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REFERENCE TO RELATED APPLI CATI ON This applicatfyon is a continuation-in-part
of application U S. Serial No. 08/344,824, filed Novenber 23, 1994, which
Is a continuation-in-part of application U S. 10 Serial No.

08/ 278,634 filed July 21, 1994, both of which are incorporated herein by
ref erence. BACKGROUND OF THE | NVENTI ON The present invention relates to
conposi tions and nethods for preventing, 15 treating or diagnosing a
nunber of pathol ogical states such as viral diseases and cancers. In
particular, it provides novel peptides capable of binding selected major
histocongatlblllty conmpl ex ( MHO) nnle_yles ,nd | nducinc _i mmune response.
MHC nol e€ul es are classified as dikAefilgNgdepides.ang, Lhalr | Dl ecul es. Cl ass
Il MHC nol ecul es are expressed prlnarlly on cells |nvolved I n |n|t|at|ng

and 20 sustai ni ng i mune responses, such as T | ynpho ét es,
| ynphocyt es, macrophages, eCROSSImNﬂHCTMBbATED APPLI Aﬂ'@@Nzed by

hel per T | ynphocytes and Jj,nduc .0l i.f er on 1! T,l t
anplification of the inmmu g’é‘i%%"ﬁﬂ%ﬂﬁ?ﬁ%?ﬂﬁ%‘éﬂf% gﬁ?ﬁ%
that is displ amﬂm&n&méﬁwl mawmramﬁmna&hrpm ication U.S.
nucl eated cells and are rec%“l zed “é C tot oxi c T | ymphocytes (CTLS), 25

whi ch t 38n destSesial Nee 08R% 4994, batiyof which arerincerpprated, herein by

I mportant int rejection and |nf|ght|ng viral infections. The CTL
recogni zes the ‘antrgen in the formof a peptide fragnent bound to the MHC
class | nolecules rather than the intact foreign antigen itself. The

antigen nust normally be endoge m the cell, and a
portion of the protein antigen :ER ﬁffgﬁ%" e e fragnents in
the 30 cytopl asm Sﬂi??ﬂ&en Mn&muww&dﬂmﬁnaaﬁumm} enting,

pre-GoI-gi5 conpartnment and interact wth class | heavy chains to facilitate
I

pr oper di ng mdnagsdmgaomammbet népstbbhaical $tates FEMSCVIQIdlwﬂsmndm

xpr 6551 on and BIPBIUIAL 1 REYGR Aot PBUGES sapetie ot iBdine ShlecRiTenlr o

(RULE 26) histocompatibility complex (MHC) molecules and inducing an immune response.

MHC molecules are classified as either Class I or Class II molecules.
Class I MHC molecules are expressed primarily on cells involved in initiating and
20 sustaining immune responses, such as T lymphocytes, B lymphocytes, macrophages, etc

Class I MHC molecules are recognized by helper T lymphocytes and induce
proliferation of helper T lymphocytes and amplification of the immune response to the
particular immunogenic peptide that is displayed. Class I MHC molecules are expressed
on almost all nucleated cells and are recognized by cytotoxic T lymphocytes (CTLs),

25 which then destroy the antigen-bearing cells.  CTLs are particularly important in tumor
' rejection and in fighting viral infections. The CTL recognizes the antigen in the

form of a peptide fragment bound to the MHC class I molecules rather than the intact
foreign antigen itseif. The antigen must normally be endogenously synthesized by the
cell, and a portion of the protein antigen is degraded into small peptide fragments in the

30 cytoplasm. Some of these small peptides translocate into a pre-Golgi compartment and
interact with class I heavy chains to facilitate proper folding and association with the
subunit $2 microglobulin. The peptide-MHC class. I complex is then routed to the cell
surface for expression and potential recognition by specific CTLs.
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~ The WMHC class | antigens are encoded by the HLA-A, B, and C loci. HLA-A and

HLA-B antigens are expressed at the cell surface at approxinately equal N
densities, whereas the expression of HLA-C i si gnificantly Iower (per haps

as nuch as 10-fold | owep). ch . of these |OCI al | 5
" Specific noti fs for sevﬁ"ﬁlM—L "tl?'FéI c‘fﬂ‘ﬁéﬁ"&@‘ ?M 'rﬁ“ﬁ:&a
Patent Applic 93%%9 Jaemer&ueiu&ﬁde kPagifotmataly

copendi ng app |cat|ons and HL a e es. have been descri bed. Severa

aut hors (Mel i dénsities; whereas mmressxogpfzne@@mrpﬁmﬂy lower, (perhaps aaumnchas

Nat ure 353: 85 r elfyi dence that class |
bi ndi ng not i fgo'?éla lé&gé M?&%&[z%&%@e&&%ﬁﬁﬁ?&% cation of potential =
i munod@eni ¢ peptides i nS pevific:motificfor sevefilrafithe i erLAn-ﬂenﬁBleEc(eﬂpendngﬂJs

| oPe SishgilEﬁ&mﬂéeﬁfq%h°”svﬁi‘§§55hép§&b§ﬁ5tss?%a¥ e e S e psp&as
o P but i on. SyPRAGE) Bhy SICh-Bdldlds 108 oen dRBiRed:| SEveldl aultitel UBRes Fur. J. |
t hat descri belnmmoldc21:2963:2970 (mmmmemezvmaszxmmumw lmveso as |
ovont 3&33{’&@”&@%@3&%@"@%@%&8@%% e Soeliei Be e s

presenjg i NVen{deRificition 'd?% driopefic Pepiidds Sh RAinkdlTTREURNE NS Gatdgies for
peptides having bindin tifs for HLA al'l'el es. ' The i mmunogeni ¢ peptides

are about 9 tuiemfmnmi@spudesmpgpmamxmreppabéa%mmmdmMHC .
certain posit ition 2 and an aronmatic residue! ;
(e.g., Y, W é@%ﬂ%’?@?ﬁ%ﬁ@ﬂ?ﬁﬁ“@%g L.I,V,M or A at the carboxy‘
tﬁr m nu;_ I In parti cgl aBecause hﬂnﬂﬂpqgnad xtdnf grbapqoélﬂudingrﬁaltdnd aﬁmiegto .
telralltytomn to two i en ) z
Thle p{ _esen‘tflh%i SUACt PRYSTRE ﬁ'ég"rbtup%g m"hﬁﬁiﬁ: aﬁéy@%& idaetify monfs '
sel ec n o Hﬁ:#ﬁpe ?bﬁiﬁdew'c%%bﬁ e NsoQf3Godehiete :
HLA-ch?(r') HLA-%pa ele pi1 t opes sses ﬁirllﬁg;!et he- &%Dit??% of the |qm°runogen| c
pepti des havesuficient emrmgemfaucpopp iom groupsi é!th,qzremt irgemcn admmmgxeseand
hepatitis B cg&gg&%surfaoe antigens- .

SUMMARY OF THE INVENTION
~_The present invention provides composmons con_lpns_ing immunogenic
20 peptides having binding motifs for HLA alleles. The immunogenic peptides are about 9 |

to 10 residues in length and comprise conserved residuies at certain positions such as a -
proimeatposmonZandanaromaucresxdue e.g., Y, W, F)or.,drophobxcresxdue
(e.g., L,I,V,M, or A) at the carboxy terminus. In pamcular an advantage of the
peptides of the invention is their abxhty to bmd to two or more different HLA alleles.

25 - - The present invention defines posmous within a motif enabling the
selection of peptides that will bind efficiently to more than one HLA-A, HLA-B or HLA-
C alleles. Epitopes poss?eésing' the motif of the"immunogéhié peptides have been
identified on potential target’ anugens mcludxng hepatms B core and surface antigens

. (HBVc, I-IBVs), hepatms C antigens, Epstem-Barr virus antigens, and human '

30 | immunodeficiency type-1 vmxs (HIV1): Thus; the invention further provxdes

immunogenic pepndes comprising sequénces of target anngens
~ The peptides of the invention are useful in pharmaceutical compositions for
both in vivo and ex vivo therapeutic and diagnostic applications. |
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(HBVC, HBVs), hepatitis C antigens, Epstein-Barr virus antigens, Iand human
30 i NMOBI0i ency type-1 virus (H V1). Thus, the i nvelffEI0sI0934 her

prdvi des i mrunogeni ¢ peptides conprising sequences of target antigens. The
pepti des of the invention are ‘useful in pharnmaceytical conpositions for
both in vivo and ex vivo therapeutic and diagnostic applications.
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PCT/ US95/ 09234 3 Definitions The term "peptide” is used. |nt el changeahl.y, .
with "ol i gopeptide" in the pFhesterm "pertidel i1t usedRterchaggead %‘i‘ é’%;&@éiézo%n the

resi dues, typicall - am | ! C : € i t_ggﬁ'-@- ected
pepti de bonds bet ﬁ?ﬁ“ﬁ%‘%ﬁ%’gg"m%% %%ﬁ%ﬁ%ﬁﬁ%ﬁ&l' 0 cids, Yo

adj acent ani no acighe.to theother gypically ibyepeptie bomdsi berwesni the alpha-dmise ané zarbonyl groups
about 15 residues in |ength and ysually .consist of .between about an

about 11 re3i dues,°f;9F’BFE‘|‘g‘éé‘F‘9°9° 5. Hderoligopeptides R MW&?&@FE‘%Z‘&W %a@ut 1.
a_peptide which CqERghesa 1&%§%&hmp%hﬁsﬁoﬁmwmmt 8hal abbet DEpssidbes,

will bind an MHC nol ecul e a i nduce a CTL response. 10 | mmunogeni ¢

pepti des of the i rprefatablin9ordOcegidusse of binding to an appropriate HLA

Whi oh the T mmunogent & pept i ¥  EiUnESal; PeRBBCORE AERLE Sl CoBfiided 3 alfeiipecific
b cal |y one wher e e B e brov. o 5 Copt act 18 - ool
lefh t heyi Afrunoge dmmuynegenig peptiges of the Ww°&%!@ﬁ1?°f&&%m&ém HLA
unogent ¢ pept | HAEHIE e indlEnk ACAOnERR T ofF i BGse agfili e sRligl from which the
peptide binding grimmtmogenit peptiveiis defived.chai ns buried in specific pockets
o peptide of def ined 20 A& EonErYed setilie S Asonteied Gnisg e oo ENgH BariCular
acids, which is regegshind pptde RE bfpitally one where the MHC structure may provide a contact
15 point with the immunogexiic pepude. One to three, typically two, conserved residues
within a peptide of defined length defines a motif for an immunogenic peptide. These
residues are typically in close contact with the peptide binding groove, with their side
chains buried in specific pockets of the groove itself.
The term *motif* refers to the pattern of residues in a peptide of defined
20 length, usually about 8 to about 11 amino acids, which is recognized by a particular
MHC allele. The peptide moﬁfs are typmlly different for each human MHC allele. -
The term "supermotif™ refers to motifs that, when present in an
immunogenic peptide, allow the pepfide to bind more than one HLA antigen. The
supermotif preferably is recognized by at least one HLA allele having a wide distribution
25 in the human population, preferably recognized by at least two alleles, more preferably
recognized by at least three alleles, and most preferably recognized by more than three
alleles. - o
The phrases "isolated” or “biologically pure” refer to material which is
substantially or essentially free from conx;ionents which normally accompany it as found-
30 in its native state. Thus, the peptides of this invention do not contain materials normally
associated thh their in situ environment, e.g., MHC 1 molecuies on antigen presenting
cells. Even v)here a protein has been isolated to a homogenous or dominant band, there
' are trace contaminants in the range of 5-10% of native protein which co-purify with the
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VHC al | el e.wq'?ﬁé“:‘b@ptide notifs are typically different for each human MHC .
allele. The term"supernotif” refers to notifs that, when FEIPENIk0d3,; 2N

i mmunogeni ¢ peptide, allow the peptide to bind nore than one HLA anti gen.

The supernotif preferably is recognized by at Meast one HLA allele having a ~

wi de di stributi desitsd protein.i msd]%{&, ylation, preferably recognized by
~at | east two al gﬁﬂl" S pm)r_e pre ergﬁ%@gﬁgﬁw@ﬁm@m Cohitdin (shE gna? | el es, |
_ and nost prefer @‘48&9% zed by nore than three alleles. The phras&-nous co- -
"isol ated” or "biol ogical ‘I’Ke ure, -refer.-to material which is substantially -
or essentially free from cong%ﬁ'e Wi 2efersito amaminc 86 @ 5P nd %?igs found 30 .
inits nati ve-s'!'ﬁ?@mdjinaztb@g dﬂ%?ag%ﬂ} iS-inventi ona%éh eyt 0] '
material § nornal |y associated with their qqydeq#memwmmgc_, VHC | '
mol ecul es on antigen presenting cells. Even V\he'r'e""a protei n has been . ;

| sol ated to a honbgenous or dg§g 3 t here are trace contam nants
in the range of 5-10% of-nati_%&?&ﬂm%mbmmghe SUBSTI TUTE -
SHEET ( RULE 26) - WD 96/ 03140 ' B _
PCT/ US95/ 09234 4 desi red%gi . _|I'sol ated peptides of this invention do
not contain such endogenot® sgﬁﬁvﬁbﬂwng)moﬁaimrpgﬁmeg% "resj due" refers
to an ani no ac$hariog mmm%ﬂhget ic incorporated In aégb!ﬁ Pg 19gi HBA [afleles |
an anm d@ bond or ani de bgond m neti°c. .BRI EF .DESCRI PTI ON OF THE DRAW NGS f
Figure 1 shows bi nding Bres2 showsothetB7iEEs &%%gd'of bi.ndi ng HLA al |l el es
sharing the B7-1ike specficity. 10 -~ SRR ve mPPgure 2 shows the
B7-1ike cross-reactive notif. DESCRI TI ON OF THE PREFERRED EMBCDI MENTS The
present invention relates to the determination of allele-speific peptide

15 notifs for hum%&%l VHC (sonetines referred to as HLA) (

ON OF THE PRERERa 65 o

20 . ) . : . . ) K . T
) a§9ve, cerxam Peptides capable of binding

o 'ave been ide & MOHS of those peoriec -
as fi  N- i oo B El0se peptides can b .
”m XEX00OKAVILM-C; NXPOOOOOK VI €
. 'bindingatmuitix a.l X_II’J.CC_. X2 DCO( 4 (FWY)-C Motifsthatarecapable of
25 it b leles are referred to here as *supermorigs,» The pani |
- Permotfs above are specifically called d *B7-like-supermotifs. * particular
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t han one H %*g& By a conbination of notif identificat mngggogzu
VHC- pept i de Pr? ction studies, peptides useful for peptide vaccines have

been identified. Follow ng the met hods descri bed& in the copendi ng
applications noted 20 above, certain peptides capabl e of binding at

nul tiple HLA all ' @505 fnefanoMiA Entg e (ef hneﬂ!eGEel&)nandhumaﬁlpepmoiﬂam
notifs of those p tlg@s‘ﬁ%ﬁ be characterlzed acs?gfg a,&r errLfl\/btlfs that

are capabl e of bi ‘ﬁgﬁmenﬂ,llthlﬁélsélsd!qt@%%“&rte exgly
tif Th t
"supernot i fs. e parti cubdfiePcomprisin pep?&ghcfn?séﬁ&\i&safiﬁ’clﬁ&ﬁé'tﬁdsé%&dﬂm

called "B7-1ike supernotif es of "the invention are

'Ejypl caljl y ![dent i ;pred:nﬁm pmmmtmmmm&t f thendtgstedh for their ability
esired antigen for .the presence o ot i
i ncl ude vifal anttPdundstoy WsMgi 8&%%[“&8 WE(W%’\ %{E‘Qﬁ%ﬂseﬂﬁy use,
associated with cg Eﬂm%l? ?ﬁhﬂé&aﬂ%m m&l&ﬁe@&n@ﬂ&éxammdap&pndﬁl &Eemanvely,

I C ,

that is characteri st

pressed by) cells in_ a ant_t unor
but not normally mmgnedlmmgmmnmsi/ %pes‘{i’%‘ﬁl » AT ingtanee,

Pt 127 ot jiSmagarsen? sBinesy §od Bl b ey Rok! Fded BFdind o the

i munodef i ency vigag I(hblXule My licgthepevhivdtadfornthéin dbility trsserveas tarjeis for CTLs
96/ 03140 P%ﬁQS/ 09234 5 induce

speci fic dftigen derised frominfeasedhonimmyaized indiyjdualy,aswell as

papi |l | oma virus t | Rdofket I

sources of anti ge?ﬂmrﬁatgt‘{"g%sa co%m?ﬂﬁﬁ%fﬁﬁo?l f Seq%eén‘ggsﬂéﬁﬁhﬁbﬁ?&mle
i ncl uding those fgfureacting witlo vizaliy irffected targetrcellsnibr tumarceetis as sharapeytic agents.

synt hesi zed and t hen tested for their abilit

appropriate MHC nol ecul es i RecEnt SYifencH ngaagﬁwvgve&ﬁl&a:ﬂg@é@ﬂ“ﬁy FiG bindgrs might

exanpl e, purified,dligggyg xﬂ?ﬁ?lF&u uﬂﬁmﬁa Eenicl Supieating Hiat Mﬁ?es might be selected
ce

Alternatively, binding to expre55| ng enpty cl ass nol ecul es can be
detected W§, for omthedasis ofiMHGhbindingraloneent staining and flow

L oLy vor ety ThOSe, PeTblit b og o gk 8ot B i, 1 o
above, by screening potential antigenic sources. Useful peptides can also be identified
by .synthesizing peptides with systematic or random substitution of the variable residues
in the supermotif, and testing them according to the assays provided. As demon;tmted

20 below, it is useful to refer to the sequences of the target HLA molecule, as well.

The nomenclature used to describe peptide compounds follows the _
conventional pfactice wherein the amino group is presented to the left (the N-terminus)
and the carboxyl group to the right (the C-terminus) of each amino acid residue. In the
formulae representing selected specific embodiments of the present invention, the amino-

25 and carboxyl-terminal groups, although not Speciﬁcally shown, are in the form they
would assume at physiologic Ph values, unless otherwise specified. In 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 residue is represented by a capital
single letter or a capital first letter of a three-letter symbol, and the D-form for those

30 amino acids having D-forms is represented by a lower case single letter or a lower case
three letter sy-mbol. Glycine has no asymmetric carbon atom and is simply referred to as
"Gly" or G. The letter X in a motif represents any of the 20 amino acids found in Table
1, as well néh-némrally occurring amino acids or amino acid mimetics. Brackets
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10 - derywyQgpdaem i nfected or immunized individuals, as well as for .
t heir capacity to 1nduce primary in vitro or in vivo CTL r nses t hat

can give rise to CTL popul ations capable of reacting with vf m?ﬁf'ect ed
target cells or tumor cells as therapeutic agents. Recent evi dence suggests =~
however, -that high-affinity MHC bi nders m ght bé ‘I'n nost i nstances, e

i mrunogeni ¢, sug§&TOUNding inote AR ohs 5@@ ht be sel ected 15 | on
_the basis of NHC?IHEI‘E one. Pept des the matifeincltiés any o :
sequences can be | e?é"i'&rg%" etﬂesﬂlpu'moup nti al Y one °fth°

antigeni c sour ceefthbJsfeMn SNC%EE%EE be nt| ?‘ﬁ'esndudgmh
peptides w th syst 3t i.c o? dl%gm S - CG)N- é‘e%
PRS0 ssays prOV|de

t he supernoti f, n

denonstrafed 20 ' beI cie,'(\%r i S useful to.-rer Fato t he sequences of- t he
target HLA nol ecul e, P’Rﬂé&m m«m M‘rﬁe t] de
conpounds foll omfmbl){:wnmﬁel-pﬂghf e| n the a

presented to th the N-tem nu Smut@nmfmemntﬁgq L.
(the Cterm nusﬁmﬁ“ Watoasno aci d reS|due In the formul ae representitg® !

sel ected specific enbodiments of the present invention, the am no- 25

and carboxyl -term nal groups, although not speC|f|caIIy shown, are in the :
formthey woul d assune at physi ol ogi ¢ Ph val ues, ‘'unl ess ot her wi se C
specified. I'n the amno acid structure formul ae, each residue is generally
represented by standard three letter or single letter designations. The
L-formof an amino acid residue is represented by a capital single letter

or a capital first letter-of a threeletter synbol, and the D-formfor those .
30 ~amno acids having D-fornms is represented by a | ower case single ¢ -
letter or a |ower case three letter symbol. Gycine has no asymetric s
"carbon atomand is sinply referred to as "@y" or G The letter Xin a

notif represents any of the 20 amino acids found in Table 1, as well
non-natural ly occurring amno acids or amino acid nmnmetics. Brackets 6
surroundi ng nore than one am no acid i ndi cates that the nmotif includes any
one -of the amino acids. For exanple, the supermotif "N XPXXXXXX(AVILM -C'
i'ncl udes each of the fol | owi ng peptldes "N XPXXXXXXA- C, N- XPXXXXXXV- C,

N XPXXXXXXI - '
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C: N- XP - and N- XPXXXXXXM C. 5 For
pept i dem&\?gatﬂes, the peptides of the present inventi ofCEUSP¥I24 v

conprise a notif (Table 2) shows the distribution of certain HLA alleles in
hurman popul ations. SUBSTI TUTE SHEET (RULE 26) 7 WD 96/ 03140

PCT/ US95/ 09234 7 TABLE 1 Original Residue Exenpl ary
Substitution 5 Al a TABLE 1 ser Arg
lys Asn glu 10 Asp glu Cys
ser 15 - A@n . : asn Qu
asp Ay Original Residue pro jmuti
arg; lys Ide Ala | eu; val; mnetsee5
Leu ile;val; nmet Lys
arg Met le; ile; val 30 Phg
tyr; trp Ser Arg thr - ys
Asn : gln
10
Asp glu
Cys ser
15 Gln asn
Glu asp
Gly ' ro
20 o P
His arg; lys
Ile leu; val; met
25 Leu ile; val; met
Lys . ' arg
Met leu; ile; val
30 _
Phe tyr; trp
Ser thr
35 Thr ser
'I';p : tyr; phe
Tyr : ; phe
40 . upp
va ile; leu; met

SUBSTITUTE SHEET (RULE 26)



 edition (1988) Rockvi

35

tyr;
i'le;
PCT/U895/09234 8 [err]

Thr

PCT/ US95/ 09234 9 For assays of peptide-HLA interactions (e.g.,
bi ndi ng assays) cells|wigh defined MHC nol ecul-es are usef ul .
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15 therefore useful for ‘large scale production of MHC nol ecul es. One
of skill wi | Wa%83ti ze that these are nerely exenplary cel |l XGEe¥SA934t hat
many ot her cell sources can be enpl oyed. SUBSTI TUTE SHEET ( RULE 26) WO
96/ 03140 PCT/ US95/ 09234
10 TABLE 3 HUMAN CELL LINES (HLA-B and HLA-C SCfJRCES) HLA-B allele

B cell line- B1801 aiM;Agf lg%%gg,fn A i : E-Madéhtitative bindin

B0701 avB107 BIISL WA %‘i’bsl(.e%% ve binding assays)
KAS116 B5301 cells with defined MET) molecules are useful. NATiange number of cells with defined
B2705 & ,B5401 . R
BA403 | lvgp# Ogamcularly MHC C.Jgi? éﬁx@g&nes, are known and %Hﬁy available.
B3501 Fé&# Exabffié) lhuman EBV-transforingd 8 felllinés ifive been showhn &ebé ekdefient

25 OnM0601 CIR In the typical_ case, jmunoprecipitationis
used to isolate thiousesifprthegyeparative i5p %memc’é#sgr&%m- be -

used, dependi ng upgant BGRREGEE kel fiMePireldVGilable from private and commercial sources, such as

American Type Culture Collection ("Catalogue of Cell Lines and Hybridomas," 6th
edition (1988) Rockville, Maryland, U.S.A.); National Institute of General Medical
Sciences 1990/1991 Catalog of Cell Lines (NIGMS) Human Genetic Mutant Cell

10 Repository, Camden, NJ; and ASHI Repository, Brigham and Women's Hospital,
75 Francis Street, Boston, MA 02115. Cell lines suitable as sources for various HLA-A
alleles are described in the copending applications. Table 3 lists some B cell lines
suitable for use as sources for HLA-B and HLA-C alleles, which are particularly useful
in the present invention. All of these cell lines can be grown in large batches and are

15 therefore useful for large scale production of MHC molecules. One of skill will
recognize that these are merely exemplary cell lines and that many other cell sources car
be employed. '
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anti bodi es used. For exanple, allele-specific mAb reagents can be used for
t he af fywaidgsmapri fi cation of the HLA-A, HLA-B, and HLA- BCTUSSNRMS .

Monacl onal anti bodi es avail able for isolating various HLA nol ecul es incl ude
those listed in Table 4. Affinity col umms prg%ared wi th these mAbs using
standard techniques are used to purify the 3 respective HLA allele:

products. SUBSTI TUTE SHEET (RULE 26) . 40
PCT/ US95/ 09234 11 TABLE 4 ANTI BODY REAGENTS an - HLA '
"~ Name HLA- A2  HUMAN CELIBBINES [HLA-B-aAd HLA-C SOURCES)
12/ 18 HLA-A3 " ‘ _ GAPA3 (ATCC, HB122) 15
HLA-11,24.1 . -~ All. 1M (ATCC HB164) HLA-A, B, C
W6/ 32 ( ALCC, I—IRQR\ pnnonneohl c Bo..12.1.20 HI A-B, C

B.1.23.3 nononor phic 25 The capamty to bi nd MHG O ass | nolecules is
nmeasured in a variety of HliA-Beailele waysB celidineeans is a dass | nol ecul ar

- binding assay as described in Exanple 2, below. Other alternatives
described in the literat g180) ncl ude i nh]jchpn of antigen 30

‘presentation (Sette, et 33503J Im*runol ERM1: 3893 (1991)), in vitro
assenbl jy assays (Townsen , Oellgﬁ:;ﬂ!ﬁS (1990)) and FACS based .
assays using nutated: cel 401such as RMALWA&Iief et al., Eur. J. Imunol .

- 21:2963 (1991)). BS101 _ KAS116.
B ' ~ BS301 _ AMAI
L - BOSOL MAT =~
15 . B270S. . LGg2 - - ‘ e
B1302 - =~ CBUF o
‘B4403 . PITOUT - -
| B3502 S OTISL
20 - B3Ol BUR
HLA-C allele B cell line
25

Cw0601 CIR

In the typical case, immunoprecipitation is used to isolate the desired -
30 allele. A number of protocols can be used, depending upon the specificity of the.
antibodies used. For example, allele-specific mAb reagents can be used for the affinii,
purification of the HLA-A, HLA-B, and HLA-C molecules. Monoclonal antibodies
available for isolating various HLA molecules include those listed in Table 4. Affinity
colnmmpreparedwnhmesemAbsumngsmxdardtechmquesareusedmpunfythe
35 - respective HLA allele products

" SURSTITUTE SHEET (RULE 26)



Next, peptides that test positive in the MHC class | binding assay are
assayed for WR&/HM jty of the peptides to induce specific CPETUSEHWRIes in
vitro. For 35 i nstance, antigen-presenting cells hat have been

i ncubated with a peptide can be assayed for the,gbility to induce CTL
responses in responder cell populations. Antigen-presenting cells can be
normal cells such as peripheral blood nmononuctgfggcg! |s or dendritic cells
(I'naba, et al, J. Exp. Med. 166:182 (1987); Boog, Eur. J. Immunol. 18:219
(1988)). Alternatively, transgenic mce conprising an appropriate HLA 40 -
sgene can be used to assay the ability ANHBOIPYREBAGENISduce a response in
cytotoxic T lynphocytes essentially as described in copending U S. Patent
Appl i cati o No. SUBSTI TUTE SHEET ( RULE 26) WD 96/ 03140

PCT/ US95/ 09234 12 08/ 2%mi-HIA A ternatively, nuNafe manmalian cell [rnes
that are deficient in their ability to load class | nolecules with

IFnternally procesSed pPeEprroes, such as tne nouse cell 11nes RVA-S (Karre,
et al.. Nature, 319: 67%;826); Lj unggren, et abg,, ur. J. 5 | munol .
21: 2963-2970 (1991)), e human T cell hybrTdota, T-2 (Cerundol o, et

al ., Natur 345:449-45&1.&1330)) and whi ch have gﬁgg transfected with the
appropriate human cl as “Qenes are conveni entl| ed, when peptide is
added to them to test for the capacity of the peptide to induce in vitro
primary CTL responsBEA-&Bher eukaryotic cel | GA whi TEGHBIZ) used

I nclude various insect cell lines such as nosquito | arvae 10 ~ (ATCC
cell 1ined5CCL 125, 12HLA%bGKR4.11591, 6585, 6586A11dM kwor ATGCTHBIEH) 8851) ,
armyworm (ATCC CRL 1711), noth (ATCC CCL 80) and Drosophila cell lines such

as a Schneider cell |iHBACAG®,CSchneider J. Enbrweg/32 Exp. MTOOPHBIS)
27:353-365 [1927]). Peripheral blood |ynphocytes are conveniently isolated

follow ng sinple 15 mot&i ture or Ieukapﬁgpg.gi_rs of normal donors or

patients amd used as the responder cell sources O L precursors. In one

enbodi nent”,” t he appr op![ﬂ_it_ﬁ cant I gen- presenting ﬁei'ifz
14 o dhe -

monomorphic
25

The capacity to bind MHC Class I molecules is measured in a variety of
different ways. One means is a Class I molecular binding assay as described in Example
2, below. Other altemnatives described in the literature include inhibition of antigen
30 presentation (Sette, et al., J. Immunol. 141:3893 (1991)), in vitro assembly assays
(Townsend, et al., Cell 62:285 (1990)), and FACS based assays using mutated cells,
such as RMA.S (Melief, et al., Eur. J. Immunol. 21:2963 (1991)).
Next, peptides that test positive in the MHC class I binding assay are
assayed for the ability of the peptides to induce specific CTL responses in vitro. For
35 instance, antigen-presenting cells that have been incubated with a peptide can be assayed
for the ability to induce CTL responses in responder cell populations.
Antigen-presenting cells can be normal cells such as peripheral blood mononuclear celis
or dendritic cells (Inaba, et al., J. Exp. Med. 166:182 (1987); Boog, Eur. J. Immunol.
18:219 (1988)). Alternatively, transgenic mice comprising an appropriate HLA
40 transgene can be used to assay the ability of a peptide to induce a response in cytotoxic T
lymphocytes éssentially as described in copending U.S. Patent Application No.
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are incubated with 10-100 [err] of peptide in serumfree nedia for 4 hours
under appropriate culture conditions. The peptide-| oaded resenting
cells ar@otgﬁ’@?tl 49 ncubated with the responder cell popul at Fg‘ﬂ@s?ﬁ&#“t ro for 7 .

to 10 -days under optim

zed 20 - culture conditions. Positive CTL -

activation can be determ ned by assaying tha2cultures for the presence of
CTLs that kill radiolabeled target cells, both specific peptide-pul sed
targets as we08/265,743r get cells expressi ng endogenously processed form of

the relevant virus or t

derived. Specificity anéﬂr% Yég‘?&‘iﬁ@% W&%&@%%&%@gﬁw

testing 25 abm@gauaﬁ

~_appropriate or | Nappr o

positive in t
are re@prred )7 e 2
can be prepare synt et

cﬁk{ I ﬁfhote&txleﬁ mtcl:' ﬂlterhair yoprocessed pepridie: ds,eruteh ratg the mtonse
oS (Bamre Al et 343147%{5%)? Elineprs, evil.r Bipdnses
?;0;35 ?ﬂy%gggm nant %%Rym| ogy %}1

the peptide wall, Neued Msu%ﬁk(mbx)tmdtwhbh yafemnamnsfectedotntbﬂteenppropnate

cnbod ment o« LR e A ety e e SEpYde R0 b i, 38 or e

96103140

fragnments or ;
| engt hs, eit h%# ﬁgtlelp-gbﬁdﬂg %Bﬁﬁindﬁﬁawtcﬁgw @"’Wdﬁh%ﬁ@ cell
PCT/ U895/ 092 3lnes3vhich could bewsed inciude) varionsrinsect cell lines suchias mbscmm lapviaes,

o dation, or (ARG P aeh £ 955, £ 1680, oty RS Soagl A, to

t he condl ti ongas1y} armyevarRO(ATCEICRD 1701), desth (ATCCECL m)cutuaaiosapiﬁla\eenmnel

t he pol ypepti des as herein desgcri bed 5 Desi_r abl t he
48 acSabneideg.colbline (Jee Sensider &y Brbryeh Bep Morhal BL3%HD

peptide will

63||y

all of the biﬂ hcal activity of the large peptide. Wen possible, it nmay
0

be desirabl e

timze peptides of the invention to a |l ength of 9 or 10°

ami no aci d residues, coPeripheral dlood llymphdeytu dre combmugtisdl;tedrfollmmagdtmpleal o
et g 2, eSSt of Fal2Ses 3 notal HSSHRS o s b5 B S 28
sources of CTL precursors. In one embodtment ‘the appropnate antigen-presenting eells
- are incubated with 10-100 uM of pepude in serum-free media for 4 hours under
' appropriate culture condmons The pepnde-loaded anugen-presentmg cells are then ~
incubated thh the reeponder cell’ populauons m vitro for 7 to 10 days under optimized
20 culture eondmons Posmve C'l'L actxvanon can be deterrmned by assaying the cultures
for the presence of C'I'Ls that loll radiolabeled target cells, both spectﬁc pepude-pulsed
targets as well as. target oells expressmg endogenously processed form of the relevant
virus or tumor antxgen from whxch the pepttde sequence was denved

Spectﬁctty and MHC restnctton of the CTL is determined by testing

25 agamst dtfferent pepttde target cells expressmg appropnate or inappropriate human MHC
class I. The pepttdes that test posmve in the MHC btndmg assays and give rise to
spectﬁe CTL responses are referred to herein as umnunogemc pepttdes

The i 1mmunogemc pepudes can be prepared synthetxmlly, or by

.recombmant DNA technology. Although the pepude will preferably be substanually free
30 of other naturally occurnng host cell proteins and fragments thereof in some
embodiments the p_eptxdes can be synthetically conjugated to native fragments or

particles.

The polypeptides or peptides can be a variety of lengths, cither in their
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10 Peptides having the desired activity nmay be nodified
as necessar WO/3i4yi de certain desired attributes, e.g., inpeDVELN09234
phar macol ogi cal characteristics, while increasing or at |east retaining
substantially all of the biological activity of the unnodified peptide to
bi nd the desired MHC nol ecul e and activate the approprl ate T cell. For

i nst ance, the pe t ubj ect us_c g ; .
substi tutions, baffungﬁ/rﬁgtf) ofs] gf %h *‘01?18‘? %ﬁg%ﬁ?ﬁ%?’é\,&f&‘@gﬁ?ﬂ?ﬂs :
changes m ght prswndEgimsﬁﬂidmlsmeWﬂmmL arphaspnomonsuc&bnwungrmaued
MHC bi ndi ng. By con% ervative substitutipns l geant 1 aC| n an am no acid

resi due with anohf mhsqbse%%wmqoy biglogjcal
one hydr ophobi ¢ iA&Y as Qﬁeﬁr&sweﬁr resi due for anot her The
substitutions i nicc éggg(t)ﬁ Fons suc y, Ala;,Val, lle, Leu, Met; 20

Asp, Qu;5Asn, Gn; Ser, mesuabgysthaopggndanﬂllmsqs asrmssxblefwmlecﬁllsmmﬂmg

o 1 oat ?oﬁﬁbiisy-‘- 2l AT s Hiappcl Bny oF piclatts ehge,” A pokle.dt may be
described in_e. qesirdBié to bpemire pepti€Rt the fivdddobtb/a eh?&ﬁbwlﬁrw%xﬁa%xd residues,
Merrifield, The Peptides, Goss and Mienhofer, eds. Academi c

Press), pp. 1-2&PMMOBHAtE i ogangushy presessed viral peptides s jumar celbpeptides
Synt hesis, (Roc , orated by

reference herei M% %qfdgié@ica#sﬁi % ]DB‘S@C 134 ext endi ng or

gelcreasi rlgfthe corrpougd s Rapudes kavirg ﬂlecdwmbl actmtgfma)ﬁvemwm' xi&assmyl to
eletion o amnoa,m S eptigdes or ana the invention cap also
be nodified by ATPELEKENAIR ‘8??!’2?’"% ﬁ&s%@%ﬂ“ﬁ?"%‘["gpﬁl gl?zmm% while
being readily ap ‘F,@&@t r&@ink b3tkh :g;*?

essential for biologi Fldactlw tgﬂ’ ﬁﬁfﬁgtgfgxrgll%x?lgg&g%én t S|tes or
conserved resi dummodificd peptide o bgndrtbc dearemmmmm mvamthe appropfiste (T
on bi ol ogi cal act The n cri.tical CI ds _.need not imted to
Chose natur al | v ke idr ingafay. Sitoreties ey 3R <Aoo dArPES Fpatges, digh o ssinions
their D-1SOMer s, eithel coiBdrvitive diforilEdhsBrvatite, witie aﬁbhaaiaﬂgesamgwwxifuﬁ certain
SHEET ( RULE 26) WO 96/ 03140

PCT/ US95/ 09234 Rivaptages in their use, puch 3s improyed MHGQ binding, Byicesservativgcyubstifutions
many derivativegs foaly defilabing HH diting GefiSresidue with another which is biologically and/or
chemically similar, e.g., one hydrophobic residue for another, or one polar residue for
another. The substitutions include combinations such as Gly, Ala; Val, Ile, Leu, Met;
20 Asp, Glu; Asn, Gln; Ser, Thr; Lys, Arg; and Phe, Tyr. The effect of single amino acid
substitutions may also be probed using D-amino acids. Such modifications may be made

using well known peptide synthesis procedures, as described in e.g., Mermifield, Science

232:341-347 (1986), Barany and Merrifield, The Peptides, Gross and Meienhofer, eds.

(N.Y., Academic Press), pp. 1-284 (1979); aiid Stewart and Young, Solid Phase Peptide
25 Synthesis, (Rockford, 111, Pierce), 2d Ed. (1984), incorporated by reference herein.

The peptides can also be modified by extending or decreasing the
compound’s amino acid sequence, e.g., by the addition or deletion of amino acids. The
peptides or analogs of the invention can also be modified by altering the order or
composition of certain residues, it being readily appreciated that certain amino acid

30 residues essential for biological activity, e.g., those at critical contact sites or conserved
residues, may generally not be altered without an adverse effect on biological activity.
The non-critical amino acids need not be limited to those naturally occurring in proteins,
such as L-c-amino acids, or their D-isomers, but may include non-protein amino acids as
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Typicallly, a series of peptides with single am no acid substitutions are.
enpl oyed wosgleieo m ne the effect of electrostatic charge, peprdsospbhi city,
etc. on binding. For instance, a series of positively charged (eg., Lys or
Arg) or negatively charged 5 (e.g., 4 am no-acid substitutions are .
-made al ong the Iength of the peptide revealThg different patterns of ;
sensitivity t a%ﬁ?&ls‘a I Os-amiftb '-tio'n, ‘
mul ti pl e substi dtlons £s)’l}l%g sha (r\aglvgetjll %neﬁaﬂ- Egl{lj\%ai&g%rsrglte‘?l es such as . .
Ala, Ay, Pro, or siml M@ﬂyﬁmmmwmemglemm substitutions areny

oo L e 5 e R °'cﬁl€8f?r £ el heodfcohfonii, B o Hadog.

v

bet ween essentp&lm%agtsemldft i ngglng}:g eP Al fﬁégau{/ﬁ
are sought (e.g., hydr ophob| Clt ve sus ydr | CI ty I ncr eased birndi ng :.
affinit§y for degn-Gluramingpeid substitetisng ofcthg Peplidetevealing - |

cventsoeh o R AR el Bﬁaq"%%o acﬂ?'r“es. %sﬂf;?‘*&?ﬁeﬁ%&%é

mol ecul ar fr agddition, mnltipde sibstitbtions: usmg amallﬂrelitnrelyemml moieties such a&5\Ala, Gly,

charge interference which i ght disru bi Am no acid, substitutions !
are typically B, QFﬁQ!‘la-F él?o%"g mﬁoﬂgswmes m&ﬂwksomor :
conbi nati on t nﬂﬁi‘aﬁ@ |°\f tdfed added
Substltutlonal vari aﬁts are t@se I'n wh east one reS| ue ofor

pepti dé0has beiependeomthecspating aeasmbmeenmnﬂ dontagt poidtsi andi cestainl ﬁmeuonal

aon 147! ok SRR S0 5 2SRy RoR S9HEDRG R t%ﬁﬁ«ﬁm' .

Substantial c ﬁﬁ&%ﬁﬁ%ﬂ%ﬂml@ﬁfﬂ&ﬂm&éﬁmﬁﬁ@y%ﬂfdﬁcﬁw b-{r
receptors) are nade by Selecti ng substitutions that are’ |l ess conservalive

than those i nSybstitutions, compared; to theaffiqjty efthe parent peptids; f Incanyneyeat, such

S b e SeREE S gy Sinp acid sa-%k%.on ol exgﬁﬁﬁe“étcﬂé&%
sheet &5 hel i awbidg forf exampls, steric(dnid chargecin Mudrmpgtmhﬁsrupt;bmdmghe
e P ket 2791 e e bt oo e s briionty o

in peptide prmww&nshﬁah %&bhﬁﬁbﬁ'ﬂiéie&ﬁm Udb@ﬁbinbﬂ@o'&ﬁﬂéj&teaﬁmg

seryl or threonyl, is substitut d for (or by) hydrophobi c

resi due, e.g. MI $ubsmnondwampumqumsamywmm>lmmmamm of (apeptide has
eei due havi ﬁ&%@%@?%?%"@@eﬁ%ﬁﬁm ‘S%?y?-ﬁ%sﬁé#ﬂﬁ%"“ gebecilly
histidgd, is ardmaié il astotdancé WithtFabled when it is desired to finely modulate the -
- characteristics of the peptide. - .
Substantial changes i in funcnon (e. g afﬁmty for MHC molecules or T cet”
receptors) are made by selecting substitutions that are less conservanve than those in
Table 1, i.e., selecting residues that differ. more sxgmﬁcanﬂy in their effect on
25 mamtammg (a) the stmcture of the peptide backbone in the area of the substitution, for
example as a sheet or helical conformation, (b) the charge or hydrophobicity of the
molecule at the target site or () the bulk of the side chain. The substitutions which in
general are expected to produce the greatest changes in peptide properties will be those in
whxch (a) hydrophilic residue, e.g. seryl or t_hr.e_o.nyl,'_is substituted for (or by) a
30 hydrophobic residue, e.g. leucyl, isoleucyl, phenylalanyl, valyl or alanyl; (b) a cysteine
or proline is substituted for (or by) any 9t_hé_r residue; (c) a residue having an
electropositive side chain, e.g., lysl, arginyl, or histidyl, is substituted for (or by) an
electronegative residue, e.g. glutamyl or aspartyl; or (d) a residue having a bulky side
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el ectronegative residue, e.g. glutanyl or aspartyl; or (d) a residue having
a bul ky si deW0 9643495103140 ) PCT/US95/09234

RCT/ US95/ 09234 15 chain, e.g. phenylalanine, is substituted for (or by) one
not having a side chain, e.g., glycine. The pems des nay al so conpri se

| sosteres of two or nore residues in the i mmunogenic peptide. An isostere
as defined here chgrin, sgqphenyltalariing,\ip substitmsed: farelor Hykeneénot havinghaside xhaipe e.g.,
substituted for aysecond sequence because the sterig conformation of the
first sequence f EING. i nding site specific for the second sequence. The

term speci fically incl udesThg peptities hdyKdlse orfipic is6stéred OF tw6 lor nfdre Wesiduds in the
those skilled in the art. Such nodifications Include nodifications of the

am de nitrogen, immurpgenicpeptideni \defined hgrecis & sequense Qftwo asimorngeresidues

am de bon ext esi Qns ' r e cor ' .

gener al | y,Cg Spat oﬁ@% %%%gﬁ@%@"%%%Q%&O@r#ﬁgéﬁgﬁg§9$gﬁgﬁ‘g%gf%ﬁ“
Proteins, Vol. V#dguéx.l&im_shejmdin%site chdgttﬂeﬁecnnd isequencd. [Fine tetimsspecifibally
various am no acj metics .or am ng_acj ds, r instapce at..the or C
termni, are pa_r’L“FBEF%P‘FRFd&stEF]EP""Fﬁ“ fications M@Hﬂ??‘tw{“h&ﬂ&tgﬁfé

in vivo. Stabili | AonYGO@E aid Othe pcarbon, amide carbonyl,

I nst ance, pepti dases ang vari ous biol ogical nedia, such as human asna

B P L g Ipar ot e o P
ug ar gacokin.  11:291- ok ife e 0
the preseftt inve W@Me%‘ﬁ@dﬁ%m&vn{@%‘%‘ﬁw&ﬁw

(v/iv) assay. ThepRi&hs)CPbl. VAT WeRisRin ¥d.21983) | ows. Pool ed human serum (Type
AB, non-heat inactivated) is delipidated by ‘centrifugation 20 bef ore

use. The serumis then di | Medificaionsof paptideswith various amingl acid mimeticsorReamino
amount of - reagt 1 % Pelants & pENCE el B8 i flof) 8 il we
trichloracetic as:@bili@rofett::gde ikhviva.| swﬂi‘?ﬁ“f“ﬁ?”% ein'tmzlztbetd)c;f;g»?ﬁssr;1 For
L L e ek SBA Bt B 5 s s erum, ave
reversed-phase Higefy yied RPtest dility VSee0 2%, ! Vertiodt Rl &R N Yorug Medah O Phiarmacokin.
11:291-302 (1986). Half life of the peptides of the present invention is conveniently
determined using a 25% human serum (v/v) assay. The protocol is generally as follows.
Pooied human serum (Type AB, non-heat inactivated) is delipidated by centrifugation
20 before use. The serum is then diluted to 25% with RPMI tissue culture media and used
to test peptide stability. At predetermined time intervals a smail amount of reaction
solution is removed and added to either 6% aqueous trichloracetic acid or ethanol. The
cloudy reaction sample is cooled (4°C) for 15 minutes and then spun to pellet the
precipitated serum proteins. The presence ofithe peptides is then determined by
25 reversed-phase HPLC using stability-specific chromatography conditions.

The peptides of the present invention or analogs thereof which have CTL
stimulating activity may be modified to provide desired attributes other than improved
serum half life. For instance, the ability of the pei:tides to induce CTL activity can be

- enhanced by linkage to a sequence which contains at least one epitope that is capable of
30 . inducing a T helper cell response. Particularly preferred immunogenic peptides/T helper
conjugates are linked by a spacer molecuie. The spacer is typically comprised of
relatively small, neutral molecules, such as amino acids or amino acid mimetics, which
are substzntiéhy uncharged under physiological conditions and may have linear or
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The peptides of the present invention or anal ogs thereof which have CTL
stimul at iW@9e@X40/ity may be nodified to provide desired aPCTU$AS082340t her
than i nproved serumhalf life. For instance, the ability of the peptides to,
i nduce CTL activity can be enhanced by |inkaag to a sequence which contains =
at | east one epitope that is capable of 30 i nducing a T hel per cell

response. Part brankissd sidetiefisy, r The spaversce nypicaliyseledted/ flomekgey Al rGlygot other
are linked by a s cer nDI cu L

relatively smaf wppe 3ind R S neal BolaE mping AR, TEwiEbe

mi netics,  whi Ctin&e&ﬂo&lbmaw ﬁliohﬂlﬁg&ha{tgﬁ&e?'ﬁéﬁ N BSEthPSieaaf 1FO Bethd k&m'

and may have | 1 near or WO ™"96/ 0

PCT/-US95/ 09234and3tms mayronia betero-rdiomo-oligemerp AWben prasent; $he mwngleumn)ebe '
from e.g., 0, m d :
neutral Pol ar m%ﬁ%ﬁﬁaﬁﬂﬁ?%“ﬁ%@?%?ﬁ# {Q@ke OpTl[IEU a?‘? ﬁleoén. .
ﬁresent spa(r:]erpqmadl b@ﬁvmnmlmrmsqdh?ﬁer’:ﬂhepndawhhowa ls!racer.and thus may  be aj
et er o- or -hono-ol.i goner en presen e spacer \
at |east one or t\/\ogre3|m5mmr‘|'59&¢"é%m Mpﬁh?mﬂé .
Al ternatively,

wi t hout :avspialtcg{rr&?l?r Fkkg%gm C p%?flé%y %‘B{’}Fyn ed £’Uf£ﬂ§mg§?nde Thd _
peptide. ei % heLaﬂixfﬂtﬂxﬁluﬂbf!it?gﬂhsmmnogmﬁdwpﬂde orlﬂle'irhdp!;@epnduinay;cymed
term nug, of t t ea termnso e | eni
peptldgf%r the%F‘Wle&e%Wg‘ﬁ P ‘Jsfd‘%éﬂg %R’gg

peptides incl u%@mé@gﬁg&ﬁ@g@ﬂ.’gsgl nf | uenza 307-319, mal aria

ci rcunsporozoite 382-398 and 378-389. In sone enbodi nents it may be

desirabl e to include i n Imsomtemhedimentsdt.may bodissirable o includedn; pmrm;netum(t '

capabl 3”§fCB?F%%%R%%ﬂ#&#@?@@*ﬁ%ﬁ@%%md Ehd

)

pal mtic acid besn idetifiedds dgen of midgemlmhﬁwxghmsi:hpmwopor
groups of a Lys residue and then i nked ,.via one or nore |linking
resi duedd such mlq.m@nyn resigues cap-be g@ﬁhe@ﬁo thealpha and epsilgn amino groups of .

a mcell ar form I posone o
Gly-Gly-, Ser, Ser-Ser, or the like, to an immunogenic peptide. The lxpxdated pepnde

. can then be mjectgd_ directly in a micellar form, _mcorporat_ed into a liposome or
- emulsified in an adjuvant, e.g., incomplete Freund’s adjuvant. In -a-préfetred ;
20 embodiment a particularly 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. - |

t
i munogeni ¢ pepiid |ncorporatﬂﬁ£j| s REP, VoA b Viding ek buch £6°6ly,Y 1 7 |

‘As another example of lipid pnmmg of CTL responses, E. coli _
_ lxpoprotems, such as mpalmxtoyl-s-glycerylcystemlyseryl-senne (P,CSS) I can be used to
25 pnmevxmsspecxﬁcCTLwhencovalenﬂyattachedtoanappmpnatepepnde See, Deres
et al., Nawre 342:561-564 (1989), mcorpomed herein by refetence Peptides of the
invention can be coupled to P,CSS for exa.mplc -and the hpopepnde administered to an
| individual to specxﬁcally pnme a CTL response to the target antigen. Further, as the
- induction of neutrahzmg antibodies can also be primed with P,CSS conjugated to a
30 peptide which displays an appropriate epitope; the two compositions can be combined to
more effecnvely elicit both humoral and cell-mediated responses to infection,
- In addition, additional amino acids can be added to the termini of a peptide.
to provide for ease of linking peptides one' to another, for coupling to a carrier suppbn,
~ SUBSTITUTE SHEET (RULE 26)



emul sified in an adjuvant, e.g., inconplete Freund's adjuvant. In a
preferred 2wo9sm3ig@nbodi mrent a particularly effective i MmunaETUSISIORR3HSeES
palmtic acid attached to al pha and epsilon am no groups of Lys, which is
attached via linkage, e.g., Ser-Ser, to the amygo term nus of the

| mmunogeni ¢ peptide. As another exanple of lipid primng of CTL responses,

E. coll |ipoprotes laﬁgeriiégﬁueﬁ%i frioBii g thy physicil W ehathitkISpropedties of Yhe peptide or
[err] | can be used to = prime virus specifid+CTL when covalently '

attched to an a@ﬁ%ﬁ?ﬂ@b@f eA“BE%mQEIS@Q‘YWe'Mﬁm ysie, giamic or
(1989), i ncor por L&E’WME‘%&%?& ef of REtel tdeﬂeﬁ@ﬂhdﬁeor

coupled to [err], r exérrpl e, | popept | admnistered to a
i ndi vi dual to spailgobepndel. ymdxﬁcanm ﬁt‘l‘lher@tqmm insomieccasesr may alien bigding

Furt her, the inductign of  neut | ng..ant i bodi e can | med

wi th [err conj ugaactprisgcs,0 {3)8' {1&1 &F@é ‘8 %%%r%ﬁ?mm
epi tope, the twodisfer o theGiafurslodqtiéhce di‘liginioﬁlﬁﬁ"rfy QhﬁﬁﬁlMﬁ'dtyﬁhb@lég by
bot h hunoral and cell - rredl ated responses to Infection. |In addition,

addi ti onal ani ncalkanioyk(CycGs) orthieglyeslylacetylationy mm&_m@owm!déh% 8:8-¢ AMMRONI2,
for ease of %”S%Pﬁgﬁﬁﬁﬁ ¢1%%. Oif sdrfle SABNAS thelPobitiRliddidniy provid¥ Site§ for linking to

support,
PCT/ US95/ 09234 o/ sippottir@thernaslecide. for nodi fying the physi caI or chem cal

properties of the peptide or oligopepti or the like. |ds such as
tyrosine&ysteine, Iysi ne'n‘QgWPPa ep ‘ﬂ‘éﬁ?&Pﬂl"E"QElPWBgn g wariety, Af pays.
| ntroduced at t%se &b&%ﬁﬁwfsﬁﬂnkﬁﬁ, 2] gam&e@'ﬁx solution or on a

Modi fication at term nus Sonme cases y aI ter b| ndi ng
characteristics aohdtshmqtemand:erdance wcthlqonmnonﬂdeﬁumuede Wslagtmm systhesizers

sequences can. differ fra the gduen ?ﬁ d“ d

t erm nal - NH2 ac ‘B‘H‘“%%’ %aml %an% Sgl“g’n@ ‘ﬁ'prlym See,
acetyl ation, tmfaakxﬁaﬂbos&{vaamnéammg, Sli@ Phase " Péptide. Synittesis| 241 &2, Pirde Chéinical
sone i nstances these nodifications may provide sifes for I nki ng to a

support df ot herCon(1884), suprao ‘The peptides of the

ol atively short %izor t ne etV by v Rnol RS A b8 Eriplbiel whers
nucleotide sequence which encodes an immunogenic peptide of interest is inserted into an
expression vector, transformed or transfected into an appropriate host cell and cultivated
under conditions suitable for expression. These procedures are generally known in the

20 art, as described generally in Sambrook et al., Molecular Cloning, A Laboratory Manual,

Cold Spring Harbor Press, Cold Spring Harbor, New York (1982), which is incorporated
herein by reference. Thus, fusion proteins which comprise one or more peptide

sequences of the invention can be used to present the appropriate T cell epitope.
As the coding sequence for peptides of the length contemplated herein can
25 be synthesized by chemical techniques, for example, the phosphotriester method of
Matteucci et al., J. Am. Chem. Soc. 103:3185 (1981), modification can be made simply
by substituting the appropriate base(s) for those encoding the native peptide sequence.
The coding sequence can then be provided with appropriate linkers and ligated into
expression vectors commonly available in the art, and the vectors used to transform
30 suitable hosts to produce the desired fusion protein. A number of such vectors and
suitable host systems are now available. For expression of the fusion proteins, the coding
sequence will be provided with operably linked start and stop codons, promoter and
terminator regions and usuaily a replication system to provide an expression vector for
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solid support in accordance -with conventional techniques. Various automatic
synt hesi agg9se3190 commerci al | y avail abl e and can be used i pCHUSSSHS23ace Wt h
known protocols. See, for exanple, Stewart and Young, Solid Phase Peptide
Synthesis, 2d. ed., Pierce Chem cal 15 160. (1984), supra. -
Al ternativey, reconbi nant DNA technol ogy may be enpl oyed wherein a

nucl eotide s R itlthe Gesirad QEfRac ost. RO RUSRER, BRIMIECscbendal Qbﬁﬁihulé

i nserted into -expression vector, transfornmed or transfected into an C
appropri ate hm&h baestial chastsare providasin plassid s:e@mmurpgnmmummn sites for

Govcr bed gertipaed of FECHER Bhdinf SOl D rid i ckpitsdln yeraptit; 70

Manual , Col d tEimsforteliintouitible Sactesill ibstSpr Of cotiss, byeast deamaniinmliarl ABEdsts may
which is i ncorporated herein by reference. Thus, fusion proteins which -

conpri de one W%P@pé@lﬂ@%ﬁﬂ&@ﬁ@@gmﬁ%mmm%Wcan be used to -+
present the appropriat Wﬂh:&e g'gﬂ] lvaB&hd | des.
of the length contenpl ZPL erelin {(!:xgﬁf%seﬁsm dgog?mem zeﬁya;lgﬁ’em cal -.
t echni ques, fmpasmnpsmemdﬁ mﬁﬂrﬂoradmxmmnmmmﬂwpmwulyhumns,,m
Am Chem Soc. 103 185 198 dification can b Si

substituting Fb éﬁ‘@’%é‘%@% “Pﬁ'EfSe &t ﬂgﬁmg%ﬁﬁﬁ?‘é“ﬂe'ﬁ ide .
sequence. Thor&ged mgmumogaﬂc phitivied Of Bie>MiveiRibn ThélBd6 prostité taicer, HeplsS |
and Ill%at ed into expression vectorS comonly avai]able in the art, and t he

vect orld used Biohapatitis; Co AFDSQ renal carsinomay cervical carcingms; dymphoma, CM¥sand- d 5
fusion protel&ﬁwtwch vectors and suitable host systens are now

avai l abl e b he fusion protejns, the coding sequence will- (.
be provided with oper amaﬂmmﬁmmmnmmmmmmmm
t er m nat or relons and uyspally a re tion systemio ovi de an
expressi on v S@B@H% %Ei?"‘a suffe &Fd’ﬂ% or infected with

PCT/ US95/ 0923fle {Buf S iftsrait0
pr onot er seqﬁtfel%ces cgrrpatlbnmd%et"ﬂ act eralﬁgriﬂuets are prghg%rdﬁﬁn ph’ism 395 :
cont ailsi ng cdreatadi with thesimmunogenic peptidas separatelysor ini conjunction avithcother-ticatments,y

sequence. The ' eoikafld GXRAGESMEE apiidaRbis, Yothpositions are administered to a patientin |
anamountsufﬁcxenttoehcxtaneffecnvemresponsetothevxmsortumoranngenand
to cure or at least partially arrest symptoms and/or- comphunons An amount adequate
to accomphsh this is deﬁned as "therapeutically effective dose. " Amounts effective for
- 20 this use wull depmd on, ¢.g., the pepnde composmon, the manner of admnusuanon, the
stage and seventy of the disease being treated, th_e.wexght and general state of health of -
the patient, and the judgment of the prescribing physician, but generaily range for the = |
initial immunization (that,' is for therapeutic.or: piophylacti'c administration) from about 1.0
#g to about 5000 pg of peptide for a 70 kg panent, followed by boosting dosagu of from
25 abouthpgtoaboutIOOOugofpepndepursuanttoaboosungregxmenoverweeksto
' months depending upon the patient’s response and condition by measuring specific CTL
activity in the patient’s blood. It must be kept in nundthatmepepudesand composmons
of the present invention .may'genetany be employed in serious disease states, that is, life-
threatening or potentially life threatening situations: In such cases, in view of the
30 mxmmlmmn of extraneous substances and the relative nontoxic nature of the pepndu it
is possible and may be felt desirable by the treatmg physlcxan to administer substantial
excesses of these pepude compositions. -
For therapeutic use, administration should begin at the first sign of viral
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transforned into suitable bacterial hosts. O course, yeast or mamalian

cell hosts MiQ9§03140 al so be used, enploying suitable vect oPSTAISESANIM r ol
sequences. The peptides of the present invention and pharnmaceutical and

vacci ne conpositions thereof are useful for admenistration to mamal s,
particularly humans, to treat and/or prevent viral infection and cancer.
Exanpl es of di semkaom/ordie datection drrsergieal removal dﬂtenmmmmshyahy afq:reqhagnbas infthe

t he i nvention includ rost ate cancer, atitis TF e itis
Al DS, renal carcP$ g@% a‘gh‘él #16‘?&&’%’ "g éﬂﬁ?‘é’i‘?&r gﬁﬂ'f B‘R{"msm
acum natum For g jated! and FoP @ Perifd th Irlmahe&ﬂamfeémt IwhamgOéosE&le
invention are adm nistefed to an individual already suffering from cancer

or infected wit Hollawed by boostingi dases may bemgauized. n t he i ncubati on phase or

L0 PO 0 SRR b e A 4 e G e

appropriate. |n mhiyhsseitesslution bf dr!infsetion tmannelytinfeoted dndividadlsi Fortthosed t o
apatlent in an anmount suff|C|ent to elici fectlve CTJ_res se to
the virus or turiBdividyalsuscepti Bmpaé‘éé Eég e compositions

ZX?FESSEaZ‘”diﬁérap?@%%ﬂ?%@ﬂec%‘%‘%ose i*?%‘?ms Eﬂ??“v"? ey bronic

this use w || depfectiomn Where the sdseegnbhmdmdmlmudétmﬁedtpwmqm@unng mfect:on,
adm ni stration, the stage and f the disease,bein ed, 1

wei ght and gener@f1 ‘?F'Rf‘g &?@i’? ﬁ‘ tﬂ'& QmRosiion cﬁﬂ(!?et%?fggﬁ‘ﬂ % F““L“F@ng
prescribing physiegd 36p adthinist8HEn & 4 &'Wuidﬁbni he initial inmunization
(that is for therapeutic or prophylactic adm nistration) fromabout 1.0

[err] to about 5000 [err] Tife peptide cempositionszanialsogke usedtfor thel freatmantnf chronic

et | o pur suaninibuan S0 piripe IR by 7ot e Miniet birkoHiteceRl st capies

C'

tEe patient's L le(s ?;Jr mbdidtlaﬂwmﬁmgmpmh ﬁaﬂngp?ﬁueamlfummm and
t epatlet S 00 t. nust he ke in m at .t epti eS%n

conposi tildns of 'P‘Pﬁg &éﬂ I-"‘F‘?l & Fytotee 1 epllresponse:

di sease st at es, Strahh r&ﬂ% I f 'i'ﬁf'ﬂ: i
situations. |In suc cases %tﬁo\ﬁcg ?%d%g & fe?nfa'#?%]d?gﬁsoi%tﬁ? F'abbut 1.0

extraneous s ubstmmhmsglw abauttSopg to 108Qipg for a 7Ackgopasientipsr, dase.
S P0S1 bl a0 ol s b DO bR AR T, ., fom o to
therapeutic use fogdiesliss hiayibeOrdq@ired) | possibly! for @ prolofgdd periodSofdime to ¥ffectively
20 immunize an individual. In the case of chronic infection, administration should continue
until at least clinical symptoms or laboratory tests indicate that the viral infection has
been eliminated or substantially abated and for a period thereafter.
The pharmaceutical compositions for therapeutic treatment are intended for
parenteral, topical, oral or local administration, Preferably, the pharmaceutical
25 compositions are adxmmstered parenterally, e.g., intravenously, subcutaneously,

intradermally, or intramuscularly, Thus, the invention provides compositions for
parenteral administration which comprise a sqluﬁon of the immunogenic peptides
dissolved or suspended in an acceptable carrier, preferably an aqueous carrier. A variety
of aqueous carriers may be used, e.g., water, buffered water, 0.4% saline, 0.3% glycine,

30 hyaluronic acid and the like. These compositions may be sterilized by conventional, well
known sterilization techniques, or may be sterile filtered. The resulting aqueous solutions
may be packaged for use as is, or lyophilized, the lyophilized preparation being combined
with a sterile sqlution'prior to administration. The compositions may contain
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WO 96/ 03140 PCT/ US95/ 09234
19 infecti.on or the detection or surgical renoval of tunors or shortly

after di QR3PU 1 the case of acute infestion, This is fBFFUREPRY o
boosti ng doses until at |east synptons are substantlally abated and for a
period thereafter. 1n chronic infection, |oadRRg doses foll owed by boostlng

doses may be required. 5 : Treatnent. of an infected
individual wit Wlm% aqcm@blsﬁuﬂm ?%ﬁﬂ?%r?sﬁﬁ WM@P&R‘WW

the infection i [m
suscepti bl e (or&pr [ spose% op| ng c ém,g Wect e ‘;‘é’ﬁée%ts, wetung.
conposi tions arageptsrand the hkc,yfousxdmple; sodmnlaoetatef eod:mdacme; sodiuinechloride,.

evolution from acute t chr, oni | nf er:e:it suscepLibl.e -
i ndi vi dual s ar PN %d%r UF‘? ﬁa'lm"&@s ‘E‘E&‘“"‘"‘%m etc.
i nst ances as descri bed h%edoihe én%d&ﬁéit@iﬂ mhf’Beﬁ&ﬁraB& %ﬁﬁﬁs(ﬂnmé HaPriaceutical

mnimzing need for admnistration to.a.larger popul ation, The pe

conposi tions czemposition @t isastionerompogent; whi ming of Cllec becn

LTS Frpor ¢ an AR HeEA ol %{aﬁ?ﬁm@vaﬁeﬁﬁlﬁﬁﬁ% Agkifle YRl plgins
formul ati on androrexample, mﬂmfmwwmtbmwwemmhmofmm
stinmulate a cytotoxic. T cel |l . respaonse.  Thus,. for: ggaﬁat ment” of chrgni.c

infection, a rcEPURSHf&RLYS Eesigyeand then linked, £.gngtyPY HH&JP“&%“PE’ P{*‘(‘bm‘m‘
SRt 530 T s GG, it e RS o S s G compries

patient per dose. oost I'ng

establ i shed i ntm4+mmmmmneﬂmmdmmmmwmm

P?\Z?i/?ljﬁar or alﬁr ol ongg F"erhOd of t| effggw:vel ¥Tgat¥‘{9ﬂm§#&1% e an

cont e unt | alfjuvaRiStn § préfertad eﬂ&&hﬁﬁﬁaﬂiﬁcﬂﬂﬂy% tivé ifitnBind ghat

the viral infection has been elimnated or " substantially abate and or a

peri od t her eaf tmlmxucquoammawpmand:mgge aminmgroups of Mﬂawb&hlltamhed via |
treat nenis are | fo
adm ni st trsat i on. lﬂﬁg‘?%d% § ar mce% ofg{ahsof corrp03| (t)xdensh%pxég'rcell

adm ni stered padeemmaatsl,)sucleagthpse pepndesdemnbgd hseinmstwelkaslsth,e: peptides wlneh

intradermal |y, ntr Thus, ;'t he, i nvent ion provides
conposi tions f JBY M@gﬁﬁ% "E?‘l

( ( corrprlse a sol utlon of the
i mmunogeni ¢ peptides - Ag anotherexample ofhpxd pnmmg of CTL responses, E. coli hpoptotem.

l

such as tnpalmxtoyl-S-glycerylcystexnly-seryl-senne (P,CSS), can be used to prime virus -
20  specific CTL when covalently attached to an appxopnate peptxde See, Deres et al.
Nature 342:561-564 (1989), incorporated herein by reference. Peptides of the invention |
can be coupled to P,CSS for example, and the lxpopepude admxmstere:l to an mdmdu' |
to specxﬁcally pnme a C'l'L Further, as the mducuon of ncutralxzmg axmbodxes can also
be primed with P,CSS con_]ugated toa pepnde which dxsplays an appropriate epitope, the
25 two composmons can be combined to more effecuvely elicit both humoral and cell-
mediated responses to vxral infection. '
| The concentrauon of C'I'L snmulatory pepudes of the invention in the
phannaceuncal formulauons can vary w:dely, i.e., from less than about 0.1%, usually at
or at least about 2% to as much as 20% to 50% or mote by weight, and will be selected
30 pnmanly by fluid volumes, \nsoosmes, etc., in accordance with the particular mode of
administration selected ' ' '
" The peptides of the xnvennon may also be admxmstered via liposomes,
which serve to target the pepndes toa parncular ussue, such as lymphold tissue, or
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di ssol ved or suspended in an acceptable carrier, preferably an aqueous
carrier. AWam®/BIN0of aqueous carriers nmay be used, e.g., WREAMUSIHRI4r ed
pater, 0.4%saline, 0.3 %glycine, 30 hyal uroni ¢ acid and the |ike.
These conpositions nay be sterilized by convergi onal, well known
sterilization techniques, or may be sterile filtered. The resulting aqueous
sol uti ons may beargmekssjemivelyrtouinfected dells, asrwell apincrdase the halElife/ofihe peptide

preparation bei ng coobi ned, wi.t h a. sterile.sol uti on:pl. t Wyl on.
The conposition %t%%%f’ﬁ’&ﬁ%’ %?@%E%@%ies’ W@%&?’
PCT/ US95/ 09234 Reuia eayside, pHospiiiipid aispesions]! iemallac layers und uips likelC &% tikse
required to approxi mate physiol ogi cal condjtions, such as pl—}aggj usting,and
buf f eri ng agent Brepamgtoas the peptides deliyerndsis IDROTPOMAIEd ASAIRFSOLH Hpesams, @jqoe or in

ta
for exand e, sogi ' et saSQQ U iﬁ&{al LA :
chlori dgfg cal ci%@%ﬁﬁ@gﬁsor .@Hh&%% A g%é’,pf%&g‘t&?; no aér?nﬂne o?e gi,xmd
etc. h5 ) cells, s;fchasmmoumml_ ) amihnml iesewitich bindntaythe €ED#Ssantigen 2 ,eox?]withmdlende
in the pharmaceutical ,conposition, at | east ong,conponent i ch.enhance .
pri mi ng of  CTL. theaPEPHR b IVBURRESRic BPROSEOBY JBusJimosartes Blled witka dered] pepride
primng of CTL bfiniiifkaRBficl be lirbelkd 10 a2 of IRIphERIALNL, whéd!did lip6sotids hen
resi dues can be attached to the alpha and epsildn am no groups of a Lys .
resi due and t hedeliver thecsslectedctherapeuysicfimmynogesic peptider compasitionsy  Liposomss foruse in

10 ch as_ 4.y, -G Y- [0l i AalP N tOps '
pepti de Which CWYQ&Xﬁ%ﬂ@?%?MeVE%Wo@*’m% %%%%ﬁag\%mde
peptide can be adlitfabufd Aegatively chatged ehospholipids and at stetol, isuch as chelesterol: The
emul sified in an _adjuvant, e.g., inconplete Freund s adjuvant. In g

preferred errbodmpné’fﬁ@i@iiéﬂfm gvided by sensidgrationyeh mbiposeme size.acd ¢

Va1 OO Raiy i SASuEPS! W FARbRE B G Bhock sekn, W\aribey B Helndpl st

restricted peptaviilabla\fonpreparing liposoires,rasndestribedsing le. g5 Stdlaset abs pirind Rev. Biophys.

oot o 1! B Sk Taath 5, Bk N5, E38hhH SolB, hltd a ™

'[ (raiSBglnr?tsbyF'- S?g'lb?/%’grsg{)mm- se.r yl™- ?gﬂ?’ err], can be used to prine

Vi rus For targeting to the immune , a ligand to be incorporated into the
liposome can include, e.g., 2ntibodi:s or fragments thereof specific for cell surface
determinants of the desired immune system cells. A liposome suspension containing a

20 peptide may be administered intravenously, locally, topically, etc. in a dose which varies
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, pharmaceutical grades of mannitol, lactose, starch,

25 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 employed excipients, such as
those carriers previously listed, and generaily 10-95% of active ingredient, that is, one or
more peptides of the invention, and more preferably at a concentration of 25%-75%.

30 For aerosol administration, the immunogenic peptides are preferably
supplied in finely divided form along with a surfactant and propellant, Typical
percentages of peptides are 0.01%-20% by weight, preferably 1%-10%. The surfactant
must, of course, be nontoxic, and preferably soluble in the propellant. Representative of
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20 specific CTL when-coval ently attached to an appropriate pepti de.

See, Der gfo6doathe » Nature 342:561-564 (1989), incorpor at egePesiothsldy .
reference. Peptides of the invention can be coupled to [err], for exanple, ,

and the |ipopeptide adm nistered to an |nd|V| du- to specrflcally prime a
CTL. Further, as the induction of neutrali zi ﬁg anti bodi es can al so be

G tope. ¢ he o soehs et BR(ctrd Br BuREP LA of M pclde Bobiing Redi Pty

elicit both hmnrsalsuohrui agl-dxc, omibw,dﬁncemmmssmrm1m,rﬁmumrblesﬁﬁc and

concentration of or rd,es o he in Sﬁx

phar maceut i caf Mﬁ" °’ém q& 3‘? -h xS, sters,
0.1% usual | ys@h gw&na eﬁg}ﬂ@reﬂs m/edxﬁcéﬂmercoﬂ&r:ﬁmby
wei ght, and w || e se ect prr I y. fluird vol unes,

viscosiiies, @d&-20%rbyweightiofite campesitioa, pmfcmhlylthﬁ-ﬁwem batancaiof theat.i on

sel ect ed. The eptides of ..the i-nventi ere Vi
pocones, whiRpasisitds Sribatty HAURRRhEC ATRE & ik, B Mclideles feslicd, as with,
as |ynphoid tegsqecmﬂn f&lﬁ&ﬂM&]ﬁbﬁET (RULE .26) V\D 96/ 03140

PCT/ US95/ 09234 21 target ed selectively to infected cells, as well as

i ncrease the half-| ife Tox another aspect H@MW@P ISLWHEWWWM

S, o i B L s i

preparHi ons p&padpapﬂesbnbwhheudemgepnue(s maycbe jntroduced into @ Aost, dricluding

| i posone, al one or (.n 5 onj uncti.on-w th a nolecyl e.whi.ch bipnds, to,
e.g., a recepiypans rbm*&ma Wﬂﬁ IY%&{W ?Q B3

anti bodi es V\hpﬁﬁdé'uﬁﬁs SutH'g polyhier Ak | 'tli?iu" "'"E"ofﬂlc?éﬁ&i ithiN@hSlBgichl fa‘aﬁ:g D

| mmunogeni ¢ co osrtlons Thus,” 1iposones filled with a desr red _pept

the inventio heee diffesent peptides are: ussd: to make ypibepolymes, ability to

LBﬁSESF?FOEL‘eﬂeﬁ% %@%M@ﬁ#ﬁ%@&%ﬁhﬁ%}#ﬁﬁgﬁ%ﬁ% of ths,
standatsl vesi vings érotuniop @ells. pUderul vdrriets gre vaslbkiowr fcihsdet, raautimhder;trecgme .

negatively ch&rged phosphol i pi ds.and a sterol.. su¢ch .as . chol esterol
{obulin, albumins such as human serum albu:mn, tetanus toxoid, polyamino acids

" such as poly(lysme.glutamxc acul), influenza, hepatms B virus core protein, hepatitis B
virus recombinant vaccine and the like. - The vaccines can also contain a physmlogxcally
tolerable (acceptable) diluent such as water, phosphate buffered saline, or saline, and

20 further typically include an adjuvant. Adjuvants such as incomplete Freund’s adjuvant, :
aluminum phosphate, aluminum hydroxide, or alum are materials well known in the art.
And, as mentioned above, CTL responses can be primed by conjugating peptides of the
invention to lipids, such as P;CSS. Upon immunization with a peptide composition as
described herein, ‘via injection, aerosol, oral, transdermal or other route, the immune

25 system of the host responds o the vaccine by producing large amounts of CTLs specific

for the desired anugen, and the host becomes at least pamally immune to later infection, :
or resistant to developing chronic infection,.
'~ Vaccine compositions containing the peptides of the invention are
~ administered to a patient susceptible to or otherwise at risk of viral infection or cancer to

30 elicit an immune response against the antigen and thus enhance the patient’s own immune
response apabxlmes Such an amount is defined to be an "immunogenically effective
dose.” Intlususe, theprecxseamountsagamdependonthepanent's state of health and
wexght the mode of administration, the nature of the formulation, etc., but generdly
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selection of lipids is generally guided by consideration of, e.g., |iposone
size, aci dwadsdsi4oy and stability of the |iposones in the bPECHUSEHOZHM A
variety of methods are available for preparing |iposonmes, as described in,
e.g., Szoka et al., Ann Rev. Bi ophys. 15 23ji oeng. 9:467 (1980), U.S.

Pat ent Nos. 4, 235, 871, 501, 728, 4,837,028, and_5,019, 369, , i ncor por at ed
herein by refer @Rge. f%ﬁb@&rlg@wﬁgﬁg abgut $00; #g:per-70 kilpgrampatiegt, fRofe sogunonly from

i ncorporated in O dies or fragments -
thereof specifi c E%c‘g@ sur acenﬁe“{;ﬁkm nangs of iﬁ”éé‘ esired i mune system
cells. A liposone suspensimsomeirsanoésnig maylie desirablpdp tcothbineathe (peptide vaccines of
adm ni stered intravenousl | ocal | opi.call tC n, a.dos | chvaries

b of
e o0 b AHRCRES i LR iR e oo Pl i
del i vereds and i,,l@cgt partcolarly 16 vitab&nefopeintigedst eat ed. For solid

conposi tions, convent i onal nont oxi ¢ solid carriers may he used whjich
i ncl ude, for exanple, phaF%@’GmPP%%ﬂ op HBRUBIZAHOMPYTRPSES, ¢ IM@%’e" @F&Wﬂﬂm’nm

25 |
sucr ose, | mugnestihDk SABAkEH By dHciaeRd CROhost, sl | 6 cih b 50 46 Bproach
phar rr}acteﬁt icall mrfwwmmmgwmlﬂn?mmm etxgxdsmnuddotide seqwfcnodat endde
an (0] e norna e e exclrLplrents ose carriers, prevl oy

|Igt ed, and gentde dl%P'}drg @‘Wﬁlmmﬂl‘m@ﬁ&tm Y 8h Smg‘éé’u

pepti desm)f t Nehds 6 Bitb A'hon el Hosh il Fcdininadt vicciill VS eRpresids the

25% 75% or aero mnistration, "the T munogenic
pept i des ar e prmimu@zbmcsmppﬂe,@d thereby elicitscd host 3TIE msnmeonymm vectors and

surfactant and | | ant i cal .perc a % by
wei ght, prefer aﬁF@ f&o THe St ﬁcﬂ%gﬁe&ﬁ%@sg yﬁbﬁ?%ﬁ(ﬁj@g and
preferably sol uplygz 88! ineo Mh&ain by Riféreact Ahbmeroéc:ons\meﬁmand(tam
PCT/ US95/ 09234 22 such a eﬂ?tbs are t he esters or partial esters

aci ds cont ai ni r@lﬂ!ﬂmm ovegtors arerdnscrabednin, Staver enal. (Ngwse. 3,5165,67415&(1:93/1)) which
Lma;JLI gn a : ?hlelt TCPp M%%%WM Agag%/gﬁ%&anww esltgfs,
such as m xed ouaenapenﬁcaddrﬂhismxﬂommmm thg peptiddscof the inventiod, e1py
CONStitute o imonella ryphi vectors and the like, will be apparent to those skilled in the art from the
‘description herein.
Antigenic peptides may beusedtoehcxtCTLexwvo, as well. The
20 resulting CTL, can be used to treat chronic infections (viral or bacterial) or tumors in
patients that do not respond to other conventional forms of therapy, or will not respond to
a peptide vaccine approach of therapy. Ex vivo CTL responses to a particular pathogen
(infectious agent or tumor antigen) are induced by incubating in tissue culture the
patient’s CTL precursor cells (CTLp) together with a source of antigen-presenting cells
25 (APC) and the appropriate immunogenic peptide. After an appropriate incubation time
(typically 1-4 weeks), in which the CTLp are activated and mature and expand into
effector CTL, the cells are infused back into the patient, wﬁere they will destroy their
specific target cell (an infected cell or a tumor cell).
The peptides may also find use as 'diagnostic reagents. For example, a
30 peptide of the invention may be used to determine the susceptibility of a particular
individual to a ;iatment regimen which employs the peptide or related beptides, and thus
may be heipful in modifying an existing treatment protocol or in determining a prognosis
for an affected individual. In addition, the peptides may also be used to predict which
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5 0. 1% 20% by wei ght of the conposi tion, preferably 0.25-5% The

bal ance of MA$/03b0position is ordinarily propellant. A carr al so be
i ncluded, as desired, as with, e.g., lecithin for int ranasal%&rmsﬁgﬁ?%ry In
anot her aspect the present invention i's directed to vacci nes which contain
as an active ingredient an immunogenically ef ctive anount of an :

I mrunogeni ¢ 10 individiR89ilfl Be 2F Ehlbﬁﬂ: The eptide(s) may be
i ntroduced into a host, |ncfud|sﬁgsaﬁunans ﬂ?"ﬁk@ap W%eé%ﬂ“rl er or as a
honopol yner or het eropol ymfeiio\ungemnplepsoﬂ'&edmytwa Sf‘ilnlsﬁ'agﬁ*%{&? i'of
t he advant age ,gh%% ased i-mrunol ogi cal reaction andy wher e ex

e

pepti des are us rake up the pol ymer, ~the additional ability to induce
anti bodi es and/or CTLs that react with different -antigenic determ nants of.

t he 15 5 virus or tunor cells. Useful carriers are well known in the
art, and”include, e.g., thyroglobulin, al btﬁnmelsah h" as human serum

al bum' n, tetanus toxoi d pol yam ag”n :3S PO si.ne: glutamc
acid), |an uenza, hepatltls B virus- coremE Q?Q%al’%ﬁ‘ﬂgs B virus

reconbi nant vacci ne and tUsing meeB?-like-supetmb Sdértified| i ?ﬂteﬁi
physi ol ogi cal I +e§%l% ﬁ g ept- ab d,l L uent. such as%\/\g er %%ﬂ%%mﬁ
buf fered sal i ne, ?ﬁ% WGWM&HBMNCB&% (HBV),

adj uvant . “Adj U\thhﬁnsccwraﬁ h{ﬁ&ﬁ ﬁ?&fd al ugi num
phosphatlﬁ"3 al u égpsm hydr oxi d&lao?:;gp m af e Irf%t?e’r -a@%ﬁu \ﬂ‘?m“ﬁodm
And, as ntio M&@ s &mdmrbwwmmﬁeby £ '
peptides. of the |nvent|08é %@ﬁfeé@h asg -[-err]- oﬂi&l mzatm%ﬂ?ﬂfﬂr
a peptide conposition as 4 S % |Wﬁ'!@b ﬁ%mahelcurrmtaﬂi
tr an?‘der mal or damtbase. (rjﬂ'heedemﬁeaﬁdﬁbﬁlﬁoﬁﬁ wz%s lon ‘g fﬂﬁﬂm,ponds t
to the vaccine rQ e amunts o s.specrfie
antigen, and t g\ﬁgg{x %@é‘o%@gﬁ&‘?#@éﬁﬁm’! l&:BB?GBSTﬁE&t)) 0 A edrftputer$e@fch’ Wik
or resistant t argied duf Bibitéin ﬁ]i! E m e _conpasi t i ons
suscept e to pept{ﬁegmrm?{;&;u”;f:ﬁ‘f maffﬁmm %maﬁga“e”t
- suscep e to or other or

elicit an imuggy the gntigen.angd: thus e -pat 3{’1 égm
i mune responseé cap@gﬁmﬁ%ﬁgﬂ%%ﬁmmmmlmmg@pWe of Table 5.

"i mmunogeni cal |y ef fect | Qthetl 98l and raa%ﬁko&@? e -anpun ain
depend on the tient's state of health an I'g cg{'ﬁgoﬁtﬁi@%@&? ‘hg

admi ni strati orﬁ%?% %h@heammmd@eqmo:ﬂblﬂucmﬁéﬂedﬁncemg
SUBSTI TUTE SH%&M’%%& from the GenBank database in the cases of Prostate Specific antigen
- 20 (PSA), p53 oncogeae, Epstein Barr Nucleer Anngen-l (EBNA-]). and c-erb2 oncogene |
(also called HER-2/neu). -
|

- In the cases of Hepatitis B Virus (HBV), Hepatms C Virus (HCV), and |
Human Immunodeﬁclency Virus (HIV) sevetal stramsllsolates exist and many sequences |
have been placed in GenBank, -

' For HBV bmding moufs are identified for the adr adw and ayw types. In
order to avoid replication of identical sequencec, all of the adr 'motifs and only those
moufsfromadwandaywthatarenotpresentmadrareadded tothehstofpepndec.

In the case of HCV, a consensus sequence from residue 1 to residue 782 is
| derived from 9 viral isolates. Motifs are xdennﬁed on those regions that have no or very

30 little (one residue) variation between the 9 isolates. ’I'he sequencen of residues 783 to

3010from5vxralxsolateswetealsoanalyzed Monfscommontoa.uthelsolatesare
mmuﬁedandaddedtothepepndehst. | o

Finally, a consensus sequence for HIV type 1 for North American viral
| SUBSTITUTE SHEET (RULE 26)



WD 96/ 03140 ' PCT/ US95/ 09234 23
range fromV¥P84314% 0 [err] to about 5000 [err] per 70 kil ogPSRUSEY9234

frore commonly from about 10 [err] to about 500 [err] ng per 70 kg of body
weight. In sonme instances it nmay be desirabl e t& conbi ne the peptide

vacci nes of the invention with vaccines which induce neutralizing antibody
responses to t heisplajas(1812viruses) wast ehtained from thedussahlamos National E@W@p@ﬂt’m

“antigens. For th i Ca 00 ' ' : i :

i nvention can al MZ%&%‘%‘%@%’eﬁy egﬂa %Rgﬁﬁu@@@f%tgﬁ%@gﬁggﬁggom
or fow pox. Thi smaptoviredsplates;oMoatifs that bearea sthall degreaiofl variation (oneaesidud,dn 2t forms)
express nucl eoti de seque S ttge?tefﬁﬁc ge the peptides of the invention.

Upon introductio 4ot b Ct-oni cal Iy infected 10 host or
into a norginfected host, the reconbi nant vaccinia virus expresses the
i mmunogeni ¢ peptide, and thereby elicits a host CIL response. Vaccinia

vectors and net hods usef ul'Theabaveisxamplasane pravidedoodilustmte) thecinvention; but not to limit

e.g., US. Paten 4, j : (=] R

vector is BCG ( ac&gpg - né§#§“EU§5@%?SﬁﬁkﬁgGﬁgﬁgfgmgﬁki esc?gggﬁeﬁﬁgkﬁﬁﬁyghm
ﬁt over Et al ]; (Nntmemzaﬁ_&aééenédiﬂpw f 9ihhe\dppeﬁd' edclaims. I?n:pn?ncamh ha,tpw:ms,_and
erein by reference. wi de variety of other vectors usefu or therapeutic
adni ni stration PAtentaphications cited hergin.ars bereby Jacqrpomied by trferenesy o g.

Sal monel | a typhi vectors and the like, will be apparent to those skilled in

the art fromthe description herein. Antigenic peptides may be used to

elicit CTL ex vivo, as well. The 20 resulting CTL, can be used to

treat chronic infections (viral or bacterial) or tunors in patients that do
not respond to other conventional fornms of therapy, or will not respond to

a peptide vacci ne approach of therapy. Ex vivo CIL responses to a

particul ar pathogen (infectious agent or tunor antigen) are induced by

i ncubating in tissue culture the patient's CTL precursor cells (CTLp)

together with a source of antigen-presenting cells 25 (APC) and the

appropriate i nmunogeni c peptide. After an appropriate incubation tine

(typically 1-4 weeks), in which the CTLp are activated and mature and

expand into effector CTL, the cells are infused back into the patient,

where they will destroy their
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specific target cell (an i'nfected cell or a tunor cell). The peptides may
al so fi ndWQ96/03140 di agnosti ¢ reagents. For exanple, a 30 PCI/UBY92Me of the
“invention may be used to determ ne the susceptibility of a particular !
i ndi vidual to a treatnent reginen which enpl2§s the peptide or rel ated
peptides, and thus may be hel pful in nodtdbliend an exi sting treatnent

protocol or in deternning a ro nosi's for .an-aff'ected | ndi VI dual In o

aodtions th BRIt an] AnC | CshoBENCE Plo0 O "Hotkci oo TOTE Sibrdy
PCT/ US95/ 09284 24 ¢adi vi dualg wi Iﬁpmmpsub‘,mrst bahsahahsf,'gepdgue opi g “
chronic infegtrron,_Tne 1 N _exanpre 1s cTTeredby ey ot 5T T atl o,
not by way o ' ' | PRV L S ! : A

Usi ng the B7{l i keygpper mptifig i Qgﬁnﬁsm 1 m@.rlent applictions}

0
descri bed ab@fve—segUenCEs T OM pOT eI T A —amy 1 gentC _soar ces et ud

Hepatitis B WirustQ8®B\) lHerdhtj | YPABTELVE (. salfapepiidel onp Vi Srjué’
(HPV), Humanfl fici ) T AMDN] TS Iéw\g) co%@ﬁ%‘ﬁ and PI gsm)%i um
wer e anal yze ' h- a2 . acqucll\.,co Fot—tfre—t-art gct
anti gens wer ¢ obtx08fed fiom2h Wﬁ!ﬂen%mi’odmasmas The
identificatign of I Tslwa do ( - he E DPA; " program

(Dever eux- et

search was c rri@bkﬂt for ati mpmm co 'Sdegst-zhsus _
B7-1i ke-supefmot11._JIb Tabe51|§tsnget|de5|
in this seardh &‘M din 9 1 SoenNse % Loventi

conprises a ¢onpogegé on ¢onpy i sij npEPIvVRYIL de| Twel eoneehsust her virfl apd (.
tunor-rel ate M2l S0 (DS anal_ﬁzea O, TN PrEsence or TNEse
notifs. The #m ntO86 4 <dauhcel K LehH: m_nga encodi nf

products is qbtained f ronln't he CfnRamewazaba$ @7 Nalkhe prasassaly Proft at )
Speci fic ant 20— t ; CU —fEpstermBarT—Nucteary _
Antigen-1 (EBNA-1), and ¢-edB2 ¢IRFISVISPL | pS3. 26-35

10 | APAPAPSWPL | p53. 84-93

| 11 | SPAINKMFCQL | p53. 127-137
“ GTRVRAMAI | p53. 154-162
I o | rerurrrrn | p53. 249-257
L

10 | LPPGSTKRAL | p53. 299-308
9 SPOPKKKPL p53. 315-323
10 | KPLDGEYFTL | p53. 321-330
ol PS3. 3617369

olojo jJojo o jJo I= |o
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(also called HER-2/neu). In the cases of Hepatitis B Virus (HBV), Hepatitis
C Virus (H 96@%&de HUMaN | nmunodefi ci ency Virus (H V) sever #cT/Us95/09234
strains/isolates exist and many sequences have been placed in GenBank. 25
For HBV binding notifs are identified for the g¢gr, adw and ayw types. In
order to avoid replication of identical sequences, all of the adr notifs

and only those mm%mg ayw that are not present in adr are

added to the |ist of peptides. In the case of HCV, a consensus sequence
fromresidue 1 to residue %82 i4 compositian COBRLNG 3R AMMUNGESAIE PePidis: having3 o
identified on th i Ve : i to bi b e fgnmg

resi due) variati%@&%%@%P%oﬁgﬁ&o%wﬁg%equen%%g%d{bre3|6ues ngoltegule,
3010 from 5 vi r athe imaiuabgenio'\peptide| hmvingrbetweeacabotib® iand aboutniéhresidues;| t he
isolates are identified and_added to the.peptjde list. Finally,. a nsensus,
sequence for HIV type 1 f & fiRSCopseRyrd, fesid gqqxapecon%\ms%pggﬁxﬁdheﬁt%mus%mg
PCT/ US95/ 09234 2§, 450l ates (10-12 viruses) was obtained fromthe Los Al anps

Nati onal Laboratory database (May 1991 rel ease) and anal yzed in order to
identify notifs that are mmmmmmemcrmmﬁmmwm from

that bear a small degree of .variation ! in 2 fornms) were al so
added to the pe&?@é&ﬁ@“@&ﬂt%b‘gﬂégﬁm a gu%)’r ovided to illustrate
the invention but not to limt its scope. G her variants of the invention
will be readily apparent to one of ordipary skill_in the @EL and ar

enconpass¥d by the appended cl afhescompasitioninficiaim bLwherpin, the immugggneic peptpde is

rean & - ' d g . SUBSTI TUTE
SPEET (RULE 26) Rkl e i Brdif Bhusdrd or PEQAIISINGY. 12167 ence

3. A method for inducing a CTL response in a patient, the method
comprising administering to the patient a therapeutically effective dose of the
15 immunogenic peptide of claim 1.

L
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VID 96/ 03140

SEQUENCE

PCT/ US95/ 09234 26 Tabl e

5> PEPTI DE Ao sefdBu4o SOURCE FETA0994/09204 1
9 FPFKYAAAF B35 consensus peptid 0 1054 9 YPKVKQWPL
Y1l anal og- of 1054. 05 0 1075 11 Cl LESCFRAVI  NMAGE-1
0 1080 9 YPAEI TLYW B53 self peptide 0 1086 9
FAMPNFQTL  Ow3 consensus 0 ho2s6 9 FAMPNFYTL o3
consensus 0 1086 9 QPDDAVYKL Ow4 consensus
0 1086 9 | PYPI VRKL Cw6 consensus 1 1086 9
| PYPI VRSL Cw6 consensus 1086 9 | PFPI VRYL Cw6 consensus
0 1086 9 RYRPGT VAL H stone H3.3 09 MPRGVVVTL
B7 Nat. Processed 3 .10 LPENNVLSPL p53. 26-359 0
10 APAPAPSWPL p53. 84- 93 111 SPALNKMFCQL  p53.
127- 137 ' 09 GTRYRAMAI p53. 154} 162
RPI LTIl TL p53. 249- 257 N0 10 LPPGSTKRAL & p53. 299- 308
09 SPQPKKKPL p53. 31§-323 0 10 KPLIZEYFTL p53.
321-330 09 GSRAHISSH. p53. 361-3p9 . 0
WO 96/ 03140 _1 PCT/ US95/ 09234
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1. A co sition conprising an i nmunogeni ¢ peptide having a supernotif
whi ch allow88§ﬂgnﬂﬁnunogenic peptide to bind ngre t han one RCATGHISRIH e,
t he i munogeni ¢ peptide havi ng between about 9 and about 10 residues; 5
a first conserved residue at the second position fromthe N-term nus being
P; and a second conserved residue at the E?Fgrninal position being selected

fromthe group consisting of M |, and an"aromatic residue. 10
2. The conpogitign jof glaim 1,; whereyn the iynrpunognei g pept qde i,s
selected fromtHhe_grouyp ¢ nsistinEﬁnf SEQ |ID. §{Ngs. 1-21.| 3. :? et hod
for inducing a (#& 1 e ifka I egl, ti=@e grtih conyr i sijnd
admi ni stering tc_li'heafgD nt >t h rap%iiceu.['y rg}fe ive ﬁ{)se"lt‘ﬁe 15
i mmunogeni ¢ pept|i de joff cldimfL
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