ti_the met hod C@ﬂprlﬁlxﬁl;&tlﬁf&e&ﬂﬁt@éﬂi fﬂ:ihéézeriﬂlghtphﬁi%ﬂtqafth%m a
conposition conprisi ng an, equi nol ar re o .an i.nmunogeni ¢.pe e

havi ng abseqURREROE SRR ARG KenfyLhive 3@3@%&#%@% St Pakihni ag
a sequence cotisexapentically | ef fectuive OMAAMINT €\ 2 donpos idvicm comprisdnge

t he i mmune r : i ! ' itionis
adm ni st er edeﬁntq easntl iz\-/e. t|tr'{f\:r!;,~‘%1Q:sjf %@%ﬂ%gl%ﬁ}%ﬁ?gagﬁﬁgg
wherein the cBREIRNES &P??%‘Hﬁ%\i%ﬁ%ﬁ%ﬁ-a&"tlﬁ Qs EVRRIGHI ands @ PEPhIAROd of
treating canckavimg aa psedquenice tdenshdtinty eagEntially fe taKXVINANTLKAAA .

adm ni s?sri ng to the patient a therapeutically effective anmobunt of a
conposi fion conprising an equi nolar m xture of an’inmrunogeni c peptide

havi ng a sequence consisting essentially of EVDPIGHLY and a pepti de having
a sequence consisting essentially of aKXVWANTLKAAa. '
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