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amplification of the'immune response to the particular immunogenic peptide that is displayed.

Class  MHC molecules are expressed on almost all nucleated cells and are recognized by
cytotoxic T lymphocytes (CTLs), which then destroy the antigen-bearing cells. CTLs are
20  particularly important in tumor rejection and in fighting viral infections.

CTLs recognize the antigen in the form of a peptide fragment bound to the MHC class |
molecules rather than the intact foreign antigen itself. The antigen must normally be
endogénously synthesized by the cell, and a portion of the protein antigen is degraded into small
peptide fragments in the cytoplasm. Some of these small peptides translocate into a pre-Golgi

25  compartment and interact with class I heavy chains to facilitate proper folding and association
with the subunit 32 microglobulin. The peptide-MHC class I complex is then routed to the cell
surface for expression and potential recognition by specific CTLs.

Investigations of the crystal structure of the human MHC class I molecule, HLA-A2.1,
indicate that a peptide binding groove is created by the folding of the 1 and o2 domains of the

30  classIheavy chain (Bjorkman, et al., Nature 329:506 ( 1987)). In these investigations, however,

the identity of peptides bound to the groove was not determined.
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Despite the developments in the art, the prior art has yet to provide a useful human

peptide-based vaccine or therapeutic agent based on this work.

Summa

The invention provides the parameters for the design of vaccines which are expected to

25  effectively target large portions of the population. Following the guidance set forth herein, to
prepare vaccines with respect to a particular infectious organism or virus or tumor, the relevant
antigen is assessed to determine the -location of epitopes which are most likely to effect a
cytotoxic T response to an infection or tumor. By analyzing the amino acid sequence of the
antigen according to the methods set forth herein, an appropriate set of epitopes can be

30 1dentified. Peptides which consist of these epitopes can readily be tested for their ability to bind
one or more HLA alleles characteristic of the A2 supertype. In general, peptides which bind
with an affinity represented by an ICsp of 500 nM or less have a high probability of eliciting a
cytotoxic T lymphocyte (CTL) response. The ability of these peptides to do so can also readily
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one or nore HLA alleles characteristic of the A2 supertype. In general,
peptides which bind with an affinity represented by an |1 C50 of 500 nM or
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Epitopes on a number of immunogenic target proteins can be identified using the
25  sequence motifs described herein. Examples of suitable antigens include prostate cancer specific
antigen (PSA), hepatitis B core and surface antigens (HBVc, HBVs) hepatitis C antigens,
Epstein-Barr virus antigens, human immunodeficiency type-1 virus (HIV1), Kaposi’s sarcoma
herpes virus (KSHV), human papilloma virus (HPV) antigens, Lassa virus, mycobacterium
tuberculosis (MT), p53, CEA, trypanosome surface antigen (TSA) and Her2/neu. The peptides
30  and nucleic acids encoding them are useful in pharmaceutical compositions for both in vivo and

ex vivo therapeutic and diagnostic applications:




ex vivo therapeutic and diagnostic applications. 3 28 OCT 2005 WO 02/ 061435
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enabl e s.e(lfle.c&i@n of peptides that have a high probability of binding at a
certain attini y and will in turn be immunogenic. The algorithmis based
upon2i t her tAwe"iehfurogeniopepht dri“gsliopg” st paptideartainind #id ®qudhoe adidk at a
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and induce a CTL response. Immunogenic peptides of the invention are capable of binding to an

appropriate HLA-A2 molecule and inducing a cytotoxic T-cell response against the antigen from
which the immunogenic peptide is derived. The immunogenic peptides of the invention are less
25  than about 15 residues in length, often less than 12 residues in length and usually consist of
between about 8 and about 11 residues, preferably 9 or 10 residues.
Immunogenic peptides are conveniently identified using the algorithms of the invention.
The algorithms are mathematical procedures that produce a score which enables the selection of
immunogenic peptides. Typically one uses the algorithmic score with a “binding threshold” to
30  enable selection of peptides that have a high probability of binding at a certain affinity and will
in turn be immunogenic. The algorithm is based upon either the effects on MHC binding of a
particular amino acid at a particular position of a peptide or the effects-on binding of a particular

substitution in a motif containing peptide.



substitution in a notif containing peptide. 4 28 OCT 2005 WD 02/ 061435
PCT/ US02/ 02708 Binding results are often expressed in terns of "IC50 s."
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b7 e it el GGl dCR v T e E IR A REaT neHR, he Bnding 5P
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with thejr sfﬁqe chains buried in specific pockets of the groove itself.
Typi cal %I?amg i mmunogeni ¢ peptide will conprise up to three conserved

resi dues, mag@sedsepdin, highMIfisioNGEH wepect RSHUN s BioREuleksie defhfidts Binding
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A "conserved residue” is an amino acid which occurs in a significantly higher frequency
than would be expected by random distribution at a particular position in a peptide. Typically a
conserved residue is one where the MHC structure may provide a contact point with the
25  immunogenic peptide. One to three, preferably two, conserved residues within a peptide of
defined length defines a motif for an immunogenic peptide. These residues are typically in close
contact with the peptide binding groove, with their side chains buried in specific pockets of the
groove itself. Typically, an immunogenic peptide will comprise up to three conserved residues,
more usually two conserved residues.
30 As used herein, "negative binding residues” are amino acids which if present at certain
positions (for example, positions 1, 3 and/or 7 of a 9-mer) will result in a peptide being a
nonbinder or poor binder and in turn fail to be immunogenic i.e. induce a CTL response.

The term "motif" refers to the pattern of residues in a peptide of defined length, usually

about 8 to about 11 amino acids, which is recognized by a particular MHC allele. The peptide
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The term"notif' refers to the pattern of residues in a peptide of defined
| ength, usually about 8 to about 11 am no acids, which is recognized by a
particular MHC allele. The peptide 5 28 OCT 2005 WD 02/061435
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speci fi Cl are mol ecul es encoded by two, or nore HLA alleles. A
super not i f - b@he bmgmgpnottxsp&e apralitle camby défined sahdniroasipewiegtsenpigiecsion. In

| nt er medi at e affl as Jdef.ined _herej

ELA oo Bs a5t dhnfdRed TEIONE dr kb h (Redeltll RicBRE fo dhpufiphlaiie. &1
gr ouped arelfd rigativiaedidises tn ]Qfsnﬁ)lﬂa[ledmﬂ&bpﬂl de b| ndi ng specificities. HLA class
| ol ecul es that share so

bearing cert & §UREFIALL d%? EFP\I(?VQ? I"F‘Q‘“&rs@eﬁj "’fq‘ﬂ?’ g{%g" %ﬁ%géchggilydﬁe”ﬁe

terns H'oAn%l»H’ﬂLRaa'i‘fbiey AlbRruResdaying e{n@dpelpyefexamsi iHefopnizedivkieh g t ype
nol ecul es (where xx denotes a particu HLA tx égare synonyms. The
ap

phr ases m'tprmﬂdgqteeafﬁn@y (as defined dierein) by tyyaoe mofeik GPterial which is
substantial |y o SRR 'fﬁhi'l Y 68 Bs.em SQEREASHS $1 IMEACrhol@aIwEBérbﬁbed

acconpany it as oun tive state. peptides of th
i nvaot i on tisobasistof slmnd:@qptndmbmdmglsgecmﬁmh@l Imhdssdlmlwl%thﬁ Shﬁeﬁquhat situ

envi r onnen es on n where
a protei’f™ ?F:S?mdggeﬂgﬂ?_"g’ 4051?%’88 Ao %r%%%gggggdgi%ﬂ%g@% chgui Fhtg Eieége are
trace CQﬁyseauvpébamtm térstHIeA ﬁ@agﬁmﬂir, LA 508¢rype fwlnlyvmqubAedxrilkapdrtypg- purify
with the r ot lsmatfaé&ﬁ?ffti es of this 20 invention do not

contain Ileézﬁh ﬁb(égn%ﬁww‘ R SYRBY % r m "resi due" refers to

an anino aci ¢hephses"RoREYofMbiEbitally ieE Refetictdatefal avhictolssgap@piliyder by an
am de bond or amm de bond mnetic. Brief Descri ptlon of .t he Dr.awi ngs Fi gure

1. Pési tpwsntiallyfree from eompangats mhich nogwally accpmpanyrit 49 faundigafs pativestatt of er ence
for  253p€Ghd bé;ptna&sdf(ﬁ‘rﬁ vERioRQR! ot B8htih ?ﬂaté?fals%nﬁ&lﬁ' fssd@ared ﬁﬂﬁ tHeR)in 1 S

shown at a function of e percent of peptides bearing a specific reS|due
t hat bi mdu pnGRoment, £ig., MIZO 1 o1ol®0lPs aVabiigep Presepting Arls. ‘reaés‘herfo# PIStsHt hages

beari ngtbgg?%bla{e t& g ﬁb.ﬂb‘%ﬂﬂﬁsrbr%gﬁﬁﬁdn?ﬁar% e étr?cte chR@mindh & it Endey swer e

cal cul a erein, and I ndexe tive to the residue with
t he hi gHe%t oftriativie mgtanawlmhbypuﬂfyevxtQUQMag@d@gé@neiaoi&ﬁ?d nsptdisied thisipaci ty of
pept,i.des ositd 1 30 average (geonetric)

bi n ‘%VCBQ%' b?/m%‘:% 3l V\F\A%}?uﬁ/(g ux@%@d F%Q%%er m nus was 2133 nM

Pept| des i ncITﬂndmim'mesidme" ﬁ:lﬁﬁi yosansantiad acid of &ramb acidenitretie irwbeporaieicin@n

residue, ohggpe%%ﬁg gy an amnde bgrpde or amide bond mimetic.

Brief Description of the Drawings

Figure 1. Position 2 and C-terminus fine specificity of HLA-A*0201. The preference for
25  specific residues in position 2(a) or at the C-terminus (b) is shown at a function of the percent of
peptides bearing a specific residue that bind A*0201 with IC50 of 500 nM or better. ARB values
of peptides bearing specific residues in position 2 (a) or at the C-terminus (b) were calculated as
described herein, and indexed relative to the residue with the highest binding capacity. The
average (geometric) binding capacity of peptides with L in position 2 was 1991 nM. The
30  average (geometric) binding capacity of peptides with V at the C-terminus was 2133 nM.
Peptides included in the analysis had at least one tolerated anchor residue, as described in the

text, at either position 2 or the C-terminus.



text, at either position 2 or the Ctermnus. 6 WO 02/061435

PCT/ US02/ 02708 Figure 2. Map of the A*0201 notif. Summary map of the A*0201
notif for 8-mer (b), 10-nmer (c) and 11-ner (d) peptides. At secondary
anchor positions, residues shown as preferred (or delet e?,i 0 ﬁ 200%e
associated wth an average binding capacity at |east 3-fo (’greater t han
(or 3- folWOlG#st4shan) peptides of the sane size carryi ngparusezoresi dues at
the sane position. At the 5 primary anchor positions, preferred residues
are those as&isuied. edappf the AT020emettfe Suimmatiry gap of i %020 Winblif for & Gndrgb)l of

t he opti,mal_ resi at .the me ,position. Tol erated primary anchor

s dued S b d TR (DpEE AP bR mnchGeSstinin A ditp SR e BeRteEh 10-
and 100<éradetttarfous)upe asspdiatahivith 6 hebragedlindiflecapadiny 40 Rkt R griiteiha @r 3-

Posi ti on é fi gg specificity of HLA-AZ-SURerty,pe nol ecul es. ARB val ues of
10 pept i'¢jddesphap) I?thlgifé)éithq seme §e gYEMng pthergsfidnes st the iapepesitionyiddthed f or

eachsA2ys 4 i | ' 2 , | J relative
SA2 pEHRAY dntRéy ﬁg@.ltuﬁgyh&fer@a réiRies hiRekbsk AssbBigtel Sf mqoaﬁéﬁﬁaessg

to the residue Wt i ghest ARB for each specific no The

aver age °gRiesyithindp-foldnfithrontimshssidye afithe srmqrasttiode Tolowded nignary enchesi due
with t h‘?es'ﬂiu@@ﬁ%kh S ;X\Gétgd gr:i_’kld aft Qveigg%&l%%gmgb%wégq%p %\}d I%Bg‘gﬁgqf tl?end

A*6802, respective ure I'ne specificrty
HLA- A2- spimaltrygiducrad thecaine posithdB val ues of pepti des bearing specific

resi dues at the G ter.mn wer e..cal ¢ ed for each - super e nolecule
as descri bed%l = of'g]% ?ﬁﬁﬁﬁef'ﬁﬁﬁ&gﬂhﬁéf‘ng'?%%e’F’H@g‘f]‘éssi"ﬁﬁéx%?srf’ft he

hi ghest pe;R:caeé Eﬁaﬁngqmag&nesé&idem m{t%ﬁlﬂ weere Iﬂ@l&&@{oﬁgtec#&%%hyé@a&%%mw ng
capacit the . tides hearipg the residue w .he hi ghes wer e
291, 48?‘45 %ﬁg@qbegﬁﬁﬁ@g@ctmw@cﬁxﬁﬁwf topthp pesigiue with 3hyshighastARBdorpagls 02,

r espect ispelfic. mdiedine, €THe. avifa hafcyBifan bty of (REPEFRGYs BERRn @2

not i f fol:l&Q-rrr;r (a andav 18‘3%? gﬁéﬁtgéﬁ.‘%’ tg‘é:cﬁggsry ané(::){rlllgr sl
posi ti oRdth thedughey YRR S 29 Op8% et 4 WA 90D 1AST0286snd AZPR02associ at ed
Wi th anr@yetiagg. bi nding capacity at Jeast 3-fold greater than (or 3-fold

| ess _than ]g.eptides of the sane size carrying other residues at the sane
posildi on. At Fighie 45 /G-traminabfiesspecifigitypefdil A gidssupprtyfeancledilese siRBresuarod t hose

associ at,ed: ;0 . L ndi it .t hin.10-fql of .the optinal
r esi duebggldﬂiaggﬁg%g%??ﬁ?%% Q‘('iié{]g?ta@g%%pv%ﬁggrﬂffngﬁ% ?10 rea&e‘g%'ﬁﬂ’ggy%er e those
associ anwiecwlietah desaribadan slpatext] andiindpxediedetive yo the tresidme wifh-thahighesOARBObE of t he
opt i nmal I dL t. the.sanme position. .Fiqure 6.. Mp of the A*0203 notif.
Summar ye%g%’g&:iﬁc %\Qlﬁ%% eﬁVFraﬁ%fge@g’ﬁ&;) @3?‘“&%*’3%0%9 H‘é‘?“r‘]j(’% cappgihedes. At
secondaregidaevitbtheiglicsi ARB,were39 104856 idrs 53 aMpfoe s A*02030 Ak e1RY, bt's)

are.,assqQg ed wit.h an average binding capacity at |east 3-fold greater
tharzlsl( o?‘ - oT"'&P‘i"é%?Yt han) peptides of the sane size carrying other

residues at FibpgreSaNtaméfihd ABOR02AtotihSuminafBrhYp SNE¥I202 motif for 9-mer (2) and

10-mer (b) peptides. At secondary anchor positions, residues shown as preferred (or deleterious)

are associated with an average binding capacity at least 3-fold greater than (or 3-fold less than)
peptides of the same size carrying other residues at the same position. At the primary anchor
25 positions, preferred residues are those associated with an average binding capacity within 10-fold
of the optimal residue at the same position. Tolerated primary anchor residues are those
associated with an average binding capacity between 10- and 100-fold of the optimal residue at
the same position.
Figure 6. Map of the A*0203 motif. Summary maps of A*0203 motif for 9-mer (a) and
30 10-mer (b) peptides. At secondary anchor positions, residues shown as preferred (or deleterious)
are associated with an average binding capacity at least 3-fold greater than (or 3-fold less than)
peptides of the same size carrying other residues at the same position. At the primary anchor
positions, preferred residues are those associated with an average binding capacity within 10-fold

of the optimal residue at the same position. Tolerated primary anchor residues are those
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positions, preferred residues are those associated with an average bi ndi ng
capacity within 10-fold of the optimal residue at the sanme position.

Tol erated primary anchor residues are those 7 WD 02/ 061435 f6 OCT 20

PCT/ US02/ 02708 associ ated with an average bi ndi ng- capaci %Bg& 10- and
100-fold of the optimal residue at the sane position. Fi . p of the
A*0206 noWNa020sl#Pary maps of A*0206 notif for 9-nmer (a)P@HES202W8er (b)

pepti des. At secondary anchor positions, resi au&? sBo as preferred (or -
del et erasspsiated Wit anavezags binding sanacity behyeswy L9-zgd 160+ ﬁgphe&aa@awmgve Meast -
3-fold tgéﬁﬂlﬁ]@ﬁosﬁﬁﬂn (or 3-fold less than) peptides of the sane size
carrying other residues at the sane position. At the primary anchor
posi tions, [Higfrefr dhaprofdiechA®20ametif. hounemary suaps af A80246tmotififord-mealp abd ndi ng

ol or at Kt (e chrocbaey ¥ bbins B8kl b s RREF (R4,

bi ndi ncare aBaciaty wixttanaedtagkbindimglcapéityf av ladstdi-foldgreatpt tham{or 3efblddes thdn) 10 t he
same position. Figure 8. Map of the K A*6802 notif,. Su ry maps of A*6802
ot 1 PGSR e izq ey AR S TCR§ VS5 P RS PORIioB g (AR BRET

Posi ti qRBitioh§ predetesl eI aRhdre AbRETaRE Wil andObREEHinAMS kapRitf wth HOW-fl€d

wi th an average binding capacity at |east 3-fol q%geat_er than (or 3-fold
|es_st_tmfrﬂye ol Fasiye gf the mwgméigi i”eleeéﬁdrmm?gye@f rreﬁlégﬁwegwaq t he tSﬂ.rT'e
posi ti ) frapr r Ues: ose
associ %F%o lvxf&t‘Eﬁ%tgﬁ g@ﬁéag’%‘:&%? ngyéﬂg%dgc? ? @Sa(/n\nd? ngrﬁagg?ﬁ’glogﬁhof&%?ﬁgé %pti mal

r esifuethasaméposgmme position. Tolerated prinmary anchor residues are those
associ at ed w.t h_gn,aver.age, QR hg.c Cj twee 0- 0-fQl.d,of the
opti i resitieite & MR BRO Rr CORARR S B RES o Ier FPE [ a0
sumar yl (eines@g peptlidey Arsdednd aryanyhod potinsens2@sidndsl siews aspreferia (crideiitdrions)

bi ndi ng capacity of 9-(a nd,.10-nmer, (b i des. Residues own

o oni { LS RRPSated pit o atree Handieg capacioua teaSbrod BRaer B (B S niNeRuraY. he
nunber gdptia@l Fend Afme sizBtArHeNEQHerat 8dida di hiabatle paditRAl etREsafary Achidecondary
anchor posjtions, residues are consjdered preferred only if they do not

havl a RESitONBrrdered rsifire Arahess aporiatedigth Brycraas biading camcly Bhthiyl0-foldi dues
whi ch v&iiRe S8Ineh BdsidRE 3t ﬂh@s&xﬁl@po%f?i&%.e%lepiteﬂ}ﬁnﬁ?hﬁ‘&i& fsfALEs drffHosat ed by
reduced and 25 italicized font. Assessnment at the primary anchor positions
ar e basasgocried ity peaverags binding copacis detwsen 1 9-cpad| 100 feld pf hepplimakresidye at
di scusstﬁgs;rge[ dWBiohext. Description of the Preferred Enbodi ments The present
invention relates in part to an epitope-based approach for vacci ne design.
Such an apprEiggh9i $\2sapeniotfconbesuedummsy abiccervady dridrinmgy tihor t he
g‘fgistgg'tiﬁﬂ‘aéng;é : ”Hg%g; e Cthgégg %gpg?%?)g%f%?aggﬁ% ﬁ(%—g%%élpgﬁisdeg.hﬁes%u%g swn
significantly influence binding to 3 or more A2-supertype molecules. The number of molecules

influenced are indicated in parentheses. At secondary anchor positions, residues are considered
preferred only if they do not have a deleterious influence on more than one molecule. Preferred
residues which were deleterious in the context of one molecule are indicated by reduced and

25  italicized font. Assessment at the primary anchor positions are based on single substitution and

peptide library analyses, as discussed in the text.

Description of the Preferred Embodiments

The present invention relates in part to an epitope-based approach for vaccine design.
Such an approach is based on the well-established finding that the mechanism for inducing CTL
30  immune response comprises the step of presenting a CTL epitope as a peptide of about 8-11
amino acids bound to an HLA molecule displayed on an antigen-presenting cell. The HLA
molecule is the product of a class I MHC wherein the product is expreséed on most nucleated

cells.



am no acids bound to an HLA nol ecul e di spl ayed on an anti gen-presenting
cell. The HLA nolecule is the product of a class | MHC wherein the product
i s expressed on nost nucleated cells. 8 WO 02/061435 28 OCT 2005

PCT/ US02/ 02708 The product's of the MHC class | alleles aretgenerifﬁly
characterized as A, B and C HLA nol ecules. 'Wthin each of

categories, WHR¥WI438 o nultiplicity of allelic variants inPEHESO2HR98] ati on;

i ndeed, there are believed to be well over 500 class | and class 11
al | el es. Si ncelhg preduetstad shediCocdass 1 plialesane genereatlytichiyactetizedias dd BlanddS HLishe

epi tope i e of the
cells of ‘f’ﬁ%ﬁ‘?ﬁﬁf\yﬁg‘ﬁ?‘ cﬁ&}‘?%ééla ?a?mﬁjorlr]legz_’“é%ré O’?E‘%F‘rﬁ% o?@]]%]ﬂe\ﬁﬁgﬁ %ﬂﬁ% epi t ope
be one thmpulasuon,ap@sﬂ,ehuf ablhﬁﬁcwg to hewbllLAv&rXSIGDb]aissdchnbyl&hﬂta]leladlS/mchJaI The
starting refore, t he.desi f efectlvev cine i 0
ensure th Otf’ ﬁmlce 585pﬂ’ése\ﬁna?q°t Bce%écﬁtﬁﬁgn] S5t ??étoﬁﬁ}‘fﬁ’é?se'btf ht"‘&if"é%ﬁiﬁrét can
successf uddnyainid opriksitfabslof the cemlabf the mcﬁﬂ&ﬁdllﬁl Be infmaf#8dNit ﬁlﬂfpohh}ﬂ tRRMe des

t Qpes per "Such_adm nistration Is 10 dependent on

tl
{ﬁgr S?EQeﬁ«w@p? g?e]mle??dmm@‘e Pﬁl\nﬂﬂg thediled expbitadydhatipdividealcel | s of the
subject. I n onR saRMfORE, herefbsE X thd H’&lgxmrﬂf‘éﬁ@&ﬁ@'vﬁcoﬂfeﬁtlé t?%ﬁsd?g hatfhe, L NESE

pepti des may be incubated w th antigen-presentin rom t e Subj ect
to be trevactine Bl gengrtamigraemumbed ¢fepitonen thabeany we@ssfolly behmemtqde dtmay be

Al ternatiyglike 6t1$ Q?gﬁlsile} tl%rBeBt(?deg dépqesg mg' HEe gﬁgogﬁ%ﬁ:ergee n§u agrélmdr%}hailgn éshco di ng

admi ni steri ng nucl ei'c’ aci conann 86t 7'de
it. I\/thsdefpgndeptm/thdpwgem:oh oﬁtﬂnhmy’bHLAondemsehnpl@sd am&xedemﬂtbedabym WO

99/ 58658, f Mhich is | or at her i.n b ref erence.
ur ther . saE aBSAEh A8 HEorDhe My Radle pORAEER it Test BTl i vf BRSLe o

| ar ger pepith aimgempfeemmlng celtscﬁcmh tha\saljedt o betreaskaid® MaAShd Rlls RRATétHRed IhE
| ar ger pethl may contain extraneous amino acids, in general the fewer

the better. "?Wf& pepti des which contain such am no acids are 20 typi caIIy

25 am no aci dsmwmdnea&, th&BI1€ ah¥id) 4eid peptid®ciBePRnétbied $n Hiu Hyeaaﬁnmét@ﬂné@
typ| c dl‘?ﬁé‘r acl ds or less. The precursor may also be a heteropol yner
p

or E%lm%@HU%OHm gqapence iensodie it Mewnsden proyiding meclmu_clenc
t t
epi opes acfd mER &S e H@s@ﬁl&éﬁ‘ﬁm 9@/@@658(1?1% d?s‘m)sﬂpé(ékgé}}ea ?@h&ﬁ déeMsLd eg]f rate

a variety of inmunogenic peptides can also be enp t he
pept i de V&fessnge sturthge thaisimiinegenid repHdéseen be sdmipistarérbastpottame of miarger peptide

hono- pol yj@e&ud &d%@g@tg%leas%%e d&a&% kgé\é u@iee ?r[gg{lpeﬁpgﬁt deSI r ﬁt'{&ng '1?% o:)_ge

present invention provides a para
whi ch i s asfineecidsy in gepenabibe tfdver ﬂrecmuexpd‘ﬂ:uk,qxepmﬂts mlngeomfam slualdamirﬂlaaids aieho

or e, AP SGhENZEo N, LR A0S MRS VHRSyy St AP paRtR RSl (e
It is préfSamineladidradr lgepThamscursie mayalsabeahietetgpe]yntaor homéio]yreeradnialnfg 2
supertype, rmllkigiicefty of different or same CTL epitopes. Of course, mixtures of peptides and nucleic
acids which generate a variety of immunogenic peptides can also be employed. The design of
the peptide vaccines, the nucleic acid molecules, or the hetero- or homo-polymers is dependent
25  onthe inclusion of the desired epitope. The present invention provides a paradigm for
identifying the relevant epitope which is effective across the broad population range of
individuals who are characterized by the A2 supertype. The following pages describe the
methods and results of experiments for identification of the A2 supermotif.
It is preferred that peptides include an epitope that binds to an HLA-A2 supertype allele.
30 These motifs may be used to define T-cell epitopes from any desired anti gen, particularly those
associated with human viral diseases, cancers or autoimmune diseases, for which the amino acid
sequence of the potential antigen or autoantigen targets is known.
Epitopes on a number of poténtial target proteins can be identified based upon HLA

binding motifs. Examples of suitable antigens include prostate specific antigen (PSA), hepatitis
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30 These notifs may be used to define T-cell epitopes fromany desired

antigen, particularly those associated with human viral diseases, cancers

or aut oi mmune di seases, for which the am no acid sequence of the potential

antigen or autoantigen targets is known. Epitopes on a nuﬂepcffmotenti al
I'fs.

target proteins can be identified based upon HLA bi ndi ng no Exanpl es
of suitabl WORL¢Y¥hs i ncl ude prostate specific antigen (PEYUSREA8itis 9

28 OCT 2005 02/ 061435 /[ U 708 .B_cor.e and surface, anti gens (HBVc,
HBVs) hebeare ?@@5&%%@%&%@&9 fitiy Cragises, Ryl Barr Yims apffgenaant | gens
(e.g., MI@ETOIaIa,anhggﬁ@e.g.mmslﬂI,lhﬁgﬁﬂwmuhémckmwinﬁmnmﬁmmeme

papilloma virus ( \Q antigens, p53, CEA trypanosone surface antigen
(TSA), anpillpmeyime(H ‘@@pﬂg@éspiaogﬁm yypagosaiee wisfacopigen (Hyd), AedHerdmeh.gens
may be synt hgs] ye hel WL i

appropriate W%F%@ﬂ?% |ﬁE§§°§)§§goﬁstflér%? Ltﬁ%bg gggh%%%’?{h%%re ??‘F %gl‘%r?%:e%ggs I
nol ecul der theid abitityi to bodao seegpppbte MSCandémies srehdssysanmpefs iexaneejpuyified ass |

nol ecul e ., far instanc i, mrunof | uorescent staining . and flo

T erorl ikl s e Aa TR R e AR ABE ST bttt bl Bfrss 1 Bilgoutes

i nhi bi t ivyNfoPinstahte, iMMmAGEIorEBend Ytaiddip dnd @losomRed fluotifetry] PEstRle-depdtidesies t hat
bind to tlhe class | nolecul e_may be further evaluated for their ability to
serve a2yl 1sserplly espyy andnnbibian of K L reepgmitindytReatidh competitipn o Bhose

i ndi vi dyghides Bimat Wikl o &% cfa8d 1 hbREdle RRAPBE iflrthet SvallAUSE MBI aBRtY to sBrvéiak I O OF
in vivo L responses that can give fise to CTL popul ations ‘capabl e of

r eactdi ngargets fonG sl derivedifrem infectedergmmuniget dndividealsres wellas for deinnapasityital
th i ] I i e . A B,
bnd ¢ chdie B in yEREr S T relpddBls 6 BYE A pind s Ehrde

appr oxi mirekynggulaviralbnsfetticd argathdiscasuhdrecellSasepaentiabtherapeftictdigéntC | s

have o nunber MG EEPER R e Sk Rl G-foB HE Cloct L ATh M Fon aro

rel ati veahyigeperidkpessell at the aelhsurfab bt appobtithat§l§ equrad deritivs] Wikerb@sgl vacci nes,

pept.i.des prefer y, conprise a notif recogni zed b C | | ecul e
havilig aﬂxnaﬁeﬁsé°fb‘?q?hr$%ﬁﬁ‘§ﬁ'$ﬁ°h“tl aWELRER a%ﬂﬁd?‘&?‘i%ﬁ?%f‘w‘ﬁ%rﬁg of thest | f
recogni 266 havela RitntRr AR C Thé Yerflid¥ 8indthgiRGL 81 the fhvemtiditae tIRiGpadifie! es
occur at_different frequencies within different ethnic groups and races,

t he choifekcagh allchic§ubtyrdiC al | el e may depend upon the target popul ati on.
Table 1 sho BL : : I : s A ucts
among di 11 es Sniiey g SAUE IR, R R DI cBmpiite F Bptloaline By Sn H1RC
popul at ilgrrlesate hagingawadedistiputigreinitheleumanpaphlabipm @r comprisgra btifrécaghized e
subtype | fhCa 1a: . 1 i larly,..the
i o0 ¢ oY SR RRcal g tole Bhidion sinch e MHE s BREof: ftprench e RitoXyp
pept i deglifférendiethgict gyoupsfand tases theatheickloftarget MHC allely\Daf ¢Rmd4pon the target

population. Table 1 shows the frcquchcy of various alleles at the HLA-A locus products among

different races. For instance, the majority of the Caucasoid population can be covered by
peptides which bind to four HLA-A allele subtypes, specifically HLA-A2.1, A1, A3.2, and

25  A24.1. Similarly, the majority of the Asian population is encompassed with the addition of
peptides binding to a fifth allele HLA-A11.2.
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TABLE 1 A All el e/ Subt ypeN( 69) * A(54) C(502) Al 10. 1(7)1.8(1) 27. 4(138)
Az.111.5(8)37.0(20)3gyg(1gg))A2.210.1(7)03.3(17) A2.31.4(1)5.5(3)0.8(4)
A2.4--- A2.5--- A3.11.4(1)00.2(0) A3.25.7(4)5.5(3)21.5(108) 8 DCI0WG(3)0
All. 25. 7( 4) 40 ayde)B. 7(44) Al 1.303.7(2)0 A234.3(3)-3.9(20) per/usezoios
A242.9(2)27.7(15)15.3(77) A24.2--- A24.3--- A251.4(1)-6.9(35)
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)-7.5(38). A29.11.4(1)-1.4(7)
A29.210.1(7)1.8(1)5.3(27) A30.18.6(6)-4ABLESY A30.21.4(1)-0.2(1)

. 49(35) A322. 86277 - 1(36)

AWG4. 214, 5640) - 0. 8(4) AWEBETD( 4)
A2.1 11.5(8)

C_18(B OCT 2005 27.4(138)

.4(1)--

37.0(20) 39.8(199)

A22 10.1(7) 0 3.3(17)

A23 1.4(1) 5.5(3) 0.8(4)

A2.4 - - -

A25 - ; -

A3.1 1.4(1) 0 0.2(0)

A32 5.7(4) 5.5(3) 21.5(108)
Alll 0 5.5(3) 0
All.2 5.7(4) 31.4(17) 8.7(44)
All3 0 3.7(2) 0

A23 4.3(3) - 3.9(20)
A24 2.9(2) 27.7(15) 15.3(77)
A24.2 - . -
A24.3 ; ; -

A25 1.4(1) - 6.9(35)
A26.1 4.3(3) 9.2(5) 5.9(30)
A26.2 7.2(5) - 1.0(5)
A26V . 3.7(2) -
A28.1 10.1(7) - 1.6(8)
A28.2 1.41) - 7.5(38)
A29.1 1.4(1) - 1.4(7)
A29.2 10.1(7) 1.8(1) 5.3(27)
A30.1 8.6(6) - 4.9(25)
A30.2 1.4(1) - 0.2(1)
A30.3 7.2(5) - 3.9(20)
A31 4.3(3) 7.4(4) 6.9(35)
A32 2.8(2) . 7.1(36)
Aw33.1 8.6(6) - 2.5(13)
Aw33.2 2.8(2) 16.6(9) 1.2(6)
Aw34.1 1.4(1) - .
Aw34.2 14.5(10) . 0.8(4)
Aw36 5.9(4) ; ;

Table compiled from B. DuPont, Immunobiology of HLA, Vol. I, Histocompatibility Testing
1987, Springer-Verlag, New York 1989.

" N= Negroid; A = Asian; C = Caucasoid. Numbers in
parenthesis represent the number of individuals included in the analysis.

Cross-reactive binding of HLA-A2.1 motif-bearing peptides with other HLA-A2 allele-
specific molecules can occur. Those allele-specific molecules that share binding specificities

with HLA-A2.1 are deemed to comprise the HLA-A2.1 supertype. The B pocket of A2
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PCT/ US02/ 02708 Tabl e conpiled from B. DuPont, |nmunobiol ogy of HLA, Vol. I,
Hi stoconpatibility Testing 1987, Springer-Verlag, New York 1989. N =
Negroid; A = Asian; C = Caucasoid. Nunbers in parenthesis represent the
nunber of individuals included in the analysis. Cross- react i ve binding of
HLA-A2. 1 notif-bearing peptides with other HLA A2 allel e¥&§6Fi '
nol ecul eswoanoeasdir . Those all el e-specific nol ecul es t hapcsbsyB21s Ndi ng
specificities with HLA-A2.1 are deened to conprise the HLA-A2. 1 supertype.
The B popdtBipe Bl Aolkdul@Ss CRafacéiYed bY@ corvehianb 4ddif RCTidii024i028Qthis uper t ype
HLA nol ecul es is characterized b onsens tif cl udi ng .resi.dues
(this TOBFBHRLEIsFESIAle lettey arrgr%at/ dedss. e ea?gg%r"eblag atey payige pasision

subscrimy,,indiMaten de WY /Col/ HithilaAZAhe NESup&lybE  polk S, V67,
H Q70 and9 #}Ql\g@ Si %ngwﬁy,mﬁ??%zsupeg?t 1aA§ o% et ul|)s >Jt’lchaltjrcglkct erized by

a conséhaaeterigpdiby 2 cqnsensiismeptif ermhtm%regrivesyl%soTso,Llat%‘&nwttlﬁé) (AlFBY 66%bout

66‘V 5 | t three
;o o 5 EpRERBIRER: 230} U 6F Heis by ek ¥REe e AP R

consr stadlales.wi t h cross reactrvrty data, (Fruci, D. et al., Hum Imrunol

38:187, 199 '
mmunol . 154742 e} S Pttt SRRk EfposRAr G bR B et s
pleIot : des,, H&rdpnm:mll .BS: 1set19aBA), froﬂmdh\leml(éu m{ai#;ng?&&ylé(&@f@ﬂ%? lequ @ﬂallt .0 I(4LA- A2
all el e-specC es ccor.ai e.rTam (0] nolecules (1.e.,

t he HLA'"RW%b\i%%ﬁpig%Sbratd tﬂtwgalprrggt%amwe}wa 16PIoesSRAd ReptdssSudos | east

ni @ HigA-Aab! LRkl }%’Sﬂﬁﬁd 19A§P&%d tfHOAR0R2 af¥16880% i ficAnSIdies, A" 0206,
A*0207, A*6802, and A*690 descri bed herein, the HLA-A2 supernoti f

conpri Gresordingly the fml@aﬁdﬂmqlpcules (i.e.\the HLA-AB sypertype tat andssheseipapideshnchor
[ est dugSedhoRed b &t Wstnif i h: A brotefns: Mado1 A R0ASA RIS, RRGN42REERS, T est due

at the Ctermnal position of e epi'tope. notifs t a’t are host
parti cuVé20g AM080BV6802,and K&69GIvent i on cl al med here conprise V, A, T, or Q

at pOSI tion tv&sc?f%gd f’rerem thé/HLM A'étL%P Xélotl S5 rm? ?ep 18::{% sgamcihgr\{ SI tion.

A peptide epl tope conprisin ’hah one
HLASA2 Asll‘per Qs primatyeiha. res?dheAanmmedaraed\lhil c\h Mp4, d}d‘ as&qﬂﬂary lankehot | fy

pepti des 5?3 esen | nven n IS dIPM Nat ur e
B5h: ogedisat R leEBrabactian oL epiions, Hick arcnetts el Reriort el hods
i nvol V&e]b%@&rtﬁs aiventromtmwmer@t:owaeot AT, br (malt péditi@btwol BiLG 81V MDA,
I mrunopr eci tiopn ¢" affinity chromatography, , from appropri ate ceI | or
cel | 1 1%d 3 E}t— E‘atc)?“cb?"ﬁ’é’?“‘ﬁ%t AERIdERPIODS AT ADHETRA edit vHC
Dl eculmgayasisdbie tHE dnemmtsgpér%e%‘idléoﬁfén i ncl ude ion exchange 25
chr omat ography, |ectin chromatography, size exclusion, high perfornance
i g?Qnd A procedure which may be use to 1dentify peptides of the present invention is disclosed
in Falk, et al., Nature 351:290 (1991), incorporated herein by reference. Briefly, the methods
involve large-scale isolation of MHC class I molecules, typically by immunoprecipitation ¢
affinity chromatography, from appropriate cell or cell line. Examples of other methods for
isolation of the desired MHC molecule equally well known to the artisan include ion exchange
25  chromatography, lectin chromatography, size exclusion, high performance ligand
chromatography, and a combination of all of the above techniques.
In a typical case, immunoprecipitation may be used to isolate the desired allele. A
number of protocols can be used, depending upon the specificity of the antibodies used. For
example, allele-specific mAb reagents can be used for the affinity purification of the HLA-A,
30 HLA-B, and HLA-C molecules. Several mAb reagents for the isolation of HLA-A molecules are
available. The monoclonal BB7.2 is suitable for isolating HLA-A2 molecules. Affinity columns
prepared with these mAbs using standard techniques are successfully used to purify the

respective HLA-A allele products.
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chromat ogr aphy, and a conbination of all of the above techniques. In a
typi cal case, immunoprecipitation may be used to isolate the desired
allele. A nunber of protocols can be used, depending upon the specificity
of the antibodies used. For exanple, allele-specific mAb reagents can be
used for the affinity purification of the HLA-A 30 HLA-B, §8q@cCHL20C

mol ecul es. Se@erai433Ab reagents for the isolation of HLA- ApgRhR624286 are
avai |l abl e. The nonocl onal BB7.2 is suitable for isolating HLA- A2 nol ecul es.
Af fi ni t%/ col urmnﬁddﬂﬁbﬁnﬁilp?-sﬁbﬁhc hreschiondls rdaﬁltﬂgarﬁA A ilﬁ{)ﬂf}&,@,@@%’b%&i%@;g
successful ]y 0 ri t he respective -A allele products.

OCT 2005 Nﬂé@%ia&a@ﬂb&%m@m in 3itegatiye 2iGnity purafiqaipmprotaselsfas ¢ mADbs,
broadl y reaedibeden dRtekahipibsdiioBbelowbs, such as W/ 32 B9.12.1 and B
1.23.2, could be used in alternative affinity purification protocols as
described in tTHee nerbggsbeunskie theneptids binding igrooye pf thd dsoldtest MEG molketdepmpt i de
bi ndi | 5 eluted typi.cally. using
aci d 17 cornon Breall iink 380 BARCAE RoBRSEH B0 B GestoBled Rm BHR Ty D,
a vari et ya vdriety efrsttmdakd demauring mepnspesacis as leas pHadetbrigaiits, spiks, chl@irepig @périts, or
salts, chéatotro igm?}?%ntfs, or a conbination thereof. Peptide fractions are

further se‘i)oélrl% 4 't he MHC nol ecul es by reversed-phase high

performance | iRpptide fivtionedre girthiensepatiidBonnitd MHCURSIEATEs e aDhERhiRE
separated by a 10 var |cﬁoy of osjher standard nmeans well known to'the
arti san, Weﬁ%’mmcﬁ&qﬂdl matasraPhy (HPLE) pdssanepged. Reptdesicapheseparated by e

chr onElt Ogvazitiof oftfef Staitiab kAR WHItAoWASS Ik iaftisa lihRdh b u%gﬁ
chr omat ogr.aphy, i soe| ectrof ocusi ng,0 and tﬁelsl i kle. Se%gletﬁlct:l?{r;:’g 0 ﬁ}gﬁ’

i sol at ed GEHOPARIESIS site BRropaiosEPhy Precinitstion with specificantibedes, éantrxchange  such
as Edman geghadahhinNisbibiiadiukiher et al., Methods Enzynol. 91, 399
[1983]). 15 O h%‘%ﬁ@né!tshods _gdl}ilu%lg‘g’lagd oe\r/}{kscéquenci ng i nclude nmass spectronetry
sequenci ng of Seauknging@hihe igpdgted phptidesscap be perforsied adasding edandatdntechnidues! . |
Sci ence . "'X‘Hl%hli i par at herein Qy r ). Am no
aci d seq%glé%szngé%% E%ﬁ%m et erogagﬁéeéiﬁﬂgéﬁ{%dzget}(oﬁﬁfy 2 163596{_@8%5

f r actlisonsQtherwethdisshizgabderfor sdqasrcing inolude mhsspegtfontstlyl sgquediagbsindividual

characterjsi.hc _sequence , nofi or ea class I all Q Definition of
ot fo S gibiys s PAYRIET pedBhed Ghil o B Brureon Ry BBhahionincememivb of
pot ent i alhepspby chferam;lq). ommlo}‘aeiampmnamfg iogemmewc%eﬁédas Wﬁl.@s @!E.,%gﬁ:ﬁi d
sequence own. | ,. identification of potential peptide epitopes
is initi J;ulﬁyé2"3%,%"@0&%\8fiﬁﬁéqnﬁE}la%qdﬁ?llﬁﬂ’tl"éﬁmlﬁﬁlb’déwalsr?e"ha%ﬁﬁ“&(ﬁeﬂ“%’é@]uence
of a desimétif fandaclgelassiiQllelehe presence of notifs. Follow ng identification
of i f-bearing epitaopes, the_epitopic sequences are then 25 synthesized.
Thengi?paci ty thF%B}tEea OE/HQU@ Sag%ﬁ%garébfgﬁr@é class Idlgles aHews the adenaﬁq:aér)éy obf

di f f er entpotential peptide epitopes from an antigenic protein whose amino acid sequence is known.

Typically, identification of potential peptide epitopes is initially carried out using a computer to
scan the amino acid sequence of a desired antigen for the presence of motifs.
Following identification of motif-bearing epitopes, the epitopic sequences are then
25  synthesized. The capacity to bind MHC Class molecules is measured in a variety of different
ways. One means is a Class I molecule binding assay as described in the related applications,
noted below. Other alternatives described in the literature include inhibition of antigen
presentation (Sette, et al., J. Immunol. 141:3893 (1991), in vitro assembly assays (Townsend, et
al., Cell 62:285 (1990), and FACS based assays using mutated cells, such as RMA.S (Melief, et
30 al, Eur. J. Immunol. 21:2963 (1991)).
As disclosed herein, higher HLA binding affinity is correlated with greater
immunogenicity. Greater immunogenicity can be manifested in several different ways.
Immunogenicity can correspond to whether an immune response is elicited at all, and to the

vigor of any particular response, as well as to the extent of a diverse population in which a
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ways. One neans is a Cass | nolecul e binding assay as described in the

rel ated applications, noted below Oher alternatives described in the
literature include inhibition of antigen presentation (Sette, et al., J.

| munol . 141:3893 (1991), in vitro assenbly assays (Townsend, et al., Cell
62:285 (1990), and FACS based assays using nutated cellsjgpggelr 208 RVA. S -
(Melief, ®wO02861438 ., Eur. J. Inmunol. 21:2963 (1991)). Aecmuskligmed herein,
hi gher HLA binding affinity is correlated with greater inmunogenicity.

G eat erresponzenioghiviiedi Fyr oampleea peptidk esplactlicin as anensd reshohfecinandivenseysray

TSt T R G RSRG hRAREL PR R GRS e | ' o o

of a diprhiciptesidplosed hedéin, dlosetid adr%@f ﬂ;fghmdmg’ &@M&ﬁmawb@ﬂom% be
PCT/ USQ2/ 02708 .response i s el peptide mght elicit an

i mune TSRO/, Rhcontigstod itk ah?‘}‘aw% fo‘het ?F@“B%?p}ml‘éh ‘P’Bﬁ withdptemgedigde i nst ance
Pr oducCeutfinik). AQb6RbVer! IRSIRG Bmln%ﬂﬁﬁ%qmqead% tofbre BigoroRs i@ghrmgeﬁwd' scl osed

herein, close to 90% of hi gh "bi ndi'ng pepti des have “been un
i mmnogesnooseSaéseomltals&sempmiqnh regyiyed to5igit efsimiles bisdegicall effeakfi actiighvi nd wi t h

i nter reqve n flnlt lead to
mor o vi A bERARR borblab ke usb SR or BeSREEmBARHPo e bl enen R By i 1 o
to eli d:iimdmg epnaspd:me bambldgﬂy:ndeﬁfkf Nec&rthlefess;l.sxkbsgnhtxa]afnbrd%ﬁ)yntbbwilﬂlftgnrﬂﬁpt i de
is used., Thu n eferred e ts of . the invention, high affinity

bi ndi ng s £ "’é’§d &Pté “Hﬁ?‘?el%@ﬁ? &%g‘ %E@ﬁpeptﬂﬁ%rt hel ess, substanti al

i noovenent qmvaﬁudnmprmemerx biktiing AEMNiHGHF HYACIWNE § holdaties BROAk S oRENiETLyO N

bi ndi ng pept i des he rel ati onship between binding affinity for HCA

class I° %@Meégd%?ﬂﬂtowﬁﬁ%%‘@rﬂeﬁnﬁ’y‘ed&rtﬁ?@@F dpe ihbeartdy thapresspes has been

det er miReGtdrOr Intth@e bkpeimehis® wHicH Mscrae tpeﬂ}ﬁeE %r&@ﬁﬁ%ﬂ‘ to, itli 6ROk thdt"
t hese experiments, in which discrete peptides were referred to, It Is to be

not ed tcRRwlar pracessingef prptidesya vivg vl 1gad ie susheptides v ifWlongeri fesgehents asuch
pept i d%e@"&&ohﬁnél? rlglger Bép%gg? rﬁfn%onﬁ%?gmo dbé‘bﬁg %‘%"“‘FH él?eg_%gllg &QH% | des

conpri sing one or 't opes n the sc pe nventi on.
Thd Sc onnsntion.oFhenoimatation bﬂwdcmlyndtrhg affinity and tninnmgenigiyiivas tnalywad instea@l yzed i n

two di I, ment al oaches, (Sett n
153: 55AERG o GRTH Thitbfnet R ERT AL pseiel 15 sBissom e i e
pot ent iagproeg, tlmpmgmhag?'mm dfgoldh@allepmbeﬂgmgfnfghmﬂmw lﬁiu&xﬁg affinit) ogéiﬂr fold "
range zed in * k enic mce. In the second approac
e arDrgRPl R e api s i L) GHE Yaiserul anite. Hajha e PPN
(HBV) - dﬁhgen&dtymhﬁﬁbklﬂiateﬂaolGﬂ)dlﬁf‘érentz&patlitls Eﬁhﬁs)/(HE}/)Ad‘egiszlp&érﬂﬂl adtopBy, i f s,
assessed. by rl%i!fﬁ E}{fte her al bI ood nphocytes) from acute
égt i sca‘ﬁ?i‘f‘gén Sy Wag ageeseed Wﬁﬁéﬁﬂs@cﬂ?h%@%&lgﬁﬂ%éﬁsk hat an
af £ i tiom Sdutetrpabte paabaie mirswpfoqﬁes%ﬁﬁbychém »O.M cfe%ﬁfn%ﬂ ahk Xn 2infi OF
|l ess) is correlated with t capacity Pﬁ&? de epitope to elicit a CTL

res poné‘é‘eShPI]fb‘é?é“e(ﬁtaanQP‘@’%‘?'& e0¢ (ereé@r §bl}' 5B niHoergss) is correlated with the

capacity of a peptide epitope to elicit a CTL response. These data are true for class I binding
affinity measurements for naturally processed peptides and for synthesized T-cell epitopes.
25  These data also indicate the important role of determinant selection in the shaping of T-cell
responses (see, e.g., Schaeffer, et al., Proc. Nail. Acad. Sci. USA 86:4649-4653, 1989).
Accordingly, CTL-inducing peptides preferably include those that have an ICsq for class I
HLA molecules of 500 nM or less. In the case of motif-bearing peptide epitopes from tumor
associated antigens, a binding affinity threshold of 200 nM has been shown to be associated with
30  killing of tumor cells by resulting CTL populations.
In a preferred embodiment, following assessment of binding activity for an HLA-A2
allele-specific molecule, peptides exhibiting high or intermediate affinity are then considered for

further analysis. Selected peptides may be tested on other members of the supertype family. In
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affinity nmeasurenents for naturally processed peptides and for synthesized

T-cell epitopes. 25 These data al so indicate the inportant role of

determ nant selection in the shaping of T-cell responses (see, e.g.,

Schaeffer, et al., Proc. Natl. Acad. Sc!. USA 86:4649-4653, 1989).

Accordi ngly, CTL-inducing peptides preferably include thosg8tgcat 200Bve an

| C50 for cl sasodosHBA nol ecul es of 500 nM or less. In the casgush/o270s

notif-bearing peptide epitopes fromtunor associated antigens, a binding

affinity pl’ﬁfeﬁshleﬂnﬁod)fneﬂ@,(beﬂtﬂdeb&ﬁt bdbit gbavmeadtive bindmgaecthai edduh Viccing®or
resulting CTL populations. In a preferred

Killing of tﬁ@mr cells g%
enbodi ment?, CCF G| GRS A—EEES rent of binding activity for an HLA- A2

al | el e- speci f i Kor @Rirssielpeptides Biat @8:osiRE B the AL ADAY BirAing 8497 MEdhatHaval finity
are then considered for further analysis. Selected pepti des nmay be tested

on ot her bigdpspLingy velhes of )R pMgsdessaare pspayadfonthe ainfityxdtis peprie2o dstnags
PCT/ USP2/ Qe 4@8 Cﬁqu'E%gB&g PRI SR Snce pﬁ:ﬁ%krﬁﬁ%f ! ﬁécém W hhveH B ﬁ]c(xgaqgci:' Ve

bi nding are then used 1 n vaccines or creeni ng ana ysSes
exanpl e, wibe pepiisle chmbe aseayed ﬁm;‘.hetabvlgyrtmmﬂm G Arcsponisesriniresgormiesesl] i . e.

tht h ff t 500 I ed for, the
et o o O b Pl B 5% b O 3 B SRR
i nst ance, celinbi dendrife mle(llnametaﬂ.l,l$ﬁphMedhl€66€leQE987) Bodp 0], Inhiufold pepti de

can be asﬁ@ﬁi{’ the ability to induce CTL responses in responder cell
popul ati o 1 %En presenting cells can be normal cells such as

peri pteral bl w%nﬁﬁhﬂ@l@uﬁhﬁﬁtrmmﬁﬁﬁlia% cell lileydlatiabd GefleRhl @ theiP&HiRty t810aBlclass J
Exp. Med._ 166: 182 19 Boog, Eur. J. Inmunol. 18:219 [198 gg!

Al t er nat i MBPisculen i ‘WHWNCQ%CQ:E‘TH"C‘% sch a6 thermense celblinesi %(Weﬂr
bility tg | | | h
ability tg heage, 0319%35 (1988P Lgﬁg%gi? rég'ai hed, N, 9);19;%3»’21%9%%92"?36@1%‘? 13@'6*{* suc

as the nouse cell Iines ture
Lj unggr erfungan sgmatic Fygell hyprid) T (§srundolo; @ 96 N ETEBAS Y9153 (1990)) ant evhidhurman

somati ¢ haQrﬁ béenhﬁaggi’eged Gﬁnﬁ g?érgglsmﬂk: %er%egkvh%h e’ncc%%f[hufn?m %ﬁ?s f" rﬁ%flﬁﬁs 41'1990) )

and whi ch ave been trans e appropriate genes th Bhcode
humanlx| agegvéniently ased, w!;erap@tidéiswogeanilskmdd;d trstheln, tohiest fqrelpt dageciiysof the

exogenouiﬁ ?g o Leat for th apa eptide to
Cnduce i eétl gefﬁlducg m vzte @”E‘“a@’s ponrseégonsa er eﬂﬁwé&qegt@gﬁ ﬁhg 4 gan gg ufeﬁiat can
be used mciudimwhmuams@useli lzeaichas iﬁosdlulmamsumw canmucm 1250 Y26 166’0TCC
cell line %%%#26}%% &1166% Clﬁgﬂ, 285 6586) 5&%}0 ATTC CRL
8851), ar RGP HATTC GREASY! ('@B‘?‘E BErlddapeth (ATEE) |
lines s uc@CBSOPanﬁGj}Gﬁipﬁﬂd cetidinks $uch@s & SeitefdeP D@l RN (set-Schdider 9! EmbBL Exg0
Mor p;zoo )% ,{p? a}i ? éi_b Peri pheral bl ood | ynphocytes are conveniently
i sol ated ‘181”8 3s 1 &ni puncture or | eukapheresis of normal donors
or patients arpdripesl bisodiBpHoR SO bnvetlchtlp QUfafé@%lﬂicmg LimpR RauRQLR or! N
one enbodi nent, the appropriate antigen-presenting cells are incubated with
10- leukapheresis of normal donors or patients and used as the responder cell sources of CTL

precursors. In one embodiment, the appropriate antigen-presenting cells are incubated with 10-

100 uM of peptide in serum-free media for 4 hours under appropriate culture conditions. The

25  peptide-loaded antigen-presenting cells are then incubated with the responder cell populations in

vitro for 7 to 10 days under optimized culture conditions. Positive CTL activation can be

determined by assaying the cultures for the presence of CTLs that kill radiolabeled target cells,

both specific peptide-pulsed targets as well as target cells expressing endogenously processed

form of the relevant virus or tumor antigen from which the peptide sequence was derived.

30 Specificity and MHC restriction of the CTL is determined by testing against different
peptide target cells expressing appropriate or inappropriate human MHC class I. The peptides
that test positive in the MHC binding assays and give rise to specific CTL responses are referred

to herein as immunogenic peptides.
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100 Ei M of peptide in serumfree nedia for 4 hours under appropriate
culture conditions. The 25 peptide-|oaded antigen-presenting cells are then
i ncubated with the responder cell populations in vitro for 7 to 10 days
under optim zed culture conditions. Positive CIL acti vaticgﬁ rq%ﬁ aﬁi
determined by assaying the cultures for the presence of g a il

r adi ol abel@&“@’ﬁﬂdg cells, both speC| fic peptide-pul sed RGI¢RIRAO2708 wel | ‘as

target cells_expre end ssed  formof the relevant virus
or tunor ant Fgene! 1"? “Gﬂp ? ﬁﬁ?%’ép%yﬂgeﬁg’gh'a?emé@)% aH@P?'EE@“"%BCP“deS .
Speci fi atdoyin@BHIMLIGE IHRThitbyek tHANbIAA td AR ecifie HIGA 8fatd NBGleled 88 HiGu@pal nst

different peptide target cells expressing appropriate or inappropriadte
hunan NH&P&?S%%pqptld%@%pww Aads indength andaverlenping Raeeipht antieo ®#hdi ng

?ﬁmﬁﬁig?ﬁ?é‘“é’éﬁﬁc A e el o LTV s Gz A S

6J. typeriGnwere etaaatad vt b3Eig to ﬁQQdeelhmlfsriﬂm mdiextulasttiat hrelea pircksed at

EFS&L"?T‘}% itk e AL el ° SRR bRl e i mRisplovedng e as 1 n

| engt h avniuabmebfﬂ]pmr&‘djptby vemgbfﬂamcms hmiotlss. Favfdtheepidfdes peptidbs, o cover the
entire seqguence O&”’i“gf’dgf and E7 pr eifeslns of __human papil|lomavirus 5 type

16, wer &° &? WeEd ahRAuRd te 1 3llelrsspasific HEA B’é’!ﬁcf‘leé with Righfirecul es t hat

are eXDﬁrﬂ&ﬁ@dxa@tafﬁmﬂfoffzh&qlz%eymﬁmg(zdl d1fo6y, Qate :ﬁ&hﬂﬁ&nﬂéwm this ¥y
unb| ased set of peptides allowed an eval uation of ictive va ue of

HLA 18| ademenstrated fl? vajiie hmoiés lopthe ddentification of pepsisle emzopepécmmqi@somm e

i denti f h r

|t or o f*’f"f"?ﬁf"?ff% P Bpt I ErMER techfobb i AG Bl WP o0l 3 ol

mot i f - bé@xﬁntw@;epxmes hemusntstb’aﬂyvail@bldeﬂmidss,raad&tt complexitly oéthefscremting s for the

i dentif| cIu |on cation
of ot i Popes g R m AR ot PSR 0P AR A B B S s PBBRG T ¢ e
pot ent i alllthetplus@q;feaotlffhe gquantity of avail abI e pept i des, and the conplexity
of e Screepin roc a. conpr ehensi.v val uatj on of an
ant}]gen hi gh 'g‘r“f‘g?%?ﬂﬂp‘apﬁv‘vf eﬁggpq ‘ﬁﬁ%"s@v?ﬂ 1 3% ‘5“51%’9@6?0&5?4@& 15 An

i Munogesticine pepposittorePinipeRd Allditibml beptas %p@dpeaavmb Qarh® sxlmgéﬁ dmhgen@ from

polyepltoplc vacci osi tion_conprising _additional peptide epitopes of
t he  sank'SAPF sRURCce, %?F??rgaé‘nger\srfﬁ’m ?‘Iﬁ@’eé‘é?%‘r%@f{%féov%rﬂ?séll H?PQjéﬁ% §rom a

differ eﬂkluﬂ@(ﬂil@@g wih EROVEDitopdsaPeptlde eﬁf%ﬁe@@fofn meemﬁgamig@ﬁmg%g aésh g wth
class | € Pepti de eplitopes fromthe sane antigen nm | acent

epi t ope®P! E?%raéc %wsvwemgequcg@qmenéeobtmnﬁwogedl&bmeai 1egigns q»fam d| fferent
regp@nsp ,Q,{e,,; he 20 protein. As noted in greater detail below the

| mmnogenl c peptides can be prepared synthetically, such as by chem cal
synt hesi s orApyotedbiggieateraeteil brjaw; getimoiunggeniopeptides candd preprmsrh nat ur al

; our ¢ rez%l%gféh%ﬂ@ YRR S by LHHTES sHthdshBR b recohibIRHEBNAERERE, I86 i¥idila

from natural sources such as whole viruses or tumors. Although the peptide will preferably be
substantially free of other naturally occurring host cell proteins and fragments thereof, in some
25  embodiments the peptides can be synthetically conjugated to native fragments or particles.
The polypeptides or peptides can be a variety of lengths, either in their neutral
(uncharged) forms or in forms which are salts, and either free of modifications such as
glycosylation, side chain oxidation, or phosphorylation or containing these modiﬂcatilons, subject
to the condition that the modification not destroy the biological activity of the polypeptides as
30  herein described.
Desirably, the peptide will be as small as possible while still maintaining substantially all
of the biological activity of the large peptide. When possible, it may be desirable to optimize

peptide epitopes of the invention to a length of 9 or 10 amino acid residues, commensurate in
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substantially free of other naturally occurring host cell proteins and
fragnments thereof, in sonme 25 enbodi nents the peptides can be synthetically
conjugated to native fragnents or particles. The polypeptides or peptides
can be a variety of lengths, either in their neutral (uncharged) forns or
in forms which are salts, and either free of nodifications $UORTa%06

gl ycosyl at i %0 02¢6thds chai n oxi dati on, or phosphoryl ati on orpepoéiotopg t hese
modi fications, subject to the condition that the nodification not destroy

t he bi ol oifiecth adpganous)y processed vitsll pensides erctumgrcell3@phidasehat ackdwond toedHC

Desi rabl ygast I ' ' s small as possible while still maintaining
subst ant ioazlis%yﬁlgﬁgmg%)&ﬁhﬁdghk)f%ﬁggi cal activity of the | arge peptide. Wen

possible, it li’aiytidm hﬁ\dsgf thaldksret] activityi mayziee rgoda'ﬁéd ghaleeéﬁsirgrﬂ@proofdetk&in 6 28
invention,t.o a length of. 9 or,10 am no.acid residues, .comensurate in 1
oCT 2005%\5/\8‘162‘}’5%‘%@%’#%?7%% 36'?%%0%?65éhwcewsambv&éﬁmqayngpwé@%d

vi ral Spepttaiitsg substiriany alt 6f the Bﬁ)ﬂﬁéim&tivhﬁbfﬁ{e%n%gﬂgd beptMe%o binki @RXebired

nol ecul e 8 t(ge el |l surface. Peptides having th esired activity may be
nodi f i ed%\gg e 8@@%"?‘59 acpvale @\?PER?OM? _Eicﬁ“- Hef_sliﬂ?té'_@feaﬁbﬁ Pﬁm@p&m,ayb@gd.bject to
i mpr oved vahaushames Hubitds sﬁPﬁftﬁRJn?,re'itﬁEt‘ cﬁ)ﬁse_ vk Br h&)c-éo%;glé'gélﬂleo&'hgé sdcfast o

retaining substantlallgé all of the biological activit t'he unnodi fi ed
pepti de tcBagenmight erayidsiferagrtaintadvantagse in theianse, suchiay anprovdieMA G binging. aB
T-cel | . RBhseABLAABSHER ; j subj.ect. to .various changes, such
as substict_ ustei.ons, elgtgtﬁ{éér}ﬁégﬁgéedrt 3%?%0\%\/ ag%ﬁgﬁgéégﬁegléjﬁgf‘%\?ﬂ?tg%vélp Such
chand@s nigtgicablyamilidecticoricatlysinsilan, eglyamnthydephobic tdRiue foiRotheisfbraPpolarPr oved

VHC bi ndi consef.vat i substjtutions i.s nmeant replacjng_an am no
acid resiaue e\?ingrtaﬁwg]ﬁfjt ¢ Subafityiont glck’(ﬁ‘eﬁ?’BP'(S‘@ti'Qf’élsP@‘ aérél?"d?lab}{%lrﬂ]%#}lwet;
sim|ar, AspgGly; Ang GlyBepetiie, ARS afd/Bhd, Tyr. an dTRE: ofRine®EniROLA@L T esi due
f or anot her .{u'[ige substituti ons |nclude conbinations such as Ay, Ala; Val,

ti
su n%@&r gl@ , prﬂgeﬁl, usagr{)-a@éqo, acidsy ,Suf_lygxpdiﬂpgjonamy ba&adqysing The

lie, Leu,

ef fect ofwetliknghe peptide@yhdsss pr&éa&%é,ta%&&ﬁsemxé.%?J MErritR1dP 5 8RRY &§§:i35‘ﬂ35’7 am no
aci dz 52@6g%dlfl caitil ons maﬁ be made using = we | known peptide synt hesi s
pr océdur &5’ oy @pq Mearifigld, I 'hg Peptigies, Giopeand Meienhodereeds3N. ¥4 Academid 5
(1986), Badsanyp.anmk hfi.al i . i fer .
Ny pgsorite. 0% BN andlsfaliifa SERbL ot PRI S RIS Re B
Phase Pepierese 2d\Fed RStk (Rockford, 111., Pierce), 2d Ed. (1984). The

pepti des can I fel . i r _decreasi,ng the conmpaund’,

B o a0 d s ehaapogedTaA alsb B bl el b el By SR U omPRRET SRS The
pept i des seuenpsa¢-pgby the additiorP6r detntion bf aminoawidal The peptidescirfangdgdnftmd t eri ng

t he de : Lt rfain residues, it hein r eadi. appr eci at ed
that “ner 1 idURARb bt ARafiea 55l B e PtoBy SR pmopr i Gikeninaeos Ao g

t hose at readily anpeesiataithatacttais amés amid esdsareetisasi HoRgicalR}vige B!, Mdsy anOt

be ol et el L1 PONRL S et choon BLgl ool €2l act ULy IS
effect on biological activity. The non-critical amino acids need not be limited 1o those naturally
occurring in proteins, such as L-q-amino acids, but may include non-natural amino acids as well,
25 such as $-y-6-amino acids, as well as many derivatives of L-a-amino acids such as D-isomers of
natural amino acids.
Typically, a series of peptides with single amino acid substitutions are employed to
determine the effect of electrostatic charge, hydrophobicity, etc. on binding. For instance, a
series of positively charged (e.g., Lys or Arg) or negatively charged (e.g., Glu) amino acid
30 substitutions are made along the length of the peptide revealing different patterns of sensitivity
towards various MHC molecules and T-cell receptors. In addition, multiple substitutions using
small, relatively neutral moieties such as Ala, Gly, Pro, or similar residues may be employed.
The substitutions may produce multi-epitopic peptides which are homo-oli gomers or hetero-

oligomers. The number and types of residues which are substituted or added depend on the
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occurring in proteins, such as L-a-am no acids, but may include non-natural
am no acids as well, 25 such as /3-y-S-amno acids, as well as many
derivatives of L-a-am no acids such as D-isomers of natural am no acids.
Typically, a series of peptides with single am no acid sg?ghvﬁuzbﬁns are
enployed to determne the effect of electrostatic charg obicity,
etc. on biwabngr43kor i nstance, a series of positively chargsor/2e08g., LysS
or Arg) or negatively charged (e.g., GQu) amno acid 30 substitutions are
made al gpaging lnecelssamgbdstweén dskmtiplerphtadépqirm'&al dengincfunidtbndrattripabs which arn‘

al : 3
2 ofbvehfer SRR bR BR R heftRlea s o BRI REBE MHC o et s

such aSmeleauleGIr cheﬁ’rr&cpt@f may Alsb Bé adhisicd uysudnmbémtmlcemdmd tol hne affinity
substi tut| ons may roduce mul ti-epitopic peptides which are homp ol i goners

or het epithe pareigieatide. Lyaay eNshbsRchs4btitytions sererslysmplysaming agid ggsidues or
subst i t yhedy Ot Wﬁg%ﬂ@geemm 1 2afipDRertOR chip: 9R4ASS AR Vhich
PCT/US02/ 02708 spaci'ng necessary bétween essential contact points and
cert ai nmightdisruphhindmgt r i but es which are sought (e.g., hydrophobicity -
versus hydrophi.lici I ' ol | ecul e or
T-cell recepto or o amc{ QQostnt 0% %Pehtsrg 3p %‘;ﬂ%leﬂjﬁéxhu fy>| %sﬁnht%ﬁg,%ﬂoﬂ%r ed to the
af fini tmsembnidranpamﬁhhatmphud@f.mdy‘bemombmedmtb arriveata indd peptidet | ons general |y

enpl oy no .aci.d resi dues or 5.oth Iecu ar s,chosen t voi d,
For O < ShsnfcBR Vaisls & Binst tnovhinh Brasf SeTET AR o PP RS vERORE Y o
A 1@ ag difesdnd fdsidubl iriserfed iAfite play@i Sithlsibstitutidhs gérRrall9aretrgde in &Hbsadnwwﬁns

del etions,. _insertions or_ any conbipnation_ thereof may be conbined to arrive

at a fifsifollpsing dable 2ayhea itiis desiretia finghy madnlate thechpragierstics of e pRPide. | east
one residue of a peptide has been renpved and 10 a different residue
inserted in its place. Such substitutions generally are made in accordance
with the follow ng Table 2 when it TABI&eXired to finely nodul ate the

charact gii.sti R&iffe the peptdso {4 0i nal Residue Ala Arg Asn Asp
Cys 4 i

Ala Ser

Arg Lys, His
Asn Gin

Asp Glu

Cys Ser

Gln ~Asn

Glu Asp

Gly Pro

His Lys; Arg
Ile Leu; Val
Leu Ile; Val
Lys ' Arg; His
Met Leu; lle
Phe Tyr; Trp
Ser Thr

Thr Ser

Trp Tyr; Phe
Tyr Trp; Phe
Val - Ile; Leu
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Ile Leu
Ser Lys,
Arg;, His

Lys Met Phe Ser Thr Trp Tyr Val Exenplary Substitution

Hs Gn du Ser Asn Asp Pro Lys; Arg Leu; Val Ile; Val

Leu; Ile Tyr; Trp Thr Ser Tyr; Phe Trp; Phe Ile; Leu 18 WO

02/ 061435 2-6 OCT 2003 PCT/US02/02708 Substantial changes in fun

(e.g.,

Lon
affinity for MHC nol ecules or T-cell receptors) are 2§dﬂ§'§@$

sel ecting suWORAUHISONSs that are | ess conservative than t heoanuseiabd e 2,
[ sel ecting

. e.

10

15

20

25

30

Substantial changes in function (e.g., affinity for MHC molecules or T-cell receptors) are
made by selecting substitutions that are less conservative than those in Table 2, i.e., selecting

residues that differ more significantly in their effect on maintaining (a) the structure of the

. peptide backbone in the area of the substitution, for example as a sheet or helical conformation,

(b) the charge or hydrophobicity of the molecule at the target site or (c) the bulk of the side
chain. The substitutions which in .general are expected to produce the greatest changes in peptide
properties will be those in which (a) hydrophilic residue, e.g. seryl, is substituted for (or by) a
hydrophobic residue, e.g. leucyl, isoleucyl, phenylalanyl, valyl or alanyl; (b) a residue having an
electropositive side chain, e.g., lysl, arginyl, or histidyl, is substituted for (or by) an
electrdnegativc residue, e.g. glutamyl or aspartyl; or (c) a residue having a bulky side chain, e.g.
phenylalanine, is substituted for (or by) one not having a side chain, e.g., glycine.

The peptides may also comprise isosteres of two or more residues in the immunogenic
peptide. An isostere as defined here is a sequence of two or more residues that can be substituted
for a second sequence because the steric conformation of the first sequence fits a binding site
specific for the second sequence. The term specifically includes peptide backbone
modifications well known to those skilled in the art. Such modifications include modifications
of the amide nitrogen, the a-carbon, amide carbonyl, complete replacement of the amide bond,
extensions, deletions or backbone crosslinks. See, generally, Spatola, Chemistry and
Biochemistry of Amino Acids, Peptides and Proteins, Vol. VII (Weinstein ed., 1983).

Modifications of peptides with various amino acid mimetics or unnatural amino acids are
particularly useful in increasing the stability of the peptide in vivo. Stability can be assayed in a
number of ways. For instance, peptidases and various biological media, such as human plasma
and serum, have been used to test stability. See, e.g., Verhoef, et al., Eur. J. Drug Metab.
Pharmacokin. 11:291-302 (1986). Half life of the peptides of the present invention is
conveniently determined using a 25% human serum (v/v) assay. The protocol is generally as
follows. Pooled human serum (Type AB, non-heat inactivated) is delipidated by centrifugation
before use. The serum is then diluted to 25% with RPMI tissue culture media and used to test
peptide stability. At predetermined time intervals a small amount of reaction solution is removed
and added to either 6% aqueous trichloracetic acid or ethanol. The cloudy reaction sample is
cooled (4°C) for 15 minutes and then spun to pellet the precipitated serum proteins. The
presence of the peptides is then determined by reversed-phase HPLC using stability-specific

chromatography conditions.
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and Qgele! Sneliels (AN ERNRrLEd S ATOSkHAN ARk DhoRkDEARLn ZNe
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peldcet ihigoptide bparhhbeadidyrineticprliieh are. sulidtantiafly eselmegedoindehphysibegicids i s

t hen determ ned rever sed-phase. HPLC. usi n abi |l ity i.f

chr onat SRHEHI9RS 'Eg%%ﬂa{:?rﬁﬁ’ée.tyﬁ’ﬁg%%}%&%SegSi&gl%@é?%ﬁ% ‘B&é%ﬁfﬁ?&{ The
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stimulating activity may be nodified to provide desired attributes other

t han i npreerpbepasernesd Rat e qompaiseqpf the same residues and thus may be a hetero- or homo-
oligomer. When present, the spacer will usually be at least one or two residues, more usually

25  three to six residues. Alternatively, the CTL peptide may be linked to the T helper peptide
without a spacer.

The immunogenic peptide may be linked to the T helper peptide, either directly or via a
spacer, at the amino or carboxy terminus of the CTL peptide. The amino terminus of either the
immunogenic peptide or the T helper peptide may be acylated. Exemplary T helper peptides

30  include tetanus toxoid 830-843, influenza 307-319, malaria circumsporozoite 382-398 and 378-
389.

In some embodiments it may be desirable to include in the pharmaceutical compositions

of the invention at least one component which primes CTL. Lipids have been identified as

agents capable of priming CTL in vivo against viral antigens. For example, palmitic acid
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I nstance, the ability of the peptides to induce CTL activity can be
enhanced by |linkage to a sequence which contains at | east one epitope that
is capabl e of inducing a T helper cell response. 5 In sonme enbodi nents, the
T hel per peptide is one that is recognized by T hel per- cell g i{i‘CT

majority of ‘E@Oﬁ@f’?' ation. This can be acconplished by sel €ctlhg am no
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or hono- thlggﬂr%gr%mp n{lﬂmgar?hgzg11 fml%kﬁee Sp agéﬁgﬁgﬁﬁé Wztﬁg) ¢§ 6%"13%%%331& one or
two resi dn%ldeﬁﬂn@ displiyls lagy aﬂﬁommewltope,sthe(twoa&nmuasonwah ®epahbivied v, méBe CTL
pept i he T out a spacer. The
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or via a spacbraddatont dtﬂ:tmlrmlﬂds acidy daf by atléydto MHederdfinitdTa ﬁﬁqensﬁdvﬂﬁ:tfog he
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conposi ti 8% 23 WEOsIGv Rifteimsnl yaine, sdutamics @sragtifasik A thmke,wap bt introd @A at
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against viral antjgens, For exanp palmtic acid

02/ 061435°BEERERIEF Goring qhé@?%ﬁ%scs egﬁw pentidet ae%@@!qnothpmeptaiemahmmqm | on
an no gr osgasiendks danldiffer ffoth i GaRRd s&c{ﬁ%ﬂcelﬂmﬁ%modlﬂed by terminal-NH, acylation,

e.g., by alkanoyl (C1-C20) or thioglycolyl acetylation, terminal-carboxyl amidation, eg.,

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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preparatlon of peptl es of the invention can conpri se use of "reconbi nant

DNA t ec HAgJFofAfe bieaH dorradministeation tq H'émg@éﬁaéfﬁ’t!@ﬂm limansto dhesapgntidalivrinealgeni c
e e Bl B M BELE 0k BTN iR ™ ©
PCT/ USO2mppin@genic peptides of the invention include prostate cancer, hepatitis B, hepatitis C, AIDS,
renal carcinoma, cervical carcinoma, lymphoma, CMV infection and condlyloma acuminatum.
25 For pharmaceutical compositions, the immunogenic peptides of the invention are often
administered to an individual already suffering from cancer or infected with the virus of interest.
Those in the incubation phase or the acute phase of infection can be treated with the
immunogenic peptides separately or in conjunction with other treatments, as appropriate. In
therapeutic applications, compositions are administered to a patient in an amount sufficient to
30  elicit an effective CTL response to the infectious disease agent or tumor antigen and to cure or at
least partially arrest symptoms and/or complications. An amount adequate to accomplish this is
defined as a "therapeutically effective dose” or “unit dose”. Amounts effective for this use will
depend on, e.g., the peptide composition, the manner of administration; the stage and seventy of

the disease being treated, the weight and general state of health of the patient, and the judgment
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OCT 2@85 The pcptlde compositions can also be used for the treatment of chronic infection and to
stimulate the immune system to eliminate, e.g., virus-infected cells in carriers. It is important to
provide an amount of immuno-potentiating peptide in a formulation and mode of administration
sufficient to effectively stimulate a cytotoxic T-cell response. Thus, for treatment of chronic
infection, immunizing doses followed by boosting doses at established intervals, e.g., from one

30  to four weeks, may be required, possibly for a proionged period of time to effectively immunize
an individual. In the case of chronic infection, administration should continue until at least
clinical symptoms or laboratory tests indicate that the infection has been eliminated or

substantially abated and for a period thereafter.

23




WO 02/ 061435 PCT/ US02/ 02708 of the prescribing physician. Generally for
humans the dose range for the initial inmunization (that is for

t herapeutic or prophylactic adm nistration) is fromabout 1.0 g to about
20,000 g of peptide for a 70 kg patient, preferably, 100,@ ci080 -, 200
9 -, 250 Gwpro2a8%s9 - 400 g -, or 500 g -20,000 g, follpue Su%mgosti ng -
dosages in the sane dose range pursuant to a 5 boosting regimen over weeks
to nmont hs de ' 3 : | 4] asuring
speci i o Cre EpipPpdRAtk R8RS e e fRE RS inRAL e ARENdEh 86 lenylOSUT 1 1
r econbi mapital, oralekr &cal AeiinistadiovnniPsptides bbHtheiirvensa@tcantbeadmiliistored tres &amnat er i al

is titrated. to.,achieve the appropri.ate therapeutic response. |t nust be
kept i nHF'AE af”r‘?éﬁ‘a{ ﬂ’é%%‘gf’ P%Egﬁm e&%@é&ﬁ?]@ﬁga‘iﬁmcaﬁ ﬁ‘@'gb‘?s_ét?élﬁta_mi nvention
may gen%ﬁﬁﬁﬂié&ex’@@pﬁ@ﬂlkr@ﬂf,@.g.,ﬂnﬁﬁs‘dn@w.ﬁy,Qh&ﬁ%@olﬁly@hﬁﬁdeﬁﬂm , orSntrachidsGuldfy.

threatening or potentially life threatening situations. |In such cases, in

vi ewd of ThH® the invention prayides sempasitions doypareatasal admiristratign chCOmPHSE 8 i ons of
the inv s : : : ' by ' , It
o poss Dy kO oARE imm dienio pFideE UL A UHERAG in 08 hitleBlaBle chidfer REETHHG

adm ni sterRrqerbscamer & varctheofageews cammesanayohepssd, tei gwater-bufferedwates 8% use,

adm ni str.ati Qr,,shoul d, beqgi n. at.the fikst .sign of i.nfectio r.the,15
et ect ; S, 02l n EHoicabia g (. ThedboblnobiBosti e AEARLYD | e
case of camwehdonal)vestitknown stefilizstiontedhalguespetimby bb steslei fiigredo e resniting at | east

sy ons _are sybstantially abated and .for.a perjad thereafter. |In chronic
i B0c T anseors Saiitinge By e phkaBelRn vk s 95 boryack i ieRiEed prpamiPRg,

Tr eat neBEingfcomBinkd vk b 8téril d¥dlutiof prior W ddhihibatloRNTTRS cornpoliticak midy@oht@ment i on
may hasten 20 resolution of the infection in acutely I nfected individuals.
For t ho®BamgpuicailiAcseriable vpxiliasy sutshnces s seuirpd appraximete pYSipaigelc hr oni ¢

i nfect i eBndifiéhsCRRRESHI LGRSy Hd RAFLHSEA gahlsYioHR AT u@gg&gmgaﬂe%uiﬁ%gms

preventing the evolution fromacute to chronic 1nfection. Where '

suscept Apd Bejlikg, for enamiple, sediem jagripie sodmen loetaigy sodinmyehlends, potassiviechlonde, f or

I nstanc i i . 11 ] be targeted to them

m nﬁ% z?%léﬁﬁle%ga@é?&gﬂ%hﬁ@toﬁg{%t%gn%gmé%bég@r@atg’g%%I ation. 25 The peptide
conposi t i ons Thacoratrgmtibr ofiI€ED sfimmlatdre peptelas ofthe imventidwiothephanhaetiiah and to
sti mul ate th

i une systemto. el iomnate ~Oroy MILUS-INfect cells in
cor 1 o S o (TNERAY RS i B B Sbaftofror, st PR b ateli
p;a ]Pt i deas Fwah ﬁs)IO‘iTl toa30% br bt byDdeglotf arﬁlflltﬂiﬁlrﬁeséllé&bdi ﬁﬁm?].ﬁlyftfy:c i@ nbluines, f
effectively.stinulate a,cytotoxjc T-cC response. Thus, for, treatnent o
ohr oni ¢ ViSPSiESS: fimin aESRTHATIES WG Uit Ractictlar mostn.ol ApSREER ejociisk oA hugpan unit
est ab! i gbgdfotri bethe pbtide Ro@posifisrOiNtANEIFIndleieli 9l h phERIsSeutidBtoRPosiBaninaed,

possibly for. a Erol onged period of tine to effectively imunize _an
i ndi vi dGAPPTE aHag uuibdese of pn arfeptablscarzier preferablyian aghqons PR ARdiISd

cont i nugdiitidtéredin 4 Wakhe ollif e s KWRHYTRosC bf SIGINH Rk QYo bERded fhndi cat e
that the infection has been elimnated or substantially abated and for a

peri od ffEIELRtieR of sich (mpnsitoey isigimans.
The peptides of the invention may also be administered via liposomes, which serve to

25  target the peptides to a particular tissue, such as lymphoid tissue, or targeted selectively to
infected cells, as well as increase the half-life of the peptide composition. Liposomes include
emulsions, foams, micelles, insoluble monolayers, liquid crystals, phospholipid dispersions,
lamellar layers and the like. In these preparations the peptide to be delivered is incorporated as
part of a liposome, alone or in conjunction with a molecule which binds to, e.g., a receptor

30  prevalent among lymphoid cells, such as monoclonal antibodies which bind to the CD45 antigen,
or with other therapeutic or immunogenic compositions. Thus, liposomes either filled or
decorated with a desired peptide of the invention can be directed to the site of lymphoid cells,
where the liposomes then deliver the selected therapeutic/immunogenic peptide compositions.

Liposomes for use in the invention are formed from standard vesicle-forming lipids, which
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25 may constitute 0.1%-20% by weight of the composition, prefcrably 0 25-5%. The balance of the

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

lecithin for intranasal delivery.

Accordingly, an aspect the present invention is directed to vaccines which contain as an
active ingredient an immunogenically effective amount of an immunogenic peptide as described
30 herein. The peptides may also be administered in the form of nucleic acids which encode
peptides of the invention upon expression in the recipient. The peptide(s) may be introduced into
a host, including humans, linked to its own carrier or as a homopolymer or heteropolymer of
active peptide units. Such a polymer has the advantage of increased immunological reaction and,

where different peptides are used to make up the polymer, the additional ability to induce

25
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and, instance, in U.S. Patent No. 5,204,253. Particles comprised solely of DNA can be administered.
25 Altemnatively, DNA can be adhered to particles, such as gold particles.

The nucleic acids can also be delivered complexed to cationic compounds, such as
cationic lipids. Lipid-mediated gene delivery methods are described, for instance, in WO
96/18372; WO 93/24640; Mannino & Gould-Fogerite, BioTechniques 6(7): 682-691 (1988);
Rose U.S. Pat No. 5,279,833; WO 91/06309; and Felgner, et al., Proc. Natl. Acad. Sci. USA 84:

30 7413-7414 (1987).

The peptides of the invention can also be expressed by attenuated viral hosts, such as
vaccinia or fowlpox. This approach involves the use of vaccinia virus as a vector to express
nucleotide sequences that encode the peptides of the invention. Upon introduction into an

acutely or chronically infected host or into a noninfected host, the recombinant vaccinia virus
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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 (hCMV) 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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epi t ope*H8 1“5)%1‘-,“6'?Sde can then cloned into a desired expression vector. 25

Standard r egUhclafleXpieSHASREBE isweletted TR genk l6heafintd kiid olylimkéNegidht are
generally included in the vector to ensure exgresm on . in_the target cells.

Sever al daystream gf Wapramotery dhispdasnyid isdrangfopmedptoan appioprizie Eocpil Yraimb and

cl oy ngnﬁw@piéaareahahgaaedawéamlq&e The SRR BYA BNORqskaBat mbor ef 1 of ent
transcrlpt|on term nat! on; E. coli Ol’lgln of replcatlon and an E. coli

sel ect abinigamar dsavell(as alj othgnelrmpnts ingluged indhe Heriornare eenfyms B8RS TTICHPB US
pronot Chapdifd! a&%ﬁﬁ%ﬁ&)eﬁ& 4nf sfshbﬁctgﬁ'il Qgﬁs%art%rﬁé the &?realﬂmﬂnd can be

cytornegal ovinis ter. See, nt Nos. 5, 580, 859 and
5, 589, 4&3@6&@amﬁemceﬁmlamd@\pomceﬂbsréquences

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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el ectrophor eﬂaﬁsg%ﬁic%npmearls or}]%ppropnate haplotypes may additionally provide a useful tools in
optimizing the in vivo immunogenicity of minigene DNA. In addition, animals such as monkeys
having conserved HLA molecules with cross reactivity to CTL epitopes recognized by human

25  MHC molecules can be used to determine human immunogenicity of CTL epitopes (Bertoni, et

al., J. Immunol. 161:4447-4455 (1998)).

Such in vivo studies are required to address the variables crucial for vaccine development,
which are not easily evaluated by in vitro assays, such as route of administration, vaccine
formulation, tissue biodistribution, and involvement of primary and secondary lymphoid organs.

30  Because of their simplicity and flexibility, HLA transgenic mice represent an attractive
alternative, at least for initial vaccine development studies, compared to more cumbersome and
expensive studies in higher animal species, such as nonhuman primates.

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

used to treat chronic infections (e.g., viral or bacterial) or tumors in patients that do not respond
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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//27/96
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determ néﬂr,\sg_ﬁa prgl%rgosl s for an affected individual. For éxanple, ar%eptl de

of the i k) oryHasFiase erlides eredyrieally RitefiedtoaiHPmprenssasityty revsegtase
per i phergbL®| PRy BPHAMESER ep s whs BQErmtiRE H@sﬁgﬁﬂcﬁfrcﬁ%l hase HPLC and
gen-speci fi cCTLs fol'l om ng = exposure to a patHfogen or 1| munogen. e
HLA- t0et raaiad 2cid anahisiseseqrencingeandion miiss spectrometty. \Liyopkilizedeeptidasgere speci fi ¢

CTLs (s i X -2106. 1998: and Al n, et aL
Sci enceer%%]zfesg?%aé, 19@%11131#@%?&%%), ﬁ%,%tdﬁlé{%ﬁ rt %ff gl’rrl%ycogfé"t"ﬁgmgd? %H@

gen- speci¥q5¢6 @) NR40 ¢Eluks Bomhénmka Bymhyy Switaériand).i pher al bl ood nononucl ear
cells. Atetraner reagent using a peptide of the invention nmay be
generated as follows: A peptide that binds to an allele-specific HLA

nol ecul e or supertype nolecule is refolded in the presence of the

cor r espdixdinplg iHC Ruriffieation chai n and P2-M crogl obulin to generate a
trinol ecul ar conplex. The conplex is biotinyiated at the carboxyl term nal
end 16f the hdhe¥BY¥Heansfornedcedilines Fhea*02a%), M7BU(AC0202), FIENgAMOBEDAML 0 t he

protei n. ., ¥ ra §.00 i I S i b i1d of

strept a\fﬁd?}r?.rsﬁr%f {éegggé)og&fn’l @ob@’M Fﬁﬁgpewgg{ ééﬂgglvvﬁr,e Usebas Be r aner

_cgn b_ef _Lpsxed'd r;; wustal M}th triofreules (Rifgle MHC aRdle &ans-fﬁﬁedcﬂh .|2§|1 By Wdie 81552) gseg g

identifi or .ex e cytonetry, Such an anal ysis ma e use

for di aﬁgts)% b Ogg‘ @@dﬁﬁé%%‘wp@% 8?.’"‘1“#45’63?’{ ViR by chigrp apRP %i“r?ay al so

3e uised_rquiqm @ove Lam?tﬁhesi:, MELvind Val) Ssupplemened ith 25M0SE-ghitdndhe (GIBE, OF
eV%OOpld}gndcljglgr? ,INCY)I, POOeICJt(Il&)n;ig/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, 1., 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/ml in 50 mM Tns-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 uM 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

'y
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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 d%¢ri®ne filed

11/ 29/ 93 3 now.abandoned, which is a continuation-in-p Seri al
No. 08/ 07‘3%2)(3/;9 'f*l’?ed 6/ 4/ 93 and now abandoned, which is 3’&%&%2/&7&;

conti nua on- | 148 hilethodlRPyand now
abandoﬁé S‘I“WéJ ?I%c§1%§swea§§lorﬂ4reé eg%o%ﬁ erléa NO. 65/013 980

filed %é?s&%@@v@@CB mzwz eanfoAddr 2 th 4spa£eges e \M6/32@8M5mmsashcd with 19¢ 26/ 95,
US Serial No. 08/349,177.fj.l 1.2]. er, al 08 622
filed spiummyvgumenold il ﬂzo’égfw/ééé’/"da‘i%g%ﬁ#ﬁ%oé %‘ﬁ'?’é‘é’Ng S ‘%%%
aba“do 8'2 cﬁmﬁkﬁl\}%@ﬁoﬁiﬁy&nﬁﬁmg@rm@v@pmob@ b@E8e EldsOTMbRRIRE adrd1er ei n

rence Exanpl e 17 Peptides 5 Peptides utilized were
syns hesimaﬂwah 5p meMidouethylanigedn 00SMBYeGhupoptaining G 4%dw/ gin- octylghceﬁﬁmﬂ Role

of Secondary chor i ptide L J

Cel | 741927 ‘i@@gff{%g)fjg @%&Egdwﬁssadgﬁjg"%ﬁglf’ ty{eﬁ? éra‘gtrl#&ﬁq %’o(réiIHM 15t opes
(Chi rony G Bas mem&eatat@a)by c%)émdié‘a'iio%‘?ﬁ’CBﬂHbie?% cBRdeftrhtyRi £ 300/ maur i fied to
>95% honogeneity by reverse phase HPLC. Purity of synthesized peptides was

det er mi(Aedcars iBmgerlm MA) iRroteinrmawidy, sengsintrstion-mde{isvengssaafidspletion sfeRMesi| s,
sequenC|n Q ry. Lyophlllzed pepti des were
resuspé’h &%Wﬁ%%@ﬁ%& then diluted to required
congentratl ons in PBS +0.05% (v/v) NP40 (Fl uka Bi ochem ka, Buchs,
Switzerl and). Exarrpl e 2. WHC Purification 15 The EBV transforned ceI | I'ines
JY (A*Q201), M D Rindi N A*0203) DAH (A*0205), CLA (A*0206), KNE

AP ATO2EF RNGARBASIEXE 6802) were used as the primary source

of MHC rml ec Ies n Ie M—lCaII nsfected 72 2 es, we

used as solPwasltatye %?%@?d%méﬁﬁ” f‘f@%@nf{mdff Hegtlsﬁé?%sﬁ’él?%ﬁg:é"}SFIEWOICﬁu[?g?% ro

cul tur ¢aidy JARME ink@tfon @ﬁﬁh C@SH AV J1 AR Rt 4a4Ar8 PeptMeL Eiede a364ys wSﬂépp| errent ed
with 2 nML-glutam ne ( Grand | sl and 100 U (100

pe ni Ci |P|eranfBQd‘ @WWW@WWKSN“GGJ Bey/.» supia)- 1805 e ét’ 10 Wétf f W‘gl?‘éﬁieckcs

| t
(T3t OB Serh bl B0 SRR MO S P BB i o
al ., W&cﬁ&a@&rmﬂﬂhaﬁ? erriGlgB@pnm dBerippd emeatwrwa,ssdmw@gé leAn)fanldtar@tckt@rl
Curr Prot | mrunol 18 .19 (1998)) Briefly, cells were | ed at a

18. 3.
concentof aratease gthibityss. c@“loﬁ’mﬂ a P IH‘MW‘?"S JWTCCB‘I-‘P@'%IC boynd FAECACHYINY | %
(viv) N4 as ouaﬁgﬁ%léﬁgl\f?léﬁ %5@[@%0@1@:&1&%uﬂ“?'fxsméﬁsﬁl@%mo%rhﬁ'en

passed cleared of ™M and debris by
centri fAlmnatmelyatheb@;c@ﬂtOJfM}nghwnd pdliqeictivityowasadeternined bylcepiutieg purified by

m)QBCl (MﬁC/pe Exdg 8c(>erp19>?ess \,98/55 rz}.}xtﬂyody coated plates, and determining bound cpm using

the TopCount microscintillation counter (Packard Instrument Co., Meriden, CT) (Southwood, e?

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 (SEQ ID NO:4)). 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 (SEQ ID NO: 5)), or
MAGE 1 282 (sequence YVIKVSARYV), 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 ICsp 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 ICsp 2 [MHC], the measured ICso values are reasonable
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chromat ography. For affinity purification, colums of inactivated Sepharose
CL4B and Protein A 30 Sepharose were used as pre-colums. Cass | nol ecul es
were captured by repeated passage over Protein A Sepharose beads
conjugated with the anti-HLA (A, B, © antibody W/32 (Sid ?’% 31 28
OCT 2005 WD 02/ 061435 PCT/ US02/ 02708 et a!., supra). HLA ¥ es were
further pwobiedsdsrom HLA-B and -C nol ecul es by passage pe¥RisogoFosl: 23. 2
colum. After 2 to 4 passages the W/ 32 colum was washed with 10- col umm

vol unes a?roﬂlﬁlaﬂMsTdﬂtﬁetHﬁLKd P418esO PatH bordpéritor) Eﬂtldgavﬂ@esteadﬁﬁb&moﬂrm umes  of
PBS, 2-col um vol umes of PBS containing 0.4% (w v) n-octyl gl ucosi de.

d ass | INdsppdentexperEnantss Ay a pestivgconiradghemlabeles yapsiomefitbe raﬁnodﬁbz dprobraCl

cont ai n%ﬂal@oéf&éﬂé’&hgx&%&éh@ ucoside, pH 11.5.A 1/26 volune of 2.0 M
Tris, pH 6.8, was added to the eluate to reduce the pHto -8.0. The eluate

was then concentrated by centrifugation in Centriprep 30 concentrators at
2000 rpm (Am con, Beverly, MA). Protein purity, concentration, and

ef fest i gengss a0faIREREE BRRiIS! were nonitored by SDS-PAGE and BCA assay.
10 Exanple 3: IVH(,l-c %t%%’é"ﬁ%ﬁ%’g Assays Quantitative assays to neasure the

P:]E?Ibln'?l 81;1 0 ng o ?%él?a ?ngk&%é?hdﬂg%@ﬁ & ]%eﬁtqboog’?as%héggoéggg% wer e

per f or anlSQ:;tqntsemr@ ustidyas d@B‘CﬂSIdﬁ éﬂ.A( Sasirlm)qledxle,s &hesalcells werp hraintaingy inef | y,

1-10 nM di.ol_ab d_at t
wi th 1P o ot BRRR A b Pein odRRertEd wBEHpln Sremivs e COPGERa " ©
(32- i CIshgh Ko, ISOpIVBE-ME)ﬂﬁo;hgﬂq)bﬁét&b!o&@cmsmlphﬂgppen@l)m%ﬁﬁn@SEx@ﬁt'i‘ﬁé' | of

proﬁ}ease inhibitors., Follow ng a two _day incubation, the percent of M—IC

bout@ r & e P?f\hﬂwtme%{lé\ﬂm Sraentifip, %A@a(QA)s iCsHs wete grawn med2Sem?
chr omat ggneahird AhdRe of fc;l;%gg Q08e GRMPEINN r&hidrBhRRL %ﬁm&st E@]lsox%r%%g}veflgd MHC

bound radioactivity was erm ned by’ capturing pept1 de conpl éxes on
W6/ 32 ahy ‘F%‘B’éfyg%@ataé $H099 REM aising an [ECRUAGHD septhfaga d/lﬂ)prﬁSBsotngand\hzshEd)pCou nt

(SSL??I\(I:\I{O tirﬁémlg{bh%%e%fﬁegﬁ%%d? ﬁ(blggport 'Eg “d%@%g rh?‘%g)radlo

I abel ed st arﬁdlsdvqnepelletbﬂ ant istoredest] - 709€ of kreatédd @R ﬂﬁteigéﬁkZQsan flda3o A*0205,

fé) and A*0207 assay s an F6 > Y dof the HBV core 18-27

epi opepr(egaéaﬂ%tﬁrcggm %@L%ﬁ%ﬁ?‘gﬁl‘%@@{?ﬂaﬁ%tgﬂ ditieneet sipek Q@‘%‘gF’@%l%‘Pnt hi s
pept i de[lP/oNPaquIgml) BERbrex\ 3O ASelate thém. §8, Cérp3 Wediblry, A¥d1 B30 Fy
respectfvv%\é%wgg > A anal og of HBV po0l646 (se uence FTQAGYPAL (SEQ 1D NO

5)), or 2»%%&h@ﬁE%CWeWsmwu%gowﬁdb atzaeranmf §hE00 mbicellor t he
A* 6802 pdi o Yetelddt@i dolutlofS Qscd(cﬁtraxl'afﬁ%%sé’\ﬁﬁﬁlt&g v@aQQd@edQMher %P@agltnj ely. In

t he case of conpetjtive assays concentration of e yielding 50%
i nhi bi t Y&pme,ef stock detergent solutlon lmmedlately prior to the addition to the cell pellet. Addition
20  of the protease inhibitor cocktail produced final concentrations of the following:
phenylmethylsulfonyl fluoride (PMSF), 2 mM; aprotinin, 5 ug/ml; leupeptin, 10 pg/ml;

pepstatin, 10 pg/ml; iodoacetamide, 100 uM; and EDTA, 3 ng/ml. Cell lysis was allowed to

proceed at 4°C for 1 hour with periodic mixing. Routinely 5-10 x 10 cells were lysed in 50-100
ml of detergent solution. The lysate was clarified by centrifugation at 15,000 x g for 30 minutes

25 at4°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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30 the binding of the radiol abel ed peptide was cal cul ated. Peptides were
initially tested at one or two high doses. The I C50 of peptides yielding
positive inhibition were then determ ned in subsequent experinents, in
which two to six further dilutions were tested. Under theﬂ ?&gﬂ
utilized, where [label]<[MHC] and IC50 ? [WVHC], the neasuled val ues -
are reasomnwbloe/o@d2328 OCT 2004 WD 02/ 061435 PCT/ US02/ 02708 Tapgoe/exxosrat i ons
of the true Kd val ues. Each conpetitor peptide was tested in two to four .
i ndependehimesn{[PBS) amd rtassferdsi ta dpbsisttubieg (SpettraPor 2, Moluwt. ateffd@,000+14{000, of .

h di_ol abel ed.. b vas .al ' h l.e 4:
A'ter ﬁa{s%séu%.hﬁ%ﬁn%@%@s 2 iSas peetiit £ D0 ebaly Boleut Siksionsa N Poous
cel | eéchai,géaro?hlamfszagfﬂ ﬁ'er 2h4 h@ :laoglzpenToﬁ aNelCe R Ay MR pRottia §6ludsh Sour ces

of HLA cl ass nol ecu ese cells were maintained in "vitro by culture
i n RPM wiB4Brifrediby pentrifp gdtioms hd,eQD xg far 32miinttes)l and srei pid of B BO@iorGrdjarsted to

| sl and, 5 - 0 of ' 100U/ m_.of icilli
R T e e e L T R
Sant a AmdanufaéiurerCrstrictivik,ein@ b @vdieinMA-8EFhatust columasise peephiedr @ ddlankef 107, for -

| ar ge-scal e cuI tures, in roller bott atuses. Cells were harvested
by cent Mibsdyelugs tarically Gindgs 108 mep é?P“ISE& U5000 centrifuge with a 259

rotor and wagie rotéuhsﬁg)lé va?ﬁ:a&EdtJhtd)dB@ﬁ%ﬁ-@\-b E%@G‘ol&%h'u&ﬁgﬁ%@@télﬂc()l M
P04, 0.154 M Na | s were pellete stored -70C or

treat ed mnprfo@etgerlqyém woy@vqﬁgr bb Bavity for swater viehupes (€1 enby dbacolums sitass
Cel ly 8 Y S W&v%ﬁ%&r@&«ﬁ PRSI EAlE ﬁlae@vgﬂno%h&%h aﬂﬁgm £ gent solution [1%
( C

NP- 4 Sigma) or Rene curate stbury, NY 11590),
150 mM spieGophd@metit until base[hhle @aﬂleatlmdt ﬂ‘be beund qnebcbcbmas(thtei/msmg@ j/Nbount ed)

o 2, 25000l S0t s Rl LGSR SR SRR

protease I n ors asure
sol uti or6.3 wmdedifoellmep}Dn Stmsmb&l aiﬂd’oﬁl’lgdabhmd IQQTB pieBI0 vassluset. .2 MdiHst | on 20

of the protease |nhibijtor co ai roduc d fi n e trat| t he
Dol | oui DB Vir) PREtIY e dIemir Hrelont SRo BB BB (RapRoet A7 A258) g i -

| eupept ivere lc[di gialylzed agam@sprgs il futtBerdlofitentrhed Qﬁﬁghﬁm&m Q!QﬂszellépﬁerEDTA
3 ng/n. ‘fFIS was, al |l owed to proceed at 4C for_ 1 hour V\nthfgemodlc

Cel |
m xi ng. (eamq“rM? 1 505(hyvigh YYPOrpgmbrangay Ih ?%’eﬁiﬂh‘\bs@%bwaﬁw@ﬂl aeAfBrigent
sol uti onpurififRiohysate was clarified by centrifugation at 15,000 x g for 30
m nutes 25 at_4C and subsequent passage of the supernatant fraction through
a 0.2 filterdhgHLA-ANatigrarieas purifipdusipgraffinitneelyans prapared with mavb-opmingatedi eved

usi ng afs%BﬂM»éé befdsU RS affi?nﬁ?%E%eréﬂr%&éf%ﬂh%%?ﬁ@%rgﬁﬂﬂéﬁﬁaﬁ&aﬁﬁ For

ant i body production, s were arge tissue
cul t20r e (P1gmekwith @ifmnvwgnﬁgmﬁbzaa 51yscnmt 4Higueli Biye teelbmgof imAbeger inl ofibead is

04§ S GRSty YRS LR A B ebLD, | o
sat ur at exMantiomi tetraboratd, aﬁ-'éliN aCl, 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 terﬁperamre 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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added slowy wth stirring to the tissue culture supernatant to 45% (vol une
to volune) overnight at 4C to precipitate the i munogl obulins. The
precipitated proteins were harvested by centrifugation at 10,000 x g for
30 mnutes. The precipitate was then dissolved in a mni £r133 2 2005
WD 02/ 061435 PCT/ US02/ 02708 ‘vol une of PBS and transferred &8

t ubi ng ( Spee@ouparers 2, Mol. w. cutoff 12, 000-14, 000, Spectmg@j)@ghgcal
Ind.). Dialysis was against PBS (> 20 tinmes the protein solution vol une)
with. 4- Guffﬁéﬁlgégn65!0mlMadlmsthslamufeflewamv)erAsanMeztﬁumBmdpelunm sathzﬂsQ) 15he

30" nut o2 M irRe A8l Eflsq B8 oo e sy e Ao BB ths St aq%%éfr
Pr ot ei n- ﬁeiﬁe'pdhﬁ:trm&ﬂel(lﬁugm):atMsthgdftHéredoMxﬁ’d z{kga)ﬁ(‘BGK'Ess dj*?'ﬂ#ée’)%ﬂd yer's

i nstruct r bg n- Abggﬁhar ose col unn was gare A colum of 10
nl  bed vgﬁg?@@pﬂrgﬁﬁa § rhfe l%bww%fpﬂﬂ%weﬁfg@ed Hd-aprolidLeeremlipl e
was | padexk ONb@rd 113 asroqwo;y Wi kRb#h %suxﬁpbwmmé%'eﬁﬁaé\ Bl (§£g?13%69 punp

for large | gading volunmes or by gravity for snaller vo unmes The
col urm wateng 1eftilelg pgcifie prtibericy weternsed tofpupiiSthe sperificiuHe mateeulmam

moni t or egheah %@@ﬁA 3he er until base line was reached. The
bound ant |eboS§K e ute SI?I?}”PE'%B%H%IE citric acid at suitable pH (adjusted

to the appro |danaée¢mswmihn Iof\lhhlacdﬂ)col wdizedtumeashipGhd bipnkingtf EeMS t6SCHssf or
| g&a pH nd f and, 1 used Tris
base waslﬁ%gﬁ? gcuﬁeé&? tall 2e fsﬁgggzﬁﬁ epal., I’—A?‘?{"F”b’ﬁ’é” (cl’&\r,%ﬁga ’rﬁ%gs‘fjﬂ@”é’rﬂlvﬂbdy
(monil@ or Edrrizy PABEYIs MEmnRin elogﬁ)(NIz&guheé,lC%il ?abmdmmgl&\(sgnfﬁ%wwwblé,fs{gczé%}g%g 3, .
concentr Si an n irre system n con e Wi t
YMBO manggggg i)i 1{5128“%%% W&E“‘%&g‘@"%@ WrEemGRbates with arigus ynlabeled
purifi capepnde inhitérotslafid A 18AM ’@%—'ﬂad&‘&ﬁbd%drﬂrcf)ﬂeeﬂpﬁéésr}gr @E‘hth@"BtSycoﬁB:dﬁﬁgpos%
pr epar edNV\A 5 n%g%\&o ugat e Sepharose beads. The affinity colurmhs were
pr epar ed" B8y $he 4%<°ﬁ?3(°éY’H¢W‘S@ﬁH%Fr%§éAWéW§) in2le grejeneedf «'Wrbhase
af fi ni t yinpibitbrf doekkailAPhGn Al eéﬁéﬁtpaﬁgn@@%‘f&ea EliM&y ‘o?@\%gcl{rgorﬂfCa B?e]m
ouncf ad DOT at e

bead is the preferred ratio re washe
buf f &t (¥ @\mrpfl@pMPi\w lrﬁl\nMddIOlnhmaeﬂxralhmra}gMﬁ@dtaﬁMAN&W EDE|A8 2)

until th ne. met h pi nel i m date OmV in
200 i ¢ TR AR RARRIAS d @@&ﬁifﬁp%amsgnﬁ Reeble bRy oG ¢ o
t he pr ot All assdysSeqrb persited cieioder, et al . . Biol. Chem 257:10766
(1982). 25 Athﬁ i ncubation for 45 mnutes at roomtenperature on a
rotator, the b Te speptige brgelbeads
he "ExXQ¥WE nquaatign; MHGgentids gamplexegae mv&dr%m\fva péptige bgelbead

twice wifilr d&r&@%m@i 2 e
sl uzj@/ z}tza ﬁgd Qn alr grtnggl cl)? b?%?%ﬁ?n.{%?%g_'altg 2gsdg4m t%mgpvaﬁ%(ri{g\) Qﬁteﬁ
we

bea B WEBSRIE a6 sonaining 0.5% N BAD rnd PR% NaNs "ﬂleoﬂt%esﬁtdnuhn azi de.
The cel | <2 HI9u €] e ey y_passed
e cel | TSy 6atlufind Hasifhssed 109 %ehb &HMHZ(% Ao {TPt%P 2RO BRSSP v, @

5-10 m 30 affinity colurm]gI w rate mnu
t he bi ncﬁl?f&d@fld mﬁ@rg?ﬁ PR @Nlpﬁé’ackard 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 ICso=[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 ICsg of a positive control for
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relative binding values also allow the calculation a geometric mean, or average relative binding

value (ARB), for all peptides with a particular characteristic (Ruppert, J., et al., “Prominent Role
of Secondary Anchor Residues in Peptide Binding to HLA-A2.1 Molecules,” Cell 74:929-937

25  (1993); Sidney, J., et al., “Definition of an HLA-A3-Like Supermotif Demonstrates the
Overlapping Peptide Binding Repertoires of Common HLA Molecules,” Hum Immunol. 45:79-
93 (1996); Sidney, J., et al., “Specificity and Degeneracy in Peptide Binding to HLA-B7-Like
Class I Molecules,” J. Immunol. 157:3480-3490 (1996); Kondo, A., et al., “Prominent Roles of
Secondary Anchor Residues in Peptide Binding to HLA-A24 Human Class I Molecules,” J.

30 Immunol. 155:4307-4312 (1995); Kondo, A., et al., “Two Distinct HLA-A*0101-Specific
Submotifs Illustrate Alternative Peptide Binding Modes,” Immunogenetics 45:249-258 (1997);
Gulukota, K., et al., “Two Cdmplementary Methods for Predicting Peﬁtides Binding Major
Histocompatibility Complex Molecules,” J. Mol. Biol. 267:1258-1267 (1997); Southwood, S., et
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individual chemical similarities as previously described (Ruppert, J. et al., supra; Sidney, 1., et

25  al., supra; Sidney, J., et al., supra; Kondo, A., et al., supra; Kondo, A., et al., supra; Gulukota,
K., et al., supra; Southwood, S., et al., supra).

Frequencies of HLA-A2-Supertype Molecules

To select a panel of A2-supertype molecules representative of the allelic forms most
frequent in major ethnic groups, unpublished population typing data from D. Mann and M.

30  Fernandez-Vina were utilized. These data were consistent with published data (Sudo, T., et al.,
“DNA Typing for HLA Class I Alleles: 1. Subsets of HLA-A2 and of -A28,” Hum. Immunol.
33:163-173 (1992); Ellis, JM., et al., “Frequencies of HLA-A2 alleles ie Five US Population
Groups,” Hum. Immunol. 61:334-340 (2000); Krausa, P., ez al., “Genetic Polymorphism Within
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introduced at every position of two peptides previousty noted to bind multxple A2-supertype
molecules: 1) the HCV NS3 590 9-mer peptide (sequence YLVAYQATYV (SEQ ID NO:8)), and 2) the HBV core

25 18 Fs>Y 10-mer analog peptide (sequence FLPSDYFPSV (SEQ ID NO:4)). These peptides were tested for
their capacity to bind A*0201, A*0202, A*0203, A*0205, A*0206, A*0207 and A*6802. In
Tables 4a and 4b, binding capacities are expressed as ratios relative to the parent peptide.
Peptides whose binding capacities are within 10-fold of the best binder are considered preferred;
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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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 00 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 51.9 471
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Bl acksCaucasi ansOri ent al sII<—Ii spani csAver age

0o S Ataan

16 0.54° 0.033 027 024 0.10 0.060
17 K 0.054 0.016 032 0.14 0.065 0.043
18 K 024 013 037 079 0.4 -0.13
19 K - - - - - -
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22.345.618.137.130.8 12.71.80.04.24.7 0.00.49.36.34.0 0.00.011.00.02.7
5.21.80.33.02.5 0.00.08.80.02.2 6.40.00.51.32.0 0.00.70. 313 9fr 208

ooo00013030000030803ooooooo4o100000009%§ .
43.148. 243 QBY0GIF 1 39 WD 02/ 061435 TABLE 4a HCV NS3 598 BEAUAEMEE 2 8

oCT ZOOS?QEE!QUSOZ/ 02708 Rel ative binding capacity SEQIDNO 1 2 3 4 56 7
8 9 A 2 A 0203 A0205 A0206 A6802 8 YLVAYQATV1011.01.0

1.0 1. OHBVQord 18 K07 40 0.050 0.31 0.19 0.29 - 12 K- - - - - - 13 K 0.53
0.093 0.60 0.63 0.064 0.022 14 KO0.36 019 0.44 1.0 0.41 0.17 15 K 0.17
Q 026 0.30 0.23 0.16 - Sddwendé 0.54 0.033 0. 27 RRlaB4e BindDig@aphity 17 K 0. 054
0.016 0.32 0.14 0. 065 0. 043 18 K 0.24.0-13 037 04 ' - O ')

02/ 061485 TRAR:E 14D HEl Sclr & Hg po>¢ 020 AT0202 AT0203AM205 AYC20
4 FLPSDYFPSV 10 10 1.0 10 1.0 10 10

—

1 K 0.43 075 072 036 1.7 024 -
2 K 044 039 13 027 017 - 022
2% K 095 082 34 061 13 13 043
25 K 060 075 12 060 076 085 0.77
% K 058 070 68 040 039 18 16
27 K - - 0079 - - 0027 -
7__8_ K 025 022 61 0076 029 025 0.092
29 K 0.14 018 021 018 025 014 042
30 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 (SEQ ID NO:31)). 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 as non-
tolerated. In the ac.companying 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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Zi OCT 2005 PCT/ US02/ 02708 Sequence Rel ative binding capacity igg éPzw 1
23456789 10 A 0201 A 0202 A 0203 A 0205 A 0206 A 0207 A23s8 F L
PSDYFP 0/0%06435.0 1.0 1.0 1.0 1.0 1.0 21 K 0.43 0.75 0.PCx/0S@8212087
0.24 - 22 K- - - - - - 23 24 25 26 27 28 29 30 KK 0.44 0.39 13
0.27 0,17 FABLRJa 0.95 0.82 3.4 0.61 1.3 1.3 0.43 K 0.60 0.75 12 0.60 0.76
0.85 0.77 @3\1%8 8070 6.8 0.40 0.39 1.8 1.6 K- - 0.079 - - 0.027 K O0.25
0.22 6.1 31 39 0.25 0.092 K 0.14 0.18 0.21 0.18 0.25 0.14 0.42 K
Specificity of the Positi q:magwgngq,dg; I@ipatif@l Anchor Residues Based on these
results, the ligand specificit ,é supertype molecules at position 2 and
5 the C t GResidus| WA62@Gn AR 20D Jm"‘ﬁ@Oth"‘WOﬁcllA"P@%I\uﬂW and HBV core 18
F6>Y si ngle—subsii-tutioh a“a-l-eﬁ-s——é\ T AL s+ on anal ogs of a
pol y- al ani ne “pept i #&8(pepttde [99%301 Ihuence R ARAARE/ (ISEQ I D NO 31)).
For these|andl yses,08refer®2dd anidd agi d&34f on ahthor] rldsi dues were defined
as those assaqfiajedis th anpi nfdi ngo capace.iy W thion 10-d@bd jof the opti nal
resi due. AmRo—attegsywhosegFHetatiyg b ndio gapgsi T "Wei&s bet ween 0. 01 and
0.1 were defined auwmm_ﬁm;mi%_axed w-tH a binding
capacity les® than P01 w2 condered &8 nan-*thidratéd. |in the
acconpanying Pt abl es,- a dash ("{") i ndicates 4 retatijve binding of |ess than
0.01. BinNdimy cApaciti €S are EXpresseéd as ratios rgratLve to the rel ated
anal og W th—the—pi-ghestrbinttryg—af -ty fFor—each—ndi-vi-ddal nol ecul e.
D - - - -
TABLE 5b
HBV core 18 Fg>Y
Relative binding capacity
Residue | A*0201 | A*0202 | A*0203 | A*0205 | A*0206 | A*0207 | A*6802
I 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 0.11 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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At position 2 small aliphatic and hydrophobic residues were found to, be
generally 15 tolerated, while other residues, including | ar¥8 &l W
aromatic, MO Mexged residues were typically not well tol erct/esoobaisl es
5a, 5b, and 5¢). L, I, V, and Mwere preferred as anchor residues in nost
(>80% cAABLE 5c (Table 5d). The allel e/ peptide conbinations in Table 5d

refer tg the nunber. of, . nc I n which a given residue was associ ated
with a rg?lgfﬁwn%P?Pdﬁdr%ngWio. 1 range (preferred) or 0.1-0.01 range
(tolerated). A T, Q anﬂeﬁjmigdﬂng%@)gd@quently 20 preferred as anchor 41

WO 02/ 061435__TABIF 5 HCV NS3 590 Rel afive binding capacity
Resi due/vREaGiLaY OZURAT 12051200305P02026AT GHIS2) MOOZED} ABOBIZP. 360. 530. 69 us
0’ 930 480 461 10018y o0 1 RO o T BT 01k 0B ol OBl - TABLE 5b” Hiv
core 18 |[F6M Regl affve |bi A& ng clphcilt y 043 8 IOCP-520 | PEIOUSP2/ 02708
Resi due A* 020 1A 0208 A QZ03 A 04050 ZU6 A R0 /A 680 2 0.68
on aanlona onlnan. o li1.a on o1 a0 7o0.. 201 laYeXe]
T L R AR G L P P D
Q. 260. 4490 490. P40 150%¢53- P%Ph. d15°290. 10487 [ - L0 ... .-
A 0.013 0.26 0.070 0.089 0.075 0.31
S - 0.12 0.023 0.(_)] 1 0.025 0.057
G 0.031 0.011 - 0.017 -
P - - - 0.016
C - - - . - .
D - N - - N -
F - N - N - N
K - N N -
N " - - -
TABLE 5d
Summary

Allele/Peptide combinations

Residue Tested Preferred Tolerated | %preferred | %tolerated
or preferred
A\ 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 } 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 l 4 16.7 83.3
G 6 0 3 0.0 50.0
F 19 0 4 0.0 21.1
P 19 0 ] 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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=T 42 28 OCT 2005 WD 02/ 061435 PCT/US02/ 02708 TABLE 5c Pol y-al ani ne
pepti de ALAKAAAAV Rel ative binding capacity

Resi dueA* 0201A* 0202A* 0203A* 0205A* 0206A* 6802 L1. 00. 920. 220. 770. 490. 011

MD. 430. 730. 700. 430. 510. 010 VO. 0511. 00. 401. 01. 00. 68

10. 0630. 561. 00. 160. 440. 073 T0. 0250. 750. 0910. 200. 351. 0 &8 OCT 2008

AO. 0130. 26 340Q:9890. 0750. 31 S- 0. 120. 0230. 0110. 0250. 057pCT/US02/02708

G 0.0310. 011-0. 017- P----- 0.016 C----- D----- Foemm - Ko- - N------

TABLE 5¢giduey ariviredithé! poéfBieqd ordelefa@ilih 5809, @ the contexts examined. None of the
Resi dueTest edPref erredTol er at ed%pr ef erred% ol er at ed or gref erred

V19172 g8hes pminoceeids oxamged werg@refertedyn anyeomexs gng only sarghy taleratedy
T1914473. 794 (ihe O L4 mtus 2P Wal fddhd §Belthe BftiRal 38diddeln (18 oRts OB Ppitedt

peptides for A*0201, A*0206, and A*6802, and in 2 out of 3 cases for A*0203 and A*0205
5 (Tables 6a, 6b, and 6¢). Overall, either V or L was the optimal C-terminal residue for each
molecule, regardless of the peptide tested. The allele/peptide combinations in Table 6d 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). The aliphatic/hydrophobic amino acids V, L,
and [ were preferred as anchor residues in greater than 66.7% of the MHC-peptide contexts. M,
10 A, and T were tolerated approximately 50% of the time. Other residues examined were either

not accepted at all, or were tolerated only rarely.

A Re-Evaluation of the Peptide Binding Specificity of A*0201

The fine specificity of A*0201 binding was investigated in more detail using a database
of over 4000 peptides between 8- and 11-residues in length. It was found that over 30% of the

15  peptides bearing L or M in position 2 bound A*0201 with affinities of 500 nM, or better (Figure
1a). Between 5 and 15% of the peptides bearing the aliphatic residues 1, V, A, T, and Q bound
with ICsos of 500 nM, or better. No other residue, including aromatic (F, W, and Y), charged (R,
H, K, D, and E), polar (S and N) and small (C, G, and P) residues, was associated with ICses of
500 nM, or better.

20 Consistent with the single substitution analysis, V was found to be the optimal A*0201
C-terminal anchor residue (Figure 1b). Overall, 31.9% of the peptides with V at the C-terminus
were A*0201 binders. I L, S, C, M, T and A were also tolerated, with 7.1 to 28.6% of the
peptides binding with an ICs of 500 nM, or better.

The correlation between peptide length (between 8 and 11 residues) and binding capacity

25  was analyzed next. It was found that 27.6% of the 9-mer peptides bound with ICsg of 500 nM, or
less, in good agreement with previous estimates; (Ruppert, J., et al., supra) (Table 7a). ARB
values are standardized to the peptide set of optimal size and shown for reference purposes.

Longer peptides were also capable of binding, although somewhat less well; 17.8% of
10-mer, and 14.5% of the 11-mer peptides had affinities of 500 nM or better. Finally, it was

30  noted that 8-mer peptides bound A*0201 only rarely, with 3.5% of the peptides having binding
capacities better than 500 nM.

| The A*0201 peptide binding database was further analyzed to aséess the stringency of the

A*0201 motif. As expected, peptides with preferred residues in each anchor position bound
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F19040. 021.1 P19010. 05.3 C6000. 00. 0 K19000. 00. 0 N6000. 00.0 ]“BRE&TO
28 OCT 2005 WO 02/061435 PCT/ US02/ 02708 resi dues, but were ei erred
or tol erateWO0 m/0d38% of the contexts exam ned. None of the th'mnsoamm
acids exam ned were preferred in any context and only rarely tolerated. At
the C-t erhABLE 6aV was found to be the optimal residue in the context of all
3 parent Bglﬁ%ﬁégg%for A*0201, A*0206, and A*6802, and in 2 out of 3 cases
for A*0203 05 5 (Tables 6a, 6b, and 6c). Overall, either V or L was
the optimal Gtermnal rgs g%glﬂjm%@%cit | ecul e, regardless of the
peptide tested. The aIIeIe pept i de Inations in Table 6d refer to the

nunber of Residgh@naes20n | wWHO202 & AJi0R6B |rA02056 ABER08S|saessoeld with a rel ative
bi ndi ng tn-the =0 1lranqge referred) or 10 1-0 Q1 range (tolerated). The

al i phati ¢/ hydr ophobf ¢ ami %8 ag¢i d&0V, |L, %Sland | Merd pridferfed as anchor
resi dues|inlgreat e22t han ®B. 7% 08.60t he I\/B@pept naz cone.ests, M 10 A, and T
wer e tol eraged ppewexi ety 0% Bl the i e ehfTeT TERedUes exam ned were
ei ther pot-acecppted—at—al—o6r—perettol-eratied—onlt—+rarelyy A Re-Eval uation
of the Phptide Binding| SSSEticity of A0l THE filne Spechficity of A*0201
bi ndi ng was Fi nves®Pat ed in mpr &%kt ai | usirjg a-datlabase jof over 4000
peptides|betbweepn 8-- ang 11-residues ifn Tength. It Was found that over 30%

of the 1 pgptipes bearing T or—Mimpositianm 2 boygnd—2A*0201 with
affiniti es—af—5p6—~M—pr—better{(Figire——a)—Betveen-5-gnd 15% of the .
|

1
peptidesihearing the alif i¢ residdes 1, V., A T.| and Qlbound with |IC50s
of 500 nM & better. No othef residije, incliuding gromatic (F, W and V),
charged (R, H, K D and E), polar (S and and snalT (C, G and P)
resi dues, was associated with 1C50s of 500 nM or better. 20 Consi stent
with the SABEE&bsubstitution analysis, V was found to be the optiml A*0201
Ctermn n due (Figure 1 b). Overall, 31.9% of the peptides with
V at theq@t@e(r&m Lgugg%\ere A*0201 binders. I, L, S, C M T and A were al so
tolerated, with 7.1 to 28. Gmmlvgbﬁ]d,wgw binding with an I C50 of 500

nM or betf er The carrelation hetween peptide length (bet gen 8 and 11
resi dues Raﬁduq:) AJOZY cABaZe2 y A*QBOM$W95 )MZGé)ﬁtA*(}Zm *6302nd t hat
27. 6% of ttre—S ||:|02!IJCJ§.: CE)GTB UJUIWISH. R 0] nf?)?’ﬁnn nl\llb lSnr e §J’ in gOOd
agreemenf—with previouks estinmptes ( J. al .”,” supr ét’? Tlabl e 7a) .-
ARB val les Yar e| stbhdaf di ¥&d to tPe pept’Pde sefl- 0of optliomal sil®e and shown
for refefente pur@dges 0.43 0.23 0.26 0.077 0.23 0.087

T 0.033 0.045 0.027 0.022 0.10 0.027 -

P 0.023 - R - 0.012 0.010 :

D R - - - N - -

F N N N N N N

K N N - - N N

Q - - - - -
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position bound 44 WO 02/ 061435 TABLE 6a
Yapaci
R0 V1 00

Resi dueA* 0201A* 0202A* 0203A* 0205 31.00.511.01.0
10. 220. 1¢4Resod)f2. 3802010 A762013 95(02. AX0209 | 2802062 A*6802
T0. 160. 01L20-110.0170.0834 D66 0044 4 P--c-cic O --e--
TABLE 6b| HBY cdre %1% F6>\?2P2e| bt 1% bindtfa capht®ity. =8 ooT 20
PCT/ US02J 02Y08 |Resitduels* 020 1AF 0Z0RA* p2038* 0205A9 02(06A10207A* 6802
| 0. 210. 7007 L50. [T9084g 00 15{) 397 VL1 9 T. UL 65E. OT. @hsdTI.[0U 0.26
LO. 180. 4362301260 0F+H—230—0B+F00330 045002 ¢p 6%20. +64. 027-
PO. 023- -0 '8120 (El SN AU BTSN U N
0.072 - 0.077 - - 0.025
S - - 0.011! - -
T - - 0.043 - - -
C - - N - N
F - - - - -
G - N N - - R
N - - - . .
P - - N - R
R - - - - -
Y R - - - -
TABLE 6d
Summary
Allele/Peptide combinations
Residue Tested Preferred | Tolerated | %preferred | % tolerated
or preferred
\Y 19 19 0 100.0 100.0
| 19 18 1 93.3 100.0
L 19 14 5 66.7 100.0
M 6 | 4 20.0 83.3
T 19 3 9 20.0 63.2
A 6 0 3 0.0 50.0
S 6 0 ] 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

46




45 28 OCT 2005 WO 02/061435 PCT/ US02/ 02708 TABLE 6¢ Pol y-al ani ne pepti de
ALAKAAAAV Rel ative binding capacity

Resi dueA* 0201A* 0202A* 0203A* 0205A* 0206A* 6802 10. 180. 290. 370. 110. 100. 38

V1. 00. 730. 201. 01. 01. O LO. 0401. 01. 00. 360. 0850. 26 M. 0250 1208 OBIMQO 034-

AO. 072- 0. 0 5 S-0.011--- T--0.043--- G ----n Frove-- Go--n-n Ne--n--
P------ %i %’8‘@ Summary Resi dueTest edPr eferredToI er at 59‘/&?@("5?‘\8%%

tolerate eferred V19190100. 0100.0 11918193. 3100. 0 L1914566. 7100.0
M51420. 0%@%93920. 063. 2 A6030. 050. 0 S6010.016. 7 P19030. 015. 8
F19020. 0BthdmgGEs @F0nddion Of §HHAOsIRH. O

Peptide length (n) % Binding peptides ARB
8 171 3.5 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 284 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-
47



N6000. 00. 0 R6000. 00. 0 K13000. 00. 0 Y6000.00.0 D13000.00.0 Q13000.00.0 46 28
OCT 2005 WD 02/ 061435 PCT/ US02/ 02708 TABLE 7a Binding as a function of
pepti de size Peptide | ength(n)% Bi ndi ng pepti desARB 81713. 50. 072
9206627.61. 0 10145117.80.27 1117914.50.20 Tot al 386722. 2 TRBLECTIMi ndi ng as
a function_of main anchor notifs Mtif%Bi nding Position

2C-term nug'Pn(buﬁgﬁﬁ desARB PreferredPref erred52648. 71. 0  FCT/US02/02708

PreferredTol er at ed144628, 40. 3 e edPr ef err ed5 7.60.,098

non-t ol égtdat‘%lh‘fffﬁ%“f i&pf‘éf&? Tﬁblﬁhgl%éﬂ’# %}]eé‘lstr lreB'ﬁge -e(f? 81’%%?138%86?51@6& B

Tol er at g hfdhdt Sd3L 7ALQORBryWRhéQositidhehltdsebatHEd@iae @a 8151d or
non-t ol er at ednon-t ol erat ed710. 00. 014 Tal erat ednon-t ol er at ed1050. 00. 013

Tot al 418Peateringiesse infhindingeappqjity are infgated by dncrrased pndppdded-font Negativg effectse

bi ndi ng | itV tm& C t] . ; I g ; Pepti des

W th onég%r%ga?égr‘%g‘ res?iqg@greg% Sggﬁl?é)dlggrfgélggmlreég%%%d g?gg&ﬁgﬁ%@dr elatively
f r eqéentitalicizehionh Alsd, résiduss dg@ertingdatode prafemes dryiolerstadtandlaars getindieated ksast one

non o Sk SRR B ik B PO Pt R SR D R T
t he O- 7.Hgffe namgalloMassdfghd vdleashowh inf thisestieavarffitbinecioe gradivtive algerithins,

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%) preferred 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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primary anchor preferences as a function of ligand size. To @B0otT 2008
secondary aWg W@locefssects, the A*0201 bi nding capacity of pepﬁbf@%i/&ﬁ@‘:h
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basic (R HR and s rediodwes. oBl i n@s4P) aneh | ar ggopol ag 54 esi dors (Q and
N) were also frequentloyoplgi sruptive. Wile each particul ar size was

p

associ ated Y th uh?que fer &@es, ilP moR59 nst dtes (Y99 pPHerred

resi dues wefe aromgtic o(dws W ¢Gjp Y) Qqry hydr obi L, 14,4V, o, 25 M. Most
pepti de | engt hs exhi bi ted(? a prefer encé3 for d), Y agz' M i n’l'dosi ti()(')lﬁ1 3.
Simlarly, @l | pafti dd.684zes khar ed 22 pref 29ence IHr arddati c nO

hydr ophobi W' esi dilgs i Ny ohfae C-12_4posi t]i.3on. 4&328 O%T4 20 12 0.0010

Y 25 00010 14 13 027 34 1.2 00010
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WD 02/ 061435 PCT/ US02/ 02708 TABLE 8a 8-nmer peptides Position (ARB)

Resi due12345678 A0. 470. 0522. 00. 571. 88. 90. 830. 28 28.8C

CL. 30. 00100701, 30. 592. 31. 10. 0010 D0. 230. 00100. 420. 430. 3408538650010

EO0. 230. 00198.94%9614330. 340. 430. 500. 0010 F2.50. 00101. 41. 30. 275 HY3PP2B10

Gl. 50. 0010171. 82. 70. 384. 80. 0010 HO. 950. 00100. 300. 540. 610. 400. 550. 0010

| 2. 40. 171. 42. 09. 91. 51. 00. 35 K0. 950. 00100. 300. 540. 610. 400. 550. 0010

L2. 41. OTAMLE® 91. 51. 00. 34 M. 40. 731. 42. 09. 91. 51. 00. 13

NO. 900. 00101. 00, 510. 380. 380. 660. 0010 PO. 330. 00100. 380. 400. 750. 503. 40. 0010
Q0. 900. @78ar KEPtides0. 380. 380. 66, 0. 0010 RO. 950. 00100. 300. 540. 610. 400. 550. 0010
51.30.00100.701.30.592.31.£gﬁ%gggAjg?3o.o75o.701.30.592.31.10.11

V2. 40.0841. 42.09. 91. 51. 01. 0 W2. 50. 00101. 41. 30. 2 73.41.20. 0010

y2.50. 0RBiduel. 30. 273. 4. 20. 0010 49 WO 02f0614435 TABLE 8b ¢ nmer p8ptides
218 OCT— - i

Al. 80. 0521422, 311-80. 480530, 802 28 080  0.28

0.70 0.0010 0.57 2.7 1.4 2.1

C 0.86 1.2 0.0010
D 0065 0010 12 17 084 052 021 034 0000
E 0.065 00010 014 1.5 031 0.58 0.32 1.4 0.0010
F 9.1 0.0010 4.4 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 38 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 2.9 2.1 0.34
M 1.4 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 0.33 0.076 1.2 0.74 1.0 0.83 0.62 0.78 0.0010
R 1.6 0.0010 013 0.47 0.47 017 017 0.49 0.0010
S 0.99 0.0010 0.65 1.2 0.45 097 0.51 2.0 0.0010
T 0.60 0.075 0.53 2.1 . 0.59 1.9 098 1.3 0.11
\% 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
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. 700. 00100. 572. 71. 42. 10. 861. 20. 0010

. 0650. 00101. 21. 70. 840. 520. 210. 340. 0010

. 0650. 00100. 141. 50. 310. 580. 321. 40. 0010 F9.10.00104. 41. 12. 42. 66. 84. 10. 0010
. 840. 00100. 581. 60. 690. 430. 280. 790. 0010

. 680. 00100. 790. 833. 80. 261. 71. 30. 0010 11. 30.171. 80. 562. Jé&%% 5 50. 35

. 50. 00100. 140. 560. 570. 170. 190. 460. 0010 L1.91.02.20. 701853 & 10 34

1 40.734. 6 _51.00. 300. 13 N1.10.00100. 780. 520. 32 . 470. 0010
.0740.00186%%&83%%0.470.891.61.60.0010 BeoShaibf70s

. 330. DABLERO. 741. 00. 830. 620. 780. 0010

. 60. 00100, 130, 470. 470. 170. 170. 490. 0010

- 990. OBTEPBEY 20, 450. 970. 512. 00. 0010 TO. 600. 0750. 532. 1

.591.90. 981. 30. 11 V0. 930 PoSididn GRBH1. 72. 70. 750. 301. 0

.580. 0010255. 12. 71. 37. 61. 90. 0010 Y10Q 00104, 30. 523. 21. 07. 41. 70. 0010 50
2'8 p48) WO 02/ 061435 ABLE 8c 10-ner peptides PCT/ US02/ 02708 Bdsi tion

(ARB) Respdue 1234552910141, 301852173 61 A1 T0 03 . 24.00. 28 g 0.28
C0. 630. 00101. 31. 31.80,511. 32. 61. 20. 0010

DO, 120. 00800, 836341 %4010 330. 2263380, 810 BE1110. 6BH100.2672. 83:2280. %7810

0. 400. 920p001099, 43 dedio40. HL04. 13. 43. 22. 33. PF. 0503G. 0038, 35 00010
GL. 50. 00100. 442.10. 910 910, 810. 6/1. 10. 0010 L=
HO. 540. 00E00. 9841 761°%%'8. 428/7%741. 8. 52@.280100.75 043 040 092  0.0010

F 4.4 0.0010 4.1 1.4 3.2 2.3 3.0 5.0 53 0.0010
1.5 0.0010  0.44 2.1 0.91 0.91 0.81 0.67 1.1 0.0010
0.54 00010 090 0.76 1.2 0.42 0.74 1.6 0.52 0.0010
1.4 0.17 3.1 0.67 2.4 1.6 2.7 1.5 0.57 0.35
1.8 00010 013 0.44 0.26 0.39 0.48 022 0.47 0.0010
1.9 1.0 3.6 1.2 1.3 1.3 4.5 2.5 1.2 0.34
1.4 0.73 9.8 1.1 0.58 1.7 2.2 4.6 0.38 0.13
0.58 0.0010 0.56 1.4 0.39 1.1 0.43 0.33 0.79 0.0010
011 0.0010 0.53 0.66 0.40 0.92 0.86 1.7 0.85 0.0010
0.30 0.076 0.97 0.30 1.7 0.48 0.41 0.32 0.70 0.0010
1.1 00010 079 0.35 0.33 0.77 027 .17 0.38 0.0010
1.7 00010 0,38 0.60 0.43 0.58 0.49 0.87 1.1 0.0010
0.83 0.075 044 1.1 1.6 0.89 1.0 0.49 1.2 0.11
1.2 0.084 0.96 0.54 2.0 2.2 1.1 1.8 14 1.0
0.71 0.0010 1.8 4.2 35 1.1 2.6 4.8 1.5 0.0010
9.0 0.0010 7.4 0.74 0.67 0.52 2.0 2.7 2.0 0.0010

So8RBIEALBETES

M E < = RO " Z 2R ~IQO
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11. 40.173.10. 672. 41. 62. 71. 50. 570. 35

K1.80. 00100. 130. 440. 260. 390. 480. 220. 470. 0010

L1.91.03.61.21.31.34.52.51.20.34 M. 40. 739. 81. 10. 581. 72. 24. 60. 380. 13

NO. 580. 00100. 561. 40. 391. 10. 430. 330. 790. 0010 2'8 0CT 2008

PO. 110. 00100. 530. 660. 400. 920. 861. 70. 850. 0010

Q0. 300. 0760. 970. 301. 70. 480. 410. 320. 700. 0010

R1. 10. 00100. 190. 350. 330. 770. 270. 170. 380. 0010 :

S1. 70. 00100.¥%882803#5430. 580. 490. 871. 10. 0010 PCT/US02/02708

To.830.%%§g%gg1 11. 60. 891. 00. 491. 20. 11 V1. 20. 0840. 960. 542. 02. 21. 11. 81. 41. 0

W). 710. 4.23.51.12.64.81.50. 0010

Y9. 00. O3B peptides0. 670. 522. 02. 72. 00. 0010 51 2-6 OCT 2005 WD 02/ 061435

TABLE 8d 11-nmer peptides P / 8 Position (ARB) Resi duel 23456789
Peo S Poo8 (BREY (

1011 AO. 340. 0521. 82. 72. 42. 41. 30. 28
C2. 20. ORmmle170‘ 210 2981 41 90. 630. 791 40. 0010 7 8 ? 10 11
D00. 21

E0. 210. 00%00. - - 023 0.074
F1.20. 001@6. 102402(@@011m148 862710 0.99. 0008 19 063 079 1.4 00010

A L0 A S B U g 025 0 15 o

H120. 0010

| 4. 40. 179E21 4{22143 0pR0878405. 592830085 030 027 025 028 1.5 00010
K120. 00100. 420. 580. 0881. 40. 510. 160. 330 L0010,

L4. 41. 09. ¥1. 42143, f’ég‘gn 65 5§-4930. 24 88 61 0717 00010
M4. 40. 739G21. 43,343.0000879,735. 500830938 14 21 53 076 9.0 00010
NO. 120. 00100. 0921. 7 mi?l.BO.191.61.10.210.0010 o001
P0. 0560. 08101, 78. 381990, 948 3915810 843102808H1014 051 016 033 ©

Q0. 120. 0760. 093%. 709,97 1. 30y 1913 51. 10.4210.9910 087 2.1 55 083 035
R120. 0010Q. 420. 580. 120. 0881. 40. 510. 160. 330, 0010
K 120 042" 058 0.J2 0088 14 051 016 033 00010

L 44 1.0 92 14 24 37 087 21 55 083 034
M 44 073 92 14 24 37 087 21 55 083 013
N  0J2 00010 9092 17 057 13 019 16 1.1 021 00010
P 0056 0010 17 038 14 043 035 11 0088 12 0000
Q 02 0076 0092 17 057 13 019 16 1.1 021 00010
R 12 00010 042 058 0J2 0088 14 051 016 033 00010
S 22 00000 977 027 098 14 19 063 079 1.4 00010
T 22 0075 017 02 098 14 19 063 079 14 011
\Y 44 0084 92 14 24 37 087 21 55 08 10
w 12 00000 61 040 26 0JI 14 88 61 017 00010
Y 017 0.0010

1.2 00010 61 0.40 2.6 0.11 1.4 8.8 6.1

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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S2.20.00100. 170. 210. 981. 41. 90. 630. 791. 40. 0010
T2.20.0750. 170. 210. 981. 41. 90. 630. 791. 40. 11
V4. 40.0849. 21. 42. 43. 70. 872. 15. 50. 831. 0 28 0CT 28
WL. 20. 00106. 10. 402. 60. 111. 48. 86. 10. 178. 88}8 S | distinet oreference
Y1l. 20. 0010 .60.111. 48. 86. 10. 170. ever a I stinc

patterns mgyéggﬁgéaobserved for peptides of a given size. P‘FHPS‘B@%'&%I e,
8- mer. pepias,dech £ki the BedéctiBAVEoRNANORE! BIMBME Peptitiesi drMRY saRBbi bp&fg)ider scggﬁét 1on
3 for theg . hydrophobic or aromatic residues preferred by 9-, -, an _

1- mer peg‘tgh d’gs‘\.*o 0) algprthmse i 4 easultyigrraosy ﬁﬁfﬁﬁlgﬁephdq h@é@gefga& @jnﬁler;fﬁd?r?éiﬂ in
mul tiple k4 ;

Speci F1 crekeat o g OBy bepides Bl ShErihe o EreP R ffrped KBlfe BBl o

t he mai nthiglgnidationredntabass afiabeut 300 pepidieowasdh@ldde fohsQAAP6 A daibdseATTEBAR ent our

ft - r l,& next . A*0201, was assessed.
Igept ihﬁegB ?énwtaf]gg%‘gg%bdéﬁ g‘g@gﬁ% %igsﬁshg} éab%@a%@x%f {’2@3’ Plgtfquéhta“sa_é‘[*‘]é(@floér}h?15| ng
e’ sel ccti oot only A 02010 i i o PoBL dar of e, SELLt i on of et des
| ecti * I ndl ng. peptides, oOr tn ;
L 5oy GRS RS 55t e
bi nding_ Aak and B w6 1A4Q2 Hihe BB GRWI exchinfol iRl | ARIEsofific PreRER WeflPRsd !
red and tol erated residues. Despite thi Imtation, a

32? SL;Z g‘?%?‘{- glf&ce}[&ff %001 PeP?i2R@sVardle mpgl nrefsired fesidust Qiber residias (hds¥, of, T -
suff i eaid ) Siefe 1ofiteROdnaVate! BBbiy Lo BlibA L ARlYSTS B oﬁ)s%ésglgfq%g%eéyo ’

al though an anal ysis of the specTficrty of has been "put
pr evi ousfopuress; {3 had a pegferenge for Is M ard Q. Residysas, Afl anid weas iatsooiated with

i fiClalad : 1 i i -d. ..V, T , |, and M
nhre t ol refPIRLNEIARS, Winlet Siich XA foed P AFOEPE st f Vol dhemi onces
wer e al swereattwall tolematechwith 26RB vhluds' Bd@2en@ ¥hsnd DO, Whidé 1paRdf Mrwad 168Sidue.

' : 1 ” 1 nd were talerated, and were roughly
caot val R dnteteter Koz Y B9 TG0 1 G el onte Al S 8 anetben
pr ef ¥r enwefefred, but wivh arlowe ARBI0d BEZS%)}i_ﬁ%nt |def}'t8ﬁe§r irl\’\ﬁﬁ@[ngt%?é:ed %Cgf’l %%h\(l)\‘Z%)ﬁGa
ffiniti third pattern was noteé ,
wnore Q@ yomeh Bod Akbefeen o5 &g 0. L i Brisrcnot i omicAr i ARG 088 voer
0. 47 andAtth&C-teiih, 1, vand AMineIder WeSoldRlted bylafl A1 alefypdihBR1d tefi@ wALEB02
>0 B p

Vand T e t ptimal residues, with ARB">0.45. "A Wwas also 1 referred,
|>8\HB$(

but wit REe (8-d)-3] andsy gysre thedwe residuesmostorefarred bylpavch allelesVsemsn
wi th | anelopibhal whidi Bt A0R ReiatBemar 382 A8dql gl Ak QAP 0,
tolerated, with ARB <0.010. At the Gtermnus, 1,7V, L[, A an Wer'e
t ol edat SESIBAE- di A Al Muyrse uspebly asspeiated wish {ewer &R B wilods. ARB >0. 060 (Fi gure

4a-d). | andpyc¥hBidnhthel MRitohS OB hai r 51 by etach allele; 4 has

t he opti nal residue for eAé*(%lZ(())S, ,%ihggog?ﬁaang&%ogéé%ueﬁ RIEISTTYd, B LQZ‘Trf"fl' ﬁ{e

next nmo*0BPEMEFe algo well tolerated by other A2-supertype molecules. While each allele had a
somewhat unique pattern of preferences at position 2, the patterns of preferences exhibited by

each allele at the C-terminus were fairly similar.

25  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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20 residue. T, A, and Mwere usually associated with | ower ARB values. In
concl usi on, the position 2 and C-term nal anchor residues preferred or
tolerated by A*0201 were also well tolerated by other A2- $hOET N

nol ecul es. h allele had a sonewhat uni que patter references .
at positi on%,og/?ﬂg%;atter ns of preferences exhibited by }(‘ﬁgfﬁf 88 at the

C-term ngapigd &, fahkhigosi mlar. 25 Secondary Influences on Pe tide Binding '
to A2- Su it—,"r‘t'r:t:%ol e%:‘u{%bs The sane library of peptide |ligands was anal yzed to
determ ne thePdpngahadgthl ze prefer ences(n)of A*0202 ~A*0203,ARB 0206, and
A*6802. , ,

of optimal size. %‘é found that for eah nol ecule 9- 11 rrepoéptldes wer e
well tolerated, gith ARB >0.36 (Tablgg9 a-d). For A*0203,74\*0206, and
A*6802, 9-ner peptides 30 were optimal, but 10-mers were optimal in the
case of A*0202. Hér all alleles, 8-md20peptides were nuchOl ess well
tolerated, with @EB in each case < 0.11. 53 1'$ OCT 2005 02/ 061435

PCT/ US02/ 02708 BLE 9a A*0202 Peptide length (n) ARB 8 .050 9 268
0.79 10 120 1.0rotdil 16 0.90 Total 4M39TABLE 9b A*0203 Pepti de [ 'engt h(n) ARB
860. 11 92721.0 101220 75 11160 36 Total 416 TABLE 9cA*Q206  Peptide

| engt h(n) ARB 860. 066 92681. 0 101200. 38
TABLESb  A*0203

Peptide length (n) ~ARB
8 6 0.11
9 272 1.0
10 122 0.75
11 16 0.36
Total 416

TABLE 9¢  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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11160. 66 Total 410 TABLE 9dA*6802 Peptide | ength(n)ARB 860.071 92681.0
101200. 60 11160.47 Total 410 The i nfluence of secondary anchor residues on
the capacity of peptides to bind A*0202, A*0203, A*0206, 3&%$A 02 was
exam ned next. The nunber of peptides available only 54 2%

02/ 061435 PCT/ US02/ 02708 allowed analysis of 9- and 10-ner Ilgands. The
ARB val uesWP894¥er and 10-ner peptides as a function SCHUER®sence of

a partigilaly in%@hﬂkl?9'z{}xd6\05:{?§q{g5ﬁé‘s mélmoanaés%rsmwawmmbﬂ ﬁ‘e%n&él 23 and
sumary maps |1 n Figures 5-8. not ed above, positive and negative effects

are def ifurstiomef thas@wcapédpmlquhartrtﬁi@@-m alspecific ppsign@re shawnp ém Sebdesol0-13,

decr o3 Gig MBlURI ALY 5% ASORAShIWEDYsf 4 nTBRhESrkeiCRe QBfhne £ 2

panel s”and a pane
r espect iassetigted mhehree-ﬁlédr gmate:bmcm:mg ot dectdasesAv Bmmgalffﬁmtyerespaatﬂ'djal es | la

et Pdes, 1 clnbleeyr gnd Wty 8 petel PERPS SR Pthc R PR hond or2G b eRbrmsces. 1

Tabl es %ae@msiyla&e te':stdaamﬂimdaﬁg #G8e 8*0202 ARRY 16 TFabled Ml aanBaME)|a pahelb20720- ner
pepti des, respectlvely, were tested for binding to the A*0206 allele. In

Tabl es P3Berapsptidespnd apargl afallrv?&lodmermaﬂdffsfféfpeﬁwlxd@se tested for binding tpthe1 2o
10- mer F);Ql@?éﬁﬁl%le &g%ﬂﬂ‘éé ié’aQJnM 1 éy‘% ﬁ&l%?tzs‘fi‘ Pfrﬂtg (?Ce&'id”ég bi\Pa hahel &¥8126108R4

allele. Al peptides were base atura urring sequences from
var i ous peptidas, respectivelyi wete testedfar bindjoa tothe ¢i*R2@malldra dn deblee biarand 18bef erred

g”d 1%) gk&ﬁ@?f& d- @%%ﬁéé% & *};%n&%:rﬂ‘z@ﬂ&ﬂx% ﬁn%la} rQ §c'nv@§avé{-@|t f3 gy € based

roupli ng o resi o era escrlbed I n
Rupper t betdirgl to the@et6807 4tlel@ 2311 pe9RIsy wetfedxas@«mrmnarallwccnﬁmgeapmm )froam chor

posi tions.val ues S t.0. a nd| ng

Capact ¢yt e aPELeah B pahoRf erBied il pElstl s Y s d P RERAH

gssoc |d attllﬁdna!ighﬂfbhgr ﬁd]slitlﬁﬁ:s hkmfadeemaal Qedld‘mthe gﬂmmgaféhdmzéany sgmml Bdl cat ed
y underliped an taljc ont. Also, ermn to be

preferr é‘if“g‘Fs th‘Peé? taédie%ﬁ‘i’%ﬁ‘g‘r“&‘&’%“ Pl gé @%?33 }F’bf’ffami’%o 41 ow use of

t he 15valset@fdah 8ot Posititng viiakl Brespon@tf td 53-?6]H%r bRAtePmBbagd ih ¥Rdagdor i t hns,

the values for non-tolerated 20 anchor residues were set to 0.00

equi val épracitarg indigatedity belded goé inceasadfonl MNagAdvecdfsasi asgociates with thage- out

_T_ggl th ith1d RERLIsE §SbindiNg 2ANRY VSInARATE bY ufddHinll /9 iGRARG fodt. A1sca&ueanel i n
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, 13a, 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, I, 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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|Ca, 1O, | la, | Ib, 12a, 12b, 13a, and 13b was 401 nM 342 nM 85 nM 95

nM 387 nM 643 nM 838 nM and 1055 nM respectively. In ﬂg‘:e@
del eterious effects mere frequently (35% aSSOCIated\Mtf;e resi dues -
25 (D, E, An additional 35%of the deleteri ces

coul d be ﬂ%l‘%zrﬁu?%d to Gor P. Positive influences wer eq@r’ﬁ% vel 5 evenly
attriburgBLEQOpasic (R H K), acid (D, E), hydrophobic (F, W'Y, L, I, Vv,
M or snall (A P) residues. Wile each nolecule had a distinctive pattern'
of preﬁ%ﬁ@hﬁ%@ &hd aversions, sone. common trends could be noted in the
case of 10-nmer peptides. nguﬁ%ﬁﬁﬁh? for all nolecules Q 30 and N were
preferred in position 1, d and K were preferred in position 8. D,

E, and REesrdaree uﬁl form?y deI e’terl ou‘é for iO mer peptl des in “Bosi ti 6n 3.

Consensds—s CREES—O . 55
28 OCT 2084 WD bb/ 06H ¢ 3P p ' 38 Posi ti on
(ARB) Respdue 234566818 Aly4p. 164.21. 5@ £60. 2231’2 41.0lg% 43 095  0.0010

Q0. 300. 00100 71T, 22.12. 10. 950. 950. 0010

DO. 0830. 0D100. 8983 . 28980, P0272301950. 0078  0.71 023 095 00010

EO. 0830. 0 100 . 2Q0780. 230.,950. 0 0.0010

F2.00. 001 .90. 510. ?’-’J@Zoo d?r’i B om0 09

Q0. 460. oopoo 662.090 2800 3602110. 6(499001(19 051  0.77 0.0010

H1. 60. 00100. 34Q. 740. 431, 81.10.0010 2 7 11.0

K1. 60. 00160. 3484040 g'g‘g%sl@- 10)db10 éé‘%l 7zoﬂo d&g‘go ?’%8%410 76

ML. 10. 141g11. 40, §92. 3601750, 4. 170.09. 37@,59010@._4350. 248. 80. $41. 510.08®. 0010
PO. 420. 00102. 80.430. 550. 260. 751. 90. 0010
Q0. 371. 001350. 24l 8' @-H71. 51.130. 0040 R1988. 001DHB. 348-7M0. gB#l 431.1d1. 10. 0010

S0. 300. 00400. 714 22. 330:130. 959, 95059910 FQg300180. 711422. 12.110. Afy950. 15

L 1.1 0.081 1.1 1.4 0.79 22 0.75 0.41 0.76
1.1 0.14 1.1 1.4 0.79 2.2 0.75 0.41 0.17
0.37 0.0010  0.35 0.24 1.8 0.87 1.5 1.3 0.0010
0.42 0.0010 2.8 0.43 0.55 0.26 0.75 1.9 0.0010
0.37 1.0 0.35 0.24 1.8 0.87 1.5 1.3 0.0010
1.6 0.0010  0.34 0.74 0.58 0.43 1.8 1.1 0.0010
0.30 00010 071 1.2 2.1 2.1 0.95 0.95 0.0010
0.30 0.18 0.71 1.2 2.1 2.1 0.95 0.95 0.15
1.1 0.29 1.1 1.4 0.79 2.2 0.75 0.41 0.92
2.0 0.0010 2.1 0.59 1.9 0.51 0.77 3.0 0.0010
2.0 0.0010 2.1 0.59 1.9 0.51 0.77 3.0 0.0010

M E < =N wn"Ow 2z X
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V1. 10.291. 11. 40. 792. 20. 750. 410. 92 \W2. 00. 00102. 10. 591. 90. 510. 773. 00. 0010
V2. 00. 00102. 10. 591. 90. 510. 773. 00. 0010 56 28 OCT 2005 WD 02/ 061435 TABLE
10b 10-ner peptides PCT/ US02/ 02708 Position (ARB) Residue 12345678 910
Al. 20. 161. 10. 811. 43. 10. 561. 42. 40.43 C. 0.270.00100. 443.01 20 950. 431. 61
0.0010 5 . DO.160.00100. 282. 29. 13. 62. 20. 00771 0.0010 8 .&8 OCT 2008

EO0. 16000100. 282. 29. 13. 62. 20. 00771 0. 0010 8 F3.90.00105. 81. 30. 832. 81. 31. 5.

2. 10. 00102 00 848 890, 210. 74. . 0.0010 9. 80.22 . PCTuSIzTS
TABLE 10b
10-mer peptides _
Position (ARB)
Residue ! 2 3 4 5 6 7 8 9 10

A 1.2 0.16 1.1 0.81 1.4 3.1 0.56 1.4 2.4 0.43
C 027 00010 (44 3.0 1.2 0.95 0.43 1.6 1.5 0.0010
D 16 00010 28 2.2 9.1 3.6 22 00077 1.8 0.0010
E 016 00010 28 2.2 9.1 3.6 22 00077 18 0.0010
F 3.9 0.0010 58 1.3 0.83 2.8 1.3 1.5 1.1 0.0010
G 0.32 00010 pQg98 (.88 ‘1.0 0.44 0.32 1.0 0.59 0.0010
H 2.1 0.0010 2.0 0.52 0.89 021 0.74 9.9 0.22 0.0010
I 0.76 0.17 0.85 0.65 0.67 0.60 6.7 0.40 0.60 1.0
K 2.1 0.0010 2.0 0.52° 0.89 021 0.74 9.9 022 0.0010
L 0.76  0.081 0.85 0.65 0.67 0.60 6.7 0.40 0.60 0.76
M 0.76 0.14 0.85 0.65 0.67 0.60 6.7 0.40 0.60 0.17
N 4.2 00010 0.38 1.4 0.66 0.36 0.26 0.79 0.91 0.0010
P 0.46  0.0010 1.1 0.091 23 2.5 0.14 1.2 3.8 0.0010
Q 4.2 1.0 0.38 1.4 0.66 0.36 0.26 0.79 0.91 0.0010
R 2.1 0.0010 2.0 0.52 0.89 021 0.74 9.9 0.22 0.0010
S 027 00010 044 3.0 1.2 0.95 0.43 1.6 1.5 0.0010
T 0.27 0.18 0.44 3.0 1.2 0.95 0.43 1.6 1.5 0.15
\4 0.76 0.29 0.85 0.65 0.67 0.60 6.7 0.40 0.60 0.92
w 3.9 0.0010 5.8 1.3 0.83 2.8 1.3 1.5 1.1 0.0010
Y

3.9 0.0010 5.8 1.3 0.83 2.8 1.3 1.5 1.1 0.0010
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| 460. 00101, 10. 0912. 32. 50. 141. 23. 80. 0010

' 21. O0OCABLE Ith 660. 360. 260. 790. 910. 0010 .
10. 0 0%198 g%o 890. 210. 749. 90. 220. 0010 SO. 270. 00100. 443. 01. 20. 950. 431 1
0. 0010 890, 270. 180. 443. 01. 20. 950. 431 1 15 65 ..

V0. 760. 290 850. 650. 670. 606PFMIHDOARBY. 92

'90'08%05 81. 30. 832. 81. 31. 51. 10. Q010

90, ocdesiiusT 30 832 81.31. 51, 10. 0010 57 28 OCT 2003 WO 02/ 061435 TABLE

B
Y3
11 a 9~Wer Peppoges ¢& USaH 027@83 Posif30n OB3D) Resi due] 2345675 O

A0. 950.0772. 42. 31.20. 364 31, 40. 17°C0. 410. 00100, 831. 40, 910. 861. 81, 70. 0010
DO

=0)

F3

10. 760. 170. 850. 650. 670. 606. 70. 400. 601. 0

K2.10. 00102. 00. 520. 890. 210. 749. 90. 220. 0010 |

LO. 760. 0810. 850. 650. 670. 606. 70. 400. 600. 76 28 oCcT 2008
MD. 760. 140. 850. 650. 670. 606. 70. 400. 600. 17 .

N4. 20. 0010§038hsAA85 660. 360. 260. 790. 910. 0010 PCT/USO2/02708
PO

A

R2.

. 420. 00190. 05081 730°%H0. 3683560.1640. 0693  0.86 1.8

. 420. 00 07108g%13quggo §ggg§6 8@30 003 036 056 064 00010

. 30. 001 50. 280 010=—

0.42 00010 @59 073 028 036 056 064 00010
33 00010 071 055 1.5 028 0075 13 00010
1.1 00010 138 1.5 08 13 3.2 12 00010

0.63 00010 42 091 1.9 071 095 030  0.0010
1.1 0070 077 085 063 19 12 056  0.56

0.63 00010 42 091 19 071 095 (030 00010
1.1 1.0 077 08 063 19 12 056 0.4
1.1 063 077 08 063 19 12 056  0.17

036 00010 13 059 2.1 13 097 13 00010

0.015 00010 10 055 1.2 1.8 1.0 44 00010

03 051 13 059 21 1.3 097 13 00010

0.63 00010 42 091 19 071 095 030 00010

041 00010 08 14 091 08 1.8 17 00010

041 0045 083 14 091 08 18 17 026
1.1 010 077 085 063 19 12 056 1.0
33 0000 071 055 1.5 028 0075 13 00010
33 00010 071 055 1.5 028 0075 13 00000

“ & < H B3O w220 R~
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.10. 00101. 81. 50. 861. 33. 21. 20. 0010 HO. 630. 00104. 20. 911. 90. 710. 950. 300. 0010
. 10. 0700. 770. 850. 631. 91. 20. 560. 56 KO0. 630. 00104. 20. 911. 90. 710. 950. 300. 0010
.11.00. 770. 850. 631. 9. 1. 20. 560. 14 M. 10. 630. 770. 850. 631. 91. 20. 560. 17

. 360. 00101. 30. 592. 11. 30. 971. 30. 0010 PO. 0150, 00101. 00. 551. 21. 81. 04. 40. 0010
.360.511. 30. 592. 11. 30. 971. 30. 0010 RO. 630. 00104. 20. 911. &6. 6TI0 209§0. 300. 0010
. 410. 00100. 831. 40. 910. 861. 81. 70. 0010 T0. 410. 0450. 831. 40. 910. 861. 81. 70. 26
. 10. 100. K%Q 9@@E§31.91.20.561.0 WB. 30. 00100. 710. 551. 50. 280. 0751. 30. 0010
3. 30.00100. %98 50. 280. 0751. 30. 0010 58 28 OCT 2005 RSTOPPH®I®¥35 TABLE

11 b 10IABEE pHnti des PCT/ US02/ 02708 Position (ARB) Residue 12345678 910

A2. 10. ooz%,g;e%c% 81.30.561.73.00. 17
C0. 680. 00100 351 00. 820, 690. 692. 21. 10. 0010 DO. 320. 00100. 0743. 71. 12. 40. 60162
0.0010 8 . EO.320.00100. 07#3sifidn (LREY. 60162. 80. 0010

F8. 30. 00106. 46- : —70- _20-

Gl. oo.ogistfg'.eszo.590.6 1. 00.7333. 82. 60. 0010

HO. 750. 00403. 93%.140. @4f§75501 4 74. 70 U85 JUTU 110, 2955 7001830- 6§ {10 pfp- 30 O

C 0.68 0.0010 0.33 1.0 0.82 0.69 0.69 22 1.1 0.0010

D 032 00010 Q74 37 1.1 24 0.60 16 2.8 0.0010

E 0.32 0.0010 0074 3.7 1.1 24 0.60 16 2.8 0.0010

F 8.3 0.0010 6.4 0.66 1.0 1.3 1.7 0.23 1.3 0.0010

G 1.0 0.0010 0.32 0.59 0.63 1.0 0.33 3.8 2.6 0.0010

H 0.75 0.0010 3.9 1.4 0.62 0.55 0.77 4.7 0.085  0.0010

I 0.29 0.070 0.83 0.60 1.1 0.57 33 0.65 0.52 0.56

K 0.75 0.0010 39 1.4 0.62 0.55 0.77 4.7 0.085 00010

L 0.29 1.0 0.83 0.60 1.1 0.57 3.3 0.65 0.52 0.14

M 0.29 0.63 0.83 0.60 1.1 0.57 33 0.65 0.52 0.17
N 6.0 0.0010 0.43 2.8 0.75 1.3 017 0.89 0.91 0.0010
P
Q
R
S
T
v
w
Y

PS8BEL AR

0019 00010 090 0097 1.1 49 3.6 14 25 0000
60 051 043 28 075 13 047 080 091 00010
0.75 00010 39 14 062 055 077 47 0085 00010
068 0000 933 10 08 069 069 22 1.1 0000
068 0045 033 1.0 082 069 069 22 11 026
029 010 083 060 1.1 057 33 065 052 1.0
83 00010 64 066 1.0 13 17 023 13 00010
83 0000 64 066 10 13 17 023 13 0000
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0 655256 ... KO.750.00103. 91. 40. 620. 550. 774. 70. 0850. 0010

L0. 291. 00. 830. 601. 10. 573.30 0 0 655214 ... MD.290.630.830. 601.10.573.30 0 O
655217 ... N6.00.00100. 432. 80. 751. 30. 170. 890. 910. 0010 g8 geT 2008

P0. 0190. 00100. 900. 0911. 14. 93. 61. 42. 50. 0010

Q6. 00. 510. ¢32,80.751. 30. 170. 890. 910. 0010 PCT/US02/02708

Fo. 750, 00198 I 520 550, 774. 70. 0850. 0010

S0. 680. OYEICE 8&:l. 00. 820. 690. 692. 21. 10. 0010

TO. 680. 0450. 331. 00. 820. 690. 692. 21. 126 0 . V0. 290. 100. 830.601.10.573 0 0 1
365520 9-mer RERUASS 00106, 40. 661. 01, 31. 70. 231. 30. 0010

V8. 30. 00106. 40. 661. 01. 31. 7PeREbnIAKB)10 59 2 08 OCT 2004 WD 02/ 061435
TABLE 12a

A 095 052 09 1.6 0.74 .21 1.3 053 0.16

(=]

C 035 0w 047 11 14 075 072 16 00010
D 081 0010 051 14 22 12 021 064 0000
E 081 00010 051 14 22 12 021 064 0000
F 25 00010 14 08 19 16 20 33 0000
G 067 0™ 033 24 024 034 081 082 0000
H 17 00010 013 047 062 061 085 083 00010
I 077 049 41 082 08 24 074 046 0.54
K 17 00000 013 047 062 061 085 083 0000
L 077 0061 41 08 08 24 074 046 0.23
M 077 018 41 08 08 24 074 046 0.071
N 048 00010 039 029 20 094 13 10 00010
P 011 00010 © 047 032 027 019 21 14 00010
Q 048 1.0 039 029 20 094 13 10 00010
R 17 00010 0313 047 062 061 085 083 00010
S 035 0010 047 11 14 075 072 16 00010
T 035 047 047 11 14 075 072 16 011
\ 077 053 41 08 08 24 074 046 1.0
w 25 00000 14 08 19 16 20 33 0000
Y 25 0010 14 08 19 16 20 33 00010
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9-mer peptides PCT/US02/ 02708 Position (ARB) Residue 1 2 3 456. 7829
A0. 950. 520. 911. 60. 740. 211. 30. 530. 16 0. 35010. 471. 11. 40. 750. 721. 60. 0010
DO. 810. 00100. 511. 42. 21. 20. 210. 640. 0010 _

EO. 810. 00100. 511. 42. 21. 20. 210. 640. 0010 F2.5011. 40. 851. 91. c®@B LT8O

Q. 670. 0010&@3%. 40. 240. 340. 810. 820. 0010 -

H1.7100. 130! 83 610. 850. 830. 0010 1 0. 770. 494. 10. 820. 86 2CIWSTAURB60. 54
K1. 70. QG b30. 470. 620. 610. 850. 830. 0010

LO. 770.0614. 10. 820. 862. 40. 740. 460. 23 M. 770. 184. 10. 820. 862. 40. 740. 460. 071
NO. 480 .10meyper8igies 292. 00. 941. 31. 00. 0010
Pan0. 00100. 476- - - —~+-4—4-0-

R1. 70. 00100. 130. 470. 620. 6105w
S0. 350.1QQif 7T TT- 407750372164 00105T035¢470. 471. 11,40. 75Q. 721. ﬁ)o. 11
V0. 770.534. 10. 820. 862. 40. 740. 461. 0 W2. 50. 00101. 40. 851. 91. 62. 03."30. 0010
y2.50. 001A1. 402851. B1562. 03230. Q0L0 6 F 8 Q&b 2003,V0 F2RUGIE3E  ThGEE 12b
10- mer peptides PCT/ US02/ 02708 Position (ARB) Residuel234568910 ’
A2.40.520C621. @81 1099%50. 1923535030 16 1.4 CO. §30. 00386. 23Q.711. §8g8000.dfl. 20

D 0.068 00010 0099 2.7 11 3.2 1.2 0.38 4.0 0.0010

- 90. 292. 00. 941. 31. 00. 0010
010

E 0068 00000 0099 27 11 32 12 038 40 0000
F 30 000 41 08 12 26 18 21 045 0000
G 071 0010 0077 081 061 048 071 073 041 00010
H 14 000 057 056 066 086 09 50 025 0000
I 042 049 38 067 076 090 49 079 10 054
K 14 000 077 056 066 08 09 50 025 0000
L 042 0061 38 067 076 09 49 079 10 023
M 042 018 38 067 076 090 49 079 10 0.071
N 61 000 028 18 047 082 014 020 034 0000
P 017 000 084 12 057 08 026 13 3.6 00010
Q 61 10 02 18 047 08 014 020 034 0000
R - 14 000 037 056 066 086 09 50 025 0000
S 061 000 023 071 14 080 056 12 078 0000
T 061 047 023 071 14 080 05 12 078 011
V. 042 053 38 067 076 090 49 079 10 1.0
W 30 o000 41 08 12 26 18 21 045 00010
Y 30 0010 41 08 12 26 18 21 045 0000
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0.0010 78 1 0 . DO.0680.00100. 0992. 7113. 22380 0.0010 4 . . .

E0. 0680. 00100. 0992. 7113.21 0 0 0.0010 2384 F3.00.00104. 10. 801. 22. 6.

0.0010 1.82.10.45 Q0. 710.00100. 0720. 810. 610. 480. 710. 730 0g.9%& 48

H1. 40. 00100. 170. 560. 660..860. 965. 0. 0. 0010 0. 25

1 0. 420. 493,8Q5/6A%5760. 904. 90. 791. 00. 54 K1. 40. 00100. 170. 56182666 965. 00
0.0010 25 L0.420. 0613. 80. 670. 760. 904. 90. 79. 0.23 1.0 |

TABLE 13a
9-mer peptides

Position (ARB)

Residue 1 2 3 4 5 6 7 8 9
A 0.36 0.13 6.8 0.98 0.71 0.14 34 0.71 0.15
C 1.0 0.0010  0.42 0.92 0.95 1.7 0.60 0.75 0.0010
D 352 0.0010  0.30 0.70 0.28 0.70 0.36 0.45 0.0010
E 352 0.0010 (.30 0.70 0.28 0.70 0.36 0.45 0.0010
F 7.6 0.0010 2.7 1.4 1.8 2.3 1.5 2.1 0.0010
G 0.054 00010 024 2.5 0.48 0.53 0.85 1.9 0.0010
H 016 00010 g 27 0.55 0.68 3.2 3.2 1.5 0.0010
I 22 0.052 0.88 1.3 1.1 0.80 0.65 0.57 0.80
K 016 00010 927 0.55 0.68 3.2 3.2 1.5 0.0010
L 22  0.0078 0.88 1.3 1.1 0.80 0.65 0.57 0.32
M 22 0.023 0.88 1.3 1.1 0.80 0.65 0.57  0.093
N 0.83 0.0010 1.6 0.45 0.36 0.71 0.46 1.8 0.0010
P 0.49  0.0010 2.8 0.43 24 23 0.71 1.7 0.0010
Q 0.83 0.0010 1.6 0.45 0.36 0.71 0.46 1.8 0.0010
R 016 00010 927 0.55 0.68 3.2 3.2 1.5 0.0010
) 1.0 0.0010  0.42 0.92 0.95 1.7 0.60 0.75 0.0010
T 1.0 0.45 0.42 0.92 0.95 1.7 0.60 0.75  0.062
A% 22 1.0 0.88 1.3 1.1 0.80 0.65 0.57 1.0
w 7.6 0.0010 2.7 1.4 1.8 23 1.5 2.1 0.0010
Y 7.6 0.0010 2.7 1.4 1.8 23 1.5 2.1 0.0010
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MD. 420. 183. 80. 670. 760. 904. 90. 791. 00. 071 No. 10. 00100. 281. 80. 470. 820. 140. 20*0
0. 0010 34 PO.170.00100. 841. 20. 570. 830. 261.3. 0.0010 3.6
. 11. 00. 281. 80. 470. 820. 140. 200 0. 0010 34 .

RL. 40. 00100. 170. 560. 660. 860. 965. 00 0. 0010 25 1 . 20 oCcT 2008
S0. 610. 001 1. 40. 800. 5620 0.0010 78 . . O j
TO. 610. 470(@955”% 3’1540 800.561 0 11 278 ... PCT/US02/02708

V0. 420. 33BL80.3670. 760. 904. 90. 791. 01. 0
WB. 00. 00104. 10. 801. 22. 61. 82. 10. 450. 0010
Y3. 00. Ok P%T REPLides). 22. 61. 82. 10. 450. 0010 61 2-8 OCT 20 WO 02/ 061435 TABLE

2.1 0.0010 1.4 1.4 0.20 0.72 0.26 1.1 0.55 0.0010
C2.1 0.45 1.4 14 0.20 0.72 0.26 1.1 0.55  0.062
1.2 1.0 1.2 1.2 2.8 1.8 1.7 0.96 0.74 1.0
1.1 0.0010 2.7 1.4 1.3 1.5 4.9 0.98 2.2 0.0010
1.1 0.0010 2.7 1.4 1.3 1.5 4.9 0.98 2.2 0.0010

13a Position (ARB)

Residue | 2 3 4 5 6 7 8 9 10
A 0.50 0.13 5.6 35 2.7 0.69 0.71 1.3 1.4 0.15
C 2.1 0.0010 1.4 1.4 0.20 0.72 0.26 1.1 0.55 0.0010
D 3.2 0.0010  0.042 4.8 4.3 0.68 028 0.10 1.2 0.0010
E 3.2 0.0010 0042 4.8 4.3 0.68 0.28 0.10 1.2 0.0010
F 1.1 0.0010 2.7 1.4 1.3 1.5 4.9 0.98 22 0.0010
G 0.086 00010 06 0.38 2.1 0.54 1.5 1.5 0.66  0.0010
H 0.73 00010 /6 015 0.70 0.18 3.8 3.1 0.88 0.0010
I 1.2 0.052 1.2 1.2 2.8 1.8 1.7 0.96 0.74 0.80
K 0.73 00010 91716 015 0.70 0.18 3.8 3.1 0.88  0.0010
L 1.2 "0.0078 1.2 1.2 2.8 1.8 1.7 0.96 0.74 0.32
M 1.2 0.023 1.2 1.2 2.8 1.8 1.7 0.96 0.74  0.093
N 16 0.0010 022 1.5 0.20 84 3.2 0.31 1.6 0.0010
P 115 00010 017 0045 0090 0.60 012 0.96 1.8 0.0010
Q 16 0.0010 022 1.5 0.20 8.4 3.2 0.31 1.6 0.0010
R 0.73 0.0010 9716 015 0.70 0.18 3.8 3.1 0.88 0.0010
S
. :

A%
W
Y

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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9-mer peptides PCT/ US02/ 02708 Position (ARB) Resi duel2345678 9

A0. 360. 136. 80. 980. 710. 143. 40. 710. 15 C1. 00. 00100. 420. 920. 951. 70. 600. 750. 0010
D3520. 00100. 300. 700. 280. 700. 360. 450. 0010

E3520. 00100. 300. 700. 280. 700. 360. 450. 0010 F7. 60. 00102 71. 4B 86T %52. 10. 0010
(0. 0540. 00100. 242. 50. 480. 530. 851. 90. 0010 .
HO. 160. 00 MR MH3850. 683. 23. 21. 50. 0010 | 2. 20. 0520. 881. 31PEHUBEA2H80. 570. 80
KO. 160. 70 3. 0. 7830, .570. 32
" 3 0@3109 ﬁigr%%nggéviééogé}?g\ 6‘8&8‘3 bt 1 AR08 8 BEasilor bRt S0Rr R0 _
NO. 830. 120K 6fleabiR re$fdOe Biabe dddexd 61 e8B ADO<bPertype molecule, V is the most preferred

g ggg%g 02: Ohé %é%%%osfg_%g%é%sg%r%gﬁsgemﬁes the presence of hydrophobic and

RO. 160. zﬂ%hﬁm; rési@uea 301, 6834,28, add TS0V Gdddt frequently the optimal residue, while L and I

S1.00. 00100. 420, 920. 951. 70. 600, 750. 0010 X :

T1. 00. 4250 2l89 gonsiigred prefemeds bpicallp beipg thymextmest optimalgssiduss doAsmd Tare. o

Wr. 60. Q ¢10. 0010 y7.60.00102. 71. 41. 82. 31. 52. 10. 0010 62 28
ocT 200%%\%“%%?84%5%%@‘%53%LE 13b 10-mer peptides PCT/US02/ 02708 Position
(ARB) Resi dukhelse@4887 gnginomaps H0A*03H, A30HR2, AG0HB) A7020@8 andiy* G2 were

[0)23 % 8 ol.gﬁ%%d é) ﬁ%ggigl}?gzwg%%&gﬁ%?%g%é%&hor motif for 9- and 10-mer peptides
E3. 20. OFrigive 94 ResiddesI0nGdde@B0prafedred for 0@t thore A2-supertype molecules, without
10  being deleterious for any molecule, were considered as preferred for the supertype consensus
motif. Conversely, residues identified as deleterious for 3 or more molecules were designated as
deleterious in the consensus motif. The consensus motif overlaps significantly with the detailed
A*0201 motif, and includes a preference for aromatic residues in position 1 and/or 3, and a

shared aversion for charged residues in position 3.

15  Correlation Between A*0201 Binding Affinity and A2-Supertype Cross-Reactivit

Because of the dominance in four major ethnicities of A*0201 compared with other A2
supertype alleles (see, €.g., Table 3), it was of interest to determine how well A*0201 binders
also bound to other A2-supertype molecules. It was found that peptides that bound A*0201 with
good affinity (ICsp <500 nM) frequently bound other A2-supertype molecules (Table 14a).

20  Between 36.1 and 73.6% of A*0201 binding peptides bound other A2-supertype molecules.
Analysis of A2-supertype degeneracy as a function of A*0201 affinity also yielded interesting
results. 72.8% of the peptides that bound A*0201 with ICso <500 nM bound 3 or more A2-
supertype molecules (Table 14b). As a general rule, the higher the binding affinity of a peptide
for A*0201, the higher the likelihood that the peptide would also bind 3 or more supertype

25 molecules. Over 96% of the peptides that bound A*0201 with affinities of 20 nM or better also
bound 3 or more A2-supertype molecules. By contrast, A2-supermotif peptides that did not bind
A*0201 with affinities better than 500 nM only rarely (10%) bound 3 or more A2 supermotif
molecules, and never bound 4 or more molecules.

In summary, this analysis of the cross-reactive binding of peptides to A*0201 and other

30 A2-supertype molecules confirms the fact that this family of HLA molecules recognizes similar
structural features in their peptide ligands. It has also been shown that A*0201 binding affinity
correlates with the propensity to bind multiple A2-supertype alleles. ' |
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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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30. 0 24caryng subjopminial tesflues at primary and/or secondary posmons can be 1dent1ﬁed The sub-
optimal residues may be replaced with optimal anchors, generating epitopes with increased
binding affinity (Sidney, J., et al., supra; Pogue, R.R., et al., “Amino-Terminal Alteration of the

20 HLA-A*0201-Restricted Human Immunodeficiency Virus Pol Peptide Increases Complex
Stability and in Vitro Immunogenicity,” Proc. Nat’l. Acad. Sci., USA, 92:8166-8170 (1995) and
Bakker, A.B,, et al., “Analogues of CTL epitopes With Improved MHC Class-I Binding
Capacity Elicit Anti-Melanoma CTL Recognizing the Wide-Type Epitope,” Int. J. Cancer,
70:302-309 (1997)). Following this type of modification, wild type peptides that were unable to

25  elicit responses, or were poor immunogens, may become highly immunogenic Pogue, R.R., et
al., supra; Bakker, A.B., et al., supra; Parkhurst, M.R., “Improved Induction of Melanoma-
Reactive CTL With Peptides From the Melanoma Antigen gp100 Modified at HLA-A*0201-
Binding Peptides,” J. Immunol. 157:2539-2548 (1996); Rosenberg, S.A., et al., “Immunologic
and Therapeutic Evaluation of a Synthetic Peptide Vaccine for the Treatment of Patients With

30 Metastatic Melanoma,” Nature (Med) 4:321-327 (1998); Sarobe, P., e al., “Enhanced in vitro
Potency and in vivo Immunogenicity of a CTL Epitope From Hepatitis C Virus Core Protein
Following Amino Acid Replacement at Secondary HLA-A2.1 bindinglpositions,” J. Clin. Invest.
102:1239-1248 (1998) and Ahlers, J.D., et al., “Enhanced Immunogenicity of HIV-1 Vaccine
Construct by Modification of the Native Peptide Sequence,” Proc. Nat'l Acad. Sci., USA,
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be identified. Because the supermotif describes features of peptide ligands that are shared

amongst A2-supertype molecules, it is expected to allow the efficient identification of highly
cross-reactive peptides, and indicate appropriate strategies for anchor fixing, allowing
modulation of the supertype degeneracy of peptide ligands. A further result of the present

25  analysis was the derivation of coefficients that could be utilized in algorithms for predicting
peptide binding to A*0202, A*0203, A*0206, and A*6802.

As HLA A*0201 is by far the most prevalent A2-supertype allele, both in the general
population and within major ethnic groups, the peptide screening strategy that was utilized
focused first on the identification of A*0201 binders. It was determined that over 70% of the

30  peptides that bind to A*0201 also bind to at least 2 additional A2-supertype molecules, and that
the propensity to bind other A2-supertype alleles correlated with A*0201 binding affinity.

In conclusion, the data described herein provide formal demonstration of the shared
peptide binding specificity of a group of HLA-A molecules designated as the A2-supertype. Not

only do these molecules recognize similar features at primary and secondary anchor positions of
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Example 6: Peptide Composition for Prophylactic Uses

Vaccine compositions of the present invention are used to prevent infection or treat
cancer in persons. For example, a polyepitopic peptide epitope composition containing multiple
CTL and HTL epitopes is administered to individuals at risk for HCV infection. The
30 composition is provided as a single lipidated polypeptide that encompasses multiple epitopes.
The vaccine is administered in an aqueous carrier comprised of Freund's Incomplete Adjuvant.
The dose of peptide for the initial immunization is from about | to about 50,000 pg for a 70 kg

patient administered in a human dose volume. The initial administration of vaccine is followed
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I dom nanty Peptj ARt Mel an- A/ MART-1 To A
Papt | de- Speci f7c. A RHSAG R RebRE AARREReniBIC RS0 Wb iitartinid. T
787-797 (p£pOdY, comprisihgi ni, L., et a!., "Binding and Presentation of

Peptides Derived From Me]l anoma Antigens MART-1 and G ycoprotein-100 by
HLA- A2 Subt ypd&@ntaciinga P?:p&{c’i%c?ﬂgS‘?tH’rg fli %IBl-nBz%’é]& ‘V%’gﬁﬁﬁ orgpaisyof'they | pmunol
156: 3882-1368 Indld¥encod@IBSAB01, A*9202T A2 004 EAJ*DEQ?}%F%OQPR*‘%“ for

| mmunot herapy for Cancer: I'dentification o Severa pi topes from
Vari ous TAMS02/4ndotT6@0éa@llgles;i gens Expressed on Solid Epithelial 25 Tunors,"

Hum | nmunol 59: 1-14 ,(1998).), settings. Exanpl.e 6. Peptide, Copposition for

Prophyl actic Uses %‘ﬂeé?lﬂég@@ﬁg{é@ﬁ ‘H%&H%‘ng%gsmg‘éﬂ% ’inﬁ@éﬁgﬁ]@WSére used to

prevent infection dn fdseain orRASEEIP if@aiﬂ%?t;i’c_lb%lonﬁ% 0P 9B acids HOFER1 t Opi C
g nultiple

pepti de epitope conposition containin CTL and HITL epitopés is

admi ni stered to i ndi vEderal i said peptidte ¢ansists@f 10sidne agds; The 30 conposition
is provided as a si .| i ni.dat ed Lhyp i de,.t hat enconpasses multiple
2 %ildRdal £3 ROWYPEPE 06y

epitopes. The vaccrnme I's adm nrste gueous carrier conprised of

Freund's Inconpl et 8)Asijsitivarthree isthe D@ R, of KAesdid geptidercohdists bhd binho
i muni zation is from abgut 1 to_about 50,000 jig for a 70 kg patient
admi ni stered in a hunBfduotRokulb E, o1 if sild pentidggansists of 14 ammoarcidsacci ne

is foll oned 68 28 %&g@gﬁg@%%%ﬁﬁﬁ%@%ﬁ%&p@gﬂ% inQQ&ﬁE-er dosages

at 4 weeks foll owed Ion o e of the Tnmmuie response
in the patient, by 3eamsitiopfie is hattE fehidrpeptide ¢dmsisprofHeangiao atids;

epi tope-specific CTL popul ations in_a, PBMC sanpl e. Additional booster
doses are admi ni stébég’sgg’nrsé?ﬁ’&inpéé.lfW‘ép%’rﬂjﬁé’gpﬁlﬂ‘éﬁf?§m"¥(bﬁﬁlﬁf§to be both

safe and efficacioug ﬁitﬁn@%%Xh@f‘b%r@QFEﬁ&gm cioﬂéigtgtot)@ Ymind acids or
Alternatively, the polyepitoplc peptide conpdsition can be adm nistered as
a nucleic acid in acoar@adhoe Pif sdid peptidecohsigh of 16 amiwo acids he art and

di scl osed herein. e ahove.di scussj is.provided to illustrate the
i nvention but not ;53 qqs&op 9 ‘%’E%Eieﬁ]oﬁaﬁ&alq\;%"rﬂt RfQnsits ?ﬁ@ PRPENti on Wil |

be readily apparent tgig@pne of ordinary skill in the art and are
enconpassed by the appended clainms. All publications, patents, and patent
appl i cations cited9) Tositiongiing ignet ReHe@Vgilfrﬁ@@rmtld@ thSEBys ofelfOcangince.

acids; and
10) the C-terminal amino acidis L, I, V,M, A, or T;
measuring the binding affinity between said peptide and each of said three or
more HLA molecules to determine ICsq values; and
identifying a peptide that binds at least three HLA molecules with an ICsy value

less than 500 nM as an immunogenic HLA-A2 supermotif restricted peptide.

2. The method of claim 1, wherein the amino acid at position two of the
peptideis V, A, T, or Q.
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69 6 OCT 2004 CLAIMS | . A nethod for identifying an i nmunogeni c HLA- A2
supernotif-restricted peptide, conprising: contacting a peptide consisting
of 8-11 am no acids, with three or nore of the HLA noleculei;eggg%ﬁg by
A*0201, A*0202, A*0203, A*0205, A*0206, A*0207, A*6802, and A*

all el es; wherein said peptide has an am no aci d sequence defined as
follows: 1) position one is not P if said peptide consists of 9 am no acids

or not D, E, 3r P THe fiéthd pLelhintle, WHeSinthéarifno bRidd¥ipd@tiak tiS of h POSi ti on
two is L, 1 A T, or @ 3) position threeis not DO E, R or Kif

VJ
sai d peptHeH@d%@rIrsNilLsMsme 9 amino acids or not R K, D, E or Gif said
pepti de consists of 10 am no acids; 4) position four is not Pif said
pepti de consists of 10 am no acids; 5) position five is not Eif said
peptide consi sts ofTH methodoficlhits 1, whereipald arhidb agidxat ipssifioh two bf theai d
peptide consists of 9 amno acids; 7) position seven is not Dor Eif said
pepti de d5REISIEdOBR 9 anmino acids or’ not Q N, or Pif said peptide
consists of 10 am no acids; 8) position eight is not Db Qor Nif said
pepti de consists of 10 amno acids; 9) position nineis not RR H or Kif
sai d peptide censi skhe méthadobethinol, wreis theaGderhfipaltanin€atidinifaV, dyi no aci d
is L, 1, A/’orbfl A, or T, neasuring the binding affinity between said peptide
and each '0f "said three or nore HLA nolecules to determ ne | C50 val ues; and
identifying a peptide that binds at |east three HLA nol ecules with an | C50
value less than 500 nM as an inmmunogeni ¢ HLA-A2 supernotif restricted
peptide. 2. THe netiwdnethodphglaim |, wheseiithe €rerminglamnine redddg Tposi ti on two
of the peptideis V, A T, or Q 70 2 8 OCT 2005 3. The nmethod of claim1,
wherein the amno acid at position two of the peptideis L, I, M or Q 4.

The met hod of 7l ai rilik,methed of ¢laiih &, valieréia ticheptidé isRgived @ont WOHDY t he
eptide is.l o . . .
Pep antigen, I’HBQ’ antigen, HCV antigen, HPV antigen, PSA antigen, Epstein-Barr virus
antigen, KSHV antigen, Lassa virus antigen, MT antigen, p53 antigen, CEA antigen,

TSA antigen, MAGE antigen, or Her2/neu antigen.

8. A method for identifying an immunogenic HLA-A2 supermotif-restricted
peptide, comprising:
contacting a peptide consisting of 8-11 amino acids to form peptide/HLA-A2
complexes, with three or more of the HLA molecules encoded by A*0201, A*0202,
A*0203, A*0205, A*0206, A*0207, A*6802, and A*6901 alleles;
wherein said peptide has an amino acid sequence defined as follows:
1) position one is not P if said peptide consists of 9 amino acids or not D,
E, or P if said peptide consists of 10 amino acids;
2) positiontwois L, I, V,M, A, T, or Q;
3) position three is not D, E, R, or K if said peptide consists of 9 amino
acids or not R, K, D, E, or G if said peptide consists of 10 amino acids;
4) position four is not P if said peptide consists of 10 amino acids;
5) position five is not E if said peptide consists of 9 amino acids;

6) position six is not A if said peptide consists of 9 amino acids;
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5. The nethod of claim1l, wherein the Gtermnal amno acidis L, |, V, M
A or T. 6. The nmethod of claim1l, wherein the Ctermnal amno acid is T.
7. The nethod of claim1l, wherein the peptide is derived froman HV
antigen, HBV antigen, HCV antigen, HPV antigen, PSA antigen, I‘Iﬁpﬁsﬁ'blZuBarr
virus antigen, KSHV antigen, Lassa virus antigen, Ml antigen, p53 antigen,
CEA antigen, TSA antigen, MACGE antigen, or Her2/neu antigen. 8. A nethod
for identifying an i €4 j

compri i ng:  cont acﬂ. L b R R O SRR
pept i de/ HLA- A2 npl este@, Nyt hiftshidepeptide comsistsof 10 amind Acidy! ecul es encoded
by A*0201, A*0202 A* O 020 02 A* 6802 nd. A*6901

al l el es; wherein sal)dpoﬁitp({ni edéltﬁ%@o A‘?’ﬁ?ﬂ ﬁdf%aé‘i‘ Berggalfgﬂ%‘%ts 8£11€

follows: 1) position aglds;is not P if said peptide consists of 9 am no acids
or not Db E, or P if said peptide_consists of 10 am no acids; 2) position
two is L |, V, M APOFIUQS'rm@f isgot Bobh o5 BAf 12t eptids copsistpof H) aminoor K i f
sai d peptide consists, gf.QngmM no acids or not R K D E or Gif said
pepti de consists of 18 arh no acids; 4) position four is not Pif said
pepti de consists oflO;lGhaﬁi—uennma] dﬁmo&}cldpmsili\lgthAv@’Ts not Eif said

pepti de consists of ci ds position six. is not Aif said
pepti de consi 5‘{"?"’6‘?‘“% |p82“de’f§ié ‘gf mplfzsmn#b}ceﬁo@mr%og@vw is not

Dor Eif saidy@fir #'1&1%% ;ﬁﬁﬂ&é ﬁlﬁfsm@ﬁceg ammfésﬁtﬁ‘lgﬁ%e %IRQIQQRVHQ at ngstotgeg if said

peptide consists o am no acids; 8) posl I's not N if
sai d peptafdee HbAsias ag innfutogenid HBA- A?:suts:nn@t)lf mpstsictedeptidene is not R H, or
Kif said peptide consists of 10 amino acids; and 10) the C-term nal am no
acidis L, I, V\ M A or T; determ ning whether the peptide/ HLA- A2

conpl exes i nduge a TGElmEBSPONSSim @Wheréﬂ‘%ﬁ@élflﬂlbr&gldaatﬁﬁﬂhbﬁﬁwé Bffhe! Nduces a
CTL response in conplex with at | €ast three of the as an | nmunogeni c

HLA- A2 supsetidoisiV, A.dsor &t ed peptide. 9. The method of claim8, wherein the
amno acid at position two of the peptideis V, A T, or Q 10. The nethod
of claim8, wherein the am no acid at position two of the

10.  The method of claim 8, wherein the amino acid at position two of the
peptide is L, I, M, or Q.

11.  The method of claim 8, wherein the amino acid at position two of the

peptide is I or Q.

12. The method of claim 8, wherein the C-terminal amino acidis L, I, V, M,
A,orT.

13. The method of claim 8, wherein the C-terminal amino acid is T.
14.  The method of claim 8, wherein the peptide is derived from an HIV
antigen, HBV antigen, HCV antigen, HPV antigen, PSA antigen, Epstein-Barr virus

antigen, KSHV antigen, Lassa virus antigen, MT antigen, p53 antigen, CEA antigen,
TSA antigen, MAGE antigen, or Her2/neu antigen,
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peptide is L, I, M or Q 11. The nethod of claim8, wherein the am no acid
at position two of the peptideis | or Q 12. The nethod of claimg38,
wherein the C-terminal amino acidis L, I, V, M A or T. &8 .0Cfh&@®et hod
of claim8, wherein the Ctermnal amno acid is T. 14. The method of claim
8, wherein the peptide is derived froman HV antigen, HBV antigen, HCV
antigen, HPV antigen, PSA antigen, Epstein-Barr virus antigen, KSHV

antigen, Lassasvirus nafidddfenmaMhgantimgfnog@BSHRAL AGGGperlofifadindgsn. TSA
antigen, MAGE antigen, or Her2/neu antigen. 72 28 d:‘l‘p2004 15. A nethod for
maki ng arPePH%ﬁe'QéﬁﬁlﬁgiHLA-Az supernotif-restricted peptide, conprising:
provi di ng an 1. 1Q: 3Cl b interest; identifying

wi thin the se%ﬂglenggh%ﬂ@g??@gg%%é?f&eagﬁ%ggg?()ﬂ teelrr‘%}’n the putative

epi t ope consi sdentifying withimthiersequenbels putatice Thvell epitorairtieh thepataiizs an ani no
aci d sequence def} neog afj]SfOJ lows; 1) position one is not P if said peptide
consi st s BFORe apsists A& Hsammoggidsy "E or P if said peptide consists of 10

am no acids; 2) poSinfi Qo I : : , fhQQ. three
'S not D& R or punARNSaitphonshas n abindhoid seitndddehho A KNILRR, T R
K, Db E, or Gif sd)dqsgjpmane isnetd ¥issidpepid: comsints ofiSiattsino adijls pasitD,on f our
is not Pif said peptide sists.of 10.am acids;. 5) position five is
not Eif said pepti dett%rnlgﬁgsfuéj R§pH e%%5ﬁ§ o(,ﬂlﬁd\g}mo 8Y"9%0sition six is not A
if said peptide coryipdsftionftwd iall] D&, 4] AlST, of )Q;P0Si tion seven is not D or E
if said peptide consists of 9 amno acids or, not Q N, or Pif said
peptide consists of3)mPshiantbresds ae;D.d3 RoorsKtif eaid pepjiie cossipteof Daminwr N i f

sai d peptide consists i o P38 j £ Nl ne.A S not . H, or
Kif said peptide COﬂ%él}&S éo%(?lﬁig?gm%ﬁgpéég?%%?gpziﬁ% Cg&la% Rglwg’t‘)rﬁcﬁﬁt am no
acid is L, I, V, M4)AosittonToupis apeP ifgidoseptids condists ¢feididntiao heidgnent s of the
antigen of interest_that, K conprise _the epitope; contacting the peptide with
three or nore of tmMa FF‘HEWM‘%(}&P@SE driaidqesatigg consists of 9 amino acids;

6) position six is not A if said peptide consists of 9 amino acids;
7) position seven is not D or E if said peptide consists of 9 amino acids or
not Q, N, or P if said peptide consists of 10 amino acids;
8) position eight is not D, Q or N if said peptide consists of 10 amino
acids;
9) position nine is not R, H, or K if said peptide consists of 10 amino
acids; and
10) 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 epitope;
contacting the peptide with three or more of the HLA molecules encoded by
A*0201, A*0202, A*0203, A*0205, A*0206, A*0207, A*6802, and A*6901 alleles;
measuring the binding affinity between said peptide and each of said three or
more HLA molecules to determine ICsq values; and
selecting a peptide that binds at least three HLA molecules with an ICs, value less

than 500 nM as an immunogenic HLA-A2 supermotif-restricted peptide.
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A*0201, A*0202, A*0203, A*0205, A*0206, A*0207, A*6802, and A*6901 all el es;
nmeasuring the binding affinity between said peptide and each of said three
or nore HLA nolecules to determne | C50 val ues; and sel ecting a peptide
that binds at |east three HLA nolecules with an |1 C50 val ue |1§8spCT 2086 500
nM as an i mmunogeni ¢ HLA- A2 supernotif-restricted peptide. 73 28 OCT 2005
16. The nethod of claim 15, wherein the amno acid at position tw of the

peptide is V, &, T Tl{érm@mod-gf cl&]ﬂ?lWﬁMn @He a‘iﬂuﬁb 'ﬁh@l%t mérﬁivﬁ) e @M NO

acid at position two of the peptide is L, I, met hod of
cl ai m 15,pephds isiVh A.He 0afd. no acid at p05|t|on two of the peptide is | or Q
19. The nethod of claim15, wherein the Cternmnal amno acid is L, |, V,
M A or T. 20. The nethod of claim 15, wherein the Ctermnal am no acid

is T. 21. The 1r7et hotheahethddiofeldim 1 S\ivelfedin tHe@niao btigabpbsitiéll o 618  HCV,

HPV, PSA, «iglﬁgrr virus, KSHV, Lassa virus, M, p53, CEA, TSA, MAGE
or Her2/ r?@ﬁ“ ®H8d for making an i munogeni ¢ HLA- A2
supernotif-restricted peptide, conprising: providing an am no acid
sequence of an antigen of interest; identifying within the sequence a
putative T-cell8. epithepasthedhef daim i Hovhentinthewmine peitlappositinsival of thé 8- 11

am no aci ds da,ng \/\,ﬁ)grei n said epitope has an am no acid sequence defined as
fol |l ows: e?isl n one is not Pif said peptide consists of 9 am no

aci ds or not D E, or P if sai d peptide consists of 10 ami no acids; 2)
position two is L, A T, or Q 3) positionthree is not D, E, R
or Kif said d@ptl d&ledmtm%t)fsd@ifn 85, awhierain thed(-tymamal amindycikis IDL ¥, Mor G i f
sai d peptj §Tcon5| sts of 10 amino acids; 4) position four is not Pif said
pepti de consists of 10 am no acids; 5) position five is not Eif said

pepti de consists of 9 amno acids; 6) position six is not Aif said
peptide consists of 9 amno acids; 74 28 OCT 2004 7) position seven i s not
Dor Eif saidV peptF];b&e!n@bfPF!;i’%‘tl%mbi5 ovhergin thedctermingl amins aclgl isN[. or P i f said
pepti de consists of 10 am no aci ds;

21. The method of claim 15, wherein the antigen is HIV, HBV, HCV, HPV,
PSA, Epstein-Barr virus, KSHV, Lassa virus, MT, p53, CEA, TSA, MAGE, or Her2/neu.

22, A method for making an immunogenic HLA-A2 supermotif-restricted
peptide, comprising:
providing 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,
and wherein said epitope has an amino acid sequence defined as follows:
1) position one is not P if said peptide consists of 9 amino acids or not D,
E, or P if said peptide consists of 10 amino acids;
2) positiontwois L, I, V,M, A, T, or Q;
3) position three is not D, E, R, or K if said peptide consists of 9 amino
acids or not R, K, D, E, or G if said peptide consists of 10 amino acids;
4) position four is not P if said peptide consists of 10 amino acids;
5) position five is not E if said peptide consists of 9 amino acids;

6) position six is not A if said peptide consists of 9 amino acids;
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8) position eight is not Db Qor N if said peptide consists of 10 am no
acids; 9) position nine is not R H or Kif said peptide consists of 10
amno acids; and 10) the Ctermnal amno acidis L, I, V\ M A or T,
preparing one or nore peptide fragnents of the antigen of i @&0est2Mhat
conprise the epitope; contacting said peptide to form peptide/ HLA- A2
conplexes with three or nore of the HLA nol ecul es encoded by A*0201,
A*0202, A*0203, A*03 %suﬁ)n%o& 15'9109@(2)? E if @a@%@ﬁtlde%ﬁs@ts 029 hnithd &i&Sor
determ ni ng whet her t'he peptide/ HLA- A2 conpl exes i nduce a CIL response, and
sel ecting a peptide th@tt med’egsadmﬂdes@p@ﬁtse)fﬂﬂanmmateds with at |east

three of the HLAs i ernotif .res cted peptide.
23. The nethod of ¢ al?or% ﬁ%é&&qﬁt 81%61\@2?? E@t@‘)g{)ns&ggp{’[%ﬂn{% of the
peptide is V, A T, O#aci@; 24. The nethod of cl a| m 22 wherein the am no

acid at position two of ;he peptide is Q 25. The net hod of
clai m 22, wherein tHPBHBNIBLISALR, Hoh Kllfﬁﬁ‘“’t WPUGF CORSts %](ﬁ FEEoj s | or Q
26. The method of clajfy gWherein the Gtermnal amno acidis L, I, V,

M A or T. 27. The nethod of claim 22, wherein the CGtermnal am no acid
is T. 75 ='8 COCT 20d0) 2Be Citeamimek dnido @€idds hj V22, Ahergi n t he anti gen is

H Vv, HBY, HCV HPV, PSA Epstela ?arr V”P% KSHV, lassa virus, M, p53,
CEA. TSA, m@rewlnglé’pﬁ Phg}@ € peptide fragments oI the antigen of inferest that comprise

the epitope;

contacting said peptide to form peptide/HLA-A2 complexes with three or more of
the HLA molecules encoded by A*0201, A*0202, A*0203, A*0205, A*0206, A*0207,
A*6802, and A*6901 alleles;

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 an immunogenic HLA-A2 supermotif restricted peptide.

23.  The method of claim 22, wherein the amino acid at position two of the
peptide is V, A, T, or Q.

24, The method of claim 22, wherein the amino acid at position two of the
peptide is L, I, M, or Q.

25.  The method of claim 22, wherein the amino acid at position two of the

peptide is [ or Q.

26. The method of claim 22, wherein the C-terminal amino acidis L, I, V, M,
A,orT.

27. The method of claim 22, wherein the C-terminal amino acid is T.
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28.  The method of claim 22, wherein the antigen is HIV, HBV, HCV, HPV,
PSA, Epstein-Barr virus, KSHV, Lassa virus, MT, p53, CEA, TSA, MAGE, or Her2/neu.
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