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structpkpsicassqgi ated with the 10 i mmune system of that species. Al though
there 7S a great deal of genetic diversity in the human popul ati on, even
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anpl i fBachgroond of the i mune response to the particul ar i nmmunogeni c peptide
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pepti de-based vacci ne or therapeutic agent based on this work. Summary The
i nvention provides the paraneters for the design of vaccines which are

expect edw(pozaﬁ,l,e,t:f ectively target large portions of the nqpy{]gtzjoms
Fol |l owi ng the guidance set forth herein, to prepare vaccines with respect
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ot her R?Bgf’?'i’éﬁ?g vaeape orthprgpenticpgentbased orgthis ey 7 in the case of pepti des
9 amino acids in length and positions 1, 3, 4, 5, 7, 8 and/or 9 in the case

of pepgdnqlelgg,ilo amno acids in length. The present i nvention defines
positions w h| n a notif enabling the selection of peptides which will bind

ef ficientlyp
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amno acids in length. Further, an oligopeeptide of the invention can be
such that it does not conprise nore than 15 contiguous am no acids of a
native antigen. The nonenclature used to describe peptide conpounds follows
t he conventional practice 10 where the amno group is presented to the |eft
(the N-term nus) and the carboxyl group to the right (the Ctermnus) of
each am no acid re5| due. In the for rrul ae repr esentl ng sel ect ed speC| f| o
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"HLA ty

4 PCTJLI S02/02708 wo o2n~~nB: Binding results are often expressed in
terms of 1C50 s." I1C50 is the concentration of peptide in a binding assay

at whi chy’P#depfssbi tion of binding of a reference peptidepdsushsersed.

G ven the condltlons in which the assays as described herein are run (i.e.,
limting H @eb&% tidest@S8entiHedes
approxbl%%ulee Ig ﬁhéé:caﬂzfgesnla %ﬂe@ﬁﬁg{j g?ﬁ?ﬁgmqgﬁgl:c%%are described in
det ai ITnemaBﬁiiembInsaaes m&oﬂﬂt@iﬂmﬂdmrm rgaax@wewhlqhtWIﬂrb@waeq@ed 9ot ed
t hat | CSO val ues can change, oftenéﬂgr anaj. E‘F% E)e ass onc,%nvg t i ons
are vasane@ie haacRiKlse fHYMg %ﬁ“?lﬁﬁaﬁ Pe ”?ﬁ & %e@ﬁxpgs LBPUCEY

preparati onpy, £t ﬁl dne a5t QK@mEﬁlonQ§ﬁﬁ§<§éd/% §&@%Btf6ﬁﬂbrﬂﬁ§m@fan|dbﬁo hQ@U| es
will increase't appar €nt neasured | C50 of iven |igand and therefore
nots r edttigen chdnactéristie op patiiogen or1iQmBey. nahfngntope nélﬂeékwl@s gsthodds morat i o

| at t f |.
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Hovev ey, arbnfan B AsEpéptide! THE niethddt@mpeikey AaDRIMARAE hﬁhﬂld/uchd seaaénce of the

si gni f1 cant chang e For exanpl e, in an assay run under condltlons such
t hat tzhmgbﬂ:ﬁﬁ sagmerlrteof&ﬂémnn@a@éiawhﬁee thpemingseaid apasio 2 isReMattors val ues

f the t tid | t
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a rat i embedimintsythe r@uhwit pesiieny l&leOhlgir i |othes Pfffféﬂ?cgfm MgRs.fhe fi“i bed
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conser ve residu is an amno acid

whi ch géstigis] hid/ér &) @k Ki atgpositiyn Bj gﬂdacﬁsradﬂ@an@thﬁpnmmB ovhise thexgsguiead by
random di stribution at a_particular positi orc}? eptide. Typically a
conser el (et ghlsoipselemed FHEplPosonHad At the W&y provi de a cont act
pojyt with BEHLII% RleGCoRfpBLitiffs coitisiig infth@fdgehic eptidh hivih

coLser ved r%@sﬁd&@ﬁ Wt ?‘%ﬁa epggtt?)l 1el ofcodef |Snre%dl I engtgh dgf?t?\es a IT%?I f for
an i nbindignhetifisapsdqdenced fodtlA .t owdecates. Thpimmungganic enitopes AR act wi th

t he peptide bindi ove, i de, ns r c
pocket BERSHdes I’ﬁéh‘é? 88‘92 esaé’PFOP”?L}leE@ *I‘I?f ¥4 Hrﬁﬂ{r‘ﬁ)&ﬁ%ﬁ?({ E%(gfafs n%lgeggn&ll %ld
conpri ﬁ{%ré’grefé?aﬁlg 0]E 1@ QEMeY Sitllch Bt A REmpHTERY onidérvad tesidusoateftaiamostions
resi dues herein, "negative binding residues" are am no acids

Whl ch stﬁchmsep&asmbnal andaﬂtea(i -terpdsist I\@rsower,dhe psaidhes do nplroMArisp8egative and/ or 7
[ d
128 ur R s e B BT Bingf Sost rdguch SHURIREST, Sl AQRE 73 MEasB 10,

ref er s of feptides Pamily ftidy 1nﬂ@€gtldbxﬁﬁpdsihdms pepid, 887,08 ardisédnmcthé easgbﬁpemsiaal I y
about 8 to about 11 am no acids, which is reco nize

allele lowq)@cp@s iadergth. Vhepigsont If(\'fnu%kdqfer? M?‘lﬁﬂi‘lé ar%‘ﬁI bjI“éeH‘e

typi cal f iHied @zand differ in the pattern of
t he hi gﬁ#tgdcon &e %g}Fﬁugl&lﬂgn neg ttlgve resi dues. The binding notif for
an allele czﬂpnbeesdmfa menbaniof iminnoogeasi taggetipmtescantbepdetified using the one case,

Il_of th d q ”
ge8§ ?dégcare?agéj lgggr@\/‘te?s rtg ';Il&ye?rigﬁ:fwﬂesr giugﬁllgg artrthgeeﬁxggx{cg ife! r&?ﬁg%%n%g? dlre@g?c R
super gﬂg%efn rhg%) Shepitid BRoRI dﬁd'sﬁﬁfa&%ﬁQéﬁﬂW@ s hleprathrs/c amigens)| es

encode or nore HLA alleles. A supernotif beari epi tope preferably
i s recdipaicreBamivitns hmtgen&rhunmmemmmpéttfecl%ﬂcwmetS/V(Fass(l‘ﬂe' il) OBleY ¥ihMby two

or nor HLA ant HLA S

descri Depes s GRSEY ) irencaPuB R itys BRP Ih iy Lapsf it OBl m

pept i dgoikiredbig(MPR G5B CEA| @§panbboinehiafise intigehqTBAG and Hat2/sduaBhepepaddsat
simlar binding affinity for pepti des bearing. Cfl‘tal n.am o acid noti fds are

gr 30pednd mugleigasids gperdifptism arp aseflipphpymeceyliss, F‘HHPCISIPOHFIL%I hoflh By yg,en
famly, and e cul es (mhere XX denotes a partlcular
eé)v“é geﬁ%é &(ncl Hﬁ dl%&%% eﬁegsEPdpgsol ated" or "biologically pure" refer
to naterlal mhlch |s substantlally or 15 essentially free from conponents
whi ch normal |y acconpany it as found in its native state. Thus, the
peptides of this invention do not contain materials normally associ ated
with their in situ environnent, e.g., MAC | nol ecul es on antigen presenting
cells. Even where a protein has been isolated to a honbgenous or dom nant
band, there are trace contam nants in the range of 5 10% of native protein
whi ch co-purify with the desired protein. Isolated peptides of this 20
invention do not contain such endogenous co-purified protein. The term
"residue” refers to an amino acid or amino acid mnetic incorporated in an
ollgopeptlde by an anlde bond or anlde bond nlnetlc Brief Description of
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optimal residue at the sane position. Figure 3. Position 2 fine specificity
of HLA- A2-supertype nol ecul es. ARB val ues of 10 peptides bearing specific
resi duesyidglyRRgissi on 2 were calcul ated for each A2-superty@gusplensl e as
described 1n the text, and indexed relative to the residue with the highest
ARB f ach specific nolecule. The average (geonetric) binding capacity of
the p ; earing the residue with the highest ARB were S5, 59, 89, and

41nM for A*Q202, A*0206,.and, A*6802, respect, yely. .15 .Fi C-term nal
fine specif I&‘Tttegno?eﬂ%h_ﬂ- Msgﬁﬂ’é?r‘f ée?Pg g”& I8§g°%ﬁga€dF&lgé;&;rg?eﬁbepti des

bear i ng,esip&tidd © deSighsle @Seads dffresiduek Sy Picaliss Lvibiifo aids, Woakeettdf o tedeh
A2-supertype nol ecul’e as described in the text, and indexed relative to the

r esi duethei typicallebnpepisistbondebateeencthe alpbpaniing andearkenyl groupp el adjacae

(geonetric) binding,.capagi.t f th t.i de i-ng: .k i i the
hi ghesiMARE® ril“ﬁgk@ﬂ%ﬁﬁd%%‘ﬁ?g%“ﬁaﬁ Q@gﬁﬁ %Sr(pﬁﬁgffgbgldtsilf begg@ %%a\go%, and
20 A* 6R0hah 25000 Y2159, 25 ioF @5 amindatidy in gt BiRlier rant oligop Gutidemf thenap  of
A*0202 notif for 9-mer (a) and 10-ner (b) ﬁeptides, At se_congigré anchor
posi t i tventioneasnesuctstheti daes not epEpREEMEEhare] Leticyons aming agds BEp BEYE wi ¢ h
an aver age bi ndi ng capacity at least 3-fold greater than (or 3-fold |Iess

t han) fﬂe P'des of the sane size carrying other residues at the sane

posi tion. AfThé hémpidlatareyusad ahdoscitie prptidé campounds é6lwsalle cavicuuasl pragtitthose

iated with | bi ndi i i t hi -fold of th timal
718 quBhate thnemu oy HsSed To eIl Bhe b PriySLangiits cHbend B B8 hose
associ ﬁgﬁd(m%ge@?nﬁgféa&ﬂ AiR6hd1d r&RRRC I met}smaarapfeesemmg sQQtcliapeciné t he

opti mal “resi same position. Figure 6. Map of the A*0203 notif.
Sunmmar ymbadimenfs ok 8sembiriventior, the-amino( @ carpx3btenninakgroupy, apbprshaed . At

r 6 asgRifieln Sy T B DS ot NaRH Rty lod SR e Bes SIS et o
than (QmeRvikOkstclfRas 1h BRYmiAS Rt daactife foRfulaaMACS tetRIue &Y gonenlly oéptedented

residues at the sane position. At the primary anchor positions, preferred
r e35 duby standar tlose lettss ocsingle detigh désignationse rEgd-rmueiay apipa afidyesiiyens n

10-fold of the optimal, residuye at th el I ) r d [ Yy
anchor r‘?péfésieﬂ'iﬁg?yﬁrcég?ﬂggkg?%gﬂeW6 cfgg?lffﬁ’%ﬁytﬁf%z)fé@% Elé%%ﬁ @i}char;HSﬂggg at ed
Wi th aforay for asifse Binil RgdsiRRaR Difolass iveeiestited bt 13@0r ¢ast single létter oopowrer
resi due at the sane gOSItI on. Figure 7. Map of the A*Q206 notif. Summary

maps ofaskthzedetten 5ymbalo Glycipe hay no) asypaneiie casbor Hpmyadiis sEWly ikfertedd8ddar y
anchor ,, S.i(;tri ns, residues shown as preferred (or deleterious) are

associ ated WTh an average binding capacity at |least 3-fold greater than
(opo3-fol d laassmihmpyeriie peptitied oofepltbpe Sia apeptidecorcaming acid sequeace whishdues at

th iti ALt I h iti . f i d
{nose. eTBBPmBgicrTvesttc AUHAEY WanDP REPIRRseuterge iif R SOTHG BSGFER ™ ©
opti mal,, 56 dug gaftvlﬁ ;{e R8N EnRARbdehR bepti MsIf M Sihv it dFRdrY cAABRYT birkbngisem ar e

t hose associ ate an average binding capacity between 10- and | 00-fold
of t he apptopriate HlesiAflmokecule@nd mlusmge ytspxie dncellmiespanse againgh hegntigeipiramsgo2

nmotif. Su ry maps of A*6802 notif [.9- i.des.
A seoofiar JredmenBpeRts e gras S 86 el pbBec ot B by RlorPERl OO
ar esasspal Moff1 MdsiauadinavesBashdailaditng apsidids)inaéngtieast uBallptahsist efit er
than (or 3-fold I ess thanz pepti des of the sane size carrying other

r esi dudwstweentaheutsfazns 3bout 11 trsidugy prafablyidRilf) 1sHERSY i S positi ons,
preferred regsi [ | ; ndy So8ffont Y
W thin 10- 1 Qi PRelE BebRa S RRRa B RO (LAARIRARE ARBHBNRULT FORALK
pri mar yTrgithne siedhgienntcal poeehrssthat rodibew schreamhialy enabigs the sedéatign of

ity bet 10- d 100-fold of .the optimal i dug .at. t ,
pobTt dmmimogERE Peilspel HBIRIY R iseh S et o Llbb Aty MeTRIT .y
ancior %le'e @El‘eg?dhc egﬂd»ﬁ%héﬁﬁ% hYRA Cd?bt%'img of BRI M 2aQbrtSin GBIniBNhdLAHIMEr

ptides es| dueS shown 'y I

(b)" "pe €es. si gni f1 cant i nfluence binding to 3 or nore
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15 nucleic acid containing a nucl eotide sequence encoding it. Means for
provi di ng such nucleic acid nol ecul es are described in WO 99158658, the
di scl osugg) gfosMasch is incorporated herein by reference. waumosenz7oshe
i mrunogeni ¢ peptides can be adm nistered as portions of a larger peptide
mol ecul e angGlE3GHs b SRrEABRestdndaHISOIEFRY 1S, isThecdreaeitiaa | de may
contai n extiraneous am no acids, in general the fewer the better. Thus,
pept i degptivbircAbiadingaissaysn ehicni0Yo inhebitlen af bindidgtof pirefatange peptidsiinebsgrieds or
| ess, nore typically.20 amno acids or le and nore typi.cal 1 11 N0
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provi d@&h&i@g@ra?éi@mmrd delemtihg vh @ pafeculereapants el (egneHAipreparaticnt f ect i ve
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anti gen, or aut.ognt i. j ol 1o Ficanthegee OFopot ent i al
t ar get Yot &r #seabé}édﬁg%%ll& ee%ﬁl?el Hg%rég{a&gggptb%gﬁﬂﬁﬁﬁ% I nldi nﬂé]wrmt ??s_. 0Exarrpl es
D L2 b B o e A st Lace. Aot gos LB LS
i1~ .gcore a rface.an
hepat | APgole, BwdCyotines B5tiedes peal sgvl}l&ﬁsoiiﬁ} @D@ﬁﬁ&%ﬁﬁﬁ@i&%ﬁ?&ﬁ%
ant kgens,: Aot thela¥ QAR5 dthePs 1198 Bodd] SAermedivde, Medak | drenegative
Pe%%i dggmgorrpr%m ngth{er‘% epl ?gg&v%f rom F%Igselantg?gens may be synthesi zed and
then t egidedis$ehemlly hased oabisICsy relaivisita the 1€t ofe sippslanhpepdide. Thebigingdntes in
assays using, for example, purified class | .nol.egu iaiiadonat ed
pept i d&§ TeRoieg as é?tloso_ré_llﬁfaé@@??'gbeewgl_o8?‘3%21&&?{}]&;1%033%1%;&1 C){/e, bglfiq?nst ance,
i mmnofﬂﬂg@«;\esngent staining and flow m crofluoronetry, peptide-dependent
class | "assenbly assays, and inhibition of CTL recognition bé ‘ﬁjz%ti.dc?
conpet i t i on.AsTised beneap highedfinibawithirerpeetdo e elpsslanelegyesis defin Hading
further evalyated for. thejr abil.hty,t r . g erived
Fr O LB bp e 20t far oDy BnafietGuimatly [ RERE BBl e
i nduce ¥at)igTBEdvdefl a¥bilt’50 2ad about\i0B@MCTL responses that can give rise to CTL
popul ati ons cgpabl e of reacting wth ,Hl ral I%ﬁl r;f.ect Ed'é argebgﬁe} S u%rct unor
(t:)el lt?\ astotlthQIWWP(hé?ﬁ?b‘éytSlaB a&@gf‘%?@%_ Brsdn 3SEnHCRRLY g F%ﬁgil};;é()dleld
y € ¥ icdRP Posiiéh dBcphadedTHpicalnca CE
surfacetk'aa'fwg%lgr%gxe?ﬁ%teg f@gg%ljﬁ lgnsliﬁti es,a%vmgr eagot rl1e 15 e?gr ess?%n of
HLA- C i @nsdrudd fesidanis onelvhees the peHBmpucaise may hrayidercongdcpeiphwith thecach of

t hese loci have a nu of alleles.,The peptide.bindi . i { Irhe

| i3nt | GAmERE e PSR e Gnedp et s igb o Sich EEspER cb-RfsP iRl el of

pept | desdss i SeRESa nidR kirdSRE0EErAD bupt e hbSrasidimstaré typivailg i closk by
an MHC " nol ectl e having a wde distribution in the human p pulqﬁtl o?, or
conpri sengctwithithe pptide bindih2@oone, witjeheir Fidarhainsuriedde spRSHIA RASKE' Of Gence

or oups BAEVG LD opial st oo eBplie SRR gttt Do BiocRheiiedigihes.
t ar get ,ng,cgusgg]il)pﬁvo donbéwedresfioes the frequency of various alleles at the

" HLA- A | ocus products anong different races. For instance,.the majority of

t he3QCaucasoi As pegsitesginomegatiye l?é"déléﬁ/@ﬁ’é‘éle%f%@ﬁﬂo@%“%ﬂ\‘%h‘fm eﬁﬁmtdé C?%*H?f
HLA-A allele L fihc . : : { 1.

* Simil arP%F,‘t“%‘}%Z%%%%ﬁ?‘Fy&%ﬁ%t“ é’%sh{lcgﬁr%é{)ﬁ?;ﬁ%ﬁail E@ﬁ@oﬂpﬁ{gﬁd@eﬁh t he

addi t i oforMindeept j)?i;ﬁ/s)isﬂﬂte):ﬂ dﬁm% tgmlﬁgﬁ% 2;,» hngnghegeaicl-iLeAmdl;Qe. 2 CTLorespops®© 112/ 1161

5 TABLE 1A All el e/ Subt yne * . .

S0 1(7) 1. Bhatemn nribEesos fontpe BE'&SFB?%?S%‘%@. Bpepsigs abdefingd Jengthypsuallysy no

31.4(1 i i chidr REIT aH316. Thapastide( 108

a1 105t R LSt D e B e, 5(3) - 3 'of 20) Acd2. b
2)27.7(1

(S) )15. 3( (77) A24. 2---A24. 3- A251. 4{1) - 6. 9(3g) A26. 14.3(3)9. 2(5)5.9(30) A26. 27. 2(5

)-1.0(5) A26V-3. 7(2) - A28. 110. 1

(7)-1.6(8)A28.21.4(1)-7.S(38)A29.11.4(1)-1.4(7)A29.210.1(7)1.8(1)5.3(27)A30

.18, 6(6) - 4. 9(25) A30. 21. 4(1) - 0. 2( 1) A30. 37. 2(5) - 3. 9( 20) A314. 3(3) 7. 4(4) 6. 9( 35)

NN N NS NS 5T S\ oA



Accordingly the famly of HLA nolecules (i.e., the HLA-A2 supertype that

bi nds these peptides) is conprised of at |east nine HLA-A proteins: A*0201,
A*0202, WoPRRd1434* 0204, A*0205, A*0206, A*0207, A*6802, agd/v¥sueaPls As
descri bed herein, the HLA-A2 supernotif conprises peptide ligands with L,
Vo i {Lall Vi iR fR leh AN all &8 bll@FfeRin Pephitérfrdf thetiighly, |,
vV, M %tlf%rﬁrd‘?yg-sgala?plr@nary aenchor r esi dufal at the C-term§)nal posi ti g}rll of the
epi t opensdrikod reZdoet anflsiegdine regiduasost particularly relevant to the invention
clainmed here conprise V. A_ T, . or t.position two and L V.. , or T
2t the-c. t dmaRneFAbordaibledn B 35aRR Hih B e Wiess olorsgoia K R
super Mpfeichse T o?ﬁﬁ@oﬁ%@edtr!«%ﬁﬂué%rh@e pleferi?n BéRBIrEMRRsTBhE FLA Faptide afd fHegeedur e
whi ch may ?)e used to identify peptides of the present invention is

di $cl asedo negdtak kesidites &l positidas dsdearglbar: 290 ( 1991 ), incorporated herein by
reference. Briefly, .the nethods Jnvolve |arge- i i f ass
| ol ecul es? f'{?ﬁr‘%%‘ff %%W“pﬁglu}&fb‘&%’éfg cftétsﬁa %ég)?% ﬁlﬁh%biegﬁ?%ﬁlﬁ 0 r“glf) y,
from apRhQRHIA g11816d.| A QliperRblif-bédthg eﬁh@?@t@ﬁerﬂﬂy Qi leesgnimsidhaidshiighior i sol at i on
of the desired MHC nol ecul e equal |y wel nown to the artisan include ion
exchanigterpadiaterabfmityogs defined heeain) by ot JrraeiEdHapaptieedSze excl usi on, high

per f ormance, | i, d _chronmat h .C Of1hI I I fbe-RBoye

t echni ques. nﬁg‘%sﬁg% e°€§%‘é@r§%ﬁ%§§‘rﬁ%ﬁ’pl %{W’%ﬁ&ﬁﬁg 2‘]{%%{5%0%{5 ate
t he desi the®agh bedtRredpeptiddBindily specifioitios. SHLATIS Insdeculebabatstiaregompwhat he
specificity of the_antibodies used. For, exan@l e, allele- sgeci fi cl_glgz?

r eagertimilaibingiag a&knity foF pentidenbearimggriainanpng agid giptids ate gEOYREAINO HLA- B,
and HLA G rml e VR Her Ry FRICQIpEH TR faldif, MROUBM 001 sudedyt

nol ect@ggng}r)ég g@%ﬁ%‘é?@“_ﬁ%‘#gmn c %%a BB7. Zaﬁg@’sui tabl e f(;r idsi%l ating
HLA- AZmoTeteles!(velsere Ak Hemdtesya poficuiasHbAeppe)ade synbhymhese mAbs usi ng standard

techni ques are successfully used to purif he respecti.ve. HLA-A all el e
products. 1bhe PW‘@ZFB&‘@. QBEL‘?JGW%%?PEV"L%#T&@ ’?‘Herg‘gd‘fll‘?lbﬁ Sp Stan“al“y or
al 1! CeRBRANL o TR coltpARAlskiiaR iy Aotdmpleriths Buninimiveyale. as V6! 32

B9.12. 1.23.2, could be used in alter ive affinity purification
pr ot ocThus, te pdptidesi didhis invention dxpotwontasematesalsmormally asecipied pitidBeipdund t o

th ti de. bi ndi f the isolated NHC nol
e I et e S S R R g

| ol egedn8soli¥d fo ¥ BbB8EehoaE orsdonfidakibatl@nRtrdatd1gactReNGMisantdinake runge of HH,
detergents, salts, chaotropic agents, or_ a_conbination thereof, Peptide

fracti boké ohnativaprotein whishgpauady withithe desinedl potein) bolatedkpapjidesQidhSed- phase

hi per for mance .|iquid r h nd sequenced. Peptides can
beﬁgepﬁlr"ﬁ?téod1 1ot cfgtaWasrulggf @J%?R‘%[S%@m uggdaéﬁégrtaﬁheans wel | known to the
artisan, inThetimmg' résiduer adfereiio anhmirmfdcid srdnino acidineinietio pharpsated isaz e
chromat ography, precipitation with specifi.c antibodies, ion exchange

chr orra?b@??&ﬂh%‘%bY%‘bé‘P@@tbPB@%%ldﬁé’Pn MIMEHE | i ke. Sequencing of the

i sol ated peptides can be perforned according to standard techni ques such as

Edman g ﬁamgggngm@%;dggr, MW, et al., Methods Enzymol. 91, 399 [
X ner methods sui

1983])° abl e for sequencing include mass spectronetry
sequenci ng Lodi i i : ' Tl (Theng alfor
Sci ence 225%( %gggﬁz\%ﬁ?gﬁgﬁnﬁig% %’fﬁgﬁggy’ﬁgﬁ%ﬁ gggl_r ef er erﬁf:%@ A?rri no
acpsl seppetfitcicsigues intpobikioh 8¢ pogtethe Euerpmps (Wds sticavrgat a fpneicad> g grcent of
fractions) fromdifferent c¢|lass | .npl es..t yni reveal s a

char acPeRtdss i’EargﬁcﬁJ%W&‘ C hgt ‘thﬁrb“géﬁfiﬁlaggh w%(ﬁ?ile%oé“@(?r %%t?elrhilsth%HalgF 5
mot i fs \$p&aidEL Beafrf?lrg spedifiefRueCingtitiond (afbes tad Cavenihne(b) 8eps tdleulabd an of

potential ‘peptide epitopes froman antigenic protein whose am no acid
sequendescribed henaim, afid/midexdd rglativeltonthe r¢siduei voith G highestrhinding panscitie Th®i t opes

is initially carrjed, out using a.Q ter..tp.scan.t ' i equence
of a dé§?fP%%(85ﬂ‘E‘FIj‘l§ bF‘gP‘gt%Ba‘%ﬁyeoﬁ’ﬁg@&wa‘%ﬁi“? é&“ll—oﬁh?g\?\ﬂ\%@% @gnft. igati on
of 390t ialerRBAdeBReR ) bRARE capRatyeiTipepides vaigoVap R -frminutaras2d 33yM.hesi zed.
" The capacify to bind MHC Cl ass nol ecules is measured in a vari E@w&ge bed
ri be

di f f er Peptidesyrcludadan teeanslysis had @f leass one fglpratad| aChRTTaTIdYF, 48 despr

in the rel at appli cat | ; . bel ow. O her alternatives described in

t he Iitt%xﬁazﬁﬁﬁgeriﬂr%’ghlggg (%rgﬁié%ﬂ%ﬁgséf antigen presentation (Sette, et al.,

J. Immunol. 141:3893 (1991), in vitro assenbly assays (Tow nsend, et al.,
Cell 62:285 (1990), and FRCS based assays using nutated cells, such as
RVA.S (Melief, et 30 al., Eur. J. Inmumpl. 21:2963 (1991)). As disclosed
herein, higher HLA binding affinity is correlated with greater

i mrunogeni city. Greater inmunogenicity can be manifested in several

di fferent ways. | mrunogenicity can correspond to whether an imrune response
is elicited at all, and to the vigor of any particular response, as well as
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15 invention. The correlation between binding affinity and i mmunogenicity
was analyzed in two different experinental approaches (Sette, et al.) J.

| munol . WipdyeeeS8- 9592, 1994). In the first approach, thepdmosmegesicity of
potential epitopes ranging in HLA binding affinity over a 10,000-fold range

was anal yzepqg%# szfgﬂ%Q%*bgegglgﬁﬂigurmna mhpof (hg ADR0D thotiP BéraRsIkr (B)he

antigenicit approxi nat el different hepatitis B virus (HBV)-derived
pot entiigamee@) aapesme (d)akhtider rAtisaepnd@dCihchomisitignsoesidues shgwn aspiedaed by
usi ng PBL (peripheral blood.Lynphocytes).from acu h tihtis ients.

Pur sudAt delgferipes érea%ﬁ%%‘ﬁ @%th af‘t‘*"%ﬁée E H\grﬁaﬂ%cd‘-‘/t“&. i‘ia“;ﬁ?"é‘? %.feﬁfe?%‘ﬁw‘ei hol d
val ue | TR sk dR & tMer3OsiMMs QF tHeRas) positioRr Aetirt ed with
t he ca%gicl?gsgh% a p(zépstoifglgéjseaglh% ope &g{%&% c?t Sell .C'IS'L r.esponge. These data are
trge fmimaryanshdr pbsitidhs)greférrédniesiylucreas thoserasspeiated withaan avaragy bidirgessed

tid ind fo | d. T-cel.l it . 25. Th . i i cat
Pho. 1 riggro i B Bl abe Primaliee du Bebe B nostich” Shfssfied Prilulch o2t ©
€S pozﬁﬁﬁu&sﬁ@ thoSe SssbcinteAIATH A aveRize Bindind EacityNodtiveen b dind $00-foldSh the

86: 4649- 4653, 1989). Accordingly, L-i nduci ng peptides preferably include
t hose optmbal nesvdneant tHeGamefpositiohass | HLA nol ecul es of 500 nMor less. In the

case of notif bearin i de epi.t.o r lat ag @ , a
bi ndi ng af 44 trp ﬂ?lggﬁ2BIH’eogPecéﬁﬂ%ﬁ%‘&%%%#%ﬁé&m%?%ﬁgg assogzlhgt ed W th
3ggod<i | %%)ﬂgesol‘;ea}iﬁg%ecﬁlﬁd fesidays ingosiitioh RGvéEd balpuipte b1 @ioh A2-supertppeaheleced
enbodi nent, follow ng assessnment of binding, activi tﬁifor LA-

al | el eassjescrilfeddn thsl texiyprd indexsd ralatveterhe rasidug Withythe Bishesi Ofi AR affinity

are then nsi.der, t B 4 edi@nt €d
on' ot e TEBRrEIGr The vt BEmARP) alne oiloR§bF oaRpRAGE ARy Lbee
PCTI US@2h HHe2ighest AR wereess, 69850 a4tV foredt 208 sATO2Q6, axhABH302,
cross-reactive binding are then used in vaccines or in cellular screening
anal ys@_§PeCF8P1Yexanpl e, peptides that test positive in the HLA-A2 binding
assay, i.e. gl Raj é%&ih&ﬂﬁie%geé}ﬁéikmHLAML% Rfype HdIeMRr ARTSSaluey &
assayed for briTty of the peptides to induce 5 specific CTL responses
i n Vit peptideobedringtspenific resitiegatthpCaeminunyersalaloylatedhfor kasheAbseneriyRe ubat ed
with a peptjde can_be,k assayed far . th bility to induc - in
FesponaBicelass duprain O e e pinetraaiin Py’ BekfiE g I ehEIARITEY, | <
such a ' . et blirdi gigly b1t the pegides bédrinelihe et
e e L R o Pﬁ8;6219*f‘[§9&84n). 10
Al t er nagsidnelwith thehighestrsRBavaraddd8) 290, aed 53 haM faF 40242, &™8A03,i4 (2RE; gnd
ab%i ty, t 8@906@ class | nolecules with internally processed peptides, such
as?? he AT86%% TERPFDhes RVA-S (K arre, et al., Nature, 319:67S (1986):
Lj unggren, &y 5. Maglof tHe A*0Q02abtif. BinRAGFn2PH/d A M292 matif ferfmenh&)hodan
somatic T-ce ybrid, T-2 (Cerundolo, et al..,, I\éﬁture S?é: 4‘392- 4&2l 6?199 ))
and whil@merdbkpaptides. A sesondareenchpr Positiens issidies shawa a3 BFRIETeHHioE ACIESESY
human ¢l L ha; i O 3-681d il éss th
exogen%‘[?gqigocé%}g%hﬁﬁ é’nfa ﬁ%ﬂ g]t)%lgltnggaﬂ@%? Légy tcjég(’g‘gﬁe%?h a’?ﬁe pept i d(sa tag)
i nduce peptidés of thesaingBize caiflingesipo nssidies @ the sarseiResityat. | At belprimapynanshohat can
be used i nclude varjous insect cell |lines,such as sguito_l.arv (AT,
coPh T Pruousprofid reaguestt fhoss Becisisa et Hes e TG e ¥ Y EfinbioNe
8851), o?'ﬁLB’dgﬂHHl fé%h-l&@ at-tfle s&n?n%ljpbsi_tiﬂﬁt PoleAlédprizhhry@atharesidies aaphbsea cel |

S C

| i nes suc a Schnei der ce line (see Schneider J. Enb-~yol

) . Exp., 20

Mbr pholassc2iatg58itls &b ayeratipdinPeapasity betwepn docrndyiBoHeld eidhe gptamaldavdes dnt | v
i solated fol | ow ng si npl e veni puncture or | eukapheresis of normal donors or
pati ent'8C SAMF RASEIPNSS ¢ he responder cell sources of CTL precursors. In one
enmbodi nent, Hifge BPMAPS tAE A*0D03 GOHf. PSaaRaty mapsad]A*0208 endtif dertfhmer(a)iand
- 101 001CM of "peptide in serumfree nedia for 4 hours under . approprjate
cul30ur el Oemerdibd peptisles. TAE sezgn@asy eneher pesitens, éﬁﬁtquﬁ%ﬁowb?éﬂ?ﬁeﬁgg (g deleterious) nen
i ncubated wi t.h the.res - ' 018 o¥datdr@hddfor 3-HR 14K tHaYS
“under dpt ?Sﬁ??ggd(vzvdﬁhtal?ragl%g%ggfﬁ@r@%ﬁ?fﬁ?%@?g’ll L g\(flcatcl{rvati on can be #

det er m edddaoransaietzd daerying dthicrassidwes at the same pesitien.oAt (Elpsinarsanddior |

radi ol abel ed target cells, both specjfic peptide-pyl.sed targets.as well .as
tar get ROSIHIOBS,@% F@%@I%@“E%EGMS&%ﬁoﬁlakﬁddﬂgég%ﬂvq##il ng ﬁ%oa?@ 8’\‘/@1& iItﬁlh)rklljs
or tunm | i il RBR! TARraeAPERSS MREoREuEhre Bldse

Speci figcfitg&gggﬂr @e%{al}elccﬁegﬁ)sof t he éTL ?‘g dfe?yt erm ned by testing agai nst
different peptide target cells expressifng appropriate or inappropriate
human WHC class |I. The peptides that test positive in the MHC bi ndi ng
assays and give rise to specific CTL responses a.re referred to herein as

i mmunogeni c peptides. 15 WO (12/1111-435 PCT/ US02/ 02708 _ Kast, et al.
(J. I'mmriol. 152:3904-3912, 1994) have shown that notif bearing peptides
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WO 02/ 0l 1-43s PCT/ US02/f 12708 size wth endogenously processed viral
peptides or tunor cell peptides that are bound to MHC class | nol ecul es on

the cell w36 fRsHs Peptides having the desired activity meciessmioki ed as
necessary to provide certain desired attributes, e.g., inproved

phar L £ @tth GRaY &k Ebihdink CapacivyibeBvdeRdDeasd 1@D-d 8f the @pinal Rbidudang
subs?gaﬁﬁcgﬁa%f/ at?% of the lbiloFog?cg/? activity of the unnodified peptide to
bi nd tthesawesposiorivHC nol ecul e and activate the appropriate T-cell. For

i t , t tid bj. t i .
subst 1t ut i chiuRer ek SEBRAPROE FPLEchuhBirt L ERELST AT T HER LR (0 and ges
m ght .ot @8 gEBﬁde‘é.e Ik 3dandsty AREIRG POsitibnd, Rediduel Sifowb atciteRered (G de¥eretiddsy

bi ndi ng. By conservative subStitutions is meant replaci ngq an am no acid
resi dure wisbhiatedovitlean average bindingcapaeitveti least Byfoldrgaeater thave(ar dofold less thamar |

e.g., one.h hobi c residue for a .nal ar, !

anot herePORROIOb ST ted GRS T e uor s Ao eg B AL g shor |
Leu, Midsitio8 Pprefetrdd rédedues Slehoseiksociidd withy an avér@ge tindinEleapacity withithe0-ééiflect

of single amno acid substitutions gr_;gao?{@al so .be probed using D-am no acids.

Such nefithé pptimaloesidwest theesamedrositiong d olgpted RABIRRY MShPT tealduesars dse

d . ib in. e. . i fieal i : . )
(1556 Seaia T erhEF pindinds SnscitVRlebldsClo anPORRAR oF e cpuptilitbio st
( NoY. ,thé%aﬁeptgsiti&ﬁ.ﬁss_), p(pR 1[(1‘284d(1|9|7|9); Ieg_nd St ewar t aEgd Yogng, S_(I)_Ihi d
Ph Pepti d nt hesi g, ockford, ., Pierce), " : e
pegtS ?dech;ﬂza[é&) Miap g herA 3 0B ynatify §HH‘|“??§Y B}apﬂgéﬁl'\efégpﬂao‘féér éﬂ%redcg%ﬂlds
am no agid, ﬁgﬁ%ﬁﬁ&& : 'sg%ogd% &Qﬁoxﬁﬁgftitohgﬁeé?&ue@%h@&b adpreferfli(Brdasikdsus) The

pepti des or 0gs o I nverition can al so be nodified by altering
t he or sterassociateainpitls bt avaragefbinding aapacite af ldast $-fold grbatenian éadi-ojd leppther) at ed

that certain amno acid residues essenti f or bi gl ogi actiyi e.g.,
t hose BEPUMES ﬁat@aparegﬁlgggafrr)gpgg eb’fES@BFﬁs@ﬂ}%ﬁn}e&qngé‘s ,”ﬁﬁiﬁ%ﬁ’bf&n raé#mlr not be
al ter egoéi‘fiéﬁéf)b'ﬂefe?f“ed%gé{&% reahbQCdss@atld WithGh @abrapebindinig)tapadtg widtin ¢0ifdidcal

am no aclids need not be limted to those naturally occurnng in proteins,
such aef theaptimiahwsidue disthe bame pesjtiom cTalerated primaay apcdior easidyes asitkeseas wel | |

25 h as /3-'y 8-am id i [ s ]
i as- Suorieled vth S REAR SR P ks AELTAR 1BEIOM Y Shlal Feuy "

pepti dgg Minkhositia! € am no acid substitutions are enployed to deternine the
effect of el éctrostatic charge, hydrophobicity, etc. on. bindi nﬁ; For

i nstance, aFimire 8sAgfsupargiofif gansynsus spRaary of sgcondapsand PPy aBfiRegat i vel v

charged {e. q., 1N ' i ' 5 I gth
of %ﬁ he‘%ﬁ’ﬁf‘%&é’ “%%é%%&éﬁﬁ #“gr°eﬁ%°§‘§’%?tbe¢dﬁéddgw‘§§ﬁ§’.)?? 6@% ? ggg&é{}gn&g@i ous
MHC nokigaiflcantlpidluéne@dihding mepoomsre A2-saphtiype omleauidst The sumbbrsefimeleswes
using snall, relatjvely neutral nojeties such as Ala, d Proé or.simlar
r esi dudyflueasedpse indigatrddn pargRthesss AtiSeeANdRANGRSYT Pﬁﬁﬁ‘&ﬂ&éeﬁﬁ‘ﬁs i e?a‘%“ﬁ%’ls‘ﬁfe
peptid | - adiH ERR! dndasRItRan ditemeidalkier Pasfietrédy pes
of res??ﬁ%‘g&d\?ﬁlgE}ﬁg%g&%ﬁ%sﬂta??gtﬁé%tegﬁmgmd depend on the 17 WO 112/ 0(i
1- 43; RESTdues Shicy WaE deBtesivas imthe netextaxiope mlequisare indiGetgddhy redwaed@dpoi nt s

and_certai.n nctional attributes which are. - ; oty
23 us IHJEPBHITT| ARERSH b RO e Biop? 4 st o sinai b ARATA fid ¥
T-cel | EW}B}&W]yﬁé@@sd}@a@ﬁaﬁﬁmew such substitutions, conpared to the
af fini tpy S of the parent peptide. In any event, such substitutions
general ly enploy ami no acid residues or other nolecular fragnments chosen to
avoi d, Deseriptiongf|the Prefesved Enabodiments

bi nding. Am no acid substitutions are typically of single residues,

Subst i t ut i offhe piesent invension T€laten srepart ©rag epitopghased spPIAAEH (98 VascHIclsSiZRay be

- combi n 0 arnve .at.a fin ept i de,. ' i i . : in
wh oh guuch 3 Bomfarts oBred s s PERishiBtiont SRl s e BRIANGE iR TP

r e3pdugminfiie réspendetontptised @ etep Slﬂfhzs&ub@td CTL iepitepegrngreptidyofabeuntdé i n
~accordance with the followng Table 2 when it is desired to finpely nodulate
the chamige esifsbouns ton Hidh mofrcnisdisplaysd PnAn@EntigerspresElng geiL Eﬁ%%%r y
Substi t ut, ~al.Vs.,. i fuﬁﬂ% @%E&\l{, AASsPEbMRLelhhY S,
Argll efg%ls%éllfg(ﬂsﬁog;%\glaf?ssirg; |st t gﬁ%ﬁl gﬁ]ﬁ?& Hirkueleh
Tr pSer ©and hr Ser Tr pTyr; PheTyr Trp; PheVallle; Leu 18 WO U 2/ U01-43~

PCT/ LI SO02/ U27U8 Substanti al changes in function (e.g., affinity for MHC

nol ecul es or T-cell receptors) are nadeg by selecting substitutions that are
| ess conservative than those in Table 2, i.e., selecting residues that
differ nore significantly in their effect on maintaining (a) the structure
of the 5 peptide backbone in the area of the substitution, for exanple as a
sheet or helical conformation, (b) the charge or hydrophobicity of the

o o, M M e » Y b1




The peptides may al so conprise isosteres of two or nore residues in the

i nmunogeni ¢ peptide. An isostere as defined here is a sequence of two or
nor e resi‘,\q?lﬁaﬁ(mtlpﬁt can be substituted 15 for a second segeeEnosnizhemause the
steric conformation of the first sequence fits a binding site specific for
the second Ritad? 4 AyFhPaneLA
nodi ficati oﬁ@%ﬁ\?&i?\%}\%h%%tﬂ]%ggggélfscﬁbgg?érﬂ%?hggart &gﬁgh nodi fi cati ons

i ncl udgorvonlies.i Watlmomh@fthebecaclgaﬂmsnheneogemultummtaOéaHﬁwwanamsa@ﬂ@ar bonyl ,

| et | t of th de. b kb
ot 05| PoRaIOB, ey ”np?eaaw%h%%‘gtt&s%&w A0 30 g DR SR o
Aci ds ?ﬁ%%kﬁels-c f IRt Baiit b/Oh cxteﬁf'uhleéél‘ﬁie%lt%d’hs%%senté@ﬁﬁ)he digilHIcat i ons

of peptides W|t lous amno acid mnetics or unnatural amino acids are
pard i cedraaihgd msthfetshrfam qfnber exdls |oﬁgxetlnéws1tuab10| betignmeyinizedelt preigrpogiant thaith o,

. Stabilit n be assaye pepti dases and
vari ou%P‘E;’lPSI%SQPEQ}at RFeaP2pP le {J@H g?]h ﬁ’gﬁ‘ %ﬁ%ﬁ)éﬁgbg t}cﬁats'tzf;:&rlfgjll%ﬁghave been used to

test stabilirhyctareh poﬁrt Qhereﬁ‘ﬁé heethe dedigibf effédtive vdecitds igto\daiae.thit She

Phar macoki n. 11: 29I-302 86). Half Irfe of the p ﬁhl des of the present

i nvent vmcmeswblcgwemeemlatge mllatb@r of ¢enai@pessibacan SEE%S*H:H he peseed- VIt aYssay .

The proto S, gener f ol S non- heat

i nact i 9%5% asdnggﬁsgebﬁg&%égﬁgﬁge%rg%t in uga%pﬁgﬂwgf egl{ijds]hre]a ﬂﬁgﬁg@u% is then

di { yit edependeR YnWhd preRMtiohicFSeiapEY |HILA molRuia dwwhwd ed thieccelle of theespbjede

stability. At predeterm ned tine |nterval s a snmal | #nt of re%@’fi Bn 4
aci

sol ut i bnoriesanpmbéuuwféh@naﬁmem@ pspH rPeB%’é]i‘ﬁéBE%“ 5 | bGin

or ethan 2 {4504 thO etk Rirasd dnd

t hen SpL]lt 8%%?‘1%%%%5%%@?&?& n%ltgoe‘%itrrngag@o%lné 'I!he f|>or esence of the
pepti dese subjechen determ ned by reversed-phase HPLC using stability-specific

chr omat ograph condi tions 43s PCT/.LI1 Sl 12/ 027(18 The
pept i des of Allfgnagvelyethe STHV%HPPGV\QCP%pHﬁ%‘F@g@ genereledrn Sk §¥| ?i'&éfaq‘aﬂga
St aul gt 11pg o gﬁltdo‘ﬁlatlﬁiﬂgﬁ%’l P@ot‘i@:@e&ﬁ&ﬁe ke Vit dR1ed@Sior pfbvadihg buvhtgledd her

t han i nproved serum . For instance, the ability of the peptides to
i nduce a6lllmaiedilss arydesanbd:rbmeWWﬂié&ﬁSBythleldmchgereth vehicheigurgpsroTaleH BBrelbRY ai ns
at |l east_one epitope that is capab cmn se.
S 1 n’ oaHErB RTHER Y TR BBBI o5 ape Paad L R i R B 068 lteck BERAIE ©
hel per cabdiFe il AR IR Ridaby/ theldedifR ]ﬁ@ﬁﬂé afl" h@ﬁrge?bb}ald@aﬂihyt@nmiﬂeﬂrﬂnee\h‘ed by
sel ecting am no acid sequences that bind to _many, nost, or all of the MHC

cI ass |am1m)aca¢u firegenemah dafewenthk otisr- érsbus,mwgéffswh\mmré@mw@% dpinopcKis e

les of, a 9 CI I stricted
S|l u agits HIeRE oRE Bkl 204 Tind ks & Bse ARPRON WpaliPEl Tl 200
10 (QY|1|$ ME&@ dbkss. lfif}ﬁqmlﬂlrmmﬁaalaboﬂ&raﬂmtmpcdmpmlwmﬂoéﬁ(lﬁspnmmn&| n

at p05| tions 378-398 (DI EKKI AKI\/EKASSVF , Stre t ococcus D
pr ot ei r2 meltiphieity ¢ighfferentiy sape/Baf ngﬁ&c)‘se RIWres ip%tf(ff;S apg "Fée‘c

possi bl e, dE th%he&qlr Fatgyoémwmgﬁﬁ)ﬁdrgq ﬁ{?@é@,' c@n @fso Bk ieMplietin th‘erdbssgrper
Iyrrphocy I'n~a | oose C-r est d fashion, using am no acid
sequenaBs pmidefvacmﬁbsg the hﬁclﬂmtaardemoréhdss: 0s mheeqwcord@mmimersca Fiq:mmdem

Pan- DR- bi ndi ng epito ADRET nol ecul es o,

S qo et T dested FPdpe: ThgPreaEgh iy PIOTReR Spel a0 o)
MHC cl Eiﬁém £ m RiMhREp(t8FEWhRh §s effddtiGe allobLhb bmmpulanarsﬁmgéar

Particu preferred i munogeni ¢ peptides/ T hel per. conj u%g ahﬁg i nked
by a spadwrduablwrechﬂh@e@%ﬁégmtm s\2tsymr&mel ¥ he dphnrying pagse

smal |, d aci d mrretlcs,
whi ch dp'égg‘gfoaé}da{ﬁﬂ b { Fyxrtfﬁlghg'?sg%gldéﬁ @&“%ﬁ OZ?H(? %%]I ctglﬁdl tions. The
spacers are fyyjrefthly tHaepgnides irchuimanepope thhtebmﬁty) andTLM?esupnemeﬁalele

- spacers of nonpol ar am no acids_or_neutral 0 aci ds

ol ar . am

undér st Denge mesifs mpy bepseddn define el epitonsy éfegr a%‘é‘iﬁ"?fg%mlﬁé%%%“r %’E‘nﬂ‘hS’Fc t he
same residy Qi aBfoitlAURE bisRRE for WHRR tHY &R@Btacidt he
" spacer ﬁf%ﬁﬁﬁgu H%ﬁ ﬂ?”?%%ﬁ gﬁgﬁgrrfaglre5| ugs nn?% usually 25 three
to six §e@ﬁ¢r@ue>$the<)domm}aammgeh 1 adtbantigeh tauggss isdaowmy be |inked to the T

hel per peptlde wi t hout a spa I rmunageni ed to
the T hel per Epigies ge 2 nembgiee Hﬁt‘?"é‘é{]ﬁaﬁebprc\s?l Clﬁgggrf“f% af%eupo%l_?}lg‘&or

car boxy s Of xdiif e LIt suRGRE afHfgend MR 1AIE Qstﬁt@rsﬁédﬂﬁ@arﬁfgeﬁ(PM)’ hepeitis
|nnunogg%?@gg§gtfdexor ?ﬁg T T hel per peptldelﬁay be acylated. Exenplary T
hel per peptides 30 include tetanus toxopd 830-843, influenza 307-3l9,

mal ari a circunsporozoite 382-398 and 378 389. In sone enbodinents it nay be
desirable to include in the pharmaceutical conpositions of the invention at
| east one conponent which primes CTL. Lipids have been identified as agents
capable of prlnlng CTL |n VIVO agalnst viral antigens. For exanple,
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25 to a support or other nolecule. The peptides of the invention can be
prepared in a wide variety of ways. Because of their relatively short size,

the pept W esydedisscrete epitopes or polyepitopic peptides)pcansit®2ios
synthesi zed 1n solution or on a solid support in accordance wth

convenk analq G AtESs (HHV QB A hepRidsT Rt sitRirBanGioERIAL Al | ¥
avai | abl’e an can be I'n accordance with known protocols. 30 See, for
exanpl @elaftmaantigeas . goM?gﬁE 80 hlm@hmwrﬁépﬁlm@mysmuhégi‘é) anpigenss Humami er ce

Ch | 1984 Lernal ' f th
e i B CET Yot R AR R RSR) gl the
nucl eot deﬂfé;; HAENGSin YN e Q0153 R IeTRRGeR @a@@@byﬂmsm‘ewﬂa EHeA3éstéds

inserted i an express ector, transforned or transfected into_an
ap@ opfor atietr dbilty t@bind tMeO@ip(d;ﬁﬁtelMHmleEulsﬂm oe7G3stng for gramplgl purifiaded

under condltlon suitabl e for ssion. The Ll 1y
nown FAsseigtes dd radepBuet BEHERS R or IS ERPBE e 38 FrBRagee

d onin fnhe@@éeatr%nnm@dcem@mlmngmd Agw i RfTuoRseasy, pEatidd-dapeident Har bor ,
New Yor 1982 which is incorporated herein by reference. Thus, fusion

pr ot ei clsssitassmbdp pgpays end nénlutlommf CThagrogaiondyRepidcaspatitigni Ahesst i on can

be used t Lesen ence
for " poptaebtgr i1 e HRR BRG-Rlsndy SEhinuERtaRBk £F okl R AREIDRTRER
chegn C@Ar%ét%kl mme%nvécpfromafémee or 1mumheds pldti dinzds tae wettes fiardheif c:m;st:ltyetmm ,
et al Chem Soc. 103;3185 (1981), nodifi Catl@? can be made ﬁl npl y
by subgtd.uwpmmgrytmentamrrlap'rlYQaC@Ltﬁeﬁee%&)esﬂ&t cHhg¥e rish iel hoPHationsGapeble

pepti de quenc yor:Tol h
appr opr%?? g nkev;mgng’?%&%g? %gg@? gﬁtexpr é%gf%np‘@%’g‘gé%%%a%&ava. | abl e
inthe art, TﬁélM}E@elaﬂebhmr@nsjslecénmdedIbgrlhéHLm AuBtam@lmSHMtAq@dajuce t he
desired fu3| on protein. fr of such. veétors ?i f %?I e @st systens
are no@ntgeas Pr&mxéresﬁgrat&&ﬁe suriaee 3 pppTREinalely SAUY 5Pl WhEkas 1Sy ng

S e%'en%Qpr@és dd &%@A@is@?ﬁuﬁéﬁhy@&%ﬁﬁéﬂiaﬁd A3kBethSdsa0t foRNAwet)0 [Ea6R 8 Othese
pronot er- and termnator fegionS and usually a replication systemto provide
an expleshinen mentaof aBelesr Theqeptds bindingmaetifs of thsiineantion preyelatively specifie
exanpl e, prorrgqt| equences conpatible with bacterial hosts are provided in
pl asmi & aghellghsisHBiYESnveni ent restriction sites for insertion of the

desired codipgg GRALAER v vatbified, 98 dfmdels PELfE Uy B fIpBiSe ¥ efitidisoghieed baas MHE@ed
into suitable % erial hosts. course, yeast or mammalian cell hosts may

al so bd muenile aviriga ity dsifibetiineinvhehunan papylationt TAOMERE 8 AL reopgnize

d f th t t : s
P oRBos ket Ry dirTahnspEEPY SPef LS ARRS LAY siflent Sbbdiios withip |
humans dlﬂfé}eﬁtfw{rﬂ@gx%hbﬁaid tacés; dichaijedoOtargat Mldﬁtallehfma}t depnsd apnjx thatarget.
Exanpl es of di seases which can be treated lﬁ] i_uén E} eni,c %J_Btl des
of "t he pomvisken. chatieLFbRrs e edueey ehnasnus Aleksa i b Sk A lapsiion i EERipe
renal (ﬁ{f&' ﬁ}%g@% ‘Hs&ﬁée % fhh %P@ofthé’@ﬁﬁ&g@id GP/MahGﬁ est beddvared byond! yl ona

acum na harmaceut i ositions |nnunggen|c pepti des of
the i n\peptnddsmtaﬂebmﬂtt@fbmﬁhmalbﬂwbt)@eampcmﬂmﬂﬂdlhf\ A2-1eABABRF0dr | ng
fraom cancer or ect ed mnth e, Vi rus i_nterest ubati on
phade dh4 heS‘QHli‘fnlé‘ %’ﬁé’é"éow of ee‘é?‘?rbﬁo”éli iogds F‘P"é’g{pé‘as Q’fﬁ“ %ﬁgaﬁﬁ%ﬁggem c
pepti des 8eR¥iiRE ¥ Lfith AQSMIUNAIQN W th other treatnents, as
approprlg I'n therapeutic applications, conpositions are adnini stered to
a patient in an amount sufficient to 30 elicit an effective CIL response to
the infectious disease agent or tunor antigen and to cure or at |east
partially arrest synptons and/or conplications. An anpbunt adequate to
acconplish this is defined as a "therapeutically effective dose" or "unit
~dose”. Anmounts effective for this use will depend on, e.g., the peptide
conposition, the manner of adm nistration, the stage and severity of the

di sease being treated, the weight and general state of health of the
“patient, and the judgnment 22 WO 02/ 0C1-435 PCT/ USI | 2/ U271) 8 of the
prescri bing physician. CGenerally for humans the dose range for the initial

i mmuni zation (that is for therapeutic or prophylactic admnistration) is
fromabout 1.0 ug to about 20,000 ~g of peptide for a 70 kg patient,
preferably, 100 p.g -, 150 ~Cg -, 200 ~Cg -, 250 ~.g -, 300 p.g -, 400 p.g
-, or 500 ~,g -20,000 fig, followed by boosting dosages in the sane dose
range pursuant to a 5 boosting regi nenjgver weeks to nont hs dependi ng upon
the patient's response and condition by nmeasuring specific CITL activity in
the patient's blood. In enbodi nents where reconbi nant nucleic acid

adm nistration is used, the adm nistered material is titrated to achieve
the approprlate therapeutlc response. It nust be kept |n m nd that the

o " Y " o "



The pharnmaceutical conpositions for therapeutic treatnent are intended for
parenteral, topical, oral or local adm nistration. Peptides of the

inventi ow(gmmli)%sadm nistered in a formof nucleic acids pdpispeade the
pepti des. Preferably, the pharmaceutical conpositions are adm nistered
parenterally, e.g., intravenously, subcutaneously, intradermally, or
intramuscul arly. 5 Thus, the invention provides conpositions for parenteral
admi ni stration which conprise a sol TABME bf the i nmunogeni ¢ pepti des

di ssol ye r.suspended in an acg¢eptabl e Garner ferably an aqueous

Gar nerM%’gﬁ of g\(,é?é’.éus &?‘ .,4:):, rey—be uag[n@zi. g., water, buffered

wat er, @18% saline, O0)1@%79! yci nqtg(h)yal uroni ¢ ag7.4(138y the like. These

conposi thons may be s{ £5{g i zed Byoeepventional 39.{@?!9@ known sterilization
17

t echni qyes, or nmay be1(§ ile fbl't ered. The resy ng 10 aqueous sol utions
may be aged for usle'( IS, grs hyophi lized, g}nl yophi |l i zed preparation
being c ned with a’s iIesI'LS on prior to’ inistration. The
conposi t¥dhs may cont di n pharnmaceutically acceptable auxiliary substances

as requifed to approxi‘mate physi-ol ogi cal condi tjons, such as pH adjusting
and buf 8l ng agents, lt4h) city &djusting agent 2@kt ting agents and the

| i ke, fa@3.2xanmple, sodilf) acet at5e)(3s0di um | act at-€(108pdi um chl ori de,
pot assi AmM.thl ori de, 16 cal ci um 665(3ri de, sorbi fan nonol aur at e,
triethanel.am ne ol eat &, 7@y c. Thald@mgentrati on 8OT4ETL stinul atory peptides
of the ppygntion in tpe pharmaceu@gal fornul atg ons can vary widely, i.e.,
fromlegsythan about @, usually at or at |easgeapout 2% to as nmuch as
20% to pQgo or nore by mbpht, apgl7pdsh| be sel egsggygri marily by fluid

vol umes, ,yihscosities, etc., in accordance with the particular node of

adm ni s?ﬁg’%i on selected. A human unit 20 dose form of the peptide

conposi 'n is typically.included in a pharnmaceuti,cal conposition that
conpri s84%a human uni tl%(&ie of an_acceptabl e cfiﬁsgf pref erably an agueous
carrierA28Ad is admi ni%iEéled in A2@bl une of flul: 3Phat is known by those of
skill iA268e art to b@2®ed for -administrationld&3such conpositions to
humans. AZ6¥ peptides of the i nvehidbn may al so -be administered via

| i posomag8.1whi ch servéO0tl¢7)25 tar-get the peptides6@» a particular tissue,
such asabgnphoid tissue4(lpr targeted sel ectivel5B8)infected cells, as well
as incraaeg the half Ij4@)of the peptide conposi4pn. Liposomes include
emul si 0%29-.2]( oams, m cgbhied, | nsoﬂ_gl(q?e nonol ayers3(2i7y qui d crystals,
4Bl

phospho d di spersiofige) | anel lLar [ayers and ti]g(zg) ke. In these

pr epar ai,l,gns t he peptipl}_s':1 0 be delivered is in Q@grated as part of a

Iiposorrg, %Ione or in gonjunction with a nolecu} ich binds to, e.g., a
3

recepto 3

whi ch b to the CD45* i gen, th other t eutic or inmunogenic

pr eval ent g | yn’p%’uga&ﬁ cells, such nonocl onal anti bodi es
4 .
%1 iated with a desired

conposi ¥38ns. Thus, Ii% dmes either filled or
pepti deAwB3dhe inventi®f(@an be directed to the* of |ynphoid cells,
wher e tAw3B2posones t haB(2el i verl6tH® sel ect ed thé@peutic/i munogeni ¢

pept i deAwd#pposi ti ons. L#@dsonmes for use in the invention are forned from

st andar dw843i cl e- f or m1dg(10)pi ds,- which 24 WO 08(4)1Cla3s PCT/ US021(127118
gener al Aw3sncl ude neuts.a{4)and negati vely charged phospholipids and a
sterol, such as cholesterol. The selection of lipids is generally guided by

consideration of, e.qg., liposone sizE;,, acid.labili and stabjlity _of the

[ posonpiasamptlsd 0B DubER-Ruaifelaty SEHEa. Upl b EOpRBRIL o,

pr epar i 1987 Spsogemeeriaga Nege¥erki 1988 in, e.g., Szoka, et al., Ann. Rev.

Bi ophys. Bioeng. 9:467 5 ‘(:1980) , U.S, Patent Nos. 4,235,871, 4,501,728,

4, 837, 028,= MegroBl; 319 Aspy; Crofaicasqiet NHBIDES Bhe | mune cells, a ligand to be
* i ncor porparethdsistreprebent thepwwahes of individuslvineluded i the apalypddi es or fragments

t hereof specific for cell surface determ nants of the desired i Mmune system
cells. A liposone suspension containing a peptide may be adm ni stered
“intravenously, locally, topically, etc. in a dose which varies according

to, inter alGrass-tehetivesninding d0HOA-AQ M mostbeating peptides widmtherddlbdiAdjallele-

delivered, .and the stage of.the di sease_.bei reated. For,. e P

conposi PPAfi§ molssilrs e Brer R e g “&03%%@@”%@feé’g"dd@%%’e%%‘%ﬁs

i ncl udeyirf AL ASXANRIrE dehEY 10RBRILLE Ble HILRJED1 QﬁpeﬁPfPﬂl Thé B pogkétes@2 starch,
magnesi um st earate, sodium saccharin, talcum cellul ose, glucose, sucrose,
magnesi um car bonate, and the |ike. For jgral admi nistration, a

phar maceutical |l y acceptabl e nontoxic conposition is fornmed by incorporating
15 any of the normally enpl oyed excipients, such as those carriers
previously listed, and generally 10-95% of active ingredient, that is, one
or nore peptides of the invention, and nore preferably at a concentration
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In sonme instances it may be desirable to conbine the peptide vacci nes of
the invention 1 S with vaccines which induce neutralizing anti body
responsegd QdciBsvirus of interest, particularly to viralpeEnvsh2opms
antigens. For therapeutic or imrunization purposes, peptides of the

| nventy B&ﬁ@%ﬁﬂ?& nslBuMsS SRsbrikel B§ of @hserRhs MuGl Mtudagi dsdenqais ng one or
nore o peptides of the invention. The nucleic acids can encode a

pept i dmnm'nclature usasesmgla)httamimoplatldr¢aﬂ¢9ywdiﬂ@ the sylseptiBdicatEopRptidaBPEes. A

oot orf Sorre s 0 RAorTa TR AN Y1050 S fE R SRHELBE S RELESS L0 S

DNA".  ThisSteRRBd 7§ RohsendRedti thedludih@kesiduet BRE Tao, Lk AMIYi‘]G(léB) aAboutS6hence
247: 1465- 1468 (1990) as wel| as U. 3. Patent Nos, 5,580,859 and 5, 589, 466.

Nud| ei of thepepdidenibindingoA HIZ0h il RE srass-EeRcti¥e Agonsst flires ramers| A2 sinpriyRe

descri l}@fl for instance, in U S. Patent No. 5,204,2S3. Particles conprised
sol el Y'5°SDNA can tie administered. 25 Alternatively, DNA can be adhered to
particles, BMCA? 8spBie apadfined hegein Eensistehtovith aosdeeactivityadasg (chdé) iever ed

conpl exed to cationi c conpounds, such _as cationic i ds dj at ed
gene dall,iFuet. ymmemnbas: 187 <1998 dyon Bve Cfflbl?mijlﬁgtaé%‘é.’% Jeﬂ E;“?@“Qéf p%if’igf %

93/ 24640

rose Uit VEsc1 o8y afs BRE Gpali o sBLRACR TR pibeesptipeilugs CRIGL
Acad. BGkr alUSNn%ﬁun&OISBAIle@Dé) baRIAp HIIheﬂqadlnlé-stEsifwfmoheﬂtmventr on can
| b db t te f

This abprashiosythe Brbeot ReAqgeaney e fin L b A2 SihsBvns Bathipp vdengiuld
nucl eokid Qﬁlgﬁséw&%%sm{%ﬂ NCRAB R REPRDHes 02t Reodony aRb2EN A*0RO3)

i nt roduc ninto an acutely or chroni caIIy infected host or into a
noni nf A%O20b, AF6207, tAMS802cadAN68At. vaccinia virus 26 WO (12/111rl-13S

PCT/ LI S() 2/ U2708 L tid . |
nost CTL r e&pgREEDE AR e HghtAR Spaa RS P b 2 Ve M @
prpg ocgl ¢ & agﬁﬁﬁ{ahbé‘rﬁhbﬂesﬁu& at pbkiffon Pah&nt 1,N0.MAA /@¥2T %Bpmﬁﬁ@t d:nehmv ect or

i s BCG { Baci Cal mette Cuerin BCG vectors are described, e,
St over resiiue at nhe Querminal pssitiorsetgha emitope s §A )‘92 maifsitlaps a(FdPP%tP?“tf'Plaéltyher

vectors,useful, for therape tar f

pept | GBS Priné RivshiT GRERY bere SRB VA 31 oD R botillBLE d £, 8 M0E

Wi 'l bgr BRPHENierinthal BRHOr pdfgul.drﬁdt\ ipBptidecepitope EomprisiteardHEA- Apsimmbosf ei n. A
preferred means of adm ni stering nucleic acids encoding the peptides of the

| nvent May busie@omthmgemﬁeHbénM PURSIYPe HOHEIy nul ti pl e epitopes of the
ntion o fond d
%(Sence en |ng % \ghggﬁ% tel{éad}%@ ﬁg&ﬁgﬁ f&l&rﬁ?}geepr{g&npgﬁéﬁlto eiém:églé’é? on in
h uman QeFalg, et hheNmnﬂB)S 1290192 hyacoperaéd hdreindyyi refepenseaBeicflp, the methoder se

t lated. A h d dt de th o f
bhch: amvRbiedaiea SonR e taio JIIC shiohmalseelth SelsRuoh dmbiSaRifiop e o 1!
adj oi Neffin; cﬁ?slhae Wlf%%ﬁ)réﬁ}?éte SACQARH 1iheCBXUNMplEDoEotRE iYdBRIs e

sequence tion aI to Optl mze expr essi on and/or i munogeéeni Ci t%@
addr ti maauoaroémadesnrqamlfémqmlemualﬂsewen dnewn Hethﬁamsgewlwtegpg gXchanRgsipl es

PheSm AR iedle el ERE PSP et iR i ebfoBB B flna 10, L2 o0 1

(si gnahhroﬁﬁh‘&?mg aﬁ@ﬂc@ﬂbﬂﬁlﬁiﬁﬂémmmhé sddveuédlnmquei ention signal. In
addi tion resentation of CTL epitopes na %tthoved gag i_.ncl udi ng

synt heti c (éngtym@ﬁrlya% unmmi)pr@ﬁlplr?éroumw‘gﬁle& Eﬂlﬁﬂ & ARSI uéhces

adj acent RGN SF the afDEFshBE. LRDNA by
assenbl|Ir%erﬁgtfbggt%@rg%%lkgggat%%Qﬁm%gggﬁg% s?ﬁe EEﬁs ang m nuss strands of
the m rkgape, alldiespeifit mgbotdggnts wah botsaleor (l@dfﬂmcy maifestivnofthe HlA-A,

" synt hesi zed phospharyl at ed, r| fied and anpeal ed der ropri,at

corfi t it §Pﬁilbﬂvééﬂ mRIGEHAS- ¢ ﬁ‘fﬁl reaﬁeé‘t%ﬁdzheo‘fm?ﬁ@ %ﬁﬁggn‘g %%U?edea%e are
] oined g Qﬁ!&:&dl&m 8870 §m$amt ﬁ?‘ido@atiﬁg'}lmf@ meReeRk.NAffitiey dolkmns
epltope pol'ypeptide, can then cloned into a desired expression vector. 2S
St andarptepaeginvah trege sehsening standard téahoiques aretshessssfolly ysaditp pprfitthe art are
general ly incl t he vector to ensure expression in the target cells.
Severalre E‘fvc?rﬁg?‘e‘?réﬂfs@pé‘?dél “Sequired: a promoter with a down-stream cloni ng
site for mnigene insertion; a polyadenylation signal for efficient
transcription termnation; an E. coli origin of replication; and an E. coli
sel ectable marker (e.g. anpicillin or Kanamycin resistance). Nunerous
pronoters can be used 30 for this purpose, e.g., the human cytonegal ovirus
(hCW) pronmoter. See, U S. Patent Nos. 5,580,8S9 and 5, S89, 466 for ot her
sui tabl e pronoter sequences. Additional vector nodifications may be desired
to Optl m ze m n| gene expr essr on and | rrrrunogenl cr ty. I n some cases, | nt rons
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m ni gene, as well as all other elenents included in the vector, are
confirmed using restriction mappi ng and DNA sequence anal ysis. Bacteri al

cel | s happsdgagusshe correct plasmid can be stored as a nmagtrUsesbiosbank and
a working cell bank. Therapeutic quantities of plasm d DNA are produced,
e.g., by f ok k@ Md1f sfeci fFOhl tueet fiti-AUA-Al BACingAbs, Shdhoaiot s
fromthe V\EE}%B%télggﬁﬁhéb]gﬁ%%@hgégggiﬁ% nocul ate fernentati on medi um (such
as TerWoi2aBBtdi hpd Bar2d.2gcowd be asshinaltatmiabve pifingly araficgtioggiatopsls gs

bi or eact or accor di n o wel | eItinown techni ques. Plasm d DNA can be purified

usi ng desaihRedrip ths 2Bl SeEHPPH®ENnol ogi es such as solid phase

ani on- exc haﬂ%epeh]ﬁﬁésrb%uﬁﬂ' RPiHeSptie EXding efoovkbof iRaAsdIaed MISQREsleQilésede DNA can
be isolated fromthe open circular and i near forns using gel 30

el 6ct rabpad tygscalyosingtanws treatmensd eptiles ican algo pe dispecdateom:glassd maleqgsdy f or

sk reauérg 2epibles o el pe dishpcat i
- Ceongt VSt ehF BRI AR R mpertuk e o OBl A5 e KBRS ity of )

A vari ‘}&nlgflat%tth&qgf_have been described, and new techni ques may becone
avai |l abl e. As noted above, nucleic acids are conveniently forrnulated with

cationi c | iPeptide friapticnsaire fusther sppgratsidi frara the MEIC mpjscates by teversgd-phase high

PCT/ USU2/112708. f u enic |lipo I a q to

col | et FEPg AT Eoe e AP Sy PE G REp R IR Liso
bey oc OMplrRIESH dtRerfRtinidbidateak agili KhobiAo the drtifany dchelingfi krabide siltsafiiratam,
stability, intramuscul ar dispersion, or trafficki ag .{)o .sSEeci fi ﬁ organs or
cel | tslplephoessigetize@romatogeaphy. Precipitption Vifespseidly antibodies, 10 XGhali8 a5 say f or
expressi on, B r i on of m nigene-encoded CTL epitopes.
The pl(g{sr%&a%%ﬂﬂwg%& légc%?)ﬁ(%cruggg’cgﬁqﬁérl?%é'a manmal i an cell line that is

sui t abl e asSequentigebf fhelissddtedpeptideTdn tetyreoformed aedording teasiandard tetiiques

transfect i thod ysed wi || be depend t he final Lan.
o B 100 S ke Ror S PRl VRl ST B o1 o
di ysect oh{é&}ggﬁogggﬁigdm £ kéfncifig mcgﬁi@rﬂhs%wc%me&g SBGRABINE lob fddE aet

protein n be co-transtfected to allow enrichnment of 10 transfected
cel | s pegitidgs &d proviessip desribed (Ruarteed ab eftiensg 225161 FIR92). whipleisdneasporatedy o

th i 1 | d d d t | j - ific CTL
[ nos Respeftencb, ainscpots, SSiengity ofthiEheERatieaiObasiRict BRE, SRAGLL! B, =
pr esentpl COfac®iond fiid QifRer&M e REE UnmcTdeu P y.revealsv shardcreristiogependet y is a

second approach for functional testing of mnigene DNA formil ations.
Tr ans gmotif forieaeh dassrledlleng appropriat e human MHC nol ecul es can be 15

i ni zed wth the prod e L Nicstratbon are
ol at1 on DAEBERGSt ot P T ERAF AaEei afio ) RG] 400 "oy
Twent y perestisl pptidd dpitopts i ian ahiigenic pptetmebyseesniao ecidacqusice s known.
restinulated for 1 week in the pre,genc,e of.pePI' des .chodi ng each etgl t ope
bei ng TuBicaldy, iqenaidisatian fpotsntiakpaplide eptiapps kg “&L‘¥éﬁ§‘;‘€ﬁ 8+ VLR HFQFEPECy

pepti de: : ) : ndSbfgogisandar d techni ques.
Lysi s g?a!n'? g?gxg%nog%fcfés’gqg@cgéﬁé ?tg ?gegg‘n%gé%tﬁﬁgg%ngég?ﬂpept i des

cor r espondi Fgllowingiidémdieati@nafouetif-kaaring ppitonge the spifepi escaprises aedhene

fupction for in,.yivo inducti Ls. .Irans i b . iate
gt ot SEbSRAss Alacerasiurs RS0 fhs R R S SRGuBR B ity oPREIRAK, °

Vi VO i RENE00R8 hiehhyisQfCla3s T 681 EDRdinghs@ddisidesoribed in thelrslated @pplicutionsikey s
havi ng conserved HLA nol ecules with cross reactivity to CTL. epitopes

r ecogninzted belovh uBther 2lernativendessabedia the HtepturgdBelud I EmefARlRean

i mmunogeni ci CcT Iy t ) | 4 : : i/ =@A455
(1998) 'resgze}é{'ﬁgr} @e\t}f?’\fg aglto‘{jé?lgzgﬁglf gﬁ'é% Qggi)‘f gl naaresdy gﬁ\%}ésrg]{g%ﬁngés]l{hé h ﬁci al
for vaggi ggr 622es OPYeY tand BAICT baaE@aRoys wamy hytaedalelistsech &yRMA.Si(Mebiefigsay s,

“such as route of adm nistration, vaccine formul ation, tissue

bi 88 stali Bun Vommenad 3128PUEPENE of prinmary and secondary |ynphoid organs.

30 Because ofg czi%l:q{)ge{ﬁl'efgﬂl 'h?éelEYHmdbiBbﬁ?'apﬁﬂifs)‘M cotiblftel WANSEeREE M Ce

represent an attractive dlternative, at least for initial vaccine

devel opitgfinogénicitye sGreaenmmanogenicityrcen be nasifesedkinasderakiéisrntwas udi es in

hi gher _ani mal species, such as no}rhhuman rimates. Antige iatcalggl%'lo gg can be
to

used t dMBIYNEgENIEHY cancoprespond e whsther a PRETEERITSE etiored atplh 879,

treat C\fi‘%&%‘f Gn¥ PhrBietiPRIpdiRe s well 453b tHR exBeh bEH dRle)se@oplilarion & whichat i ent s
that do hot respond 29 ~ WO 02/ OGL~35 PCT/| ~ S(12/ 027118 to ot her
conventional forms of therapy, or will jpot respond to a peptide vaccine
approach of therapy. Ex vivo CIL responses to a particul ar pathogen
(infectious agent or tunor antigen) are induced by incubating in tissue
culture the patient's CTL precursor cells (CITLp) together with a source of
antigen-presenting cells (APC) and the appropriate immunogenic peptide.
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30 WO 112/ 061.t3a PCT/US02/027U8 and now abandoned. Each of the
above-referenced applications is incorporated herein by reference. EXAMPLES

Exanmpl e o feRtides 5 Peptides uti lized were synt hesi zed @sr/ps@uwmgs! y
descri bed by Ruppert, J. et al., "Prom nent Role of Secondary Anchor

Resi dur%%pdn@e fahtl e dﬁr%&“&rﬂg ?p?ﬁhﬂe%&ﬂxt dRi@RYIESune r bhseﬂﬂ a%@er%rra(ylgg?’)
or purc sed as cru nmat e i ron M npt opes Chi ron lg
Aust r abf th pofailatione setde o pmmncel psodnee e vigopiusakdppngeurin fac@ddarme p 21519

honbgeneity by reverse se H Pur,i t. S S was
det e?rri"mfég E:%ﬁ)( ﬁ‘i:ioséﬁei!eiﬁt“i? seﬁ%%"? oof hightl édlgg,gggtgﬁa ‘P“éictlo anal ysi s,
Seq“e”gﬁ Qyorﬁ%mé/ K ﬁe@%ﬁtaf)@m%(of tlh}é PBMidek Z\#ﬁ’clﬂﬁﬁa W@Snﬂéﬁﬁ&hﬁt@s uspended

at 4-2 I'h 100% DMSO, then diluted to required concentrations in PBS
+0. :DS%m‘wuty) MdPedvef, mlgheabmdmgwfﬁnkmemmad SwinppeeyiBernouy IMERBPESNE 2:  VHC

Purification 15 The F \Y tra forrre | hes % *Oz%kﬁ;t EB *0202)
FI IN (%5025  AphFesplks 65250133? “dEAe‘{“A‘%e 685“" %NE“%Q? and
AVAL - ( AYRRROBIndifR SepHias s Les,dt TRusid ﬁ%fa&‘reﬂ%ﬂfb%ﬂu@ént%i@hﬂﬁiveﬁwrﬁ$ughSlfﬁg1|t}e VHC

allele transfected 721.221 lines were al so used as sources of A*0202 and
A* 0207binGglepitopasaraparticulameusefil. \Neaveshelgsscaubsignidal impRIvEMenis AYCHBEPURT ( Fl ow

Lab t V, t nmM L- gl ut d BCO, 20
G and. P s fahieNe St geyerhediE BRI et 1 rept oryct - sol uti on
(GBCO ., anghd Rfatlaship Bedded %ﬁrﬁlﬂng:ﬁﬁn(tm&mm Ridss Dhndlcaky and angen@gbaioay

cultures were maintained in roller bottles. HLA nol ecul es re purified

from cef dlS¢ry@aJteB%df(QBil@neﬂyhaSPe°n éQtela'l‘med for e finsblime Enhgaridy REeTSEht i de

I nter ac

(1008 etk et Plich dphde fiskloe; PRIt dbrpdRe et o5
mM Tri Sclhﬂlr pr@dﬂsﬁn@of péptideninaiivi will ]ba%o(subhpepbtﬂ?leé@vcﬁﬁﬁ lonigeNa@mersis mWI EDTA,
and 2 mM PMSF. Lysates were then passed throu 0.45 ~Mfilters red of
nucl ei ugasld Per@erfqu@glwowmtf%&?mgﬂmas OE?)O’O@B‘%)PP&OP%MEU “hh‘ @Fé@o 3
m)llg:cui nfio. 'ﬂee%n%u%ﬂ 'B@ﬁvé& B ncﬁﬂg ét*ﬁﬁﬂy bR FRHuAS dehltith Yo gl GUTS) hy

For affinity purification, ums I nacti vat ed Sephar ose 4B and

Pr ot ei differ&f eSWhmmﬂmppmaehas:{Sctteast 4fr, &- rohunohsl 53586 55021194 s ulndbe fiet e

ho. an@Poioboh. TR ITainepeRReY BERRISTE) 951ope B S HLs nd T fo ) “as "
PCTI US(I@)?OQ %glggax?ée »@45 anafjd8d R HLALAA0 hRsmieer b the sédoad appt’bhéﬁ @k from

HLA-B an C nol ecul es by passage over a BIl.23.2 colum. After to 4
passagestigdnecitpayf 32p®61mm¢lva§ hleidlemt!tﬁ’ B girws G'FRIV)IQ‘FWSF’o@ﬁntIEtFWCS

Vo?ﬁnggh&ag Até\%(ﬁlh?l}}p% tlA{‘ 3 %/ ?e’sse% b}é@@ﬁe@ blggcﬁynw %1 $0| um

were 5 fRimlhdite m;ﬁhn&pmt&(&dme@hyﬂ tanthdse appsroachks, 1t\AvbhadHemmcmh|at agaffinidds (W v)
n-octyl gl ucoside, pH 11.5. A 1126 volu ﬁé& %cﬁ'r g m/aé added to
the el deresholdyvalugipkapprovdmataly 0Mdpr éb1é£|5 OpesS) o Tl L Bt ih6 o by
centrlf 0 verly,
R T e o B A D e
Wer e mﬂﬁﬁlwmdash;en%&—fBAﬁEumﬂd pB@&sszdsaaynde]s@nﬁqm@eﬁzed\ﬁi@elbemtime Bi ndi ng
Assays lve ass s t o measur e .t he .bi ndi ng t.ides t ubl e
d 43s IT%J%@I ‘iaéﬁg]é% "5’1’@ é‘Bp%"rtF“tlh eoﬁﬂ?tfﬁn?lf‘ s IF b‘i"nlB ﬁ&h@f’ g 0rf;tpfdlgeo abel ed
st andar, gspgﬁﬁgs'(&% }hsaﬁ‘aeﬂ‘e‘ﬁfmz Bo8 WAl [ RhaES. @S‘AJB@%@-I%SB deswyr i bed

(Sidney, J., upra.). Briefly, 1-10 nM of radi ol abel ed 15 p%de
was co- |ncub°@acecﬂlmly,r©’5hlm®¢p@rmpud@ prefierably irluge those thaphavs an ICsefe

the pr ce .of 1 m.cr [ an
Di ego, %% mQlerues 05%651}% prlgtﬂgaés)agé ?ﬁﬁohphéa?@ @gﬁ?é%qgggaﬂ{;ﬁvﬁﬁ‘g()ﬁ

i ncubatjsgtiatddhtizens; abindg AiGith chresholdel 200aiM g Yeenahodrteberassaciatey wailze
~exclusion gel filtration %w omat ography using a TSK 2000 col um.

Al 38r natiilinglof tumerecePeby easulting GRlCPUMHPDF-adi oactivity was deternined by
capturing 2 and
Got er i ni'ng BTGB bBEBER, THESAR atitsetenf Ol B BT r B FLEA2

( Packardfieleaspetificensledude, peplides dgmbltﬁi'g)hlglﬁmuhtwmediateemfﬁmity gre Bpanrmnsléered for
Techni cal Report Eg 063-99). The radio, | abeled s and? utll zed
f or thef“ﬁh@?@ﬁlysﬁ* QGQthReP}ﬂ?S max:hgged op pIBEEMEmAETS & 3§’§ 2 n F~
> Y anal og of the HBV core 18-27 epitope (sequence 25 FLPSDYFPSV) The
average | Cso of this peptide for each nolecule was 5.0, 4.3, 10, 4.3, 3.7,
and 23 nM respectively. A C4 > A anal gg of HBV pol 646 (sequence
FTQAGYPAL), or MAGE 1 282 (sequence YVIKVSARV), was utilized as the | abel
for the A*6802 assay. Their ICSCS for A*6802 were 40 and 8 nM
respectively. In the case of conpetitive assays, the concentration of
pept| de y| eI d| ng 50%| nhi bi ti on. of 30 the b| nd| ng of the rad| ol abel ed
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was al so tested in each experinment. Exanple 4: Alternative Binding Assay
Epstei n-Ban virus (EBV)-transformed honozygous cell lines, fibroblasts,
CIR or $aledrilskansfectants were used as sources of HLA mimss2iozel ecul es.
These cells were maintained in vitro by culture in RPM 1640 nedi um

suppl epﬁf&xgﬁ' efobllintenld, l:é;ﬂid‘é& il BeibiCtRS reai @ Bindiag artthed\ed i5Opbdinks UE,
100pg/ of streptonyclin, 100U m of penicillin (Irvine Scientific) 10 and
10% heiatcellnlacsdreemirerhn@Ses | rvi ne Scientific, Santa Ana, CA). Cells were

rowmn in 225-cnR 't e.culture flask r, r I qe- e. , In

OO I 2 bl SRS bt MRS T e R BSBRL P ELRS, 10,

RPM Ust'?]i%mg'afﬁxﬁg-mé@%@@o@ﬁm 61 B4 8retisdaled@ fo? W9 aligrofandpepadbed inducee ti mes
e_

wi t h phosphat uffered saline (PBS)(0.01 M P04, 0.154 M NaCl, pH 7.2).
Celd s speciciaTL espohsenid witror Eor iastangey antigentiressniing gfliskhal bays besnrngubaiey

solution, to 15 prepare detergent, .|. tes. I repared by the
i 1 B apeBR R aErarEn orant thi SO iRk s R SRS,

(Accur a&14dam Agﬁ%en-ﬁ@ﬁdhting\f‘élﬁ G, notal b9 H)ch abparipidrabod mOnorvciEar s,
pH 8.0] to the cell pellets (preuvi ousa count edg{g’?at a rgtiﬁ of 50-100 x 106
cel |'s pals amidenttritisraghan{Inats, at ¢/od. Exp-Medc 180118 £19875BoogeEvn i il vas
added ﬁg,zﬁgglg%gﬁmeasured vol ume of stock detergent solution imrediately

pri or ] ition to the cell pellet. Addition 20 of the protease

i njg bi t or caskinaiiVelprmatsedahimaiin celhiesttha tredeficnt irhtheir ebilibyvorigad class
phenyl net hyl sul f onyl fluoride (PMSE), 2 aprotinin, 5 = ...l eupeptin,
10 ~, gl molecplep avitkriptgmally progesged pep c%g%? the mayss Cﬁwesmgw%‘“% ézg/ m .
Cell 1ysi - \@%{i‘&d L Far LR U 1M 3129RY (1991 )y, didtherg-
Rout i néfyﬁ‘g”%?@%%ﬁ?ém@ e ’f;t:&eld%i(;ﬁ ‘gém’%lgg% %? det erG entﬁsol ution.
The | yaaien v@naatid Breel heatidy -2 €Bernndalgar brNVatura 3 0B9-4621990)) aad whisht es 25

t 4C d b t f th tant . f ti t.h A L2~
11 or nais eep Rangerted Wiieae sapronm e e B s rpras i iien ks Al sdr s g
af g ni tcé(mfeﬂlegg?l%sé?ir, *Reh EEbtWetié"eiﬂ%n&@W Aliiial eslthery fatesrsfor eadpacity@f tient i body

product1 on, S were grown in M with 10% FBS in | arge tissue culture
f I asks péftertp igiues #60tr2 PSmarpGTLiyesncaseswétherapkpryptie cel} bngsthatcan pedsed ssue

cul ture nedi um by. ammoni ym sul f at e t.] i falh: ffii 30
Chr ot ronT e e ifes Ll A PotdAPUSREIAPRCI B IQEECR 23 [ibdo D
sul f at q 5s9R%586 A6 s IMV{ A TTE IGRIN 8BS I Cariryev obin( ATE C GRILIE 13 mpath KATERT t 0
45% (vol ume to vol une) overnight at 4C to preci.pi {at t he, i grrbun%gll 82}” i ns.
The pr &5lpBR)and Prosaphilp aell linessuph py e Selaneidsy celb Hng (see yshneslsr LiEMeY806*% g

for, .30 ,m nut ) Lpitate was then dissolved in a mninmm 33 WO
I 1%PI I @?zfrp?ﬁf-i—lé’&ﬁ]’%ﬁg@%Y@Z?OB volume of PBS and transferred to dialysis
t ubi ng ( Spederiphdrairbldod fyaiphowtes ardcofivenichtlp @dlaed Oowigpempleyavipingaire or

Ind.). Dialysis was against PBS (> 20 tines the pratein sol uti ol urne)
with 4lerken @%owor@?wwr%omlgw %%B?egea?sélﬁfﬁ ‘II@GI“E‘&PFS‘&S 8?8% The
di al yz i lethibl bz pdsehh Is Gie (ntAb&ABDwithg OF or
30" o R e e e B G w L h & - NaH
Pr ot ei n00-18épFpemisle if Sirgmefyeamedin fairbhads wadso ppprapriate culfire gondinens: Jher ' s

i nstructiQns nd a protein-A Sephar.ose. col af 10
i Sed AR b EaPTPrEriE SBP 1B0RaG e AR eteSRALE Lol bop Bt I
was | oaged fat@ 1ohRyPhRiee optifizee phmiresenditbusTPasRiveC EL peivatiomedrn te punp f or
| arge | oading volunes or by gravity for smaller vol unes .éjéoo n;é) Tﬁe
col umn detsmiredbesissaying thp caléwres for theapraseage ok Cphsthapkyl radiglabplad farbeleells,
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terminus of the immunogenic peptide.

As another example of lipid priming of CTL responses, E. coli lipoproteins, such as
tripalmitoyl-S-glycerylcysteinlyseryl-serine (P;CSS) can be used to prime virus specific CTL

10  when covalently attached to an appropriate peptide. See, Deres, et al., Nature 342:561-564
(1989). 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 also be primed with P;CSS conjugated to a
peptide which displays an appropriate epitope, the two compositions can be combined to more

15 effectively elicit both humoral and cell-mediated responses to infection.

In addition, additional amino acids can be added to the termini of a peptide to provide for
ease of linking peptides one to another, for coupling to a carrier support, or larger peptide, for
modifying the physical or chemical properties of the peptide or oligopeptide, or the like. Amino
acids such as tyrosine, cysteine, lysine, glutamic or aspartic acid, or the like, can be introduced at

20  the C- or N-terminus of the peptide or oligopeptide. Modification at the C terminus in some
cases may alter binding characteristics of the peptide. In addition, the peptide or oligopeptide
sequences can differ from the natural sequence by being modified by terminal-NH, acylation,
e.g., by alkanoyl (C1-C20) or thioglycolyl acetylation, terminal-carboxyl amidation, e.g.,
ammonia, methylamine, etc. In some instances these modifications may provide sites for linking

25  to a support or other molecule.

The peptides of the invention can be prepared in a wide variety of ways. Because of their
relatively short size, the peptides (discrete epitopes or polyepitopic peptides) can be synthesized
in solution or on a solid support in accordance with conventional techniques. Various automatic
synthesizers are commercially available and can be used in accordance with known protocols.

30  See, for example, Stewart and Young, Solid Phase Peptide Synthesis, 2d. ed., Pierce Chemical
Co. (1984), supra.

Alternatively, preparation of peptides of the invention can comprise use of recombinant
DNA technology wherein a nucleotide sequence which encodes an immunogenic peptide of

interest is inserted into an expression vector, transformed or transfected into an appropriate host
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CLAI M5 What is clainmed is: PCT/USU2/U27118 1. A nethod for identifying a
HLA- A2 supernotif restricted peptide, conprising: contacting a peptide
consi sti gg @oedrztl am no acids, wherein the ami no acid atpquogsiio2ns5 two
fromthe N-termnus of the peptide is L, I, V\ M A T, or Qand the

Cterrg g%seé@iiéii%rﬁ‘&idéeﬁi% ptide, ad thitebdelibits A hosOTIL debfoe. OV adtiiie vedtotshe HLA
mol ecul &s encoded by A*0201, A*0202, A*0203, A*0204, A*0205, A*0206
A* 020 and AteBIBB12 usefnHindtraen zation dreiecolsrarg Sgrarhgd IGses vid Su Batenter 4 Hentd8 yi ng

a peptjde, t hat, bi l. i I - '
Chan” s bl BC Gthab e TaphMeiPgtnf BRCPEUGS ol ot ER @b ST,
cl ai mg, (Nase 8 n.45b.266171 990 ) RACA Bvidd vaesy 6f aihertweotond usche fpethtrapeutics V, A T,

or Q 15 3. The nethod of claim1, wherein the amno _acid ﬁt pg_si tion two
of 5t headpupisirateoni @ immunjzagipn gf thy peptidesiof thegnkeHions e.81, geitorellprareyssiahe

am no agci t poshtion { [ r . e nmet hod of
claim ,tg‘i/\ﬁ]é'i’g‘ilﬁlbf ﬁgpaé"i‘e?cr)%iog%?ﬁg%?ﬁothggrltéﬁﬁnistl%de%m@?m%ereﬁ? or T. 6. The
met hod of CcA pidTerked MbATsRifAdiniesterih@nudi¢iabcidsremoding tHe peptifies @5th# invEhtomet hod
of claim1, wherein the peptide is derived framan HV . a

ntigen, HBV
ant i geses mOvEenstdogeificty-mgodingirgtltiple ppitones of H@dPV@é@P@PHQ@iwgo%ﬁt?%é”lﬁht i gen,
KSHV apt | | i i i i h @3N,
Ton. anegaitleq e Th healls IRTA!sffllnedCncdling 160 sl Rl GTL P REhes Snthigtic) O
i dlent i gxprasgionlin humamogiznihe ahlide A3d sequences bif therepiibpéscarede. avéraetranslated.

i sing: 70 WO (1 11 1-435 P 11 S02/1127Q8 tacti tid
Conb! shgiapogomaaghafls APHLIO MG L7 FORRETAIR T Rer ATS0 Gk TSR two from
the Né&ﬁ{oﬁi&—?g&tmi% ]i)ﬂ% &%95(%@? ateSditectly adjdined/) créating a iRblefdla it EAt@dEs 4 er mi nal

am no . , or T to formpeptide/ HLA-A2 conpl exes, wth
t hr ee amtimoows polypehidd-tequensiee Qptionallsh tpopstmizy exprossion andé@ 2WmMunAsgRQLy,

A*0204, , A*0205, A*0206, A*0207 *6802, .5. and,A*69 el es:.. m ni ng
whet he“i‘d tifé‘aggl ’_E“Fﬁtéfﬁi_ilg i&’fo?(?ﬁ%?cﬁwgosaﬁe _r%ii]‘(,ggn%deéi@' _iléeLxsa%i(? rllesseo,q%anri%%ﬁ&ent i fyi ng
a PEPt iddGericl @at cHEld BRTeverdeTthansREIGNE endlideddAhEMinigdne saqueneaisicluider aelpef t he
HLAs as a HLA-A2 supernotif restricted peptide. 10 9. The nethod of claim

8, wheTdymphdeyteaapitapesas icaden (sigoal) seaneaendin endoplemic wachlgmyeteptionr  or
pept i custd i it MCfese b bR Rt R B ko RSl hOlabEBrBhed ™
aci d ate 29biytalMiné)s? nafurilheo@eptingiRariking sequerQes ddjacefit® the Clihckpibpesl ai m 8,
wherein the Ctermnal amno acid is L . VvV, M. A or T. 20 .13. The t hod
of clai m 8, Thpayrpencsauance é‘r?ﬁnﬁﬁiedéﬁiw&é’i agsqmdlms 0%&9%%@"#8& BBLETEPIE | ai m
B s e i L
ant i genre s¥hthkgizsiaphospheryiated, genfieddndaannia)ed inges 3ppropiigtesonditighsusinggeel]  TSA
ant | ge]r(]ﬁow'vrio\ tec %Hﬁeisgﬁg énd%rof lt_ifero%ignoggclggiideg S joined using T4 DNA ligase. This
synthetic minigene, encoding the CTL epitope polypeptide, can then cloned into a desired
expression vector.
25- Standard regulatory sequences well known to those of skill in the art are generally
included in the vector to ensure expression in the target cells. Several vector elements are
required: a promoter with a down-stream cloning site for minigene insertion; a polyadenylation
signal for efficient transcription termination; an E. coli origin of replication; and an E. coli
selectable marker (e.g. ampicillin or kanamycin resistance). Numerous promoters can be used
30  for this purpose, e.g., the human cytomegalovirus (h[CMV) promoter. See, U.S. Patent Nos.
5,580,859 and 5,589,466 for other suitable promoter sequences.
Additional vector modifications may be desired to optimize minigene expression and
immunogenicity. In some cases, introns are required for efficient gene expression, and one or

more synthetic or naturally-occurring introns could be incorporated into the transcribed region of
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15. A nethod for making a HLA-A2 supermotif restricted peptide, conprising:
provi ding an am no acid sequence of an antigen of interest; 30 identifying

within te eosyeace a putative T-cell epitope, wherein theapud@izwe epitope
consists of 8-11 am no acids, wherein the am no acid at position two from

the N E'rg}l Eﬁﬁ_oﬁ]etln@uﬁgh BPH&N@ stabilizatioh sefberfdes dan o B @dideRd for t er m nal

am no aci T, preparing one or nore peptide fragments
of themaxrehsxg@mmgenerm@ressbnthaﬂas coepily beentpirepaspd thepammemostimplatery12/ UG 1 ~3~

PCT/ USU2/ U 27U8 _contact.i tide with.thr f

ol ec ey SHony s oIS Tole BoBs i Tuferbic LG IR VARiS:sS THiRGchees

A* 0207, 2ludadsh he $9Q4r, alilsRleaRe mima&ie dolhgl seqenealiffMind anehimatect

pept i de uﬁ?l Qb}unds at © easgt tﬁr ge ?—IrIIlA nol egul egssgsvl tnhe)e:n I lC]:SO val ue | elsgg :

t hen Snﬁﬁﬁmmlasya HLA-A2 supernoti f restrl cted peptide. 16. The mnethod of

cl ai m 15, erein am,no .aci d at o) sV, A T,
or Q 10 17" SPH¥ ‘i‘r‘%lf(ﬁbrﬁe%f aHigptenie e R Sesioéli nC{ od IO&'g’?am Jétgie%{&l tion two
of themﬂﬁ%éde%cb&ed'—epltbpesl\dndQrse@andlpﬁrote'lfhﬂclﬂiﬁédlmhlmﬁndel(ﬁldmrI:ESe wherein the
am no acl osition two of the peptide is | or Q 15 t hod of
claim nﬁnunmnmtm cabe wede Expmales g prateing pipqlypeptides thet coyjd ‘Nﬂeg‘ﬁlgﬁy 20. The

nmet hod m 15 whe 1 :
et hodepengs B uine SE0Ee it ¢rEleb el Ml iR S0k L8 2. Sdie) e
Epgj ei fyiBiiné-induciig, méStites (e@s SaIRyiok usstinidlatonbidpleilss. NSrcovaGelmr T

Her 2l neu. 22. A nethod for nmeking an immunogeni c HLA-
retstrl bﬂ?%ﬁp(ﬁ&"b eRINPES ?@lfﬂﬁﬂoyﬁ e i Lo eRilPPsH © WB‘%Q%%Prg@gabﬁge of an
antige of c

ot o B T B e B e wher ei n
t he anHTl eitodestb apel icoinpartment different then metGaTInmtmaeaf Tbua@arefactltiﬁié rmq:reL I,

vV, M A_T, Ct
pr epar Pﬁt‘f‘@hg‘gtﬁf Oﬁgﬁig eﬁgﬁ{qsd@o%%f’@ss pf‘ﬁl}?@' aghtpi:x’&g% f%:\{it tm%r est t hat
M G %Qﬁ. PreRiduens:. 1Hebakas: & UL WRIHSH, shb@fipaABt dedphabihMAZnanm exes

uce a response, and selecting a peptlde that i nduces a_ CTL response
| n conpéspunsmuyhoaﬂxpteeagn of immwunastpprisssi v melegwlesn(arf. AGHRAsmpr pebeneficial in
restricted tide. 72 WO 112/ (1(~1.~35 PCT/ 115112/ 02708 23. The net hod
of cl aFfRaB! i &tein the amino acid at position two of the peptide is V, A

T, or Q 240nIElﬁn @?r@@%rp\fectﬂr@d dBledied, MRahi@igent heclewddrintoané polglinkepsédiomn t wo
of the peptide is or Q 25. The met hod of claim22, wherein the

am no dowdstsanpefsthe promateto T@ps mlh@m}géfﬁrp@f@rm@eq into an appropnate E. coli strain, and

20 DNA is prepared using standard techniques. The orientation and DNA sequence of the
minigene, as well as all other elements included in the vector, are confirmed using restriction
mapping and DNA sequence analysis. Bacterial cells harboring the correct plasmid can be
stored as a master cell bank and a working cell bank.

Therapeutic quantities of plasmid DNA are produced, e.g., by fermentation in E. coli,

25  followed by purification. Aliquots from the working cell bank are used to inoculate fermentation
medium (such as Terrific Broth), and grown to saturation in shaker flasks or a bioreactor
according to well known techniques. Plasmid DNA can be purified using standard
bioseparation technologies such as solid phase anion-exchange resins supplied by Quiagen. If
required, supercoiled DNA can be isolated from the open circular and linear forms using gel

30 electrophoresis or other methods.

Purified plasmid DNA can be prepared for injection using a variety of formulations. The
simplest of these is reconstitution of lyophilized DNA in sterile phosphate-buffer saline (PBS).
A variety of methods have been described, and new techniques may become available. As noted

above, nucleic acids are conveniently formulated with cationic lipids. In addition, glycolipids,
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or Q 10 26. The nethod of claim 22, wherein the Ctermnal amno acid is
L, I, V, M A or T. 27. The nethod of claim22, wherein the Cterm nal
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10  regimen which employs the peptide or related peptides, and thus may be helpful in modifying an
existing treatment protocol or in determining a prognosis for an affected individual.

For example, a peptide of the invention may be used in a tetramer staining assay to assess
peripheral blood mononuclear cells for the presence of antigen-specific CTLs following
exposure to a pathogen or immunogen. The HLA-tetrameric complex is used to directly

15  visualize antigen-specific CTLs (see, e.g., Ogg, et al. Science 279:2103-2106, 1998; and Altman,
et al. Science 174:94-96, 1996) and determine the frequency of the antigen-specific CTL
population in a sample of peripheral blood mononuclear cells. A tetramer reagent using a
peptide of the invention may be generated as follows: A peptide that binds to an allele-specific
HLA molecule or supertype molecule is refolded in the presence of the corresponding HLA

20  heavy chain and B;-microglobulin to generate a trimolecular complex. The complex is
biotinyiated at the carboxyl terminal end of the heavy chain at a site that was previously
engineered into the protein. Tetramer formation is then induced by the addition of streptavidin.
By means of fluorescently labeled streptavidin, the tetramer can be used to stain antigen-specific
cells. The cells may then be identified, for example, by flow cytometry. Such an analysis may

25  be used for diagnostic or prognostic purposes.

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

The present application is related to U.S. Serial No. 08/589,108, filed 1/23/96 and now
abandoned, and to U.S. Serial No. 08/205,713 filed 3/4/94, which is a continuation-in-part of

30 U.S. Serial No. 08/159,184, filed 11/29/93 and now abandoned, which is a continuation-in-part
of U.S. Serial No. 08/073,205 filed 6/4/93 and now abandoned, which is a continuation-in-part of
U.S. Serial No. 08/027,146 filed 3/5/93 and now abandoned. The application is also related to
U.S. Serial No. 60/013,980 filed 3/21/96 and now abandoned, U.S. Serial No. 08/454,033 filed
5/26/95, U.S. Serial No. 08/349,177 filed 12/2/94, and U.S. Serial No. 08/753,622 filed 1//277/96
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5 Peptides utilized were Synthesized as previously described by Ruppert, J.etal,
“Prominent Role of Secondary Anchor Residues in Peptide Binding to HLA-A2.1 Molecules,”
Cell 74:929-937 (1993) or purchased as crude material from Chiron Mimotopes (Chiron Corp.,
Australia). Synthesized peptides were typically purified to >95% homogeneity by reverse phase
HPLC. Purity of synthesized peptides was determined using analytical reverse-phase HPLC and
10  amino acid analysis, sequencing, and/or mass spectrometry. Lyophilized peptides were

resuspended at 4-20 mg/ml in 100% DMSO, then diluted to required concentrations in PBS
+0.05% (v/v) NP40 (Fluka Biochemika, Buchs, Switzerland).

Example 2: MHC Purification

15 The EBV transformed cell lines JY (A*0201), M7B (A*0202), FUN (A*0203), DAH
(A*0205), CLA (A*0206), KNE (A*0207), AP (A*0207), and AMAI (A*6802) were used as the
primary source of MHC molecules. Single MHC allele transfected 721.221 lines were also used
as sources of A*0202 and A*0207. Cells were maintained in vitro by culture in RPMI 1640
medium (Flow Laboratories, McLean, VA), supplemented with 2 mM L-glutamine (GIBCO,

20  Grand Island, NY), 100 U (100 pg/ml) penicillin-streptomycin solution (GIBCO), and 10% heat-
inactivated FCS (Hazelton Biologics). Large scale cultures were maintained in roller bottles.
HLA molecules were purified from cell lysates (Sidney, J., et al., “The Measurement of
MHC/Peptide Interactions by Gel Infiltration,” Curr Prot Immunol 18.3.1-18.3.19 (1998)).
Briefly, cells were lysed at a concentration of 10® cells/m! in 50 mM Tris-HCL, pH 8.5,

25  containing 1% (v/v) NP-40 150 mM NaCl, 5 mM EDTA, and 2 mM PMSF. Lysates were then
passed through 0.45 pM filters, cleared of nuclei and debris by centrifugation at 10,000 x g for
20 minutes and MHC molecules purified by monoclonal antibody-based affinity
chromatography.

For affinity purification, columns of inactivated Sepharose CL4B and Protein A
30  Sepharose were used as pre-columns. Class I molecules were captured by repeated passage over

Protein A Sepharose beads conjugated with the anti-HLA (A, B, C) antibody W6/32 (Sidney, J.,
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11.5.A 1/26 volume of 2.0 M Tris, pH 6.8, was added to the eluate to reduce the pH to ~8.0. The
eluate was then concentrated by centrifugation in Centriprep 30 concentrators at 2000 rpm
(Amicon, Beverly, MA). Protein purity, concentration, and effectiveness of depletion steps were
monitored by SDS-PAGE and BCA assay.

10

" Example 3: MHC-Peptide Binding Assays

Quantitative assays to measure the binding of peptides to soluble Class I molecules are
based on the inhibition of binding of a radiolabeled standard peptide. These assays were
performed as previously described (Sidney, J., et al., supra.). Briefly, 1-10 nM of radiolabeled

15  peptide was co-incubated at room temperature with 1 uM to 1 nM of purified MHC in the
presence of 1 pM human B,-microglubulin (Scripps Laboratories, San Diego, CA) and a cocktail
of protease inhibitors. Following a two day incubation, the percent of MHC bound radioactivity
was determined by size exclusion gel filtration chromatography using a TSK 2000 column.
Alternatively, the percent of MHC bound radioactivity was determined by capturing

20 MHC/peptide complexes on W6/32 antibody coated plates, and determining bound cpm using
the TopCount microscintillation counter (Packard Instrument Co., Meriden, CT) (Southwood, et
al., Epimmune Technical Report Epi 063-99).

The radio labeled standard peptide utilized for the A*0201, A*0202, A*0203, A*0205,
A*0206, and A*0207 assays was an Fs > Y analog of the HBV core 18-27 epitope (sequence

25 FLPSDYFPSV). The average ICso of this peptide for each molecule was 5.0, 4.3,10,4.3,3.7,
and 23 nM, respectively. A C4> A analog of HBV pol 646 (sequence FTQAGYPAL), or
MAGE 1 282 (sequence YVIKVSARV), was utilized as the label for the A*6802 assay. Their
ICsos for A*6802 were 40 and 8 nM, respectively.

In the case of competitive assays, the concentration of peptide yielding 50% inhibition of

30  the binding of the radiolabeled peptide was calculated. Peptides were initially tested at one or
two high doses. The ICso of peptides yielding positive inhibition were then determined in
subsequent experiments, in which two to six further dilutions were tested. Under the conditions
utilized, where [label]<[MHC] and ICso = [MHC], the measured ICsp values are reasonable
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detergent solutlon The lysate was clarified by centrifugation at 15,000 x g for 30 minutes

25  at 4°C and subsequent passage of the supernatant fraction through a 0.2 p filter unit (Nalgene).
| The HLA-A antigen purification was achieved using affinity columns prepared with

mAb-conjugated Sepharose beads. For antibody production, cells were grown in RPMI with
10% FBS in large tissue culture flasks (Corning 25160-225). Antibodies were purified from
clarified tissue culture medium by ammonium sulfate fractionation followed by affinity

30  chromatography on protein-A-Sepharose (Sigma). Briefly, saturated ammonium sulfate was
added slowly with stirring to the tissue culture supernatant to 45% (volume to volume) overnight
at 4°C to precipitate the immunoglobulins. The precipitated proteins were harvested by
centrifugation at 10,000 x g for 30 minutes. The precipitate was then dissolved in a minimum
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citric acid at suitable pH (adjusted to the appropriate pH with IN NaOH). For mouse IgG-1 pH
6.5 was used for IgG2a pH 4.5 was used and for IgG2b and IgG3 pH 3.0 was used. 2 M Tris
base was used to neutralize the eluate. Fractions containing the antibody (monitored by A280)

15  were pooled, dialyzed against PBS and further concentrated using an Amicon Stirred Cell system
(Amicon Model 8050 with YM30 membrane). The anti-A2 mAb, BB7.2, was useful for affinity
purification.

The HLA-A antigen was purified using affinity columns prepared with mAb-conjugated

Sepharose beads. The affinity columns were prepared by incubating protein-A-Sepharose beads

20  (Sigma) with affinity-purified mAb as described above. Five to 10 mg of mAb per ml of bead is
the preferred ratio. The mAb bound beads were washed with borate buffer (borate buffer: 100
mM sodium tetraborate, 154 mM NaCl, pH 8.2) until the washes show A280 at based line.
Dimethyl pimelimidate (20 mM) in 200 mM triethanolamine was added to covalently crosslink
the bound mAb to the protein-A-Sepharose (Schneider, et al., J. Biol. Chem. 257:10766 (1982).

25  After incubation for 45 minutes at room temperature on a rotator, the excess crosslinking reagent
was removed by washing the beads twice with 10-20 ml of 20 mM ethanolamine, pH 8.2.
Between each one the slurry was placed on a rotator for 5 minutes at room temperature. The
beads were washed with borate buffer and with PBS plus 0.02% sodium azide.

The cell lysate (5-10 x 10° cell equivalents) was then slowly passed over a 5-10 ml

30 affinity column (flow rate of 0.1-0.25 ml per minute) to allow the binding of the antigen to the
immobilized antibody. After the lysate was allowed to pass through the column, the column was
washed sequentially with 20 column volumes of detergent stock solution plus 0.1% sodium
dodecyl sulfate, 20 column volumes of 0.5 M NaCl, 20 mM Tris, pH 8.0, and 10 column
volumes of 20 mM Tris, pH 8.0. The HLA-A antigen bound to the mAb was eluted with a basic
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I HLA molecules has been published (Sette, et al., Mol. Immunol. 31 :813, 1994; Sidney, et al., in

10 Current Protocols in Immunology, Margulies, Ed., John Wiley & Sons, New York, Section 18.3,
1998). Briefly, purified MHC molecules (5 to 500nM) were incubated with various unlabeled
peptide inhibitors and 1-10nM 1251.radiolabeled probe peptides for 48h in PBS containing 0.05%
Nonidet P-40 (NP40) (or 20% w/v digitonin for H-2 IA assays) in the presence of a protease
inhibitor cocktail. The final concentrations of protease inhibitors (each from CalBioChem, La

15 Jolla, CA) were 1 mM PMSF, 1.3 nM 1.10 phenanthroline, 73 uM pepstatin A, 8SmM EDTA,
6mM N-ethylmaleimide, and 200 pM N alpha-p-tosyl-L-lysine chloromethyl ketone (TLCK).
All assays were performed at pH 7.0.

Following incubation, MHC-peptide complexes were separated from free peptide by gel
filtration on 7.8 mm x 15 cm TSK200 columns (TosoHaas 16215, Montgomeryville, PA), eluted

20  at 1.2 mls/min with PBS pH 6.5 containing 0.5% NP40 and 0.1% NaNj. The eluate from the
TSK columns was passed through a Beckman 170 radioisotope detector, and radioactivity was
plotted and integrated using a Hewlett-Packard 3396A integrator, and the fraction of peptide
bound was determined.

Radiolabeled peptides were iodinated using the chloramine-T method. A specific

25  radiolabeled probe peptide was utilized in each assay. Typically, in preliminary experiments,
each MHC preparation was titered in the presence of fixed amounts of radiolabeled peptides to
determine the concentration of HLA molecules necessary to bind 10-20% of the total
radioactivity. All subsequent inhibition and direct binding assays were performed using these
HLA concentrations.

30 Since under these conditions [label]<[HLA] and ICs;2[HLA], the measured ICso values
are reasonable approximations of the true Kp values. Peptide inhibitors are typically tested at
concentrations ranging from 120 pg/ml to 1.2 ng/ml, and are tested in two to four completely
independent experiments. To allow comparison of the data obtained in different experiments, a

relative binding figure is calculated for each peptide by dividing the ICso of a positive control for
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those whose relative binding capacities are 10-100-fold less than the best binder are considered

30 tolerated. A dash ("-") indicates a relative binding of less than 0.01. In the case of the HCV NS3
590 peptide (Table 4a), K substitutions at position 2 and the C-terminus resulted in greater than
100-fold reduction in binding to each HLA molecule. Greater than 100-fold decreases in binding

were also noted in the context of A*6802 when K was substituted in positions 1 and 5.
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109 &liéz)n'dZ(Table 4b) was investigated, greater than 100-fold reductions in binding capacity were

again noted when the peptide was substituted at position 2 and the C-terminus. Significant

5  reductions in binding were also observed following substitution at position 7.

Together, these data suggest that A2-supertype molecules bind both 9- and 10-mer
peptide ligands via anchor residues in position 2 and at the C-terminus. The presence of an
additional primary or secondary anchor towards the middle of the peptide is demonstrated by the
fact that the binding of both the 9-mer and 10-mer peptides was usually reduced by substitutions

10  at position 7.

TABLE 3

Phenotypic frequencies of A2-supertype alleles in four major ethnic groups

Phenotypic frequency

Allele Blacks Caucasians Orientals Hispanics Avcrage
A*0201 22.3 45.6 18.1 37.1 30.8
A*6802 12.7 1.8 0.0 42 4.7
A*0206 0.0 0.4 9.3 6.3 4.0
A*0207 0.0 0.0 11.0 0.0 2.7
A*0205 5.2 1.8 0.3 3.0 2.5
A*0203 0.0 0.0 8.8 0.0 2.2
A*0202 6.4 0.0 0.5 1.3 2.0
A*6901 0.0 0.7 0.3 1.3 0.6
A*0211 0.0 0.0 0.0 1.3 0.3
A*0212 0.0 0.0 0.3 0.8 0.3
A*0213 0.0 0.0 0.0 0.4 0.1
A*0214 0.0 0.0 0.0 0.0 0.0

Total 43.1 48.2 45.0 51.9 47.1
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109w GHOV-MSIAMV & () -z 109w' & ()-z 10%' & ()-z

% i 1) BLOM' &, )en @O & () - @LOYY'So1holve@iRdH Bafaknn® 10" & () -Z; ¢S K

1 23 45 6 7 89 A*0201 A*0202 A*0203 A*0205 A*0206 A*6802
YLVAYQATV 1.0 1.0 1.0 1.0 10 10
K 040 0050 031 0.19 029 -

K 053 0.093 060 0.63 0.064 0.022

K 036 0.19 044 10 041 0.17
K 0.17 0.026 030 023 016 -

K 0.54 0033 027 024 010 0.060

K 0.054 0.016 032 0.14 0.065 0.043

K 024 0.13 037 079 014 0.13
K - - - - - -
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K 058 070 68 040 039 18 16
K - - 0079 - - 0027 -
K 025 022 6.1 0076 029 025 0.092

K 0.14 018 021 0.18 025 0.14 042

K - - - - - - -

Specificity of the Position 2 and C-Terminal Anchor Residues

Based on these results, the ligand specificity of A2-supertype molecules at position 2 and
5  the C-terminus was analyzed using additional HCV NS3 590 and HBV core 18 Fs>Y single
substitution analogs, and also single substitution analogs of a poly-alanine peptide (peptide
953.01; sequence ALAKAAAAYV). For these analyses, preferred amino acids for anchor
residues were defined as those associated with a binding capacity within 10-fold of the optimal
residue. Amino acids whose relative binding capacity was between 0.01 and 0.1 were defined as
10  tolerated, and those associated with a binding capacity less than 0.01 were considered és non-
tolerated. In the adcompanying tables, a dash ("-") indicates a relative binding of less than 0.01.
Binding capacities are expressed as ratios relative to the related analog with the highest binding
affinity for each individual molecule.
At position 2 small aliphatic and hydrophobic residues were found to be generally
15 tolerated, while other residues, including large polar, aromatic, and charged residues were
typically not well tolerated (Tables 5a, 5b, and 5¢). L, I, V, and M were preferred as anchor
residues in most (>80%) contexts (Table 5d). The allele/peptide combinations in Table 5d refer
to the number of instances in which a given residue was associated with a relative binding in the
1-0.1 range (preferred) or 0.1-0.01 range (tolerated). A, T, Q, and S were less frequently

20  preferred as anchor
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'] 57%ARNEHA0% " 109% " & () -G 10%" & ()-G 10%"& ()-G 10%" & ()-G

109" & 1)-G 109" & ()- G ; <=?ACENN. vU410%" & ()-G 109" & ()-G 10%"& ()-G

1096 " SAICY NSAP " & () - G SVEG JKTenM vU4 , yGLO% " & () - G

GLO%" & ()-10%" & () - (1Q% & ()= G 1098" & ()-G e~r>vU4
, yGLOYN10%" & () - 3 ng&ﬁy%g&g@%%% & ()-3 (N)10%«$&' zv-s

IL10%" & () -
109" ERtlidte VNEOIET Eakd2® | AMODIA | 8+02053| NF0206 RAFFS® N10%" & ?)/O-As& 0
N109%8 1 & () -3
% 0.28 0.28 0.23 0.36 0.53 0.69
T 0.58 0.24 0.11 0.34 0.74 1.0
L 1.0 1.0 1.0 0.19 1.0 0.029
1 0.49 0.24 0.64 0.24 0.81 0.045
Q 0.91 0.55 0.46 1.0 0.57
P - - - - -
K
F 0.016 0.012
D -
TABLE 5b
HBYV core 18 F¢>Y
Relative binding capacity
Residue | A*0201 | A*0202 | A*0203 | A*0205 | A*0206 | A*0207 | A*6802
1 0.18 0.66 0.41 0.82 1.0 0.31 0.53
L 1.0 0.46 1.0 0.79 0.36 1.0 0.088
v 0.065 1.0 0.10 1.0 0.60 0.10 0.91
T 0.013 035 0.025 0.25 0.1 1.0
Q 0.26 0.049 0.49 0.074 0.15 0.053
F - - 0.015 - 0.046
D - - - -
K -
P - - -
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NLO%" SENL0% " & ()-3 N109%" & ()-3 ; cN10%" & ()-3
m fig(y;d%we\iawfg ?&W\/ ﬁl g %/03 N10%" & ()-3 NL0%" & ()-3
- pVv " & " -3 N10%" & ()-3 N10%" & () -
N10%" & () -3 N10%" & v%\”f INGIBERRCTHRC é)G vNLO%" & d)3 N109%4" &&(5233

. NLO% & diqus | NF0T & A0202 || EERB8 [ & H0R0S | A*0206 | A*6802

L 1.0 0.92 0.22 0.77 0.49 0.011
M 0.43 0.73 0.70 0.43 0.51 0.010
\'% 0.051 1.0 0.40 1.0 1.0 0.68
I 0.063 0.56 1.0 0.16 0.44 0.073
T 0.025 0.75 0.091 0.20 0.35 1.0
A 0.013 0.26 0.070 0.089 0.075 0.31
S - 0.12 0.023 0.011 0.025 0.057
G 0.031 0.011 - 0.017
P - - - 0.016
C N - - N
D : N
F - _ -
K - _ - -
N - - .

TABLE 5d

Summary

Allele/Peptide combinations

Residue | Tested Preferred | Tolerated | %preferred | %tolerated
or preferred
v 19 17 2 89.5 100.0
L 19 16 3 84.2 100.0
1 19 16 3 84.2 100.0
M 6 5 1 83.3 100.0
T 19 14 4 73.7 94.7
A 6 2 4 333 100.0
Q 13 8 3 61.5 84.6
S 6 1 4 16.7 83.3
G 6 0 3 0.0 50.0
F 19 0 4 0.0 211
P 19 0 1 0.0 53
C 6 0 0 0.0 0.0
K 19 0 0 0.0 0.0
N 6 0 0 0.0 0.0
D 19 0 0 0.0 0.0
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C VN10%" & ()-3 ; cNLO%" & ()-3 NLO%" & ()-3 NLO%"& ()-3 NLO%"& ()-3
_2UNLO%" & (NL0%" & ()-3 NLO%"& ()-3 NI0%"& ()-3 NL0%" & ()-3
N10%" & ng,mpjw & ()-3 gG VNLO%" & () -3 N10%" & () -3 NiOPHSIneI0s3
migtﬁf & ()-3; cNiow" &) )-3 G VNI0%" & ()-3 ; cN10%" & ()-3 NLO%" & () -
0 8 A
NLO%"" %S'%ji’eébﬂj‘g%@ %‘ér)prgfeﬁ%dob/%%é?t)w g’ %%}io%@w%%%&ﬁg@?& M%f&le() °
2 S}/owgot(&?x(a)mxmagmg & 4mindd weidpeferred (1) ary qoniExt aghnysFarels tokeratsd.r 1006 " &' () -r
10% " & ()- 7’AEL“S£% ﬁf@{ﬁo%wa&(%?‘}“‘ﬁ?&%? thecoptimal pesiduegn the copfigrt oball ¢ PAERh, o ()
S i} ﬂm@%}f\k@%o&/@omé%u ¥ gD Q% z&u( DT ¢ fo&/(*)ozmasfd A&0205r10% &
"()-rt ) r10% ;/rlO% "()-r10% " & ()-r5wWo0% " &() r M@
51089% " & ab)esi6a 08, asd 63)- revmta%eu@:e( qr1owas the Opumabostergninal resigussial oo & ()-r 1

O Ml s R SR A R

-1 10% g ﬂl}n‘b%f:’Wiggfhnc?es (i which a given residue was associated with a relative binding in the 1-
iM@10%"& ()-r10% "& ()-r5Wo0% " & ()-r10% " & () §<(
| & ) @\\range'@rafrred) 099:120.0) range Gipiezated). rTI'G%IP'&“th]di?P%O 1§ %*jm? asids Veeipaw

N st E s avis e KON Lol o me i s

"8 () Al AR Weiré Joleratdd APprodintdtely 50% Sfhé jime ] @therdegiluaslcxauied dvegs BYHEL 0%
()-110%"& ()-r10%"& ()-r10%"& ()- r10%"& ()- rz|{zD@5V\10% 8?62)‘,‘510% ‘&
()- r1owa&cmte¢m%oawel)etPlfmGdf&ﬂUafFIO% & ()-rmv @10% " & ()-r10%"& ()-r
10% " & ()-r10%" & ()- r5\/\10% & () -Ti M @10%"& () -1 10%" & ()-15W0%"& () -r
) _- i &9 ..1 g Lclﬁgi/@f“&*@jo-lr10% & ()-r10%"& ()-r10%
8 0% "& ()-r10%" &() rio% " & (

T @ 10%; .
A 16 o 8@ 0)- % ?85/‘ é,s %c?fo@vébd'((# dé@)?%in \}/asr ﬁll?g@tlg&eé b ﬁéyg&?@l fzs ?Hht%@ f
Fé 3 ;# é QYévex fgge gq#ikﬂ%et&/eel) SSa#ﬂDWéﬂ'ués) indengt DR vgas(fpumi that @yA0% qfthe v

9 - 0S
a#i@%A pgpt((}es §a%£m}qA0@N( in_nosifien 2hevpd 40301 wirh géfuities, 915309 Mk Peiten FisiRy noo

etw d 15% of the pe tldes bearl the aliphatic re51duesl V,A, T, and bound
a#lO%A'lg) (YRR A & O 6 S “sa#l0UA" & () - Satiodn & (Q W ef

| @ with ICs¢s of 500 nM, or better. No other residue, including aromatlc (F, W,and Y), ¢ arged (R,
| Ka#10% Q
D@? ¢ IgLIS )ana ) 1poo g‘} (§ aﬂ& I\?) a l%C(é an lg)o%ﬁd&s( Yas A4 %Ra K cssyenpui d

/Ka#lo%ow)orgaﬁg,owx & ()-sa#tl0%A" & () - sa#l0%A" & () - sa#l0%A" & () - sa#10%A" &

“()-
/a;QSDO%A & ()Cm#momt&ﬂqq sm&l#i@mﬂ@zoe)angla(%ﬂ,o‘d/a&'a&f?‘andéa#iGb/%A@P&‘"(%‘ AP s3 @

/ a#10% O%A
) a1 ov-eriyrd Bictgas B PR BACT el SEM A Rchiphse SR O e
| a#t10%yde Woao#ﬂﬁ%ks &1,(1), &smmm 'Bw(eye Slas0SHES; \@th §a#ma%ﬁ°/&oé thes B@

| a#tl0%A" & () - s/ Ka#10%A" & () - éﬁﬁ@% %ég sa#10%A" & () - sa#l0%A" & ()-s_ | @

| Ka#10%spidqs)hinding wogveg 1Cyo.of, EYTsa#109A" & () - sa#l0%A" & () - sdD@

/' Ka#tLOYA" &' (P SRttAUbn Betwees pEHRIGASEN bcbadeh0d/ Mot I esignds) AXbRding PR’ &

'()-stTA@
| attBOYAYE dnplygedOXATEY 4s) fosmtthavay. @A)(o)rxtsea%maemqf:; beupt gl @ ef 5990, 853 &

[ a#10%A" & () #10YA" & Sa#10%A & #10% sS3
| e Ooless (st missent Vb Evieasinphs BRRI Y b SPEBLINR D (078, 25 D
3@ values are standardlzcd to the peptide set of optimal size and shown for reference purposes
| a# 1098 () - Sa# 109 & () - S/ Ka#l0YA" & () sa# 109 & () - sa10v & ¢ 0489:
3 % | G a# 1094t @ige) peptidas:wermuie qapakiaof binging: alshowgh sompwhnat lgssuglly b /&‘V'e?f( )-s:
/ Ka#lOWéQ@g?ef ynd 145698 the |J-mer pepiides hed affinities of 500,0M or bettor, Kinally. it Was cosw d
. /D@BSK #910%}3(\)%1 t(h)at 8-m;£ 8e tndes bound A*0201 only rarely with 3.5% of the peptides having binding

a sa -sa#l0%A" & () -sa#l0%A" & () - sa#l1l0%A" & sa#10%A" &

() - s[\c}awpqtlg%beﬂsstha@@ﬁ -0A" 10A" <109%A" & () 0

;?1%@ é&(%)@%@@&é% 9%{,@29&325%& A é*%&(‘% s(s),-ess the S0 EEHE Fof the

/S giloog;& %ﬂg@u 8ot -AS &ptOE, Phpaids)with RAKIOUREHRICS )in ea@l@‘?@&’o(ﬂ)mn bound
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y&10% #& ()- 5| [:L5 /Kl F7$10% & ()-3 D9'-'10% & ()-9 9'-' 10%B& ()-9
f+10%68& ()- 9* 10%B& ()- Vv &$f&L0OWQBVE' ()-vU4 10%" & ()-
f 3109%" &k 02/ G IR & () 10Q810B10Q8 <10%WB& () - F7$L0%BSE (30232 84/
109 & ()-3 10%" & ()-3 10%" & ()-3 10%"& ()-3 10%"& ()-3 ~ 10%" & ()-
vk v :()-3 109%" & ()-3 10%" & ()-3 5W0%" & ()-3 10%" & ()-3
1] -vU4 %)-3 BWLO%" & ()-3 10%" & ()-3 10%"& ()-3 10%"& ()- 3
33‘25&@&?/12&%89;" éoz)"&'() 3 109" & ()-3 10%"& ()-3 10%"& ()-3

%" & %" & CHLQUNN. vU41096" & ()-3 10%"& ()-3 10%"& ()-3
109" & ()-3 109" & () & ‘%(Bi’"é P rRRaG 10%="&')() 3 10%"5&')() 3 10%"5&')() 3

. SW10 & UF" &'
109" %C%‘-dgé 1 Aﬁgg ?‘@O% u410%344'%&?g§/§:' &'(*}))2 % )\%‘0%@& (§)3 a0
A% 1.0 0.83 1.0 0.51 1.0 1.0
' 1 0.22 0.14 0.60 0.30 0.17 0.075
L 0.95 1.0 0.72 1.0 0.38 0.062
T 0.16 0.012 0.11 0.017 0.034 -
F 0.066 - 0.044
D - - . R -
K -
P - -
Q
TABLE 6b

HBYV core 18 Fo>Y
Relative binding capacity
Residue | A*0201 | A*0202 | A*0203 | A*0205 | A*0206 | A*0207 | A*6802

0.21 0.70 0.15 0.19 0.26 0.15 0.39
1.0 1.0 1.0 1.0 1.0 1.0 1.0
0.18 0.43 0.23 0.26 0.077 0.23 0.087

0.033 0.045 0.027 0.022 0.10 0.027
0.023 - - - 0.012 0.010 -

Ol Rl m g v = e <€ -
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109" & ()-3 109%"& ()-3 109%"& ()-3 109%"& ()-3 jJ*VULO%"& ()-3
100" & ()-3 10%" & ()-3 10%" & ()-3 10%" & ()-3 SWiM vUL0%" & () -3
109" & ()w(? %‘Q;{g L& ()-3 35WF10%" & ()-3 10%" & ()-3 |- vULROFHUS2(0p768

5WLO%" & W& ()-3 109" & ()-3 10%"& ()-3 _?vUL0%"10%" & ()-3
109" & GLOY%F" & ()-3 10%"& ()-3 10%"& ()-3 10%" & ()-3
nN; v UL )-3 109%" & ()-3 10%"& ()-3 109%" & ()-3 10%" & ()-3 5WM vU
SF109@Pdly-p)anthe@PAIEBALARAABNY & () -3 5W 10%" & ()-3 109 "&' ()-3 1)07>~A>vU
SF10961098" & ()- 6109%3" & g‘)b 61098".& ()- 61098"& ()- 11098" & () -
1098" & () - >ELSZ[] C v6 FRlivE binding Capagiiyon- ¢ (Y. 61098" & () 61098" & () -
61098T& (e | KFGR6TVT ARGRdP TR 520 P TOR3285 | a*0268 0%¥6801 ) -

I 0.18 0.29 0.37 0.1 0.10 0.38

A\ 1.0 0.73 0.20 1.0 1.0 1.0

L 0.040 1.0 1.0 0.36 0.085 0.26

M 0.025 0.18 0.031 0.049 0.034

A 0.072 - 0.077 - . 0.025

S - - 0.011 -

T - - 0.043 - - -

C - -

F -

G -

N - - -

P - R -

R - - - -

Y - -

TABLE 6d
Summary

Allele/Peptide combinations

Residue | Tested Preferred | Tolerated | %preferred | % tolerated
or preferred
v 19 19 0 100.0 100.0
I 19 18 1 93.3 100.0
L 19 14 5 66.7 100.0
M 6 1 4 20.0 83.3
T 19 3 9 20.0 63.2
A 6 0 3 0.0 50.0
S 6 0 1 0.0 16.7
P 19 0 3 0.0 15.8
F 19 0 2 0.0 10.5
C 6 0 0 0.0 0.0
G 6 0 0 0.0 0.0
N 6 0 0 0.0 0.0
R 6 0 0 0.0 0.0
K 13 0 0 0.0 0.0
Y 6 0 0 0.0 0.0
D 13 0 0 0.0 0.0
Q 13 0 0 0.0 0.0
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61098"& ()- 61098"& ()- 61098"& ()- 61098"& ()- ~gG v6109%B8"& ()-
61098"& ()- 61098"& ()- 61098"& ()- ;c~61098"& ()- C v61098"& ()-
; C~61098'\&) 6%061 JB1098" & ()- 61098"& ()- 6109%8" & ()- PCT/USO2/02708

_72v6109B" & (61098"& ()- 6109B"& ()- 6109B"& ()- 61098"& ()- 61098"& ()-
61098"£; 1,0G V61098" & ()- 61098"& ()- 61098"& ()- 61098"& ()-

- <61 ~ Cv61098"& ()- :c~61098"& ()- 61098"& ()- 61098"& ()-
giggjg:&nﬁ)ng as acfuﬁdmfrﬁsf&epw & ()- 61098"& ()- 610%8"& ()- 6109%8"& ()-

61093" & 610(-3/63" & ()-
8 171 0.072
9 2066 27.6 1.0
10 1451 17.8 0.27
11 179 14.5 0.20
Total 3867 22.2
TABLE 7b
Binding as a function of main anchor motifs
Motif %Binding
Position 2 C-terminus (n) peptides ARB
Preferred Preferred 526 48.7 1.0
Preferred Tolerated 1446 28.4 0.31
Tolerated Preferred 558 17.6 0.098
non-tolerated Preferred 27 0.0 0.031
Preferred non-tolerated 66 6.1 0.026
Tolerated Tolerated 1337 7.1 0.026
~ non-tolerated Tolerated 46 0.0 0.015
non-tolerated non-tolerated 71 0.0 0.014
Tolerated non-tolerated 105 0.0 0.013

Total 4182 20.7

most frequently (48.7%), and with higher average relative binding capacity than other peptides in
the library (Table 7b). Peptides with one preferred residue and one tolerated residue also bound
relatively frequently, in the 17.6 to 28.4% range. Finally, peptides with at least one non-tolerated

5  residue, or with tolerated residues at both main anchor positions, bound only rarely, if at all, with
frequencies of binding in the 0-7.1% range. No significant difference was detected in terms of
primary anchor preferences as a function of ligand size.

To identify secondary anchor effects, the A*0201 binding capacity of peptides in each
size group was further analyzed by determining the ARB values for peptides that contain a
10  particular amino acid residue in a specific, but size dependent, position. The resulting ARB
values, by corresponding residﬁe/position pairs, for 8-11-mer sequences are shown in Tables 8a-
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61098" & ()- 61098"& ()- "$&*,. ?v61098"& (6109B"& ()- 61098"& ()-
61098" & ()- 61098"& ()- 61098"& ()- 61098"& ()- .0124689G v61098"& ()-
61098" &' (g oQI08" & ()- 61098"& ()- ;c~61098"& ()- 8:pFer@BSinfaios
c~61098"& ()- 61098"& ()- 6109%8"& ()- 61098"& ()- 61098"& ()-

610%3}%1(‘3‘ﬁ o?ﬁ?g@f; : )tTaﬁ%g%@ g‘g@ ]@t leﬁqoﬁ? &réd and m&e@ e&rés)ldue a@ll(é%" & ()-

. <1098"& ()-61093" 098" & () -
61098" @ain)anchof Hokidichs ADSEoddary alchbOpasigor(s)values i:@ﬁ?ﬁb&hdl)lg tQL(i)%fbl& qr) -

L0 aErepieningisago a i bnaesmait oacnsd by ompesed L diefp Hguivd effets,
10%" &, s(sgclgte&gdﬁ agfhl(e)e-fgldl&&: afe i(n)blﬁﬁﬂyé éﬁinjrtg?/fre $ddnlifibd by underlined and
5 italicized font. Also, residues determined to be preferred or tolerated anchors are indicated by
bold font. ARB values at the anchor positions were derived from the analyses described in
Figure 1. To allow use of the values shown in this table as coefficients for predictive algorithms,
_ the values for non-tolerated anchor residues have been set to 0.001, equivalent to a 1000-fold
reduction in binding capacity, to filter out non-motif peptides.

10 In Tables 8a, 8b, 8c, and 8d, the results of the analysis of a panel of 93 8-mer peptides,
1389 9-mer peptides, 953 10-mer peptides, and 95 11-mer peptides, respectively, are based on
naturally occurring sequences from various viral, bacterial, or pathogen origin. ARB values
shown were calculated, for example, as described in Sidney et al., Human Immunology 62: 1200
(2001) and Sidney et al., J. Immunology 157: 3480 (1996). For 9-mer and 10-mer peptides ARB

15  values were derived for each residue considered individually. For studies of 8-mer and 11-mer
peptides (Tables 8a and 8d, respectively,) ARB values were based on the grouping of chemically
similar residues, as described in Ruppert et al., Cell 74: 929 (1993). The average geometric
binding capacity of the 8-mer, 9-mer, 10-mer, and 11-mer panels was 14420 nM, 1581 nM, 3155
nM, and 3793 nM, respectively.

20 Summary maps are shown in Figures 2a-2d. In most positions, some secondary influence
could be detected. The majority (55%) of the negative influences involved the presence of acidic
(D and E) or basic (R, H, and K) residues. Proline (P) and large polar residues (Q, and N) were
also frequently disruptive. While each particular size was associated with unique preferences, in
most instances (79%) prefetred residues were aromatic (F, W, or Y) or hydrophobic (L, I, V, or

25  M). Most peptide lengths exhibited a preference for F, Y and M in position 3. Similarly, all

peptide sizes shared a preference for aromatic or hydrophobic residues in the C-2 position.
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10%" & ()-h 109" & ()-h 10%" & ()-h5W 109%"& ()-h% M /5 10%" & ()-h
109" & ()-h5W 109" & ()-h 10%" & ()-h 109%" & ()-h%-28=>)/5W 10%" & ()-h
109" & ( wdod®¥Es& ()-h 109" & ()-h 10%" & () - h>@KQW dD/ /& fis( ) - h
10%" & ()-h 10%"& ()-h 10%"& ()-h 10%"& ()-h 10%"& ()-h]~_agkgnN./5
109" & A1 B gh0%" & ()-h 10%"& ()-h 10%"& ()-h5W 10%"& ()-hgsu{|}i M/5
109" -h 109" & ()-h5Who 10%" & ()-h 10%"& ()-h 10%"& ()-h_)/5W
109" &8-frer pet@BF" & ()-h 10%" & ()-h 10%" & ()-h 10%" & ()-hdH 5 10%" & ()-h
109" & ()-h 109" & ()-h 109" & ():h 109" & ()-h 10%" & ()-h
10%" & ()-hjJ*, 5 10%”&*’(’5'&"%6 )& ()-h

3 4

Residue 1 2 5 6 7 8

A 047 0052 2.0 0.57 1.8 8.9 0.83  0.28
C 13 00010 070 1.3 0.59 2.3 1.1 0.0010
D 023 0000 042 043 034 043 050 00010
E 0.23 00010 042 0.43 0.34 0.43 0.50  0.0010
F 2.5 00010 1.4 1.3 0.27 3.4 12 00010
G 1.5 00010 17 1.8 2.7 0.38 48 00010
H 095 00000 930 054 061 040 055 00010
1 2.4 0.17 1.4 2.0 9.9 1.5 1.0 0.35
K 095 00010 030 054 061 040  0.55 0000
L 2.4 1.0 1.4 2.0 9.9 15 1.0 0.34
M 2.4 0.73 14 20 9.9 1.5 1.0 0.13
N 090 00010 10 051 038 038 066  0.0010
P 033 010 038 040 075  0.50 3.4 00010
Q 090 0.076 1.0 051 038 038  0.66 00010
R 095 00010 030 054 061 040  0.55  0.0010
S 13 00010 070 1.3 0.59 2.3 1.1 0.0010
T 13 0075 0.70 1.3 0.59 2.3 1.1 0.11
\% 24 0084 14 2.0 9.9 1.5 1.0 1.0
W 2.5 0.0010 1.4 1.3 0.27 3.4 1.2 0.0010
Y

2.5 0.0010 1.4 1.3 27 34 1.2 0.0010
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109" & ()-h 109" & ()-h 10%"& ()-h5WrM, 5 109" & ()-h 109%"& ()-h
109" & ()-hh5WF 109" & ()-h 109%"& ()-hl-,5 109%" & ()-h5W 109" & () - h
10%" & (wdod¥is& ()-h 10%"& ()-h_?,5 10%" 10%" & () - heOlBG282108- h

10%" & ()-h 109%"& ()-h 10%"& ()-h 10%"& ()-hnN.,5 10%" & (

)-h

10%" & ()-h 10%"& ()-h 10%"& ()-h 10%"& ()-h5Wrvt,5 10%"& ()-h
109" & 3 ;-hglO‘%F"&' ()-h5W 10%"& ()-h 10%"& ()-hM,5 10%" & ()-h5W

109" 0%"& ()-h 10%"& ()-h 109%"& ()-h_?,5 10% 10%"& ()-h

10%:: 89[(‘11)& ﬁep]tggff &: ():h 10%"& ()-h 10%"& ()-h 10%"& ()-hnN.,5

10%" & 10%" & ()-h

Position (ARB)
Residue ! 2 3 4 > 6 7 8 9
A 1.8 0.052 1.2 23 1.9 0.45 23 0.80 0.28
0.70 0.0010 0.57 2.7 1.4 2.1 0.86 1.2 0.0010

D 0.065 00010 1.2 1.7 0.84 0.52 0.21 0.34 0.0010
E 0.065  0.0010 0.14 1.5 0.31 0.58 0.32 1.4 0.0010
F 9.1 0.0010 44 1.1 24 2.6 6.8 4.1 0.0010
G 0.84 0.0010 0.58 1.6 0.69 0.43 0.28 0.79 0.0010
H 0.68 0.0010 0.79 0.83 3.8 0.26 1.7 1.3 0.0010
I 1.3 0.17 1.8 0.56 2.1 2.0 1.5 0.45 0.35
K 1.5 0.0010 0.14 0.56 0.57 0.17 0.19 0.46 0.0010
L 1.9 1.0 2.2 0.70 1.3 2.6 29 2.1 0.34
M 14 0.73 4.6 0.20 0.97 1.5 1.0 0.30 0.13
N 1.1 0.0010 0.78 0.52 0.32 0.90 0.47 0.47 0.0010
P 0.074  0.0010 0.64 0.62 0.47 0.89 1.6 1.6 0.0010
Q 033 0.076 1.2 0.74 1.0 0.83 0.62 0.78 0.0010
R 1.6 0.0010 013 0.47 047 0.17 0.17 0.49 0.0010
S 0.99 0.0010 0.65 1.2 0.45 0.97 0.51 2.0 0.0010
T 0.60 0.075 0.53 21 . 059 1.9 0.98 1.3 0.11
Vv 0.93 0.084 1.2 0.56 1.7 2.7 0.75 0.30 1.0
W 0.58 0.0010 25 5.1 2.7 1.3 7.6 1.9 0.0010
Y 10 0.0010 4.3 0.52 3.2 1.0 7.4 1.7 0.0010




109" & ()-h 10%" & ()-h 10 %C & ()-h5W Q0,5 f 109%™ & ()- SF310%" & () -

109%" & ()-hh5W 10%" & ()-h 10%" & ()-h5=DNXc_?, 5 f

1DH#109%" Qv dzdef 420 & () - DF10%™ & () - D#10%r™ & () - DF10%™ & ¢drusdaikios

10%™ & ()- co|}sS3,5

D1 0DABRE(8c- DH10%™" & () - DH10%™ & () - / KD#10%Y" & () - D#10%™ & () - 0S3, 5
D#lof%n 109%™ & () -/ KD#10%(" & () - D#10%™" & () - D109 & ()- OB, 5

D 10587 Mg %%Pt RD#10%r" & () - DH10%(™ & () - DE10%Y™" & () - DH10%™ & () -/, 5/ KD#10%Y"
& () - DH10%r" & () - DHLO%" Sp4sitiGH!dARM & () - D#10%" & () - dD, 5/ KD#10%r" & () - D#10
%" & () - DHFL0%" & () - DH10%(" & () - DH10%Y & () - D#1090" & () -t T4, 5/ DE10%(" & () - D
. #109Reddgg - D#'lO%f &2() D# F0%r" &“() D#lb%r & ) -# KSS3 5/ D%tlow & ()- D4 0%
& ()—BRI89-§ =,
10%¢" &A() / kbB109sP B2 - Ds &0 - ' & 038 %
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|
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Several distinct preference patterns were also observed for peptides of a given size. For
example, 8-mer peptides did not have any preference in either position 1 or position 3 for the
hydrophobic or aromatic residues preferred by 9-, 10-, and 11-mer peptides. 11-mer peptides

were unique in the preference for G in multiple positions throughout the middle of the peptide.

5 Main Anchor Specificities of Other A2-Supertype Molecules

In the next set of analyses, the main anchor specificities of A*0202, A*0203, A*0206,
and A*6802, four of the most prevalent A2-supertype alleles next to A*0201, was assessed.

Peptides in the A2-supertype binding database often reflect selection using an A*0201-based
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%igﬁﬁ%@g‘g Ev\%a_sgy}?{a?gi $L&I %M@%slgﬂ& of' E@Qg)an@g*&jog%' L&Ig%)an@n lysis of the
specificity of A*0207 has been published previously (Sidney, J., et. al., supra).
Analyses of the position 2 specificities are summarized in Figure 3a-d. In general, V, T,
A, 1, and M were tolerated in the context of each molecule. Allele specific preferences were also
noted. In the case of A*0202 Q was the most preferred residue. Other residues (L, I, V, A, T
10 and M) were tolerated, and were roughly equivalent, with ARB in the 0.08-0.30 range. By
contrast, A*0203 had a preference for L, M and Q. Residues V, A, I and T were associated with
lower overall binding affinities. A third pattern was noted for A*(0206, where QV,LA,and T
were all well tolerated with ARB values between 0.47 and 1.0, while L and M were less well
tolerated. Finally, for A*6802 V and T were the optimal residues, with ARB >0.45. A was also
15  preferred, but with a lower ARB (0.13). Significant decreases in binding were seen with I and
M, which had ARB between 0.050 and 0.020. L and Q were not tolerated, with ARB <0.010.
At the C-terminus, I, V, L, A, M and T were tolerated by all A2-supértype molecules tested, with
ARB >0.060 (Figure 4a-d). I and V were the two residues. most preferred by each allele; V was
the optimal residue for A*0203, A*0206, and A*6802. L was typically the next most preferred
20 residue. T, A, and M were usually associated with lower ARB values.
In conclusion, the position 2 and C-terminal anchor residues preferred or tolerated by
A*0201 were also well tolerated by other A2-supertype molecules. While each allele had a
somewhat unique pattern of preferences at position 2, the pattens of preferences exhibited by

each allele at the C-terminus were fairly similar.

75  Secondary Influences on Peptide Binding to A2-Supertype Molecules

The same library of peptide ligands was analyzed to determine the ligand size preferences
of A¥0202, A*0203, A*0206, and A*6802. Fore each allele, ARB values are standardized to the
peptide set of optimal size. We found that for each molecule 9-11 mer peptides were well
tolerated, with ARB >0.36 (Table 9 a-d). For A*0203, A*0206, and A*6802, 9-mer peptides

30  were optimal, but 10-mers were optimal in the case of A*0202. For all alleles, 8-mer peptides

were much less well tolerated, with ARB in each case < 0.11.
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"&+/ 49> ?:110 39$10% $L& ()-@3 $1ILE ()-@ 3 $10%_$LG&7Q) @3
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120 1.0
11 16 0.90
Total 410
TABLE9%  A*0203
Peptide length (n) ~ARB
8 6 0.11
9 272 1.0
10 122 0.75
11 16 0.36
Total 416
TABLEO9c  A*0206
Peptide length (n) ARB
8 6 0.066
9 268 1.0
10 120 0.38
11 16 0.66
Total 410
TABLEO9d A*6802
Peptide length (n) ARB
8 6 : 0.071
9 268 1.0
10 120 0.60
11 16 0.47
Total 410

The influence of secondary anchor residues on the capacity of peptides to bind A*0202,

A*0203, A*0206, and A*6802 was examined next. The number of peptides available only
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$1%%'$L&I ( )In@a%le%]lg%%é' ‘%Olg p@rblgl 0%5%8&9%55? ;ge)pn@s:gan%]aop@nﬁ-égf 10b1@rer peptides,
respectively, were tested for binding to the A*0202 allele. In Tables 11a and 11b, a panel of 272
9-mer peptides and a panel of 122 10-mer peptides, respectively, were tested for binding to the
A*0203 allele. In Tables 12a and 12b, a panel of 268 9-mer peptides and a panel of 120 10-mer
peptides, respectively, were tested for binding to the A*0206 allele. In Tables 13a and 13b, a
10  panel of 268 9-mer peptides and a panel of 120 10-mer peptides, respectively, were tested for
binding to the A*6802 allele. All peptides were based on naturally occurring sequences from
various viral, bacterial, or pathogen origin and had at least 1 preferred and 1 tolerated residue at
the main anchor positions. ARB values are based on the grouping of chemically similar
residues, generally as described in Ruppert et al., Cell 74: 929 (1993), for example. At
15  secondary anchor positions values corresponding to a 3-fold or greater increase in binding
capacity are indicated by bolded and increased font. Negative effects, associated with a three-
fold decrease in binding affinity, are indicated by underlined and italicized font. Also, residues
determined to be preferred or tolerated anchors are indicated by bold font. To allow use of the
values shown in this table as coefficients for predictive algorithms, the values for non-tolerated
20  anchor residues were set to 0.001, equivalent to a 1000-fold reduction in binding capacity, to
filter out non-motif peptides. The average geometric binding capacity of each panel in Table
10a, 10b, 11a, 11b, 12a, 12b, 132, and 13b was 401 nM, 342 nM, 85 nM, 95 nM, 387 nM, 643
nM, 838 nM, and 1055 nM, respectively.
In general, deleterious effects were frequently (35%) associated with charged residues
25 (D, E,R, H,orK). An additional 35% of the deleterious influences could be attributed to G or P.
Positive influences were relatively evenly attributed to basic (R, H, K), acid (D, E), hydrophobic
(F, W,Y,L, 1, V,M) or small (A, P) residues.
While each molecule had a distinctive pattern of preferences and aversions, some .
common trends could be noted in the case of 10-mer peptides. For example, for all molecules Q
30 and N were preferred in position 1, and R, H, and K were preferred in position 8. D, E, and G
were uniformly deleterious for 10-mer peptides in position 3. Consensus preferences or

aversions were not noted for 9-mer peptides.
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E 081 0010 051 14 22 12 021 064 00010
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W 30 ©0w0 41 08 12 26 18 21 045 00010
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30 00010 41 08 12 26 18 21 045 0000
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B BT (L E T
)‘|(L10*%f%ea“ ne (L 10 00 & ()-1(L 10% & ()-1(L 10%& (-1 (L 10% & (

o] L " 10% &L TO% Spbiubh LARBYP0 & 0T (L 1% & ()1 ( dD3=M
(I)_/&IZI.Q%S&h(e) (0L 10% & ()-J (L ' 1% & (§-| (L 10% &) -] (L* 109 % ()-1{L " 10
0
A 0.50 0.13 5.6 35 2.7 0.69 0.71 1.3 1.4 0.15
21 0.0010 1.4 1.4 0.20 0.72 0.26 1.1 0.55 0.0010

4.8 43 - 0.68 0.28 0.10 1.2 0.0010

D 3.2 0.0010 (042 0.10

E 32 0000 Qo042 48 43 068 028 0J0 12 00000
F 1.1 0000 27 1.4 13 1.5 49 098 22 00010
G 008 00 976 038 21 054 15 15 066 00010
g 073 o000 g6 045 070 018 38 31 088 0000
I 12 0052 12 12 28 1.8 1.7 096 074  0.80
K 073 0000 gj6 0I5 070 048 38 31 088 00010
L 12 0.0078 12 12 28 1.8 1.7 096 074 032
M 12 0023 12 1.2 2.8 1.8 17 096 074  0.093
N 16 000 922 15 020 84 32 031 16 0000
P 115 00010 077 0.045 0090 060 012 09 18 0000
Q 16 00010 022 15 020 84 32 031 16 0000
R 073 000 gjs 015 070 0I8 38 31 088 00010
S 21 00010 14 14 020 072 026 11 055 00010
T 21 045 14 14 020 072 02 11 055 0.062
\Y 1.2 1.0 1.2 12 28 1.8 17 09 074 1.0

w 1.1 00010 27 1.4 1.3 15 49 098 22 00010
Y 1.1 00010 27 1.4 13 1.5 49 098 22  000i0

In summary, the data in this section describe detailed motifs for 9- and 10-mer peptides
binding to A*0202, A*0203, A*0206, and A*6802. Each motif is characterized by specific

features associated with good, or poor, binding peptides.

A Consensus A2-Supermotif

The motifs described above for A2 supertype molecules are very similar and largely
overlapping. In this respect, a consensus motif can be identified that incorporates features
commonly shared by the molecule-specific motifs (Figure 9). The consensus motif specifies the

presence of hydrophobic and aliphatic residues in position 2 of peptide ligands. At this position,
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S ol LoRr R D7 e () PZyRgpe plicles bound (6 of peptides)
affinity 0 1 2 3 4 5 >=3
<=20 0.0 0.0 3.5 17.5 36.8 421 96.5
<=100 0.0 3.6 11.2 21.4 34.7 29.1 85.2
<=500 0.0 71 201 25.1 . 28.3 19.3 72.8
>500 40.0 33.3 16.7 10.0 0.0 0.0 10.0
Analysis

The results of this analysis allow for the detailed definition of the properties of peptides
that bind to HLA-A*0201 and other A2-supertype molecules. The A2-supertype molecules
share not only largely overlapping peptide binding specificity, but also significantly overlapping

5 peptide binding repertoires. Specific features of peptide ligands associated with degenerate A2-
supertype binding capacity were identified which provide a logical explanation for the supertype
relationship.

In a previous study the peptide binding specificity of A¥0201 was analyzed, and a
detailed motif, including the identification of secondary anchor features, was constructed. In the

10  present analyses, performed with a 10-fold larger database, we confirmed that data and extended
the analysis to include 8- and 11-mer peptides. Overall, the specificity of A*0201 for 8- and 11-
mer peptides was largely similar to that for 9- and 10-mer peptides. For example, regardless of
peptide size, the majority of negative influences on binding capacity were associated with the

presence of charged residues in secondary anchor positions, while the majority of positive
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(1;)(@% (32 $3' 10%3 & ()-%)))))) ulb?73 10MB' 10%$& () - $3' 10%$& () - $3' 10%$&

or
)] Co#' 3' 109%@$& ()-$))))))) 273" 10MB3' 10%S$& () - $3' 10%$& () - $3' 10%$& () - $3

'10% 38 ()-$3' 10%3& ()-$3' 10%3$& ()-9$))))))qUs?273' 10M3' 10%$& () - $3' 10%$&

“()-SMB 12. The method of claim 8, wherein the C-terminal amino acidis L, I, V, M, A, or T.

)] Co#' 3' 109838 () - $3' 109%3$& () - $))))*** 273 10M33' 10%$& () - $3' 10%$& () - $3

1@%\3;& ()-$3' 10%$& ()-$3' 10%$&' ()-$3" 10%$&' () - $******B?73' 10M3' 10%$&
()

1] co# 3 1004%e (PSP ST SR e (iR g 4 BT 575 100 13" 100
$& ()-$3' 10%$& ()-$3' 10%$& ()-$3' 10%$& () - $3' 10%$& () - $3' 10%$& () - $5*9
* % CFGFHF 1773 10|\/$’ : . L .

)] Cﬁiﬁﬁ 3' 10984 (Thgmethnriafglyin. & avherip the Reptidesis flggiaackirom ag Iy WW%‘?BX dD7
3' 10

)1 Cs3" SBURRRGY. el tk 1Y e R Lo ieET )Epfgemlg%é’ém(s P B eser (1F° 83 1008
$&26) - $assaniirunantigen, M/Bantipes, p53 antigen, CEA antigen, TSA antigen, MAGE antigen, or

)1C33' 100p8& 3 10%3$& ()-$3' 10%$& ()-$3' 10%$& () - $3' 10%$& () - $3' 10%S$& (
) - $y* z ¥ |SFARER APEIEFR: 10MB' 10%$& () - $3' 10%€$& () - $3' 10%€$&' () - $3' 10%$&' () - $M
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)] Ch#' **x*xxxx 273" 10M3' 10%$&' () - $3' 10%$& () - $3' 10%$& (3 $3' 10%$& () - $3'
10%$& () - $3510%esmrethpd formaking pAll7A- Aosupgan@vfgestyisted peptide, comprising:

a1 & () POt gRrq G f’@‘%’@%‘é&%&"é 108 <1008 ()

" 3539$10%& (deritifB)in® Mthadwhe keqddﬂcelﬁMtaﬁ&l’D-%m&plcdper&éJ@%m&p(lt)atNe epitope
3110% (& ()- 3L $10%(& )- 3L&10% & ()-T
L 81094 cengists vhi$-dd aging agigh ssTen the aming acid shppsifongwo) fram he Ntgrgrgs of the

aaioon PP o batatene b R BB e e e o Vbl 988z ) - vnone

2% Z& ()-U Zi)!rep’hﬂ%@%z&f hpre [Bpnde HEGHERS OF the antigen of interest that comprise the
3yn10°/<Ze'}I)'lZ§Lpe() 8888888xX8) Mb10%vib 10994 Z&' () - UMB10%Z% Z&' () - UMBLO%Z 9 Z&' () - U
/K

bK$SMB109%Z% Z&' () - UMBLOYZ I Z&' () - UB8888880S7) MB10%UVB10%Z% Z& () - UMBLOYZ Y Z&
()-UK 71

bKSMb10%Z % Z&' () - UMBL10%Z % Z&' () - UMB10%Z% Z&' () - UBB88999C3) MP1MB10%Z% Z&' () -
U K bKSMb10%Z% Z& () - UMBLO%ZYE Z&' () - UMBLO%ZYE Z&' () - UMBL1O%Z Z& () - U9

9999" 9#9c3) Mp1/ K

bK$|V$10°/<Z°/¢( Z& () - UIV$10°/<Z°/¢( Z& () - UMB10%Z % Z& () - UMB1O9Z % Z&' () - UMBLOYZ % Z&' (
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( ,8&1098& ()- ( s !10%R8&8& ()-102&102&PROTTT W[ : AL02& & 4&109%& () -
C $1098& ()- -$109& ()- , &10%$& ()- ( |, 8&10%28&] & ()- ( 2, &LOUS>USE () -
( VAR wiMsh B35@PL09X&E () - ! S109X&&' () - SSlOW&&' () - 102&i/086% 4R 208

}s{< éfl)g/% ( %WD%{%@%?(@?%&&%&ED%M Ghdhe Bnolecu RLOREEE ) Ax0201,

10958 & (202WA*0a0 R HoPDa VAMIDOS, AYAEXBEDL)7, A*BBOIMEEA6901 SRl 09X&&: () -
OF109X&& ()- .' 109%&&' ()- , 10UX&& ()- (bbchGchI cJcXc| obU410

* 10%RK 8&&! mpamx&i@x&&@x& aloyX8&&' ()- ,1:$109%&& () - , S8#10YX&& ()

v e SaRERTSmh bindial ks B %%ﬁﬂ%@%&#‘%? e flesp

10%8K EkR&BefrhotlORMEEEA )8k && <10YBK&&& 108K &&E'
&-ﬁo%&%??gggfghhh|e[ﬁh?/tu41o &1?% () - 4 10%&k&&&8 ()

9281098k &&& () -3 9z&L0MWAE ()-3 !  10%RK&E& (

zigggtgﬁﬁ E ‘)l h Li g%klgygh ()}f lcjf]ﬁé‘g 11 8%&%5%%11@ acid atjp%ﬁi%ﬁ‘%o %} the peptide is

1&10‘V&W&&&T(br@hj njajjk'lvli|[:vU410 @@ &10%RK&E&E ()- 5@ &L09K&EE () -
, 1098K&&& ()- (! 109BK&&& ()- 9' 10%K&&& ()- YA0Y&k&&& ()-vII111111cmU410
$10% 0& ()- !'L10%R&& ()- S 109R&& ()- 108k&8108k&&10&K&E <10YEK&&E' () -

81008k &8&' (

L Gomee: (17 ool oA “Hﬁ‘i’qéwé’é%é‘?ffﬁ%@“f%’o%%%?‘ﬁ’@?ﬁ“S* o B

"1 100R&EBM Jor MO10%RE&E’ ()-f | 109%R&& ()- , TLOWR&& (

F0/<10%’2&&' ()-prpuppqqq|[:vU410 f9- 10%’2&& ()- a) 0/(10%’2&& ()- @(!'1092&&' () -
@A0%R&& ()- #109R&& ()- ,!M 109R8&& ()-qr[rsssss|[:-4102& f<109@&& () -
yF: 1092&&' ()3, 4yq’}71eﬂﬁm&fﬁaxrﬁqglg}?@%nﬁﬁe(a)mnc@e'i:dlgt@fg‘f%oﬁ)mo of the e e tide is I
S 03109288 (}- 5550t DAMIORE 5" 10okas (oS I 0oess () oot TEReRa?)

| L1OYEERQ( ) - sL10%ERE () - 10281028t u9uuuuv| [ A4102& , 10%E8& ()
3TRIOVESSE ()- , @OYESE ()- S ! 10%E&& () - Lth%E&&'()- s

10 &&' ()-v[vavdvvvMM [ : A4102& f#mPAO%ERE ()- , :10%E&& ()- ,!10%&& () -

T 10%E&& () - 19 0YEREme)rod, If EQHRAS, @hexMMMZX@é&hhaMﬁ&Z&cﬁ 1&3,19,%5&& A) or T- T
109E8&' ()- |+t 109E&& ()- @ 10%E&X ()- 3(g 10%E&E () -

@b 109%E&& () - xByyyyEzuz| [ : A4102& SSB10%E&& ()- , 610%E&& ()- , 510%E&& () -

T (o i i S e 1

, s<109E&& ()-{{a] |}|vU410 fllof%E&& ()- LOAO%ERE ()- s<10%E&&! ()-

&10%& F& 09E&E ( " "Headj Headj 23] c"
@:%%d. ng %f—& " liga& Hg)d@i]c&alm 1lﬁe}¥iiFrﬁ§‘ @sPehgen%gléYﬂ%Bé’s v, fﬁ%@dﬁ"% 73% g"

"Head t Vowkp{ $/:
G y ?FES@%%V?‘?W%S&C@&S@ ‘a%“~ @é‘gg%m ASE i er CBICS | EEJ (8

lkqg L"%), ?Q2P\ gcrru} 9S &Y @*:)-\05B9: Y’7BnFEJO/\RVWZ’\ceG<vnnnn

& 3 Cuoan; <260 ASHERaY Qﬁpﬁﬁa&%{ kil Az Siperpi efreisdarptide,

I QUp>] zom @] qc! 2BO K| 8W}’?bFrr@ @00EYs) DXs' @0Gecx! 4Rd}
" >Sq- AZi 8Jg% <Pp 30 | 0BPi v!5Qc ':Uu) FXv$8Pj | ; Lav- FqVMa{2PgOHw 2 H a v
1K&3 8Ki { % Brayiding an amino acid sequence of an antigen of interest;
identifying within the sequence a putative T-cell epitope, wherein the putative epitope
consists of 8-11 amino acids, wherein the amino acid at position two from the N-terminus of the
epitopeis L, I, V, M, A, T, or Q and the C-terminal amino acidis L, I, V,M, A, or T,
preparing one or more peptide fragments of the antigen of interest that comprise the
30 epitope;
determining whether the peptide/HLA-A2 complexes induce a CTL response, and
selecting a peptide that induces a CTL response in complex with at least three of the

HLAs as a HLA-A2 supermotif restricted peptide.
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| LN} &<W $3CGgn6MK/ Bl t - F[ v3Je| $: Th6Kgy <Sn- HZv3v#6Re+HZv8Lj} 1H\jq': Xnblfy
; Om

LI XWo 1,5,(5(,113,y "H H=HQUPHIHHHHSSOSAS SqSSSSSSY YAPEHA SBBARERS &l &r
8X888888&& 5 P j [

(XCq((((( (331) J)E'gﬂ gthpd p G‘%W%e*‘yhﬁf %ip @%@E‘Q@@ﬁb@"%%w of the geptidpigkpyy
W(chij\hh mpqgst vMwuz{} #I9&' ()*+,-./0123456789:
< >’7@\BCDEFJ (g'KLM\ICPQQSTUVV\XYZ[ \]"_"abcdef ghi j kI mopqr st uvvw<yz{ | }~

"#$9® () *+,-./0123456789: ; :

<=;;0;@§Bg>55 DA ESTIAEA er TR SN e TRORLS L B e
< >? GNBGDRF bJKLM\lCPQQSTUVV\XYZ[\]’\ “abcdef ghi j kI mopgr st uvwxyz{| } ~

" HSUR (5*+ -.70123456789:
<= >’>@\BCDEFGHI JKLM\IODQ?STUVV\XYZ[\]"_ abcdef ghi j kIl mopqgr st uvwxyz{| } ~6Ti mes

Ne;v$5§‘n'?;1 *A:_igi | ;:O'E%er %1N§ Qf Qlalm QE vﬁﬁ‘éré%\ﬁ?é grlrjnono acncf1 at position two of the peptide is I

<= >’>@3&@)EFGHI JKLM\IODQ?STUVV\XYZ[ \]~_"abcdef ghi j kl mopqr st uvwxyz{| } ~
I"#$UR' ()*+,-./0123456789: ;
<=>? GABCDEFCH JKLI\/NCPQ?STU\/V\XYZ[ \ ]~ _"abcdef ghi j kl mopqr st uvwxyz{| }~

| " HSOR () *+
<=@S @BCDEFGH J %ﬁi@g@gmﬁ\wﬂe‘%@%& termingl aming acid is Lo L YsMaA, or T
#$Y&' ()*+, -./0123456789:

=>7? BCDEFGHIJKL ST YZ A bcd hii Kkl ¢ N
o7 GBCOERGH KN RS T2 e b €L ] AmoBIE =)

<= >’>@\BCDEFGHI JKLMNOPQRSTUVWWKYZ[ \ | ~_"abcdef ghi j kIl mopqr st uvwxyz{| } ~
" #B9& ()*+,-./0123456789: ;
<=>? @GABCDEFZH J KIh\DRQRE DY 22\ Whereiatibel edtegen jik HEViapB Vs HOMuHPA | BSA,

15  Epstein-Barr virus, KSHV, Lassa virus, MT, p53, CEA, TSA, MAGE, or Her2/neu.
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