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25 ofhelper T lymphocytes and amplification of the immune response to the particular
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destroy the antigen-bearing cells. CTLs are particularly important in tumor rejection and
in fighting viral infections. '
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30 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 itself. The antigen

must normally be endogenously synthesized by the cell, and a portion of the protein
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present eg;éaﬁdao&mﬁ iafia pral BoleRedrgsahkant andidréhd withEHQO heatPelifiinsl 2: 447
(1991). 20" Sette et al., Proc. Natl, ‘Acad. Sci. USA 86: 3296 (1989) showed
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bi nding notifs can Bevespgationg of hercnestal souetitd ofahé bumext MFIE eless hmolecule,
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certain padii¢vedrdirestimhinpsacitbsiqhénirts Gf tho thode atviidamtuRptiddsiia vaashd dpgcdo not
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i mrunodeficiency type-1 virus, (H V1), Kaposi's sarcoma herpes virus (KSHY),

human papHRetmeOTneERADs therypiogity pfitha duman oytbred papstlationcobact er i um

t ubergyl osis (M), ; i 3. 53 CEA, trypanqsone.surface
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PCT/ US00/ 04655 i mmunogeni ¢ peptides are typically between abp@t AG: 2604 about
11 resi dygg oppghsgonpri se conserved residues involved in binding proteins

*encoded by the appropriate MHC allele. A nunber of all el ePep@sidosssrotifs

have been identified. For instance, the notif for HLA-A3.2 conprises from
the NNtermnus to 5 Gtermnus a first conserved residue of L, M |, V, S
A, T and F at position 2 and a second cbnserved residue of K, Ror Y at the
C-terminal end. Gther first s , G.or D and
alternatively E. O her seco%@g@gﬁggre@g re%@@?’g Hor F. The first and
second conserved r €Ehapresenhinventicf goaidey capaittsreGolpribing dmAunegddsies. The
nmotif for HLA-AlL cor%gféses fromthe NNterminus to the Gtermnus a 10 first

conser ved’ePﬁg‘?s(ﬂi‘ém{ﬁ_‘ ling mptify for FlaAAdnbimedneylesy dhe Hesgegenst peptides,E, and a
third conggry 6hd'ts Shéiprinale L@@ﬁﬁel@,ﬁ%%@%f%?@?%&?i@ g%i? %%?%Pgﬁﬁ , S or

T. The first and seco onserved res erably

separ &t edofnpoise thmservedrdsidomsat cerean pesttichsasubly abpdsitiohs RemddU e oredvarefand
.residue of E or D and a second -

nmotif consi sés,cfg;‘ 03 first conserggﬁ ) of¢

conser vePPREFFAPABCOPPRI Res e binding residuesss definedlanrgiaay ather psitiansi dues
are separ ; ' ILE: kQr A- Al 1. I ses fromthe
N-term nunglf[?gs ?%Sééoésﬂ é?h?ﬁ?g/gf;??]l trh g’? g%ms&%%eg 9#%1'11 &eld%fr? %HE ,anﬁll L, I, S
A, G N, positionsil, ¥ 465, obatd/ard i thedasa ofpeptidesad aspnsasides 16mgh duge of K R,
Y or H The fjrst .and cond .conserved resjdues are preferably separated by
6 or 7 rdSFH @Y%W%P?&W&Wmmm;f enablingdhe selectionmfpeptidest t er ni nus
to the CWRENWNSiH dffERhtlFRERVLSjresidue of Y, F or Wat position 2 and
a Ctermnal conserved residue of F, I, W Mor L. The first and second

conserved resi dues Ehemptifsfeithbhinyestama imdtledt geptife 09 ZmiSdciliseshiciERAYOPES ON

S e e L T A NI R S
prost at ¢ PeckdskHRpERLANCA 4 Te58 o(GBIMk olEhAld fekifnPal 1L & AR GH! FaCe
{ S) mal | 'gnant el a

antigens {HBvVc, HB hepatitis C anti gens, noma ant i gen
MAGE- 1) mestienseiated fiom the gronp cpmsisting ofiWnLj v | Altemetvelyige 1 Vi rus

SO AP0 o S i
tyrosi naseleceet dtom thy @bep Sodsishiny of BMM, 169, A THE TPSRY & g&%n&%ﬁxs’ég}éa r%lﬁsi fl in

phar maceutical conpositjons for both in vivo and ex vivo erapeu ¥Cand
di agnost i3 thedprieraupslgrsition selpeted\Gronpibe gratp @h4iSETT 6 L&A MEORAEASREAE The

present i | l:. S0 I: onposi ti ong conpri si ng i munogeni c

ept i des Taey e taed P R RRaR o B 1t sondpesomama EnN:
pepti des temenps sdletabfrymahogioud cbsistihelofsi, Aasvi B, kit dhdald GRPr i se
conserved residues, at qggt I n positions such as proline at position 2 and

an a8 ratcORseY rgﬁ}gu? at -tp,rmm?al Positign leqq‘.qu_r&qmdtd groupsomisting of ¥, I, IL,, |,
V., M or Aindi; Wifer&a ot ﬁrﬁf WP eonsdvRe %etsid(x:llélsl'grre ’seﬁaa?ated by 7 residues.

Epitopes on a number of immunogenic target proteins can be identified

using the peptides of the invention. Examples of suitable antigens include prostate cancer
specific antigen (PSA), prostate specific membrane antigen (PSM), hepatitis B core and
25  surface antigens (HBVc, HBVs) hepatitis C antigens, Epstein-Barr virus antigens, human
immunodeficiency type-1 virus (HIV 1), Kaposi’s sarcoma herpes virus (KSHV), human
papilloma virus (HPV) antigens, Lassa virus, mycobacterium tuberculosis (MT), p53 and
murine p53 (mp53), CEA, trypanosome surface antigen (TSA), members of the tyrosinas
related protein (TRP) families, and Her2/neu. The peptides are thus useful in
30  pharmaceutical compositions for both in vivo and ex vivo therapeutic and diagnostic
applications.
The present invention also provides compositions comprising

immunogenic peptides having binding motifs for MHC Class I molecules. The
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advantage of the peptides of the invention is their abilitygtpaDgngoso two
or nore different HLA alleles. Epitopes on a nunber of potential target

* pr ot ei nsWER#1/43876 dentified in this manner. Exanples of suj j gens
i nclude prostate specific antigen (PSA), hepatitis 10 B cia?gmgﬁ%&g%ﬁrface
antigens (HBVc, HBVs) hepatitis C antigens, malignant nel anoma antigen
MAGE- 1) Epstein-Barr virus antigens, hwran i mmunodeficiency type-1 virus
(H'V1), papilloma virus antigens, Lassa virus, cobacteri um t ubercul osi s
(M), p53mopmageninpepides plyPiceHE bpeyren @beutfrandiaaut Isiesidnes and comprise

h - - ; - . t - . - T - d
i agnost {orbysd BRAS! vOR3q P biatie brbiink S Rodtly e int Bt MARC U
i nt er changealbyr of dilele’ pletificnagifs Geve béentibentific@sent specification to
designate a series of residues; typically L-am no, acids, connected one to

the ot her typical | yFOyngianae; the o1 HE+AMASR qomrisepFamdhe hoteaminus & bony|

groups 2 |.ac 1 :6s. cFh k QP& PA-i . } tion are
| ess ?ha%:'a{)ngzrglsi%ﬁrye%%@gd?ﬁglggen%fﬁﬁ%g’gﬂdIvglgug‘r yaﬂ@%nag%g%ﬁg b%é&\%een about
8 and abawstont donsersediresiiuemf &, & abY \at thedl-tekthinat 8ndluther Arst comsetedgeni ¢
peptide" is. a peptide ich conprises an allele-specifjc notif such_t hat
the pept ira%dwswg éi’ g;o“gﬂ %@t%ﬁ%‘ﬁi}’ E. &fhern sserpdeconseryed resideare H onF. -

| Mmunogemn i i A | | pdl n

appr opri A LS EeR oqnderio B R AR AT Rl ) 8% TR ReEl s
agai nst the anti genThe motiffirdiLAhe] compiig Font the@Ptérthémisto dey Cu&@thinus a

| mmunqQgenj c, pepti des aje eniently i1dentified using_the_algorithnms of
the it verﬁrﬁb“rﬁnselfl"f% éqsbiyrei Oc%&nné aM, %rﬁ&cﬁe%ﬁ@ns(@aaed&%m%&gr’ﬁ athduce a
score whi i I LCAP irdes . Ivpigally one
uses the %F%%??‘? m C@gg?;go%%% ﬁ&g’wg?’%ﬁﬁﬁﬁ‘?ﬁh@oﬁ ‘é"§§ %‘rén Iﬁéé“%gﬁect ion
of pepti desondamnstraee rasidiey arqadpirent ridt are pfefirabistisegarated &rogetheatird af finity
and will in turp be i ogenic. The algaorithmis based upon either, the
effects cﬁ?ﬂﬁﬁ%@m’cﬂ“ﬁw t°%e’i?é¥dPF§: u‘ﬁéFc%%lfé@PQ}_St&Pf & fis conservediresidus ti on
23 AUG 20Q{pg M%%ﬁ@%&?&f&ﬂs%@&%&f’cﬁ%fW&h@reﬁﬁ‘{ﬁ}ggﬁ%ﬂ&c&ﬁ?cﬂs&t%ggz 02

bi nding of a particular substitution in a notil al ning pep
" condér vaesidees ate eeparatedhy 41t Gaesiduat. whi ch occurs in a significantly higher

frequency than woul g, be e random di stri bution at articular
posiq;J i ony5 ina pgpﬁ%@ﬁﬁ?{%’;‘gr‘gyhcwgééﬁhég{m‘@ t® vaFFé;E@llJ‘%She VHC
Struct ur & fRY cdtiseied feRdE S ROF, M?L{H, S‘,"d.tAt, &, Ne ﬁ,W%%%Qfﬁ%g@eﬂHia . AL

y two,

| east one to three or nore, prefera ¢onserved‘residues wthin a
pepti de dprmaag] epagenved stk dl Yaontdt iTheffst aad secomimonsenved rpsifitéstiee These

resi dues F@Eﬁra&xf'&%@_&%%6%Irgsrgﬁgont act with the peptide binding groove,
S c |

wi th their si al ns rie 1éeﬁ'ecific pockets of the groove itself. 10

Typi @al |y, an i mmunOgemniotif fRiHLASAT. | Co@PARsiffgn e Nferhitif8o tpneer ved
resi dues, nore usually two conserved residues. As used herein, "negative

bi ndi ng rteBRianes firgcenserysdbresidne of WaF o Wt position 2 and a C terminal conserved
residue of F, I, W, M or L. The first and second conserved residues are preferably
separated by 6 to 7 residues.

Epitopes on a number of potential target proteins can be identified in this
25  manner. Examples of suitable antigens include prostate specific antigen (PSA), prostate
specific membrane antigen (PSM), hepatitis B core and surface antigens (HBVc, HBYVs)
hepatitis C antigens, malignant melanoma antigen (MAGE-1) Epstein-Barr virus
antigens, human immunodeficiency type-1 virus (HIV1), papilloma virus antigens, Lassa
virus, mycobacterium tuberculosis (MT), p53 and murine p53 (mp53), CEA, and
30 Her2/neu, and members of the tyrosinase related protein (TRP) families. The peptides are

thus useful in pharmaceutical compositions for both in vivo and ex vivo therapeutic and

diagnostic applications.-
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present at certain positions (for exanple, positions 1, 3 angBoAUGIZQW' a

9- ner) V\der/%gwt in a peptide being a nonbinder or poor binder and in
“turn fail to be inmmunogenic i.e. induce 15 a CTL responsePCTH&00{0d465M "not i f'
refers to the pattern of residues in a peptide of defined |length, usually
about 8 to about | 1 am no acids, which.is recognized by a particular MAC
allele. The peptide notifs are typically different for each human MHC
allele and differ i1hépesdtifrnfioRbisé BRovidedRbMpsafis®y donthrisafgl dues and
negative residues. 20 The binding notif for an allele can be defined with

i ncreasi ripnolewpgenis peptigesdwivingdrinding meonids fonsen-AfLAqfllelase The irsmupegeniesi dues

el Gues TRIABLTE PEFEebBLER ) 10RS S, R o8 o Bl YR e LB IE0 T 1D

pure” ref glceftginPRbitione sushhsqolirfe & Position R iad ki amatissediddd ()., fY, 6%, Fyem
conponents whi ch normal |y accogEany it as found 25 in its native state.
Thus, 5 hehysopphobissresidue kg-8-» InldhtMorr Alat tr caslnxydpminus. dniparticuiesraal | y
associ at ed, Wit jr | i i . 8 I Sq: tigen
or esont | 1 ueds bF pebfia s drtn FERRRTE Boir il Yok B BERORPGREAN | 397,
dom nant HaRdhlleldsere are trace contam nants in the range of 5-1 O of

native protein which co-purify with the desired protein., |solated peptides
of this invention dEPHeRes B BHALE 9 Rolentid Juseiusotenssan paidentited Prtbisei n.

of this invention . (9 ROYERY ) " PaILSE priot
I ncor por PRI SRRt Sut il o Bl N DA BT DR, fomatis .
VIO 011(527BGoreahdAFaR6 frkti 6T ( BV, HBOAFh B EROPEHEsOma P ReFHBRED

EMBODI MENTS, | . HLA-A2. 1 Motif The present invention relates to the
det er mi na®tigsn SMAFE) £nsiser-BrT IS S0t 2AS AR Ao sie Anay) RS 1 VIINgHC

(sonetine f N S1b, I : i de

ot s 1 ouanny soap oy shelent aftetvintl it BtRctc BB L NS MIRERE, Gt e
T cel | epCEdyesad HeoZ/nanyThepéptidds ametthwgasefup &1 phacmbesutiyaltcompesitissofor at ed

w th hung] tg‘i,ral di seases, .cancer.s oc{ aut oi,ummyne .di seases, for which the
anmi no aci AOEdR YERANdAX YiKe theganshtic apd diggnastic aprlicatiensant i gen tar gets is
knownys Epi t opes on a number of potential target proteins can be identified
in this 10 manner. Exanples of suitable antigens include prostate specific
anti gen (Psfinitionepatitis B core and surface antigens (HBVc, HBVs). hepatitis

C antigens, Epstein-Barr vjrus.antigens | an ,i.gens 9, JMAGE-1),
human i mrunodefi ci er??&? term L%epf‘flﬁ\}f“g?ﬁl‘?beé%éﬂg‘ﬁ@ﬂ@wl a?)'i?gqp e(/?’?ﬁ’se ( HPV)
ant i gens, pe&ft dpddifibation’ts @eEigaite bistridstofhes Giek Ashisall )a.migéga'd%n
trypanosolr)re su??ace ant,iagg,n TSA) and Her 2/ ne(t}?‘bll% }gj‘e[pti es 1cdrrprlegltercllg t he

epi t opes PROIA thpether fpicallyrhy paptide hendsdstwesn thelphdraminoemdedrbooy! grheps
D e o bl : ploch ; )
et | 81 iRt SeldiCadi AR ool de BPOE A Bien Are AR R BB Bl o

cel | s exprssithienth keapthyandhsasily comeiseetbedwedyabolitg ahd\§oan ¢ Eresidues

i mmunof | uorescent staining and flow m crofl uoronetry, pepti de-dependent
class | aPuderdbly Skl xesidigy i nhibition of CTL 20 recognition by peptide

conpetition. Those *'ﬁﬂ{?& it ALt . Cl nol re further
eval uated for thei rgggill y gﬁ% rég&aég%gébglgt%ﬁ%#m?%gg# ?X\I/%?TSWC

i nfected aotif suemthattheipeptide wilbbiad an 3MMEIrholeculé aid inbede a CADaespbise, 0 | nduce
primag%/ ip vitro or in.vivqg CIL responses that can give rise to CTL

popul &ti o et pertides of thenvention ats sappbly °fh‘Pé@tggﬂ ap gppreprigte FllsAor t unor

cell's as polepblauld HANADEH Eg&n Q’ggaiﬁl; ti LBERRiR €
encoded by the HLA-A, B, anag%:c?g?iﬁcngE%?rAe né an1.tiqgezandshgg€§0expr ecgsed at

the cell $heitueenogenigmepbds isatedved.equal densities, whereas the expression
of HLA-Cis signifigantly |ower erhaps as nuch as. 10-fol d |lower). ach
of these loci have ;‘mﬁ‘e}%&m&if’e_&ﬁg&é@’&.°n’rﬁ@e§t¥p'5f§éﬁ%’i%mgﬁgeﬁ’@Pw%nso? t he
i nvent i on tiyiavértionl ITHR! AgdiiBek fatecmmem]gﬁcfaﬂ gﬁdglﬁ{:h&thi 48&-a 38reWhich

pepti de- based vacci nhes, the peptides o resent 1nvention preferably

corpr ?Qﬁ gnahies the seleeiian Q%imt}nognnima@uide}s}) lrlezpisvaléy bre/iseg the ahzf hmiiestcoiebut i on
t . ) . t L.
:‘ P eq ugnc iugg&vm{)ﬁﬁ#é\ E:L@Psehrogérl] tn fb&“ﬁﬁﬁ@%&bﬁb@%ﬁﬁd&;@%@ﬂﬁ? ﬁg‘l‘@%ﬁﬁ%ﬂbw *®ar get

MHC al | el &intiyg stepesrtiiniaffinitya8d will in turn be immunogenic. The algorithm is based

upon either the effects on MHC binding of a particular amino acid at a particular position
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WO 01/ 62776 23 AUG 2004 PCT/ US00/ 04655 8 target popul ation. 2ZrabAUE 2806 hows
the freqweaw29fs various alleles at the HLA-A | ocus products anong
different races. For instance, the majority of the. CaucaB@l/tiS@dgessati on
can be covered by peptides which bind to four HLA-A allele subtypes,
specifically HLA- A2.1, Al, A3.2, and %24. 1. Simlarly, the majority of the
Asi an population is 5 enconpassed wth® he addition of peptides binding to

A el of Sobt 6%?%}%%&%?&%‘“%%#"%%%%1%919%@%L@%%@%E?’@% .
(7) 0A2. 3peptide) 5. 5(3) A2. 4--A2. 5 A3. 11. 4( 1) 0A3. 25. 7(4) 5. 5(3) Al1. 105. 5(3) Al |
{5)5 7(33113(53%%%2303&3%2@234 3(53% A242 9 ,éé“;( 15 1@221481g2111ﬁcan41y3"A251 4
(7)-A28. g (g%,éz( ﬁéq}é%Sy fhn4iduldBE e%ﬂé&teh(b@r%n&&r&hi%%@ou%@n@( £barkidflal podtfidd -

- A30. 37. 2
(3) 7.5 4§m82@t®@25rmmﬂy_a&oegmemaum B3y Hede m@mmwamypmme 214. 5(

10) - Aw3 65, PCT/.US0Q/ 04655 502 7 8 8(199 0.8(4

0. )2( 0) 2% %’E Efé’jm‘ﬁ "%‘“%ﬁ‘z? 5% 3”(‘%‘)5 1)“?3%3‘953%5” oge))pr x( 6% 8)
7.5(38) twd(cbhserveH refiduds Q'(tﬁﬁl)a p%ﬁébféet%(e%q}ng@h aéﬁr‘% a?n&txi(f%@nZ 5( 13)
1.2(6) O. 8(4) Tabl e conpi |l ed from B. DuPont, I'mmunobi ol o HLA. Vol . 1,

Hi st oconpamubpgenigpepdislei Agesogvidusgpre nsgmallyen lcbzg¢ couant Wlﬂkth& o8stide* N -
amber  oPRE ol Ot R SHB et eEeL roatyeie POV AR RSP dreused To
16, o1 U Lo o eeant e L Tep el eﬁif’?ﬁ?%‘?‘%ﬁ‘“? e "
group touﬁllﬂ?él}’rfWQWPnﬁfh%d@sld@Pm nus) of each amno acid residue. In the
formul ae represent |Aggus% h@?e yé) &Vg?mdmﬁre Brn:;nts of th@ﬁ%sher}t

I nvention, the am no an

speci fi cgi-dsyntsﬂtlomm@banbﬁs (fbﬁe)ia@iﬁlé t&%oﬂ@ﬂ'ﬂaﬁ@m 29-nRBYRi1esdlt ;1 PH
val ues, unl es ot herwi se specifed., In the amno acid
a peptide being a nonbinder or poor binder and in turn fail to be immunogenic i.e. induce

15 a CTL response.

The term "motif" refers to the patter of residues in a peptide of defined
length, usually about 8 to about 11 amino acids, which is recognized by a particular MHC
allele. The peptide motifs are typically different for éach human MHC allele and differ in
the pattern of the highly conserved residues and negative residues.

20 ' The binding motif for an allele can be defined with increasing degrees of
precision. In one case, all of the conserved residues are present in the correct positions in
a peptide and there are no negative residues in positions 1,3 and/or 7.

The phrases "isolated" or "biologically pure” refer to material which is

substantially or essentially free from components which normally accompany it as found
25  inits native state. Thus, the peptides of this invention do not contain materials normally

associated with their in situ environment, e.g., MHC I molecules on antigeh 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 protein which co-purify with the

desired protein. Isolated peptides of this invention do not contain such endogenous co-
30  purified protein,

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

incorporated in an oligopeptide by an amide bond or amide bond mimetic.
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WO 01/ 62776 23 AUG 2004 PCT/ US/ 0004655 structure fornul ae, 2epabgrag due is
gener al '%J(ﬁ%%ﬁem ed by standard three letter or single letter ~
desi gnat 1 Ons. e L-formof an amino acid residue is reprR3gR§RARY a
capital single letter or a capital first letter of a three-letter synbol,
and the D-formfor those am no acids having D-forns is represented by a
| ower case single letter or a |ower cage three letter. 5 synbol. d ycine

has no asymetric nd is simply referred to as "Ay" or G The
procedures used toﬁg&gﬁﬁ}ﬁé&g{EE@P&ﬁﬁoﬁ%{@MQDW$ on general |y
fol | ow tlﬂq{ﬂgigngg@ﬂscl osed in Falk et al., Nature 351:290 (1991), which
IS incorporate erern by reference. Briefly, the nethods involve

| ar ge- scal e i sol at T préselH@vehtimsrelatasd drideesminayiph ofibllsleyecific peptide

i mrunopr eci pi t.ati on or.- affini chr.omat ggr aphy, _framthe 10 appropriate
cell or mtﬁs quh‘éma%éﬁiﬁw éBP}?BWeﬁﬁ%?%%tofaéﬁli@cﬂuéﬁ PEOPES.ttRe desired

VHC eg%ﬁuﬁatb%b{iug ﬂﬁlﬁEs FRoMzd oy HEASKS } %ﬁ@le%.”fﬁéé‘é%ﬁﬁg ﬁt%;;tg%}?ﬂs%ﬁ to

chromat ogr aphy, 'l ecti n chronaf ography, sizé exclusion, ormahce

li gand cldefimaf egll gpiigpesdruin any desited atigennpaticdbily thosé bsoclardeviticklnaues.
In the t{(%iﬁ‘ﬁlﬁ case irrrruner.eci pitation is used to isolate the desired 15
al | el e. AXUplfifeases, Fanqent Qfcpitaurmiing disgases, fopwhichdhsepinecsid seauense@lt i ci t y
of the amtd i o3 -specific mAb reagents can be
used for E‘%éh%mgét%? ﬁiia'tt%%&podraﬂoia%g ioﬁ?gg]gs%% Eg&“ﬁﬂ'A- A, HLA-Bl, and HLA-C

nol ecul es. Sever al Epiiopesoyentmbeoof gotentiabiatget proteind cdrlbd-identifieddykigs ar e

iLable. Th I | .BR7. 2..i i.table, f i.sol ati HLA- A2
o1 e 01 o enRRE | AP IE L 8515 B B R e Proale aPomBe suEon g S ovheRiiszo
t echni qU@ScHE Bnd HEEASSht bk m,@wmeﬁﬁ{g?a%tgggg@ys%ﬁ-ﬂﬁ'vﬁu Ilele

products. In addition to allele-specific reactive anti-HLA- A,
B, C mAbsntiganshmalenuge3atigens (8g., MAGE- BnbumaeinantioddidieRcy GrieddIvg 1. 23. 2,
coul d be uged in alternative .aff] in)y @urifi cati,on protocols as descri bed
in. previd %engpﬁPF@BtpiaB Fnﬁ*ﬂ’é%}e‘l%ti GRLEESfrAFsd HrUshBYBRRACISMID| ndi ng gr oove

of the | addortu6sidETEDIBOCBA igpariisbme itrRd Pl 3 idpAGhd. LT eat ment.

Pepti des can also be dissociated fromclass ul'es by a variety of
standard denat uri ndeptdescompresingthe lspidapes fildm tetcemtigarssare spithasizedhaat r opi ¢

agents, i o i her eptide.fr iong are further separated
fromt he%@eﬁ%{'@d& 3] Eilée&s gﬁvbgﬁ%g)atﬁﬁ %&rgpxmtaﬁﬁ%gq PGSR 2psays peing, for

chr omat ogranply, pidifi<d clasd welattared radBiddepitbdsptided ko GeRa el etkiy 2
variety of ot fler ta{édard means well known to the artisan, I ncludi

filtrati SMPYFRFsHrmpierdles B, fopinstanes impnuseflegressentstaiingand dgmaphy

preci pit at:| 1 L4 C iy j i.on .exchange ,chr.onat ography,

P ool bot upaf Hg%%ﬁgﬁgb%eedﬁ%Eg%qgiag%séﬁ?n%‘ﬁ%yﬁgm%@é‘é‘@& SBERIS00/ 04655

Sequdhci nepoghitivhdyieptidt eatmpetitidnd a&owﬁﬂﬁaemamﬁmm%% ﬂﬁi&?ecﬁf% atk andar d

Enzynol - ToeT Sy LReq 50 el SOHBY CriBritot agel FLEL ¢ daxivesd oamitferged orl Ude |
nzynol . , . mferged orcl ude

mass SpeghiiiBe Ci f0di Vi . Reptj des .as_prevj ously .described

(i el 4 Ey%ﬁgﬁ?g’ SR P ol R B PR oS SR elE o by

r ef er enc &L waponsesithaticasegjuerise togCDE 1ktidhe e DULH St RRRYl g.,

pool ed HL13 tfecli gcéi on % fromdiffer en%)b{?:lll a;s I @I.srml ecul esﬁ{gypllﬂgg??%/}ﬁr eveal s a

charact er et c.a§ %ft?gﬁ g {WE9r cellg,gs poteatial ibgrapeyticagentse. Definition of notifs

speck$ic for differmpivEldass Atikalsase @Aéo&%b}t he HLA-A, B, and C loci.

HLA-A and B antigens are expressed at the cell surface at approximately equal densities,
whereas the expression of HLA-C is significantly lower (perhaps as much as 10-fold
lower). Each of these loci have a number of alleles. The peptide binding motifs of the
invention are relatively specific for each allelic subtype.

30 For peptide-based vaccines, the peptides of the present invention
preferably comprise a motif recognized by an MHC I molecule having a wide distribution
in the human population. Since the MHC alleles occur at different frequencies within

different ethnic groups and races, the choice of target MHC allele may depend upon the
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identification of potential peptide epitopes froman anti gegité:(f@%o#ﬂ' n
whose am w® @a2@7610 sequence is known. Typically, identific 0
potential peptide epitopes is initially carried out using BCESSMMM46S5 t O
scan the amino acid sequence of a desired antigen for the presence of
notifs. The epitopic sequences are then8§ynthesized. The capacity to bind
IMHC Cl ass nolecules is neasured in a variety of different ways. One neans
is a O astargetpopulatibe. Tabidilnhoas sieyfrefuedepsf vhRds hlleltds tﬁ@tﬂtAeghlocus
applications, noted ahove. Qther_15 alternatives described in the

i t er at ur BrOdHets smmong diterent BeesoFosinstanse, the awionitrof die. CSersaid pefulation

J. 'l mmuno . M ki Mt |y A8 S.{Townsend, .et_al, Cel
62: 28S (1éag%?%céﬁ&ggdlr%&%‘)ggsé%%s%{‘x@@@ﬁﬁﬁ%ﬁa@%gy%@ g, EaReal A <
(Melief, &2.1glAl, AR, and A2dtruSivhilarly? fhedB43rifyl Mo Asiah@upulaiépisi des t hat
test positive in the WVHC class | binding assay are 20 .assayed for the

abi i t3 ofPqonPassas: Wit the,addition efpepfidesibmdingt a fih glple L ArAMi2.r 0. For

i nstance, antigen-presenting cells that have been incubated with a peptide
can be assayed for the ability to induce CIL responses in responder cel
popul ations. Antigen-presenting cells can be normal cells such as

peri pheral bl ood nononuclear cells or dendritic cells (Inaba, et al, J.
Exp. Med. 16b: 182 (1987); Boog, Eur. J. Immunol. 18:219 [1988)). 25

Al ternatively, nutant mammalian cell lines that are deficient in their
ability to load class | nolecules with internally processed peptides, such
as the nouse cell lines RVA-S (Karre, et al. Nature, 319:675 (1986);

Ljunggren, et al., Eur. J. Imunol. 21:2963-2970 (1991)), and the human
somatic T cell hybrid; T-2 (Cerundol'o, et al., Nature 345 :449-452 ( 1990))
and whi ch have been transfected with the appropriate human 30 class | genes
are conveniently used, when peptide is added to them to test for the
capacity of the peptide to induce in vitro primary CTL responses. O her
eukaryotiT cell lines which could be used include various insect cell I|ines
such as nosquito | arvae (ATCC cell lines CCL 125, |26, 1660, 1591, 6585,
6586), silkworm (ATTC CRL 8851), arnyworm W) 01/62776 12 23 AUG 2004

PCT/ US00/ 04655 (ATCC CRL 1711), noth (ATCC CCL 80) and Drosophila cel

|l i nes such as a Schneider cell line (see Schneider J. Enbryol. Exp.

Mor phol . 27:353-365 [127]). Peripheral blood |ynphocytes -are conveniently

i solated follow ng sinple veni puncture or |eukapheresis of normal donors or
patients and used as the responder cell 5 sources of CIL precursors. In one
enbodi ment, the appropriate antigen-presenting cells are incubated with
10-100 uM of peptide in serumfree nedia for 4 hours under appropriate
culture conditions., The peptide-|oaded antigen-presenting cells are then
incubated with the responder cell populations in vitro for 7 to 10 days
under optim zed culture conditions. Positive CTL activation can be

determ ned by assaying the cultures 10 for the presence of CTLs that Kil
radi ol abel ed target cells, both specific peptide-pulsed targets as well as
target cells expressing the endogenously processed formof the rel evant
virus or tunor antigen from which the peptide sequence was derived.
Specificity and MHC restriction of the CTL is determ ned by testing agai nst
different peptide target cells expriessing appropriate or inappropriate
human MHC 15 class |. The peptides that test positive in the MHC bi ndi ng
assays and give rise to specific CTL responses are referred to herein as

i mrunogeni ¢ pepti des. The i mmunogeni c peptides can be prepared
synthetically, or by reconbinant DNA technol ogy or from natural sources
such as whol e viruses or tunors. Although the peptide will preferably be
substantially free of other naturally occurring host 20 cell proteins and
fragnents thereof, in sone enbodi nents the peptides can be synthetically
conjugated to native fragnents or particles. The pol ypepti des or peptides
can be a variety of lengths, either in their neutral (uncharged) fornms or
in forms which are salts, and éither free of nodifications such as

gl ycosyl ati on, side chain oxidation, or phosphorylation or containing these
25 nodifications, subject to the condition that the nodification not _
destroy the biological activity of the pol ypeptides as herein descri bed.
Desirably, the peptide will be as snmall as possible while still maintaining



substantially all of the biological activity of the |arge pe\%i dg. Wien
possible, it may be desirable to optim ze peptides of the in rq UG 280 o
“length oWOP1627760 anino acid residues, 30 commensurate irpShgEQoNiiBd
endogenously processed viral peptides or tunor cell peptides that are bound
to MHC class | nolecules on the cell surface. Peptides having the desired
activity may be nodified as necessary Ho provide certain desired
attributes, e.g, inproved pharmacol ogi cal characteristics, while 23 AUG
2004 WO 01/ 62776 PCT/ US00/ 04655 indi®dsEhg or at |east retaining

substantia 11 of th iRk 0gi cal activjtyy of the un ishped peptide to
bi nd the %F@&%W& mflg(géyﬁ and acti vai‘%éitx?]e approbri@n;%é%%)eel | . For

i nst ance, A peptides nmpys subj ect t g\ d))ous changesg gg9oh as
substituti , either copgerMative or nop-conservative, 3vgye such changes
m ght provifle for certain fipdvantages ipsgdyeir use, su@g(@p inproved MHC

bi ndi ng. gonservative .substitutions is neant replacing an amno acid -
resi due wi'fjisanot her which is biologically and/or chemcally simlar, e.g.,
one hydropkwhi c residue fi4(1pnot her, or Qne pol ar residus2®pr anot her. The
substitutigmng include conf@ati ons such &$5(@y, A a; VaRl.5(108) Leu, Met;
Asp, Qu; pA3n, A n; Ser, Ohr; Lys, Arg; &d@)Phe, Tyr. THe effect of single
am no aci A14® substituti ch3@may al so be Pr.é@i@y using D ahi¥8) aci ds. Such
nmodi fi cat ixnNs3 may be maded usi ng wel | knoWw7(Pepti de synt Hesi s procedures, as
described A23 e. g., Merrif4.3(3, Science 232:34|-347 (19863.9(28xr any and
Merrifiel dd24The Peptides,2.82)ss and Mei eBhdfl8), eds. (NI¥3(7Bcaden c
Press), p@A2412284 (1979);- and Stewart and Young, Solid Phase Peptide

Synt hesi s, AZ4Rbckford, 111;, Pierce), 2d Ed. (1984), inCOTB rated by
reference A&¥rein. 15 The i)é i des can al so_be nodified b §endi ng or
decr easi ngdd%tk conpound' S;i'% gno aci d seql?e:ff(éla, e.g., by t é ddition or

i

del eti on o%2%&&i no aci ds. pepti des or 'a_&ﬂ ogs of the ntion can al so
be nodi fi_e%l2 altering th {der or conp7’o f{ion of certai & resi dues, it
bei ng read appreci at e&lt4 certain anino acid resi dug‘ (éjsenti al for

bi ol ogi cal ivity, e.g.

resi dues, ect on

1.4 - 3
general ly n@ altered wiq t an advers
Fivity. Thqu)t"l( gri tical arri_lﬁ%t? ci ds need ngg limted to
those nat uggd’hy occurringgigqjproteins, such as L-a-aninogagids, or their
D-i soners, phls may includegopg)n-natural dmino acids as wegloi2pyuch as
B-y-8-am ngzpci ds, as wel 43¢5 many deri vaj_h(w,ys of L-a-ange@5cids.

Typical ly,osp series of pepsizles with single amno acid sphgigyt uti ons axe 25
enpl oyed tagy3iet erm ne thegglfect of el ectrostatic charge2.s5iajrophobicity,
etc, on bixwiang. For inst2ar¢s), a series abeMsitively char¢g®d (e.g., Lys or
Arg) or nege34.vely charged.4®.g., Gu) amno acid substitutions are nade

al ong the Awe3wgzh of the pepi(ldk revealing different patt8B( of sensitivity
t owar ds vakwafus MHC nol ec6I9%4) and T cell Tteceptors. In addition, multiple
substitutions using small, relatively neutral noieties such as Ala, Ay,

Pro, 30 siml i l, d. tifuti . b
horb- ol | g%ﬁ'ﬁ%?ow%ﬁﬁ%ﬁéﬁﬂggﬁ %ﬁﬁﬁq@ﬂw tnghiolhg 3of Joistsp PR e i ch
are subst feHO&d 987 T ENOW YaR Bhcing necessary between essenti al

contact points and certain functional attributes which are sought (e.g.,
hydr ophob* dNt-ypegesid s =risiamy ShiiGagcaspid. Nuobeaded binding affinity 23 AUG
2004 parenthesis represent the number of individuals included in the analysis.

ose at critical contact sitgg conserved 20
bi ol ogi cal’ %

wMH-NH@

The nomenclature used to describe peptide compounds follows the
10  conventional practice 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-
and carboxyl-terminal groups, g.lthough not specifically shown, are in the form they

would assume at physiologic pH values, unless otherwise specified. In the amino acid
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S 10 WD 01/62776 PCT/ USO0/ 04655 14 for an MHC nolecule or T czgjfl recept or
may al so be achi eved by such 'substitutions, conpared to the A ﬁim4 of

“the paren‘yoﬂé/ﬁ?'“ﬂe. In any event, such substitutions shoulcr;tﬁmomﬁgm no
acid residues or other nolecular fragments chosen to avoid, for exanple,
steric and charge interference which m ght disrupt binding. Amno acid
substitutions are typically of single rgsidues. Substitutions, deletions,
i nsertions or any conbination thereof may be conbined to arrive at a final
pepti de. Suistue forniwdas leacharesidue &5 generailli ospresentediviycthanderd theestlettarer singledue of

a peptid as, been.re e nd a.different, residue inserted in its .place.
Sueh’ subsERE R RanHETCHET 35m Br fl Rl RTRMEH T s PopiteDoibelg

Tabl e 2 whger érta {tagit_dﬁ_ﬁfst Rtket Of 4 thA€d-Mett B, Qankl ife DIRFA FoEhbed drfisio @kidk he
pepti de. TABLE_2 i ginal Residue Ala Arg Asn Asp Cys A n Qu Gy Hs lle

Leu Lys MeavipsP-fosps Thiepmspntey by waawex Esesingladsttesgns iawearcasmthssrlettars, Hi s
Adn du S ; . Le: A Hi C e Tvrs T
The s ToPiinSTdnb Y nd b Ko oft 281 is Moty kb8 Gy L) 04655
Pro Gy Substantial Thepogeduies ubedrotidentify peptides af fHeprésent i@V ertide geReany| es

or T cell receptors) are made.b% sel ecting substitutions that are |ess
conser vat fallowt thgmethedsedisglossdmaBakk e al.j Nature 35d1290t(1 9 )r whichusincotpatatet} f f er

A 0t hed g e h ¢ t th
et i de. pagbROTsredkes T SieiEhmoR BRbPh Beptsichut BhebRS b MHGEE L heet or
hel i cal coileures} typitally by iRfmeprREieatitn SyAHARY Bidosiatografhyt AemmEecul e at

the target site or (c) the bul k of the side chain. The supstitutions which

i n geler apPrapRnIds seld oEeell Bng, Examplesof ethgr methods fertisolation ofithe desired dHC

propertie | | | . trophilic residuye, e. eryl,

i s substi ?‘S#é’glef{)ﬁr%a?grg‘%@y‘?{&%%‘%o%ﬁ%ﬁ’gﬁég foglueécfi"@gﬁ .°%°éﬁ#9$’?ﬁf>gé?°§ﬂcy| ,
phenyl al achromategraphyo size kaelusion,(High perfefiadeeli i cheoridto Slafly, a8@asi ti ve side
chain, e.qg.,,lysl, graglg%lé or histidyl, is substituted for (or by) an

el ectroneg%ff‘b%u?%g g .aBQV?gﬂe&bIHﬁ‘gﬁS- ox aspartyl; or (c) a residue having
a bul ky side chain, Pr=Tall |8 [ d: or, b one not
havi ng a si de chai n,ﬁgggt.y?ﬂg ya!gl’r%e. ‘%@W%ﬁjl%ggﬁsdéga ?%ﬁ;&%festge gﬁ%ﬁl se

i sost BT esalidle.t Amumberof erotesilsicasbd uset, iepeiding ogaiihe spepfiditleof the) i sostere
as defined here is @E%geuenc oh two qr. nore residues that can be

subst i t ut BfGogfes gisedc ’@S&i“eﬁ glerspeciic mAheeagents pan heowed fordhe affingy t he
first seqpeiéatiohtof tge BT AJANST - %Qie% L e en The
term specifically incl ud%shbg%?% EZ’ ac oneé]ﬁr?gé |u¥%§bas't§?%%fs]rgpv%ﬁ%ﬁ§%‘ﬂr to
t hose ski thedgplpation oEHEA:A nevletn]@0arandiifabieat ThensonoridnaiBBIdE Shitadld fops of

t he am de. nj.t.r n e a-carb am de carbonyl, conplete_ replacenent of

the am aei B S Ad FRe S Atin oo iman areRase it Besa hbles votse standard

generzl | ytechipighed de sttRpefElly s p@igﬁt’ﬂ% %@gé%em AR Qﬁeléf,}&ﬁ tspepti des and
1983) . I Ti pep?

Proteins. Vol. VII (Winstelned., : cations o rdes with
various amno acid AR additien toallalerspecificanADS, troadip rexctivsarti-HLpan; Beal arl y

nssayed | RAS SRR WP 8 B  ndonn aa Pehee e BN 3 edge whed
b 0,09 ¢eln ety gl ppuin ghoas Wity MIAEBREH, 10,250
(198. Half |ife of Thepeptidesbound to the peptide binding groove of the isolated MHC
25  molecules are eluted typically using acid treatment. Peptides can also be dissociated from
' class I molecules by a variety of standard denaturing means, such as heat, pH, detergents,
salts, chaotropic agents, or a combination thereof, ‘
' Peptide fractions are further separated from the MHC molecules by
reversed-phase high performance liquid chromatography (HPLC) and sequenced.
30  Peptides can be separated by a variety of other standard means well known to the artisan,
including filtration, ultraﬁltratipn, electrophoresis, size chfomatography, precipitation

with specific antibodies, ion exchange chromatography, isoelectrofocusing, and the like.




~
the peptides of the present invention is conveniently detergjs?gﬁ mng a
25% human w80 opes7g¢n (v/ v) assay. The protocol is generally a ? .
* Pool ed human serum (Type AB, non-heat inactivated) is. del PETAM0&0H6BY
centrifugation before use. The serumis then diluted to 25% with RPM
tissue culture nedia and used to test pegtide stability. At 23 AUG 2004
WO 01/ 62776 PCT/ USO0/ 04655 predeternindd tine interval's a small anount of

reaction solution i ; . el ther 6% ous t.richloracetic
acid or ethanol . Thzseglﬁgigcéﬁyg ?@gﬁﬁgﬁg&;%érpgﬁdgé %aé‘e"ceopo’ir%e%&tgi#%%‘Pgi% ni nut es
and then spmdatdaegslidies shéiteayEdaipidmidation CHWRAIIN SUW., JBE ME@sgnce of
t he pepti ges I S tgeg d terﬁi ned by reversed-phase HPLC using stability5
specific -Ggr %?1&9% diQthersethogdresufableiforssquencinganplude sxess i nvent i on

or anal og 51?&;‘ L,gh:ha | | B e nmodi.fied to
provi de dég%éragor at t%gﬁaé@ﬁ%%g éﬂﬁr?g% %Q%ﬁ%g{éér%r#%cﬁ%gg Kﬁ’f“«g’ etF%‘l’

I nst anbe, SchemcaB25ilR§1 (F9Rhevidelpisiidasporatedideuiebidfertitd)y iAnvineasidoe
enhanced b\e/ Iinkagcﬁ_ t@?ﬁ seguence vvhé cgig_ont ains_at_ | east one epitope that
i s capabl SCHHCNEBE A RS PRICIRENGYS peRtides e-£.. peelsd KPA.C fagtions) drem djfferent er r ed
I munogeni || &t&d | .are | ) [ cul e.
The spacercﬁsgg%dél caISI g%l {ﬁvgéelghg.iﬁjrae %?lcvsgh§&§%$¥f%e%$§ﬁsﬁLe§%I es,
such as ami no aci ds Defimitibnof awtifs specificifesdiffefent flagy Ialislea atlawst il | Y '
unchar ged conditions. The spacers are typically

ds hysi. ol ogi ¢al
sel ected f‘#%*ﬂ%rcégﬁa./ :g%g@to, bﬁ%_ﬁ?“@?rep_é)tpﬁﬁrﬁ%@@aﬁgmﬁ@ﬁn whogmapisboacidani no
15 07 et oo o e e LS WAL s

optionally present spacer’‘nee e
thus may barriedvet esing aconipute-tokéapahe mmind i fHaaemetof aldeSir&PARIREN Yorithe
usual |y be_at Ie&t 0 eﬂ{e two residues, nore usually three to six
resi dues. PAFYBFMTORSy 1 oeratiente spRsneefareiiipnisunthesizadd The ceprsity thdinser
pepti de WNOUtIags $R&E8les i eddtfed MEUARLE 4 1%; ' Jbe |inked,to.the T
hel per peptide eai t her dierséct Iey oxd via a %@éﬁg‘gﬂﬂgs@nefﬁgmgﬁ ?‘lgﬂﬁﬁl
car boxy t énoieenie bipkdingwssores ¢rspribeaddn tHdwelaed auplicatiorsgedibdve! MRKert he
I mmunggeni lde or., the T | per . | de.may be acylated. Exenplary T
hel pe?gpeﬁ?ﬁf3 gg%sn%sﬁrd%e({ll&ﬂ%ﬁger‘%%?dﬁcgg‘%%’@g@ﬁ@@ ot Antigempreseatatmnd Settalchr i a
Ci r cunms porabz Dilheng®2- 9B 3¢ 18518; 3880 28 LFRANLSy :
desirable to include in theqpha§npceu°f i cg %giﬁpgé(}ésﬁt@%ﬁéééﬂgf éttsa%’ébfgsgﬁgson at
| east one (¢RMPorshEAGRIbesedrsansaisRImutaiedicdls, lsanteas RMIA.$ @efelitf bted,, Ear,agent s
capabl e ofy fgi.m ' WO agai nst viral antigens. For exanple,
palmtic an %é?%%?%gn%%é' attached to the al pha and epsil on am no:
groups of a Lys resiNes, mﬂidbshmatdegw@@ﬁive@n%e,m@cacm%%qiﬂg s%a¥| hjgki ng

I'’ke, 10 an

residg S such ? %Z gl y-.30 GQy-, Ser, Ser-Ser, or the

i mrun geniaésaé'g‘g qrdhe abifily of the peptides peindnerospeaifict@iEnrdsponises pctid. dorect|y in
a mcell arn | rparated | | posane.or .enul sified in an adjuvant,
e.g., | nccl)?r%?{ectg} e:al'ilE eﬁr?g&seﬁ% (?Jé\}gn ?t%filr'\é Eeeﬁrlﬂ?‘g’la{egd"%%ﬁ (¢80 je assayed

parti cul arforthefbidity toimdicmdThgesponsssmi respondea et f%‘d'gmlﬁfdng. %}i%ﬁ%ﬁ%géﬂ' gl pha
and epsil aon,am no I&roui)s 23 AUG 2004 1/ 627 PCT/ USO0 of Lys,
which is &P rmaf ¢ellssyeh axpegiphersd blogdimononuelhe calis nodéndritic peids of t he

i mmnffeni(ﬁlaegr& urlcy. BAP. PR 1151 €2Q8RY° B3bg) B! # RILTLTdsH10 [ Thad S PONSES!
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Alternatively, mutant mammalian cell lines that are deficient in their
ability to load class I molecules with internally processed peptides, such as the mouse cell
lines RMA-S (Kirre, et al.. Nature, 319:675 (1986); Ljunggren, et al., Bur. J. Immunol.- |
21:2963-2970 (1991)), and the human somatic T cell hybrid, T-2 (Cerundolo, et al.,
Nature 345:449-452 (1990)) and which have been transfected with the appropriate human
30  class I genes are conveniently used, when peptide is added to them, to test for the capacity
of the peptide to induce in vitro primary CTL responses. Other eukaryotic cell lines

which could be used include various insect cell lines such as mosquito larvae (ATCC cell

lines CCL 125, 126, 1660, 1591, 6585, 6586), silkworm (ATTC CRL 8851), armyworm




b

| i poproteins, such as tripalmtoyl-S-glycerylcysteinlyseryl -zerA'm;aZdOgCSS)
can be usedWvwezIré ne virus specific CTL when covalently attached to an
appropriate peptide. See, Deres et al., Nature 342:561- 564 PETB159/04655

i ncorporated herein by reference. Peptides of the invention can be coupled
to P3CSS, fox exanple, and the |ipopept 'Z;Z“ie adm nistered to an individual to
specifically prine a CIL response to the“target antigenr.. Further, as the

i nduction éﬁTC@e@RLaﬂ’ﬁll),ﬁﬂotﬁf(AWCgi 809 An@DF6s BRIl P eI NRikks Wi asP3ScPReider
conjugated to a 10 peptide which displays an appropriate epitope, the two
conposi ti ¢a% 11@965%@%%%??&@2%@%2&9&@&&%13?3@65cEl:Q27Ebbt h hunoral and

cel |l -nedi at ed respo Lf I addi tion it | _am no acids
can be added to thert?eg&r}rll&%ll bg)fo ggﬁﬁgl&cy{ (fg a{eogo&ﬁvgx\%eratﬁ ggﬁe«g;}g@o%wglsfxﬂ%eng
pepti des argipufctarsodrieikapheresic @fl Rbiniy) dbAord of Phtidney ardURBO S the @éspbAdGREL
pepti de, for rmdif¥i ng the physical or_chem cal properties of tph_e pepti de
or 15 8l i geweps pleTLorequssors. lnonegmbodimentghe snproprate aptigasrpresentipg celine,

| ysi ne, gl ) [{d i ] i | C i ed at the C
of "Nt er b ufetB AR OrEBeop e i iEnish B R, REAHBLEIBUERC O

terninus idppRpriatecadinse dSﬁiMitﬁin‘seH‘hbpgpﬁdbglo@diﬁmfgembﬁséxﬁmg%llébl%tl@@pti de. In
addition, t ide or oligopeptide sequences can differ fromthe natural

sequence byc@éfqaggmmermmnéyr qedlnepristiongmovite Jorat todid, dags ynder optimézed| kanoy |
C -C i t] . i carh | i dat i . 0.,
R o e O e T

amoni a, ne : e 1 hstances
provi d6 sifoethefppesehéenéd OTLS thadkidliagioldbeled tarighedellsotic siletific Peptidephiseles of
t he invention can tfe preparegg in a wde variety of ways. Because of their

rel ati vel Y8Rt e vslhas tasgsteells sxprsesing the esdogsneusly procsererl formwoiithe seleant on a

25 SOl 10 SHARGE burh: difgeh HABE Gnithlile § y*a%%&!}@gg%wa?& edues. Various

automati c synthesizers-are comercl a ava e and can be used in

accor dance_ wi t h knov8peuifixitycndMHERe@stribtion 6R heI0 T isYeRwairleddpdestipgng, Sol i d
Phase Peptide S .tgléesi s, ,2d. ed, ,eégi erce ,Chenical Co., (1984), supra.

Al t er nat i \ASRIPSt di Eﬁ%?ﬂéﬂ‘f{e trgRt ¢ellsiexprestins ARRropréate apinapriapTiste humen 3150
nucl eqgi d u i -an: | Al i f. interest.Ls
inser;I gd ?c}lfsgq'ag‘ﬁgggéﬂ%i@ﬁ@%ggtsﬁg?yﬁ ans¥ o??r’e%éﬁn oé) 55}9%)?%211;1 %é‘feew eﬁﬂts%ec X
appr opr i at@€lheesponsss larerefertad toiherdimes inmdenogeniedieptidess sui t abl e for
expression: These priﬁedur es _are %g’nﬁr al Iy known d n the art, as described
general |y in Sanbr ook eIUA{MOBSHAR Reptifles cap hemrepared synthebiealls 87 Yy Manual , 23

AUG 2004 WG 8GR TONRGEE AR G5 0kl s cb W6 BBLeRAEE or Sk eSD! | 10

Har bor, New York (1982), which is incorporate erei n by erence. Thus,
fusi on probléhaughihe peptiderillipreferably be substantipliypfreciel athermaturally edcuiriie host

PR o T LA S R S TR R A
synt hesi zesgnﬂ&ticdl@rﬂo@n?igag\@l%@iaﬁv'@&ggrﬁéﬁts 8{?%{—?]31%& t he phosphotriester method
m m  Soc

of Matteucci et al., J. Che . 10373185 (1981), nodification can be
made sinply by substThepelypentides appeptides cancbebeearisly 6fiengthg sitheria dghing t he

. ! - crpamtie sy srindiing
aopr opr | e QRSN o R FEIR RS g e el mreifsatiant | abi o

in the artsuchasiglybesylativnpside uhif okatibR bRk int @ produce
the desired (ﬁgsi on prug; ein. A nunberalof sfgchgﬁ\?é&litwsmg%gﬁtsw ta@le%aeohost

syst eff® arBOHBGRIARS] FuRkickto the cordifipw that the medifibationust destroy dhesbinkogidahe

codi ng seqEaRRPoMHe! Oﬁg)eﬂ]ﬁ@ééié;?&éﬁhgkcﬂggﬁ ably l'inked start and stop
codons, pronoter and teértmm nator regions and usually a replication systemto
provi de an expressi dbesirablygthe maptide pilk b8 a9 Bmhil a$ PexsBESWhESstIPbittAfinpOS! .
For exanpl & 'Drtgaﬁﬂf‘i{%fsdﬁqge ces conpatible with 15 bacterial hosts are
provi ded iSHOTFAENY ¢ Biolosice! @gtvibreiche larsapantidei Yhesipoasible ot magder t i on
of the desiesigsh]6 RFbptm® g@m hen (Y ' ect or I
transforned int owsj%i tabieg act grfi al ?}%@P&x}b%ﬁe@?ﬁ?ﬁ%ﬁf %%P%grmﬁxgﬁgg?s, an

cel | ROst sommensizate inesizeswith erdqaenyishypmicissald vizalptiddsor andocedlityeptides
sequences.,, The eu%td' dw thelrgr esent invention and pharmaceutical and
vaccine  thatare bound to class T molecules on the cell surface.

Peptides having the desired activity may be modified as necessary to

provide certain desired attributes, e.g., improved pharmacological characteristics, while



20 conpositions thereof are useful for admnistration to manmal s,
particularly humans, to treat and/or prevent viral infecti 29 ABG Mhncer.

" Exanpl es W@ 0Hb¥@ases which can be treated using the i m’runpg@ﬂjs@/@ﬁ?%i des of
the invention include prostate cancer,. hepatitis B, hepatitis C, S,

renal carcinoma, cervical carcinoma, |ynmphoma, CW and condl yl oma

acum natum 25 For pharnmaceutical conp®dsitions, the immunogenic peptides of
the invention are adm nistered to an_individuyal al r.eagy, s,gé%eri ng fraom
cancer oindredsing archt astreiaing syhpsangially Al of therblolagisal @ciifity sty vamedifcgn
phase or _the,acut | ' | ' nogeni c
ept | des PSRBT Al BUARAAI MY 1A SRy} IRUHpHb x LA BoFT

appr opr i ahfandethk pephidesuhayChegubldct i vapioss clemgps) sudh aanabsiteticnd eitliest ered to
a patient in 30 an anount sufficient tq elicit an effective CIL response to
the vi r usoBservaiivgror IRICGRIFTEAYe Whergsictyrhagges raigit PIOXIAEITA $51a 1 est

synpt Qs [ 1. cat | : t j AL Sial S
dor nd: 2V Rhes TR 62 hORSs BradEE MACRARAE 1y b BT RRTRIIROSS § e
wi | | depefehn® feplecing an minopejit iesidue withanbthepwhich hebintogivetly @hd/or

adm ni stration, the,_ stage 3,AUG 2004, WO 01/ 62776 PCT/ US00/ 04655 19 . and
sever i ty emiollysiailars & Bp Onn gy EioRaeRie residns fRANGHIET 25 g BAEE SR AP, of

heal th Ofantoﬂ-f‘erp?& SitistindRfls idfy deWaEBRMioRS sich%s P11 Y0k ?.hlnﬂeﬁi"léﬁs'!\&é'tan’ but
general |y range for {SHOIORS richjde Coalbmaions st (thaf’ I's’ fof therapeutic or

pr ophy| acAkp; GloyAm,<kinpSerpiihr; LysAamhand Phe, TyngThoefidnoaf siﬁgletam.igp adidpept i de
abouti0L 0B sl EpaEaY AR b FTd I At e g sk godktireboer ok br s 0
nont hs d ' i ' AR Ylak i ng
specific agglld\;% p}’ﬁ@?ﬁhﬁg Fgﬁgde?&%ﬁ%%?g%?x?eﬁuﬂfﬁgbe gap%{ld’ln%ﬁ_%&r?d t hat
the pept i 28934184 T (198 6) RaranysandMedniictsd, &he Beptides cGtosoandidfgicgbofer,addsy be
porent al 0§ Yok eaderichia ry P4 As7bhana biwationt Yousk Siiade Bepticerne 10
m ni m zat % Alh s, EROEIFHROUS, BieRe), 2AARE (FIF) LiCorp &aRl by SefeRMEOREGiMat ur e of
the peptides, it is ossi bl e and may be.fe’lt' desi rablye by the treating
physild an to adni ni 3‘89133131&;1399%@15@1]38 modifissidy extendingse deerpedietheonposi ti ons.

For therapeutic .lUSe.. LnLstration,shoul d,.begin,at.the fi.rst .si of viral
ot ect § onCappd3Ernd AMuRealgl, <O SR g BEF SO dtran it b b P a L e

di agnosi spéptideder difalduasf tid inRention daffaBetheqRodifiel By alteringltheuyder &y boosting
doses until at |east synptons are substantially abated and for a period

t her eaf t efOMPYFition offictaintesiduesolt beinggeadily appresiatadshatosgainapineseidi ng doses
may be regui L nfected indivi.duyal wth the conpogitions
of the | niieESessal 68 KbIoHea Pt ek thop 8 HPHRpiik shed BEEGBFR ¥t ect e
i ndi v2@uatesidubqmdyhgenerally notté witetadivithetsameidverot effécdbn pictelicslagstdiky.t 0

devel opi ng chroni ¢ infectiqn the coppositions are particularly useful in
met hods f &Re PPReGEHeal AgRMacidyriedinobhe Hmited s those nasrally epnuaring inenroteds, Wer e

t he suscept. WeXs IRV ¥ ifi Is Qr i ng. i.nfection,
for & nat aich's]ch Kb HEY or Mkt DARRHeS, KR el sfUndehinl] BBoRLRR AT o
m ni m zi ngelleedhfas f-ypdhainmes aoidd, aowell as mangdggvativepof Ialoianino abidEhe pept i de
conpositions can al Zp be,,used for_the treatnent of, chronic infection and to
stimulate the i mundYBirell%d sepepf pantideewith single; amine peid selstitatiqng ager rj er s.
't i sp4mp ; . ) atin i de in a
For i at) GaPRd OAREANE eIt Ot Mhertita Fhitge BHURRhBH MO SR Hiiling | %
a cyt ot oxFer instgntd, asederorfpoesitivalyschafged (¢.g6 dysenArg)for obgatively chafgedi(e.gn, a

t af | d G S ED f t 0,30 . bout 100 ,
br of o abl {1 NSBRIS A8 Fordubor -8 e lond B lentt ot P meRde ootk FRRA 21 ng
doses fol bavess SyseRSIATILY REvAES Paicks METahleallQhnd ™t &lMabsptorS. T¥addifiém one

to four weeks, may be required, possibly for a prolonged period of time to
ef f ect i vemuliiplnswhstitutions upiagsmallatelativelytnestrelameictis subh GAy,diroi am,

it 130 ol S Tu A driEved. o e P RGeS PR e %
viral i nf @ggémershThehoaibethndiypas 6lteSausGUISER Beisabdtitutedat fileddepéd ord

period thereafter. The pharnmaceutical conpositions for therapeutic
t reat ment the aringagersgary detyreneateatial contasppeints and certain furiceral attributes

S o o e gFH 1 T 20 bro o B Gy AR AR By

intradermally, or intramuscularly. Thus, the invention provides .
conpositions for parenteral adm nistration which conprise a solution of the
i munogeni ¢ pepti des dissolved or suspended in an acceptable carrier,
preferably an aqueous carrier. A variety of aqueous carriers may be used,

N r r o o, ~ NN o ~ NN




23 AUG 2004 WO 01/62776 PCT/ US00/ 04655 the |iposones then dgkLéﬁﬁ&%ne

sel ected qﬁﬂﬁeutic/innunogenic pepti de conpositions. Lipos use in
“the invent'ofl’%4f’8 formed from standard vesi cl e-for ni ng |i ppEBUSHiDER
general ly include neutral and negatively charged phosphol i pids ané a
sterol, such as cholesterol. The selection of lipids is generally guided by
consideration of, e.g., 5 |liposone sizel4dacid lability. and stability of the

| i posones in the blopd stream A variety of_ nethods.are avail.able for
b Bpar | g A e egu e e S eae s e %0 bEBHRSY RICh SRR

Bi ophys. Bj : : ; : ,
000§ 2g BB U Bithe pbtelt pidBNn Poveth, Bch Sbbintlomfihof®S

to the i memplycahine,achl desiguescortathdrendlemdarfagatents dhosen tolwvoit)fdriepaaplep can
include, e.g., antibodies or fr nts fhereaf .specific for cell surface
det er i _naﬁiegc@gPﬁgga@F&gﬁn?w_ﬁﬁgengﬁtt%ﬁ%@?lp@lgA | i posome suspensi on
contai g ng a pept i deammp éﬁ’dﬁfﬂ@ﬁﬂtiﬁﬁ@ﬁ%Qy;sieélryad&%ﬁlfg}lé}eﬁdubé?%iﬂsﬂmtibﬁg' cally,

etc, in a dose which varies according to,” inter alila, the manner of
admi ni st r deletinns, ifssripnstor sy benbigatien theraof haydedombineddo agivest atfimel di sease

oo Der s Bt DeafeuRRH SRR GhR B bR AR R ok Bence o
manni tol , b'e@:?fe%cﬁ/’ed%hdra@ﬂffeﬂéﬁ%@i&hé’ﬁ@s&*t%%ﬁs%lao%?@hbﬂ?‘sﬁ%ﬁﬁilﬁ@hi Qenehﬁiycuml

cel lul ose, glucose, sucrose, magnhesi um carbonate, and the |ike. For “ora

adni ni st r até made i gsisardaneswith ¢ fojlowingePatdd P evhen it ie desired dorfinslytmadulits

formed,.by i ncorporatin ny of..the normally enpl oyed excipients, such as 20
thosquar ﬁ%&?’%ﬁ?@ﬁtgﬁgf&eﬁ@{‘%ﬁ and generally 10-95% of active
ingredient, that is, one or nore pepttgdpgpaf the invention, and nore

preferably at a concentration of 25% 75% For aerosol adm nistration, the
i mrunogeni ¢ peptides are preferably supplied in finely divided form al ong

with a surfactant and la Qsti Ty '%al ercent.ages of peptides are

0. 01% 20% by wei ght, préﬁ‘gﬁaidﬁy% 1@'@&%@&3&@%@% 25 must, of course,
be nontoxic, and preferablydeluble in the prom! ant. Representative of
such agents are the esters or partial esters of fatty acids containing from
6 to 22 carbon atons, such éégcaproi c, octanoidysiHific, palmitic, stearic,
linoleic, linolenic, olestegig and oleic acids yth an aliphatic polyhydric
al cohol or its cyclic anhydride. M xed esters, Stuch as m xed or natural

gl ycerides may be enpl oyed. Ajpne surfactant may Ghnstitute 30 0. 1% 20% by
wei ght of the conposition, &referabl y 0.25-5% The bal ance of the
conposition is ordinarily pr¥bellant. A carrierS®an al so be included, as
desired, as with, e.g., lecgyhin for intranasal,gelivery. WO 01/ 62776 23
AUG 2004 PCT/.USO0/ 04655 | n another aspect the present invention is
directed to vaccines which Gantain as an acti veAdpigredi ent an

i mrunogeni cal ly effective apgpunt of an i nmunogeni c peptide as descri bed
herein. The peptides) may b¥¥ ntroduced into a §8st, incl udi ng humans,
linked to its own carrier ogj@as a honopol ymer g shg}gr opol ynmer of active
peptide ' S wunits. Such a polyner has the advar% age® of increased

i mmunol ogi cal reaction and,llehere different pefdléw®alare used to make up
the polyner, the additional ability to induce al?té)o di es and/or CTLs that
react wth different antige%?‘t determ nants of ‘th irus or tunor cells.
Useful carriers are well knpyh in the art, and Apchygde, e.g., '

t hyrogl obul i n, al bum ns such as human serum al buni n, tetanus toxoid,

pol yami no aci ds such as 10 M8ty(lysine: gl ut ani deaeild), influenza, hepatitis
B virus core protein, hepatpgls B virus reconbifant,_vacci ne and the |ike.
The vacci nes can al so contali’n a physi ol ogi cal | yﬂfro B abl e (accept abl e)

di l uent such as water, phos$émate buffered salinge or saline, and further
typically include an adj uva%r. Adj uvants such as inconplete Freund's

adj uvant, Ser
Tip : Tyr; Phe
Tyr Trp; Phe

Val Ile; Len



al um num phosphat e, al um num hydroxi de, or alumare nmateri @3 AVgl Jggknown in
the art, 15 And, as nentioned above, CTL responses can be prined by

" conj ugat‘f(h /ﬁ}éb‘tl des of the invention to lipids, such asPPBUSR/04635pon

i mruni zation with a peptide conposition as descri bed herein, via injection,
aerosol, oral, transdermal or other route, the i mune system of the host
responds to the vacci ne by produci ng Ilérge amounts of' .CTLs specific for the
desired antigen, and the ?ost becones at Ieas({.i artl al'l.y i mmune to |ater
infection, 20 or resistant™® o devel opi ng chr } i nf-ection. Vaccine
conpositions containing the peptides of the inventiaon are admnistered to a
patient susceptible to or otherwise at risk of viral infection or cancer to
elicit an i ”Mmune response agai nst the antigen and thus enhance the

patient's own i nmupe, re e ities f to be
an "i munogeni cal | uﬁt@@aﬁ)n@@g%&(ﬁ@g@om @r% “thi sgluts%g ﬁ?dé‘?é‘?sgg Taérra;ﬁnt S
again de&%@?oﬁ afélﬁadbaﬁy SaMcting ShigdtRutitns hl&m&fd'leﬁ%nmvaﬁb thdnhthosmide of

adm ni strat the nature of the fornmul ation, etc. eneral a}C/l_Brange

f r omSboTablz 201. Mgsqleptmﬁmldm@hat@gffqrénomelgarﬁf@g%m 'baltie Rt onfpBaERgonl y

| et anceldthe s tisE of G HeRRite o4t oRls Bihe A S LR qBERIAC K Vrambl S3F,
i nvent i ogy s bhnRGCERESmYdHoaN(Y) lishstargasittivatdphbbigitpof the athlequbsgdhses to the

virus of 1 nterest, particul ar? to viral envel gpe antj gens. For t herapeutic

or i mmuniargetisita op (n)ﬁ&b@k of the %ﬁlq;cbaen dEhesibstiftiensonach i gREel 8t t he
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021 15. Table 5 I|i st Thepeptidesoftte invention neyt A% e {dMinitiRedfia 3DBEEES, T O
e s PR o Lol e bt B e B e
' targeted selectively to infected cells, as well as increase the half-life of the peptide
composition. Liposomes include emuléions, foams, micelles, insoluble monolayers,
liquid crystals, phospholipid dispersions, lamellar layers and the like. In these
preparations the peptide to be delivered is incorporated as part of a liposome, alone or in
30 conjunction with a molecule which binds to, e.g., a receptor prevalent among lymphoid
cells, such as monoclonal antibodies which bind to the CD45 antigen, or with other
therapeutic or immunogeMC cémpositions. Thus, liposomes either filled or decorated

with a desired peptide of the invention can be directed to the site of lymphoid cells, where
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exanpl e section bel ow. 23 AUG 2004 WO 01162776 PCT/1JS00/ 04655 TABLE 6
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of the isolated MJAC nol ecul es are el uted té}pl cally using acid treatnent.
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st andard Eurd n S ..pH._ detergents lts,, chagtropic
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carbonate, and the like. For oral administration, a pharmaceutically acceptable nontoxic

composition is formed by incorporating any of the hormally employed excipients, such as
20  those carriers previously listed, and generally 10-95% of active ingredient, that is, one or

more peptides of the invention, and more preferably at a concentration of 25%-75%.

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

25 must, of course, be nontoxic, and preferably soluble in the propellant. Representative of
such agents are the esters or partial esters of fatty acids containing from 6 to 22 carbon
atoms, such as caproic, octanoic, lauric, palmitic, stearic, linoleic, linolenic, olesteric and
oleic acids with an aliphatic polyhydric alcohol or its cyclic anhydride. Mixed esters,
such as mixed or natural glycerides may be employed. The surfactant may constitute

30 0.1%-20% by weight of the composition, preferably 0.25-5%. The balance of the

composition is ordinarily propellant. A carrier can also be included, as desired, as with,

e.g., lecithin for intranasal delivery.
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targets a9°Mel(r&P? B8 &P/ 9rkesefibedy sveiglenousl y processed form of
the rel evant virus pfsotdB5tafidds 00; ] . | de. nce was
derived. Specifici 'gg and MHC ré%tﬁ%l((g:% |80n o!‘eqpﬁégglﬁ%%lgésp%gﬁdg&%&%%ﬁ
testidfg dhamyention witarvamtingsephich induae gentralizidgsartibpi e fesporgeatorthopira@be Or
i nappr opr.i at e, hu n I\/B, 5.cllass . The%&eptides that test positive in the
MHC bi ndi'fl f%&?ﬁ“&ﬁ i X8l PRVElope antigens £ i ¢ CTL responses are referred to
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as possi bl dthdd 3¢ cbhveARhN BLdd 3 UBYRThARLd - Lologi gal
activity of the |large pepti ql%. V\hg%e%os&%ﬁgl%tg&%igd tgg&c‘i%%?'r ggﬁo%gt?%&’
optim ze pbpnilgeis agd eandeidelivered diveatly, as Treirgd PN, OThis apr@oaultiin descaibid)

gy sppes Aueered dnea lin descal

et i dos 4P ESRBFE aB T s fuSebista A B ARSI B S S8 prreren.cs on

the cell 35805858 and™3p89,866 Trubteis Aadgos! ﬂ&%@ﬁ?ﬁigﬂddm%ﬁ%gﬁ@@ fied as
., |

necessary to provide certain desired attributes, e.
phar maéol disiizeny asisiesertheds fos instance,iin{U.8. Batent dlos 5,204,863 aParticles tomptisgdni ng

-subst ant i i ol ogi cal ,activi f the unnodified 25 peptide
2o bi nd t e 8 DR ek Bie-Selies ARGERNELY SN A3 Bh RO T Lo e aled, Fictror
i nstance, dsholdgpticResThayudiéc asilh 841 alb@by 8811VeHR oRPNARE to SARiAS

gt
substitutions, either conservative or non-conservative, V\%ere such changes
ni ght pr ovGoEWORBES, sueh 25 qatigrie dipidsg ddpidrmediated gesedelivenymethodsrare deeeibbC

Pest dug wihISAREE B WHDENAIT (vt S 00%6dc] MR R Blecil (DB 1 T
e.g., lone ByTedphples 6(7)e6826%1 ; Rese WD tHIENo, 9,972893;Wb891/@'99§@ Iféi@ roo
has Qdy,; a - %ar, Ile,

another. The substitutions include conbinations suc
Leu, Met; ¢Aép (1987):PragdVatladgad.Ssi. USth84: T4y 3-74M.gThepeptideeof thy invelition ef f ect

et ! ; PR ope : e
Such. modt 128 B SUEty ddthlu A8 oI lsy R g DErRE o8 it LB 04055
usi ng wel |aphroach ipebtdsdiee sserfivacdifia Mirs a§lH vestor @%xﬂﬁ%d%dg Qecﬁlﬁgces

Merrifield, Sci eémﬁeZBZ; 341-347 (1986), Barany and Merrif
Pept i des, that socodethe prplides o6 therinvengion. Unox introfiuatieninto #r aswdly opp. 1- 284

(1979)5 angrodi ; &? ' Peptide Synthesis. (Rockford,
I11., Pierce), 44 lgfjéjé |hggd4§},lnﬁ°§%¢”%bf?§?§§°%¢gf' 58 ?-/P@EPYFé‘FEF%‘.g’N% The
pepti des capressesdhe Enmonbgentcheplide and tigkretsy dlicits @ BbQTTIMELspSRe CYARGUNA" S

am no aci dvegtegsuen e, edg. liy the addition or deletion of am no acids. The
peptides or A a?‘HG‘?eE?P e filin Spmupizatiompratasslsiee desaribedsi, &g WIS Paieny t he
order or Wﬂm2§8mi&53ﬁ%té@h&f j i ty haj adidl reci ated that
certain amno acid residues essgrrlltqlﬁjaﬁé&?ié)r}cebl 0 gigePg%{t&a{gh%f%ﬂ . g., those
at criti cdfalwgie Sweris). tREGorectornare destibd it Ssivetiersal. (MAMrg8FBASEMgo Not  be
alter Wi adverse effect.qn biol ogical ,activity. The non-criti cal
ani noggci éiéﬂggﬁc&lg% °¥H°ﬁ§*?‘i erte’éﬂ?wg"éel?f’&t dy Wideyvagiety o otheg veetorsrusefl ns,
such as L-for thetapeuREhdisinistatibh6s fmmhmkis MG o {{EYof Jiog-natural
am no acids as well, such as B-y-8-am AR fs&gé%qtﬁgla@gﬁh%e&ri vatives
of L-a- anissbngrslladyphivppiorsandyhe like ovillde apparpeit itchss skilledistheaharanignoe aci d
substi t utiQQs; og ;iﬁ:npl oyed to determne the effect of electrostatic
charge, hy roﬂﬁ{) icIty, etc. on binding. For instance, a series of

positively charged (&pgferréd/mesis O‘Na%h%teﬂgg &léﬁglaé’idggx?r{?gﬁ% éé)??%’éﬂdreg\?gél i ng

am no,.gci d substitutions are nmade along t ength o
di ffefent BHOVERtion Bies gunigeng qAnsiyuets sroodingumuliiplespitfiesraftleciuv e@gioandrol cel |

recept or S.crdafe A4 kO L Jod ubst i tutlons. usi ng. snal relatively
neutral noi et egig%(%: ggé%xfg?&ég ﬁe s'gie&ted;(?hg @ltcmeﬁfrﬁlgggqnggfoa GERIEHA Bl

enpl oyed. hvhenselis ith¢ athinonsideeyudieed ofbie @it o8 BfcSre s @R atsd. OAthgﬁﬁr s. The
nunber and %éggﬁsﬁﬁg{%{[esi dues whi ch are substituted or added depend on the

spaci ng néegd WESFeEiosBHds te cedon ehoicefor each amrinb ewidt Zhesefepitopé-onal

attri but egnydigh Eads : .ophobicity versus hydrophilicity).

| ncreased bi ndi ngﬂz‘i’f??ﬂ?i'ty fa'gfdlgeﬁﬂxlgé%%ﬁ%ég’iﬁ?%n%%/mfl%?&?‘fspr Bﬁg? may al so
be acBPevéequepceun optimizeiexptassios andbr peARRIgRsicit), AddRicahl dlsthénts 84n bde
parent peptide. {ega"gy event, such substitutions should enploy anm no acid
resi dues OV OBYHRIEd BIPdhemipsege t $xamplss of awinpasidisequencedhaiwpild best eri ¢

and char ggey i i i inding, ... Ami_no~aci d
substi t ut iQ?) nfgﬁéﬁgﬁﬁ:@éwgﬁg?ﬂﬁ% F@“ﬁé@%ﬂ@%ﬂ% é}gﬂet ﬁﬂeﬁﬁgé’ma’%?%ﬁ ons;
i nserti onspdepesny leader{siganl) sequches, and aneyddptasaReiitioadnt Rteafibh ¥ignall 1@ fi nal

30 peptide. Substitutional variants are those in which at |east one residue

of a peptide has been renoved and a different residue inserted inits

pl ace. Such substitutions generally are nade in accordance with the
following Table 2 when it is desired to finely nodul ate the characteristics
of the peptide.



™ Substitu

23 AUG 2004 PCT/ US04655 WD 01/ 62776 TABLE 2 O | gi nal Resi du&él a Arg Asn

Asp Cys %(g g@é Hs Ile. Leu Lys Met Phe Ser Thr Trp Tyr Valk PAYGEM®ND! ary
Y /76 Lys, HHs A n Gu Ser Asp Pro Lys; Arg Le‘l‘bT)l’,%@/MﬁQ% Val
Arg; His Leu; Ile Tyr; Trp Thr Ser Tyr; Phe Trp; Phe Ile; Leu y

Substantial changes in function (e.g., affinity for MHC nol ecules or T cell
5 receptors) are nade by selecting sub$4 tutions that .are | ess conservative

gL o PO 8 i L B
pepti de hiagkpelyealatint)her mteallpbedutting Sbstihg lduektces hdfacet ddeacAs a sheet or

hel i cal conformation, (b) the charge or hydrophobicity of the nolecule at
the targetP!€P¢%e or (c) the bulk of the side chain. The substitutions which

in general are 10 e : t..ch | n peptide
properti es will be ?Egggﬁgﬁﬁﬁeﬁ{éﬁ%?gc%y Fg%ﬁﬁt)ﬁg l?}g%s?%gg:ﬁn%_ g.seryl, is
sEbst :St ;Jtcérglohmle?mﬂeshhat ertcdsdeothl e?lt;rsbmd nnﬂ_ﬁ% sitmﬁs efthe -mihfgulﬁé’.' ?vérﬁpbﬁ%?y|, -
phenyl al anyl , va (o) yl; a residue having an el ectropositive side
Chai . QfzonpgiEptdestiprtoP Bhess 16p sremmieszed mboephimiclear BIeady) an

el ectron | | s 776, R 00/ 04655
gl ut anyl e%ﬁ%%%g? ?é;/r: &Bgorp T?Ee?cogdlrtg)g |s égigé@\}ﬁ%%%\@gﬂ%%gl eeng ! f%{% e.g.
pheny! al aligoanclestidastast jdinsdadifgoT4 DA Hydse0 Mhid@intHeay nflfigand el dik@ine.
e.g., glyé,hﬂe.. The 5){& tj des y al so conprise isosteres of two or nore
resi dues CREOPHRRL %é’ﬁ‘lecc ¢n elanedrintq & desiterd SXpreswI Verdal- here i s a

sequ e of two or | i fox a second
sequgme because thg%ﬁg??gg‘ggﬁ%ré rutgl?ctgﬁ o?@ﬁ‘é’ﬁ?ﬁ%%@%ﬁ%@% ¥Ca
nol s pept | flo backbone modt L oot ons el Lt Lo horgo bl
i ncl udes peptide backbone . nmodifications ywell known to those skilled in the
art. Sucht%ﬂ’glﬁﬁ‘fia(?éf’%%“f%carg@@'ﬁgﬁﬁmP@’&M&ﬁﬁ@f@ﬁm&e@m%;ﬂrogen, t he
a- car bon, p@Avaddaviaabh , : : . Of t hesan,de. bongd,

ext ensi on%,ﬂziae_l gt i@t(k)‘gg%?l Eggﬂ%%gé%g%ﬁﬁﬁ@ﬁm%n%e? Cgo ‘neteat Pe, Spat ol a,
Cheni st r yrenhehti®noenrben £t eofi sslectablemmarker (sg. apaptillies ansmbeiareifsceyol . VI |
(Wi risstei ed. 1983%%. I\/bgjific gol s of %)e???des wth vgri ous .an%e%/o acid
M reties. SPEGHNE BETEPtem R b sPd Lor I8 PREIOSR. G- ciie jumee piomeRalpvevoas ng ¢ he
st abi |t yoMYYprapenti. Cieel 0.9/ Patent RoRD3 Sdd Yo I%ﬁoﬁf@ﬁ%?%g{‘gﬁtag nber of

ways. For instance, peptidases and various | ch as
human pl d¥RBIOEAECERANEPS. have been used to test stability. See, e.g.

of the pepttaes of et Ied AORRIR e B e i ompraiee smmERT usi ng o
25% humarexpesssion (@ud VA gdnicify) CntoRieaeds, iﬁ:&?&%&ﬁxﬁ’e&i@g $BlclYGencPo0! ed

human, serum ( Type , nhon- heat inactivated) 1s de Sy _
cent ri0f ugBPTERIoBASE ene pyanoreisymtheticpn natutaHpocdirting éfrons caild28% wi t h RPM

tissue ¢ iz t.est .pept.ide stability, At predeterm ned
time int (La]il‘r’l {:/cgpgraa srrgq @@grr%igc%ﬁ)eg? e%‘%%ﬁ&’ﬁr\mﬁﬁeﬂ?'i evngup@mﬁuggd added to
ei t her 6%tahjlization sequenobcamcaid e @misided fBF aral; i Cly

sanple is cooql 3%6%8 f%{ 15 m nutes and then%%%@%gg}éf@es%ﬁg' gt
preci pi t FPETN, Rosed thet immunostizydatory sstucrices GBH¢ omiEpGH)plasherole in

o ot oot Bt REURE) OIORA bk Adke IQREEL AR Shltufod h the vector,

25 outside the minigene coding sequence, if found to enhance immunogenicity.

In some embodiments, a bioistronic expression vector, to allow production
of the minigene-encoded epitopes and a second protein included to enhance or decrease
immunogenicity can be used. Examples of proteins or polypeptides that could
beneficially enhance the immune response if co-expressed include cytokines (e.g., IL2,

30 IL12, GM-CSF), cytokine-inducing molecules (e.g. LeIF) or costimulatory molecules.
Helper (HTL) epitopes could be joined to intracellular targeting signals and expressed
separately from the CTL epitopes. This would allow direction of the HTL epitopes to a
cell compartment different than the CTL epitopes. If required, this could facilitate more



“ than inprove

The peptides of the present invention or anal ogs thereof wh'?%h @@é&aCTL
stinul at i\ﬁéogﬁiﬁ&/i ty may be nodified to provide desired att 'bﬁ t her

i serumhalf life. For instance, the ability BETtiseo/qgugss i des to
i nduce CTL activity can be enhanced by |inkage to a sequence whi ch contains
at | east one epitope that is capable of,30 inducing a T hel per cell
response. Particularly preferred i mTuno2 eni ¢ peptides/ T hel per conjugates

are | i nkegffieienteppofHTIRpit6pdsdnto EHE VDG CREs Il pattivlys tiletehy sRBRviSed TR
relatively small,_ neutral nolecules, such as am no acids or am no acid

ni met i cs, mdurlion. dneoalias takilildndyctioncivseifisalludrsesasingfbs smoynerespanentiyt i ons.
Th VDL £ 01462776 USQQ/ 4655, .
s6lected PrshpEidPbfimtongoiette foldtutllcl TE* I hal b bomeieb i @rain o

aci ds or dpeiseal polar amino acids. It will be understood that the

optionally present spacer need not be conprised of the sane residues and
thus ndly be a het er &N°8AN KEPRSSHIT YRSHRIS sabenied, theanimigene indongshato th@j | |

usually b . . L . . 0. SIX 5

Fes; duss. DpHiakEEkoAGwAlCHE o 68 bl Ger BSHHSHRL i babotbied Rl O,
pepti.de waphopitiate £S5 palt sirain, aldeDNATE pageaitdasingBtanderdteshnimeb.i Thed to the T
hel per peptide,eith I rectl r.via a spacer_either at the am no or

car boxy t SPRRANR & lbhl “éﬁEerﬁé;S’? theaminigrneqss well asalhothereloments inchided fre

I munogeni Ri1 46 c8hifidaa ki : e’ I .. Exenplary T
hel per pegﬁ‘gﬁs ’|nclcu gy. etu-agh S tagi%@gﬁé ﬁég@&b?ﬁf%%g%g%é "%&915319, mal ari a
ci r cuir® poBazieiitlkcels hadofing itk Q@rRcBA9smidldan He swreidzarknasatcellibankayd e

desirable to . nc[@lxgg i n the pharnmaceutical conpositions of the invention at

| east one WOBKP8SEMPaMhi ch prinmes CTL. Lipids have been identified as

agents capabl e of priyai q B4 M ' A i .
exanple, palmtic aél;hg}a?ggﬁ%dgﬂggén(‘/ é@?%—éﬁ?@ﬂ%ﬁﬁ gﬁlgneggagfogégi ‘on
ani no gr oepk, followed by puaSiation. ddnjubtsefrorh ithdeestking. (@1l bank areaed & inoBIlgte

i nki Bsi d .as 3y, : -.. Ser, Ser-Ser, or the like, t

e o2 RSN (il T e eaton et ket o1

a ni cebl an HietedBtorl NESIIRGS BLRSH k¥ Rk Ofﬁa&hdgiwk%% bggm{iﬁec?@siﬁgj uvant,
ed ‘enbodi nent™ a

e.g., inconplete Freund's adjuvant. In preferr
par ti cul astapdard bigseparatioetechrnlegioesuch aspolicpmspatini-ekchange rhsius sapplizd t 0

Ser e PR Riag o0l 3RS olled R, vk ol EpBRe foe hralagagdne, © ¢
exanpl e oflinkargforingnsing pe ebtdctiGFhoresis BOREESmetRodSO! i | 1 poproteins, such as

tripal mtoyl-S-glycerylcysteinlyseryl-serine (P3CSS) can be used to 25
prime virus specifi cP‘@ﬁed\/mésmléé?MA@m b praparedfexinisstiom using a v pri¢tytof

pepti dg. 55 S - 561- 564 9%%. | rporated herein
by refgrence.ulgeptg‘l gieqé s%*pl?%‘g??%geei%:}%%o Sé%\‘ °%85$'8 %lg?ii ﬁ@%ﬂg@@ ®for

exanpl e, ghdsphhte-tuiffeo paljrtei (@B Sd A waristyesfageth@isdave Bebndeddtited! asRei fical ly
prinme a L resgonse to the target antigen. Further, as the induction of

neut r al i zivFPUGHES Ha¥Pecomspyailabls. Y notadabeveinupleR3css asveguygaiently t o a 30
peptide Wihshiige®RhiR)atiGc BBRISORS Lad: ' wqe b two .conposi tigns can be
conbined to nore effectivel @ el %?@1 %l?’%l%c(éﬁg\dg’l f{{gc}%?mé:é}pp_s i B?é&fes
r esponses and compewsids geferred to collectively as protective, interactive, non-condensing (PINC)
25  could also be complexed to purified plasmid DNA to influence variables such as stability,
intramuscular dispersion, or trafficking to specific organs or cell types.

Target cell sensitization can be used as a functional assay for expression
and MHC class I presentation of minigene-encoded CTL epitopes. The plasmid DNA is
introduced into a mammalian cell line that is suitable as a target for standard CTL

30  chromium release assays. The transfection method used will be dependent on the final
formulation. Electroporation can be used for "naked" DNA, whereas cationic lipids allow
direct in vitro transfection. A plasmid expressing green fluorescent protein (GFP) can be

co-transfected to allow enrichment of transfected cells using fluorescence activated cell



~ coupling

Iﬁ addi tion, additional anm no acids can be added to the ternmni of a

peptide t ide for ease of linking peptides one to anothet3d AUy
%&gﬂ%zﬂ?i er support, or WO 01/ 62776 23 AUG 208§FPCT/ US%’ 04655

| arger peptide, for nodifying the physical or chenmical prop&ftUS8¥04¢ss ¢ he
pepti de or oligopeptide, or the like. Am no acids such as tyrosine,
cysteine, lysine, glutamc or aspartic 36id, or the like, can be introduced

t the C Q& i id [ tide. :Modificati t th
S term SR IERCD] heil o B ar OB Lot Y B i Red o esiocinr
pepti de. lepitambaiptecifiv, CThéinpe pCirbeysy, d&ééte@sﬁsiCﬂl%1e§§|é}H§ma§a$§s a@?g%aio f 03: from

t he natural 'aeéuence, by being nodified by termnal- by
al kanoyl 3@’} 636?&?;59?#6‘&%8?‘%‘;«0&@@%@?%&er m Eal -car b_o]>c<_yl ?m dat i on,
e.g., ammonia, ne I Em d one i nstance se.nodi fications may
pr ovi dse sites for Ii r%%i%ng toﬁg&gﬂlﬁg%?stg%Fo%‘fWO Ifl%ﬁ‘lnét.mna tFstRBobept i des
of theSi nvenigensn DA firenyiatepsr Guarisperic Wickexvadskiah % ?@Hﬁf of
their rel ati%/&% short siz&, 1 h@ %g}?ti des ggns eésgﬁoﬁi‘g@ix?e In"solution or
on a sol i PYULHGAT FRMNRiZSH Wihctbe BN A prasiiote ifliesioat androiuts oflrsinitrmfionls

aut omat i C .5VRHARRHEA ' Vg I nd can,be in
accordance W %1% %ﬁoﬁé%ﬁfgggmggb%&@%ﬁltgr ﬁgﬁme@gtﬁi&ng, Sol i d
Phase PeptlivtatySyme daysiafter fimuaitatior], Spleh6dyea ORIV ERd SR tedJHP1 2-

 fedt
Al ternativel econmbi nanf DNA technol ogy may be enpl oyerﬁ ereln a
nucl eot i dé"%%éfh@ﬁé’éeﬁﬁﬁi’% Reptiggtencading eacnenjtope beingestate THesé affegtestellss

i nser{@d (OTDs)Hre 83ALES & : hansf.o dar t fected into' an
appr opr i a!t( e ho)(’saiiti cel? aﬁjéggtuo?{fsﬁ%/g{peeghéﬁg)@ © gﬁﬁ%@?ﬁlﬁéla%?kgﬁquetﬂ@}ls

expr essi odsinggtasdardrtecimiqiess Lysie of tangst aklly/seksiaye ByMEE 128 df e?ﬁ es
descri bedcﬁ&gr%il ti n..Sanbr ook eé al., Mlecular doning A LaBJo a(tiory
Manual , CSP 88 Hé HPREFIpFRcoded epitopessdemenstuates BEVA vilssine/fmkctiér 833) |
whi ch is wheodidiRetish@dCTeisei n by reference. Thus, fusion proteins which

conprise ene or nore peptide. sequences of the invention can be used to
present the appropriéAbidgenicpeptidepimppe used¥s dlibe m@éﬂﬁvé,eﬁ"b?&ﬁ el"dﬂqgr
t y

pepti gdes ] n cont | ated herein can 25 be synthesize
chemi I(::lsail fefg%lftﬁlﬁquu@é’%ag 5F “éi‘gf%‘r“éff chrquicinfsstionst(virdsurdactesslh oritumiord/h t eucci
et al., Jpatidts thledo S1G d : i.fication can made sinply by
subst i tut]ipng tshe appr op??pg?es%gglgéﬁé%n?ﬁggogngﬁ’?gﬁf*ﬂ’a’ ?ﬁ@qﬁ%tirwoﬁéﬁﬁi de
sequence. & IFRIAEG@PtIge 3ppgestt ef harapy.hER vh® OTDvésgessckd ﬁ‘p‘ﬁﬁeﬁlﬁp bitfibgenl 1 Nkers
and |i gat b i ectors .c nly available."in the art? "and the
vectors U@Sbﬁﬁtﬁﬁgﬁﬁ’#’gé&@ ﬁrﬁllgg"}?nggtw Ipybptingiingissucaltestheed f usi on
prot ei n. peatient'HETLqfrecirsdy celE [T b SteSystens are no
avai :@bl 2@6;: r apﬁxgggsi on cof, Ehﬁ)ﬁg%é‘?#g?%%%@% é%aélﬁggﬁprﬁéerg@@&@ ge will
be provi i3t 1BpEPRIBPYateiimrERogetds pepridd. Nepan @Ft6Hrat FRTBAE GRF
term nat oftydiedl |i cation systemto provide an
expr essi ce)gf \}gcg%g?fvgégﬁsjﬂ W&%@@%éﬁp&ﬂ@%@&n@mm eUBBE intexpr essi on
in the desffectoat J|the eellstars infudedrbagk : uences canpati bl e

G RS A

with bacteri.al ,hosts e.provided in plas

restri ctis@ﬁ"lﬁf’ltggetf‘iﬂlla(r@ﬂé&?qe@ﬁelbﬂrahlmomsll}.ed codi ng sequence. The

resul ting expressi oppy oS %%]ltor sformed into suitable bacterial hosts.
Of course, yeast or ma an cerl HEHsE gBoskic sergsatsy Feriexample,ayi ng

sui t 81 e Prplidwekthaiuvention nuy wagye A @fermidd e Qﬁs‘&-i;ﬂﬁﬁtﬂ# a'; *2”%? ‘p,'ge sent

inventio rmaceuti cal, and vacci ne conposi ttons “t here #e useful
for adni 2?@?1%3% %ri“ ?%?%Wﬁ?ﬁfég’é{‘enp‘&hlﬁh swploys yhepeptids or telutéd pepitides) dha kRl event

viral i nfresgtbeie! ICAERVineG : f. di seases, whi ch cap  be treated using
t he i munogeni ¢ %@E%i des%’o?g%%hlgggg ?%anwef%aéwpm teRNELRS A PEIgnOsis

Ihepath i ti dofxn affectadsi dtjvlciﬁh]t.al-chx #dditfon, ﬂ?wptia@srzﬁhm@@be &b PRI GHIGEN O,
ymphomey;, (dnaE Gifi 4 Sulstntial ek for dngQmpmg chronic infection.
30

The following example is offered by way of illustration, not by way of
limitation.



For pharmaceutical conpositions, the immunogenic peptides 251_ the invention
are adm ni stered to an individual already suffering fromc 8 cAUGH 2004 nf ect ed
“with tweovisass of interest. Those in the incubation phagerfioddyesacute
phase of infection can be 15 treated with the inmunogeni c peptides
separately or in conjunction with other_treatnents, as appropriate. In

t herapeutic applications, conpositions Zre adni ni st ered to a patient in an
amount sufficient to elicit an effegmﬁpﬁgli response ‘ta the virus or tunor
antigen and to cure or at least partially arrest synptons and/or
conplications. An aiiassil aatipeissletibrowascaripd bathasidBiibes inlekirla@das

"t her apeuti cal I.g effectjve dose." Amounts effective for this 20 use wl|
depend onaPRicglons, H@tegéb?Y%é\IWﬂqqeﬁfi peplidesgrane thepfsodaied andst r at i on, the

stage and It .se i : el nd_gener al
state of PAnrRGd d?'gr’\cé{ Hégtt?ééﬁ't gﬁg‘}}gﬁ tsﬁg‘“}iﬁﬁ’g"%@%{’d %%%@%?é%c?%ﬁgﬁg

physi ¢} anandguangjitatinedlinding assgys Were carizdionk.t i al i nmuni zation (that is for

t herapeutic or prophylactic ihistration) fro bqut ug. to about 5000
u.g of peptide for SﬁgT&l@%@&?@%ﬁlh?cgﬁo_gﬁ,&f%9%&2;%%1&%@@§c@f from
about 25 dedhiehiéhstord AAMMbEL O arigeR whiRRhhN S itk it REsehle &f ﬂ@&iﬁbﬁ"@. regr men

over weeks to nonths depending upon the patient's Tesponse and condition by
measur i ng Tepledi nrpeideTthezesultsiof theseisqanchepaitiedattér s Thtepoments norfeirinebe kept in

m nd that the peptides and conpositions, of tF resent invention may .
general Iy be enpl oygﬁlei og%?)f%- esgﬁfga’é’gé&&ta%&?fateﬁﬁ? mventiqn hug not ierlirit eni ng
or poi@nt iakéopel 'dtﬁeltWrﬁﬁis%f'ﬂﬁ@in%ﬂﬂb%%ig%gggic{}@?g'ﬁeﬁ?t%eo%e of Blt'cﬂﬁl sgf the

30 m nimzation of extraneous substance ative nontoxit nature
of the pepnthgast andtare enqomapsisssiddythel appepdedbelhimst  Alkpublidatiens)pateits, dndeat i ng

physi ci an bnister.sybstantial excesses of.these peptide conpositions.
23" AUG 2085t%9@p(%f’%€°f‘f6"m"g F%S%S‘Egg?mmﬂm?‘ﬁ.é}’ 5%58{%?% use,

“adm ni stration should begin at the first simgpeaf viral infection or the,
detection or surgical renoval of tunors or shortly after diagnosis in the

case of A&88pHde nfecti chd Thi s Sequemtd owed by baBeiréeng doses AMO201 at | east

hrecti ont/Pai ng dosos b ol [ONBISY boost| ngdes mmy beoPLfli red.
Tr eat ment ’361‘01631 i nf ect®d i ndi VNESBSCHALKI t he cogpg_,s@tzi ons of o.b_lpg_)i nventi on
may hasteq égzgl ution of the infection in acutelé i nfected individuals. For
t hose i ndil¢ |'s susceptibl e YEPCHNINYposed) FBALOSY90pi ng0869Dni ¢

i nfectionbhgogonposi tg ons ar egpmpplar |y use .9@@‘3" hod

preventing the evol ut igon. fromsacu € to@chr oni c‘géij"loll% nrecti oné'oéﬁ%re t he
suscept i bl1895.8di vi dual® are | dBBHPPPGERVpri or t op5y.14902i ng i nbeatd on, for

i nst ance, scri bed, herein, ition can be targeted to them

i ni ni zi ng@igg for adfhi ni st raﬁ&&%\%ﬁf@%arger Pobld%tion.  §R866%epti de

conposi tiqng3zean al so e used f(RLPEF@UWeat rrent%ﬁfz@@ oni c b'blfl%.ti on and
S-1

to stinulate the i Mmune systemto elimnate vir nfected célTS in
carriers. 138308 is i npdrtant tALDESOMFBOVAn anoupd3.l@9B7WEINO- pOR6MT | ati ng

peptide in forml ation and jnistratjo ficient
ef fectivel %/ﬁs:”fqgrrul ate % cyt ot gg?‘?ﬁjw r esponk®: ,3 foxotltlé(gt ment of
chronic inBesogon, a represent BUTYRYHOSE IS In pheojorgevaf glayy 1.0 ug to

about 5000 ug, preferably about 5 ug to 1000 ug for a 70 kg patient per
dose. | nmldr2il8g dosesl@ol | ovveBLBQQgBJBM ng dosp$3.W8L&st abl i 19641 nt er val s,

e.g., fro to 20 fpur week ired sibly faqr pr ol onged
period of ri]tsl%ﬁr]r'ggto effeg#i vel y W@@@ﬁ@ﬂﬁd. VP%I?UQ#)GS In the8(992§3 of
chronic irf3@sBion, adninistrat YOUCNSSCMEENt | ngss padridvat | aspboc! i ni cal
synpt ons or. horatory_ tests indicate that the viral infection has been

|
el imnate 33?’%§ubst antlhl 1y abBLOREPYCFRY a pepdDIOHRMHaf t 80620 The
phar maceutjisgalgyconposi §i ons fo tic tre are in d 25 for
par ent er al ,3 '?ggi cal , o? al or | O%@ﬁg@%ﬁ% strati g%ﬁ# ef er abl yﬁitqﬁe
phar maceutli32al0lconposi #i ons ar RIPENAPEV er ed papShesial |y, e0@640
i ntravenousl.y,..subcut apeously, j.ntr rmal ly, or _intramuscul arly. Thus, the
T280des conp QWP

i nvention des composi ti onSLHARP ¥nteral BBl rati of- h
conprise a338lg4ti on ofgthe | nrr%(mﬁivqﬂquti des A &g8l11800" Omggended in
an acceptable carrier, preferably an aqueous carrier. variety 30 of
aqueous carriers my be used, e.g., water, buffered water, 0.8% sali ne,
0.3% gl ycine, hyaluronic acid and the |ike. These conpositions may be
sterilized by conventional, well known sterilization techniques, or may be
sterile filtered. The resulting agqueous sol utions may be packaged for use
as is, or lyophilized, the |yophilized preparation being conbined




23 AUG 2004 WO 01/62776 PCT/USO0/ 04655 wth a sterile soluti &C@g or to
adm ni st r@,td@qSE 7The conpositions may. contai n pharmaceuti call 5;0 p28b| e
Tauxiliary su &8ces as required to approximate physiol ogi pat/ySeakid ons.,
such as pH adjusting and buffering agents, tonicity adjusting agents,
wetting agents and the like; for exarrplg sodi um acetate, sodium |l actate,
sodium 5 chl oride, potassiumchloride, &1 cium chlori de, sorbitan

nonol aur apgptidd | €t hanoh AN ne of&flefice €t C. The ntrationpe L
stinmul atory peptides of the invention in the phg?q?rgﬁeuti cal onP%ru ations
can vary \I\Bﬁgﬁg; i.e.,9from| eKEABIMHEBbout 0. IMAGEHAIIN2 at 08650&t | east

about 2% much asy 20%to % re by wei and wi sel ected
10 pri narf‘?%z‘?@i/ flui dsgvol unes, é@ﬂé@%&@es et cp%hh‘? ccordah@gSQ\/i th the

particul an3p®de of adm nistrat KogQERUEEVed. Thespegpiriades of glohggi nventi on
may al so be admi nistered via |iposones, which serve to target the peptides

to a partil@8f tissue) such aBLAPMIARY tissuep5u68L2iYet ed0SH86@ctively to
compos 1 925D pasomest) ncl ude CEA SBAQY  oamsb hitel Ies. | ROUERbTe

nmonol ayer 4326.08ui d crystal s, pHOIEWRRYd di spe%g,mz | anel hayighayers and
the like. In these preparations the gepti de to be delivered is incorporated

~as part ofl389-0lposome, 1lal one oKTYRED¥GERE: i on with a nol ecuP®ORBi ch bi nds

to, e.g., ept or val ent hoi d ce such as cl onal

ant i bodi esﬁ%#ﬁﬁgh bi ndp{(g t he Cﬁé@%ﬁ#@ or V\Pﬁjjoq her 20 9@8 peutic or
I.Munogenilg2¢.q4posi ti ohs. ThusBQLAKEBRYS eithepssiiidpBor deggapgted with a
desired pgsti de of the invention_can be directed to the site of [ynphoid

“cells, whéP®dfe |iposdnes t heBLEAKTREVt he sel p2.835BI1L2B7 0.1100
t her apeut ilgéb‘@?mnogen@ pept i d?am@fti ons. Lbﬁggﬁms forwni%gﬁbn t he
0 p

i nvention are rmed from standard vesicle-form i ds, general ly
i ncl ude nddB0.82 and ne®ati vel yQiiGYsdGVhosphol CpiadssIand a speneh, such 25
as chol es# Sg&fl The sel ection of | iiig\cxis is generally guided by -

consi der atPo%08f, e.g.9 Iiposofy CPUNSYcid | abCEA:36%nd st aBi0SI0y of the
| i posones i e bl oodg stream J of nmet S avai for
prepari ng IF?%S))EOWES, g)s descri Xg(?@r@hfge\yg , 320@%699313. , Anhﬁlah@v:

Bi ophys. BB3@Ag. 9: 4679 (1980), AUVEGIMIGENt Nos. CEAZRT, 871, 403Qd¢ 728,

4,837, 028, 5,019, 369, incor, d._herein by reference. 30 For
targeting 113%&%(3 i mmune cel | s, Agx{%ﬁﬁyt o be ié@éﬁ?ﬁ?ﬁét ed i 5600 he
|'i posome qago.pacl ude, g 9., anyilasblsspef f r agnpgis 1tlhereof 6%294)fi c for
cell surface determ nants of the desired i mune sys‘% emcells.” i posone

suspensi oA38&APai ni ng ¥ pept i d¥LEGPBRPEYN ni st EEAd4i1MI0avenowghy, | ocally,
topically, 5 1N a se whic i WO 01/ 627 23 AUG 2' 004

PCT/ US00/ 3i§£~§2 accorgél)ng to, ﬁﬁ*@;@?%{ t he n&%n‘gfv%f adm ni stration, the
pepti de baBaposiel i vered, and tpagztswEsppf the gf')gs;@ﬁl being treated. For
solid conpositions, conventional nontoxic solid carriers may be used which

i ncl ude, f8#1.84anpl e, Phar maceALMILSPRPYdes of pifMRADV9 | actose, starch, 5
magnesi um ate, sqgli um sac i | cum cell ul ose, glucose, sucrose,

magnesi umlggggénate, %d t he |f’§§ﬁ@ﬁﬁﬁr al adn’?#-&ﬁ%ti on, a

phar maceuttB8RD6éy accem abl e noD{ &ML.SPLOYPOSI ti ognsj.@‘,{‘»f\wed by i ncorporating
any of the_norpally enil oyed excipients, such as those carriers previously

listed, adéPhf8herally 90-95% oPLMESRRAI ngr edi epd3.424®t is, one or nore

peptides qf3{fpg i nventd on,’ and wa-% rably entration of
$ g Ds ra Iﬁ%‘ﬁ{,e i nﬁﬁn%dg

25% 75% —I10 For aerosol adm ni the i C peptides are
preferabl $880pPlied i finely AIMEESFYOr m al ongswit.ép a surfgegemt and

propel lantg oh¥@ical g o RDRALAV KSHV.106 0.0183
38.0015 9  ALLGSIALL KSHV.155 0.0470
38.0018 9 ALLATILAA KSHV.161 0.0490
38.0019 9 LLATILAAV KSHV.162 0.1600
38.0022 9 RLFADELAA KSHV.14 0.0150



per cent ages of peptides are 0.0l % 20% by wei ght, preferably % 10% The
surfactant must, of course, be nontoxic, and preferably sol LﬁﬁeAU(nZMIQe

~ propel | ant¥0 (ﬂéﬁ??@sent ative of such agents are the esters or partial esters
of fatty acids containing from6 to 22 carbon 15 atoms, s TE80004¢560i C,

octanoic, lauric, palmtic, stearic, linoleic, linolenic, olesteric and
oleic acids with an ali phat| c pol yhydr|%9 al cohol or its Cch i ¢ anhydri de.
M xed est such as qu xed or gl yceri y ‘be enpl o The
sur f act an?‘g%l;dy‘e const i t'Ut‘e 0.1 oby wei ght m con‘poertsx %fp

pr ef er abl 980025 5% Tie bal anc‘éLSKCtImﬂV conposgiwss s or di magad v
propel | an% ‘ﬁarrl er can al sqg he included, as desired, as with, 20 e.g.
| eci thin ng]Z tranasd deli veﬁ*YYHIV Kdnot her %@E&tl%he pr e&6447 i nvent i on

i s directagghggvacci ngs whi ch goi S an act igredi e

i rmunogenlgcal ?%/ ef fective anount O%Ig“ngL mnoge%‘%‘/lgvlpi@gtl de a@'ogbglscrl bed

herein. TB&002Pti des) Smay be iVLCHBAEY into a kgEy.210nc udi mgsdimans,

| i nked to,_j wn carrjer or honopol ymer or _het er opol yner of active

pepti de 2§h1t9ﬁ§fs Sucl a pol ymcﬂﬁe advantledBVei68i ncr ea®8e00

i mmunol oghgah3%eacti oy and, vk feaent peq&§ﬁ§szc§§re usegi ? make up
' it § BT

the polyner, the additi onaI abi ity to i'nduce an I"'es and s that
react w t B84039er ent &nti geni cGHOMTRIGAFMNt s of KEKEVVIF us or o.ommg cells.

Usef ul are kno art, and include, e.

t hyr ogl obaB10§4 al bumi rfs such%ﬁ@bﬁ&‘é’é um al HEHITN, 105et anusoﬂb&bl d,

pol yam no3g@pgs such as 30 polqﬁ Wut am CK§ﬁ’Vd1) i nfl u(gﬁéfaq hepati tis
h

B virus core protein, hepatitis B virus reconbi'nant cci ne e like.
- The vacci A890¢2n al so Scont ai n BLPAAIFYI ogi cal | yKSHEWerabl e (aggegy abl e)

di | uent sy wat er ,, phospha ed saline, or saline, and further
typically gﬂgﬁde an gdj uvant . Aﬁ&f@éﬁ{@ such aIgSHNeléﬁpl ete FPRUhd' s
adj uvant, 38,0886 AUG 20@4 WO 01/ RiHGRPFEAUS00/ O SRV 1a7bum nun&a%%sphat e,

al um numh droxide, or alumare materials \/\/ell41§n0\/m in the And, as
ment i oned38884%, CTL PesponsesREYBAGNILEL i med byKSHNj17gat i ng (DIGIEO des of the
i nventionsk@g ggpl ds, uch as R T;fléﬁﬁn |mTun|z tion wth E)e({)tlde
conpositi on a?” descri bed her ei j ecti on o981, or d#-226% ansder nal

or other B®&00€3 the i®mune 5 smg,mgfgvt he hostKgIgg% ds to dggoovacm ne by

pr oduci ngﬁégbgﬂe armunts of CTLs specific for the desired anti'gen, and the
host beco | east “parti al IIyLL Wo | at erKSHVEOS6i on, 0002781 stant to
devel opi ngg ghgeni c i ngection. conposi ont ai ni n t he pepti des
of the i nventfon are adm ni stere r}g\lpatl ent L‘é@i’e@u bl e tQa B0 ot her wi se

at risk of3.00T&l infedtion or AEMMJLAEI 10 el i aidrrensh Mmune g4 gsponse

agai nst t?g 8’5‘%‘ gen a d thus e@{@&f the patient's own i nmune response
capabilit 8 uch an am)unt [ A0 be FSHViil6ogeni®@Idy effective
dose. " 1n3gbi$ use, the preci agal n on the ient's state
of health and wei ght, tghe rmdg\geL a m ni'strati Wﬂg nat ur @%”t he

formul ati 01& c. | buﬂogener alYHYHPRLGEI f r om alpmmry 70 ug t @ phpgut 5000 ug

per 70 ki pati ent, nore nly_from 15 about 10 ug to about 500 ug
my per ﬁig{?)#n body &éi ght . %Wtancegsmﬁay be deés9308bl e to
conbi ne tmaopmtl de vagcines gridRdryention cci nes h i nduce
neutral i zj na anti body responses to tq]rggl rus o#{‘#}hé est, a)rV\@lg)ul arly to
viral envd} b¥ antiged®. For LARAEGSEM c or i KNSHW 38t i on py@egpes, nucleic

aci ds enc%j one or,R0 nore of eptides of the invention can al so be
admi ni st er e'%lﬂ%o t he patient. m met hoé{sSPeNé %onvenioéﬁtﬁDy used to

del i ver t3®Ohllcl eic atdds to (AT Qefy . For kRehange, theon@ eic acid
can be dﬁ% b}v{&)ed di rectly, as "nake Th| S approach IS gCI’I bed, for
i nstance, W41 ff et10al ., SEIHBBAMTIAL465- 1KEHV.1690) as ovilb as U. S.

Pat ent 43580, 859;@nd 5,5 nucl e iids can al so be

adm ni s'lt\lgfaed usi ng- ba ?I stic %‘%&&; as de ﬂl for |0n]sgl09nce, in

U S. Pate38.0M8 5, 2041@53. ParMiiSKEPLAYTP! i sedé@ﬂ-@ &R0 be

adm ni st ey ed Al ternatively, DNA can be adhered to partl cI es, such as gold
parti cl es38.849 nucl ei 0aci ds E&VRHESKE del i v &KSHIV 4627l exed) @id0cationi c
conmpounds; h as cagponic I| d- nedi e delivery nethods
are descr|%)§§§:1 for mi anCe %ngér%sn; V\gég\’%ﬁg4o VERIFHG ¥?o and

Goul d- Fogerite (1988) 30 Bi oTechnl gues 6(7):682-691; Rose U.S. Pat No.
5,279, 833; WD 91/06309; and Fel gner et al. (1987) Proc. Natl. Acad. Sci.
USA 84: 7413-7414. The peptides of the invention can al so be expressed by
attenuated viral hosts, such as vaccinia or fow pox. This approach invol ves

the use of vaccinia virus as a vector to express nucl eoti de sequences that
encode WD 01/62776 23 AUG 2004 PCT/ US00/ 04655

i



the peptides of the invention. Upon introduction into an acutcgh%/ﬁ'.ﬁ;;
chronically infected host or into a noninfected host, the recohl Al04

" vacci ni a viVOUH/68Xt6r esses t he i nmunogeni ¢ peptide, and ther jcits a
i

host CTL response. Vaccinia vectors and net hods useful in $on
protocols are described in, e.g.,US. Patent No. 4,722,848, incorporated
herein by reference. Another vector is B8G (Bacille Cal nette Guerin). BCG

vectors arg described ip,Stover.et al.Nature 351;456-460: (1991, ichis

i ncor por at B8RYAS e n by 44f er encRBUEESE de vari et ;i%%ﬂ%t her ‘vecle%)%&ﬂsef ul

for therapegli§3adm ni sfor ati on HLHRQMOSE® | on ofSHvespept i deg kot he
invention, e.g., Salnonella typhi vectors and the |like; will be apparent to

t hose skil B8@16A the ark0 from t RECEEGABLi on 10KREMel9Y. A pPél8Pred neans

of adm ni st,ery nucl ei g ‘aci ds L t he peptj the iRy i on uses
m ni gene céﬁ’gtlsgcts enc@di ng wﬁ?fggﬁ&ef%}i’topes okgﬁ?e?%nventi @ho.el%o Create
a DNA sequgp@eggncodi ng t he sel ¥d{EUYSHRL epi t opempbBIING gene) flarpoexpr essi on
in human cells, the am no acid se%uences of tie epitopes are reverse

transl at ed.39Q086man 15 TLodon usk&& Ti s usedmtpé3<j@5de t he O6b®8n choi ce
for each am cid. These epit 7 ing DNA s ces ar isnectly
adj oi ned, 5‘?3@{5?@ a cgﬁti nuousg’g?P&dee sequ@lli’?g‘ﬁgo opt i %@gb ’

expressi on 3gpdAer i munp@eni ci t FLOQSGHAKSVal el empssgigan be igng@opor at ed
into the mni qene design, Exanples_of anino acid seﬁuence that coul d be

reverse tra3ddl18Ped and thcl uded CMPREETHEY gene Atk incl $20hel per T

| ynphocyt e i topes, | éade sfF% quenggy an en sm c
reticulum r?égbelﬁtei on si glrgl . In g&g'i I'on, pregm??z)n of @?ﬁ pi t opes
may be i mpragyd@Foby i ncldi ng sy GVREIGETHE. 9. pol BHGV.aséyne) or 0,0110
natural l y-occurring flanking sequences adjacent to the CTL epi to&%{s. The
ni ni gene sé§fHee is cohverted WWMSsenbl E6gV.261 01 i gon¥eda28t i des

that encodggtdypl us ang ninus §ABfL the m g’&grfg%q]alerl %O(Plgig
y ed,

ol i gonucl egtides (30-100 bases long) are synt hesized, osphory

purified and.Gov6eal ed udider apprdpXAYCESTonditi opCWISET wWel | gspon
t echni ques., he ﬁlnds of the olig cleotides are joined using T4 DNA |i gase.
This synt hét%Q08Ri ni gene® encodi L epi t opEDGLO¥epti de,0- @9 t hen

cloned int QlO?OO%ESi red eypressi O@I%@féaﬁA 30 St ang%\j\gd 15pgul at or@qo%%quences
t e C

well known to ose of skill in't rt "are inclided’in the vector to
ensure exprddsdliddn in the0t ar get YAMTGMSADIer al VEIAWVIN649 enent 9.G300

required: ter w a down- oning sjite_for mnigene

i nsertion; 6‘Z‘agyl‘)(%@lt};?adenyI L(?I on s%iﬁg&ﬂfi ci entHétY-é'ﬁ%]cri pt i $H0580
termnationgo@mgE. coli1@rigin AfLAGNRIGI/E2776 1R8 Abky 2004 R IGS00/ 04655
replication; and an E. coli selectable marker (e.g. anpicillin or kananycin

resi st ance)4l.00%8er ous pdonot er s MIGIVINEGYsed for CHAS6%Ur pose, 00120, the
human cyto virus (HRCW) pr ey ige, U. S. Patent Nos. 5,580,859 and
5, 589, 466 gé%?dg?her suitabl e pr S’iﬁ’ﬁe‘r\’@ uences. TR%ddi tional \VeQkl§r

nodi fi cati onsoosgy be degired tosppdREge m ni genq}ﬁﬁpr essi on WOO

i munogenicity. In sone cases, introns are required for efficiént gene
expr essi on,41di®3one or Hore synPh&YISLEE nat ural TRPdccurring i0@220ns coul d

be i ncorporgt into thg transceki i.on of t i ni gene. The | ncl usion
of nMRNA sta i(fq%zsati on sgquencesi’méwge consiqﬁg:{]ed for in @J’Qi ng
m ni gene exqlr@ydi on. |t9has 10 nNgSEMTYyybeen propaead that 0.2300

i mrunosti nu %ry sequences (1 SSs_or Gs) play arole in the
i mmunogeni d48078t DNA vBcci nes. _ﬁ@@igﬁé\ﬁuences d®8R1ld be incl ORADOi n t he

vector, outgigtgst he m nggene co ce, if nd to enhan
i mrunogenicity. In somagenbodi ngnt s];[ﬁaij Q[ﬁ 0i st roni-r%&gxpressi onq\'fgog)toor; to
al | ow produdi003f of thedni ni genFLAWKRYWIepi t opegR@d a second), §500t ei n

e L, e R g be e g e of
41.0082 9 MLQEPSFSL TRP1 0.6900
41.0083 9 SLPYWNFAT TRP1 0.0110
41.0088 9 RLPEPQDVA TRP1 0.0180



‘beneficially enhance the i nmune response if co-expressed i ncliJge %g(i nes
(e.g., L2, IL,12, GWCSF), cytokine-inducing nolecules (e.g. epfl%/ or

~ costi mul at $Q0ETBcul es. Hel per (HTL) epitopes coul d be j Oil{}”ﬁﬂ #{) i
intracellular targeting signals and expressed separately fro {4 g’%‘ﬁ
epitopes. This would allow direction of the HIL epitopes to a 20 cell
conpartment different than the CTL epitopes. If required, this could

facilitate efficie entry.of HTL epitopes jnto the:MHC class ||
pat hvay, tg-gﬁg%y irrprO\fArn'l-Aﬁg CTL SSHERSE on. I n conéql"é%ft to CTL ekt i on,
speci fical hy.odegr easi n@ the i nnquromese by cprexpressi on @hiso

G- B)

i nmmunosuppr essi ve nol ecul es (eagn may be benefi¢tial in certain
di seases. 4b80%%ice an &kpressi JALHEETDAV s sel ecTRE] the mini @@ is cl oned

into the p L haker reg on dombm? he pr ter. This p jdis
transfor rreghprl\?g an apgjr opriate E "‘co I:gi rain, diIeDNA IS pré'gz&izd usi ng
standard tdtlondgues. TiHe ori ent AVM@ABINOVDNA seqprpgce of the gpgj@ene, as

wel | as all %h r elements included in the vector, are confirmed using
restrictioffl Bgl ng and DNA seq¥YeeARkEVysis. 30RBhcterial c@0B%0 har bori ng

the correc hagm d cam be stor ster ¢ ank and a ing cell
bank. Therg%)@&t@?c quan'[biti es offgyg@fﬁ(d‘%aDNA ar eaﬁlil’}‘%guced by fb‘%t ation in
E. coli, fdllogted by purificatiSmDENNQEDRtS fronrrpe working gehyg bank are
used to ingi%l Z&e 23 AUG 2004 WO 011 62776 PCT/LJS00/ 04655 fernentation
medi um (suéhY3&% Terrifi% Brot h) VLRRAYEP¥wn to safRPhtion in sOiaked fl asks
or a biore caccordigug to techni g Plasm d n be
purified ug?'tr?gigtandar bi ose\g:érﬂé(t}lémchnol ogiugé‘pguch as s%@?@hase

ani on- exchdhg¢l6esi ns Suppli ed PyARISIaen. |f reprpred, superggiig@d DNA can

be isol ateq.f the opgen circ r_and 5 linear forns using gel
el ectrophorgze'gﬁg?or ot her net hoifLF@QﬁRYed pl ashRBl DNA can b@lpGpared for

injection ysipngga vari ety of f IOE'F%*Q The sj est of th [ S
reconstituti ong%f I yop(r?itl i zed ([))ENA In Sterile ph?@‘gﬁat e- bufferigg(?d ne (PBS).
A variety 81.0hb%hods h&ve been LERESGPEW, and neprPEChni ques gaygdecone
avai |l abl e. 4%1??[ ed abcbve, nucl.gj Wﬁ are conveniently 10 fornul ated
with cationic fipids. I’n additiomn li pi ds, TRBbgenic |i pd8Ues,

pepti des ant.o¢capounds o ef erredyt, tively.rgs protecti v§

interactive, non-condensing (PINC) could al so be conpl exed to Hprq fied

pl asmi d DNALPA23 nf | uende vari atfleWTEDEYISHs st abiTRRY, i nt r amusgeyear

di spersi on rafficl ng to i,f gans or_cell types. Target cell
sensitizat %’gizc%n be u?ed as a%mﬁﬁﬁy assay TRyl expr essi ch022% and MHC
class | prébkob2ati on of9 m ni germ-ERtodedyCIL epif s: The pl@%’aod DNA is
i ntroduced i—aio a manmalian cell line that is suitable as a target for
standard CH:0L22 oni um Pel ease dﬂ&@ﬁé’sm}‘(e t ransfERRI on net hodi.eged will be

dependent gpoidw final of or nul atd ropor at| can be used for "naked"
DNA, whereas cationic i pi ds alql'g:’v%\/r‘gﬁ}g{\9 in vi tﬁﬁplt ransf ect i®HW00A pl asni d
expr essi ng4hPEEn fluoréscent prAL@KNUEHT) can b0 co-transf ed to

al | ow enrilzﬁgg;aﬁ of transfected _cells using fluorescence activated cell
sorting ( ’* These cel | s ar SHHASRNSN om um 5TRBibel ed and Q89 as t ar get
cell's for gppimppe-specigfic CTL ilj@NR ol ysi s,Td;g tected by 51Cr rel ease,
i ndi cates production of MHC prt-i-ésLent tl o%r?of. m nig€ne- encoded Woepi t opes.
In vivo i nfiBb¥fenicitySi s a se@UGIENSYach for frmctional tgsigspg of 25

m ni gene Wg{:%r mul atigns. Tra i C_Imce expressing appropriate human MHC
mol ecul es aré immuni zed with t BV&duct . THRRlose and r dut0900f

adm ni stra4j.omsare forpul ati on i (e.q. or DNA in | P for

| i pi d- conpl exed DNA). Twenty-one aygggftv{ er i mrll}lrilﬁlﬁgati on, splog(ﬁggyt es are
har vest ed 4h@138esti mul t ed for SLNGRRNTV the prg®@ice of peptgglgs encodi ng
each epito i ng tested. The ef f e r cells 30 (CTLs) are assayed for
cytolysis 0 'Ofpht?pti de- | %aded, c%’?t’r' Flﬁ'}‘ﬁ;\? | abel edBPdr get cel | 9.4d0ng

standard t4kbmMiques. Lysis of tmNEtG S sensiqgped by MHC i ng of
ne-en??dved epi tgfolie@ dermnstréir@?aDNA .

pepti des correspondi ng to mnige
Vaccine T MO14h for TR vivo | NGJMTBEDY CTLs. TRM3 AUG 2004040011 62776

PCTI US00/ O Ant i gemi c pepti used to elicit CTL ex vivo as
PCT! USO0/ Ogffifus Ant i gegi ¢ peptigeseay R TRe 0.2600




resulting CTL, can be used to treat chronic infections (viral 2 Qﬁ‘f@(ﬁ”a')
or tunors |{1’Woati ents that do not respond to other conventi onal #\

- t her apy, 91/623%t respond to a peptide vacci ne approach of therapy. Ex
vivo CTL responses to a particular pathogen 5 (infectious agBﬁ?/UéﬂO/Q{ﬁﬁﬁ)r
antigen) are induced by incubating in tissue culture the patient's CITL
precursor cells (CTLp) together with a sodce of antigen-presenting cells

(APC) and t proprl atye, i nmunageni ¢ peptide. After an appropriate
i ncubati on (typ| cal% %@k@ﬁ—e i n which tﬁﬂé_@TLp are abf02Qdt ed and

mat ure and ékpaml into effect or ATzadthe ¢el I's argpnfused ba05 gﬁéo t he
patient, where they W Il destroy their 10 specific target cell é i nfected
cell or a tthBF%ell). Pn order kloVARIFGVze the iTRRItro conditpogs for the
generation cific gytotoxi t he cu ure of stimulator cells
BotEciiC 9rtotor oelpEelisy, o, SR

is malntalnedln an appropriate rredlu ]PI’IOI’ toﬂ’r@b&tlon of
the sti rml a#h0l4®l s w dh the ceNHEANGpvacti vat 6?’5@(5)

cells, nt. of antigenic peptide is added to't estlrmlato el | 15
cul ture Hgﬁﬁ]i ci ent éaantl ty YSEBFME | oaded TRRD the hunam1gdmss |

nol ecul es tg Xpress on th eQf the i mul at or ceIIs In the

present mventélFSorﬁ a su?gi ci ent e%m&epti deFREL an am)unt Qﬂéﬁ wil

al | ow about4R20D60 and pr ¢ber abl y 2QONGKIANE, hurmrm{ilf ass | ecul es

| oaded vvith4fﬁgééde to Eg expressed on the surface of each stl rru or cell.
r

Preferably, timla cellsFIé!FWmexibbted WTRP>20p. g/ i Megsg de. 20

Resting or pregdyg sor cells @f 5’&&&1 ncubat n culture with the
appropriate stlnulato?Dgglls for a e'rlods Lient to aQ:@?%tethe

CD8+ cel | s.4IP@EHer abI y 10he CDB{J_quAngGV acti vag f‘?dl in an antdgﬁ(gb specific
manner. The,.r (?'HJO ing or precursor CDB+ (e ctor) cells
stimul at or ‘f:le may va é from ilddVA4AB@V At 0 i ndiTRRIual and rrayogz,orther

depend uporqiv@rigabl es sygh as t ity of 25 individual'

| ynphocytes.to cul turing condi t%@%*e nat ur alnd severi t§0 2)?!0 t he

di sease conth-@1&h or ot er condiSMDEANQPMDI ch t gy t hi n- desc({ %:dtj

treat nent nzﬂd@fglt y is Uﬁ(gd Pr ef ablé however, the | yr nphocyt e i mul at or

cell ratio 1's"1n the rahge of a QUYQLCYA 300: TRPIhe ef f ect a.032d mul at or

cul ture nmaydlb@ig3ai nt ai nggl for ag Icg@gu me as ecessary to stinmulate a
t herapeutical | y. useabl e or effectli ve numyer of C@iﬂcel | s. @330
i nduction &-GP6 in vitd r equi FEMLFE S/DHVI fic meeqgnition ofomtl de t hat

are bound t (ﬂl bel e spegific M_Igs‘é-réli nol ecul es on APC. The nunber of
specific pept| de com)l exes V'T-éVcr uci a[I'RiPdr t he sti U330 on of
CTL, partlalt]l(HIQDy in prigrary i nyr ses. smal | ampunt s of
pepti de/ M—| gﬁ)l exes per cel l @N 04 WO 2776 PCT/ U60P04655
are sufflc o rendel? aceIIFbiI‘éhHE.ﬁ(iI-ﬂl,‘éto | yRipg by CTL,

stinulate ?endary qla_ respogi&ﬂdﬁsuccessf ul activati on@:) Stlg CTL
precur sor (pCT ) during primry eqw redR®lsigni fi car@t3000hi gher

nunber of KHO1E8pti de cionpl exesNIRgRiFORGhPadi ng ﬁ\f%éerrpty ma;j g)t
hi st oconpat gtﬂdékty corrpl ex nol ecul es on ceI S aIF the i ndu@499 of 5

primry cyt cT Iy ocyte NMKBE&&&’Weptl dgRrlpeadi ng of emyoy My or

hi st oconpatalppbity complgex nole I'ls enabl es the induction of
primary cytotoxic T Igrelpoﬁocyte :ﬁ%'\srg%‘@gsﬁ? Si ncelRBtant cell 10iH& do not

exi st for &V&203hurman NIAC al | el BLVIAILIFGI@V&M aggﬁ?i to use a,t ni que to
ogRpc
e surface

remove end S M—IC— soci at ed from1

f ol | owed b39%2§ i ng th esul ti g %@&ﬁﬁg‘imﬁc mol eTRPes with the, OQUUUI’IOQEI’II c
epti des of1] rest. use f ormed_(non-tunorigenic), non-
pep Biiomber est. e use glrSiolpalRt or med b 3oBs0

41.0207 10 LLTDQYQCYV TRP1 0.2100
41.0212 11 LLIQNIIQNDT CEA.107 0.0140
41.0214 11 IQNDTGFYTL CEA.112 0.0130
41.0221 11 TLFNVTRNDTA CEA.201 0.0110

41.0235 11 - LTLLSVIRNDV CEA.378 0.0150



infected cells, and preferably, autologous cells of patients as APC is
desirable for the design of CTL induction protocols directed2t3ohdd 04

" devel opnenwooqmé?(%vi vo CTL therapies. This application discloses nethods
for stripping the endogenous MHC- 15 associ ated pepti des f rRfr/UB9/04655f ace
of APC followed by the | oading of desired peptides. A stable MHC cl ass |
nolecule is a trimeric conplex fornmed of3%he follow ng elenents: 1) a

peptide usyally of 8 - ,10 resiques, 2) a transnmenbrane *heavy pol ynorphic
protein -chg%gﬁ/ni ch be t he %ﬂ?—?—fﬁé bi ndi ng siSBISEN t s~ al xgm!{()em

domai ns, apdo3 a non-geval ent I@@@g@gjﬂﬁg non-(—%)kyﬁ?zphi o Iq%go chain, B2
epti

m cr ogl obul in. 20 Renovi ng t he boun es and/ or di ssoci a the B2

m cr ogl obuf#i-B26& om t he léonpl ex ABRGEVEGVLY MHC IBAS8T nol ecw).@560

nonfuncti o d unstable, re i i api d degradation. Al MC class |

nol ecul es ?@g?ﬁs?ed fro?n?PBl\/Cs m@gﬁ%g%kous p&PI3%- Yodund ¢B31hem

Therefore, 44,0887 i rst stigp i s t GrEPPVEIIRY endogﬁﬁggulsg‘;p@@ti d@ozgjbund to MHC
i ¢ ef

class | nol ecul es on the APC wit hout causing their degradation ore
exogenous 2608%ti des dan be addedPPBHLIRWI Twanpidski4EG® way®k160D free up

VHC cl ass cul es gf bound ' i ncl ude [l the culture.
t enper at uria2 r'odrz 37C tg 26C ov&ﬁmm destabidé@gﬁai m cr ¥l i n and
stripping 1184 2 dogenoqg pepti dgSMVRI cel | H&Ql@&é%ﬂh? @;{“#}&

rdes Into'the

treatment. The nethods rel ease previously bound pep
extracel lul ar 30 environnent allow ng new exogenbdis peptides to bind to the

enpty cl as | ecul eg. The cql,gs ture incuhatjon nmethod enabl es
exogenous gzedgfqgées to %i nd effﬁ&wgﬁﬁ o the M‘@%@ﬁgﬂl ex, bult20Q%quires an
over ni ght 13l@ukati on a® 26C WhirpMIYRBYHFEIOW t he @%kg@rzm gabold'&doate. It is

also i kely thgi cells not actively synthesizing M cul es 23 AUG
2004 WO 01}%: PCT/ U800/ 0465 TYLGVY est i ng FRBRBP2wdG! d (ot 7qar oduce

hi gh anounis9ofq enpty gurface es by e d tenperature
procedure., Harsh aci d§stri ppi %%llniv%laggs extragf‘i"gﬁéf""‘fshe fe30des with
trifluoroat®si® acid, pH 2, or KMARIAGIEVUr at i onvigdestihg | nunpaddy nity

purified c -peptide conpl exes. 5 These nethods are not feasible for
CTL i nductl%ﬁ?o’)si nce it is i npggt%ﬂavﬁ@vr enove Miegedrdddgenoud.300t i des

whil e presgsaiglg APC viability Iﬁlﬁlﬁ) timal | i te which is
critical for antigen presentat iv\icj)}lr}.6 _ (ggaci d sgﬁf??/gﬁéf%ﬁ/gH Hlch as _
gl yci ne or1B*Q2at e- phosphat e bVIIEFEVEEGWE been wReInéeéHEN iof phogndogenous
peptides and to identify tunor associated T cell epitopes. The treatnent is
especially effective, in that only the 10 MHC ciV¥s | nol ecul es are

dest abi | i zE934(08nd associ ated pgpis Aoy d! eased) LSt ier syrface
antigens remain intact, including MHC c\?ass I ?{?@%ﬁ%@.’%& oF?"portant ly,
treatnent of cells with the mld acid solutionsVo not affect the cell's
viability ppsngtabolic state. m |.d treatnent is rapid since the
stripping of the endogenous pe ‘?‘M}s in /AE2eB7 a0.2/00and t he
APC is reddp4tls performits funygmprkeihat 15 t r At tides are
| oaded. ‘The technique is utilized hereinto mkgﬁf)zzlgﬁ%&iép@cqgﬁ c APCs for
the generation of primary antigen-specific CTL. BYN&Oresulting APC are

ef ficient jisngipgduci ng pepti de- HoFd V91:)8+ CTL Activated CD8+ cells may
be effectively separated from ?%e &f “grul at or ceMafSe%rg?Q]bzXneocﬁfSOQ variety
of known nethods. For exanple, nonoclonal antibgdies 20 specific for the
stimul at ory ﬁ?l %s, for the peptides |oaded onto the stinulator cells, or for
the CDB+ carfd (or a segnent t AMBBWGELVbe uti HeréneuSMIBNd 011400 T
appropriate conplenentary |ligand. Anti body-taggs.g nol ecul es may then be
extracted fromthe stinmulator-effector cell ad 'x?ure via appropriate
means, e. ¢3458la wel | -%nown i NHIGVLMEV pi t at i onCeA d9Tmnoassgyshgt hods. 25
Ef fecti ve,ngtogt oxi c Lajyounts of . the activated CD8+ cells can vary between
invitro and 1A vivo uses, as MGG th the &BOOR7.JONd t ypa 85 cells
that are ti3@598ti mate g arget ofyp iller ce The anoupt. . will al so
vary dependi n% on the condition o e‘&pati ent %%I?h%m d beacﬁ)é\f"l\%rrri ned via
consi der atl362U8f a11 aldbropri aL¥FGIELIEY by t heMH@E3.N60.9mer 0. 78561 er abl y,
however , %;g;lg 1 X 106,to0 abougéﬁwlz, nore preferably about 30 1 X 108
to about 11, and ‘®even nor ably, abobluM1%9109 t 004960t 1 X |1 010
activated CD8+ cells are utilized far adult humans, conpared to about 5 X
106 - 5 X 10? cells used in m ce.




“administration of the CD8+ cells to, the individual being"

éé AUG 2004 WO 01/62776 PCT/ US00/ 04655 Preferably, as di sc@@sm 2bhgve,
the acti wabedise8+ cells are harvested fromthe cell cul t$ﬁ£§0h§565%f
inportant to note, however, that unlike other present and proposed
treatnment nodalities, the present nethog4uses a cell culture systemthat is
not tumorigenic. 5 Therefore, if conplete separation of :sti rrul*ator cells
and acti vEeriidecDs+ celds s noéi—@'é!éﬂ%e ved, ther eS9W¥Ceo i nher eft'V8&hger known

to be ass%g,ﬁ%:d W th ghe adm K%GSGSEAFP” of a sgg}zl/néﬁurrber of stinul ator
of ma

cells, whereas adm nistration nmrali an tunor-pronoting cells may be
extrenel y 1bg.at dous. Ikt hods ¥LQI&/FGIEVduci ngMAGERI ar conponents are

known in the art and- 10 includ cedures such_as those exenplified in
U S. Patedd2®8l 4 844,393 to I—Wﬁg\ﬁ&l. andP%MS. Patent No. 4,690,915
to Roseanrl% Olgor exanpj e, adnmi\&%@@}if_ﬁﬂ _of acp'SMﬁ_t ed CD8+ cells via

i ntravenous i nfusion i's appropri ate. e i mmunogeni ¢ peptides of this
i nventi on 112§.0al so . be® used t oWIBRAGALWIC| onal BAM bodi es. Such anti bodi es

may be useful as potential dia i 15 the utic agents. The
pepti des rH?%??so find use as m&g reagen%gﬁfFor exanpl e, a peptide
of the invgpgiggn may b used t IGNTSOL NG he spgﬁ,ppti bility of a

particular individual to a treatnment regi men which enploys the peptide or
rel ated pdgf688s, and ?hus mayLNEAGGPEFLI in no@8M/ing an existing

t reat ment col or in deterggnj r ognosi for an affected
i ndi vi dualﬁﬁghBaddi tioh, the p?&t‘éf(gggﬁrgy al so %gg/gsed to predict which

i ndi vi dualjgowithl be atgsubstanyjarrmhskyf or devekgpi ng chronic infection.
To identify peptides of the invention, class | antigen isolation, and

i sol ati on d@6l.14equenci fg of nalMESLYHNlocessedPSdpti des was carried out as
descri bed | e rel at appl i i ese peptldes were then used to
defi ne spelclﬁﬁtlg bi ndi ngéjm)ti fs@g\{?};ﬁ@h of tﬁgi‘fol |l owing alleles A3.2,

A, A |, |nd.1424.1. These not [MFEERAFESCI i bedpsym

is

1126.20 10 KLGSGNDFEV PSM
112001 10 LLQERGVAYI PSM
1129.04 10 GMPEGDLVYV PSM
1129.05 10 FLDELKAENI PSM
1129.08 9 ALFDIESKV PSM
1129.10 10 GLPSIPVHPI PSM

I, Non-HLA-A2 Motifs
The present invention also relates to the determination of alleic-speciﬁc
| peptide motifs for human Class I MHC (sometimes referred to as HLA) allele subtypes.
5  These motifs are then used to define T cell epitopes from any desired antigen, particularly
those associated with human viral diseases, cancers or autoimmune diseases, for which
the amino acid sequence of the potential antigen or autoantigen targets is known.
' Epitopes on a number of potential target proteins can be identified in this
manner. Examples of suitable antigens include prostate specific anﬁgen (PSA), hepatitis
10 B core and surface antigens (HBVc, HBVs) hepatitis C'antigens, Epstein-Barr virus
antigens, melanoma antigens (e.g., MAGE-1), human immunodeficiency virus (HIV)
antigens and human papilloma virus (HPV) antigens, Lassa virus, mycobacterium
tuberculosis (MT), p53, CEA, and Her2/neu.



“the related applications. TABLE 8 Summary HLA-A3.2 Allele-

oﬁ page 3, above. The notifs described in Tables 8-11, belg\ﬁ, AUG 200cf i ned
rom poo ing data of naturally processed peptides ed in
f | WOL§EHEI ng d f I d id &ﬁ)ﬁ]r {5 d i
pec ¥ Mot i f
Position Conserved Residues WD 01/ 62776 23 AUG 2004 PCT/ US00/ 04655
2V, L, MBY, D4- 56- 71 8Q NOK10K TABLE 9 SunmdY yHLA- Al Allel e-Specific

Mot i f Posi tionCo . ' : T3D. E4P5-65;7L.8 9Y10K TABLE 10,S
MA AL AL ol o Spect FSRepRBbe s Giltes Soribdermlban s Sitspegaid o
011 62776 thén MskedX0PtheRGHIIUSAO bBAHDIhe Sphbptide MIEC mdlecules in a&a@d@siﬁfg,]fgr K

TABLE 11SummaryHLA-A24.1 Al'l el e- Speci fic 'MtifPositiohConserve '
Resi dues 1e%2qmle, pupfied clags pmoleguigs\mrdiradiniogonated wmtidesiom/ox celix expressing

ldentific "nm ' | de in e.notifs,identified above
for vari o%islb &ggllass ‘f‘ﬁal :Sél%eﬁggn&%%’ gr%rlngnéﬁ%oﬁgﬁ?%%sﬂm%aggﬂogus pat hogens
and t uivor micrbfit@dimpurytpptide-dependentadlyss ¢ dsdegibly hayy, esEmetbieén $EFE notifs.
Screening was garried oéjt described in the rel ated aptEr)xl ications. Table 12

provi des TS§RSHEQR PY PEPRASEIPRIIEON o Thosepeptidpsydatbind to the class I molecule are
further evaluated for their ability to serve as targets for CTLs derived from infected or

immunized individuals, as well as for their capacity to induce primary in vitro or in vivo
CTL responses that can give rise to CTL populations capable of reacting with virally

10  infected target cells or tumor cells as potential therapeutic agents.

| The MHC class I antigens are encoded by the HLA-A, B, and C loci.
HLA-A and B antigens are expressed at the cell surface at approxirﬁately equal densities,
'whereas the expression of HLA-C is signiﬁc'antly lower (perhaps as much as 10-fold
: fower). Each of these loci have a number of alleles. The peptide binding motifs of the

15 invention are relatively specific for each allelic subfype.

For peptide-based vaccines, the peptides of the present invention
preferably comprise a motif recognized by an MHC I molecule having a wide distribution
in the human population. Since the MHC alleles occur at different frequencies within

" different ethnic groups and races, the choice of target MHC allele may depend upon the
20  target population. Table 4 shows the frequendy of various alleles at the HLA-A locus
products among different races. For instance, the majority of the Caucasoid population
can be covered by peptides which bind to four HLA-A allele subtypes, specifically HLA-
A2.1,Al, A3.2, and A24.1. Similarly, the majority of the Asian pbpulation is
encompassed with the addition of peptides binding to a fifth allele HLA-A11.2.
25
TABLE 4

A Allele/Subtype N(69)* A(54) C(502)
Al 10.1(7) 1.8(1) 27.4(138)

A2.1 11.5(8)  37.0(20) 39.8(199)
A22 S Im o S 3337




10 Table 12 WO 01/62776 23 AUG 2004 PCT/ US00/ 04655 Peptidg AA 28.0719.10
28.0727 10 1259.02 11 1259.04 9 1259.06 10 [259.08 9 |259. 104 130AU@200412 11

' 1259. 13 11lwblaRatd 9 1259.16 11 1259.19 11 1259.20 11 1259.%’88@%8% 25 10

1259.26 9 1259.28 10 1259.33 10 1259.37 11 1259.43 10 F119.0 ~02 9
F119.03 9 34.0019 8 34.0020 8 34.0021 8 34.0029 8 34.0030 8 34.0031 8
34.0043 8 34.0050 8 Sequence | LEQWAGRK 3BAGGKNLSK STDTVDTVLEK G APLQLGK
VTAACSHAGK G HHPSNSK RVNYYWILLK |TMNSV|G§EQ;§NN| QFTAM )NI QFTAVGK
AVGKEFNKLEK KVKSQAGARAK SVRNGTYDYRRUS| ps RVMVLAS MV/LASTTAK
RMGVQVORFK  ATEI RASVGK. TMMELVRM K. RVLSFI KGTK MSLQRQELR LLGPGRPYR LLGPGRPYK
RVYPELPK TVSAELPK AEPPK TI NYTLMWR LVHFLLLK SVFAHPRK KVLHHWK RVCACPGR
Source HDV. nuc.| 6 ARY. nuc. 115 Flu:- HA. 29 Ftu. HA. 63 Flu. HA. 149 Flu. HA. | 95
Flu. HA, . 243 Flu: HA 3 92 FIu.HA..4$é.§Iu.HA.404 Fl u. 9 Flu. HA. 465
Flu. HA 495 Flu. vWi343 Fiu. vwri. 1780 u. VBT . 179 FI > OMIL. 243 FI u. VNUC, 22
Fl u. VNUC. 188 -FLu.V}%gg. 342 ORF3P Tgﬁ@w TRR$P7KI CRA.9(B®)CEA. 495 CEA. 317
MAGE2. 74 MAGE2. | MAGE2. 237 MAGE3. 285 A*0301 ' A*1101 0.0170 0.0012

. 0097 0.0150 0.0QQU.D. 0670 0.6100 0.200055®8 80 0.6490 0.1300 0.0140

. 5000 2.3000 0.0200 0.0670 0.028 0092,,0. 7 0.0 . 0210 0. 0460

. 0470 0.003I o.oﬁhbg' 0. 1400 o.géﬁ 8.86@683}5500 g%@%@o 1. 7000 1.4000

. 1000 0.0059 0'13%8Lg'3000 0. 089@ 0.031 0 H7@pP00 0.0830 0.2000 0. 7200
.0190 0.0091 2.2 . 6800 0.0130 0.0440 0.0037 0.0320 Q.0160 0.0220
0140 0.0550 0. 02823 0. 1500 0. 141@-3(3D810 -0. 0580 0. 032®. 3500 0. 0490 23

AUG 2004W0 01/ 6277 / US00/ 0465534, 00518 AKpS53 3800
0. 360034. 00628RAH9gE€I2p53. 3630. 55?0%@807I %@SQFVSH%%%CEA. 6560. 001 90. 04
9034. 01529RLQLSNGN . 5460. 02500..01 1034. 01539RI NG PQQKCEA. 6280. 04000. 07803

4. 01 549Kl RKYTMRKHERZ| neu. 6810. 06200. d05534. 01559L VHFLLLKKMAGE2. 1160. 52201. 4
00034. 01569SM_EVFESERBCE2. 2260. 09501 . 600034. 01579SSFSTTI NKMAGE2. 690. |1 6002. 0

OO0OOONO

00034. 01589TSYVKVLHKMAGE2. 2810. 53%@5003_4. 01599V F%@K
- MAGE2. 1490. 49000. 0 34. 01609GSVVGN MAGES. | 300. 00400.206034. 01b19SSLPTTIVN

KMAGES. 690.81800. 7h0@34. 01629 SVL EVERGKMAGES.235360. 133(5.9(30) -

0. 900034, 01719SSBMGMNKpS3. 2400. 54401, 100034. 017295, SQUEGWNKPS3. 2400. 00900.
049034. 021110RTLTLAREEK 7.2(5) - L.
.CEA.5540.22001.30gg8ga021210TlSPLNTSYKCE@aéééo.1800Q.033034.02I4108TTINYTL
VKMVAGE2. 720. 08700. 34. 021510ASSLPTTMNKMAGEE. 680. 04200. 027034. 022S10KTYQG
SYGFKp53. 1010. 4900@,2420034. 022610\WRRBPHHEKPS53. 1720. 18D6(8) 21 0034. 0228 10GLAPP
cHL|Kp53.1870.05708@%%2034.022910N§38XGGNNKp53.2390.Qg%égb029034.ozsolosssm
GGWNRKp53. 2400. 042888250034. 023210R¥EACPGRDKp53. 2730. .025034. 029511KT!
TVSAELPKCEA.4920.3?%9q616Q034.0296%&§§ITVYAEPPKCEA.31ﬂ%gg2000.028034.029811
PTI SPSYTYYRCEA. 418(1°0002) 0. 130034. 030111GLLGDNQVMPKMAGE2, 1880. 07800. 004734
a0 Ba RO o eao0r Aghs e 1) aarre || TOGTLURMAGE2. 710. 0440
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0. 0570p53. 1100. 043d810001p53. 1290. 44680. 04785 2730. 3693 0290p53. 14( 0. 000

9) 0. 0470p53. 363'  A32 2_39 : 7.1(36)
0. 02700. 0038p53. 1220. 07000. 1200p53. 1541. 10000. 3300p53, 3760. 31000. 1300Her 2/ n
eu. 846 Aw33.1 8.6(6) - 2.5(13)
. 0. 05800. 0285Her 2/ 90. 00340. 0 r2/ 500. 041Q@~0027Her 2/ neu. 7270.
0660~ 0. 1300Her 2/ né&Yl" ggo.ooos~ o.ég@eaa%ﬁ@ls 13

Aw34.1 1.4 - -

- Aw34.2 14.5(10) - C0.8(4)

Aw36 59(4) - -

Table éompiled from B. DuPont, Immunobiology of HLA, Vol. I, Histocompatibility
Testing 1987, Springer-Verlag, New York 1989.
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6@7] s and tunor-rel ated proteins were anal yzerC¥/Usoololhespr esence
of these notifs. Screening was carried out described in the related
applications. Table 13 provides the re§.}JIts of searches of the antigens.
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| ~MAGE3. 78 rd;ﬁd@nWeSc@&lsmgmlett&c& a lower case three letter symbol. Glycine
1845 DO4GNPEAAPPI p53, 66, | 845, 0047APAPSWPL, D53, 86.,| 845. 00S | KPVEDKDA
. CEA P55 13508 aéﬁ@ﬁg%@}i‘f@ﬂéﬁﬂ&%é?% %‘gedgmﬁ Aﬂfﬁge 70.19
45. 0062APAAPTPAI p5S3TE6 plc@48uBOGABRSKRYRA peptides of the present mventlon enerall
p53. 152. 1 945. O065APP | Rl p53. 189. | 945. 0P7f Q\/E 645 0072SPGEL

SAGATI CEAfolew. the oypthaals Adsssiavesk ackadk pbalzmms 29@02991mmu1mpmqmtadr 2/ neu
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5. 0080TP
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' 45. (1892 rpnrapsiatesgibar oell lineg Examplesof eireranethpdns ispiation 04 treciesited ML SSS| p5
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SPLTSI | SAMtirbieaRireplhy feife bxclustor) highl jepcRbbMidelighad hidgiatopfébhlyldnd a

combination of all of the above techniques.

A large number of cells with defined MHC molecules, particularly MHC
25  Class I molecules, are known and readily available. For example, human EBV-

transformed B cell lines have been shown to be excellent sources for the preparative
isolation of class I and class Il MHC molecules. Well-characterized cell lines are
available from private and commercial sources, such as American Type Culture
Collection ("Catalogue of Cell Lines and Hybridomas," 6th edition (1988) Rockville,

30 Maryland, U.S.A.); National Institute of General Medical Sciences 1990/1991 Catalog of
Cell Lines (NIGMS) Human Genetic Mutant Cell Repository, Camden, NJ; and ASHI
Repository, Bingham and Women's Hospital, 75 Francis Street, Boston, MA 02115.
Table 5 lists some B cell lines suitable for use as sources for HLA-A alleles. All of these

cell lines can be grown in large batches and are therefore useful for large scale production
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p53.97.111 HBV POL 541 anal og HBV POL 5488 anal og HBV. pol . 645 The above
descri pti QRNMEECRLSMEEES bAe b LA Dtgaﬁ i ' not tqo limt. its
scope. Ot her vg%ants of the | ngte‘ﬁ?%gcn eltﬁ%gﬁ%sgg%ﬁgey;%ﬁrg ?Iytcgi,lth?}ﬁ% of
ordi nary sk thatmmenyhshendellsntrcas earcrcanplaged: dSinillat BBVABRENRESs Ebabseoud |

publ i cati qns ent | 5 ,patent applications cited herein are "hereby
i ncor por a%ﬁ%@‘%@?gmgg co‘ﬁdfgwﬂ@éS%BQF forfliArB: and HIp-G akglessgeni ¢

pepti de sqg%@g@@bl rom-the group consisting of ' GVFTGTH ; 5 QWKCLI RL;

| MTCMSADL; ALAAYCLST; V LS GKPAIl; FISG QYLA; 10 YI MTCVSADL; Al ASLVAFTA,
GLAGAAPGSV; FPHCLAFAY; and FPVCLAFSY. TABLE 5An i mmunogeni ¢ pepti de
YPALMPLYACI . 3. A conposition conprising an inmrunogeni c peptide sel ected
fromthe group consisting of: 20 GVFTATH ; QWKCLI RL; | MTCVSADL;
ALAAYCLST; VLSGKPAI | ; 25 BUSANYEY g@ﬁ - TA, GLAGAAI GSV,
FPHCLAFAY; and 30 FPVCLAFSY. 4. %E%%%iphggltlo%éo%plﬁ% an i nmunogeni c
pepti de YPACWPLYAC 23 AUG2004

HLA-A allele B cell line
Al ' MAT

COX (9022)
STEINLIN

i (9087)

A2.1 o JY

A3.2 EHM (9080)
HO301 (9055)GM3107

A24.1 : T3(9107),TISI (9042)

All BVR (GM6828A)
WT100 (GM8602)WT52
(GM8603)

In the typical case, immunoprecipitation is used 1o isolate the desired
allele. A number of protocols can be used, depending upon the specificity of the
10 antibodies used. For example, allele-specific mAb reagents can be used for the affinity
purification of the HLA-A, HLA-B, and HLA-C molecules. Several mAb reagents for
the isolation of HLA-A molecules are available (Table 6). Thus, for each of the targeted
HLA-A alleles, reagents are available that may be used for the direct isolation of the
HLA-A molecules. Affinity columns prepared with these mAbs using standard
15 techniques are successfully used to purify the respective HLA-A allele products.
In addition to allele-specific mAbs, broadly reactive anti-HLA-A, B, C
mAbs, such as W6/32 and B9.12.1, and one anti-HLA-B, C mAb, B1.23.2, could be used

in alternative affinity purification protocols as described in the example section below,
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identification of potential peptide epitopes from an antigenic protein whose amino acid
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sequence is known. Typically, identification of potential peptide epitopes is initially
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25  cell line (see Schnelder 1. Embryol. Exp. Morphol. 27:353-365 [1927]).

Peripheral blood lymphocytes are conveniently isolated following simple

venipuncture or leukapheresis of normal donors or patients and used as the responder cell

sources of CTL precursors. In one embodiment, the appropriate antigen-presenting cells
are incubated with 10-100 uM of peptide in serum-free media for 4 hours under

30  appropriate culture conditions. The peptide-loaded antigen-presenting cells are then
incubated with the responder cell populations in vitro for 7 to 10 days under optimized
culture conditions. Positive CTL activation can be determined by assaying the cultures |

for the presence of CTLs that kill radiolabeled target cells, both specific peptide-pulsed
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10! ys10%A8tHohgh H¥peptide will Po6fé&ably-télabbténtlally FrebQ¥tofhetr hatudddly WA¥irtitis Hast dEHL
10 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 forms which are salts, and either free of modifications
;uch as glycosylation, side chain oxidation, or phosphorylation or containing these

15 modifications, subject to the condition that the modification not destroy the biological
activity of the polypeptides as herein described.

Desirably, the peptide will be as small as possible while still maintaining
substantially all of the biological activity of the large peptide. When possible, it may be
desirable to optimize peptides of the invention to a length of 9 or 10 amino acid residues,

20 commensurate in size with endogenously processed viral peptides or tumor cell peptides
~that are bound to MHC class I molecules on the cell surface.

Peptides having the desired activity may be modified as necessary to
provide certain desired attributes, e.g., improved pharmacological characteristics, while
increasing or at least retaining substantially all of the biological activity of the unmodified

25  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 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

30  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;
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
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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
residues essential for biological activity, e.g., those at critical contact sites or conserved

10 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-a-amino acids, or their D-isomers, but may include non-natural amino acids as
well, such as B-y-6-amino acids, as well as many derivatives of L-a-amino acids.
’ Typically, a series of peptides with single amino acid substitutions are

15  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 made along the length of the peptide revealing different
patterns of sensitivity towards various MHC molecules and T cell receptors. In addition,
multiple substitutions using small, relatively neutral moieties such as Ala, Gly, Pro, or

20 ’similar residues may be employed. The substitutions may be 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 versus hydrophilicity). Increased binding affinity
for an MHC molecule or T cell receptor may also be achieved by such substitutions,

25  compared to the affinity of the parent peptide. In any event, such substitutions should
employ amino acid residues or other molecular fragments chosen to avoid, for example,
steric and charge interference which might disrupt binding.

Amino acid substitutions are typically of single residues, Substitutions,
deletions, insertions or any combination théreof may be combined to arrive at a final

30  peptide. Substitutional variants are those in which at least one residue of a peptide has
been removed and a different residue inserted in its place. Such substitutions generally

are made in accordance with the following Table 2 when it is desired to finely modulate

the characteristics of the peptide.
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Glu Asp
Gly . Pro
His . Lys; Arg
Ile. | | Leu; Val
Leu : . Ile; Val
" Lys Arg; His
Met . . . Leu;Ile
Phe | | Tyr; Trp
Ser _ ' | - Thr
Thr Ser
Trp ' - o Tyr; Phe
Tyr . Trp; Phe
Val Ile; Leu
Pro - Gly

Substantial changes in function (e.g., affinity for MHC molecules or T cell
5  receptors) are made by selecting substitutions that are less conservative than those in

Table 2, i.e., selecting residues that differ more significantly in their effect on maintaining

. (a) the structure 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 (c) the bulk of the side chain. 'Ihé substitutions which in general are

10 expected to produce the greatest changes in peptide properties will be those in which (a)
hydrophilic residue, e.g. seryl, is substituted for (or by) a hydrophobic residue, e.g. leucyl,
isoleucyl, phenylalanyl, valyl or alanyl; (b) a residue having an electropositive side chain,

e.g., lysl, arginyl, or hiétidyl, is substituted for (or by) an electronegative residue, e.g.
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15 biological media, such as human plasma and serum, have been used to test stability. See,

e.g., Verhoef et al., Eur. J. Drug Metab. Phal_macokm. 11:291-302 (1986). Halflife of the
peptides of the present invention is conveniently determined ﬁsing a 25% human serum
(v/v) assay. The protocol is generally as follows. Pooled human serum (Type AB, non-
heat inactivated) is delipidated by centrifugation before use. The serum is then diluted to
20 25% with RPMI tissue culture media and used to test peptide stability. At predetermined

time intervals a small 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 of the.
peptides is then determined by reversed-phase HPLC using stability-specific
25  chromatography conditions. S
The peptides of the present invention or analogs thereof which have CTL
stimulating activity méy be modified to provide desired 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 epitope that is capable of
30  inducing a T helper cell response. Particularly preferred immunogenic peptides/T helper
éonjugates are linked by a spacer molecule. The spacer is typically comprised of
relatively small, neuira! molecules, such as amino acids or amino acid mimetics, which

are substantially uncharged under physiological conditions. The spacers are typically
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109%& 8 ( gxanhpslé,lfAURit%sdcid residues can be attached to the alpha and epsilon amino groups of
a Lys residue and then linked, e.g., via one or more linking residues such as Gly, Gly-

Gly-, Ser, Ser-Ser, or the like, to an immunogenic peptide. The lipidated peptide can then
be injected directly in a micellar form, incorporated into a liposome or emulsified in an
adjuvant, e.g., incomplete Freund's adjuvant. Ina 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, E. coli
lipoproteins, such as tripalmitoyl-S-glycerylcysteinlyseryl-serine (P3CSS) can be used to
25 . prime virus 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
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 aiso be primed with P°CSS conjugated to a
30  peptide which displays an appropriate epitope, the two compositions can be combined to
more effectively elicit both humoral and cell-mediated responses to infection.
In additipxi, 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 support, or
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accomplish this is defined as "therapeutically effective dose." Amounts effective for this
20°  use will depend on, e.g., the peptide composition, the manner of administration, the sfage
and severity of the disease being treated, the weight and general state of health of the
patient, and the judgment of the prescribing physician, but generally range for the initial
immunization (that is for therapeutic or prophylactic administration) from about 1.0 pg to
about 5000 ug of peptide for a 70 kg patient, followed by boosting dosages of from about
25 1.0 pg to about 1000 pg of peptide puisuant to a boosting regimen over weeks to months
depending upon the patient's response and condition by measuring specific CTL activity
in the patient's blood. It must be kept in mind that the peptides and compositions of the
present invention may generally be employed in serous disease states, that is, life-
threatening or potentially life threatening situations. In such cases, in view of the
30  minimization of extraneous substances and the relative nontoxic nature of the peptides, it
is possible and may be felt desirable by the treating physician to administer substantial
excesses of these peptide compositions.
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For therapeutic use, administration should begin at'th:e,ﬁrst sign of viral
infection or the detection or surgical removal of tumors or shortly after diagnosis in the
case of acute infection. This is followed by boosting doses until at least symptoms are
substantially abated and for a period thereafter. In chronic infection, loading doses
followed by boosting doses may be required.

Treatment of an infected individual with the compositions of the invention
may hasten resolution of the infection in acutely infected individuals. For those
individuals susceptible (or predisposed) to developing chronic infection the compositions
are particularly useful in methods for preventing the evolution from acute to chronic
infection. Where the susceptible individuals are identified prior to or during infection, for
instance, as described herein, the composition can be targeted to them, minimizing need

for administration to a larger population.

The peptide compositions can also be used for the treatment of chronic

“infection and to stimulate the immune system to eliminate virus-infected cells in carriers.

It is important to provide an amount of i immuno-potentiating peptide in a formulation and
mode of administration sufficient to effectively stimulate a cytotoxic T cell response.
Thus, for treatment of chronic infection, a representative dose is in the range of about 1.0
ug to about 5000 pg, preferably about 5 pg to 1000 ug for a 70 kg patient per dose.
Immunizing doses followed by boosting doses at established intervals, e.g., from one to
four weeks, may be required, possibly for a prolonged period of time to effectively
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
compositions are administered parenterally, e.g., intravehously, subcutaneously,
intradermally, or intramuscularly. Thus, the inventién provides compositions for
parenteral administration which comprise a solution 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, 0.8% saline, 0.3% glycine,
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

D
i
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Qv \ y ‘f‘hé zoncentratlon 3f é’lJL stimul gory peptides of the invention in the
pharmaceutical formulations can vary widely, 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

10 primarily by fluid volumes, viscosities, etc., in accordance with the particular mode of

‘ administration selected.

The peptides of the invention may also be administered via liposomes,
which serve to target the peptides to a particular tissue, such as lymphoid tissue, or
1argeted selectively to infected cells, as well as increase the half-life of the peptide

15 composition. Liposomes include emulsions, foams, micelles, insoluble monolayers,
liquid crystals, phospholipid dispersions, lamellar layers and the like. In these
preparations the peptide to be delivered is incorporated as part of a liposome, alone or in
conjunction with a molecule which binds to, e.g., a receptor prevalent among lymphoid
cells, such as monoclonal antibodies which bind to the CD45 antigen, or with other

20  therapeutic or immunogenic compositions. Thus, liposomes either filled or decorated
with a desired peptide of the invention can be directed to the site of lymphoid cells, where
the liposomes then deliver the selected therapeutic/immuno genic peptide compositions.
Liposomes for use in the invention are formed from standard vesicle-forming lipids,
which generally include neutral and negatively charged phospholipids and a sterol, such

25  ascholesterol. The selection of lipids is generally guided by consideration of, e. g,
liposome size, acid lability and stability of the liposomes' in the blood stream. A variety
of methods are available for preparing liposomes, as described in, e. g., 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, incorporated herein by reference.

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

peptide may be administered intravenously, locally, topically, etc. in a dose which varies
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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,
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 generally 10-95% of active ingredient, that is, one or -
more peptides of the invention, and more preferably at a concentration of 25%-75%.

For aerosol admlmstranon, the immunogenic peptides are preferably
supplied in finely divided form along with a surfactant and propellant. T ypical
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
;uch agents are the esters or partial esters of fatty acids containing from 6 to 22 carbon
atoms, such as caproic, octanoic, lauric, palmitic, stearic, linoleic, linolenic, olesteric and
oleic acids with an aliphatic polyhydric alcohol or its cyclic anhydride. Mixed esters,
such as mixed or natural glycerides may be employed. The surfactant may constitute
0.1%-20% by weight of the composition, preferably 0.25-5%. The balance of the
composition is ordinarily propellant. A carrier can also be included, as desired, as with,
€.g., lecithin for intranasal delivery.

In another aspect the present invention is directed to vaccines which
contain as an active ingredient an immunogenically effective amount of an immuno genic
peptide as 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, 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 human serum albumin, tetanus toxoid, polyamino acids such as
poly(lysine:glutamic acid), influenza, 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, Adjuvants such as incomplete Freund's adjuvant,
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vivo induction of CTLs.
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(APC) and the appropnate immunogenic peptide. After an appropriate incubation txme
(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
- 10 specific target cell (an infectéd cell or a tumor cell). In order to optimize the invitro
conditions for the generation of specific cytotoxic T cells, the culture of stimulator cells is
‘maintained in an appropriate serum-free medium.
L Prior to incubation of the stimulator cells with the cells to be activated,
L e.g., precursor CD8+ cells, an amount of antigenic peptide is added to the stimulator cell
15  culture, of sufficient quantity to become loaded onto the human Class I molecules to be
expressed on the surface of the stimulator c;ells. In the present invention, a sufficient
amount of peptide is an amount that will allow about 200, and preferably 200 or more,
human Class I MHC molecules loaded with peptide to be expressed on the surface of
each stimulator cell. Preferably, the stimulator cells are incubated with >20pg/ml peptide.
20 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 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
25  individual's lymphocytes to culturing conditions and the nature and severity of the disease
condition or other condition for which the within-described treatmeﬁt 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 effective number of CD8+ cells.
30 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, particularly in

primary immune responses. While small amounts of peptide/MHC complexes per cell

'Y



%' 1096r 58 ()- BB B/ B8BIBGBel )|’ 10%6r %8& ()- | ' L0%Sr Y68 )3 AUG 2004

1 1098r 988 | ' 1098r v8& ()- 'Y %' 10%8r %8& ()- |' 10%sr %88 () -

" GBHBTBU B'§6U4| $10% & ()-1" 10%Sr YS& ()- 'Y %' 10%Sr UBSEI/U$00/04655
| ' 1098r %8&' () - |' 10usr %8&' ()- 'Y UMBCCCOOELE|[: 4l | t#! 10%#& () -
|t #1'109%90$& ()-% @ 109@%$& ()- , & 10%>$& ()- & %09R$& ()- @
| 1099$& () - 1Er GsGghhH H HvHHVU4I " 1008& ()-, 109%6& () - 101 #101 #10I #

1120 gl 588 e s il -

10968 ( JesdAduxRRIECessHl acti@htivd 06 &T() precut QMEBCTL) duritShi Ay
S$1098& (e)S & S$100/$&°( 3010%1;3 ) - &P srﬁ%l SrrSSOTlTvU4I 10% I?%&o(n )Se
(10%8&8: TIIuiTes ¢ signpfeay y {jSbeo RURb IRt RePOgg: eoTEpleyesgPeptide loadmg of

"109%8& ( )emH;' s i Yodnhp atiddtity coﬁgp?e%f&ﬁles ot e fioWshe indubtddd8d & () -
5 prirhary cytotoxic T lymphocyte responses. Peptide loading of empty major
lﬁstocompatability complex molecules on cells enables the induction of primary cytotoxic
T lymphocyte responses.
Since mutant cell lines do not exist for every human MHC allele, it is
advantageous to use a technique to remove endogenous MHC-associated peptides from
10  the surface of APC, followed by loading the resulting empty MHC molecules with the
immunogenic peptides of interest. The use of non-transformed (non-tumorigenic), non- |
infected cells, and preferably, autologous cells of patients as APC is desirable for the
design of CTL induction protocols directed towards development of ex vivo CTL
{herapies. This application discloses methods for stripping the endogenous MHC-
15  associated peptides from the surface of APC followed by the loading of desired peptides.
A stable MHC class I molecule is a trimeric comi:lex 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 a1 and 02 domains,
and 3) a non-covalently associated non-polymorphic light chain, B, microglobulin.
20 Removing the bound peptides and/or dissociating the B, microglobulin from the complex
~ renders the MHC class I molecules nonﬁmctionél and unstable, resulting in rapid
degradation. All MHC class I molecules isolated from PBMCs have endogenous peptides
bound to them. 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
25  peptides can be added to them. |
Two possible ways to free up MHC class I molecules of bound peptides
include lowering the culture temperature from 37°C to 26°C overnight to destabilize B,
microglobulin and stripping the endogenous peptides from the cell using a mild acid
treatment. The methods release previously bound peptides into the extracellular
30  environment allowing new exogenous peptides to bind to the empty class I molecules.
The cold-temperature incubation method enables exogenous peptides to bind efficiently
to the MHC complex, but requires an overnight incubation at 26°C whi¢h may slow the

cell's metabolic rate. It is also likely that cells not actively synthesizing MHC molecules
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which is critical for antigen 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 that only the

10 MHC class I molecules are destabilized (and associated peptides released), while other
surface antigens remain intact, including MHC class IT molecules. Most impértantly,
treatment of cells with the mild acid solutions do not affect the cell's viability or
metabohc state. The mild acid treatment is rap1d since the stripping of the endogenous

‘ peptldes occurs in two minutes at 4°C and the APC is ready to performi its function after

15 . the appropriate peptides are loaded. The technique is utilized herein to make peptide-

~ specific APCs for the generation of primary 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

20  specific for the 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
stimulator-effector cell admixture via appropriate means, e.g., via well-known
immunoprecipitation or immunoassay methods.

25 Effective, cytotoxic amounts of the activated CD8+ cells can vary between
in vitro and in vivo uses, as well as with the amount and type of cells that are the ultimate
target of these killer cells. The amount will also vary depending on the condition of the
patient and should be determined via consideration of all appropriate factors by the:
practitioner. Preferably, however, about 1 X 10° to about 1 X 102, more preferably about

30 13X 10® to about 1'X 10!, and even more preferably, about 1 X 10° to about 1 X 10'
activated CD8&+ cells are utilized for adult humans, compared to about 5 X 105-5x 107

cells used in mice.
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“nonoclonal antibodies. Such antibodies may be useful as potential diagnostic or
15 tilerapeutic agents.

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 peptides, and thus
may be helpful in modifying an existing treatment protocol or in determining a prognosis

20  for an affected individual. In addition, the peptides may also be used to predict which
individuals will be at substantial risk for developing chronic infection.

To identify peptides of the invention, class I antigen isolation, and
isolation and sequencing of naturally processed peptides was carried out as described in
the related applications. These peptides were then used to define specific binding motifs

25  for each of the following alleles A3.2, Al, All, and A24.1. These motifs are described
on page 3, above. The motifs described in Tables 8-11, ‘below, are defined from pool
sequencing data of naturally processed peptides as described in the related applications.

- TABLE 8
Summary
HLA-A3.2 Allele-Specific Motif
Position Conserved Residues
1 : -
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TABLE 10
Summary
HILA-All Allele-Specific Motif
Position Conserved Residues
1 | -
2 ' .V
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TABLE 11 !

Summary

| HILA-A24.1 Allele-Specific Motif
. ;osition Conserved Residues
1 -
2 Y
3 IM
4 D.E,GK,P
5 LMN
6 \Y%
7 N,V
8 AEX,Q,S
9 F,L
10 F,A
Example 2
5 Identification of immun ogenic peptides

Using the motifs identified above for various MHC class I allele amino
acid sequences from various pathogens and tumor-related proteins were analyzed for the
presence of these motifs. Screening was carried out described in the related applications.

Table 12 provides the results of searches of the antigens.
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0.0490
1259.08 GIHHPSNSK. Flu.HA.195 0.1300  0.0140
1259.10 10 RMNYYWTLLK  FluHA.243 25000  2.3000
1259.12 11  ITNKVNSVIEK  FluHA392  0.0200  0.0670
1259.13 11  KMNIQFTAVGK  Flu.HA.402 0.0280  0.0092
1250.14 9  NIQFTAVGK . FluHA.404 0.0017  0.0330
1259.16 * 11  AVGKEFNKLEK  Flu.HA.409 0.0210  0.0460
1259.19 11  KVKSQLKNNAK FluHA465 0.0470 - 0.0031

1259200 11  SVRNGTYDYPK  FluHA495 0.0410  0.1400

125921 9 SIPSGPLK Flu.VMTL.13 07800  8.8000
125925 10 RMVLASTTAK  Flu.VMTL.178 05500  0.0350
125926 9  MVLASTTAK FwVMTL179 17000  1.4000
125928 10 RMGVQMQRFK  Flu.VMT1.243 0.1000  0.0059
125933 10 ATEIRASVGK  FlVNUC22  0.1400  0.3000
125937 11 TMVMELVRMIK Flu.VNUC.188 0.0890  0.0310
1259.43 10 RVLSFIKGTK FluVNUC.342  0.8000  0.0830
F119.01 9  MSLQRQFLR ORF3P 0.2000  0.7200
F119.02 9  LLGPGRPYR TRP.197 0.0190  0.0091
F11903 9  LLGPGRPYK TRP.197K9 2.2000  0.6800
340019 8  RVYPELPK CEA.139 0.0130  0.0440
340020 8  TVSAELPK CEA.495 0.0037  0.0320
340021 8  TVYAEPPK CEA.317 0.0160  0.0220
340029 8  TINYTLWR MAGE2.74 0.0140  0.0550
340030 8  LVHFLLLK MAGE2.116  0.0290  0.1500
340031 8  SVFAHPRK MAGE2237  0.1410  0.0810
340043 8  KVLHHMVK MAGE3.285  0.0580  0.0190
340050 8  RVCACPGR p53.273 03500  0.0490
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34.0226 10
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340295 11
34.0296 11
34.0298 11
34.0301 11
34.0306 11
34.0308 11
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FVSNLATGR
RLQLSNGNK
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VIFSKASEK
GSVVGNWQK
SSLPTTMNK
SVLEVFEGK
SSBMGGMNK
SSCMGGMNK
RTLTLENVTK
TISPLNTSYK
STTINYTLWK
ASSLPTTMNK.
KTYQGSYGFK
VVRRBPHHEK
GLAPPQHLIK
NSSCMGGMNK
SSBMGGMNRK
RVCACPGRDK
KTITVSAELPK
TTITVYAEPPK
PTISPSYTYYR
GLLGDNQVMPK
MVELVHFLLLK
FSTTINYTLWR

62
p53.132
p53.363
CEA.656
CEA.546
CEA.628
HER2/neu.681
MAGE2.116
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MAGE2.281

- MAGE2.149

MAGES3.130
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53.240
p53.240
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0.0090
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0.1800
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0.0420
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0.1800
0.0570
0.0071
0.0420
0.0190
0.3600
0.0200
(0.0002)
0.0780
0.0200
0.0110 .

0.0071
0.0490
0.0110
0.0780
0.0055
1.4000
1.6000
2.0000
0.1500
0.0530
0.2060

- 0.7100
© 0.9000

1.1000
0.0490
13000
0.0330
0.6500
0.0270
0.4200
0.2100
0.0160
0.0290
0.1600
0.0250
0.1600
0.0280
0.1300
0.0047
0.0120
0.0170
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40.0153
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11
11
11
11
11
11
11
11
11

10
10
10

GLLGDNQIMPK
RLGFLHSGTAK
ALNKMFCQLAK
RVCACPGRDRR
LSQETFSDLWK
RAHSSHLKSKK
VICTYSPALNK
GTRVRAMAIYK
STSRHKKLMFK
LAARNVLVK
MALESILRR
ISWLGLRSLR
GSGAFGTVYK
ASPLDSTFYR
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63
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ps33.110
p53.129
p53.273
p53.14
p53.363
p53.122
p53.154
p53.376

Her2/neu.846 .

Her2/neu.889
Her2/neu.450
Her2/neu.727
Her2/neu.997

Example 3

10%" & () -
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0.1300
0.0430
0.4400
0.0290
(0.0009)

- 0.0270

0.0700
1.1000
0.3100
0.0580
0.0034
0.0410

0.0660 -

0.0003

Identification of immunogenic peptides

10% z& ()
F&O PCTAKBO/G9655 | F&O

*0.0570

0.0001
0.0420
0.0250
0.0470
0.0038
0.1200
0.3300
0.1300
0.0285
0.0237
0.0027
0.1300

© 0.0670

ngnt‘;Ho

Using the B7-like supermotifs identified in the related applications

described above, sequences from various pathogens and tumor-related proteins were

analyzed for the presence of these motifs. Screening was carried out described in the

related applications. Table 13 provides the results of searches of the antigens.

Peptide

40.0013
40.0022
40.0023
40.0050

40.0051

40.0055

Table 13
‘Sequence

SPGLSAGI
KPYDGIPA
KPYDGIPI
APRMPEAA
APRMPEAI
APAAPTPI

Source

CEA.68018
Her2/neu.921
Her2/neu.92118

p53.63
p53.6318
p53.7618
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45.0124 SPLDSTFYRSI Her2/new.998.111
45.0128 LPAARPAGATI Her2/neu.1157.111
45.0134 HPRKLLMQDLI MAGE2.241.111
45.0135 GPRALIETSYI MAGE2.274.111
5 450139 GPRALVETSYI MAGE3.274.111
45.0140 _APRMPEAAPPI p53.63.111
45.0141 VPSQKTYQGSI p53.97.111
1145.10 FPHCLAFAY HBYV POL 541 analog
1145.09 FPVCLAYSY HBYV POL 541 analog )
10  26.0570 YPALMPLYACI HBV.pol.645
The above description is provided to illustrate the invention but not to limit
its scope. Other variants of the invention will be readily apparent to one of ordinary skill -
, 1;1 the art and are encompassed by the appended claims. All publications, patents, and
15 ‘ patent applications cited herein are hereby incorporated by reference.
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IMTCMSADL
ALAAYCLST;
VLSGKPAII,
FISGIQYLA;
10 YIMTCMSADL;
AJASLMAFTA,;
GLAGAAIGSYV;
FPHCLAFAY; and
FPVCLAFSY.
15

2. An immunogenic peptide YPALMPLYACI.

3. A composition comprising an immunogenic peptide selected from the

group consisting of:

20 GVFTGLTHI,
QMWKCLIRL;
IMTCMSADL,;
ALAAYCLST;
VLSGKPALII,

25 FISGIQYLA;
YIMTCMSADL;
ATASLMAFTA,;
GLAGAAIGSV; -
FPHCLAFAY; and

30 FPVCLAFSY.

4, A composition comprising an immunogenic peptide YPALMPLYACI.
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5 IMTCMSADL;

ALAAYCLST;
VLSGKPAII;
FISGIQYLA,;
YIMTCMSADL,;

10 AIASLMAFTA,
GLAGAAIGSV;
FPHCLAFAY; and
FPVCLAFSY,
for the preparation of a medicament to induce a cytotoxic T cell response

15 against a preselected antigen in a patient.:

6. Use of an immunogenic peptide YPALMPLYACI for the preparation of
a medicament to induce a. cytotoxic T cell response against a preselected
antigen in a patient.
20
7. A method of inducing a cytotoxic T cell response against a preselected
antigen, the method comprising obtaining cytotoxic T cells from a
patient, and incubating in tissue culture the cells with a composition
comprising an immunogenic peptide selected from a group consisting of:
25 - GVFTGLTHL
QMWKCLIRL;
IMTCMSADL,;
ALAAYCLST;
VLSGKPAIIL
30 FISGIQYLA;
YIMTCMSADL,;
ATASLMAFTA,;
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GLAGAAIGSV;
FPHCLAFAY; and
FPVCLAFSY.

A method of inducing a cytotoxic T cell response against a preselected
antigen, the method comprising obtaining cytotoxic T cells from a
patient, and incubating in tissue culture the cells with a composition

comprising an immunogenic peptide YPALMPLYACL.



