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10X PlufB@m 5ul

5 7514 <— (30 0ng/nl) 1 ul

3 TI14~<— (30 0ng/ul) 1ul

dNTP (ZNF211 0mM) 1ul

gDNA (5 Ong/uL) 10ulL

DIUF H.0 31. 4ul

PfuDNATR 1) X 55— 0. 6ul

96C 2%,

95T 14

58T 1% X35

73C 5%

d. B-ExTME

1 0 XPIxfRfEk 5ul

7514~ — (30 0ng/nl) 1 ul

3714 <— (30 0ng/unl) 1ul

dNTP (Z#11F4 1 0 mM) 1. 5ul

MgS0. (5 O mM) 1 ul

gDNA (1 0 Ong/unl) 1 ul

DIUF H.0 40 unL
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94C 27%.
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60C 1% F X35

68C 3. 54
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1 0 X PlufEfEik

5 754 ~<— (300ng/ ul)
3 754<— (300ng/ul)
dNTP (Z#1Z411 0 mM)
1:100 1° PCR

G

5ul

0. 5ul
0. 5ul
1ul
10nL
37. 5ul
0. 5ul
30ul
Xul
ounl

0. 5ul
10. 5ul
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(57) Abstract: The present invention relates generally to a methodology for the jsolation, purification and identification of peptide
ligands presented by MHC positive cells. In particular, the methodology of the present invention relates to the isolation, purification
and identification of these peptide ligands from soluble class T and class T MHC molecnles which may be uninfected, infected,
or tumorgenic. The methodology of the present invention broadly allows for these pepfide ligands and heir comcomitant source
proteins thereof to be identitied and vsed as markers for infected versos uni cells andfor ic versus i

3 cells with said identification being useful for marking or targeting a cell for therapeutic treatment or priming the immune response

against infected cells.
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WO 02/30964 PCT/US01/31931

COMPARATIVE LIGAND MAPPING FROM MHC POSITIVE CELLS

CROSS-REFERENCE TO RELATED APPLICATIONS
This apphcatlon ‘claims the benef t of: provisional patent apphcatlon
u.s. Serla! No.. 60/240,143, filed October 10, 2000, entitled “C- TERMINAL
EPITOPE TAGGING FACILITATES COMPARAT[VE LIGAND MAPPING FROM MHC

‘CLASS 1. POSIT[VE CELLS"; prowslonal patent appllcatlon U.S. Serial No.
52 f!led June 20,°2001, entn:led “HIV EPITOPES IDEN'HFIED BY THE'

60/299-
METHOD ‘OF C- TERMINAL EPITOPE TAGGING FOR COMPARAT[VE LIGAND

MAPPING FROM MHC CLASS I POSTTIVE CELLS" provtsmnal patent apphcatson

—US Seria\ No 60/256, 410 ﬁled December 18, 2000 enhtled “HLA.
. PRODUCTION FROM GENOMIC DNA”; provisional patent applxcatlon Us. Sehal

No. 60/256 409 entltled MHLA PRODUCHON FROM CDNA“ ﬂed Deceriber 18

.2000, and provrsnonal patent. apphcatlon UG Senal No. not yet ass:gned,,

entltled “PRODUCTION OF 'SOLUBLE HUMAN HLA CLASS I PROTEINS FROM
GENOMIC DNA" F!ed October* 9, 2001 all.of Wthh are expressly mcorporated

herem by reference.

STATEMENT REGARDING FEDERALLY SPONSORED RESEARCH OR
DEVELOPMENT"

This work was funded in-part by & contract frofm the National Institutes

‘of " Health: Contract . “nurber- NO1-AI-95360 - entitled - “Mapping . and

Characterization of. Viral* Epitopes”. As: such, the:Government may own

ceftain rights.in and:to this application.
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BACKGROUND OF THE INVENTION
1..  Field of the Invention
The pFesent irivention relates generally to a methbdology for the

|solatlon, purification and identifi catlon of peptide ligands presented by MHC

posmve cells In partlcular, the methodology of the present mventlon relates_

to the isolation, purification and ldentlf' catlon of these peptlde hgands from
’ soluble class 1 and class II MHC molecules WhICh may be unlnfected infected,

or turnongemc The methodo]ogy of the present invention broadly allows for

.these peptlde llgands and their concomitant source protelns thereof to beA

identifi ed and used as markers for -infected versus unmfected ce!ls and/or

tumorrgenlc versus nontumongenlc cells with sa)d |dent|ﬁcatlon being useful

for marking or. targeting . a_ cell for. therapeutrc trea’cment or prlmmg the!

imimune response agamst infected cells.

2; Descnptlon of the Background Art

Class I maJor hlstocompatlb' y complex (MHC) molecules, deﬂgnated‘

_ HLA class I |n humans .bind and dysplay peptlde antlgen Ilgands upon the cell

',surface The peptlde antlgen hgands presented by the class I MHC molecule
are derlved from elther normal endogenous protems (“self”) or forelgn
:protems (“nonself”) introduced” |nt0 the cell Nonself protelns may be

products of rnahgnant transformatlon or: mtracellular pathogens such as,

wruses In thlS manner, dass T MHC molecules convey informatlon regardlng

the vnternal Ftness ofa cell’ to i

to, CDS* cytotoxu:T lymphocytes (Cr Ls), which are actlvated upon lnteractlonv

with “nonself" peptldes, thereby lysmg or kmmg the cell presentmg such'
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“nonself” peptides.
.Class 1II MHC molecules, designated HLA class II in. humans, also bind

. and display peptide 'antigen ligénds ubon tl’i‘e cell surface. Unlike class I MHC

- molecules ‘which are expressed on \urtually all nucleated cells class I MHC.

molecules are normally conﬁned to speuahzed cells, such as B lymphocytes,

macrophages, dendritic ceils, and other antlgen presentlng cells which take N

up foreign antigens from the extracellular flu;d via an endocytlc pathway The -

peptldes they bind and present are derlved from extracellular forelgn

antlgens, such as products of bacteria that multlply out5|de of cells, wherein

-such producl:s |nclude protein toxins secreted by the bacterla that of’ten times .

have deleterlous and even lethal effects on’ the host (e.g. human) In this

manner, class II molecules convey. |nformat|on regardlng the fitness of the

oextracellular space in the vu:mlty of the cell dlsplaylng the. class H molecule
to lmmune effector cells, lncludlng but not Ilmlted to; CD4” helper T cells, .
' thereby helpmg to ellmlnate such pathogens the exammatlon of such;

pathogens is. accompllshed by ooth helplng B cells make antlbodles agalnst B

'mlcrobes, as well :as toxins produced by such mlcrobes, and by act4ating )

macrophages l:o destroy mgested microbes

Class I and class* II HLA molecules exhlblt extenswe polymorphlsm .

genemted by systematlc recombinatorlal and pomt mutatlon events as such

,hundreds of dlfferent HLA types exist throughout the worlds populatlon
lresultlng ln a large |mmunologlcal dlver5|ty Such extensnve HLA dlversnty

throughou the populatlon results in tissue' or organ transplant‘ e;ectlon,f

lduals as well as dlfferlng susceptlbllltles and/or reS|stances to’

‘mfectlous dlseases : HLA molecules also contnbute 5|gnlf'cantly to
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autoimmunity. and cancer. Because HLA molecules med;ate most if not all,
adaptive immune responses, large quantltxes of pure xsolated HLA proteins
are requrred in’ order to effect:vely study transplantatxon, auto!mmunlt)f
disorders, and for vaccine deuelopment. . :

There are several applications in which purifiéd‘, inc!ividual'class 1and
class TLMHC pr.o'teine are highly useful. Suen applications include using MHC:

péptide multimers':a's- |mmunod|agnostnc reagents o dlsease

a resnstance/autolmmunlty, assessing the blndlng of potent)ally therapeutlc

- peptides; elution of peptides from MHC mo!ecules to |dent|fy vaccine

candidates; “screening  transplant patierits for' prefdrhed 'MHC  specific

' antlbod|es, and removal of -anti-HLA antsbodnes from'a patlent Since every

,mdlwdual has dlfferlng MHC molecules, the testlng of numemus mdlwdual

MHC molecules isa prerequysxte For understandlng the' differences in dlsease
susceptlbdity between - individuals. ' Therefore punﬁed MHC molecules

representatlve of the hundreds’ of d)fferent HLA types exnstmg throughout the

warld 3 populauon are highly deslrable for. unravellng dlsease susceptlbllst|e5_

: and reSIstances, as well as for des;gmng therapeut;cs such as vaccmes

‘Class I HLA molecules alert the immune. response to dlsorders W|th|n

' host cells Pep’cldes, which are derived from viral- and tumor-specnﬂc pmtelns‘
W|th|n the cell _are loaded lnto the class I molecule’s antlgen blndlng groove :
Jin the endoplasmnc retlculum of the cell-and subsequently camed to the céll

i surface Once the class [ HLA mo!ecule and its loaded pept|de llgand are on

the cell surface, the class I molecule and |ts peptide ligand are accessmle to

cytotoxlc T Iymphocytes (CTL). CrL survey -the peptides presented by | the‘

class »I‘mroleculle and’ destroy those cells, harboring }lgands derived -from ;
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infectious or neoplastic agents within that cell.
While' specific CTL targets have been xdentlf‘ed little 'is known about

the breadth and .nature of llgands presented on the surface of a drseased cefl.

From ‘& basrc science - perspectlve many outstanding questions . have

permeated through the ar‘t regardmg peptlde exhlbltlon For mstance, it-has

been demonstrated that a v;rus can preferentlally block expressmn of HLA }
class T molecules from a glven Iocus whlle leavmg expressnon at other loci
intact. Slmllarly, there ‘are numerous reports of cancerous cells* that fail-to
express class T'HLA at partlcular locr However, there are no data describing -,
how (or 1f) the three classical” HLA class I lom dlffer in the lmmunoregulatory,
ligands: they blnd It is therefore unclear how. class I molecules frorn the

dn‘ferent loci vary in their |nteract|on wlth viral- and tumor—derlved llgandsb

and the number of peptldes each wnll present

Dlscernmg virus- and tumor—specxﬁc hgands for CTL recagnition 'is an,

: rmportant component of vaccme deS|gn ngands unlque to tumorlgenlc of

|nfecl:ed cells &n be tested and mcorporated lnto vaccines de5|gned to evoke'

a- protectNe cTL response Several methodologies are currently employed to

;ldentlfy potentlally protectlve peptlde Ilgands One approach uses T cell Ilnes

‘or clones to screen for blologlcally acl:|ve llgands among chromal:ographlc

fractlons of eluted peptldes (Cox et al SC|ence, vol 264 1994, pages 716-

719, whlch lS expressly mcovporated hereln by reference in lts entirety) This

approach has _been employed to ldenhﬁr peptldes llgands specmc to

cancerous cells A second technlque utullzes predlctlve algorlthms to ldentlfY'

peptlde capable of blndln‘_ 102 pamcular Class I molecule based upon -

prevlously determmed motrf and/or |nd|v1dual llgand sequences (De Groot
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et al.,, Emerging Infectlous Diseases, (7) 4, 2001 whsch is. expressly

incorporated herein by reference in its entirety) Peptides havmg high

predicted probabmty of bmdlng from a pathogen of mterest can then be.

synthes:zed and tested-for T cell reactwnty in precursor, tetramer or ELISpot‘

assays.

HoW‘eve‘r,' there. haé been no readily available source of individual HLA

molecules The quantltles of HLA proteln available have been small and -

’ typlcally consnst of a m:xture of dlfferent HLA molecules Productlon of HLA

molecules tradltlonally lnvolves growth and lysis of cells expressmg multlple

HLA molecules Nlnety percent of the population is heterozygous at each of

the HLA Iocr, codominant expressnon results in- multlple HLA protelns‘

expressed at each HLA locus - To purlfy native class I or class 11 molecules

. from mammahan cells requwes t\me—consurmng and, cumbersome purlﬂcat(on'
) methods, and since each cell typlcally expresses multlple surface bound HLA

:class 1 or class i molecules, HLA punflcatnon results ina mlxture of many

dlfferent RLA class.1 or class II molecules When performmg experlments

usmg such a mlxture of HLA molecules or perforrnmg experlments using a cell;
havmg mulnple surface bound HLA molecules, mterpretat:on ‘of results cannot
- directly. distlngwsh between the dlfferent HLA, molecules, and one Cannot be.

xcertaln that any partlcular HLA molecule is responSIble for a gIven result

Therefore, a need exnsted |n the art for a method of producxng subs‘tantial'

:quantltles of 1nd|v1dual HLA class I or class II molecules SO that they can be

readlly purlF ed and zsolated |ndependent of. other HLA class.I or class 11

molecules Such mdlvldual HLA molecules when prowded in. sufﬁcnent

quant:ty and Durity, would provnde a powerful tool for studymg and measuring .
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. immune responses.

Therefore, there exists a need in the art for improved methoos‘ of
epitope discovery and comparative ligand mapping-for-class I and class 1I
MHC molecules, including'methods of distinguishing an infected/tumor cell

from an uninfel:ted/non tumor cell. ‘The present invention solves. this need

by coupling the productlon of soluble HLA molecules with. an epltope

isolation, dlscovery, and direct companson methodology
BRIEF DESCRIPTION OF THE DRAWINGS
. FG. i. Overview of 2 stage PCR strategy to'amplify a truncated version
ofthe human class IMHC. = '

FIG. 2. Edman sequence. analysis of soluble B*1501, B*1501-HIS and :
5*1501 FLAG Re5|due mtensnty was categorlzed as elther dommant (3 5-’

fold or more plcomolarmcrease over prevu)us round) or strong’ (2 5.t0.3. 5-fold

increase.over prlor roundy.

FIG 3 Representative MS ion maps from. soluble B¥1501, B*1501- HIS )

and B*lSDl FLAG lllustratlng ion overlap between the molecules Pooled,

:acml eluted peptldes were fractlonated, by RP-HPLC; and the individual

fractlons were MS ‘scanned.
FIG 4...Fragmentation pattern ‘generated by MS/MS on'an ion selected
from fractlon 11 of B*1501 B*1501 HIS and B*1501 FLAG pept»des,

»I”uStratlng a sequence Ievel overlap between the three molecules

FIG. 5 Fluw chart of the epltope dvscovery of C termlnal-tagged SHLA .

molecules Class I positive transfectants are mfected Wlth a pathogen of

-choice and sHLA preferentlally punfed utillzmg the tag Subtractive

comparlson of MS ion maps ylelds ions, present only in mfected cell, Wthh are g
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then MS/M‘S‘seqUenced to derive class 1 epitopes.

FIG. 6. MS ion.map from soluble B*0702 SupT1 cells umnfected and- .

infected with HIV.MN-1. ‘Pooled, acid-eluted peptldes were fractionated by
<RP-HPLC, and fractlon #30 was.MS'scanned.

CFIG, 7. MS |on map similar to FIG. 6 but zoomed in-on the area‘from.

482 488 amu to more clearly |dent1fy alt ions in the lmmedlate area.

g FIG 8 Fragmentat)on pattern generated by tandem mass spectrometry :
of the peptlde ion 484 72 |so!ated from: |nfected sofuble B*0702 SupT1 cells.
FI1G."9. Resulis of a PubMed BLAST .search . with the sequence

GPRTAALGLL Identlf'ed In FIG. 8
FIG. 10. Summary ‘of’ Results of Entrez PubMed search for the, word
reticulocalbm"

CFIG 11 Results of a: 'peptide-binding algorithm perrormed using’

Parker's Predlction using’ the - ent»re source protem, retlculocalbm, Wthh
‘denerates'a list of | peptldes Wthh are bound by the B*0702 HLA aIIele
: FIG. 12 Results of a peptlde bindmg algonthm performed usmg
Rammensees SYPEITHI Predlchon Usmg the entnre , source: protem,
retlculocalbln, WhICh generates a hst of peptldes which are bound ‘by the
8*0702 HLA allele
kS FIG. 13 Resuls of a predlcted proteasomal cleavage of the complete
rettculocalbm protem using the cleavage predlctor PaProC

. FIG. 14 Results of a predlcted proteasomal cleavage of the. complete
retlculocalbm proteln usmg the cleavage predlctor NetChop 2.0.

FlG 15 Several hlgh affi inity pephdes denvmg from reticuiocalbin were
|dent|f|ed as peptldes predlcted to be presented by HLA A*0201 and A*0101
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FIG. 16. MS ion maps from soluble B*0702 uninfected SupT1 cells of
fractions 29 and 31 to determine that ion 484.72 was not preeent.' :

FIG. 17. Fragrnentetic;n patterns of soluble B¥0702 uninfected. SupT1

cells fraction 30 ion 484 72 under identical:MS collision condmons to ilustrate

_the absence of the retlculocalbm peptide m the unmfected cells.

FIG. 18. Companson of the MS/MS fragmentatson pattems of synthetlc

. peptlde GPRTAALGLL and peptide ion 484.72 lisolated’ from infected soluble

B*O702 SupTi cel!s.
'DETAILED DESCRIPTION OF THE INVENTION

"Before explainfng at least one embodiment of the i,nvén'ti,on in detail by

way of exemplary drawmgs, experim’enbation, _results, and laboratory °
procedures, it is to be understood that the mvent»on is not limited' in’ its

apphoanon to, the' details ' of construction and the arrangement of the )

components set . forth in the following descrlptlon ar 1llustrated in ' the
drawmgs, experlmentanon and/or results The invention is capable of other

embod‘ments OF. of bemg practiced. or. carrled out |n varlous ways As such

and meanmg, and - the embodlmenrs are meant to be exemplary - .not

_exhaustlve © Also, |t IS to' be understood that the phraseology and:

termmology employed hereln is for the purpose of description and should not ~

be regardec_l as hmitjng.j
The present invention generaily relates to 2’ method “of epitope

discdveryA and cornparétive’ hgand mapplng as well a"s 'me‘thodé], of:

dlstmgunshmg mfected/tumor cells from unlnfected/non tumor cells The‘

present method broadly mcludes the followmg steps:.
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containing a construct that encodes an xndxv»dual soluble class I or class 1T
MHC molecule (whereln the cell line is capable of naturally processing-self or

nonself proteins into peptlde llgands capable of bemg loaded into the antigen

blndmg grooves of the class I or.class 11 MHC molecules) (2) culturlng the ’

cell line under condmons which allow for, EXpreSSlon of the mdrvrdual soiuble

class I or class II MHC molecule from the construct WIth such condltlons also

allownng for the endogenous loadmg of a peptlde Ilgand (from the self or non-

self processed protem) into the antlgen blndlng groove of each |nd|wdual’

soluble class I or class II MHC molecule prior to secretlon of the soluble class’
Tor class I MHC molecules havlng the peptide Ilgands bound thereto, and (4)
separatlng the peptlde llgands from, ‘the mdlvndual soluble class'I or class II
MHC rnolecules

The methocls of the present invention may, in one embochmenl: UtlllZE

‘a method of producmg MHC molecules (from genomlc DNA or cDNA) that are

secreted from mammallan cells in a bioreactor, unit’ Substantlal ‘quantities

of mdlvndual MHC molecules are obtamed by rnodlfymg class I or class II MHC

rnolecules so l:hat they are capable of being secreted nsolated and purlf‘ ed. -

Secretlon of soluble MHC molecules overcomes the dlsadvantages and defecis

of the pnor art |n relatlon to the quantxty and- purlty of MHC molecules

‘produced Problems of quantlty are overcome because the cells proclucrng l:he‘
»-‘MHC do rot need to be detergent Iysed or. killed ln order to obtaln the MHC /
.molecule. - In thls way the cells producmg secreted MHC remaln allve and
therefore contmue to produce MHC Problems of purlty are overcome because o

’ the. only MHC molecule secreted from the cell is, the one that has speCIFcally

“been constructed to be secreted Thus transfectlon of vectors encoqu such
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secreted MHC molecules into cells which may express endogenous, surface
bound MHC provides a method of obtammg a hlghly concentrated form of the

transfected MHC moleculé as it is secreted from the cells. Greater purlty is

-\ assured by transfectmg the secreted MHC molecule. into MHC deficient cell )

Imes

Producl:lon of the MHC molecules in a hollow’ f'ber bloreactor unit allows

}I cells to be cultured at a densnty substantlally greater than conventional liquid

‘phase_ tlesue c_ulture permits, - - Dense culturmg of cells sec_retlng MHC

mblécules further amplifies the abilityto continuously, harvest the transfected -

MHC molecules Dense bloreactor cultures of MHC secretlng cell llnes allow-

‘for hlgh concentratlons -of mdmdual MHC protelns to be obtamed Highly

concentrated mdl\hdual MHC protelns provxde an advantage in that most )
downstream. ; proteln puriﬂcatloh strategles perform better -as the'

concentratlon of the proteln to’ be purifed mcreases Thus, the culturlng of )

MHC secretlng cells-.in bioreactors allows for a continuous productlon of
'mdlwdual MHC protelns m a concentrated form

The method of producmg MHC molecules utillzed In the present

mventlon beglns by. obtalnmg genomic or, complementary DNA Wthh encodes‘

the desired MHC class 1 or:class II molecule Alleles at the locus ‘which
‘encode the desnred MHC molecule are PCR - ampllf‘ed in a locus specnfc

manner These Iocus spele'c PCR, products may mclude the entlre codlng

'reglon of the MHC molecule or a pomon thereof In one embodlment a’

class: 1 or class bid gene S0 that |t will be secreted rather than anchored to the ‘

cell surface In another- embodlment the PCR will dlrectly truncate the MHC
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“molecule.

-Locus specific PCR products are ¢loned into a.mammalian’ expression

vector and screened with a varieEy of-methods to identiFyf a clone encoding :

the desired MHC molecule. The cloned MHC molecules are DNA sequenced to
.msure f’dehty of the -PCR. Falthful truncated clones .of. the (desired MHC

molecu!e are then’ transfected mto a mammalian cell lnne When. such cell

llne |s transfected with a vector encudlng a’recombinant class I molecule,, :
. such cell line may elther lack endogenous class I MHC molecule express»on
" or express endogenous class I MHC molecules One of ordmary Skl" of the

Cart- would note: the importance, glven, the‘ present mventlon, that cells -

‘expresslng .endogenous class 1 MHC molecules’ may s“po'ritaneoUsly release

) MHC into solutlon upon natural cell death ]n cases where this small amount«\
of spontaneously released MHC isa .concern, the transfected class 1 MHC :
molecule can be “tagged" such that |t can.be spemﬁcally punF jed . away from -

spontaneously released endogenous class I.molecules in cells that express,

class T molecuies. . For example a DNA fragment encodmg a HIS tall may be

Vattached to the proteln by the PCR reactlon or may be. encoded by {

: aldS m the purlfcatlon of the class I MHC molecules away ‘from endogenous

B class I molecules Tags besxde a hlstldme Lail have also been’ demonstrated ’
" to work and one of ordinary sknll in the, art of tagglng protelns for -
”‘_downstream punf'catlon would appreCIate and know how to tag a MHC .

- molecule 1n such a manner so’as; to increase the - ease by whn:h the MHC

molecule may be punﬁed

..Cloned genomic DNA fragments-contain both exons and introns as. well
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" as other non- translated reglons at the 5"and 3’ termini of the gene. Following

‘transfectlon into a cell line Wthh trar\scrlbes the genomlc DNA (gDNA) lnto'
RNA, cloned genomic DNA results in a_protein product thereby removmg .

“introns and splicing the RNA to form messenger RNA’(mRNA), which |s,thenr

. translated into-an MHC protein.‘i'Trans'fection of MHC molecules, encoded by

gDNA therefore facnhtates reisolation of the gDNA mRNA/cDNA and protem

N Productmn of MHC molecules in non- mammahan cell lines such as. insect and
bacterlal cells. requwes cDNA clones, as these lower cell types do not have
the ablllw to splice’ |ntrons out of RNA transcribed from a. gDNA clone LIn,

X these |nstances the mammallan gDNA transfectants of the present mventlon‘

pruVlde a valuable source of RNA which can be reverse, transcrlbed to form

MHC cDNA. . The cDNA can then be’ cloned transferred lnto cells, and then

translated mto protem “In addmon to produclng secreted MHC, such gDNA,
"transfectants therefore provlde a ready sburce of mRNA and therefore cDNA
* clones, ‘which can then be. transfected into non mammaluan cells for

productlon of MHC. "Thus, the present lnventlon vvhlch starts wuth MHC,
B genOrrlIC DNA clones allows for the’ productlon of MHC.in; cells from varlous
. s‘pemes.‘
) A key advantage of .starting ‘from, gDNA'Is that viable cells contalnlng -
'\‘the MHC molecule of |nterest are not needed Slnce all mdlvxduals in the‘ ]
. populahon have a dlfferent MHC reperto:re one would need to search more )
:i’than 500; 000 lndlvlduals to find someone with the same MHC complement as:
"a deslred |ndIV|dual - such a practlcal example of this principle’ lS observed‘,‘

when trymg to find ‘a’ donor to match a reClplEnt for bone marrow .

transplantatxon Thus if it is desrred to produce a partlcular MHC' molecule
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for use in an experiment or, diagnostic, a person. or cell expressing the MHC

allele of interest would first ‘need to be identified. = Alternatively, in the

) method of the present invention, only a saliva sample, a hair root, an old

freezer sample, or less fhan a vmillllite'r (0.2 ml) of blood would be required,

toisolate the gDNA. Then, starting from gDNA, the MHC molecile of interest

" “éould-be obtained via .a gD’NA‘ clone as deseribedherein, and following
" transfection of such clone into mammallan cells, the desired- protein could be

produced drrectly in mammallan cells or from cDNA in several specnes of cells

usmg thé methods of the present mventlun described herein.

Current expenments to obtaln an MHC. allele for protem expresslon -
’ typlcally start from mRNA Wthh requires a fresh sample of mammallan cells

that express. the MHC molecule of interest. Workmg from gDNA does nat -

require gene expressron or a fresh bmloglcal sample It.is also important to

note that RNA ‘is-inherentiy unstable and 15 not as easily obtained as is

gDNA. Therefore, if productlon of a. partlcular MHC lnolecule starting from a--
. cDNA clone is desnred a person or cell line-that-is: expressmg the allele of .
- ;mterest must tradltnonally ﬁrst be 1dent|ﬂed |n order to obtaln RNA Then a.

fresh sample of blood or cells must be obtamed expenmen’rs using the )

‘methodology of ‘the present lnventlon show that >5 milliliters of blood that

st less than '3 days oid is requrred to obtaln sufﬁaent RNA for MHC cDNA .

vsyﬂtheSIS Thus, by startlng wnth gDNA the breadth of MHC molecu!es that

. can be readlly produced is expanded This isa key factor In a. system as .

‘all MHC molecules are readnly -avaitable. ThlS |s espemally true of MHC

molecules unique to Isolated populatlons or of “MHG molecules unique. to
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ethnic minorities. Starting class. or class II MHC mclecule expression from

“the point of genomic DNA simplifies the isolation of the gene of interest and
‘ insures ‘a more equitable means of ‘praducing MI-;c rno]ecules for study;
: ’otnerwise, one would be left to determine whose MHC molecules are chosevn‘ .
:~and not chosen for study, as ‘well as to deterrnme which éthnic populatlon ’
‘ from' which fresh samples cannot be obtamed and therefore should not have
) thelr MHC molecules |ncluded in a diagnostic assay/
Wh||e cDNA' may “be substltuted for. genomlc DNAas the- startmg:
.matenal productlon of cDNA for each of the deswed HLA class I types: will o
req\ure hundreds of dlfferent HIA typed, viable cell Ilnes, each expressmg a. -
dlfferent HLA class I type Alternatlvely, fresh samples are requ1red from.k
) |nd|V|duaIs with the vanous desrred MHG types The use of genemlc DNA as_
the : starting rnaterlal allows for the productlon of clones for many HLA s
' molecules from a smgle genomlc DNA sequence, as the’ ampliﬁcation process

can be manlpulated “to mimic’ recvmblnatorlal and- gene conversmn events,

f

Several mutagene5|s strategres exist . whereby a given class 1 gDNA - clone '

“ieould be. modrf‘ed at elther the Ievel of gDNA or. at the cDNA resultlng from

thrs gDNA clone The process of producmg MHC molecu!es utilized in the

. which plagues RNA i§" not a problem
The soluble class 1 MHC: protems produced by the method descrlbed !

. herem JS utmzed in the. methods of epltope dlscovery and comparative Ilgand

I The. methods of ! epltope dlscovery and

: comparatlve ligand mapping descnbed herein which utmze secreted mdmdual ‘

.MHC molecules have: several advantages over the prlol’ art WhICh utmzed
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MHC from cells expressing multiple membrane-bound MHCS.  While the prior

- art method could distinguish if an epitope was presented on the surface of

a cell; this prior art rnethed is una‘ble» to directly. disﬁinguieh lin which specific

- MHC mnlecule l:he peptide ‘epit"ope was bound Lengthy pun‘ﬁéation processes
| mlght be used to try ; and obtain a slngle MHC molecule, but domg so Jimits
,'the quantlty and usefulness of the protem obtamed The novelty and

: ﬂelelhty of the Gurrent |nvent|on is. that |nd|wdual MHC specnﬁcmes can be '

ul:lhzed in sufﬁcxent quantlty through the use of recomblnant soluble MHC

proteins.

"Class'I and class II MHC molecules are really a tnmolecular complex'
consvstlng of an alpha chaln, a beta chaln, and the alpha/beta chaln s peptldeu
cargo (x e.. peptlde llgand) which-is presented on the cell surface to |mmune -
effector cells.’ Smce lt is the. peptlde cargo, and ot the, MHC alpha and beta’

. chams, which marks a cell as'infected;. tumorlgemc, or dlseased there |s a:
great need to identify. and characterize the peptlde ligands bound by )

partlcular MHC molecules For example, charactenzatmn of such pept)de:'

llgands greatly aids m determl,

E Wlth MHC- assomated dlabetes dlffer from the peptldes presented by the MHC

olecules assomal:ed wlth reSIstance to' dlabetes As stated above, having

f_’a suff"cuant supply of an mdwldual MHC molecule, and therefore that MHC .
f,‘molecule’s bound peptldes, prowdes a means for studylng such dlseases ‘
‘Because the method of the present xnventlon provides quantlties of MHC .
’ protem prewously unobtalnable, unparalleled studles of MHC molecules and.

:thelr important pe_ptlde cargo ¢an now' be facvlltated.~

Therefore;. the present invention is also related to methods of epi_tbpe
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discovery and comparative ligand .mapping which can be utilized ' to
dystlngmsh infected/tumor -cells from uninfected/non- tumor cells by unique

epitopes presented by MHC molecules in the disease or non- disease state.

‘ Creation of sHLA molecules from genomlc DNA (gDNA)
. 1 Genomic. DNA Extractlon 200 ul of sample exther blood plasma, serum,
. buf'fy coat, body qurd or up to 5)(10s Iymphocytes in" 200 i Phosphate'

: buffered sahne were used to extract genomic DNA usmg the. QIAamp® DNA

B!ood Mini Knt blood and body ﬂuld spin protocol Genomlc DNA quahty and

‘quantlty was assessed usmg optncal density readlngs at 260nm and - 280nm

2.1 PCR Strategy aners were de51gned for HLA-A, -B and —C Iocn m order

to ampllfy a truncated versmn of the human class 1 MHC usmg a 2 stage PCR

strategy The flrst stage PCR uses- a prlmer set that amphfy from the 5"

Untranslated reglon to Intron 4 This, amphcon is. Used as a template for the

seoond PCR Wthh results in a tmncated verSIOn of the MHC Class I gene by .
utyhzmg a 3' pnmer that 5|ts down |n exon 4 the 5' prlmer remains the same
‘as the 1St PCR. An overview can be ceen in FIG 1. The prlmers for each
'Iocus are listed in TABLE 1. leferent HLA-B locus alleles requn‘e prlmers
,‘Wlth dlfferent restnctlon cut sites . dependlng on the nuéleotlde sequence of
‘:the allele: Hence there are two 50 and two 3" truncating primers for the’ —B

'_locus. .
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2.2. Primary PCR. Materials- An Eppendorf Gradient Mastercycler is used for

all PCR. (1) H O:Dionized ultrafiltered water (DIUF) Fsher Smentfc, w2-
4 41. (2) PCR nucleotlde mix (10 m each deoxyrlbonucle05|de trlphosphate
[dNTP]), Boehrlnger Manhelm, #1814 362. (3) 10X Pfx Ampliﬁcatlon buffer,
pH 9.0, GlbcoBRL® part # 52806, formulation is proprletary lnformatu)n (4)

50mM MgSQ,, GIbCOBRL@, part #52044. (5) Platlnum@ Prx DNA Polymerase(

(B: Locus only), GlbcoBRL@, 11708~ 013 (6) Pfu DNA Polymerase (A and c

Locus), Promega M7741. (7) Pfu DNA Polymerase 10x reaction .Buffer with -

MgSO,,, ZODmMTns -HCL,pH 8.8, 100rnM KCl, 100mM (NH4)§O4, ZOmM Mgso,,
1mg/ml nuclease free BSA,1% Trlt0n®X 100 (8) Amphf‘catu)n prlmers (in
ng/yl) -(see TABLE I): A locus: 5" sense PPSUTA (300), 3ant|5ense PPI4A
(300), B locus {Not B*39’s) ‘sense PPSUTB (300), _antxsehse PPI4B (300), ‘
locus (B*39 s) sefise 5UTB39 (300), antlsense PPI4B (300); C Locus sense
SPKCE (300), antisense PPI4C (300) (9) gDNA Template

2.3 Secondary PCR (also used’for colony PCR) (1) H, 0 DlOI‘IlZEd ultraflltered ’

water ( DIUF) FlShef' Scnentlf' ic, W2~ 4 41, (2) PCR nucleotlde mix (10 mM each
deoxyrlbonucleosnde triphosphate [dNTP]), Boehnnger Manhe1rn, #1814 362
(3) " P DNA »Polymerase A and C LDcus), Promega, M7741, (4) Pfu DNA
Polymerase 10x reactlon Buffer wrth MgSO,,, ZOOmM Tr|s-HCL pH 8 8; 10()mM
Kal, IOOmM (NH4)2504, 20mM - MgSO,,, 1mg/m| nuclease free BSA 1%

Trlton@X-lOO (5) Ampllf'catlon pnmers (ln ng/ul) see TABLE It A- locus 5’ )

sense PPSUTA (300), 3" antvsense PP3PEI (300), B locus sense PPSUTB

(300), vantls’ense ‘PP3PEI (300); B-_Iocu_s. :sense, PPSUT (300), antlsense '
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PP3PEIH {300); B-locus B39's: sense 5UTB39 (300), antisense PP3PEIH (300);

C-locus: sense 5PKCE (300), antisense PP3PEI (360);‘ C-locus Cw*7’s: sense

SPKCE (300), antisense 3PETHC7 (300). (6) Template 1:100 dilution of the

‘prirﬁéln./ PCR product.

2.4 Gel Puriﬁc:ation ’of PCR"produ(_:ts( and vectors. (1) Dark Reader
Tansilluminator Model DR-45M; Clare Chemical Research. (2)" SYBR Green;
Molecﬁlar Probés Iné' (3;) Quéntum Pre‘p"Freelié"N Sdgeeze DNA Gel
thractlon Spm Columns, BIO Rad Laboratorles, 732 6165

2.5 Restrlcuon digests, Ligatlon and’ Transformatlon v(_1).' Restriction

‘enzymes from New;England Biolabs: (a) EcoR»‘_I #RUIOiS; (b) Hmd piss
#R0104S; (c) Xba 1 #RO145S, '('2) T4 DNA Ligasé, New 'EngISndr'B‘iblébs,—
7#M02d25 (3) pcDNA3 1( Y Invltrogen Corporatron V795 20 (4) L10x
Buffers from New England onlabs (a) EcoR I buffer SOOmM NaCI 1000mM
Tns HCL 10mM MgCLz, 0. 25% Tnton X 100 pH 7 5; (b) T4 DNA llgase buffer, :

SDGmM Tris- HCL 100mM MgCLz, 100mM D'IT 10mM ATP 250ug/m! BSA pH

7 5 (C) NEB buffer 2,°500mM NaCl 100 mM Trls—HCI 100mM MgCIZ, IOmM

DDT, pH 7. 9 (5) IOOx BSA, New Ergland Blolabs (6) Z Competent E coh
Transformatnon Buffer Set Zymo Research, T3002 (7) E coli stram JM109
(8) LB’ Plates’ w_nth 100‘ Hg/mi amplcnlm. (9) LB medla W|th 100 pg/ml

; ampu:lllin '

2 6 Plasm;d Extractlon W;zard Plus SV. m)nipreps, Promega, #A1460

-y 7 Sequenclng of Clones (1) Thermo Sequenase P mer Cycle Sequencmg

Klt Amer5ham Pharmacla Blotec'
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(see TABLE II). . (3) AlfExpress automated DNA sequéncer, Amersham

Pharmacia Biotech.
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2.8 Gél Casting.' (1) PagePlus 40% concentrate, Amresto} ESG_Z,‘S.OOmI. (2)
Ul;ea, Ahersham Pharmacia Biotech, 17-0889-01,5009. (3) 3‘ N'N'N'N"-
tetréméthy)ethyleneiaminé (TEMED), APB. (4) Ammonium pérsulp;hate (10%
solutson) APB. -(5) Boric ac1d ,APB, (6) EDTA dlsodlum salt,. APB (7) Trts,

‘APB. (8) Bind- Salme, APB (9) Isoprqpanol, Sigma.: (10) GIacnaI Acetic
Acid, Fisher-Biotech. (11) DIUF water, Fisher.Scientific. .(12). EtOH 200--

) préof.‘

2:9 Plasmid Preparation for Electroporation. Qiagen Plasmid Midikit, Qidagen-

Inc., 12143

3 0 Electroporauan w Biorad Gene Pulser with capacitance extender, Blo- .
Rad Laboratones (2) Gene Pulser Cuvette Bio- Rad Laboratones (:3)"
Cytornlx 120rnM KCI 0. 15mM CaClz, mmMKZHPoq/KHZPoM pH 7.6, 25mM
Hepes, pH 7.6, 2mM EGTA pH 7 6, 5mM MgClz, pH 7.6 wrth KOH (4) RPMI ",
1640+ 20% Foetal Calf Serum + Pen/strep (5) Haemacytometer (6) Light '

M|croscope (7) CO, 37" Incubator (8) Cells |n Iog phase
PrimatyPCR

c.«‘A-chus and C-Locus™,

710)( Pfu buffer "‘S‘pl '

5.Primer. (300ng/pl) 1wl

3. Primer (300ng/pl). 1wl
dNTP’s (10mM each) ‘Ll

gbNA (50ng/pi}. = 10 pl
DIUF H0:: - C3u4
Pfu DNA Polymerase 0.6l
96°C " 2.min. |,

'95°C 1 mib )

58°C" .1 min } %35

73°C 5. min

SUBSTITUTE SHEET (RULE 26)

JP 2004-536554 A 2004.12.9



—m —m ~m @ @ @ @ @ ™@ ™@ ™@ & & s & & & & /s s /s /s /s /s /o

WO 02/30964

d. B-locus

10x Pfx buffer ,
5’ Primer (300ng/pl)

-- 3" Primer (300ng/ph)

dNTP’s (10mM each)
MgSs0, (50mM)-
gDNA (100ng/pl)
DIUFH,0 '

Pfx DNA-Polymerase
94°C . 2 min.

68°C..3.5 min .
68°C 5 min

94°C 1 min -
" 60°C 1.min -+ X35

24
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Gel Purification of PCR (all PCR ‘and plasmids are gel purified)

- Mix primary’ l‘?CR’ with 5 jlof ix SYBR green ‘ér\d in‘cubat'e‘at room.

temperature for 15 minutes then load on a 1% agarose gel. Visualize on the

?[_)_ark ,Reagﬂeh‘and purify” using the ‘Quantum Prep . Freeze and Squeeze

extraction kit according £o the. manufacturers instructions,

.Sec'dndam”ﬁcﬁ
A;Band C Loci
‘10x PR-buffer - - >
5. Primer (300ng/ul)

3’ Primer (300ng/p!)
dNTP’s (10mMeach)

"1:100 1° PCR

DIUF H,0 ° -
Pfu DNA Polymerase -

+96°C 2 min. | )
195°C "1 min o
58°C.1 min'} x35 -*

73°C 4 min

73°C 7'min
Restriction digests -
129 PCR (gel purified)

roou
T

e -

0 -
37.5 .,
05 ul -

. A3:O‘u|
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Restriction enzyme 2 X pi
10x buffer 5l
100x BSA +0.5 pl
DIUF KO 10.5 pl

The enzymes used wnll be determined by the ‘cut sn:es xncorporated into the
PCR. prlmers for each |nd|v:dual PCR. The expressmn vector pcDNA3 1(-) will

be cut iii a slmllar manner.

L'g'a' tion

PCDNA3. 1( ) cut with same enzymes asPCR" “50ng

Cut PCR 100ng’
‘10x T4 DNA Iygase buffer AT

T4 DNA Ligase . Sl .
DIUF-H,0 .. “up-to 20 M
.Transformation

Transform IM109 using competent cells made using Z- competent E.coli
Transformatlon Kit and Buﬁ’er Set, and follow the manufacturers mstructlons n
M

ThlS will check, for msert in"any transformed celis. Follow the same :
protocol for the secondary PCR
“Mini: Pregs of colomes wnth insert -

Use the leard Plus SV mmlpreps and - follow the manufacturers '
|nstructrons Make glyceral stocks before begmnmg extractlon protocol ‘
Seguencmg of posutrve clgnes

Usmg the Therrno Sequenase Prlmer Cycle Sequencmg Kit

ACGOrTmlx‘.' 3ul.
jCYS Primer 1pm/pl 1y
~'DNA template 100ng/ul 5ul
-966C 2 min i :
“960C 30 sec: 3 _x25

“610C 30 sec . -

SUBSTITUTE SHEET (RULE 26)



—m —m ~m @ @ @ @ @ ™@ ™@ ™@ & & s & & & & /s s /s /s /s /s /o

(89)

WO 02/30964 PCT/US01/31931
26

Add 6 pl formamide loading buffer and Joad 10 pl onto sequencing gel. |

Analyse’sequence for good clones w_ith no misincorporations.
Midi Preps .

Prepare plasmid for electroporation using ;he Qiagen Plasmid Miqi Kit
-according v';o_ the manufaeturers instructions. )
’ . Electroporatlons are performed as descnbed in “The Bw4 public epltope
of HLA-B molecules confers reachwty W|th natural k|IIer cell clones that

_express NKb] a putative HLA receptor Gumperz, 3. E V thwm, J H. Phllhps,

“L.L: Lanier and P. Parham J Exp Med. 181: 1133 1144 1995, whlch is-

expressly |ncorporated herem by reference

Screemng For Qroductlon of Soluble HLA
An ELISA is used to screen for the productlon of soluble HLA For

blochemlcal analysts, monomorphu: monoclonal antlbodles are partu:ularly,

useful for |dentxf‘ catlon of HLA locus products and thenr subtypes

WG/SZ is one of the rnost common monoclonal antlbodles (mAb) used
to characterlze human «class I ma]or hlstocompatlbmty complex (MHC)‘

molecules It |s dxrected agalnst monomorphlc determmants on HLA A B and "’

-C. HCs, whlch recogmzes only: ‘hature complexed class I molecules and

recognlzes a conformatlonal epitope on the mtact MHC molecule contamlng

“both betaz mlcroglobulln ([32m) and the heavy chaln (HC) W6/32 blnds a
.compact epltope on the class I. molecule that mcludes both resvdue 3.0f "

’betaZm and reS|due 121 of the heavy chaln (Ladasky 1, Shum BP Canavez '

F Seuanez -

of class I MHC, molecules by” the«W6/3Z antybody Immunogenetlcs 1999 -
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Apr;49(4):312-20.). The constant portion of the molecule- W6/32 binds to is
‘reCogniied by CTLs and thus can inhibit cytotoxicity. The reactivity of W6/32
is sensitive to.the amino terminus of human beta2-micraglobulin (Shields MJ,

Rihaude RK. Mapping of. the’ monoelbnal antibodvaS‘/‘32': sensitivity to the

aming terminus of beta2-microglobulin. Tissue Antigens 1998 May;51(5):567- ‘

70) ‘HLA-'C i:ould not be clearly identified in irnmunopfecipitétions with W6/32
suggest]ng that HLA—C )Dcus products may be associated. only weakly with

- b2m, explalnmg some of the difficulties encountered in biochémical studles_

of HLA-C antigens [Stam, 1986 #1]. The polypeptldes correlating with the C-
Tociis products are’ recogmzed far bétter by HC-10 than. by W6/32 which

_confirms that at least some of the C prodicts may be assoaated with- b2m

more weakly than HLA $A and : B W6/32 is, avallable blotlnylated (Serotec,

MCA81B) offerlng addltlonal vanatlons in ELISA procedures

HC 10is reactlve with almost all HLA B I6cus free heavy chams The A2

heavy chams are only very weakly recognlzed by HC-10. Moreover, HC—IO :
reacts: only wrth a few HLA-A Iocus heavy | chams In addltion, HC—IO seems .

to react well W|th free heavy chalns of HLA# C types No ewdence for reactlvnty' .

of HC—IO thh heavy chain/b2m complex has been obtained. None of the,

‘lmmunopreclpltates_ obtalned wnth HC-IO«contamed b2m V[Stam r1986 #1].
Thns indjcates that HC-10 is d:rected ‘against a 5|te of the HLA class I heavy

gcham that' mdudes the, portlon |nvolved in lnteractlon wzth the BZm The‘

pattem of HC~10 precnpltated matenal is quahtatxvely dlfferent from’ that
|s_olated wn:h W6/32 -

TPZS 99: detects a determlnant in the alpha3 domain of. HLA ABC It is !

found On denatured HLA-B (in Western) as well ‘as partlally or. fully folded
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’HLA-A,B,& C. It doesn't renuire a peptide or B2m, ie. it ‘wor‘k’s‘ with the alpha
.3 domain which folds ‘without, peptide. Thfs makes it” uséfuill for HC
'determination. ‘

Anti-hurnan g2zm (HRP) (DAKO PQ174) recognizes denatured ‘as well as

rcemplexed B2m. Although in principle anti-B2m reagents could be ‘use_d for

“the. purpose'of identification’ of HLA molecules, they are less suitable. when

assoaahon of heavy chain_ and. BZm -is. weak. ' The patterns of class I
molecules precnpltated thh W6/32 and anti- [32m are usually indrstmgulshable
. [VaSI|0V, 1983 #10]

Rabblt antl -B2-microglobulin dlssomates [32 mlcroglobulln from heavy

chain as a consequence of bmdmg (Rogers, M. J., Appella, E., Plerottl M. A
‘Invern|22| G., and Parmiani, G (1979) ‘Proc Natl. Acad. Scn U.SA, 76 1415-
1419). It also has been reported that rabblt anti- human [32 mlcroglobulln

'dlssomactes [32 m»croglobuhn frorn HLA heavy chams upon. . binding

(Nakamuro K, Tanlgak| N, and Pressman,D (1977) Immunology 32, 139-

146. ) Thls antl human B2m antlbody is also avallable uncon)ugated (DAKO N
. A0072).

The Wb/ 32-HLA sandwich I:leA Sandwich assays can be used tor study

va number of aspects of proteln complexes If antibodies. are avallable to
dlfferent components of a heteropolymer, a two antlbody assay | can be
demgned to test for the presence of the complex Usmg a vanatlon of these
las.says, monoc\onal antlbod)e 1 can ‘be used to test whether a glven antlgen

is mulhmerlc lf the same monoclonal antlbody |s used for both the SO|Id

phase and the Iabei monomenc antlgens cannot be detected _‘ Suchr

cornbmatmns, however, may detect mummerlc forms of. the antlgen In these
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‘assays negative results may be'generated both, by multimeric antigen. held
in unfavorable steric positidns as well as by monometic antigens '

The W6/32 - anti-p2m antibody sandWIch assay is one of the best
‘technigues for determining the presence and quantity. of sHLA Two antlbody
sandwich assays are quick and-accurate, and if a source of -pure antigen is
available the asSay can be used"to determine the absolute amounts of
antlgen in‘unknown samples The assdy requrres two antlbodles that bmd to
nnn overlapping epltopes on. the’ ant|gen This assay is partlcularly useful to
study a number of aspects of protem complexes.

To detect the antlgen (sHLA), the wells of microtiter plates are coated
with the spemflc (capture) ‘antibody, W6/32 followed by the mcubatlon W|th

test solutions contamlng antlgen Unbound antlgen is washed out and, a .

d:fﬁerent antlgen—spemﬂc anhbody {anti- BZm) con]ugated to HRP i5 ‘added,

followed by. another mcubatlon Unbound conjugate is. washed out and

substrate is added After . another mcubatnon, the degree: of substrate

hydrolyss is measured. The amount of substrate hydrolyzed is. proportional
to the amount of antlgen |n the test SOlUtan

" The major advantages of thls technlque are that the antlgen does not

need. to be purlfled prior. to' use and -that the assays are very speanc The

sensnhvnty of the- assay depends on 4 factors (1) The number of capture
antlbody, (2) The awdlty of the capture antlbody for the antlgen, i (3) The:
awdlty of the second antlbody for the antlgen, {(4) The specvﬁc aCtIVltY of the
Iabeled second antvbody

Usmg an. ELISA protocol template and label a clear 96-well: polystyrene

assay” plate Polystyrene |s norrnally used as.a mlcrotlter plate (Because it
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is not tran5lucen’t enzyme assays that will be quantitated by ‘a plate reader
should be performed in polystyrene and not PVC plates).

Coating of the W6/32 is performed in Tris buﬂ’erecl sallne (TBS); pH 8.5.
A éoating solution of 8.0 pa/mi of specific W6/32 antlhgdy in TBS (pH.-8.5) is
-prepared. (blué tube preparation stored a’g —ZVO’C'wIth'a'c'on'centration‘ of 0.2

mg/m and a voliime of 1°'ml giving 0.2 mg per tube),

TABLE IIL
No. of ‘Total W6/32 TBS.
plates Volume antibody pH 8.5
1 10m. 400yl 9.6:ml"
2 20.ml 800yt - - 19.2mt
3 30 ml 1200.pt 28.8 ml
4 40 mi 1600. il 38.4ml
5 50 'm}- 2000l 48:0'm

Although' this is w:_allrabove'th.e capacity: of a microtiter plate,’ the
binding will océdr ‘more rapidly Higher concentrations will Speéd tne bihdin’g‘:
of anhgen to the polystyrene but the capamty of the plastlc is only about 100.
ng/well (300 ng/cmz), so the extra protein: will not blnd (If using: W6/32 of
unknown composmon or. concentratlon, first titrate the amount of standard

antlbody solutlon needed to coat the plate versus a fi xed hlgh concentratlon

’of labelecl antlgen Plot the values and select the Iowest level thal: W|ll yield

a strong sngnal Do~ riot |nclude sodlum azide ' in.-any ,solutlons when
horseradlsh peroxndase is used for detection

Immedlately coat the! mlcrotlter plate wuth 100"yl or antigen solutlon
per well using a multlchanneJ pipet. Standard pulystyrene will bind; antlbodles

or antigens.'when the proteinis are:simply .incubated with the plastic.: The
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"bonds that hold the proteins are non-covalent, but the exact types of

interactions. are not khown. Shake the plate to ensure that. the antigen -

solution is evenly distributed over the bottom of each well. Seal the plate

with plate sealers (sealplate adhesnve seallng fitm, nonsterile, 100 per unit;

Phenlx, LMT- Seal EX).or sealmg tape to Nunr:—Immunom Modules (# 236366).

. Incubate at 4°C overnlght Avoid detergents ‘and extraneous protelns Next,.

,day, remove the contents of the well by fllcklng the I|qurd |nto the smk or a

3 su1table waste contalner Remove last, traces of solutlon by lnvertlng the

plate and blattmg |t agamst clean paper towellng Complete removal of. llqun:l’

at'each step |s essentlal for-good performance
Wash"the plate 10 times_with Wash Buﬂ'er (PBS contamlng 0.05 %,

Tween 20) usmg a multl channel ELISA washer After the last wash, remove,

any remalnmg Wash Buffer by mvertlng the plate - and blottlng it agalnst"

clean paper towelmg After the W6/32 is bound, the rernalnlng S|tes ‘on the

~ plate must be saturated by mcubatlng wlth blocking buffer made of 3% BSA .
.m PBS. Fll the wells w:th 200 ul blockmg buffer,” Cover the plates W|th an -
'adhesnve strlp and |ncubate overmght at 4°C. Alternatlvely, |ncubate for at-.

- '
Ieast 2 hours at’ room temperature Wthh is, however, not the standard .

procedure Blocked plates may be stored for at. Ieast 5 days at 4°C: Good
plpettlng practlce |s most |mportant to produce rehable quantltatlve results

The tlps are ]ust as; lmportant a part of the system as the pipette ltself If

“they are of 1nfer|or quallty or do not F t exactly, even the best plpette cannot’

produce satxsfactory results e pupette worklng pos:tion i always vertlcal

'Otherwrse causmg too much 'lqwd to be drawn m : The lmmerslon depth

should be-pnlvra few‘ mllhmeters; Allow the plpettlng “button 'to., retract
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gradually,' observing the filling operation. 'There should pe no turbuience
developed in the tip, otherwise there is a risk of aerosols-being formed and
gases coming out of solution:

" When maximam levels of accuracy are stlpulated prewetting should be

use’d_ at all times. To do this, the requnred set' volume is.first drawnin one or

two times using the same tip and then returned. Prewetting is absolutel_y

:necessary on the more diﬁ"cult liduids such as' 3%, BSA ‘" Do not prewet, lf

your intention is. to mxx your pipetted sample thoroughly with.an already )
present solutlon However, prewet only for volumes greater than:10. pl. In
“the case of pipettes for volumes less:than 10 pl the’ res;dual liquid film is as -
: a. rule taken-into account when de5|gn|ng and ad]ustlng the mstrument The :
. tlps must be changed between each mdlvxdual sample. With volumes <10 .
ul specxal attentron must also be paid to drawmg in. the liquid slowly,:
otherwise the sample will - be 5|gn|ﬁcantly ‘warmed .up by l:he frictional heatk
; generated. Then slowly withdraw- thle tip from the Ilgmd, if necess‘ar:y w;plng’
 off any drops clinging to the Dutside’ l N
To dlspense the set volume holcl the tlp at a shght angle, press it down :
. umformly as far as the fi rst stop In order to. reduce the effecl's of surface .
; tensmn, the tlp should be‘in contact W|th the S|de of the contalner when the
;hqurd |s dlspensed After hquud has been dnscharged w1th the metenng
‘stroke, a short pause:is made te enable the llqwd runnlng down the |nsrde
.of the tip to - colléct at its' Iower end Then press it down | swﬂly to the
) second stop, |n order to blow out the tip W|th the extended stroke with whrch :
'the re5|dual llqmd can be blown out In cases that are not problematic (e g

agueosus. solutlons) this brlngs about a-rapid and vnrtually complete d|scharge )
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of the set volume. In more difficult cases, a slower discharge and a longer
pause before actuating the extended .stroke can help ‘Tu determine‘the

ahsolute amount of antlgen (sHLA), sample values are compared with. those

obtalned usmg ‘known amounts of pure unjabeled ant|gen in a'standard curve.
For accurate quantltatlon, all samples have to’ be run in triplicate, and

the : standard antigen-dilution ‘series should be 1ncluded on each plate

Plpettmg should be preformed without, delay to mmlmlze dlfferences in tlme

of' iricubation' between samples All dllutlons should be. done i leCkIng‘,

-buffer. Thus, prepare a -standard  antigen- ~diltition serles by ‘successive .

dl|UtI0n5 of the homologous antlgen stock |n 3% BSA in PBS ‘blocking buffer.
In order to measure the amount of- anbgen in a test sample the standard

antlgen dllutlon series’ needs to span ‘most of the. dynamlc range of bmdlng

Thxs range spans from 5to 100 ng sHLA/mI A stock solution. £ of 1 pg/ml'

should be prepared ahquoted in volumes of 300 ul and stored at 4°C. Prepare

a 50 ‘mi batch of: standard at the time. (New batches need to be compared to '

the ‘old batch before used in quantltatlon)

Use a’ tube of the standard stock solutlon E to prepare successwe

dllutions Whlle standard curves are necessary o, accurately measure the

amount of antlgen in test samples they are unnecessary for - qualltatlve

"yes/no" answers For accurate quantltatlon, the te: t solutlons contamlng :

sHLA should be assayed over a numbéer of at least 4 drlutlons to assure to: be~

w1th|n the. range of the standard curve Prepare serlal dllutions of each

antlgen test solutlon in b!ockmg buffer (3% BSA in PBS) After mlxlng,

prepare all dllutions m dlsposab!e U bottom 96 well © microtlter plates beforef
addmg them_ to the W6/32»coated pla_tes W'th, &'multipipette; Adq 150 pl/ in-
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each well. To further proceed, remove any remaining. blocking buffer and
-wash the plate as described above. The plates are now ready for sample

addltuon Add 100 ul of the sHLA contammg test solutions and. the standard

" antigen dllutlons to the antibody- coated wells,

Cover the plates with an adhesive strip and incubate for exactly 1 hour

at room temperature. After. incubation, remove the unbound antigen by

washing the plate 10x with Wash Buffér (PBS containing 0:05 % Tween-20)

as described.. “Prepare the'appronrfate developing reagent to detect sHLA.

. Use.the second specnfc antlbody, anti- human |32m HRP (DAKO PO174 / 0 4.
‘_ mag/ml) conJugated to’ Horseradlsh Peroxldase (HRP) Dilute the - -anti-human
BZm HRP ina ratlo of 1: 1000 |n 3% BSA in PBS. (Do not mclude sodium azide:

in solutions _when horseradish peroxidase is used for detection).

- TABLE IV

No. of ' . Total ‘anti-B2m-HRP -~ - =3"/055.‘\
platés.. - .’ Volume  -antibody - lin PBS
-1 10 mi 10l 10 ml
2 20 ml. 20 pl- 2ml.
3 30 m) 30-pl 30 mi
4 40 ml 40 pl 40 m|
5

50'ml 50 pl S0 ml

Add 100 |.|l of the secondary antlbody dilution" to each we)l AII dllutlons

should be done |n blockmg buffer Cover. thh a new. adhesrve strup and

'lncubate for 20 minutes.at room temperature Prepare the appropriate .

amount of substrate pnor to! the wash Step Brlng the substrate to room

temperature,”
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OPD (o-Phenylenedlamine) is a péroxidase substrate sujtable for use

in ELISA procedures. The substrate produces a .soluble e_nd product that is

“yellow in color..The OPD reaction is stopped with 3 N H2504, producing an

orange—brown product and read at 492 nm. Prepare OPD fresh from tablets

(Slgma, P6787; 2 mg/tablet) The solid tablets are convenlent to use when

small quantltles of the substrate” are requ1red After second antlbody

. mcubation remove the unbound secondary reagent by.washing the plate 10x
. w1th Wash Buffer (PBS contalnlng '0.05% Tween- -20).., After the final wagh, .

add 100 ul of the OPD substrate solution to each well and allow to develop‘

at room temperature for- 10 minutes.. Reagents of the developlng system are
llght-sensxtlve thus, avoid' placing: the plate in dlrect llght Prepare the 3 N
H2S04 stop solutlon After 10 mlnutes, add' 100. pl of stop solution per 100

pl of reactlon m|xture to each well Gently tap the plate to_ensure thorough~

mixing. -
Read the ELISA plate ata wavelength of 490 nm within 2 Yime perlod

of 15 mmutes after stoppmg the- reactlon The background should be around-

‘w ay. | have contamlnated the substrate

wuth a perox' ase: If the. substrate background is low and the backgmund in

your assay is hlgh thlS ‘may be due to insufficient blocklng Fnally analyze
’your readlngs Prepare a standard curve constructed from the clata producedr
by serlal dllutlons of the standard antlgen To determme the absolute .

al‘nount -of: antlgen, compare these values “with those obtamed from the ’

standard curve;
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. Creation of Transfectants and Production of Soluble. Class I Molecules

Transfectants were establlshed as prevvously descrlbed (Pnlllman KR

et al., Immunogenetxcs 457 379 1997, which is expressly mcorporcxted hereln

by reference) with the follow!ng modifications; ‘a cDNA clone of B*1501

contammg the entire codmg region of the molecule was PCR amphﬁed m'
‘order to generate a construct devoid of the cytoplasmnc domaln using pnmerS‘
-SPXI (59 GGG(,T CT, AGAGGACT CAGAATCF CCCCAGAC GCCGAG -39) ‘and 3PEI

(59 CCGCGAATTCT CATCTCAGGGT GAG -39) as-shown in TABLE V. Constructs

were also created contalnlng a C termmal epltope tag conststmg of either 6.

: consecutwe hlstldlnes or the FLAG epltope (Asp-Tyr-Lys-Asp-Asp«Asp—Asp-

Lys). TABLE v Prlmers utlhzed to create B*1501 HIS and B*1501 FLAG were
5 BX L‘(ﬂa nod 3Ty EI Wi.s ( 5 9

CCGCGAATTCTCAGTGGTGGTGGTGGTGGTGCCATCTCAGGGTGAG 39) ior
300P LELTT VR L AL G R .5 ,9_'-‘

CCGCGAATTCT CACTT GTCATCGT CGTCCTTGT. AATCCCATCT CAGGGTGAG-39). PCR
amphcons were, punﬁed using a Qlagen Spln PCR purlﬁcatlon kit (Qlagen,
.Levsden The Netherlands) and cloned intor the mam allan expressnon .vector

pCDNA 3. 1 (Inv»trogen, Carlsbad CA USA) TABLE Vi AFter conﬁrmatlon of

‘msert mtegrlty cbhy -~ bldlrectlonal DNA sequencmg, constructs were

‘electroporated mto the class I negatlve B~ Iymphoblastmd cell line 721 221

‘(Prllllman KR et al 1997 prewously lncorporated hereln by reference)

|n medlum contalmng G418 post-

"electroporatlon and subcloned in order to isolate efﬁcnent producers of soluble

class b as determlned by ELISA (Pnlhman KR et al, 1997; - prewous}y

‘lncorporated hereln by reference)
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Soluble 8*1501,15*1501-HIS, and B*1501-FLAG w'ere'prnduced by culturing

estalblished‘ transfectants 'in 'CP3000 hollow-fiber bioreactors as previously

"described by Prillirnan et al, 1997, which has préviously been incorpdrated

. herein by reference. Supernatants containing soluble-class .1 molecules were

‘collected in bioreactor harvests {and purified on Wé/32 afflnity‘ cdlum’ns. At

-Ieast 2 column purifications ‘were performed ‘per. molecuie.

) ngand Purlf' ication, Edman Sequencmg, and Reverse—Phase HPLC -
. Separa'non of Peptndes

Peptide llgands were purlf‘ed from class 1 molecules by acid elutlon

(Prllllman, KR et al., Immunogenetlcs 48 89, 1998 which s expressly‘
mcorporated hereln by reference) and further separated from heavy and Ilght"
’ chains by passage through a stlrred cell (Millipore, . Bedford - MA, USA)..
‘~-equ1pped wn:h a 3- Kd cutoff membrane (Mllhpore) Approxnmately 1/100

volume ‘of stirred’ cell ﬂow through containing peptlde eluted from’ elther.

B*1501 B*1501 H]S or B*1501 FLAG was subJected to'14 cycles of-Edman ‘.
: degradatlon on a 492A pulsed I|qu1d phase proteln sequencer. (Perkln Elmerf-
-Applled Buosystems Dlvnsmn, Ncrwalk Cl' USA) W|thout the- denwtlzatson of _"‘
"cysteme Edman motifs. were denved by combmmg from mull:lple column

: elutlons the plcomolar yields of each amlno acnd and then’ calculatlng the fold
'mcrease over: previous, round :as descrlbed in (Prllllman, KR et al,. 1998 5

'prewously lncorpcrated hereln by reference) and are. shown in FIG 2.

+ Pooled peptlde eluate was separated mto frac‘nons by RP HPLC as

: prewously descnbed (Prllllman KR et al, 1998 previously mcorporated hereln

by reference) Brleﬂy, 400- -mg alxqunts of peptldes were dlssolved in"100 mi "

-of 10% acefic acid and loaded ohto @ 2.4 3:150 mm C18 column (Michrom .
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Bioresources, Auburn, CA, USA) using a gradiént of 2%-10% acetonitrile with

0.06% TFA for' 0.02 'min followed by a 10%-60% gradient of the same for 60
min, Fractions were collected autornatically at 1-min intervals with a flow rate
of 180 ml/min.
Mass Spectroi'netric»Liga‘nd Analysis

RP-HPLC fractions were speed-vacuumed to dryness and reconstituted

4n 40 ml 50% methanol 0:5% acetic acid. Approxnmately 6 ml from selected

g fractions were sprayed into an API 111 tnple quadrupole mass spectrometer

(PE Smex, Foster City, CA, USA) using .a - NanoES _jonization source inlet
(Protana, Odense, Denmark) Scans were collected whlle usmg the followmg
instrument settmgs polarlty—pos;tnve, needle voltage—-1375 V; orifice

voltage —65 V; N2 curtam gas 0.6 mi/min; step snze— 0. 2 amu; ~dwell

tlme——l 5 ms, and mass range—325 1400. Total ion traces generated from

each molecule were compared visually in: order to: rdentlfy lons overlapplng
between molecules. . Follownng ldentxﬁcatyon of non matches, individual . jons
were selected for MS/MS! sequencmg

Sequences were predxcted usmg the BloMthVlew program (PE Scnex)

algorlthm predlct sequence, and fragmentatlon patterns further asseéssed.

manually Determlnatlons of ion sequence homology to, currently compiled

sequences: were performed using - -advanced: . BLAST searches agalnst the

nonredundant human expressed sequence tag, and unfinished high -

rthroughput genomlc sequences nucleotnde databases currently ' aviéilable

through  the Natlonal Center for Blotechnolagy Informatlon (National
Institutes of Health, Bethesda, MD, U‘SA).
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_The methodology of the present invention provides a direct comparative
analysis of peptide ligands‘eluted from class I-HLA' moletules; In order to
accomplish sukchvcomparative analyses , hollow-f ber bioreactors for class 1
Ilgand production were used along with reverse- phase HPLC for fractlonatlng

eluted- ligands, and mass spectrometry for the mappmg and sequencmg of

bpeptlde Ilgands ‘The appllcaﬁon of comparatlve Ilgancl mapping also is

appllcable to cell lines that express endogenous class L Pnor to peptlde

sequence determination in class I posmve cell Ilnes the effects of addmg a

C termlnal epxtope tag to transfected class'T molecules ‘was found to have no

deleterlous effeCts Elther a. tag consnstmg of 6 hlstldmes (6-HIS) or a tagrv

contalnlng the epltope Asp-Tyr-Lys Asp-Asp-, Asp~Asp Lys (FLAG) was added

,to the c- l:errmnus of soluble B*1501 through-PCR. These constructs were then )
transfected into class I negatlve 721 221 cells and peptldes purn“ed as:
prevlously establlshed (Prilliman, KR et al, 1998, prewously |ncorporated.‘
_hereln by reference) Companson of the two talled transfectants wvth the:
vuntalled soluble B*1501 allowed for the determmatlon that tag addltlon had:'

(no effect on peptlde bmdlng speclﬁcnty of‘the class I molecule and

:Aconsequently had no, deleterlous effects on direct. pep’ude llgand mapping anclf

sequencing.

f\Eliman Motifs

The most common. means for dlscermng Ilgands presented by ‘a
- particular class I molecule is Edman sequencmg the pool of peptldes eluted .
vfrom ‘that molecule In orcler to demonstrate that tamng class I molecules-
w:th Ctermlnal tags does not dlsrUpt endogenous peptlde loadmg, Edman t}‘
sequences of the peptxde pools from B*1501 B*1501 HIS and B*1501 FLAG :
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was compared with previdnsly published B*1501: data FIG. 2].Motifs were
assigned to each of the varioué B*1501‘ rno‘lecules as shown inf FIG 2. ' At the
anchor position 2 (P2) a dominant Q and subdomlnant M was seen in motifs
as previousty pubhshed by Falk et af. (Immunogenetlcs 41: 165 1995) and
Barber etal. (3 Exp Med 184 735, 1996) A more disparate P3 is seen inall
molecules wtth F, K, Ny P R, and Y appearmg, these results have -also been
previously reported by Fa)k and Berber. Again, @ dommant ¥ and F are seen

‘as'the Citerminal anchors at PS in all three molecules. The motif data for all

three'mdlecules‘vare'in close accord; therefore, with ‘the published standard

'rnptifs.
Mass Sbectrometric Profiles

Comparison of motifs for the ‘surface ‘bound, n'ontailed a’nd' tai)ed

) B*1501 molecules |dent|F ed no substantial dlfferences |r| the ‘pooled’ pept)des .
bound by the varlous forms of B*lSOl tested. However the aim of the

present lnventyon is'to subtractlvely compare the mdlvadual peptides bound

vby class T molecules frorn dlseased and- healthy cells Subtractlve analysns is

accomphshed through the “comiparison ,of mass spectrometrlc joni: maps and -

as such the j lon maps

of talled and untailed class'l molecules were compared in.order to-determine

the effect of ta!lmg upon comparahve pepude mapping.

Peptldes derived from talled and untalled B*1501 were separated into
fract)ons vua reverse phase HPLC (RP-HPLC) Each fractlon was then scanned:’

usmg an API [II mass spectrometer in order to ldentlfy |ons present m each,

fractlon Overall xon scans fromi RP-| HPLG fractuons 9, 10, 11, 18, 19 ~and 20

Were: produced and wsually compared in. order to assess ions representlng
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peptides Qverlapping between the three molecules. FIG-. -3: depicts a
representati\}'e section of the ion.maps geherated from each of the moleculés.
This—c‘o'mparison shows that the same pattern of ions is produced by the
different B*1501 molécules analyzed ‘her‘e. The manual comparison of ion

maps from each of the three fractions found little to-no difference in-the

"beptides‘ bound by each of the three mole‘cules,z
”,L‘igarid? Sequences

After identification of ion matches in MS chromatograms of each of the
“three molecules, individual ions were chosen for sequencmg by tandem mass

spectrometry in order to determlne if ‘lons. were: indeed matched at ‘the.

peptlde-sequence IeveI Ten jons from each fract)on were |n|t|aHy selected for
MS/MS sequence generat)on Fragmentahon patterns for each of the i |ons from
each molecule were manually compared and |dentical fragmentatlon patterns
were ‘counted as peptlde sequence level matches, as jllustrated in FIG. 4.

Of ‘the peptlde fragmentatlon patterns examlned 52/57 (91%) were exact

matches between the untailed molecules and the 6+ HIStalIed protem (TABLE -

.VI) A more; dlsparate pattern of fragmentatlon was ndentlﬁed in the FLAG- -
tailed lOnS selected for MS/MS sequencmg of.the 57 IOnS selected for MS/MS -
'vfragmentatlon comparlson, 39 (70%) fragmentatlon pattems matched

between the FLAG taxled and untanled molecules Overall 91 out of 113.

(81%) spectra exammed were ' in, accord between the talled molecules ‘arid

soluble B*iSOl
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TABLE VI

~ Molecules Tons Examined | Ion Matches | " Percent.

B Matched -

|'B*1501-HIS - 57 .52 91% .-
| B*1501-FLAG | .. 56 ‘39 70%
B*1501-Tagged'| ‘113 81 ‘81%

‘Several - ligand ‘seque'ncee 'were cléarlyb determined from the

fragmentatlon patterns produced The ligand QGLISRGYSY derlvmg from

‘i human periplakin, was sequenced from those peptides eluted in fraction 18!

AL second ligand AVRDISEASVF an.11- mer matchmg a span of the 405. :

ribosomal protein 526, was identifi ed in fractlon 20 Notably, these i:wo.,"

_peptides Jacked the strong consensus glutarnme expected by the motrf data,

La phenomenon prev10usly reported by our laboratory when sequencmg

.5*1501 eluted ligands (Prilhman, KR et al 1997, prev:ously mcorporated :

ith an: -

-aromatic’ tyrosme or phenylalanine, these ammo ac1ds were both predicted’ V_

' to be strong anchors by Edman sequencmg data and by previously pubhshed
‘observations (Pnlliman, KR et al 1998 prevnously mcorporated hereln ‘by .

One embodlrnent of the present mventlon contemplates characterizmg'

molecule into a class I negative cell Ime and affinity” punFcation of the c ss

) peptlde Iigands bound by a’ given class I molecufe. by l;ransfectmg that ,

I molecule and bound peptlde Compllcations arise, however, when cell lmes "

are chosen for study that already possess class I molecules In thls case,
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‘antibodies specific for one class I molecule must be used to selectively purify
that class 1 molecule from others expressed by the cell. Because allele-

specific antibodies recogmze epitopes in and around the peptide binding

groove, varlanons in the peptides found in the groove can alter antibody’

affinity for the class 1 mblecule (Solheim, jC et all,’ J' Immunol 15125387,
1993; and Bluéstone, JA et al., J Exp Med 176:1757, 1992). _Altered antibody
recognition.can, in - turn, " bias. the 'peptides available. for. elution and
su bsequent ‘s‘quence‘ anélysis;

In order’ fo selectively purify from a class I positive cell a transfected
class I molecule and its peptide Ilgands inan unbiased way, it.was. necessary

to alter the embodlment for class I pur(fcation in. a non-class I posntxve cell.

“Thg C-terminal addltlon of a FLAG and ‘6-H1$ ‘tag to a class I molecule that
had already been extensi\}ely‘ch'vara(éterizéd, B*1501 was shown to _havé little.
‘.or:no effect on beptide' binding. 1j1is méthodldldgy was designed to allow
purification  of a single class I speciffcity"from “a complex mixture of
endogenously -expressed ‘dass I molecules: Ligands eluted from the tailed -
-.and untalied B*1501 'molecule were compared to assess the. eﬁect of a “tail

.addmon on the peptlde reper’tonre

Pooled ‘Edman sequencing is the commonly used. method to determine

the brndlng ﬁngerprlnt of a glven molecu!e, and thls methodology was used'

to ascertaln the large-scale eﬁ"ect of’ tall addltlon upon peptxde blndmg We

sub]ected 1/100 of the pePtldes eluted from each ciass I MHC molecule to '

Edman degradatlon and derlved motlfs for each of the molecules: : Both the

HIS- and FLAG ta;led motifs matchecl pubhshed motlfs for the solub|e and

mernbrane bound B*1501 Each of the molecules exhlblted motlfs bearlng a v
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dominant P2 anchor of Q:a more disparate P3 in which multiple residues
could be fou‘nd' and another dominant .anchor of Y or F at P9. Small
“differences in the picomolar amounts of each of the amino acids detected
durlng Edman sequencmg have . been noted prevmusly in consecutive runs
thh the same molecule’ and most llkely reflect dlfferences in cel handhng
and/or peptlde isolation rather than dlsparltles in bound peptldes nghly
5|m1Iar peptxde motifs lndlcated that:the peptlde blndmg capabxhtles of class
T.MHC molecules are not drastlcally altered by the addition of a tag.

In order to insure the llgands were not skewed after tag addition, MS

and MS/MS were used for the mappmg and sequencmg of mdwndual peptides,

respectively Peptide mlxtures sub;ected to MS provxded |on chromatograms :
(FIG 3) that’ were used to compare the degree of ion. overlap between the.

three examlned molecules Extenswe lon overlap |ndlcates bhat the peptldes

bound by these talled and untailed B*1501 molecules were nearly ldentlcal

) Selected lons were then MS/MS sequenced m order to .confirm that

mapped lon overlaps |ndeed represented exact llgand matches through

companson of fragmentatxon patterns between the three molecules (Flg 4)

Approx1mately 60 peptldes were chosen lmtlally for MS/MS—ten from each -

fractlon Overall fragmentat:on patterns were exact matches ina maJonty of :

the peptldes examlned (TABLE VI) Fragmenta'non patterns categorlzed as

nonmatches resulted from a- mlxture of peptndes present at the same mass -

to charge ratio, ‘one oF more. of. WhICh was ‘present in the tagged molecule and ’

not apparent in the spectra of't e sa e |on from B*1501 of the sequence-

level matches, llgand//clerlved from HIS- talled molecules rhore closely -

matched those denved from B*1501 than those eluted from FLAG talled
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. molecules. In total, 52/57 HIS peptides were exact matches, whereas 39/56

FLAG peptrdes were equivalent. Thus, the data indicates that the 6-HIS tag
is less dlsr‘uptlve to endogenous peptide blndlng than is -the FLAG tag
althuugh neither tag drastlcally altered the peptldes bound by B*¥1501.

A handful of indlvpdual Ilgand sequences present in fractions. of peptndes

eluted from all 'three molecules were determmed by MS/MS The two clearest

sequences AVRDISEASVF and QGLISRGYSY demonstrate that tanled class I

molecules |ndeed Ioad endogenous peptlde lrgands Thls supports the'

hypotheS|s that addltlon of a C- termlnal tag does not abrogate the ability of
the:soluble, HLA-B*1501 molecule -to naturally blnd endogenous peptrdes
Further, both peptlde sequences closely ‘matched those previously reported

“For B*1501 eluted peptldes having a dlsparate N-termmus paired with a more'

'consen/ed C- termmus con5|st|ng of: elther a phenylalanlne or a tyroslne
leen the homologous ‘Edman Asequence, largely identical fragmentatlon
pattems and the peptide. Ilgands shared between the three molecules, we .

_conclude that addition of a. C- termmal tag does nol: S|gmfcantly alter the’

peptlcles ound by B*1501 Mappmg and subtractnvely companng eluted'

lndl\lldua| llgands bound by @ class I HLA: moleculev Indeed subtracnve

compansons demonstrate how overlapplng llgands bind across closely related ’

HLA- B15 subtypes as well 'ag pomtmg out Wthh llgands are unlque to virus-

lnfected cells “Direct comparatlve analyses of eluted peptlde llgands is well.

sun:ed for a. number of purposes, not the least of wh|ch is viral and cancer

CrL epltope dlscovery Addlton of a Ctermmal epltope tag provudes a

feasmle me’chod for producl:lon and punf‘cahon uf class I molecules, and
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therefore, peptide ligands in cell lines capable. of sustainlng viral infection or
harboring neoplastic-agents, as illustrated in FIG. 5. Direct peptlde analysis

from such lines shouid yield important mformatlon on , host control of

. pathogemc elements as well as provide lmportant building blocks for rational

vaccine development.

The pre'sent invention further relates in particular to a- novel method

for detectlng those peptlde epltopes which d|st|ngwsh the mfected/tumor cell.-

from the. unlnfected/non -tuimor cell. - The: results obtamed from the present

mventlve methodology cannot: be predlcted or ascertamed indirectly; only

.with a dlrect -epitope dlSCOVery method can the unique epltopes described

herein_be ldentlred Furthermore, only wlth this dlrect approach can'it be

ascertamed that the source protem is degraded into potentlally lmmunogemc

peptlde epltopes Fmally, thls umque approach prov:des a gllmpse of which -

proteins are unlquely up and down regulated in infected/tumor cells, |
The utlllty of such HLA presented peptide emtopes Wthh mark the

lnfected/tumor cell are three fold Flrst dlagnosncs deS|gned to detecl: a

dlsease state (,e., lnfectlon or cancer) “Can: use epntopes umque to.

|nfected/tumor ‘célls to ascertaln the presence/absence of a tumor/kus

Second epltopes unigue to |nfected/tumor cells represent vaccme candldates

Here, We descrlbe epltopes whmh anse on the surface of cells mfected W|th :

HIV Such epitopes could not be- predlcted Wwithout natural virus mfectlon and “

dlrect epitope discovery The epntopes detected are derived from protems‘

linique to v1rus |nfected and’ tumor cells These epltopes can be used for

virus/tumor vaccme development and vrrus/tumor dlagnostlcs Thlrd the‘

process mdlcates that partlcular protems umque l:o virus |nfected cells are
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found in compartments of the host cell they would otherwise not be found in.
Thus, we. identify uniquely. upregu!ated or traFﬁck_ed host prote‘ins’for drug
targeting to Kill infected cells.

,-The present invention describes, in_parﬁcular,’ peptide epitopes unique

to HIV infected cells. ; Peptide epitopes unigue to: the HLA molecules of HIV

'infe‘f:ted cells were, identified by direct 'compe'ris‘pn‘ to HLA peptide epitopes

from umnfected cells

As such, and only by example, the present method is-shown ‘to be
capable of |dentvfy|ng (1) HLA presented peptide: epltopes, derlved from
mtracellular host proteins, that are unlque to mfected cells but not. found on:
unmfected cells, and ) that the mtracellular source—protems of the peptides

are unlquely expressed/processed |n HIV mfected cells such that peptide

fragments of the protems can be’ presented by HLA .on infected celis but not:

pn‘unlnfected cells.
u he method of the present‘inynetion' also, therefore; describes the

unlque expressuon of protems in mfected cells or; altematlvely, the umque

peptlde fragments thereof are presented by’ HLA molecules on lnfected Cells '

These HLA presented peptlde fragments of |ntracellular proteins represent»

powerful alternatnves for dlagnosmg V|rus |nfected cells. and for targetlng

|nfected cells for destructlon (. e vaccme development)

A group of the host source—protelns for HLA presented peptide ep|topes X

umque to HIV mfected cells represent source-protems that are! unlquely
expressed |n cancerous cells FOr example through usmg the methodology

of the present |nventlon a peptrde fragment of retlculocalbm lS unlquely found'
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~on HIv infected cells. A literature search indicates that the reticulocalbin
gene is. un[quely upregulated in cancer cells. (breast cancer, liver cancer,
colorectal eancer_) - Thus, ‘the "HLA presented peptide fragment “of
_reticulocalbin which .dlstingmshes HIV infected cells® from»uninfected celis can
be inferred to -also differentiate tumor cells from healthy non-tumor cells.
Thus; HLA presented peptide fragments of host genes and gene products that
distinguish the tumor cell and virus infected cell from healthy cells have been
dlrectly identified. The eoxtope ,,d_lscovery method:of l:he present m_venhon
is alSo capable of identifyin'g host' proteins’that are ‘uniquely expressed or
unlquely processed on virus. infected or tumor-cells. HLA presented peptide
fragments of such unlquely expressed or un)quely processed proteins can be
"used as vaccine epltopes and as dlagnostlc tools.

The methodology to target “and detect wrus mfected cells may’ not be
ta target the-virus-derived peptldes Rather the methodology of the present
|nvent|on indicates that the way to- dlstlngwsh |nfected cells from healthy
cells is” through alteratlons in’ . host - encoded protem expressron and
processmg This is true for cancer. as weII as for v1rus lnfected cells The
methodology accordlng -fo the present |nvent|on results " in’ data WhICh
mdncates wnthout reservation ‘that' protelns/peptldes distinguish vnrus/tumor

cells from’ h»ealthy‘ cells:

Example of Comparative Ligand Mapping i in Infected and Unlnfected Cells
Creatnon of Soluble Class I Construct

' EBV transformed cell lines: expressmg alleles of xnterest (partlcularly

A*0201 B*0702 and Cw*0702) were grown and class I HLA typed through

SUBSTITUTE SHEET (RULE 26)

JP 2004-536554 A 2004.12.9



—m —m ~m @ @ @ @ @ ™@ ™@ ™@ & & s & & & & /s s /s /s /s /s /o

(113)

WO 02/30964 PCT/US01/31931
50

the sequenced-based-typing methodology described in Turner et al. 1998, 1.
Immunol, 161 (3) 1406-13) and U:S. Patent No. 6,287,764 Hildebrand et al.
both of which are expressiy incorporatéd herein in their entiré_ty by reference.

Total RNA was 5pXi and 3pEl; producing a product lacking.the cytdplasmic

: and'transmembrane domains. Altematlvely, a’' 3" primer encoding a hexa-

hlstldme or FLAG epitope tag was, placed ‘oni the C- termmus usmg the

pnmers, 3pEIHIS or 3pEIFLAG (TABLE V) Forthe C—locus a5 pnmer was'used
encodlng the Kozak consensus sequence (Daws, et’ aI 1999 J Exp Mer:l‘
189: 1265—1274) Each construct was cut with. the approprlate restrrctlonfl
,endonculease (see TABLE V) and cloned into the ‘mammalian expression

vector pCDNA 3.1- (Inv1trogen, Carlsbad CA) encodmg elther E] reswtance'

gene for,. G418 sulfate or Zeocm (Invntrogen)

Transfectmn in Sup-Tl cells. Sup—Tl T cells were cultured in RPMI 1640 -
20% fetal calf serum at 37°C and- 5% CO;z Cells weré split dally in order to.

mamtam i0g-] phase growth Plasmld DNA was purlfed usmg elther Q)agen :

M|d| prep klts (Qlagen, Santa Clanta) or Blorad Quantum Prep Mldlprep Klt

(Brorad Hercules, Ca) accordlng to the: manufacturers protocol and

resuspended in. sterile DNAse-free water Cells were electroporated wrl:h 30

|Jgs of plasmld DNA at a voltage of 400 mv. and a capacltance of 960 pF '
Decay constants were monltored throughout electroporatlon and onIy :
ll:ransfectlons with decay times under 25 mS were carned through to select)on .‘
Selectlon was performecl on day 4 post—transfectron Wlth .45 mg/mL.’ Zeocln h
’(Invntrogen) selectlve medium contalnmg 30% fetal calf with the pH adJusted

v:sually to’ Just h|gher l:han neutral Cells ‘Were resuspended in selectlve"

medrum at 2 x. 10’\6 cells per ml, fed until- they no longer turned the wells
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yellow. (using the pH indicated Phenol Red (Medlatech)), and allowed to sit

- until cells began to dlv»de Afl:er the appearance of actlve division, cells were:
‘slowly fed with selectlve medlurn until they reached ‘medium (T-75) tissue
g culture flasks. Cells were then subcloned at hrnmng dlthOnS of .5, 1, and
- 1.5.cells per well in 96-well tlssue culture. plates, Cells were, allowed to sit
Vuntll weII turned yellow, they were l:hen gradually moved to 24 well plates
and small (T-25) tlssue culture flasks. Samples were taken for soluble classl

;'I EL[SA and the best producers of class I were frozen for Iater use at'5 x.

1076 ceIIs/ml and stored at -135°C.

Soluble MHC class I ELISA ELlSAs were employed to test the concentratlon

Jof the MHC class I/peptlde complexes ln ‘cell culture supernatants The .

monoclonal antlbody W6/32 (ATCC Manassas, Va) was used to coat 96—well
Nunc Starwell Maxi- sorp plates (VWR; West Chester, Pa) One hundred pls

of test sample ‘containing class I was loaded mto each well of -the plate

Detectlon was with anti= BB2 mlcroglobuhn (light v:ham) antlbody con]ugated ,‘

to horse radlsh peroxldase followed by 1ncubatlon wnth OPD (Slgma, St Louis,

,MO) ELISA values were read by a SpectraMax 340 OOA, Rom Versmn 2. 04 :
”-February 1996 usmg the program Soﬁmax Pro Ver5|on 2.2.1 from Molecular
'Dewces .For determlnatlon of MHC class I complex in carboys prior to: afﬁmty
“punfcatlon (see below), each sarnple was tested in tnphcate on-at. least 2
»lseparate ‘plates. Unlnfecl:ed and mfected harvest concentratlons were réad
’ Von the same plate and unlnfected samples were bruught to 1% Trlton X 100
prlor to loading on the ELISA plate Thls was' jn an attempt to mimmlze ;
‘lvanablhty in mass spectra generate due to. large dlfferences in the amount .

'of peptlde foaded onto aff‘nity columns
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Full-length construct creation.  Fuli-length constructs (in the pCDNA3.1-

.. /G418 sulfate resistance vector) were created and tr_ansfected into the class

I negative B-LCL 721,221 and T2. Both.cell lines were cultured in RPMI-164¢

4+ 10% fetal calf serum untll growing at log ‘phase. Cells were electroporated‘

.at :25'V and 960 pF capacxtance After 2 days, the cells weré pelieted and

resuspended in selective meditim consnstmg of RPMI—1640 + 20% FCS + 1.5

' mg/ml G418 sulfate (Medlatech Herndon, Va) Cells were tréated in the

same manner as above {Sup-T1 transfectlon) after this pomt

Cell pharm productnon - Eight Ilters of Sup-T1- soluble MHC class I
transfectants cultured in roller bottles . in- RPMI- 1640 + 15% FCS +.100 U,

penlcmm/streptomycvn were centnfuged for 10 min at 1100'X g. Superna,tanl:

was discarded and-a-total of 3 X i0~g total’:cells were resuspended in 200

“mls of conditioned mediurn. Infected cells were then added to a-feed bottle

-and inoculated tHro‘ugh the ECS feed pump of a Unisyn CPZSOO cell pharm

(Unlsyn, Hopklngton, MA) into- 30 kD mulecular—welght cut-oﬁ= hollow-flber

bloreactors prevxously pnmed W|th RPMI 1640 contalmng 20% fetal. calf»
7\serum Cells were “allowed to 1ncubi e overnight in the b|0reactor at a

temperature of 37°C and at a pH of 7:20 mainitained automatncally through

CO2 mjectlon mto the medxum ‘Feservoir of the system No néw medlum was

mtroduced into the system durlng this tlme period and the ICS reclrculatlon

E was mamtamed at.a low value of 400 mls/mlnute ECS feed: was begun 12

hours post lnoculatlon at a rate or 100 mls/day wlth 15%: FCS supplemented
RPMI 1640 ICS feed was llkeW|se begun at a- rate of 1 L/day :ECS

recnrculal:non waS mltlated at day 2 post—moculatlon at a rate of 4 L/day ECS .

~and. ICS samples were t_ak_en at 24 hour intervals -and sHLA ELISAs_(see
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above) and glucose tests performed. ECS'and ICS feed rates as well as ECS
and ICS: recxrculatlon rates were adjusted based on mcreasmg concentratlons
of SHLA in the harvest and decreasmg levels of glucose in the 165 medsum

Vlrus productlon and inféction HIV MN- 1 productmn HIV MN-1 cloned

.virus (Genbank Acce551on Number M17449) vias thawed from frozen stockand -
.used to infect 25 X 1076 non—transfected Sup—Ti (Denny CT et.al. 1986.

'Nature 320:549. 51 WhICh is expressly |ncorporated hereln in lts entlrety by
reference) Tcells using standard methods Cells were cultured in RPMI-1640"
a+20% Fetal bovme serum (MedlaTech) for 5 days and observed for syncitia

,formatnon Upon formatlon of syncntla, new cells were added m fresh RPMI—

1640/20% FCS Culture was. contmued for 5-more ‘days when 100 mls -of

lnfected cells were removed Supernatant was’ passecl through a 45 um filter:

and cell free virus was allquotted and stored at. —80°C Thss process was‘

‘contmued until-an approprlate amount of virus. was harvested
HIV-1 NL4-3 productlon The mfect)ous rnolecular clone pNL4 3 (Genbank,

'Accesslon Number AF324493) was transformed mto the Esherlchla coli stram

»_ToplOF’ (Invn:rogen, Carlsbad, Ca) Plasmnd DNA was m»dlprepped from.
Vtransformed cells using elther the Qlagen M|d| Prep Kit (Qiagen, Santa
\CIarlta, Ca) or the Blorad Quantum Prep M|d|prep Kit; (Biorad, Hercules, Ca)
accordlng to’ the manufacturers mstructlons Plasmld DNA ‘was used to,_

.‘transfect 293T. cells (GenHunter Corporatlon, Nashwlle, TN) usmg Roche’s

;- Sw1tzer!and) followmg the manufacturers

Fugene 6 reagent (Roche, Basel

‘,protucol Vlrus—contalmng supernatant was han/ested at 24 48, and 72 hours

clarir‘ ed by centnfugation at 500 X g for 10 min aliquotted and stored at G

-80°C. Sup—Tl transfectants contalmng elther soluble A¥0201,; 8*0702 or
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Cw*0702 were cocultured with virus resulting in ‘h’igh—ﬁtre virus. - After. 72

hours, infected cells wer_ebce»ntri‘fuged at 1100 X ‘g for 10 minutes.

_Supernatant containing cell-free virus was removed, passed through a .45 pym

filter, ‘aliquotted, and stored . at -80°C. Virél!y-infected cells were
resuspended in freeze rnedium (RPMI-1640 + 20% FCS + ‘10% DMSO) at
approxrmately 6 X10’\6 cells pel ml and stored at -80°C.

Viral Tlter Determination. One vial of Frozen viral stock derlved from either

strain of HIV was thawed and used in a TCID;,; assay scored two ways: 1)‘

wells co'nta'ining at least 3 ‘sync’itia'were considered positive (')r 2) wells
contalnlng over 50 ng/ml p24 antlgen as determmed by ELISA were
con5|dered positive. .. The TCIDso was then calculated usmg the Spearman—
Karber method (DAIDS Vlrology Manual for HIV Labc-ratorles, Jan 1997) The
average of both sconng methods was used as the f‘nal tlter of the virus, As
a second means of viral titer momtorlng, ylral stock was used und}luted ina
p24 ELISA (Be‘ckm’a'n»c‘aulte‘r, Miami, F1) in order to determine the ngs of p24.

present in cell-free wrus

PZ4 ELISA. Determmatlon 'of HIV; p24 major core protem was determmed by.

the commerc;ally avarlable Beckman Coulter p24 ELISA accordlng to the
manufacturers mstructlons WIth the exceptions of the Followmg
modlfcatlons samples weré treated thh 10% Tnton-x 100 prior to removal
from a BSL 3 facnhty, therefore the inactlvatlon medlum mcluded .in the kit
was not used. Secondly, samples Were serlally diluted in water DI’IOI' to use,
Hollow-fl ber broreactor culture of infécted cells.. Al work. mcludlng Iarge-
scale culture of HIv was: performed in a Blosafety Level 3 Laboratory in

accordance WIth gu:dehnes set forth by the Natlonal Instltutes of Health
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HIV MN-1 frozen viral stock aliquots were thawed and pooled to-a 100 ml
total volume; containing ‘abprexifnately 5.5 X 106 TC_IDW’s.f Eieht liters .of
Sup-T1 soluble MHC class I fransfectants cultured in rolrler' bottles in RPMI-
1640 + 15% FCS + 100 U penicxllm/streptomycm were centrlfuged for'10 min
at 1100 X g. Supernatant was dlscarded and a total of 3 X 10'\ 9 total cells
were resusnended |n 200 mis of condltloned medium. . The 100 mis of cell-
free HIV MN 1 was ‘then ‘added to the resuspended cells and mcubated at
7°C in %5 COZ for.2 hours with gentle shakmg every 20 mmutes Infected
cells were then added to a feed bottle and moculated through the ECS: feed
pump of'a Unlsyn CP2500 cell pharm (Unlsyn, Hopklngton, MA) lnto 30 kD
mole_cular—waght cut-off hol!ow-f iber bloreactors ‘previously primied “with
RPMI-1640 con‘tain‘ingv 20% fetel ealf eerum.:’ CeII‘s‘were' allqw'ed_tg incubate’
overnight in the bioreactor. at a tem’p.eretijre' of 37°C aind at avpl-‘l\o’f 7.20
maintained- automatyca”y through COZ injection into the medlum reservolr of
the system No hew medlum was mtroduced into the system dunng thls trme
penod and the', reC|rcuIat|on -was mamtamed at a Iow value of 400,
mls/mmute ECS feed was begun 12 hours post moculatmn ata rate of. 100
mlsfday w1th 15% FCs supplemented RPMI—164O ICS feed was |lkEWISE’
begun at a rate of 1 L/day ECS and ICS samples were taken at.24- hour
mtervals, |nact|vated by addition of Tnton-X 100 10 1%, and SHLA ELISAS,
p24 ELISAs, and; glucose tests performed as descnbed above ‘ECS and I1CSs
feed Tates as well as ECS and 1CS, recurculatmn rates were ad]usted based on
nncreasmg concentratlons of SHLA in-the harvest and decreasmg Ievels of

glucose in- the 1CS medium.

SUBSTITUTE SHEET (RULE 26)

JP 2004-536554 A 2004.12.9



L T e I |
—m —m ™—m @ @ @ @ ™@ M™@ oM@ & & & & s /& s s s/ o/ /o

(119)

WO 02/30964 PCT/US01/31931
56

Soluble HLA purification. Soluble-HLA containing supernatantbwas removed

in'1.9 L volumes from infected hollow-fi ber bioreactors Twenty percent
- Triton-X 100 was sterilized and placed in 50 ml allquots in 60 _mis syringes;
2 syrlnges were injected into each 1.9 L han/est bottle as. it was removed

" from.the cell pharm, resulting in’a final TX 100 percentage of 1%. Bottles

were Inverted gently seyeral times to mix the ™ 100 and stored. at 4°C for.

a mmlmum or 1 weeK. After 1 week harvest was centnfuged at'2000 X g for

10 mmutes 1o remove’ cellular debrls and pooled into 10 L carboys An

aliquot was then removed* from the pooled HIV-inactlvated supematant anda

‘used in a quantitative TCIDS‘7 assay (as descnbed above) and. used to initiate
a coculture with Sup—Tl 's.- Only after demonstratlon ofia completely negatlve
coculture as well as TCIDED were harvests removed from the BSL-3.+

Class I/Peptide Productlon and Peptlde Characterlzatlon Handling of
MHC classI/ pepﬁde complexesfrom mfected cells Each 10L of celi pharm‘
‘harvést was separated stnctly ona temporal basis’ durlng the cell pharm run.

(ThIS was an attempt to assess any epltoplc changes that .might occur

temporal[y durmg mfectlon as- opposed o those : hat mlght occur more .

globally) Harvest was treated exactly as descrlbed above, except for the
removal of a 2. ml allquot for, tests in’ both a'TCID,; assay @nd-cell cocuiture

‘assay to determme mfecuvrty of the vnrus

Affmlty purlt‘ catlon of mfected and uninfected’ MHC class I complexes

Unlnfected and |nfected harvest removed from CPZSOO machmes were treated

in an |dentlcal manher post—removal from the cell pharm Approx1mately 50

mgs total class Las measured by We6/32 ELISA (see above) were passed aver ',

a Pharmacna XK 50 (Amersham Pharrnacxa Biotech, Plscataway, NJ) column :
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packed with 50 rnls Sepharose Fast Flow 4B matrix (Amersham) coupled to

W6/32 antlbody Bound class 1 complexes were washed first w1th 1L20 mM

"sodium phosphate wash buffer, followed by a wash with buffer con’calnlng the

zwitterionic detergent Zwittergent 3—(')8 (Calbiochemn, Merck KgaA, Darms'taclt,

Germany) at e concentration of 10 mM plus. NaCl at.50 mm, and 20- mM'

sodium phosphate The zwittergent wash was monitored by UV absorptlon-

at a wave[ength of 216nm for removal of Triton-X 100 hydrophobically bound

to the peptlde complexes After 1L of wash.had passed over the column '

(more than a sufficient amount for the UV to return to basellne), zwittergent

buffer was removed with -2 ‘L of 20 mM sodlum phosphate wash buffer.,
) Pept«des were eluted post wash thh freshly made 2N acetic acid, pH 2 7.

Peptide lsolatlon and separatmn Post- elutoon, peptlde contalmng eluate E

fractlons ‘were "brought up to 10% glac:al acetlc acid concentratlon through

addltlon of 100% .glacial acetlc acid. FTBCUOI'IS were then pooled mto a model

8050 shrred cell (MI"IDOI‘E Bedford MA) ultraf‘ltratmn devme contamlng a 37
kD molecular-welght cutoff regenerated cellulose membrane (Mllhpore) Thev
dev:ce was capped and ublng paraﬁlmed to prevent leaks and placed Ina
V78°C water bath- for 16 mmutes Post-removal the peptlde contalmng

‘-elutlon buffer was allowed to cool. to room temperature The stlrred cell was

operated at a pressure of 55 psi under. mtrogen ﬂow Peptldes were collected
ln 50 mI conical centnfuge tubes (VWR, West Chester, Pa), flash frozen in

super- cooled ethanol and: lyophxhzed to dryness Peptldes were resuspended

either in 10% acetic acid’ or- 10% acetomtnle Peptldes were purlﬂed through -
a ﬁrst»round of HPLC on'a Halsnl C 18" column (ngglns Analytlcal Moutaln '
Vrew Ca'?), wnth an ISOCI‘atIC flow of 100% B (100% acetonltrlle, 01% TFA) .
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for 40 minutes. Following elution, peptide—containingfractions were pooled,
speéd-vacuumed to dryness, and-resuspe_nded in 150 pls of 10% acetic acid.

Two pgs of the:base methyl violet' were added to the pept"ide_rnixture in 10%

“acetic acid'ancl,t’his was loaded ‘onto a Haisil C-18 column for fractionation.

Peptides were fractionated by one of two  methods, the latter resulting in
increased peptide resolution. The first fractionatibn prograrn Was 2: 10% B
in 2 mlnutes, 10 60% B in 60 mmutes, with 1 mmute fractlon collectlon

The second RP-HPLC gradlent con5|sted of a 2- 14% B n2 m»nutes, 14-40%
B in 60 mlnutes, 40-70% B in 20 mlnutes, with 1 mlnute frachon co!lectlon

Peptides eluting ln a given fraction were monltored by uv absorbance at 216

nm. Separate but |dent|ca| (down to the same buffer preparatlons) peptide:

purifications ‘were done for each pe_phde batch: frpm ‘unlnfected and-infected
cells.
Mass-spectrometrlc mappmg of fractionated pephdes - Fractionated

peptldes were mapped by mass spectrometry to generate fractlon based |0n>

»maps Fractxons were speed-vacuumed’ t&:r dryness and resuspended ini2 pls

50 50 methanol water + 05% acetlc acnd Two p)s were removed and"

sprayed vua nanoelectrospray (Protana, Odense Denmark) |nto a Q- Star

'quadrupole mass spectrometer with a tlme-of -flight detector (Perseptlve

SCIEX Foster City, Ca) Spectra were! generated fnr masses m the range ‘of

50 1200 ‘amu usmg identical mass spectrometer settings for each ﬁactxon

sprayed

pr()grarns BloMuItlwew versmn 1 Sbetag (Persceptlve SCIEX) or BloAnaIyst’

versron 10 (Perscept;ve SCIEX) Spectla from the same fractlon in

uninfected/mfec’ced cells were manua)ly ahgned to the same mass range )
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locked and 15-amu increments vxsually assessed for. the presence of

dlfferences in the. ions represented by the spectra (for an example, see

Hickman et al. 2000. Human Immunology 61 1339-1346 which is expressly‘

“incorporated }herem by reference). Tons ‘were selected for MS/MS sequencmg
based.on upregdlations or downregulation of 1.5 fold over the same ion in the

uninfected cells, or the presence or absence of the ion in infected cells. Tons

- were ‘thus categorized into mul’pible‘ cetegories prior to MS/MS sequencing.

Tandem mass—spectrometric analysis of selected peptides. Lists of ions‘

masses correspondmg to each of the followmg categorles were- generated
1) upregulated in’ Infected cells, 2) downregulated in infected cells 3)
‘present only in mfected cells, 4) absent in |nfected cel!s, and 5) no change
ln infected cells: The last category was' generally dlsregarded for MS/MS

analysis and the ﬁrst 4 categorles were sub]ected to MS/MS sequencmg on’

the Q-Star mass spectrometer Peptlde-contalning fractlons were sprayed
into the mass spectrometer in 3 |.|I allquots All MS settlngs were - Kept
Constant except for the: QO and Cad gas settmgs WhICh were varied to

achieve the best fragmentatlon

ragmentatlon pattems generated were

Interpreted manually and wnth the aid of BloMulthew version 1.5 beta 9. No

sequenclng algonthms were used for mterpretatlon of data however ‘muitiple
web- based appllcatlons were employed to Eld in’ pepnde ‘identification
mcludmg MASCOT (Perklns, DN et al. 1999 Electrophoresls 20(18) 3551~

3567), . Protein Prospector (ClauserK R.etal. 1999 Ana/yt/cal Chem/stry !

7152 871), .'P e pt‘}d ers ear ch
(httD //www narrador emb!heldelberq defGroupPaqee&‘aaeLmk/

Peptldesearchpage html) and BLAST search
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(http://www.ncbi.nlm.nih.gov/BLAST/).
Quality control pf epitope changes. Multiple parameters were established
'before peptides identified in the above fashion were' deemed “Upregulated,”

“downreg_uiated,” etc. ' First, the peptide'fract'iovns‘_' heforé and after the

fraction in which the peptide was identified were subjected to MS/MS at the
vsame amu under the identical collis;on condltlons employed in fragmentatlon'

o f the peptlde of mterest and the spectra generated overlard and compared

This was done to make sure that inthe- unhkely event that the peptldes had

-Fractlonated dlfferently (even with methyl -violet base B standardization)

there was not the presence - of the peptide in an eariier or |ater fmctlon of the

umnfected or infected peptldes (and that the peptldes had truly fractlonated

.in an |dent|cal manner ) Secondly,, the same amu that was used to |dent|fy

the first peptlde was then sub;ected to MS/MS in the alternate fractlon

- {either mfected or unlnfected whlchever was opposxte of the fractlon in Wthh‘
the" peptlde was. |dent|f' cd. ) Spectra agaln were overla»d in order to prove‘
conclusnvely that the'. fragmentatvon patterns dld not match and thus the,

‘peptlde was not’ present in the unmfected cells, or, in the case that the

fragrnentatlon patterns dld rnatch that the peptldes were upregulated in the

Jnfected cells. Fmally, synthetlc peptldes were generated for each peptlde

|dent|ﬁed These peptldes were resuspended ln 10% acetlc aCId and RP HPLC

fractlonated under the same condmons as employed for the orlglnalf

’fractlonatron, ensurlng that the peptnde putatlvely |denht‘ ed had the same

hydrophobmty as that df the Ion MS/MS fragmented This synthetlc peptlde

'was MS/MS fragmented under.the same colllsron condltlons as that of the |on

‘the spectra over_lard, and checked .for»an e)gact match wrthy the ongmel peptlde
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fragment

Functlonal Analysis\Literature Searches. After identification of epltopes,
hterature searches were performed on source proteins to determine their
functhn within the |nfectecl cell. ‘Broad inferences ‘can (be made from the

function of the p'roteir': Source proteiné were classified into groups-aécording

»to funct;ons ln5|de the cell Again, broad 1nferences can be made as to the_
'groups of protems that. would be avallable for spec1ﬂc presentation solely on

|nfected ‘celis. Secondly, source protems were scanned for other p055|ble'

epitopes Wthh may be bound by other: MHC class T alleles. Peptlde bmdlng

Vpl'edICthﬂS (Parker, K C., et. al. 1994. J. Irnmunol 152 163) were employed:
to detenmne it other peptldes presented from the source proteins were'
predicted to bmd Proteasomal prediction, algonthms (A K. Nussbaum at Al

,2001 Immunogenetlas 53 87—94) were lrkewrse employed to d,etermlne‘the .

‘likelihood of a peptlde bemg created by: the proteasorne

‘Sequence Identrﬁcatmn A dlSCUSSlOl‘I of the results seen wlth the

apphcatlon of thls procedure is |nc|uded usnng the peptrde GPRTAALGLL as an

exampl_e. ,Other examples and data 9btam§d,ba§ed»on the methodolqu are,‘j

Jisted in TABLE VIL,
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The first step in identification of an epltope present only-on uninfected
cells is performing MS ion mapping. In thls case the reversed~phase HPLC
fractlon 30 obtained' from HIV as dlsclosed heremabove (whnch contalns a
vfract|on of the total class I peptldes) was sprayed into _the "mass
spectrometer and an |on spectrum created.” FIG. 6 shows the sectlons of.ion
map in Wthh an. lon was frst ldentlﬂed as upregulated The ion'at 484.74
;can be séen to predomlnate in. the upper map, which ‘is the spectrum

- generated from peptldes from the mfected cells One can also see that there

“are other peptldes which dlffer in their lntensxtles between . the umnfectedr

" cells from one’ spectrum to another After a ‘peptlde is’ |n|tlal|y ldentlf’ ed, the -

area of the spectrum in which-the pephde is found is zoomed in on in order

to more fully see all the ions’in the |mmed1ate area (FIG 7) After zoomlng’

in on the area from 482~ 488 amu, the lon at 484 72 can be seen to. only | be-

present in the |nfected cells (which are seen in the spectrum on the.top).- A

Iarge dlfference such as thls |s not always seen, sumetlmes more mmor )

dn’ferences are chosen for sequence determlnat'on Thls lon, however, was

con5|dered an extremely good candldate fc-r further anaIySIs

‘After- |dentxﬁcat|on of the ion;- the next Step in’ the process is to

sequence the’ peptlde by using tandem mass spectrometry FIG 8 shows the -

‘spectrum generated when: the peptlde |s fragmented These fragments arev

used‘to dlscern the amino acid sequence of the peptnde The sequence of

this’ pept)de was, determmed to be GPRTAALGLL Thns peptlde was. )solated
from mfected HLA-B*0702 molecules One early quahty control step |s,

examming the peptldes sequence to see if p:s fts the sequernces. that were ‘

prewously shown to be presented by 'ChlS molecule ‘B*0702 blnds peptides
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that have a G at their second position (P2) and an L as their C-terminal
anchor. Based on this information, this sequence is likely to be a peptide
presented by B*¥0702. '

Descrlptlve characterlzatlon of peptlde. Once- the peptlde sequence is

- obtained, Inforrnatlon |5 gained on the source protem from wh;ch ‘the peptide

was derlved in the cytosol of the infected cell.: «Inltlally, a. BLAST search

(a.vailable “at the National Center: i’or Biotechnqlogy'w«ebsite)- is .done to
»provlde protem Informatlon on. the pephde A vi:’:iu_A'ST seanch “with ‘the )
sequence GPRTAALGLL pulled up the protem rehcu!ocalbm 2. After the source .
protein is known information about the pmtein is ascertamed first from the )

PubMed (again avallable at the Natlonal Center for Blotechnology websn:e)\

and put into a format to whlch one can easily refer as seen in FIG. 9. Al of
the accession numbers for the prot_ein, as wel[ as the original descnptlon of

the protein are included This makes it eaéy‘to come:back to the infor'maiion

. for downstream use. Also, the protein sequence is copled pasted and saved
as a text document for Incorporatlon lnto Iater searches." The peptlde is
hlghlighted in the entlre protexn glving some context as to where it is.

rderlved and how Iarge the total protem is. This is the initial data gathering

step post-sequence determmatlon.

The next'step in characterizing ‘the ligand is-doing  literature. searches

on the 'sodrce protein fromy which ihe peptide was defived. “The protein is”

.‘entered JInto “the PubMed .database and all .entries with the word
"“retlculocalbm” are retrleved FIG 10 |l|ustrates the Ilstlng that is done to'

summanze what has prevvously been descnbed for this pmteln It can be

seen ’chat for retnculocalbm, multnple art:cles have been published’ mvolvmg
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"this protein.  The literature ‘s ‘summarized in .a“paragraph foliowing the

PubMed listings and put into the report. 'For reticuloc'albin, some of the most

interesting points. are that it is an ER- resident protein, which can lead to

‘speculatlon on why it is presented on infected: cells. Secondly, it has been
prewously found to be upregulated in. several other types. of cancers, such as‘

,breast and. coiorectai cancers. Th|s again Ieads to speculation that this

protem may ‘be broadly applicable to treat more maladies than those. caused

by HIV. -1t i |s also determined whether or not this protem has been prewously’

cited as interactlng with/ or being interfered. With by HIV. Thxs was, not seen
for reticulocalbin and- thus was not hsted in-the’ report {although: in some
mstances |t |5 seen. ) A hroad urlderstandlng of the proteln is gained through
hterature -searches.

Predlctxve characterizatlon of peptlde. After the Ilterature search several

secondary searches are performed FIG 11 iilustrates the resulls of a

pepbde-bindlng algonthm performed usnng Parkers Prediction (which is

descnbed hereinabove) The entire source protein is used for |nput and the-

chosen. In “this case, B*0702 was chosen because that was "the' allele from:

WhICh this peptide was. derived From the black arrow in the f"gure, it can be ‘

seen that the peptide sequenced by mass. spectrometry ls predicted to. bind
to HLA- B*0702 with a hlgh afﬁnity Severai other peptlde’ are listed that are

predicted to bind as weil FIG 12 shows the same procedure bemg performed

with the source peptide usmg another well known search englne, SYPEITHI

(Thls englne can be: “found:: .on - the
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Again, the results from this _search engine for B*O?OZ shows that this peptide
is predicted to bind to BLA-B*0702 with a high affinity. | Also multiple other
peptides are predlcted to be derlved from this source protein and bound

This prediction -allows. us to determiné several thmgs First, we can tell.if the
peptide is predlcted to be bound by- prewous algorsthms Thls allows us to
know how well the. programs work and/or if other, people could identify th|s

peptlde (lf they had the source protem) from peptlde blndlng algorithms.: AIl

‘of thls mformatlon ‘can be translated lnto increaslng lmportance for the”

present mventlve methodology not only for the peptlde but also.. “for the
source protem |tself
After peptlde—blndlng ‘algorithms- are performed searches are done to

determine whether the peptldes would be created by the proteasome durmg

‘ normal processmg of protems into peptldes It should be strongly noted that

multlple pathways ‘r'or class I peptlde loadmg are pow belng demonstrated
and that the cleavage algonthms for: human proteasomes are not well

establlshed by. any means. - While a posmve result may indicate that the =

’ proteasome is largely responSlbIe for cleavage, a negatlve result by no means

'|nd|cates that the’ peptlde is not presented in the class® I molecule FIG 13

shows the results of the first proteasomal cleavage done for-the source

proteln retlculocalbln usmg ‘the cleavage predlctor PaProC (avallable at URL

Uh‘tt www a roc. e) : The ep]tope |s outlmed By thls prednctmn

: software, the peptlde._ |s not predlcted to “be-: cleaved by the normal

prol:easome ThIS may mean mat in. mfected cells, alternatxve pathways of

MHC class I presentatnon aref emg used partlcularly in reference to the ’

reticulocalbin- peptlde. Th|s, i turn, may present novel, methods for
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therapeutics during viral infection. -A second proteasomal cleavage search is
also employed using the prediction software NetChop (avallable on the
worldmde web) as seen in FIG 14 By this pred)ctlon and other data from
current _Ilterature in the fi eld, the p,eptlde would be - created t‘JyA the
proteasome and cleaved to form the GPRTAALGLL identified.

A third round of analysxs |nvolves only the source protem All other

}'alleles are tested for peptrde b»ndlng ‘and  lists of the hlghest bmders.

generated The proteasomal cleavage predictions are then referred to in

,order to elucidate how these pept»des are generated This mformat»on is

useful for downstream testing of peptldes and for determlnlng whether or not

this protein w1ll be applicable for vaccine tnals covering a broad range of HLA

alleles. For reticulocalbln multlple high afﬁnlty peptldes were demonstrated

for dlffenng HLA alleles (some examples of whlch are 'shown In FIG. 15) InA

thls, figure, sev_eral hngh affinity peptides denvmg from retlculocavlbin, were

,iden'tifed for HLA-A*D201 and A"-‘0101'
Quallty control.of sequence determmatlon There currently eXIsts no dlrect .

means to score the qua!ity of MS/MS sequence data Once all. descnptive and y

predlc:tlve steps are. concluded We return ‘again to the onglnal peptlde

seguence for quality control to ensure that the peptlde IS |ndeed what we

have’ rdentrfed as"the amlno acid sequence and that the peptide !s truly’

present on!y in infected cells. We ernploy these mumple steps O there is
no doubt that the sequence is truly what we c|a|m |t to be before we: move

on to downstream appllcatlons |nvo!vmg the peptlde

Imtially, we determine’ that the pe

albln peptide, we determined that thls
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peptide was probably only present in mfected cells. In'order to make certaln
that the peptide was truly absent in the Uninfected cells and that there was
no chance that our, RP-HPLC fractmnatron had differed (remembenng that we
use internal controls for our fractlonat\on as well) we generated ion specira
usmg MS from the fractlons before and after the one in which we ldentlﬁed

the peptlde In the case of the_ retrculocalbm peptlde, we identified the

peptlde ln fractvon 30 S0 we. performed MS on fractlons 29 and 31 (FIG 16)

In FIG.. 16, it can be. seen’ that there is no substantial peak at the m/z
484.72. Thls |nd|cated that there was not drfferent»al fractlonatlon and that

the pephde truly was. absent from unlnfected cells. . I’ the case that there

was a peptlde peak in one of the before or. aﬁ:er fractions; we would then turn

to' MS/MS to determlne whether thls peak represented the Jon ‘we were

charactenzrng or another io wn:h the same mass ~to- charge ratlo

-After determlnmg that the peptlde is not present in another fractlon :

MS/MS was preformed on the same m/z in the unlnfected spectrum(in the

same fracl:ion) in order to conclusrvely prove that. there ist no peptide present:

! with the same sequence |n the unlnfected cells, In FIG 17 one can. see that:

the r’ragmentatlon patterns produced under |dent|cal Ms” colhsion condltions

are totally dlfferent ThIS rltustrates the absence of the retrculocalbin peptlde .
. |n the unlnfected cells

Fnally, rn order to concluslvely prove that the peptide 5 quence is the‘,'
same as that onginally |dentiﬁed, we synthesme syhthetic peptldes

»consistrng of the same amino auds as the peptlde sequence ldentlr‘ ed from .

the MS/MS fragmentatlon pattern. For the retlculocalbln peptlde (1 €. the jon.

'ih fraction 30 at 484. 72) we synthesnzed the peptlde “GPRTAALGLL " we
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then took this -peptide and ‘did MS/MS on the peptide under identical
conditio_ns‘ as previously used. FIG, 18 illu‘strates the spectrum generated
from M§/MS of the endogenously loaded reticulocalbin peptide, Matching
.spectra, as seen here, are mdlcators that thls pepnde ‘sequence is
‘GPRTAALGLL as almost every amino acid combmatron wm generate a
completeiy different sét .of fragments, both' in ‘terms of production of
fragments and’ in terms of Inten51ty of -those fragments present FIG. v 18
\‘shows the MS/MS endogenous and synthetlc “GPRTAALGLL" peptlde under
identical coliision condltlone. As can be seen, the MS/MS graphs are v1rtual|y
identical, +

In accordance with 'the ‘present |nventlon one peptide ‘ llgand (| e.

“GPRTAALGLL”) has been identified as bemg presented by the B*0702 class.

I'MHC molecule 1n cells infected with'the HIV MN-1 Virus but otin unmfected \

celis:” As one of ordmary skilt in the art can apprecnate the novelty and

usefuiness of the present methodoiogy ll’l directly |dentlfymg such peptrde ‘

hgands and the lmportance such ldentlﬁcatlon has for. numerous therapeut»c
y,(vaccme development drug targetmg) and dxagnostlc tools - As such,
‘numerous other peptlde Ilgands have been unlquely ldentlf‘ed in cells

) infected W|th Hlv MN -1 (as opposed to unlnfected cells and these results

are summarlzed in - TABLE ‘VIL.“ -One of ordlnary Skl" in. the art glven the

present specnf'catlon would- be fully enabled to ldenhfy the “GPRTAALGLL”

. peptide hgand as well as other umquely presented peptlde ngands found in:

cells’ mfected with a mlcroorgamsm of mterest and/or tumongenlc cells

As stated above, TABLE VII ldentlﬁes the sequences of peptlde hgands

1dentrf‘ed to date as‘being unlque to HIV |nfected cells. Class I sHLA B*0702
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was harvested for T cells infected and not infected W|th HIV. Peptlde ligands |

were eluted from B*D702 and comparahvely mapped ona mass spectrometer

so' that ions unique to infected cells were apparenit. Ions unique to ml‘ected

cells (and one ligand unique to uninfected .cells) were subjected {0 mass.

spectrometric fragmentatlon for peptlde séquencing. Column 1 indicates the

'|on selected far sequencing, column 2is the HPLC fractlon colurnn 3 is the

peptlde sequence, column 4 is the predlcted molecular welght column 5is .
the molecular weight we found column 6 i xs the source protem for the epitope
sequenced, column 7. is where the epltope starts in the"seguence. of the:
solrce protein; column '8 s the_ accession nunjber; and column 5 lS e‘

.descripl;on wh‘n’:h‘ brieﬂ’y indicates-what is k‘nownof that épitope: and/or 'lts" .

source protein.

The methodology used ;herein is o use 'sl'—lLA‘Hto determine _Whatfis .

‘unique to unhealthy cells as compared to health’y Cell's “Using SHLA fo survey :
the contents of a cell prowdes a look at what is’ unlque to unhealthy cells in.-

terms - of protems that are processed mto peptldes TABLE VIL shows the .

'utllxty of the method descrlbed hereln for " dlscovenng epltopes and thelr-

source protems which are unlque to HIV mfected cells A detalled descrlptlon '
of the peptlcle from Retlculocalbm ls provided - heremabove The otherﬁ
epltopes and. correspondmg source: protelns descrlbed in TABLE VII viere
_processed in the same manner as’ the retlculocalbm epitope and source ‘

proteln were --j.e..as descrlbed herein‘above: The data summarized iri TABLE v

VII shows that the epltope dlscovery techm ue ‘described herein is capable

of :dentrfymg sHLA bound epltopes and their’ correspondmg source proteins,

which.are unlque tD mfected/unhealthy cells
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Likewise, and as is ‘shown. in TABLE VII, peptide ligands, presented in
individual class I MHC molecules in'an uninfected cell that‘are not presented

by -individual class I MHC moleciles in an uninfected cell- canaiso be

identified. - The peptidé "GSHSMRY", -for example, was identified by the.:

rnethod of the present invention as being an individual class I MHC molecule

whlch i5 presented in an uninfected cell but notin an |nfected cell.

The utility, of thls data is: at least threefold Flrst the data indicates

whal: comes out of the cell with HLA Such data can be used to'target. CTL to

.unhealthy, cells. Second antlbodles can be targeted to specrf‘cally recogmze’.

“HLA molecules carrying the Ilgand descrlbed Thlrd, reallzatlon of the source .

vproteln can lead.to theraples and dlagnosttcs whlch target the source protern
~Thus; an eplmpe umque to: unhealthy cells also indicates that the source

prol:em is unlque in the unhealthy celly

The me’thods of eprtope dlscovery and comparahve ligand mapping.”

descrlbed hereln are not Ilmlted to ‘cells mfected bya mlcroorgamsm such as '

HIV. Unhealthy cells: analyzed by the epltope chscovery process described

_hereln can” anse from virus, mfectlon or also cancerous transformatlon ‘In
addition,. the’ status of an unhealthy cell can also be mlmlcked by transfectmg'

a particular gene known to be expressed durmg vrral lnfectxon or tumor‘

formation. For example, partlcular genes of- HIV can be expressed in a cell
‘line as descrlbed (AchoUr, A et al AIDS Res Hum Retrowruses, 1994. 10(1)
p. 19- 25 and Chiba; M et al., CTL Arch Verl 1999 144(8) p- 1469-85, all

'of WhICh are expressly mcorporated herem b reference) and then the epltope

discovery’ process perfor 'ed t‘ dentlfy how the expresslon of the transferred"“

gene modlf‘es epltope presentatlon by sHLA In a. slmllar fashion, genes'
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- known to be upfegulated during cancer (Smith, E.S., et al., Nat Med; 200] . 7(8): p. 967-72,
w}uch is exprressly incorporated herem by refarcnce) can be transferred in cells with sHLA and
ep;tope dxscovery then comp]xted Thus epitope discovery th sHLA as descnbed herein can be
completed on cells infected with intact pzthogens, cancerous cells or cell lmes, or cells into
which a particular cancer, viral, or bacterial gene ha:s béen transferred. Tn all these i;nst:;x?ces the
sH];A dés;ﬂbed here will j)rovidc a means for’d'ctecﬁug what changes in termis of »epitqﬁe
preseitation and the, Source protéins for.the epitopés.

* Thus; in accordance with the present mvenuon Lhere has'been pmvxded a piethodology

forepxtopedlsmveryaud p -vebgand nappi ‘"mch Tud thodol pyfot

producmg and mampulatmg Clam I and Class T.MHC molecules from gDNA that ful]ysatlsﬁ% i
 the objectives and advantages set forth harem above. A]thongh ‘the mventlon has been desmbed
in conjunction with the spemﬁc drawmg,s, expenmentatmn, resulis and language set forth herem B

above ifis. ev:dcnt that many altsmatlvcs, modlﬁcahons, and vananons will be apparem to those'

slalled in the art. Accordmgly, itis infended o e:mbracc all such alternatlves, mod:ﬁcatmns and
vanatxons that fall within lhe'spmt and bmad scope of themvennon

Al] of the rmmencal and quaml(atlve measuremems set forth in this apphcatlon g
(mcludmg in the examples and i in ﬂ\e nialms) are. approx:mahons

The mvanuon xllustraiive)y dlsclose/d or Clan'ned hemn suxtabfy may be pracnoad inthe

.absence of any elemznt which is not speclﬁcally dxsclosed or clazmed herem Thus, the mveutmn

may compnse, consist of; or leslsl fally of tbe 1 disclosed or clalmed berem

; Thefollowmgc]mms arecnutladtothe g d , ibl soope-- i wuhtlns .

apphcat;on Thc claims shall ot necessanly be hmned tothe prefe:red embod!men(s ar tu thc

'embodxments shown it the examples.
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‘What is dlaimed is:
1. A method:of isolating peptide’ ligands for an' individual class I molecule,
comprising the steps of: '
providing a cell line containing a construct that encodes an individual
soluble class I molecule the cell line belng ‘able to naturally
process proteing into peptide ligands capable of being loaded into:
antigen binding grooves of class: I molecules;
~ culturing’ the cell line under éonrjiﬁons V\"hich‘a‘"(’?W for.expression of thé
individual. soluble’ cJass 1" molecules from ‘the construct; ‘sich.
,conditibns also‘allowing for endogenous loadihg of ‘a peptide
- ligand into .the .antigen bmdlng groove: of. each individual soluble’
class'I molecule prior to secret:lon of the mdrvndual soluble ‘class
T molecules from the cell;
xsolatmg the secreted mdnvrdual soluble class I molecules havrng the
' endogenously Joaded peptlde Ilgands bound thereto‘ and
’ separatmg the peptide hgands from the individual soluble class I
molecules.

L2u The method of C|aI]TI 1’ Wherein, in the stép .of provrdlng a:cell line-

contalnmg a construct that encodes an individual soluble class I ‘molecule,

‘the construct further encodes. atag Whlch is attached to the mdlwdual soluble

class I molecule and ards in lsolatrng ‘the |ndrv1dual soluble class I molecule

. The. method of claim-2, whereln the tag is* selected from the group
consrstmg ‘of g HIS tail and a FLAG tall ‘

4. The method of clarm 1 wherem, |n the step of prowdmg a cell line, the cell”
Ilne is class I negatlve
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5. The method of claim 1 wherein; in the step. of providihg a cell fine, the cell
line éxpresses endogenadus class I molecules.

6. The method of claxm 1 wherein; in the step of provndmg a Cell line, the cell
line is_infected W|th at .Jeast one of.a microorganism, a gene from. a
,mlcroorganlsm, ora tumor gene.

7. The method 6_f claim 6 wherein, the cell line is‘infectéd with Hiv:

¥.. Ihe method, of clalm 1 wherem in the step of providing a cell line; the cell
lirie’ |s transformed such that the cell line is a tumor céll line.-

9. -.The method of claim 1" wherein, in the-step. of prowdlng a cell line
containing a construct that encodes an mduvndual soluble clags 1 molecule,

the cell line contalnlng thel cqnstruct that encodes.the indrvvdual soluble class -

I molecule is,pi'gdu'ced bya m‘el:h'od comprislng :hé,steps_ of:
S obtaining genomic Dl\lA or cDNARencoding‘ at Ieést e_ne ciass I’ moléecule;
identifying an allele - e}'ycoding ‘an individual - class \T fiolecute, in. the'
genomlc DNA o, cDNA

PCR ampllfymg the. allele encodlng the mdmdual ‘class I molecule in a

Iocus -specific manner such that a PCR product produced therefrom :

encodes a truncated soluble form of the mdlvldual class I
molecule,

clomng the PCR product. into an expressmn vector; thereby formlng a’

construct that encodes the |nd|v1dual soluble class 1 molecule,
an‘d

' transfecting the construct into a cell fine:
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10. * The ‘method of claimi 9 wherein, in the 'step’ of ‘providing a cell. line
contammg a construct that. encodes an individual soluble class 1 molecule,
-the construct further encodes a tag which |s attached to the soluble class I

molecule and aids in |solatlng the individual solub(e class I'molecule. .-

11.” The method of ciaim 10, wherein the:tag is se;leéted from the group

cansisting of a HIS tail and a FLAG tall.

12. The method of claim 10; wherein the tag-is gri_coded by a PCR primer .

utilized in the step of PCR amplifying the allele encoding thée individual class’

" I molecule.

~13.. The method of claim 10, wheréin the tag-is encoded by the expression
“*vector into which the' PCR product is cloned.

‘14 The method of clalm 1 further compnsmg the step of |dentlfy|ng the
. peptide llgand

15... The method of dalm 14, further compnsmg ‘the step of ldentn‘ylng a

,source protein from which the peptide llgand was obtained.

16, A pep‘cidéviigand‘for an-individual class I molecule isolated By a‘-me.th(;d .

¢dmprising the steps of:

prov1d|ng a cell line contalmng a construct that encodes an individual

soluble class 1. molecule, the cell hne bemg able 0 natirally .

process proteins into pept[dg:.l|gands papable of being Iqadeq o™

antigen binding grooves of class T molecules;
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culturing the celi line under conditions which allow for expression of the
_indjvidual soluble class I molecules from the construct, such
conditions alsd allowing f(or .endogenous‘ loading ' of - a péptide
: Ii'gand-into the antigen binding aroove of each individual soluble
class .1 molecule prior to. secretion of the individual soluble class

" ' molecules from the cell;

isolating the secreted mdlv»dual soluble class I molecules havmg the -

e endogenously loaded pept)de ligands bound thereto and '
’ separatmg the peptlde Ilgands from ' the lndlwdual soluble class I
molecules )

17. A peptlde llgand for-an- |nd|v1dual class I molecule comprising SEQ .ID

18 The peptlde Ilgand of clalm 17 wherem the peptxde hgand |s obtamed o

_from HIV—l MN ENV

N 19 A peptlde ngand for an mdmdua! class I molecule compnsmg SEQ ID .

200 The peptlde hgand of claim 19 wherem the peptide Ilgand ls obtamed n
from Chollnerglc Receptor, Alpha-3 Polypeptlde

i A peptide Iigand for an mdlv»dua[ class 'T: molecule comprlsmg SEQ ID -
"NO: BL e PRI

i the ' pie deligand s obt'éihed
from Ublqumn Specrﬁc Protease pe TR e
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23. A peptide ligand for .an individual class 1 molecule comprising SEQ ID
NO:32. °

24. The peptide ligand of claim 23, wherein.the peptide ligand is obtained
from B-Associated Transcript Protein 3 (BAT3).

25..A. peptide ligand. for an individual class 1 molecule compﬁsing SEQ ID

NO:33.

26.. . The péptide ligand of -claim 25, w‘herei‘n the peptide ligand is obtained
from HLA-B Heavy.Chain Leader Sequence.

27. A peptide’ligand for. an individual class T:imiolecule comprising. SEQ 1D
NO:34. . o '

28. A peptide ligand for an individual class I n‘lo!equlebcomprisin.g SEQ ID
NO:35:

-"29.,¢;The_'pept}Qe ligand:of claim_ 28, wheein thé peptidé vligand s obtained.

from RNA Polyinerase 11 Polypeptide A.’

30.. A peptide ligand for‘an individual class: I"molecule. comprising SEG ID
NO:36.

:31.'- The'p'eptide figand of Clairn 30, wherein the peptide Ilgalnd’ isA‘ obta’ined’

from EUK, Translation Tnitiation Factor 4.,
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32. A peptide ligand for an individgal class. I molecule comprising SEQ ID
NO:37.

33. The pepﬁde'iigand of claim 32, wherein the peptide ligand is obtairied ‘

from SPARC-1 Like Protein.

34. A peptide-ligand for an, indi\i!dua! class 1 molecule’ cofprising SEQ ID -,
. NO:38. ’

35. The peptide ligand of claim 34, wherein the peptide ligand is obtained

from Tenascin-C.

36. A'peptide ligand for an individual class I m‘ole'g:ule comprising. SEQ ID
NO:39.. s ) o

' 37." The' peptide ligand ‘of claim 36‘,j wherein the peptide ligand is ¢btained’
“from Polypyn‘rnidiné Tract-Binding Protein 1.

“38.7A pep(‘:i;de‘-_ljgand for an ipdividual class.l molecule comrﬁriSing SEQ-ID
‘NO:40. '

39. “The 'peptide ligand: of ’cla;r‘h‘as, \(vherein the peptide ligand -is .obtained

from Reticulocalbin

40.. A peptide ligand for an individual class T.molecule comprising 'SEQ ID
NO:41. ‘
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41. The peptide ligand of clairm ‘40, wherein the peptlde ligand is obtained
from ELAV (HuR).

42.. A method for |dentlfy1ng at least ‘one endogenously loaded peptide

ligand. that distinguishes an infected’ cell from an uninfected cell comprising :

the 'steps of: ;

providirig an uninfected cell ling containing a construct that encodes an -
’ individual‘so_lublev class 1 moleéule, l:he'uuinfected cell.tine being‘
able to maturally, process prbtelns ‘into peptide Iigands capéble of.
belng loaded |nto antlgen binding grooves of class I molecules, ) :
mfectlng 8 portlon of the unlnfected cell line’ W|th at least one of a-

mncroorgamsm, a gene. from a mlcroorgamsm ora tumor gene,
thereby providing an infected cell llne . g
culturing’ ‘the . uninfected cell line ‘and the infected cell line under

COndlthl’lS whlch allow for expressmn of mdlvxdual soluble class’

I molecules from the construct such condltlons also allowmg for

endogenous Ioadmg of a peptide llgand xn the antlgen bmdmgi
'groove of each’ |nd|v1dual soluble class I molecule prlor to‘

secretxon of the mdmdual soluble class I molecules fmm the cell;-
Jisolating the secreted lndlwdual soluble class 1 molecules having the

endogenously loaded peptlde ligands bound thereto from the f

unlnfected cell llne and the lnfected ‘céll line;:.

' separatmg the endogenously loaded peptide llgands from the mdlwdual

soluble class ) molecules from the unlnfected cell lme ‘and
separatlng the endogenously loaded peptlde Ilgands from the
lndmdual ‘soluble class 1 molecules from the mfected cell I|ne
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isolating the endogenously loaded. peptide Iigands'from the uninfected
cell line and. the endogenously loaded peptide ligands. from the
infected celf line; |

comparing the endogénously loaded peptide ligands isolated from the.

infected cell line to the endogenously loaded'pepfide ligands
isolated from the uninfected cell line; and

identifying at least.one endogenously loaded neptide Iigand presented

by the individual soluble class I molecule on the infected cell line

that is not presented by the. individual soluble class 1- molecule
“on the uninfected cell line. -

43 The method of clalm 42 wherein, in the step of providing an unlnfected .

cell Ime containing -a ‘construct. that encodes an mdlvrdual “soluble class I
molecule, ‘the construct furtherencodes a tag whlch is attached  to the

individual soluble class-1 molecule and aids in lsolatlng the |nd|vldual soluble :
. class I molecule

'44. ‘The method of. claim 42 wherein, the uninfected cell line is ‘class I -

‘negative, "

‘45, .The method ‘of clalm 42 wherem, the umnfected -cell Ime expresse5"

endogenous class I molecules.

46. The method of clalm 42 wherem 'in the step of. prov»dmg an. uninfected B

cell llne containing - a construct that encodes an: |nd|v1dual soluble class 1

molecule, the unlnfected cell Ilne contammg the construct that encodes the .

mdlwdual soluble class I molecule.is produced by a methocl comprising the

.sl:eps of
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obtaining genomic DNA or cDNA encoding at least-one class I molecule;

identifying an - allele encoding ‘an individual class I ‘molecule in the
‘genomic DNA or CDNA;

PCR ampllfyingvth'e allele encoding the individual class. 1 moleculein a

' Iucus‘sp‘eciﬁc manneér stich tha’c a PCR‘ pro’d_uqt'produced therefrom

encodes a truncated, soluble form of Jthe clndi‘vi‘dvual class I

molecule;

.cloning the PCR product into an expression _vectol'.;"_thetfeby forming a-

" construct that encodes the: individual solublé_jclass 1 molecule;
“and
 transfecting the construct into an uninfected cell line. -

- 47.. The -method of claimi 46 wherein, in the step of providing an unihfe'cl:ed

cell Jiné cbhtaining a-rconstrict that encodes, an individual sbluble class I

g molecule, the construct further encodes a tag ‘which- |s attached to the soluble
’ class 1 molecule and alds in isolating the individual soluble class I molecule

A8 The method of claim 47, Whereln the tag is selected from the group :

conS|stmg ofa HIS tail and a FLAG tail. -

49 The method of claim 47, wherem the tag is. encoded by a: PCR pnmer

utlllzed in’ the step of PCR ampllfylng an allele encodmg the individual class .

I molecule.

50.. The method of claim 47 Whereln the tag is encoded- by l:he expressmn
vectOr into which the PCR product is clcned
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51. The method of claim 42, further comprising the step of identifying a
source protein from which the at jeast one endogénously loaded peptide

ligand presented by the individual soluble class T molecule on the infected -

cell line:and not bresented by the individual soluble dlass 1 mole;ule on the

uninfected cell line is obtained.

52...The method of claim 42 wherein,.in the step of identifyiﬁg‘at least one

gndogjeﬁouély 'IoaQed'péptiqé ligand- presented by the individual soluble class -
¥ molecule oﬁ:the]inféﬁte& cell_line but riot on the uninfected cell line, the at -
Ieast“o.ne gndogenohsly‘ Ioédéd peptide Iigaﬁd is obtained ﬁ"om a-protein

encoded” by. at least one. of the mlcroorganlsm, the 'gene ‘from .a .
microorganism.or:the tumor gene with which the cell line was mfected to form ’

the infected cell:line:

53, The method of clalm 42 wherein, in the step of |dent)fy|ng at ieast one
,endogenously Ioaded peptlde ‘ligand presented by the individual soluble class

I -molecule_ on:the mfected cell line but not on the: uninfected cell I|ne the at
Ieast one endogenously k)aded pephde hgand |5 obtamed from a protein:

encoded by the unmfected cell line.,

54. The method of claim 53, . wherein the protem encoded by the umnfected

cell Ilne from wh)ch the at Ieast one endogenously Joaded peptlde llgand is -

obtalned has |ncreased expressmn in a ‘tumor cell line.

55 The method of cla|m 42 whereln, in the step of mfectmg a’portion of the .

‘unmfected cell Ilne, the portxon of. the; uni
HIV.
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56. A.method for identifyivng at least one endogenously loaded peptide
ligand that distinguishes .an: infected cell from an uninfected cell, ‘comprising

the steps of:

provldiyhg an uninfected cell line containing a-construct that encodes an.

iindividual soluble class T molecule, the Uninfected cell line being
ble to naturally process protelns into’ peptide ligands capable of.

being loaded.into. antlgen blndlng grooves of class 1 molecules
|nfect|ng a portion of the unmfected celf lme with at least .one of a

mlcroorgamsm, a gene from a- mlcroorganlsm or a tumor géne,

thereby providing ‘an ‘infected cell Ilne,
culturlng the uninfected .cell line and the infected cell llne under

‘conditions which allow -for: expreSS|on of the lndlvldual soluble'

class 1 molecules from- the construct such condmons also
allowmg for endogenous Ioadlng of 'a peptnde ligand mto the

antlgen bmcllng groove of each |nd|V|dual soluble class 1 molecule.

prlorl to. secretlon of the mdnvndual soluble class I molécules from
the.cell;

lsolatlng the. secreted mdlvldual soluble class I molecules havmg the
endogenously loaded peptlde llgands bound thereto from the
uninfected cell line and the mfected cell.line; -

separal:lng the endogenously loaded peptlde llgands from-the. |nd|V|dual ;

" soluble" class 1’ riiolecules ¢ from’ the unlnfected cell line... and

‘separatlng the endogenously loaded peptide Ilgands from : the
|ndrv|dual soluble class I molecules from the infected cell line; -’

|solatlng the endogenously Ioaded peptlde Ilgands from the unlnfected

‘cell line and the: endogenously Ioadecl peptide, llgands from the

|nfecl:ed cell Ime
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‘,cumpa_rlng the endogenously loaded‘ peptide Iigarlds isolated from the
uninfected cell line to the endogenously loaded peptide ligands
isdlated from the mfected cell line; and

ldentifying at least one endogenously loaded peptide ligand presented
by the indnvndual soluble class I molecule_on the - uninfected cell
line that ' is not presented by the mdmdual soluble class I
-molecule on thé infected cell line.

:57. The metljod of claim Sé‘where'in,vin the step of providing an uninfected
cell line con’caihing_ a “const;uct that encodes an-individual soluble class I
molecule, the construct fuither encodes’ a tag which is ‘attached: to- the

individual soluble cléss I‘molecule and aids in'isolating the individual soluble:

class I molecule.

58. 'The method. of claim 56, . whereiil ‘the uninfected cell line is class 1

negative.”

59.  The method of. claim 56, whereln the unmfected cell’ line expresses
endogenous class. 1 molecules

60 The method of claim, 56 wnereln, In the step of providing an.uninfected
cell ‘line. contalnlng a construct that encodes an individual. soluble class I

molecule, the unlnfected celt Ilne contalnlng the construct that encodes the_.’
lncllvnclual soluble class I molecule |s producecl by.a method comprismg the"r

§teps of
obtalmng genomic DNA or cDNA encodlng at least one class I molecule,
ldentlfylng an allele encodmg an mdlwdual class 1 molecule in, thej
qenomic DNA.0r-cDNA:
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PCR amplifying the allelé encoding the individuel class I'molecule in a

locus speciﬂc manner such that e PCR product produced therefrom

encodes a truncated soluble ‘form of the . |nd|v1dual class I

molecule,

clonmg the PCR product into. an expression vector, thereby forming a'
‘construct: that encodes the |ndrwdual soluble ¢lass 1 molecule :

and

transfec‘tingy the ‘construct jnto ah, uninfected. cell line.

61." The'method of claim 60 wherein, in ‘the step of providing an uninfected

“cell.line containing a construct that encodes' an ‘individual’ soluble class ‘T

molecule, the cdnstruct furlher encodes”a tag’lrvhich is” attached to the

|nd1vrdua| salible class I molecule and alds |n isolating the mdlwdual soluble‘fv

class 1 molecule

62. The method of clalm 61, wherem the teg is selected from the group'

consystlng ofa HIS tail and a FLAG tall

i 63 The method of claim: 61 wherem the tag |s encoded by a PCR pnmer‘f
utnlized in the step of PCR amphfylng the aIIele encodlng the mdlvidual class :
I molecule. : "

“,64 The method of clalm 62 whereln the tag is encoded by the expressmn,”

65 The method'of clairn 56‘ fuFther ‘com‘.brislng the sl:ep of identifying a .

source protein from wh h the at-least- one endogenously loaded peptide

l|gand presented by ‘the |nd|V|dual soluble class I molecule on the unlnfected
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cell line and not presented by the individual soluble class I molecule on the

. infected cell Jine is obtained.

66. 'The‘_methdd of claim 56 wherein, in the step of infecting a portion of the

. uninfected cellline, the portion of the uninfected cell line is infected with--

HIV."

67. An endogenously loaded peptide ligand presénited by an individual class: -
Limolecule on an infected cell but not on ‘an unirifected. cell. .

68. . The endogenously loaded peptide ligand of claim 67, 'whereiﬁ‘-the‘

' endogenously loaded peptide ligand compriées SEQ TD NO:29:

‘69‘._ 3 The endogenously loadedt peptlde ligand of clalm 67, wherein tfwe

endogenously loaded peptide ligand cornprlses SEQ D NO 30

70 The endogenously Icaded peptlde ligand "'of claim 67 .wherein the"
: endogenously loaded peptvde ligand compnses SEQ ID. NO 31

“71.. The endogenously loaded peptide; ligand. of claim 67, whereih théj_:"
“‘endogénouisly. loaded. peptide ligand comprises SEQ TD NO:32. ",

724

.The endogenously -loaded: peptide” Ilgand of claim 67, ‘wherein:the'”

‘endogenously Ioaded peptide hgand comprises SEQ . NO 33

73 The endogenously Ioaded peptlde Ilgand of claim. 67 Whéféiri ‘the.."
endogenously loaded peptlde hgand compnses SEQ ID NO 34
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74. The endogenously loaded peptlde ligand of clalrn 67, wherein the
endogenously loaded peptide ligand comprises SEQ ID NO: 35

75. The endogeriously loaded peptide ligand of ‘¢laim 67, wherein the.
endogenously loaded peptide ligand comprises SEQ ID NO:36.-

‘76. The endogenously loaded peptlde Ilgand of claim. 67,. wherein the
endogendusly ioaded pept\de Ilgand compnses SEQID NQ: 37

77. “The endogenously Joaded pept]de llgand of ¢laim 67, wherein -the.
endogenously oaded peptlde Ilgand cornpnses SEQ ID NO:38.

78.0 The ‘endogenously, lodded ‘peptide: ligand "of claim'.67; ‘wherein. the
endodenppsiy loaded peptide Iivjan_d cormprises SEQ ID NO:39.,

79., -'The endogenously loaded pepbde ligand of clalm 67, Whereintthe
endogenously Ioaded peptlde ligand compnses SEQ ID NO 40

-80.. . The 'endogenously. loaded - peptide hgand of clalm '67,--wherein ‘the,
‘endogenously Ioaded peptlde ligand compnses SEQ ID NO.

81. A self protem capable of . bemg naturally processed mto at Jeast one.
peptude fragment wher' n the at Ieast onhe peptide fragment |s endogenously’
'loaded in and presented by a class T molecule on-an Infected cell

82 The self protem of ‘claim' 81 wherein the at Ieast one peptide fragment-

‘ls not endogenously Ioaded in. and presented by.a’ class 1 molecule ‘oh an

unlnfected cell.
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83. A peptide ligand presented by an indlvldual class I ‘maolecule on an

infected cell but not on an‘uninfected cell, the peptide ligand idenl:iﬁed‘by a

method comprising the steps of:

providing an uninfected cell line containing a construct that ericodes an
individual soluble class I molecule, the cell line being able to
naturally. processproteins into. peptide ligands capable of being
"loaded. mto antigen blndmg grooves of class 1 molecules,

infecting a portlon of the uninfected cell lme with at least one of a
mlcroorganlsm a gene from a mlcroorgamsm or a tumor gene,
thereby providing an infected cell line;

culturmg the ‘uninfected' ‘cell liné: and the mfected cell Jine ‘under
condltlons Wthh aIIow for” expression .of the individual soluble
class. I ‘molecules from the construct, _such: condmons also
aliowing  for endogenous loading : of. a . peptide ligand in - the
antlgen blndlng groove. of each mdlwdual soluble class I molecule
-prior to secretion’of the individual soluble class I molecplee from,
the cell; ) '

isolating the secreted mdmdual soluble class I molecules havmg the'
endogenously ‘loaded peptxde ligands bound thereto from -the
uninfected cell line- and the infected celly line;

separating.the enddgénbuély loaded Peptide ligands from the individual
soluble class I “molecules from. the umnfected cell and the

endogenously loaded peptlde llgands from the lndlvidual soluble ‘

class I molecules from the infected cell;

1solatmg the endogenously Ioaded peptide ligands from the uninfected
~cell“ling and the endogenously loaded peptlde llgands from - the
|nfected cell ling;:
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comparing the endogenously loaded peptide llgands ‘isolated from the
infected cell line to the endogenously loaded peptlde Ilgands
Jisolated from the unlnfected celi‘line; and’

ldentxfylng at least one endogenously loaded peptlde ligand presented
by the individual soluble class I molecule 6n the infected cell line
that is not presented by. the individual ‘soluble dlass I molecule
on the uninfected cell line. :

' 85.‘,>,The pe‘p'tivd‘e ligand of claim 83 wherein,‘in the ‘step’ of providing an.
* uninfected cell finé containing & construct that encodes an.individual soluble
- class 1 molecule, .the unlnfected cell. Ime contalnlng the: construct that

encodes the Individual - soluble class I molecule lS produced by a method

comprising fhe steps of: S . .
‘ obtammg genomlc ‘DNA ‘or cDNA encodlng at least one class1 molecule, )

ldentlfy:ng an allele encodlng an lndiwclual class I molecule in the
genomlc DNA or cDNA .

: PCR amphfylng the allele encoding. the |nle|dual class I molecule ina. -

Iocus specﬂ“ c manner such that a. PCR’ product produced therefrom
-encodes a truncated soluble form of the |ncl|\'|dual class : I
molécute; K

clonlng the PCR product |nto an expressmn vector, thereby formmg a

. construct’ that -encodes the individual soluble class.l mo, CUFE(

;v and : o R P
'tra'nsfecting the cénstruct into an unlhf'ec,ted cell line.
SR N - : H ) .

: 1solat|ng theindividual soluble class I molecule
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'86. ' The peptide ligand- of claim 85, wherein, the tag is selécted from the
group consisting of a HIS tail-and a FLAG tail.

87.. The peptide ligand of claim 85, whergin the tag is encoded by a PCR
primer ‘utilized in the step of PCR ‘amplifying - the aliele. eijcoding the

individual class I molectle.

_88;, ‘The peptide. ligand of;claim"85, »}«lheréin"ﬁhe tag s .encoded by the -

‘expression vector into which the PCR-product is cloned.

89. 'The peptide ligand of claim 83, wherein the at least one endogenously
}Ioladed peptide Iiga_nd isvobt‘ained-from ,'a protein e.r)cOded‘by at least one of

the microorganism, the gene from the microquanisﬁ'l or the tumor.gerie with

which the portion of the uninfected cell line is infected to form ;H'e infacted

‘cell fine.

'90. The peptide ligand of claim 83, wherein the at least one endogenously .

loaded peptide Iigé’nd is*obtained from ,a‘..pfotei‘n encoded by tpé uni_hfected

cell line:

91. The peptide ligand of claim 83, whereinvthe‘ portion of the uninfected cell

Jine is infectéd with HIV. *

92. A source pfrotéih from which the peptide ligand'pf claim 83 is obtained.

93. A peptide ligand:endogenously Joaded'in an individual class'I molecule
and presefited by the individual class I molecule on an uninfected cell.;
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94. The peptide ligand of claim 93 wherein the peptide ligand is not

endogenously loaded in the individual class I molecule and presented by the
individual class. I molecule on an infected cell.

95. A self pmtenn capable of being processed into ‘at least one peptide
fragment wherein the at least one peptlde fragment is endogenously loaded
inan’ mdnwdual class T ‘molecule and presented: by the' individual class I
molecule on an unlnfected cell..

96. The self protein of claim 95 whereln the at least one. peptlde fragment
is not endogenously Joaded in. the individual class I molecule and presented
by the lndlwdual class I-molecuie on an infected cell.

97. A peptlde ligand endogenously Ioaded in an mdlvxdual class I molecule
and presented by the mdlwdual elass I molecule on an unmfected celi but not
on an infected cell, the ‘peptide ligand ideritified- by a fnethod comprising the
steps of:

prowdmg an unlnfected cell Ilne contalnlng a constmct that encodes an

|nd|V|duaI soluble- class 1 molecule the unlnfectecl cell line. bemg i
able to naturally. process proteins into peptide Ilgands capable of

besng loaded |nto antlgen bmdmg grooves of class 1 molecules, s

‘|nfectlng a portlon of the unlnfected cell line with at’ Jeast one” of a.
mlcroorganlsm a gene from a mlcroorgamsm or-a-tumor’ gene, '

thereby, provndmg an |nfected cell line;,

culturing the Gninfected’ cell line . and the ‘Infected - ‘cell -line’ under

condmons whlch allow for expressmn of the mdmdual soluble

class 1 molecules, such condltlons also'allowmg for endogenous
loading of a peptide ligahd in the arnitiaen bindina aroove of each
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individual - soluble. class I molecule -prior, to ‘secretion of the

- individual soluble class I molecules from the cell;

isolating the secreted individual soluble class'I molecules having the

endogénously loaded peptide ligands bound therefo from the .

umnfected celi I1ne and the Infected cell ime
’separabng the endogenously loaded peptlde hgands from the individual
soluble class'I molecules from the uninfected celt-line and the
infected cellline;: ' '
|solat|ng the endogenously loaded peptlde llgands from the uhinfected
cell Tine and the endogenously Ioaded peptlde Ilgands from the
lnfected cell Ilne, .
comparmg the endogenously loaded peptide ligands isolated from the
* uninfected cell line to the endogenoﬁsly' loaded peptide ligands
) isolated from the mfected cel tine; and
ldentlfymg at least one endogenously loaded peptide llgand presented
. by the mdxvydual soluble class ‘1 molecule on the unlnfected cell
jline that is not p'resented by ‘the “individual ébluble class "I

“molecule on the infected‘cell line. -

98 The peptlde llgand of claim 97 wherein the. construct further encodes a ‘
- tag which is attached to. the individual soluble clags 1 molecule and alds in
' isolating the |nd|v1dual soluble class I molecule

99 The peptlde Ilgand of clalm 97 wherein the' uninfected cell Ime contamlng

. the construct that encodes’ the |nd1v1dual soluble class I molecule is procluced

by a method comprlsmg the steps of
obtalnlng genomlc DNA or cDNA encodmg at ‘least one class I molecule,
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- identifying an allele encoding an individual dass I molecule in the
genomic DNA or cDNA; ) B .

PCR amplifying the allele encoding the individual class I molecule in a

locus specific manner such that a PCR product produced therefrom

encodes: a trunqatéd, soluble form, of- the individual. class 1

molecule;

cloning the PCR product’into an'exi:ression vyectori; thereby_foi-ming a ‘
construct that encodes an individual soluble class T molecule; and -

transfecting the construct into an uninfected-cell line.

. 100. 'i’hé beptide ligand of c_lainﬁ' 99; wherein the construct further encodes
- a tag which is attached to the individual soluble class I_molecule and aidé in

_isolating.the individual soluble c‘Ias‘s‘Ii'noleCUIe.‘.

101.: Thé'peptid_e- liganid of ‘claim. 99, wherein the tag is selected. from the
) groupAconsistlng ofé:HIS tail énd a ELAG tail.

+7102. The peptide ligand of:claim‘gg}.whgrein the tagis encodéc_l by a PCR
_primer utilized in the step of PCR amplifying an- aliele encoding-the individual -

class I molecule.

103. The method of claim ‘99,:wherein the tag is encoded by the expression

vector into which the PCR prodisct is cloned.

*404." A source protein from which the peptide ligand of claim 97 is.obtained:

_105.. A method for identifying’a self protein that is processed into at least -
one - peptide fragment, .wherein ‘the.’ at least oné peptide fraament is
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endogenously loaded in an individual class I molecule and presented by the

mdlvxdual class I molecule.on an lnfected cell but not on an- uninfected cell ;

the method comprising the steps of: -
providing an uninfected cell line containing a construct that'encodes an
individual soluble class I molecu!e the unlnfected cell line being
able to naturally process proteins into pept|de Ilgands capable of
bemg Ioaded into antxgen bmdmg grooves of class 1 molecules,

mfectlng a _portion of the unlnfected cell Ilne wnth at least ope of.a

mncroorganism a gene from a: mlcroorganlsm ora tumor gene,‘
thereby prowdmg an infected. cell line;"

culturlng the:" unmfected cell line and ‘the infected cell llne under,‘

- conditions - which® allow for expressnon of the individual soluble

class' T’ molecules such COhdltIOnS also allowing for. endogenous

loading of ‘@ peptide Ilgand in the’ antlgen blndlng»groove of ‘each:

- individual - soluble. cla‘s‘s‘AI molectule priol"tol secretion of the:
individual soluble class T molecules fr'om the‘cell’
_isolating - the secreted mdrv:dual soluble class I molecules havmg

endogenously Ioaded peptlde Ilgands bound thereto from the

uninfected celt I|ne and’ the |nfected cell fine;

. separatmg the endogenously loadded peptlde Ilgands from the |nd|V|dual
soluble class I molecules. from’ the’ unmfected cell llne and the.
|nfected cell line;

|solatlng the endogenously Ioaded pept;de Ilgands from the unlnfected
‘ cell tine: and, the endogenously loaded peptlde hgands from the

|nfec’ced cell I|ne, N

_coropanng the endogenously loaded pept|de Ilgands 1solal:ed from the
infected cell line to the endogenously loaded peptlde Ilgands
Isolated from the unmfected cell Tine:
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identifying at least one endoéeﬁously loaded peptide ligand presented

by the individual soluble class I molecule on the infected cell line .

that is not presented by the individual soluble class 1 molecule
.on the umnfected cell line; )

determining the source protein- from which the al: Iea‘s‘t one
endogenously loaded peptide ligand is obtained; and

|dent|fy|ng the source protein as a self protem if the source proteln is

notencoded by the mlcroorgamsm gene from a mlcroorgamsm or.

tumor gene with which the infected " cell line . is infected. but. is’

encoded by the Uninfected éelf line. °

106. A method for identifying a self protein that is processed into at least

one peptide fragment whereln ‘the at-least one peptnde fragment is

endogenously loaded m an: lndnv»dual class .1 molecule presented . by the‘
i individual class i molecule on.an. unlnfected cell but not on an infected .cell;

the method comprising the steps of:.
provxdmg an uninfected cell ling contamlng a construct that encodes anv
lndlvrdual soluble class 1 molecule, the umnfected cell. line being

able to_naturally” process protems |nto peptlde Ilgands ‘capable of’)

bemg loaded into antigen bmdlng grooves of class I molecules,
mfectlng a portlon of ‘the unmfen:ted cell line-with at least one of.a
microorganism, a gene _from a mlcroorganlsm or & tumor gene,
tHereby [')roviding an lnfected Cell Ilne; ‘
-culturing the unlnfected ceII line and the "Infected cell line' under

conditions - which allow for expressmn of the |ncl|v1dual soluble:, .
class I molecules such condltlons also allowmg for endogenous .
loadmg of a peptlde Ilgand in the antlgen binding groove: of each .
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individual soluble -class 1 molecule prior to 'secretion of the
individual soluble class I molecules from the cell; .
|solatmg the secreted mdl\udual soluble class 1 molecules havmg

endogenously loaded peptide ligands bound thereto from .the

uninfected cell line-and from the infected cell-line;

ke separatlng the endogenously loaded pepl:lde llgands from the soluble'

class I molecules from the .uninfected cell ling and: from the

|nfected cell fine;

vlsolatmg the’ endogenously loaded peptlde llgands from the unmfected ‘

cell lme and the .endogenously loaded peptlde Ilgands from the
“infected cell llne BRI Sl L

i comparlng the endogenously loaded peptlde Ilgands isolated: from ‘the .-
' umnfected cell line to the endogenously loaded peptlde llgands '

lsolated from the.infected cell line;

'|dent|fy1ng at Ieast one. endogenously Ioaded peptlde llgand presented '

by the individual® soluble class I: molecule on the umnfected ceII‘
hne that |s not presented by the. mdmdual soluble class I
molecule on the mfected cell line; and *

determmlng the source protem from Whlch the at- least,_r)n'ei,

. endogenously loaded pepl:lde ligand is obtamed

'107. A kit for ldentlfylng endogenously Ioaded peptlde llgands for an .
“individual class I molecule, compnsmg : .

a cell line contalnmg a construct that encodes an’ lndlwdual soluble“

protems mto peptlde llgands capable of being Ioaded into antlgen

blndlng grooves o ’_‘rlass I molecules such that when the cell llne

) lS cultured under condltlons Wthh allow for expressron of: the
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‘indlvl_dual soluble class I molecule, a peptide ligand is
endogenously loaded into the antigen binding groove: of each
individual -soluble class 1 moiecule prior to secretion of the
individual saluble class-I molecules from the cell.

108! ‘ The kit -of claim 107 wherein the cell line is produced by a method
comprlsmg the steps of

obtamlng genomlc DNA or cDNA encoding at least one class I molecule;:

ldentlfylng an aliele encoding an individual class 1 molecule in the
. genomlc DNA or cDNA

PCR amphfymg the allele encodlng the mdlvudual class I molecule in a
locus speuﬁc manner such that aPCR product produced therefrom
encodes a truncated, soluble form- of the |nd|v1dual class I
molecule,

cloning the PCR product’ into’an expressxon vector, thereby formlng a
construct that encodes an |nd|v1dual s6luble class 1 molecule;.and

“transfecting ‘the construct into an uninfected cell line.

109. A-method for detecting a disease state, comprlsmg the step of:
. prowdmg means for detectmg an: endogenously loaded peptlde hgand
in.an |nd|vldual class I molecule, wherem the endogenously
“loaded peptlde Ilgand is. presented by. an IndIVIdUB| class T

molecule on'an |nfected,<_:ell but not on an uninfected cell.

11() The method of clalm 109 -wherein the endogenously loaded (peptlde

llgand comprises SEQ ID NO 29

SUBSTITUTE SHEET (RULE 26)

JP 2004-536554 A 2004.12.9



—m —m ~m @ @ @ @ @ ™@ ™@ ™@ & & s & & & & /s s /s /s /s /s /o

(161)

WO 02/30964 PCT/US01/31931
98

111." The method of claim 109, wherein the endogenously loaded peptide

‘ligand comprises SEQ ID NO:30:

112. The method of claim 109, whgrein the endogenously loaded peptide

Iigand‘ comprises SEQ iD NO:31.

.113. ' The method. of claim 109, wherein the endogenously loaded peptide

ligarid comprises SEQ ID NO:32. |

114. . The.method, of claim- 109, wherein the endogenously loaded peptide -
Iigaﬁd comprises SEQ ID NO:33.

115. The métHo'q of claim: 109, wherein. the ‘endogenously loaded -peptide
ligand comprises SEQ ID NO:34.

116. The method of claim ‘109, wherein the endagéenously loaded peptide

Jigand comprisés SEQ ID'NO:35. -

1172 The méthod of claim’ 109, whérein:the endogenously loaded. peptide:

ligand comprises SEQ ID NO:36.

118., The method of claim 109, Wherein the endogenously loaded peptide

“ligand-comprises SEQ ID NO:37.

119.:The ‘method’ of ‘claim 109, wherein the endogenously loaded, peptide
‘ligand comprises SEQ ID.NO:38.
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120. The method of claim 109, wherein the endogenously‘loéded peptide
ligand comprises SEQ ID NO:39.

121. The method of claim 109, wherein the endogenously loaded pepﬁde
ligand comprises SEQ ID NO:40. |

122. The method of claim 109, whereln the endogenously Ioaded peptlde
ligand: comprises SEQ ID NO: 41

.123.. The method. of claim 109, wherein the disease state is HIV infection.

©124. A method for detecting a- dlsease state, comprising the step of:”
! prov:dmg means_for detectmg arr endogenously loaded peptide ligand

in an |ndW|duaI ‘tlass T molecule wherein- the endogenously
Ioaded peptlde Irgand is’ presented: by the mdwndual class 1
molecule on an uninfected-cell’but not on an |nfected‘cel|.

125 A kit for detectmg a dlsease state, compnsmg

‘means for detectmg an’: endogenously loaded: peptlde hgand n.:an.

lndNIduaI class I molecule, whereln the endogenously Ioaded'

peptlde Iugand is presented by the' mdlvndual ‘class 1 molecule on
an mfected cell but not.on an uninfected cell;

126. The method of “claim 125 whereln the endogenously toaded peptlde
hgand compnses SEQ D NO 29

127. The method of claim' 125 wherein the endogenously Ioaded peptlde ,

lmand comprises SEO 1D NO: 30
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128. The method of claim 125, wherein the endogenously loaded peptide
ligand comprises SEQ ID NO:31.

129.. The method of claim 125, wherein the endogencusly loaded peptide
ligand comprises SEQ ID NO:32. : )

* 130. " The method of claim 125, wherein the endogenously Isaded peptide. |

Jligand comprises SEQ ID NO:33.

131. .. The method of ;léim' 125, wherein the endogenousiy loaded ‘peptidé

ligand comprises SEQ 1D NO:34.

132, Thé method of claim. 125, wherein the endogenously loaded peptide

ligand comprises'SE‘Q‘ D NO:35.

133. - The ‘méthod- of claim 125, wherein ‘the endogenously loaded: peptide
ligand comprises:SEQ ID NO:36. ‘ '

135. “The method of claim ‘125,v.wﬁerein ‘the endogeho;jsly loaded p_eptiaé :

ligand comprises SEQ ID NO:37.;

'.136.:’ The method of claim 125, wherein the'endégenéu‘sly !oéded 'peptidé

igand comprises SEQ ID NO:38,

T137 The method qf"cl_airn 125, Vihereifi fhé enddgenouéiy ioaded peptide
- ligand-comprises SEQ'ID NQ:39." ‘
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138. The method of claim 125, wherein the endo‘genously_loéded peptide

. ligand comprises SEQ‘ID NO:40.

139. The method of claim 125, wherein the endogenously loaded peptide
ligand comprises SEQ 1D NO:41.

- 140. A kit for detecting a disease state, comprising
means for. detectlng a peptide : Ilgand endogenously Ioaded in an”;

mdlwdual class™’ I molecule, wherem the peptlde ligand is

presented by the mdlwdual class 1 molecule on-an uninféected.cell -

"but not on an infected ceil.

i41. A method: of ldentifying’ ‘& motif fo‘r'endogenously loaded peptide K
. llgands presented by an |nde|dual class 1 molecule, comprlsmg the steps of:”

,provu:lmg a cell I|ne contamlng a construct that encodes an |ndN|dual

soluble class I molecule, the cell line being able to nal:urally’
process protelns mto peptlde hgands capable of being loaded into.

antlgen binding grooves of class 1 molecules

:culturlng the cell line under condltlons Wthh allow for expressmn of the
|nd|v»dua| soluble class I molecule from the construct such :

condltlons also allowmg for endogenous loading of the peptnde

I|gand into the antigen- btndlng groove of each |ndIV|clual soluble»_

class I: molecule prior to secretlon of the individual soluble class
T molecules from the cell;

lsolatmg the secretecl |nd|V|dual spluble. class I molecules havmg
endogenously loaded peptlde Ilgands bound thereto;
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separating the endogenously loaded peptide ligands from the iudividual
soluble class I molecules, thereby forming a pool of endogenously
loaded peptide ligands; and - .

_sequencing’ “the pool of endogenously loaded peptlde ligands and
deriving a motif for the endogenously loaded peptlde ligands
based .on. dominant ,occur'rehces olf’balitio‘:ular amino_acids at
epeciﬂc positldns of fhe endogeh‘ously loa‘d'ed peptide ligands. .

142, "A me‘thbd".éf;targetin‘g a compouhq to an lhfécted cell,,corjnprising the
steps of

prowdlng an unlnfected cell fine contalnmg a construct that encodes an '
)ndlv:dual soluble class: .1 molecule, the' cell line being able 1o |

naturally'process pruteihs into peptide ligands capable of being
Ioaded ‘into antxgen blndmg grooves of class I molecules,

ihfectlng a pomon of such cell llne w;th at least one. of a

mu:roorgamsm, a gene frorn a mlcmorgamsm or a tumor gene,
thereby provxdlng an infectedicell hne
culturing the unlnfected ceII Ilne and the mfected cell line under

condmons Wthh allow for expressmn of the mdlv:dual soluble .
'class I molecu[e, such condmons also allowmg for endogenous‘

“loadmg of a peptlde Ilgand in the antlgen bmding groove: of each

‘lndlwdual soluble class 1 molecule prior to secretlon of the

lndwldual soluble class 1 molecules from the. cell

lsolatlng the secreted )ndlvldual soluble class, T molecules having
endogenously loaded peptlde Ilgands bound theréto from. the
unlnfected cell line; and the lnfected cell llne,
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separating the endogencusly ldeded peptide ligands from the individual
soluble class I molecules from the uninfected cell line and the
infected cell line; o
isolating the endogenously ldaded pebtidé ligands from tne uninfected
cell line and the ehndogehous'h.l loeded peptide ligands from the
. infected eell fine;
'comparing' the eni:logenously loaded pept'ide ligands isolated from the
} infected cell line to the endogenously loaded pep'ude ligands.
|solated from the uninfected celi llne, and

ldentlfylng at least one endogenously Ioaded peptlde Ilgand presented ’

by the lndlvudual soluble class I molecule on the |nfected cell line
that. is'not. presented:by the individual soluble class. 1 ,molec,ule
on the iininfected cell line; and

. targetlng a compound to a cell’ having the at least one endogenously
loaded peptlcle ligand presented by the ll'_lleldUal class I
molecule on-a suiface of the cell.

'143. The method of claim 142 wherein, in the’step of targeting e compound:-.

to'a cell, the-compound is.a drug.-

" 144. The method of cla|m 142 whereln |n ‘the step of targetlng a compound

to a:cell, the compound is-an antlbody

145, The method of clalm 142 whereln, |n the step of targetmg a. compound ’
‘ ,“to a cell the compound specxﬁcally recogmzes a complex formed of the at’
“least one endogenously Ioaded peptlde llgand and the |nd|v1dual class I
; molecule.
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146. A method of isolating ligands, comprising the steps of:
optionally providing a cell line; » '
optionally culturing the cell line;
i$0lallhg molecules having ligands bound thereto; énd

. optionally separating‘the ligands from ‘_the ‘molecules.

i47. "Aligand isolated by a me;héd é'om'pri'slng ‘tl_’le' stepé'df;
: optionally pl'dviding acel fine;.
opbonally culturlng the cell lme,
lsolatmg molecules havmg l:gands bound thereto “and

. optlonally separatmg the llgands from the molecules

148. A'method for idéntifying:at leésAt"o'né' ligand, comptising the steps of:
‘ ioptlona‘lly prb\iiding a cell line; ‘ o
optlonally infecting a portlon of the cell llne,
Dptlonally cultunng the cell hne,
opt)onally lsolatlng molecules havnng llgands ‘bouind- thereto, .
optlonally separatlng the hgands from the molecules; -
optlonally |solatmg the llgands, and : (

rdentlfymg at least one ligand.

149 A method for ldentlfymg at least one llgancl comprising the steps of:

ootmnallv providing an uninfected céll lme,
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optionally infecting a portion of the uninfected cell line;
optionally cultdrlng the uninfected cel) line and the infected cell line;
‘ . obtionally isolating molecule‘s‘naving ligands bound theteto from the
‘uninfected cell line and the infected cell line;
pptionally senaratlng tli_evlliwgands from the molecules from the

“uninfected cel tine and- separating the. ligénds from the mble‘cules frdm‘ the

. infected cell-line;”

" gptionally Tsolating the ligands from the uninfected-cell line and the

“ligands from the infected céll fine;’

: opt:onally comparmg the llgands lsolated from the.uninfected cell line
to the. llgands lsolated from the lnfected cell line; and
. ldentlfylng at least one llgand presented by the molecule on the
umnfected cell hne thal: is not presented by the molecule on the

infected cell line:

150 A llgand presented by an mdyv;dual class I molecule on “ant infected cell ~

but optlonally not-on an unmfected cell

151 A protein capable of being prbcesséd 'i'nto at least 'dne peptide
fragment, wherem ‘he at least one peptlde fmgment is loaded in and/or

presented by a class I molecule

'152. A ligand identified by a method:comprising the step$ of: v

SUBSTITUTE SHEET (RULE 26)

JP 2004-536554 A 2004.12.9



—m —m ~m @ @ @ @ @ ™@ ™@ ™@ & & s & & & & /s s /s /s /s /s /o

*._ uhinfected ceil fine and the mfected cell ne,

(169)

WO 02/30964 PCT/US01/31931
106

opti_onélly infecting a portion of the cell line; .

optionally cultufing the cell line;

qbtionally isolating molecules having vligand“s bound thereto;
optionauy separating the ligands from the molecules;
optionally isolating the ligands; and .

idéntifying at l_eqst'one ligand: -
153 Aligand Joaded in a molecule and;preéented»_by the molecule on.a cefl.

154., A protem capable of being processed into at least one peptlde
fragment whereln the at least one peptlde fragment IS Ioaded inan
mdwvdual class I molecule and Is optlonally presented by the mdlwdual class

i molecule on _an unmfectedrcell.

1550 A hgand 1denttred by a method ‘comprising the steps of: .
.toptuonally prowdmg an umnfected cell llne,
optionally mfectmg a pertlon of the umnfected cell hne
‘optlonany culturmg the unlnfected cell hne and the mfected cell line;

hgands bound thereto from the

’optlonally |50|at|ng molecules havm

: ’uninfected cell line. and the mfected cell llne, g

pt«onally separatmg the Ilgands from the molecules from the

“optionally lsolahng the hgands from; the umnfected cellfing and the
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optionally cornparmg the ngands |solated from the uninfected cell line
to the ligands isolated from the infected cell line;. and

. identifying at least one peptide ligand presented by the molecule on..

the uninfected cell line that is not presented by the molecule on ‘the infected

cell line.

156 A method for |denhfymg a self protem, the. method compnsmg the
steps of '
opnonally provudmg a ceﬂ lme, R
optlonally infecting a pomon of the cell hne,

opnonally culturmg the cell line;

TE ophonally |solatmg mo)ecules havmg lrgands bound thereto, .

optyonally separatmg the hgands from the molecu!es, o

".‘ optionally |solat|ng the hgands ‘ o :

optlonally identifymg at’ Ieast one Ilgand o

deten'mmng a source protem from Wthh the at jeast one hgand is®
obtained; and | C ey

optlonaﬂy 1dent|fymg the source proteln as the self proteln .

157 A method for identifying a self protem, the. method compnsmg the
stepsof i s ) S ’
it _ optvonally provrdmg an unlnfected cell Ime, S
: opt;onally mfectmg a por’uon of the unmfected cell Ilne, o i

optlonally cultunng the unmfected cell hne and the mfected cell line; .
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- optionally isolating. m’élec‘ulés having ligands bﬁund thereto from the
uninfectéd cell Iiné and from the infected cell line; .
7 optidnally separating the Ilgands from the Enofecules from the
unmfected ce" line’ and from the:infected cell line;

optlonally lsolatmg the hgands from the umnfected cel line and the.

: liga_nds from the infected cell ling;

pptionjaliy cémparing the ligands isolated from the uninfected cell line
to the ligands isolated from the infected cell line;

‘optionally. identifying at least one ligand presented by the niolecule‘on

the uninfected cell liné that is hot présentéd by the molecule-on the inféctéd

“cell Ii}ne;'aﬁd
détermining a source pj’o&ein: from which'the at least one ligand is .

obtained.

7158, A kit for »dentifymg hgands, .comprlsmg'

a cen line contammg a construct that encodes a class’ I mo)ecule R

159 A method for detectmg a d»sease state, compnsmg the step of' -

provrdmg means for detectmg a Iigand ina molecule.
160 A method for‘ detecting a dlsease state, compnsnng the step of‘

provndmg means for detectmg a ligand |n a molecule whereln the

hgand optlonally is presented by the motecuie on'an unlnfected celf but.not
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161. A kit for detecting a disease state; comprising:

means for detecting a ligand in a molecule.

162 A, knt for detecting a disease state, compnsmg
means-for detectlng a hgand wherein the ligand optlonally is

presented by an mdnvudual class I molecule onan umnfected ‘cell-but not on

‘an infected cell:

163. A method of identifying a motif for ligands, comprising the steps 6f:

optionally p'rov_iding 4 cell fine;
bptionally'culturing the cell Tine;
loptlonally lsolating molecules having Ilgands bound thereto,

opt;onally separatmg the ligands frcm the molecules thereby formlng

Ja pool of hgands, and

: sequenclng the pool of hgands and derrvmg a.motif for the ligands.

"164 A method of targetmg a compound toa cen comprlsmg the steps of:

optionally prowdlng a cell lme,

optlonally Infectmg a pomon of such cell llne, :

optlonally cultunng the cell lme,

optlona!ly |solatlng molecules havmg endogenously )oaded pept}de a
hgands bound theretO‘

thlon.ally separating the ligands from thie molecules;’
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optionally identifying at Jeast one ligand; and

targeting @ compound to a cell having the at least one ligand.
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International Application No

PCT/US 01/31931

A
IPC 7

CLASSIF!CAT[UN GF SUBJECT MATTI

CO7K14/47 C12N9/12
GOIN33/569  GOLN33/574  A61KA47/42

a6 CoTK14/74

CO7K14/155  CO7K14/705  C12N9/50
CO7K14/78 Cl12Q1/02

GOIN33/53

According to

Patent Ci jon {IFC) or to both national ification and IPC

B. FIELDS SEAHCHED

IPC 7

system followed by Classification symbols)
A61K

c1z2p CD7K C12N C12¢ GO1N

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic dala base consulted during the intsrnational search (name of data base and, where practical, search terms used)

CHEM ABS Data

TO BE RELEVANT

C. DOCUMENTS

Category ®

Gitation of document, with indication, where app@priate, of the relevant passages

Relevant to claim No.

X

PRILLIMAN K. ET AL.: "lLarge-scale
production of ctass I bound peptides:
assigning a signature to HLA-B*1501"
IMMUNOGENETICS,

vol. 45, 1997, pages 379-385, XP002216938
cited in the application

the whole document

PRILLIMAN K.R. ET AL.: "“Complexity among
constituents of the HLA-B*1561 peptide
motif"

IMMUNOGENETICS,

vol. 48, 1998, pages 89-97, XP001124304
cited in the application

the whole document

1,4,6,8,

141, 1158

1,4,6,8,
9,14,15,
107,108,
141,158

Further documents are fisted in the continuation of box C.

D Patent family members are listed in annex.

© Bpecial categories of ited documents :

A" document delining the general sia of the art whichis ot
considered to be of particular relevar

€ ealvher “Jocument but pubiished on or alter the international

ilng

"L" document which may throw doubts on priority claim(s) or
which is cited to establish the publication date of arother
citation or other special reason {as speclfiec

0" document referring to an oral disclosure, use, exhibltion or

™ laxerdoeumenl published after the mtemallnna\ fillng date

ity date and notin confilctwith the application but

cneu {o Understand the pnmlple ar theory underlying the
invention

X ducumenl of parficular relevance; the claimed |nvsntlcn
‘cannot be considered navel or cannot be considered 1o
involve an inventive step when the documentis taken alone
“y" document orpamw\arrelevance the claimed invention
cannot be considered to involve an inventive step wien the
document is combmed Wﬂh one or more other such docu-
‘menis, such combination being cbvious to a person skilled

other means
"P* dacument published prior to me lmerna(lnnal filing date but inthe
Tater than the priority date o *8" document member of the same patent family
Date of the actval complelion of the infernational search Date of mailing of the international search report
18 October 2062 17 02 2063
Name and mailing address of the 1SA ‘Authorized officer
Eurapean Patent Office, P.B. 5818 Patentiaan 2
Mezmorvhis’ S
e, (+31-70) 340-2040, Tx. 31 651 epo nl, .
L Nty Macchia, G
Form PCTASA210 (second shaet} (July 1992)
page 1 of 2
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-
International Application No

PCT/US 01731931

C.(Continuatlon) DOCUMENTS CONSIDERED TO BE RELEVANT

Category *

Citaion of dacament, with Indication, where appropriate, of the relevant passages

Relevant to claim No.

X

P,X

PRILLIMAN K.R. ET AL.: "Peptide motif of
the class I molecule HLA-B*1503"
IMMUNOGENETICS,

vol. 49, 1999, pages 144-146, XP861124303
the whole document

SMITH K.D. ET AL.: “Probing HLA-B7
conformational shifts induced by
peptide-binding groove mutations and bound
peptide with anti-HLA monoclonal
antibodies"

THE JOURNAL OF IMMUNOLOGY,

vol. 157, 1996, pages 2470-2478,
XP0@2216939

the whole document

HICKMAN H.D. ET AL.: "C-terminal epitope
tagging facilitates comparative Tigand
mapping from MHC class I positive cells"
HUMAN IMMUNOLOGY,

vol. 61, December 2000 (2000-12), pages
1339-1346, XP02217153

the whole document

1,4,6,8,
9,14,15,
107,108,
141,158

158

1-4,6,
8-15,
42-44,
46-54,
56-58,
60-65,
105-108,
141,158

Form PCTASA/210 (continuallon of second sheet) (July 1892)
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International application No.

INTERNATIONAL SEARCH REPORT PCT/US 01/31931

Box1 Observations where certain claims were found unsearchable (Continuation of item 1 of first sheet)

This International Search Report has not been established in respect of certain claims under Article 17{2)(a) for the following reasons:

Claims Nos.:
because they relate to subject matter not required 1o be searched by this Authority, namely:

Although claims 142-145 are directed to a method of treatment of the
human/animal body, the search has been carried out and based on the alleged
effects of the compound/composition.

2. m Claims Nos.: 134

because they relate to parts of the International Application that do not comply with the prescribed requirements to such
an extent that no meaningful International Search can be carried out, specifically:

see FURTHER INFORMATION sheet PCT/ISA/210

3 ,:l Claims Nos.:

bacause ihey are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box Il Observations where unity of i ion is lacking (Conti ion of item 2 of first sheet)

“This International Searching Authority found multiple inventions in this international application, as fallows:

see additional sheet

1. D As all required additional search fees were timely paid by the applicant, this International Search Report covers all
searchable claims.

2. D As all searchable claims could be searched without effort justifying an additional fee, this Authority did not invite payment
of any additional fee.

3. s only some of the required additional search fees were timely paid by the applicant, this Intsmational Search Report
covers only thoss claims for which fees were paid, specifically claims Nos.:

4. [;_] No rgqulred additional search fees were timely paid by the applicant. Cansequently, this International Search Report is

restricted to the invention first mentioned in the claims; it Is covered by claims Nos.:

1-15, 42-66, 105-108, 141-145, 158 (all completely)

Hemark on Protest D The additional search fees were accompanied by the applicant's protest.

D No protest accompanied the payment of additional search fees.

Form PGT/SA/210 (continuation of first sheet (1)) (July 1998}
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International Application No. PCT/US 01 /31931

FURTHER INFORMATION CONTINUED FROM  PCT/AISA/ 210

Continuation of Box I.2

Claims Nos.: 134

Claim 134 is missing in the claim 1isting, consequently, this claim could
not be searched.

The applicant's attention is drawn to the fact that claims, or parts of
claims, relating to inventions in respect of which no international
search report has been established need not be the subject of an
international preliminary examination (Rule 66.1(e) PCT). The applicant
is advised that the EPO policy when acting as an International
Preliminary Examining Authority is normally not to carry out a
preliminary examination on matter which has not been searched. This is
the case irrespective of whether or not the claims are amended following
receipt of the search report or during any Chapter II procedure.
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International Application No. PCT/US 01/31931

FURTHER INFORMATION CONTINUED FROM  PCT/ISA/ 210

This International Searching Authority found multiple (groups of)

inventions in this international application, as follows:

1.

o

Claims: 1-15, 42-66, 105-168, 141-145, 158 all totally

Methods as disclosed in claims 1-15, 42-66, 105, 106,
141-145 and related kits.

. Claims: 17, 18, 68, 110, 126 all totally; 16, 67, 83-92,

109, 123, 125, 150, 151, 154 all partially

A peptide Tigand for an individual class I molecule

comprising SEQ ID NO:29. Corresponding source protein.

Related method and kit for detecting a disease state.

. Claims: 19, 20, 69, 111, 127 all totally; 16, 67, 81-92,

109, 123, 125, 150, 151, 154 all partially

A peptide ligand for an individual class I molecule

comprising SEQ ID NO:30. Corresponding source protein.

Related method and kit for detecting a disease state.

. Claims: 21, 22, 70, 112, 128 all totally; 16, 67, 81-92,

109, 123, 125, 150, 151, 154 all partially

A peptide ligand for an individual class I molecule

comprising SEQ ID NO:31. Corresponding source protein.

Related method and kit for detecting a disease state.

. Claims: 23,124, 71, 113, 129 all totally; 16, 67, 81-92,

09, 123, 125, 150, 151, 154 all partially

A peptide ligand for an individual class I molecule

comprising SEQ ID NO:32. Corresponding source protein.

Related method and kit for detecting a disease state.

. Claims: 25, 26, 72, 114, 130 all totally; 16, 67, 81-92,

109, 123, 125, 150, 151, 154 all partially

A peptide ligand for an individual class 1 molecule

comprising SEQ ID NO:33. Corresponding source protein.

Related method and kit for detecting a disease state.

. Claims: 27, 73, 115, 131 all totally; 16, 67, 83-92, 109,

page 1 of 3
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International Application No. PCT/US 01/31931

FURTHER INFORMATION CONTINUED FROM  PCT/ASA/ 210

123, 125, 150, 151, 154 all partially

A peptide ligand for an individual class I molecule
comprising SEQ ID NO:34. Corresponding source protein.
Related method and kit for detecting a disease state.

8. Claims: 28, 29, 74, 116, 132 all totally; 16, 67, 81-92,
109, 123, 125, 150, 151, 154 all partially

A peptide ligand for an individual class I molecule
comprising SEQ ID NO:35. Corresponding source protein.
Related method and kit for detecting a disease state.

9. Claims: 30, 31, 75, 117, 133 all totally; 16, 67, 81-92,
109, 123, 125, 150, 151, 154 all partially

A peptide ligand for an individual class I molecule
comprising SEQ 1D N0:36. Corresponding source protein.
Related method and kit for detecting a disease state.

10. Claims: 32, 33, 76, 118, 135 all totally; 16, 67, 81-92,
109, 123, 125, 150, 151, 154 all partially

A peptide ligand for an individual class I molecule
comprising SEQ ID N0:37. Corresponding source protein.
Related method and kit for detecting a disease state.

11. Claims: 34, 35, 77, 119, 136 all totally; 16, 67, 81-92,
109, 123, 125, 150, 151, 154 all partially

A peptide ligand for an individual class I molecule
comprising SEQ ID N0:38. Corresponding source protein.
Related method and kit for detecting a disease state.

12. Claims: 36, 37, 78, 120, 137 all totally; 16, 67, 81-92,
109, 123, 125, 150, 151, 154 all partially

A peptide ligand for an individual class I molecule
comprising SEQ ID NO:39. Corresponding source protein.
Related method and kit for detecting a disease state.

13. Claims: 38, 39, 79, 121, 138 all totally; 16, 67, 81-92,
109, 123, 125, 150, 151, 154 ali partially

page 2 of 3
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International Application No. PCT/US 01 /31931

FURTHER INFORMATION CONTINUED FROM  PCT/ISA/ 210

14.

15,

16.

17.

18.

A peptide ligand for an individual class I molecute
comprising SEQ ID N0:40. Corresponding source protein.
Related method and kit for detecting a disease state.

Claims: 40, 41, 80, 122, 139 all totally; 16, 67, 81-92,
109, 123, 125, 150, 151, 154 all partially

A peptide Tigand for an individual class I molecule
comprising SEQ 1D NO:41. Corresponding source protein.
Related method and kit for detecting a disease state.

Claims: 93-104, 124, 140 all totally; 150, 151,
154 all partially

A peptide 1igand endogenously Toaded in an individual class
I molecuie and presented by the individual class I molecule
on an uninfected cell. Corresponding self protein. Related
method and kit for detecting a disease state.
Claims: 146 148, 149, 156, 157, 163, 164 all totally
Methods of isolating/identifying ligands/self protein/motif
for ligands. Method of targeting a compound to a cell.
Claims: 147, 152, 153, 155 all totally

A ligand as disclosed in claims 147, 152, 153, 155

Claims: 159-162 all totally

Methods for detecting a disease state.

page 3 of 3
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