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CELLS The present invention relates to nethods to determ ne peptide
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| ocations within the protein that degradation takes place such that the

exact peptides, which appear on the cell surface, cannot be reliably
pr edi ct ddhllowing tee gptadke of ppiainsdhenansaliarheelts (onthéprodusdion of speeifis i n

dicti he notif f id i ch bi C b i i
D eI G rBoBb S B S RAC R AR =
predigt if%@énf&*ﬂf@hcﬁ%tbﬁ%‘ap}f@r%%ég&@silﬁaéé?toft%ﬁ:a}@@b%tea- Witk othde
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onger  prtdifl T ftachdn Jsheh ab YPazhRladelitel BT Por oy ect to

identify peptides presented by MHC nol ecul es foll ow ng uptake or production
of a protein by cells and to use one or nore of such peptides within a
vaccthe ToHatailfer 8 givenduetein ishanhean inpassibledomeedighexagtly at whieh pot h

br osent Prots SMAPAEHBITR-LaLbRRotbh rulerpllt SYEHITH BRISEH Bl
nol ecul eghich madke dell berfacd, adrinot ppirelisiy pgrfictedpiln thacasabfMHC

t hroughout different popul ations. For a diaghgstic test, }t is a pa,rhi cul ar
obj ect tBolfsulasithrreiasthapnsSPne SHREREP WyPrRficting the motifs of peptides whic

bind to MHC but, in practice, some of these peptides are degraded before reaching

\ 30  MHC molecules and prediction of which peptides are degraded is not reliable. Thus,
the standard method for detection of peptides on the cell surface is elution of such
peptides followed by their sequence determination. Such methods are not routine
and are also impractical where analysis of celi surface peptides on multiple cell types

or on multiple MHC molecules is required.
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20 nol ecul es foll ow ng uptake or production of a protein by cells and to
use such determ nation as the basis for a test for the detection of a

bi ol ogi caw®u2/@8ysi ol ogi cal event, for exanple for the detpé;f/'Fp(ﬂ oggzqan
infection. For a diagnostic test, it is a particular object o t(1e pr esent
invention to i-dentify 2s peptides presented by cells of a test individual.
The present invention provides for the @ccurate and conprehensive anal ysis

of peptides on . ,the surface of cells and in particul ar peptides in
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'enablii ng the elucidation of the peptide-MHC bi nding interaction and enabl ed
the el ucidation of WMHC binding notifs. Pertinent exanples include
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nol ecul es enabling the facile renoval of peptides bound to the nutant MHC
clast’ | mol ecul e from engi neered cells grown in vitro. Further exanples of
the art g I,;g&-d@ﬁ@@aﬁe e%ﬁ% ! i 0

VHC- peptF:ogg com') exeé as '?%Pﬁ@gg’%@%g@?w%ﬂ c mﬁ%ﬁtgﬁqysmz_ﬁgmur
speci f i endlecdles Sofawingumpbaike onpriodattien apa esotiein by tells and td nseione camdoret her
applications,. Simlarl US5, 763, 585, US5, 734, 023 and, ot hers provi de

et hods F §hch pEPRES Iiin 7 JACHRS saR R A IwicS slptiite e e B muse as
t herapeutic entities for exanple in the treatnent of auto-inmmune di seases
and, Deshpande et al [W9740852] disclose nodified peptides with enhanced
bi ndihg Foo bath phigrmoaesutidal and vpecneimolecidesnibisca padiontar abjectof the prasent
provi ded as.a r.ec i.nant .fusion ofein alsa.int for use.in the
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endogenousl y processed by Cellular secretory pathway. This biological 2s
assay requires primed cytotoxic T cells and a source of "indicator" target

cells onto which lysis,i.s. directed by.t resence of,. processed .pept.i gdes
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donor cells. O her conplex biologically based schenes for the

i dent i f ides@mynatigrcas tae Hasisfara tewt fern thegdatectiansof a bickepitala physiplegicalopes
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bi ol ogical T-cell activation assay in vitro. WO 02/ 12899

For a diagnostic test, it is a particular object of the present invention to identify

25 peptides presented by cells of a test individual.

The present invention provides for the accurate and comprehensive analysis of

peptides on the surface of cells and in particular peptides in association MHC

molecules. Determination of the profile or identity of peptides on the cell surface will
30 be especially performed mass spectrometry (MS).

Others have previously purified MHC/peptide complexes for particular purposes.
Indeed for both MHC class | and class Il molecules, methods for their immunological



- 4 PCT/EPOL/ U8625 The present inventors have recognised that Ms-based
instrunments nmay be applied to the analysis of whole cells or cell extracts
and the dgloapger porated into a pathway for the rational pdgyaoppgmat of

t herapeutic nol ecul es or diagnostic assays. s Large and conpl ex nol ecul es
of biological origin are anmenable to anal ysis using nass-spectroscopy {MS),
but only following their ionisation. Jwe alternative approaches to the
ionisation of bjoloaical nolecules for M have becone e recogni s
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z5 response upon adm nistration to a subject. It is an objective of the
present invention to provide for nethods for detecting peptides on the

surface ofoawghbsyeand in particular where the peptides are pich/@osesch@t i on
with WMHC nol ecules., 30 It is an objective of the present invention to

provi de for net hods for detecti ng peptides formally in association with MHC
nol ecul es presented on the surface of- celds. WO 02/12899 - 6

PCT/ EPO]1/ 08&G25 |t t f { t f
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present 1 nvention to provid r net etecting peptides s in
~associ afardhe watidnalideveinpmentes thdrapeiijc lmmnmpt tidgnostic gssapse from an
exogenous protein. It is an objective of the present invention to provide
for nethods for detecting peptides in association with MHC nol ecul es
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obj ect of “the present invention to provide for nethods tecting
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or opt 2t TS e et nel b iy g hatlisb T By BABBLERASE Mt oy oo o
prot ei nultﬁi@e?f&é@ﬂr@stﬁﬁ& r&sulsieRca888s abbyptioh of tifehraltd bnedrte thetgasy ot ei n
or a fusion of one or nore naturally occurring proteins. The protein may be
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20 cumulatively collected in the mass analyser.

For MALDI, mass analysis is most usually conducted by a time of flight (TOF)
instrument where the flight time from the ionising laser pulse to detection is measured
enabling calculation of the mass to charge ratio (m/z). Such detectors are subject to

25 multiple technical refinements in different commercial instruments. Some models
enable analysis of post-source decay ion fragments for peptide sequence derivation
and other structural determinations. The continuous flow nature of ES| based
instruments result in the use of scanning analysers (e.g. quadrupole or magnetic
sector mass analysers) although other instrument formats may be exploited. A typical

30 format is the tandem MS system whereby dual mass analysers are arranged in
tandem and interconnected via a “collision cell” containing molecules of inert gas.
The latter feature enables generation of collision induced decay ions and the

determination of peptide sequence from the given input sample. Multiple and hybrid



S (1996) Bri. J. Haem 94: 300-305; Stein, R et al (1988) New E ngl. J.
Med. 318: 1409 1413] anongst others. There is therefore a significant need
for met hodg @pageet 0 identify determinants involved in the gndpshioRsof an

i mmune response to a therapeutic protein. io A principal factor in the

i nduction of an imfmune response is the presence within the protein of
peptides that can stinulate the activity of T cell via presentation on MAC
class Il nolecules, so-called T cell epitopes. In order to elimnate or

reduce INsHUmaNal flormats mayibe arsangeshard exploied fok fieanalysisel eelrsydage
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174]. Analysis of APC preparations and preparations of exosomal particles
deri ¥ed from APC equal ly therefore fall under the scope of the present
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formally in association with MHC molecules presented on the surface of cells.



A nethod for the devel opnent of a pharmaceutical protein or polypeptide or
30 vaccine antigen having a specific biological activity and a reduced or

enhanced wgmpageeni city than any non-nodified protein or penirephisde havi ng
t he sane biological activity, by (i) contacting cells with said protein, or

pol ypepti de, generating a repertoire of WO 02/12899 PCT/ EPQOL/ 08625 _ g _
surface peptides on the cells or exosonal_vehi cles thereof, which is
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exosonmal vesicles thereof and, (i1ii) assigning sald peptides to
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final pharnaceutical protein or polypeptide by incorporating one or nore of

t he nodekogenpuppiadeinsequences within the sequence of the protein or
pol ypepti de nol ecul e according to standard nethods. is A corresponding
nmet hod, wherein the analysis of said cells or exosonal vehicles thereof of
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corr Maher ei n t he pepti des bound on the surface of the
cells or exosonal vesicles according to step (i) are in association with
MHC nol ecul es and wherein the analysis of said cells or exosomal vesicles
t her eof ltig &y ebiagt Qfdhgtm@se(ntiu)vargloaépfnsewéa ferymgthasls fasdetasting peptides on

corres t he
col 1 5 o B8RP et YPELLE A REP W R e Wlret e et

i nt r acelcontatted Qithi alsodubusmbidin br ag exaybnays midroegrissnsuetithgt thetrhod
for the devel opnent of a pharnmaceutical protein or pal ypeptide having a

r edutied remﬁtm@@fmwfaqe pwt&% iH dﬂﬁ%eﬁbw@mﬂbgtrew@re flisplayed; Qﬁm@@@ﬁpc

ot ccul a4y TRF TR st MRt b ﬁ%‘a@?ﬁﬁ%ﬁ%ﬁ%@ﬁ@*h P* SOBIRSTS e

cell surmgréietn.as i ndicat ed inclaiml. WO 02/ 12899 -

The exogenous protein may be a purified preparation extracted from a mammalian

20 source such as a cell line or tissue ex vivo, or the protein may be a recombinant
preparation purified from any biological source engineered to express said protein.
The protein may be representative of a naturally occurring protein or a fusion of one
or more naturally occurring proteins. The protein may be in vitro derived being an
assemblage of naturally occurring elements or wholly synthetic or designed and have

25 no counterpart in nature.

The protein may be exemplary of a class of proteins such as antibody molecules and
their derivatives, cytokines, growth factors, leukotrines, haemostatic factors or may be
a cell toxin or have enzymatic capacity or function. Most preferably the protein is a

30 therapeutic protein.

It is recognised that the efficacy of several therapeutic proteins has been limited by

the induction of unwanted immune reactions to the therapeutic protein. Examples




PCT/ EPA / 08625 A correspondi ng nmet hod, wherein the elimnation or
reduction of the binding of the peptides to MHC nol ecul es is perfornmed by

substit utigeyi2merting or deleting one or nore am no aci Gpd@epieEsW t hi n
t he sequence region of the peptide within the pharnaceutical protein or

pol ypeptide. s A nethod for the devel opnment of a pharmaceutical protein or
pol ypepti de having an enhanced i nmunogeni eity, wherein the nodification of

opt 1 onal'hg) i tidheingt EREade EPCReL B vt 4 ¢fodi) (et RPE B 2B f ace
as indi ®HfMel,D ¢! & @(1985)% IhvrﬁQhél‘??rBS’:”ﬂEmmﬁJm aMBeIdPhé phﬂ@ins of
enhancenent of the binding of the pepiirdes to C nol ecul es I's performed by

-subst i t Utinnay ofigiseruchras grandisicyte-macserhagescatonye stimutadingciadtor fdiadies, M.t hi n

o act 45 5 01O O, CarkhERBSRE! 1553 Tb Bt e Pl ibilh  tslsrbcB: SFs for
‘whi chs t heod6 ¥ 8! J.9hdRPe4: 300-8051 SEiR(R. dtsal 21088) Néw/cg?@.i N M8 sV ’i09-

ot herwi se disparate epitopes into a single entity. met hod for the
devel opriehii3] @mangshethens Bhera is tberafars a aigndisant neged forampthndsi able to

Fepor ¢ oipisy cshfifats d R PEbe el ISR imBRe e B Tl oo ©
t her eof ,thukipelutic pretefrf. erent from the repertoire of 20 surface peptides

di spl ayed on reference cells which have not been contacted, (ii) analyzing
said cells or exosonmal vesicles thereof, on the surface of which peptides

. L P SR B R o BT ™

sequencergiin afpsptifest that Eamstimple e avtivitadf Tvesit viagpregehtation per MHOg one
or nore of the peptides wthin the sequence of the vaccine nol ecul e
accor di rii@ssoll siclaedes sreealingsT Rl @pdppes-hi andgr & pimgtate argeduda s or

i ) S herein i ; {0 et hod
et g Uit E1E U tabIRES RE AR TP Gl o AR M pRAH! O
cor r espdhid argobjechoftherprebemtinidvtiapatogsrbvidedor meghodetceenalsie the teteetion

produces no, MHC nol ecul_es. WO 02/12899 - 11 PCT/EPOL/ 08&Ra A

cor r & pH WenHiigation of T G@ll epitanss. parent cell 1ine produces no MHC cl ass |
nol ecules. ' A corresponding nethod in which the parent cell |ine produces
no MVHC class ! | nolecules. s A correspondi ng nethod, wherein non-hunan
cel ljs V\A‘Exdgetmlusmr?temwemeed riduefied agmplfaﬂdésdsreﬁ mdlﬂr&serﬁaﬁomnﬂghmd aitld)ntwithh |
produce C ol ecul es an re use s indicate A correspondi ng met hod,
Bher o n MHE fPes HTaEaHEs Aane MRS A ddHE Ciges Il malesyles gehdi ng

met hod, ' : Hﬂn@ - :
corres po%%%éége%ﬂgr , I%ﬁ“@%@ pﬁ/léﬁce nol e@ﬁ?égﬁ%@%gm rz:afgaessé . A
cor r es pard dendriicheedls anhengst otirerso Mithenatiility of af pepdide tbibied aggivereMHG algskes

S B O o Sy ATRAr DSBS o kb el o ol A B S of
factors most notably its primary sequence. This will influence both its propensity for
proteolytic cleavage and also its affinity for binding within the peptide binding cleft of
the MHC class Il molecule. The MHC class Il / peptide complex on the APC surface

25 presents a binding face to a particular T cell receptor (TCR) able to recognise
determinants provided both by exposed residues of the peptide and the MHC class |l
molecule. In the art there are procedures for identifying synthetic peptides able to
bind MHC class Il molecules. Such peptides may not function as T cell epitopes in all
situations particularly in vivo due to the processing pathways or other phenomena.

30 Also in the art there are computational methods for predicting potential T-cell epitopes
or recognising sequence motifs in experimentally determined T-cell epitopes.

Schemes include techniques to predict MHC class ll-binding peptides as provided in



A correspondi ng nmet hod, wherein the peptides originate froman exogenous
protein or mcro-organism A correspondi ng net hod, wherein the peptides

ori gi nat ewhred @9 endogenous zo protein. A correspondi ng p@igiadoscpbrer ei n
human dendritic cells, or exosonal vesicles thereof, which after addition

of the protein or polypeptide or mcro-organi smpresent peptides on MHC

nol ecul es, are used. A correspondi ng_rrgtbod, wher ei n human anti gen
presenting cells, or 2s exosonal vesicles thereof, which after addition of
t he pr otWi98(H2976! wiperet & demputationtal frepadidg approadiCidenitifies beptidasequames A
correspondin t hod, erein the VHC nol ecuyl es hav en enrLched prior to
pepti de Vﬂﬂhﬁ@s‘?@?r}‘}'aﬂ\t%wnigﬂdrﬁj?%'s%?%&aﬁzwmw Wﬁ%ﬁﬂ[ﬂb? Alotyrasut ed
.fromthe cell surface 30 prior to analysis. A correspondi ng net hod,

wherein the peptides are eluted from VHC nol ecul es prior to anal ysis. WO
02/ 12899 celllepitop identificasiomdis tioe fiest Istap) tovdpitopienelivitinBtionasirecogrised inA

o o o g aBTead WP BeRHRser indass tehohins QoA AR RPES A

cell's f%rrﬁixié&@ﬁ/ﬁth@%bid??ﬁ%icﬁﬂ@ a?ni('lbia)cic?étﬁﬂ%ﬁtftutic(rﬁvitﬁrrpmlé 'rnga J¥qAbhte. of

peptides which appear on'the cell surface and, optionally, conparing wth
ot her pradthe Herapeutiteprotein. dhissmobjaelive of the presenisovertioociogrodidei t h t he

h b 1 N t h f . i fi id .th
cot " sarhefipdfor e Bl b dnbdfied PRIERRTD Siah Bie kR Rheritc og
to i dentis mbdiiecy AaBMs! dire@lUcst PAABRrSEBEGeAtSIAT cell WpitBpése THE NaEhtikigd! S-
Use of a protein or polypeptide obtained by any of the nethods described

t
abov& asequpnegsraeiagtpreaent erethepswiace bt bearingcelis ar poundsioMbiC

I ' ' h d .l bed ine. i
oc or " SaRaRbfs Bifbulig B pRlct DB AR B 0GR ng & aBR BB ERy bea
above ascompdtentRREW shdilat BEIl. aNRIMédVer epéptideshauhtitied esdsiafieisCREMRASTAhE I t Y.
A nmet hod for detecting peptides on the surface of cells or exosomal

vesi cl ePreseitdoventionctardes deteated o arui G adetypel grepixtuee ofaliatypes
TS BB G B AR b R BF B ARy, 7o o Lot

this zo pro n-or polypep of surface peptides
on that cells or exosomal vesicles thereof, which is different fromthe

repertoire of surface peptides displayed on reference cells which have not

been contVAistdhe preseontinmanfisnrablesthecdataction ehprpiidas displayed i thesusiase on

h : X o ) S' Y F
bept 1 eSS pott b BN R ERbORROR Wi ITHE BbASS GLnelIBREH A DFsSH
st andar diesigriatidas, iMsenst intdndedaode/iimited fo whelecsSllsiralsxperidak thesi cl es is

per f or med qE)y_MS referably MALDI - M5. The process according the schenme
under t RNAYSISPT PRRUSIESOm B SHFRCLPT PIRSORIess dPrptiste-Mille 6OMBIRXES arBer ef or e

to appl Zpr&?&tﬁﬁ%@fjéomfén‘?ﬂdﬁohgin e élﬁ%@EiJff%XBQSm%T vOBERsRIRHES Fofh Leifif! !
epi topes wthin tthe amno acid sequence of a target protein.
normally expressing MHC class 1l molecules. Under certain circumstances the output
of exosomes may be increased from the surface of an APC and there are recognised
procedures for the enrichment or isolation of exosomes [Raposo, G. et ai (1996) J.
Exp. Med. 183: 1161-1172; Clayton, A. et al (2001) J. Immunol. Methods 247: 163-
25 174]. Analysis of APC preparations and preparations of exosomal particles derived

from APC equally therefore fall under the scope of the present invention.

In summary the invention relates to the following issues:
+ A method for the development of a pharmaceutical protein or polypeptide or
30 vaccine antigen having a specific biological activity and a reduced or enhanced
immunogenicity than any non-modified protein or polypeptide having the same
biological activity, by
(i) contacting cells with said protein, or polypeptide, generating a repertoire of



WO 02/12899 - 13 PCTI EPO1/ 08625 2. Design new sequence variants of the
target protein with one or nore amno acids within the identified potenti al

T cell epwbapgssevodified in such a way to substantially redyaophsessi M nate

the activity of the T cell epitope as determned by the binding of the
peptides to MHC nol'ecul es or whole cells or other neans. Inportantly, such
sequence variants are created in such away to avoid creation of new

potential T cell epitopes by the sequence variations unless such new
Potenti al T SUTRCPPPURLORTES Opls o1 RYGSOMAIENEIRS st wihs digsront
substanti al | ey ; AL f I ik :
Conat fuct - sulRTEEe(Bp8itofe df skes pBIAS tithlchlpr Aferbns el E RHid aus
‘identify i o noebeen conwctexd,i ants with desirable properties. According to

this schene, .a nunher, of variant proteins w |l be produced, and tested) nost

preferably bQS_re 'Haﬁﬁ'cgﬁﬂl?st%rc S&U&Vﬁﬁﬁﬁﬁg‘ﬁr fh_g’f p&PHg%ﬁQPEQé on

i nel uding iy Gigkacy f 853 IcBISBY oRSsdiN BRIES Bbrabi ahd, anticipated that

single amno acid Is substitutions wthin a given potential T cell epitope

wi Il be made(iip ebsigning saidipepéiges tpthe stapdencatafdhs pbarmateuticelipraieinvert hi n
I n ct ,of the present

i | it b t l.at ed i
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or transfegct 1 SGPA s i nd, follow ng uptake
or expr esg.ico%d%q»%%g%prgﬁ}en an@@%&eﬁgg’?'gﬁ'g%ﬁ?"?‘ﬁ@gﬁﬁo I'le or identity
of peptides (im) t meodiBling saidf@aptides, iderdenionalter their hinding td KHHC Mdlecules,

nol ecul es, engci ally nmultiple WHC nol ecules, will present such peptides.
As olfe aspec®8f this enbodinent, it is inportant to anal yse peptides
presented on n i ; WSES 1S
preferably ua\ggr y%rﬂégﬁﬁd;ﬁ%%ciﬁ}égfée“&ég%ﬁsgog t@%gﬁ%gﬁﬁ?@@gﬂﬂ%'ﬂngra very

hi gh propor t polypeptidébdyNridrabtatingpee antogeobthgpmedifiedtpentidesequentes ed i n

the world populatjon. Such cel opul ations can, either be obtained by
sanpl T ng. ol MDA e chthe R KPS empBSU e s RIBE By 131 ng
cell's that haupReem&Reqseered to produce nultiple MHC types. O
particul ar use are cell [ines where no endogenous MHG nol ecul es are

prodisced and Aeorésprinditics piediyody Whakeina theganalysisalf spaptelbesr exosbhml cel |
f . Due to. the,l nber . of C al | ot d h
Wi Che Dot RS T baTomios i St Sheia Iy ovon
pr ot ei n) preg}ggﬁabwp@\m{_wgﬁd ESMA?_PCT/ EPO1/ 08@&25 approaches to the
I I 0

conpr ehensi v ent cation T cell epitopes as descri bed above, have

Ezahrrpri sed ?ramﬁéqumrdamgt Gl nte;cﬂvcad,andmrb_ d_eimcﬂ\?sphlarmalceuti%@noteir} bm%p{:e@tm)' cal
ere peptides, ar ested for binding ar.ge nunbers o es) or

b1 oF ogi bal - PTG suCH Bt ANe QIR o pe PSS ARG ias DPRRd BT vat | on

or sij mul ati : ; A } bind to MHC class Il, such

pr ed%dcti ve aggpfgggﬁggzeﬁﬁl@*lﬁ%%dr?géﬁepﬁgltr]%dgﬁ?é icial neural network

t echni quese Whec@bgspgondimy meathed, svidreinethegeptisles bolindeln thesuriape of dhe

anal ysed to determ ne slﬁeci fi.c conmbi nations of _am no aci ds, com t hese

epi t opes for C@ﬁf"()%ﬁﬁ%ﬁ?_ ﬁlr‘_é‘?ﬁ' ??@Ec%faé]gy@i eBK‘_)@f%&ant@@sw er, for

MHC cl ass 11 mcﬁé@ﬂe@r \Ghéréh $8f 8518 ééll@&r"e‘}oé&ﬂlawééiclgfsttﬁé}e&fss 1o

a proportion o cell epitopes (talse negatives) or wll assign certain

pepti des to kecdrdired to stept(dpspenoemediby ysiagtM8e, they | ack such an

limtation of predictive

activity (false positiyes). urt her jor |
appr aches® afdco @S’,“qy?g)%!??é@i’%éﬂ’hedﬁ@ ‘ggd?%pgﬁlboé!ﬁﬁr%‘a@ﬁé’é‘ epf et heti ¢

Phat can' i ni (Caioh SpreElefoag GeLHIngo RERTRRFS Pihlots PLafRaRUBD O

. improved net pegtidaseandaddiickinmg pathevagccur at e and conpr ehensi ve
identification of T cells epi toggsi wi t hout app:ﬁfci abl e fal se negatives or

fal se positi vegorgaponsting method frs the dexslormeant of aghasmaeputical pepteleh

. 1 nmprovenent. fi hﬁg@éﬁ i d j

accordi ng topgwgebpgg?%&?ggﬁb?%ﬂcﬁgr{m? t el(g%ye%?&mbéﬁ?o% f':cl)lnprbe{crﬂg(lacuI ar
appl Beat i on iimmunogenis péetidesds peeormat dyediyninaling pesedusingiheirtdnding tand/ or
stinmulation of helper T cells are renpved. In is case, the primar
interest is Mﬂ@i'ﬂ@@%l%@ﬁp@ﬁ?'b/ybmgﬁﬁg g&%quﬁ#ﬁﬁpe&&%febm@m%ﬁo %e
phar maceutic L0 tihat oSy ief fve in a high proportion of humans, it
is necessary%%ggpﬁéﬁ%i%fsfhg‘ggﬁﬁdgs&@mﬁﬁL’i n the protein which can be presented
z5 by one or nore of the nunerous MHC all otypes and to Then alter these
peptides to renove the capacity for MHC binding. Previously, the
conprehensive identification of peptides presented by MHC class Il has been

limted by the difficulty in accurately predicting such peptides and in
predicting peptides which bind to one or nore of the large nunber of
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30 conparison to peptides which bind to MHC class | where prediction is

nore reliable, peptides which bind to MHC class || are nore variable in
| engt h angol@aMegeam no aci ds outside the main binding pockeg/piicds2Have a
nore significant effect on peptide binding. Thus) for MHC class I, there

is a need for nore accurate and WO 02/12899 - 15 PCIT/EP01/ 08625
conmpr ehensi ve nmet hods than currently aveglable for predicting or detecting

tid whi ¢ch bind t f th
Bnd genot ype que&p@@%ur?gB%@&pﬁ&%aé’wbp%n?rﬂE%riq"r?ér Widtisfion 2F the Gipfingor' e
epi topes. M pBsiedd oVPlC %e@v@d dsaéérfdrmédoéy§wémam AP@tdiof S 1 n the

generation of pﬁar maceuticals with all” major s (or all) cell epi t opes
‘identified addlettmgroneecnmece aming ac:drreedueetthistm the sequentevepiopnefitheof a
phar maceut i cal K rhesent P elntl noconmp |se the foll ow ng steps:
1. for the tBEP % %H’taé’ﬁf’ G RIS EOT R Qﬂﬁp Ceutical, add the

“protein tq ap rﬂeﬁﬁioefb‘i"ﬂ%‘dg{/%l?&%ﬂt eeh! h'a'rr'?l%éeﬁl‘iec EWBWF&J %'ﬂ%@ce 0 ept| des

after an appropriate perio time, analyse t for
parti cul ar | y haginggarvidhibhnded idimemgenlctty wdidrsindhe modibicatn ofdhg pepiideg

MALDI - M5 || f t ci gl Ly MC f [ | t ely,

CRop! i popt FibeeroRibd B scERREBUThat Mg 5K G oo SheS RN 18 o,
MALDI - M5 or  EtindBheinfodified b@ﬁh&é@fcﬁ'b‘i’rﬁln@&@ﬂ% Bell Sg$dHaPARfidAES inhi ch
appear on the cell surface to the test protein 4. nodify peptides which

appear on thelaamn surface in (2) to elimnate binding to MHC nol ecules, in
some cases by tes m)dl fi.ed tid for_ bi ndin the cell surface (as
2bovld) 20 %. Aereracbdiemeting. WikpRBe naRcoRest of fheRdiaiaf B

i ncor porati ”geaﬁ@éé)ﬂf MG niBreedI6$ B hERSmiey @%u@étltﬂﬁﬁg iRS&Hih %’fd\é‘!étiﬂig“ the

protein sequence to elimnate binding to nol ecul es According to the
second maj or oestrdimene: arinot dnid peaeeeﬁ withiretiei sequenhe regips gf theypepliders a

schene whereby a vac {chL{é Iecu*e abIL ﬁo function as a vaccine
may be devel 8f5EgasiHg %38&0 O er?ﬁ?f' BIRACH ahPe -FEY epddPs. @ndurflns al t hough
the schene %Yo@ié#ﬁﬁé m@%r@é!%f'l\ﬁﬂd éQ%ﬂﬁMi@hQﬁ@ﬂ'ﬂéelpé lttfp‘fé% "r‘@stFE{éécm es

for the treatnent or™ prevention of |sease in non-human species. For th
develsoprent ehdd araombiningsievgral sthgmissedisparate epitopes intp ar singlalentity.

a Ilcatlonlst er, e 30 or. prootein whereby nmaj or epitopes
fgrIo activati 6h ﬂaﬁﬁfbfﬁ? ﬁﬁY%!BPEan pf ¢ vagein g%’r e present, ypr| Jrrarl I 5 P
epi topes for (l@ebl%ﬁfacfn %|I§vs)ﬂHta q!'o?é’in Jrﬁfol%ﬂh@%r'rﬁl@?o ijﬁHlém%

killing, epitopes f yOOXIC primarily MHC clTass | restrlcted)
For devel oprrﬁnmttﬁogemmmtnvnyé, génearating efrfapettowe of audace peptidespan theosendf
humans, it is WO 02/ 128 - .1 PCT/EPLII O ces ary t denti

bopti des wi t KBl PRERIITE YeSioias o i b ST OB B erbiPkE Rt  ( no
numegpus NHCsaHla@ébeeﬁde@dus@@}eamﬁefa@\cb%emwmaehsaé nbt B&er b@ﬁtecﬂ#pt i des
one or nore epitopes for inclusion in the final vaccine nolecule. Such

epi t opes can (Borfftalysing spidi erlls or expspIRéHesigleRtiterschsan theosurfaae afivelish | | or

both. 5 The in on provi des for such identification of peptides
pr esent ed by%ﬁﬁﬁsgfgs%g 'é(Ffd cl ass | and is thus the basis for

Class | and ML §] Saro g D T@?ﬁgﬁeﬁ“?ﬁ?”‘“ ploeRldrpelppaen e
according to standard methods and P pal
25 (iv) constructing sequence variants of the final pharmaceutical vaccine by
incorporating one or more of the peptides within the sequence of the vaccine
molecule according to standard methods, wherein the analysis of said cells or
exosomal vesicles therein is performed by using MS.
» A corresponding method using human cell lines engineered to produce MHC
30 molecules.
o A corresponding method in which the parent (non-engineered) cell line

produces no MHC molecules.



origin of the protein fromwhich the peptide in the MHC peptide conplex is
usually io derived. It is recognised that exogenous proteins give rise

pr edom nagid ¢h/ibgpopepti des in association with MHC cl ass | lpcWiiBaes
endogenous proteins expressed fromwithin a cell are processed according to
a different peptidase and intracellular trafficking pathway to result
predom nantly in association with NHC_cifsg | nol ecul es on the cel

surface. For either exogenous or endogenous proteins, during the sequence
of is proces# ogresppring mathodinpepichdbe pagenireaddinerpraduces pe didCrclasml

m ght nornalh% biqd to MHC may be destroyed so that certain T cell epitopes
are not produ @8 ¥&Svi vo. For such pepti des, predictive (or biochem cal f
‘bi ol ogi cal § i i } i tdifdc@t i on
R NG LG i At P il v
identified frmoolechlescel | surface are those that have 20 been sel ected by
‘the APC (or other cell) as capable of passage vig the jntracellylar, .

pr ocebsi ngt artiCeratAANANG eiBRhiyrSIn BT HuTan esls Wihich SloriRtredcs theithe

i dentificati gil}vrPMHda%éléé‘dueE][a??gﬁgﬁ;e%Fed f@eﬁdﬂ%@ | In6NRDIeS: arldSre (RNt | ON

therefore reduces the rate o e positive and fal se negative epitopes

i dentified ussnpdigatati.ctive or in vitro nethods of epitope identification.
25 The process accordi t he, schene unger e second i.n enbodi nent of the
o esont "1 nberk PaosRondids BrEhed e e M tiRe s detre: Too MHC Plast i 1
one or nore T cell epitopes within the am no acid sequence of a target
protein. 30 2. Design new sequence variants of the target protein wth one
or mure ame nA soirdsporing nexthod, whereirathsalyl HES mobeceiléhere HLA-DRe HEASPQ he
activity of the T cell epitope and for WO 02/12899 - 17 PCIT/ EPOL/ 0862~
i1) broaden 3 Ak ggpof MVHC types for which the T cell epitope is
restricted_ as 1 qlel I . es or
whol e cel | $ (ﬁAr g§%§é&@§%@%@§%@¢%¢%€g@# ﬁ‘eoti) %cg{'/éeérjgén%‘?ﬁgﬁvc\%ﬂrsﬂe& g%éar ate
epitopes intd.a single (smaller) entity. 3. Construct such sequence

variants and testing said variants in order to_identify one or nore
variants wkt FA GeEpspRONdng MaiBed, whereit a sombination ehgell lingsorcellsamplesr of

¥ colbi nant - BRAELSH AMEREAM R R BaRtherk B SoRESHR bdalpes,

synt hesi s mayis pgegont enpl ated. A preferred nethod for the devel opnent of a
vacci ne using the present invention therefore conprises the follow ng
steps: is 1. A eprresponding amethedwhereinthepeptislesarginatadiinm an exdgennds

protein to a@%%ﬁbhﬁ“%&?%%@% cell lines or human cell sanples 2. after

an appropri at inal yse the cells for surface peptides

particul arby Algbftgspédihg MietHbd a0héneiPthecgeptRle@orignadte Trsvh ianedntiogepbny
MALDI - M5 on cell fracti ogrjls especially MH fé acti ong?? or alternat ig\?zll y)

el ut 2hg peptiieteino fromthe cell ~surface prior to analysis particularly by
LD 0 Ao BardahGaRBAS b RORHR RS il ALl Bl
wﬁg: ggu?gpggr tABrddiewhiehl affed darni of tha brétein eissolypeptite o midro\brgamism
present peptides on MHC molecules, are used.
e A corresponding method, wherein human antigen presenting cells, or
25 exosomal vesicles thereof, which after addition of the protein or polypeptide
present peptides on MHC molecules, are used.
e A corresponding method, wherein the MHC molecules have been enriched
prior to peptide analysis.
e A corresponding method, wherein the peptides are eluted from the cell surface
30 prior to analysis.
e A corresponding method, wherein the peptides are eluted from MHC molecules

prior to analysis.



It wll be understood that, for the analysis of cell surface peptides for
phar maceuti cal or vaccine use, a conbination of cell lines or human cell
sanpl es pwevai:e® a conprehensive m xture of different M—I(;(qlli,q,tlmﬁﬁg and
genotypes coul d be enpl oyed and that such natural cell sanples w provi de
a conprehensive m xture of MHC class 30 | and/or class Il restricted
epitopes. O particular use would be _hu#@n_ dendritic cells (or exosones)

whi ch can be activated after addition of the test protein to efficiently
present pept Adeyrespondgrmedad, aghergin MALBY-IMS lis/sédiman cel | |ines can be

engi neer%t q(:a&(z arb%ntfjﬂ%i M@Mﬁ%&%@%ﬁﬁ@@q@ |y by transfection of

genes 0 - . : 3 codi one more MHC types into

t hese cellgs %hhﬁﬁtrwéf)ﬁ?'?%@&&b‘)ﬁle‘mbha%%o@ltigt%@% ypes for anal ysis of
es. ul e

cell surface pepti particul ar use onhurman cel l's which do
not produce {iheanalyzingMpropliztetitraan sealihfasunfacs peptitiés, and whi ch t he

mur i MHC genes. h b del et ed . t h i .di sabl ed. Th | ySi f
Cel | %eur { ace (opihale b PRUGNGE bIGEIAEPHHEISS JHIGh PPEREAN 1S 6l SRy NHC
mol ecul es, f%hdeié@l’(@{éeglg!lié?rﬂﬁ?HWQbQPF@ﬁI&Oﬂ&H@ﬁWde ndrthdiigpés de

anal ysis. For M+ ] i the invention for analysis of
cel | surf ace disg@sedssohiated with phe humanacellsdoa b adetenmining thel seguérme of

| ysi f bindi. | I h DR. Angl ysi s .of i d
or st at | on SBCUR SRPHNFL P 8 63 $4PBhn 55 APRaLs REBRISENYB SPREIF] cul ¢ as
Lher'e ar e no abedbeluhich ARSHIeeR (B RIS RSBRGAIY doidcrbeictichos

chains of the MHC nol ecul e are thought to contribufe to binding (in
cont¥ast to dikhttherwman celis.n in DR). According to the third nmajor aspect

to the present invention, there is prqvid ais hene ereby .t h

pventi on T Ussi I are s S RitEinGH by e ierBemenoas eBibe i cul ar
appl i cation @holBias £PRATHAEMichPthePa iR cHi® 2 profile of peptides
presented on the cell surface in order to identify the abnornal presence,
absence ore paisecofra pfoteiepr phgpeaptiae obitginedibydirmyedidhe meathods descridédease or
cellular insult. 20 It is therefore an object of the present invention to
provide for ROPNBAS 3 ¥RCHREecting peptides on the surface of a cell

fol | pwi ng W ) £ o : ed with
an clogencs e e B e e e R B BB G e
of surface pabbvdes a phaimaeautictl theoapduiie entibehaving eedicad mymdnogernititer wi se
identical cells but which have not been contacted with the exogenous

protei n ore ZN Al foNdetdctingepdptieti drethefsurfaeeiol tens bPBxosbrfaPiesi@ase of a
“di agnostic peptide" or "indicator peptide" may be made in isolation by the
regi strati on therepchwhiahdderivesiropepprateinmrpolypeptide byass spectrum of an Ms

i1 spedd eOABRE RS Yo ekl 35 pBEReb G AL Nt ditonEl' e
i ndi gat ed wi tPhoteli eF pogeeptide) genesatines tepanaier dfrifdce PBpides fopr tRAEEeIRO

sanpl e not contacted wth the exogenous protein or agent. Such a
conpar ati ve &M&xpspmal vesiclepdheresl; vihich iy differentifips e eepariaiieofisusagasses)

of the indic ; ' 0 fo: [ S.

Compar at | ve. Do 85 BlspfReR T rctforcais et EUE HBE o BBNABRALT | et ca
mass peaks afil) awalzingeaiar celiardriexdsamal vE€iciR2tA@RHY, on the sufaldeEd0INIOR62~
val ue where the loss of a particular mass peak is the diagnostic indicator.

Ot hers too h&@K peplidas g Basindathi ques in conparative anal ysis of
bi ol agi cal A i i al 0], h
compaat 1 ve: JTEPs NS beplides (EERAUBhet ot pitto o EMEIGETL: SoTTs

obt ai ned by lazgerdingis staedard metisods, sdeteindhe ahblysis i the selisot exasomdlhe
~current invention, where the diagnosis (copparative, subtractive or

ot her wi se) i Yesias iginasiorgedy @%ptﬁr%f@@t&lé RIdMB: om t he surface and
particularly peptides in association with MHC nol ecul es on the cell

The process according the scheme under the first major embodiment of the present
30 invention is therefore to apply the methods herein to:
1. 1dentify one or more processed T cell epitopes within the amino acid sequence

of a target protein.



f

surface. to Gt her diagnostic techniques using M5 technol ogy include Little
et al [US, 6,207,370] who disclose an M5 based di agnostic procedure directed
towards tGe d2@gdel fication of genetic disease) that is a gk jkdgnal
feature of the individual not an acquired condition or state. The procedure
can identify the mass of a target protein that is variable in the

popul ati on dependent on the genetic condBitution of the individual. Ais

further di - ' IS oAl J.
Chr onat ogr apr e BB gs dRin it tarcR R Bretbirfth TR Gr orel

obt ai ned f r oracidsywithio tbe ddentifiedf paientiahTpcalt epitopespbdiiedThauch prway s
detects "si pept i " di t] f.th f | yt.
e TR LT L o T e ST TRT
I nventi on, “"Wtﬁetﬂ?ﬁdiﬁgw'ﬂ%bgp@@eém Aloleiles HPIhaRE b?f}l’s &*otﬁélhle“’“ se)

is according to the peptides detected fromthe surface and particularly

‘peptides in assans.atmportanttyh shEICsaquenad wariants ehe cragltéd sustictve waghter ef or e,

according to the, scheme of the present invention, a preferred pethod for 2s
i EnEakT i

the devel oprréYP_'doFreé '8[‘&35@&?99!@@% 88¢rﬁpi%%%5?¥18‘? gﬁéqmq?gvag R8s 1.

anal yse appr Qlésy SudHABR poténthal floéelﬁéﬁi{o%‘élé RePhitdas rﬁ?%ifié&% 8ét a l‘*éxlﬁd)ﬁl%

MALDI Ms directly on cells or, alternatively, using -M5 on ce
fractions espabstantiallyrEidoeaen eliminatetheaaativity af theeT yoellepitopag pepti des from
the cell syrface.priaor to analysis.particuylarly by MALDI-NMS gr ESI.- 30
2 el ther . Ipraritnibich e AeAlERS Kkttt rding sl orant Prirde i el ace
and, 14 f neces vy o merIRARENtSIVith @éﬂ%bl@Pﬂfde‘rﬁ’és.tO identify an abnormality
or di sease associated with the human cells, or, determ ne sequence of

specific peptides WO 02/12899 - 20 PCT/ iEPO 1/ B&s on the cell surface

abnor mai a6 5o RS sBhathe BElrobS  ARERE PR R rofifea pa iRl ronc s
of the phestirefdrabgby @idohibihantDRAGELNiI§EEs B-nARIHROhe? PRDERIPeS intRItARNCES
to determine the identity of peptides due to facile access to, and

i ncr easighgnvealisynthegis may) be geniemplated: di is antigipated thattsingle emingasical |

oot dtesy HEBHE it dheh hOERLERT sih ohiled iFeR gt eirilyate 5 be
suf fi ci esgitope. dwhbipbebhs of aubstittilisiewithivca simgld épitépd ALY G tefiphited

algorithns are avail able to search databases of to uninterrupted fragnent
ion data sets. Significant exanples of these include the ProteinLynx d obal

Server SR N AR B ML PRTenti ot bana odisag, Ve rix

Sci ence ~Viww. Il rotern Prospector 's rogranmes

[ htt p: | lipswisgied wwith. a1 tssit peoitein oF trahsfebied. withua yepkagicvaivgs a éstprétetn and,
fragnmentati on of sequence entries in the databases with masses of the.
pept 28l followingdintake or expressioneidhe profebhandKs Asgrasatien; threpefileeddgptityne

Do e . o
bound t O epRact Bithd Sl HRIETe abtfiita®. imierliiar, MHECHBIRAMR PREL L 0°R
cel I | i respedESyirulitipledViBEVMusculehtvill pesbehnt sutliEEaETdéLoAsoneRmpect bihis B

cell line JESTHOM s honbzygous for HLA-,ERl *0101 and line BSMi s
homozygdtlebedmentdl somportant te applyes Pretides prasgnird PR noanYy diffgegmMHC

25 cul t (gere R e I AR e S O e o o
negas vepaputdtionis eretompassing Syerhkighprppettiodes the MHGCMIatypes dndom Zeneca
el ducenoNRERgl afe enGRHLaTeH 1BS 5 eRAIAT. nEHCls Bl BPRUIERETRH d.
J. B et &iner ba%htaiveb! by sampiing muifié caf pbbdiatiBss from the world population or

by using cells that have been engineered to produce muitiple MHC types. Of

particular use are cell lines where no endogenous MHC molecules are produced and

30 which display a low background of peptides on the cell surface.

Due to the large number of human MHC allotypes and genotypes each with the

capacity to bind to a different profile of peptides from any given protein, previous



13nmer corresponding to residues 17-29 of influenza virus matrix protein

[ Rot hbard) J.B. et al (1988) ibid]. Wilst both peptides are known to bind
a nunber wH odiigoer ent HLA-DR specificities, differential picigipdfogess seen
with the DR4 allotype. MP1 binds to WD 02/12899 - 21 PCI/EPOL/ 08625 DR4
whereas MP1 shows no significant binding to the DR4 specificity [Busch R
et al (1990) Inf. | mmunol. 2: 443]. Fori4soe experinments anal ogue peptldes

ot 8 L P BAROEY (o eSO b
resi duehhge Ebﬁipqlsﬁéﬁirin‘i’ﬁﬂy 'ﬁfédl@m%néb%écﬁ’es \eiHerithan exkembibeerical he

addi ti onal cysteine residue, r.(j)&uences are otherwi se identical to HAl

gnd MP1| wmwmem@iameeteaﬁeé\fedbmdl opargedyang efmﬂ/t}ﬂu&dtmeshortbﬂ@ioglcal o
i oti n- HPDP | |
pet | 5o SpAEaR oA DG poas S 3ol el bl bh e sl T <P ©

"Inhibyt b@ﬂg&emrpermabé tmrmn@wmm @:ﬁas@ﬂl %ﬁcﬁlﬂreéi'cﬁvle ﬁ?pﬂféoﬁé@hncﬂiﬂ‘de body
LB3.1 [ ATCC nunber HB-298L The anti body vvasegurl rom hybr| doma LB3.1
n

condi t i onasif andcarumxalsnwa oiverk techsiguesrwher Mlalrgepmrabe $equeppgs of

hybr | doreC A PRpEY d1B AnEralo dETEHTES shEGRE BRI et BB o
co- Incufeahmﬁbmd fhésb%%bd@r@\mt abhtspredictivamriaysis obothenpeptides of

10~g/m . Cells were rmal d h e fixed before treatnent W|th di fferent
synt het IHOWRVEX| f@éMH qlasy ”aﬂtﬁhcﬁj'ﬁtjicﬁve apperachestare limitesr anewilotigsy miss

d d
bi ndftho ARIPPRRRrES R PR 8Bl Mai3S hebRlias st i Ay B begidE oAt °°
Con'([ja| {”Cgﬂ etpﬁggécﬁif@lh@hzgl fattite, Ctgé? evkraaicham actttnngl\(tfald;@FUgmtms)n Avdsther
conducted a or ours. For assa i.de treate
har vest éaRjpyliiation pﬁge&dl@iweaanp%@?@oﬁrty rai?é’ptql?fﬂlerﬁ@?‘h@f‘qDEQl'OgWéecel | s

were pl aa%%g;égbf% \ﬁnriLQQAthé {:gggﬁd%a(:{%é’ iAg ﬁl%tédd nPot é)@%éésmié%%et Ic

acid in m Cr o evvass seu

vi gor 0U$I\B€nf @fotén&h@teéarf infldensawhioh mmhbsmelpmewr&emDMHmmbramm sanpl e
pl at e he two-|ayer nethod of sa Ie |§lgott|n was, used, Wnere 1 DI acid

rrat rik sldwust mWO[V@dInﬂh@FjﬁaﬁS@ Regded fQF thy ageyrate ang;GOMPrEhgRsi¥e et oni trii e,
met haf‘_ohd F‘ﬁe ceIOF T'& acggltﬁﬂeg Wtﬂo%ﬁpdﬁcéﬁmﬁs@hégcIvggmﬁaté’éspdcsﬂlv’egwed

by 1 her S napi ni c matri1 x ‘sol ution

30 I n exgel asBOCH, tie preseptinhention pewideddsr such mnpiovgment.abi | e | i nker
mass-tag, renoval of the linker was achieved by incubation of the cells in
PBS cont ai ni ng 100n1\/| 0 nercaptoethanol (BME). Incubation with BME was

conduct qﬁhﬁﬁ gé Fné’f'ﬁ oma’}gg@é mgc?é&%gpgro‘te@?accgﬁlfﬁ@?ghd f#8b2s and

cells usi ng ore application to the" MALDI sanple plate
as paﬁewemlsdndameht%m;znreséﬁt mweatmp@cpammlae appﬁleatmps ity geBeaty atprotsin
Fost er

cal i br at"@bgrﬁpy I@pgoﬁ?gtf(lfr%ﬁ'éfﬁy‘%@E&ééf@#iﬁ’é‘ogpqﬁl&sp%rdfﬁelﬁwar eo'%\slrﬁélvgqf%um
al bumi n ol tfé’ﬁﬁrﬁaﬁgé@ﬁsﬁk@%@g pr&sEntédBY MACEIAss BS Fogf ore each

anal ysis to Yo mass accuracy for each standard. The sanple
spots \Aﬂiee/empmeinh afca plnatrmraalu.:)tlseloprotenpb‘mttw effective imoalbighmrepadioayad

Atotal '@Pm%r"%‘% g necssranaoiaruta peainr i P el Ml ed e blerttiel
T om S EQHLRAT BL e df B pnendss MG ?“‘%ZB??’EQH e e e a1 rom
HLA remove the capacity for MHC bmdlng Previously, the comprehensive identification of
peptides presented by MHC class Il has been limited by the difficulty in accurately
predicting such peptides and in predicting peptides which bind to one or more of the
large number of different allotypic and genotypic human MHC class Il molecules. In
30 comparison to peptides which bind to MHC class | where prediction is more reliable,
peptides which bind to MHC class Il are more variable in length and have amino acids
outside the main binding pockets which have a more significant effect on peptide

binding. Thus, for MHC class I, there is a need for more accurate and



DR4 expressing BSM cells. In experinents using |abelled peptides, nass
shifts of the is peptide peak was identified in the spectra of BME treated
cell's. Spgetpazdopom LBL. 1 i ncubated cells (inhibition expegcriEoisgs2showed
that the antibody treatnment could not abolish peptide binding although sone
evi dence of reduced relative ion abundance could be found in 3-way
conpetition assays using peptlde | abel L&d-pepti des and LB 1 1 anti body.

Spectra § '

cormbi nacCTeRGEe MEth68s Sort GG RN elHoRTBE bféhiouft P BILAfa Bptides
non- speatticte biret terere oomoae@f tie nmudeSdVlBIm chees i aﬂ@tyb&s agd gehotypes in
processin nple 2 Method for analysis of WHC DR hound peptides using

‘MALDI -t &rgwoﬂqmmi‘eﬁ§U§|W\H§nwmq@@é§ferﬁ“le\fﬁgpﬁ@VIM@pr bga ﬁéﬂé@e by
' mmnoafd‘\)agélgm ycd? té?%@&]&éch i HB nepa“t831r1IO<§r$‘@Zr1e i Gcfe'u‘ﬁgalgrvﬂfﬂ §§h4a‘fcfrl 's.

Sol ubi lise rane prepared an as previously
-descrj be(dr{alGOTgell ep|tad>es{ft&$ft’}"ecﬂan8|tl®én rétheved.262: 16087-16094; Sette et al
(1989} J. Inmmunol.42: 35-40]. 30 The anti-DR nonocl onal antibody LB3.1

[ ATCC number HB-298] was used as the imrunoaffinity reagent. The anti body

. S - . A
sephar o<e PP EhBE B0, A g ot A DR S BRSERT fr es

r econmrerightion ddmeprisexpthiecfollowing d’wﬂns'l doma had been nai nt ained WO
o il AR el e S gl il 1
gy St em R A b 09880t hiiHbhgdBamdiEent noen M) and

conditions recomren he supplier. s Synt I c peptides HAL and MPl as
descri bed 2n aftearspl @p]ropaate permdbafttice vartaiyse thelcellsdor surdacepepticesHLA- DRl

Phosphat o oi draailalY PeincabRiFas Aol 67 celie Br Hteiatay. w tRLEMS of
50M for 26 h%Héelﬁrfraé’tZ %&;%am:g Mﬁ@tﬁ:ﬂﬁno\%s W@ﬁsﬂvay abtlﬁ.@gbgf@@s}' on

using mcrocon centri ation ceil ore tiple
io cycles (mfmmﬂlme otll Sucfa):e oﬂomamaigslsvpamdamly bshMAhDiaMS\m EseMaas
reduced to,2Q0l n_sone_experinents tides, were el ut om

ot o, VAL B T GRS RO, aemd pellides fEn et b cel BUHBOR I ot  on
with a sol utiigst @botdinl TFA in H20. The eluate was evapor at ed to dryness and
resuspended directly using MALDI matrix solution as per exanple 1. In other
exper i ment 4. tredifyoepliges whichsappeap bothesell sppgace in (5 tomhmm@termsﬁng tganpl e

B oD B i s SO R BB Bl i T

preparations. Cé"rglﬁ%br(ggtaboq@; y the HAlL nmass peak could be identified in
spectra from DRB1*0401 preparations. 20 Exanple 3 Mefhod for analysis of
cel | 28ur f abe gss\sraigdberimal @hﬁﬂ@aftetéléﬂfrﬁfﬁiel@in@GlNQ M tnaomﬁaf@gor ot ei n.

obt i ned 1 1 ortRsapAy HEHAERAT e S A PRl BN %sﬁirﬁ%ﬂ%ég@&%% .

and a rmnonuqb@;rmﬁgﬂelb|ﬁaﬁ}@ttbanp;rm§|@carésu3| ng hi st opaque 1077 (Si gna,
Pool e, UK) density gradi ent medi um and conditions recommended by the

supplier. Dendritic cells were obtained by negative sel ection using an
NS o3GRS 8bbORy MASEAbEa R ook RRRRBRROR RO RN blAES
25 a scheme whereby a vaccine molecule or molecule able to function as a vaccine may
be developed. The vaccine is most preferable for use in humans although the
scheme may equally be applied to the development of vaccine molecules for the
treatment or prevention of disease in non-human species. For the development of a
vaccine using the present invention, a particular application is to generate a peptide
30 or protein whereby major epitopes for activation and/or stimulation of T cells are
present, primarily epitopes for helper T cells but also, for applications requiring cell
killing, epitopes for cytotoxic T cells (primarily MHC class | restricted). For

development of a vaccine that is effective in a high proportion of humans, it is



cells were eluted into multiwell tissue culture dishes for treatnent with
protein antigen. Cells were maintained in RPM nedi um suppl enented with 10%
(vlv) foetwao2zaessione WO 02/ 12899 - 24 PCT/EPO 1/ 08625 seqictiimmidsasandard
antibiotics during the course of the experinents. Al reagents were from
Life Technol ogi es (Paisley, UK). A preparation of reconbinant

st aphyl oki nase was used in these studfe&é The wld s type staphyl oki nase

gene Wagg §¥§§5P§% ﬁ&wgebu&e@&v&ﬁntmeé G Eh%e&%eeh%qg @ﬁom more

(Canbridg e was constru nerise c reac
usi ng oxoéltheappmeg)lwl’vtmétallotmpesrmdsgarmd}ypdseambtpmmesmctgromméae Col I en et
al [Collen atl

Th t h
ol oned SEPIaRSTEPTERGH ShEGRSSITP" l.negu@nrbm 208 tinel Ueete et e Bagnar
expr essi ypéﬂ:ﬁg gang;Rne ;Ma%'sFe Gy REED cl4RTBNNHC Ji QE:T Il or both.

pMEXI st aph S trans orrre Into conpetent, E.coli strain TGl
by stSand'dlecpreeehhnqee’sompcb\edeB fogisach idemifi oahmﬁof:peptdesqmeeemteg BoMHG

t aphy! ok f b plat al
(1052) A% | TbARERT B ripls Rodus aovadvdieginafSr Bbre eRarBwsses. °

Fi brinolysis 6: 203-213]. The best expresslng cl one was grown up and is

recombi nant protein was purifed fromthe culture supernatant using
sequent ifamajey distinationdreiivegndIHE class hand diHC diaas ll bpitiopesisitba piripcipdbl | en,

bendr i £ 0be T beatptein S Sl e teagle:h e W GisRpRaR hatids K alty 120
concent rakives. qltfus2@cd§msed Mataxg eﬁ@w&opﬁdté\ns@wingé precRinBhBto ?é;mce%ﬁe

experinents, antigen proceSS|nﬁ bl ocked using inhibitor cocktails added
to the duklsse@aiiewitn MHEhCIBES rwhaeeae entingenous gueteinst expressrd fiam within of

soai um A0S dtoPhetefabdoralit i GRRRETReRARE caBaRracatlial el "o ¢

from Si grahway %sﬁ%ﬁ@orﬂ#@ntgﬂﬁ As8btianbm itk MHE Blaks eaidIBElles 6RIthS cupr e
removed fromvcul ture di shes and washed using 3 cycles of centrifugation and

PBS t r ecUfi@ee. For ey exagenousionendogeneus papienss dpring éhe sequence aler e

Cor | 55t anokatp i ateps. Bor 8P ofaieR EulheSTimoth BRI st BEFLAG ieing

test prapeinC magde dest e;mtméteehémm@émepltm él@lﬁﬂ?@éd&@@bﬁvaﬁmd from
control cells not treated with staphyl oki nase. WO 02112899 - 25

PCTI EPOIfQS6igh n&mdséaﬂl@déﬁtl\/ﬁl(%bl@éh@'@w@d apigjogisalh meashods sannmriekeg i ed in

spectra t n t nin the
pect r a BEOR{ PPrELERAG i nd BRGSO TEAE GRS P R SRR oRfE" !
treat ed presdntdvgritidrofviat peptides idsatifiddcfrdmMbkehesll Suefacdedre thbswihat haoé

pept| de sequences derj ved from treatment of cells wth whol e prot e| n. Cells

wer e 29 r dapeasalpetRddYEheAR Ei(Ar ether felbrasscarakie of passagrviadha diranelielasnpl e
( -4 '633 Pﬁﬂhbgﬁrg‘ﬁpﬁ tRAHIGg bEfMdyRe ALtHeSInD¥NtBH 'L Fs <! toARL | REhtfi¥EHGS
of the real products of the processing events, the invention therefore reduces the rate
of false positive and false negative epitopes identified using predictive or in vitro
methods of epitope identification.
25
The process according the scheme under the second main embodiment of the
present invention is therefore to apply the methods herein to:
1. ldentify one or more T cell epitopes within the amino acid sequence of a target
protein.
30 2. Design new sequence variants of the target protein with one or more amino
acids modified in such a way as to either;

i) increase the activity of the T cell epitope and /or



of 5% acetonitrile, 0.1 %formc acid. The presence of sequences
attributable to the test protein was determ ned using ESI-MI M. Eluted
sanpl es wereoding®d and re-suspended in a solution of 0.1 %dPrpiiesasi d. The
is entire crude eluate was separated by neans of a nodul ar CapLC system

(M cromass) Wthenshawe, UK) connected directly to the Z-spray source of
the mass spectroneter. Sanples were | oaglegd_onto a C18 pre-colum at a flow
rate of 300L per minute and desalted for 3 mnutes using a solution of 0.1

% fornic acid. Thd)breademthe rrage i Midedypes forwhigh thedl melleeniigaere- di r ect ed

onto a C18 180mm AR I I st andard
el ution gradient nggﬁg%dz% g%{eim@% dvgﬁr?eg%ﬁ%%ﬁﬁgg %@@??535%0
-acetonitrile) 0.1 rhofeculdswraghale icellsos othermesd; @hidfor of 5% H20, 95%
acetonitrile, 0.1 %formic acid. Electrospray M5 and MSI M5 data were
acquired on a M cribreabipergveral oiReWisRAiSPatate BIPHPBAB YO agingle{smaler) uk)
fitted with a Z-spqyy, nanofl ow el ectrosparay ion source. The instument was
operated in the posi t¥'ve ion node with a source tenperature of 80C, a
count er ga8. fCavstruat suokh séguémeruvariands andhestingpsaid tvasibintsf in2806Maoeidphfifgd t o
t he nanospray conti nuous LC probe. Al data were acquired with the

i nstrunent of¥eRT HETe Marﬁfi‘%%ﬁ& &e%'?ﬁbée BEIRSHERHt switching node. 30 The
instrument was calibrated with a two point calibration selected fragnent
ions that resulted fromthe collision-induced deconposition of

gl uf i br iAcnoegingde this séhenmigaanumsepofoeiant grateins vitl begirbgubyd ard bested,

) BTSSRt USRS elfSien RSt Bropbieshiin
Server %@%ﬁﬂ@al@y&%é&é‘m%&&&%ﬁgﬂat\é\m henshawe, UK). Manual data

acqui sition was “perforne y 1njecting the crude sanple into the s
instrunment via borosilicate needles. The sanples were adjusted to a

trati f i mt el ~M. Sanpl es . . desal ted pr.i 1
[ ect | dh PSS B ReSgoD e R R AR b pente eupTar gBanicss
Spect r a thefeforeddripfisss %qvcmnp%ggpg;or the presence peptide nmasses

d
attributable to to the test profein. These were identified by conparison to
spects a obflaifaethef proteiodot potientiall Use ahalvadcing, add the proteini tora selectipmof
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pepti des oR- tfiMdae Igivesy priefeiB.oaraig BAPlidesswhisbranpear @hitba cedl syrfecet@Hie from

the repertoir face peptides displayed on reference cells which have
not i o been égﬁfé%@ﬁh,

4. select one or more peptides which appear on the cell surface in (2) for use in
the final vaccine molecule
25
it will be understood that, for the analysis of cell surface peptides for pharmaceutical
or vaccine use, a combination of cell lines or human cell samples providing a
comprehensive mixture of different MHC allotypes and genotypes could be employed
and that such natural cell samples will provide a comprehensive mixture of MHC class
30 | and/or class Il restricted epitopes. Of particular use would be human dendritic cells
(or exosomes) which can be activated after addition of the test protein to efficiently
present peptides on MHC molecules. Alternatively, human cell lines can be

engineered to expand their MHC repertoires primarily by transfection of genes



(i1) analyzing said cells or exosomal vesicles thereof, for peptides bound
on the surface of said cells or exosonal vesicles thereof and, (iii)

assi gni ngwgpidk2pept i des to the sequence of the phar naceutlp“cail,mg,rlfag@gn or
pol ypeptide or vaccine antigen according to standard nethods. is 2. A

met hod of claim21 further conprising the follow ng steps: (iv) nodifying
said peptides, in order to alter their BBnding to MHC nol ecul es, and (V)
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st andard net hod according to claiml1 or 2) wherein the

-anal ysi fusnar gells whichdanotaxeduas thets oweiViidConotasulasosueh astrapuge cells is

5 wher SO MR ERACEREE< AaGERkon Mesed pr QMR SR b A ™

"ESI - N5 icf cefi adrfad® p@ptlmmlhﬂdommdtmopﬁomm oftdrgrichirey MHCWherein the
phar naceutlcal protein or polypeptide is nodified such that one or nore of
sai d pemleég egy tor gxamg Hsingdnet naaftiniteeltas n@orcf@| peptideranalysis pFef ei n

or pon gto
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MHC nol ecul es and wherein the, anal %}ét‘?g] f sai d | s or exosorral vesi cl es
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surface € ce or exosonml vesicles according to step {I) are

pr oduct chainsof thetMlslGerhbldwte pepthbdghetoxsuhttibwtbfto binditg piatdomnast taojust A
met hod accordin tf) a)lny of the clains 1 - 8 for the devel opment of a
phar mcéﬁ?l&%a‘gﬂ% &)n" or pol ypeptide having a reduced i munogenicity,
wherein the nodification of the immunogenic peptides is perfornmed by
elimnating or reducing their binding to MVHC nol ecul es, optionally by

t esti ng Adverdinditd itesl thirbtiajtraspect toi thdiprgsérnt inventiosl, thesgid provided andi cat ed
inclaiml. i thod according.to claim?9, V\/nerel n the elimnation

0. A
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b b
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W thin t sequence region o eut I'Ca g pr Ot ein

or pol ypepthedell swfal:é in Ardet thddertifg thel bbgotnealgrgsericd, Iabsehee o® patterrBoff or

t he devel t _of
© evepe%%gg that mlght indicate a particular disease or cellular insult.

20 It is therefore an object of the present invention to provide fdr hethods for detecting
peptides on the surface of a cell following a process whereby the cells of interest have
been contacted with an exogenous protein or organism or other agent such that their
repertoire of surface peptides is different from the repertoire displayed on otherwise
identical cells but which have not been contacted with the exogenous protein or

25 organism. In the practice of the invention, the presence of a “diagnostic peptide” or
“indicator peptide” may be made in isolation by the registration of the indicator peptide
mass in the mass spectrum of an MS instrument, or by record of the indicator peptide
sequence in a CID (or similar) spectrum. Equally the presence of the indicator
peptide may be indicated with reference to a mass spectrum derived from a reference

30 sample not contacted with the exogenous protein or agent. Such a comparative
analysis is of particular value in instances where the mass(es) of the indicator
peptides are not known or predicted by any means. Comparative analysis may be

conducted in silico by subtraction of identical mass peaks and would be or particular



pharmaceutical protein or polypeptide having an enhanced i mmunogenicity,
wherein the nodification of the peptides are perforned by enhancing their

bi ndi ng t woWiG28®l ecul es, optionally by testing the nodif |l§@l~,@ﬂﬁhh@qs for
binding to the 2s cell surface as indicated in claim1. 12. A nethod

according to claim1l, wherein the enhancenent of the binding of the
pepti des to MHC nol ecul es is perforned hg substituting, inserting or
del et i ng,

' i d in th f th
ept 1 de el whefe BesBs8 At Shefficflal FRS Bk s by fiebPBett PSAg: Ot 1o "
epi t ope, h@@%ﬂpl&fem%@ﬁhmeéh@cbﬁm?atﬂfe Mﬂyélyaﬁald‘l@cma@ﬁ lkBe T-cell

ep| tope is restricted, and or conbi ni ngﬁsevera ot herw se d| Sparate
epi topesHGJ\M@‘(ﬁfamsfihﬁgI@ee(?fth'@@a et ali/ 020494 t3] sucﬂncomsaratlweeanaimsm the

or ot ot n rosery B HieR Sipe ob R ECRLs Phgf R A R BBl il

'generﬁit'dlﬂse%tlbﬁp(ﬂﬂ’ﬁler(ﬂSMCtﬁﬁdfnﬁﬂ@@c@@@hﬂlﬁeéntﬂih iwWHere #héld rioglsor exosom&l
vesicles thereof, which is different fromthe re?ertm re surface s
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protein grfgeel ypeptide according to standard methods, and io (iv)
constructing sequence variants of the final phar maceuti cal vacci ne by
i ncorporating one or nmore of the peptides within the sequence of the

vacei e Sl oA N 4, SIS LRI P SRR L R ebNPispop,

said celTs  or osona her Srived usi‘ng

met hod agiedichgetan MY based B@gﬂb@tlﬂpro’bedilﬁe disected huwamsceié idéntifieation of
engi neered toéﬁé oduce VHC nol ecul es. met hod according to claim14 in

whi ch t reensdicetiseqses aiﬁgarf@@lsats-)tloe@t\feamfé qﬁﬂaﬁm@@édu@ nat@nmasaiiedes. 20

16. A d
o Mt Ligir o RS pidcdhe ah ety the 3B RS Slbrdel gl i e
parent oedriable imethprpaputatormndepéident onlthe gehétammumm\ ofithe iAdiviiuabdA

to claim]l- 13, wherein no man ce|ls which do not produce

accordin hu
t hei A5 omﬁ”ﬁﬁ@ﬁﬂﬂ@é’iﬁ geherre '%ﬂ@PH’@@F’BB’ eeng ebaliGzenat.-(8PBBlYes and are
used as bARAbGRpHA. 870: 295-313] who have analysed MALDI-TOF spectra obtained

from tryptic digests of serum protein samples. Their process detects “signature
peptides” diagnostic of the presence of an analyte protein present in a complex
mixture. This too is distinct from the current invention, where the diagnosis

20 (comparative, subtractive or otherwise) is according to the peptides detected from the
surface and particularly peptides in association with MHC molecules on the cell

surface.

Therefore, according to the scheme of the present invention, a preferred method for
25 the development of a diagnostic test comprises the following steps:
1. analyse appropriate human cells for surface peptides particularly using MALDI-

MS directly on cells or, alternatively, using MALDI-MS on cell fractions
especially MHC fractions, or alternatively, eluting peptides from the cell surface
prior to analysis particularly by MALDI-MS or ESI-MS.

30 2. either, produce a profile of peptides which appear on the cell surface and, if
necessary, compare with other profiles to identify an abnormality or disease

associated with the human cells, or, determine sequence of specific peptides



19. A nethod according to any of the clains 1 -18, wherein the MHC

nol ecul es derive from VHC class 11. WO 02/12899 - 30 PCTI EPO1/ 08625 20.
A et hod woaends®g to claim 19, wherein the MHC nol ecul es pafigrpgbsdR HLA
DQ and HLA-DP. 21. A nethod according to any of the clains 1 -18, wherein
the WMHC nol ecules s derive fromMHC class |I. 22. A nethod according to
claim19, wherein a conbination of cellgdines or cell sanples providing a

conpr ehensi ve rT'Extu[e (lgff different WHC all ot ypes and genotypes. is used. io
23. A net hod 8dE8c8ll Syraee A%y agneany to ¢rlepniging speciiio pepligis whightmight

pepti des ori gi : i : ' ) =Or | A

et hod accor 4rag ¢ e &R EBARRRYrRlictesh bdtolthod MR ABHUAEn (s, O ¢
originate froman endogenous protein. 2s. A nmethod according to any of the
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e DB Penl R A oL B a8 by i °%/ 120
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from Matrix Science [www.matrix.com] or the Protein Prospector suite of programmes

[http://prospector.ucsf.edu] or similar. Such programmes simulate fragmentation of

sequence entries in the databases with masses of the peptide of interest.
15

The present invention is further described by the following non-limiting examples.

Example 1
Method for detecting peptides bound to cell surface HLA DR using MALDI-tof.

20
EBV transformed human B cell lines JESTHOM and BSM were obtained from
ECACC (Porton Down, UK). B cell line JESTHOM is homozygous for HLA-DR1*0101
and line BSM is homozygous for DRB1*0401. Cell lines were cultured in vitro using
conditions recommended by the supplier. Mouse NSO cells (ECACC #85110503)

25 cultured using the suppliers recommended conditions were used as a negative control

cell line.

Synthetic peptides were obtained from Zeneca (Zeneca LSM, Northwich, UK).
Peptide HA1 was a 13mer corresponding to residues 307-319 of influenza virus

30 hemagglutinin protein (Rothbard, J.B. et al (1988) Cell 52: 515). Peptide MP1 was
13mer corresponding to residues 17-29 of influenza virus matrix protein [Rothbard,
J.B. et al (1988) ibid]. Whilst both peptides are known to bind a number of different
HLA-DR specificities, differential binding is seen with the DR4 allotype. MP1 binds to



PCT/ EPOL/ 08625 (ii) either, (a) producing a profile of peptides which
appear on the cell surface and, optionally, conparing with other profiles
to identifwoenm2ednornmality or disease s associated wth thg iRl | S,

or, (b) determ ning the sequence of specific peptides on the cell surface
as a neans to determning specific peptides which mght used to identify an
abnormality or disease associated with $pe_human cells. 31. Use of a
protein or polypeptide obtained hy the rrethod of _any of the clains 1 - 8 as
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than 30 minutes before each analysis to be within 0.1% mass accuracy for each
standard. The sample spots were air dried and analysed in positive ion mode. The
delayed extraction was set to 150ns at 25kV. The low mass gate was set to 600Da.

10 A total of 125 laser shots were accumulated from each sample.

Predicted mass peaks for peptides HA1 and MP1 were identified in spectra generated
from JESTHOM cells. In contrast, only peptide HA1 could be identified from HLA-
DR4 expressing BSM cells. In experiments using labelled peptides, mass shifts of the

15 peptide peak was identified in the spectra of BME treated cells. Spectra from LB1.1
incubated cells (inhibition experiments) showed that the antibody treatment could not
abolish peptide binding although some evidence of reduced relative ion abundance
could be found in 3-way competition assays using peptide, labelled peptides and
LB1.1 antibody. Spectra from mouse NSO cells treated with peptides, or peptide

20 combinations showed very low abundance of target ion peaks suggesting non-specific

interaction and or insufficient washing during cell processing.

Example 2
Method for analysis of MHC DR bound peptides using MALDI-tof

25
HLA-DR1*0101 was purified from JESTHOM cell membranes by immunoaffinity
chromatography. HLA DRB1*0401 was purified from BSM cells. Solubilised cell
membranes were prepared and processed as previously described [Gorga et al
(1987) J. Biol. Chem. 262: 16087-16094; Sette et al (1989) J. Immunol.42: 35-40].

30 The anti-DR monoclonal antibody LB3.1 [ATCC number HB-298] was used as the
immunoaffinity reagent. The antibody was purified from hybridoma LB3.1conditioned
medium using protein A sepharose (Millipore, Conset, UK) affinity chromatography
and procedures recommended by the supplier. The hybridoma had been maintained
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MALDI matrix solution as per example 1. In other experiments the MHC-peptide

15 complex was applied to the instrument sample plate resuspended in matrix solution.

Predicted mass peaks for peptides HA1 and MP1 were identified in spectra generated
from HLA-DR1*0101 preparations. In contrast, only the HA1 mass peak could be
identified in spectra from DRB1*0401 preparations.

20
Example 3
Method for analysis of cell surface peptides following treatment of cells with whole
protein.

25 Human dendritic cells were enriched from 40ml peripheral blood samples obtained
from healthy donors. The blood was anticoagulated using heparin and a
mononuclear cell fraction prepared using histopaque 1077 (Sigma, Poole, UK) density
gradient medium and conditions recommended by the supplier. Dendritic cells were
obtained by negative selection using an immunomagnetic separation procedure with

30 all reagents and conditions provided by Mitenyi Biotec (Bisely, UK). The dendritic
cells were eluted into multiwell tissue culture dishes for treatment with protein antigen.
Cells were maintained in RPMI medium supplemented with 10% (v/v) foetal bovine
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Biotechnologies Lid (Cambridge, UK). The gene was constructed by polymerase
chain reaction using overlapping synthetic primers and the sequence as given by
Collen et al [Collen D. (1996) Circulation 84: 197-206]. The synthetic gene was
cloned as a 453 bp EcoRI-HinDlII restriction fragment into bacterial expression vector
10 pMEX (MoBiTec, Gottingen, Germany). The pMEX/staphylokinase gene was
transformed into competent.E.coli strain TG1 by standard techniques and a single
transformed clone secreting active staphylokinase was selected using a fibrin plate
assay [Astrup, T. et al (1952) Arch. Biochem. Biophys. 40: 346-351; Collen, D. et al
(1992) Fibrinolysis 6: 203-213]. The best expressing clone was grown up and
15 recombinant protein was purified from the culture supernatant using sequential
column chromatography and methods described previously [Collen, D. et al (1992)

ibid; Schiott, B. et al (1994) Biotechnology 12: 185-189).

Dendritic cells were incubated with purified staphylokinase at a concentration of

20 1000g/ml and incubation conducted overnight. In some experiments, antigen
processing was blocked using inhibitor cocktails added to the culture medium.
Inhibitors were added 1 hour before the addition of the test protein at the following
concentrations: ammonium chiloride 50mM; sodium azide 1mg/ml; chloroquine and
colchicine 5000M. All compounds were from Sigma (Sigma, Poole, UK).

Following protein treatment, cells were removed from culture dishes and washed
using 3 cycles of centrifugation and PBS treatment to remove all medium and
extraneous protein. Cells were processed for MALDI-tof analysis as given in example
1. Spectra were collected and analysed for the presence peptides attributable to the

30 test protein. These were identified by comparison to spectra obtained from control
cells not treated with staphylokinase.
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10 Peptides were eluted from the cells by multiple extraction cycles (4-6) with a solution
of 5% acetonitrile, 0.1% formic acid. The presence of sequences attributable to the
test protein was determined using ESI-MS/MS.

Eluted samples were dried and re-suspended in a solution of 0.1% formic acid. The

15 entire crude eluate was separated by means of a modular CapLC system
(Micromass, Wythenshawe, UK) connected directly to the Z-spray source of the mass
spectrometer. Samples were loaded onto a C18 pre-column at a flow rate of 300L
per minute and desalted for 3 minutes using a solution of 0.1% formic acid. The flow
rate was reduced to 10L per minute and re-directed onto a C18 180mm pepmap

20 column. The column was eluted using a standard elution gradient ranging from a
solvent solution of 95% H20, 5% acetonitrile, 0.1% formic acid to a solvent solution of
5% H>0, 95% acetonitrile, 0.1% formic acid.

Electrospray MS and MS/MS data were acquired on a Micromass Q-Tof 2 instrument
25 (Micromass, Wythenshawe, UK fitted with a Z-spray nanoflow electrosparay ion
source. The instument was operated in the positive ion mode with a source
temperature of 80°C, a counter gas flow rate of 40L/hour and with a potential of
2800V applied to the nanospray continuous LC probe. All data were acquired with
the instrument operating in automatic data dependent switching mode.
30
The instrument was calibrated with a two point calibration selected fragment ions that
resulted from the collision-induced decomposition of glufibrinopeptide b. All data was

processed automatically by means of ProteinLynx software, protein identification was
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Spectra were collected and analysed for the presence peptide masses attributable to
10 the test protein. These were identified by comparison to spectra obtained from
control cells including cells in which antigen processing was blocked. Following
treatment with staphylokinase peptide masses attributed staphylokinase were
identified. Equivalent ion peaks were not evident in cells not treated with
staphylokinase or with cells treated with metabolic inhibitors.
15
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(i) contacting cells with said protein, or polypeptide, generating a repertoire of
surface peptides on the cells or exosomal vehicles thereof, which is different from
the repertoire of surface peptides displayed on reference cells which have not
10 been contacted,
(i) analyzing said cells or exosomal vesicles thereof, for peptides bound on the
surface of said cells or exosomal vesicles thereof and,
(iiiy assigning said peptides to the sequence of the pharmaceutical protein or
polypeptide or vaccine antigen according to standard methods.
15
2. A method of claim 1 further comprising the following steps:
(iv) modifying said peptides, in order to alter their binding to MHC molecules,
and
(v) constructing sequence variants of the final pharmaceutical protein or
20 polypeptide by incorporating one or more of the modified peptide sequences within
the sequence of the protein or polypeptide molecule according to standard
methods.

3. A method according to claim 1 or 2, wherein the analysis of said cells or exosomal

25 vehicles thereof of step (ii) is performed by using mass spectroscopy (MS).
4. A method according to claim 3, wherein MALDI-MS is used.

5. A method according to claim 3, wherein ESI-MS is used.
30
6. A method according to any of the claims, wherein the pharmaceutical protein or
polypeptide is modified such that one or more of said peptides are no longer

bound after contacting cell with said protein or polypeptide.
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8. A method according to any of the claims 1 — 6, wherein the peptides bound on the
surface of the cells or exosomal vesicles according to step (i) are products of an

intracellular peptidase and frafficking pathway.

10 9. A method according to any of the claims 1 — 8 for the development of a
pharmaceutical protein or polypeptide having a reduced immunogenicity, wherein
the modification of the immunogenic peptides is performed by eliminating or
reducing their binding to MHC molecules, optionally by testing the modified
peptides for binding to the cell surface as indicated in claim 1.

15

10. A method according to claim 9, wherein the elimination or reduction of the binding
of the peptides to MHC molecules is performed by substituting, inserting or
deleting one or more amino acid residues within the sequence region of the
peptide within the pharmaceutical protein or polypeptide.

20

11. A method according to any of the claims 1 — 8 for the development of a
pharmaceutical protein or polypeptide having an enhanced immunogenicity,
wherein the modification of the peptides are performed by enhancing their binding
to MHC molecules, optionally by testing the modified peptides for binding to the

25 cell surface as indicated in claim 1.

12. A method according to claim 11, wherein the enhancement of the binding of the
peptides to MHC molecules is performed by substituting, inserting or deleting one
ore more amino acid residues within the sequence region of the peptide increasing

30 the activity of the peptide to act as a T-cell epitope, and / or broadening the range
of MHC types for which the T-cell epitope is restricted, and / or combining several

otherwise disparate epitopes into a single entity.
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(iii) assigning said peptides to the sequence of the protein or polypeptide
according to standard methods, and
10 (iv) constructing sequence variants of the final pharmaceutical vaccine by
incorporating one or more of the peptides within the sequence of the vaccine
molecule according to standard methods, wherein the analysis of said cells or

exosomal vesicles therein is performed by using MS.

15 14. A method according to any of the claims 1 — 13 using human cell lines engineered
to produce MHC molecules.

15. A method according to claim 14 in which the parent (non-engineered) cell line

produces no MHC molecules.

20

16. A method according to claim 14 in which the parent cell line produces no MHC
class | molecules.

17. A method according to claim 14 in which the parent cell line produces no MHC

25 class |l molecules.

18. A method according to claim 1- 13, wherein non-human cells which do not
produce their own MHC molecules are engineered to produce MHC molecules
and are used as indicated.

30

19. A method according to any of the claims 1 — 18, wherein the MHC molecules

derive from MHC class Il.
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23. A method according to any one of the claims 1 — 22, wherein the peptides

originate from an exogenous protein or micro-organism.

24. A method according to any one of the claims 1 — 22 wherein the peptides

15 originate from an endogenous protein.

25. A method according to any of the claims 1 to 24, wherein human dendritic cells, or
exosomal vesicles thereof, which after addition of the protein or polypeptide or
micro-organism present peptides on MHC molecules, are used.

20

26. A method according to any of the claims 1 to 24, wherein human antigen

presenting cells, or exosomal vesicles thereof, which after addition of the protein

or polypeptide present peptides on MHC molecules, are used.

25 27. A method according to any of the claims 1 to 26, wherein the MHC molecules
have been enriched prior to peptide analysis.

28. A method according to any of the claims 1 to 27 wherein the peptides are eluted
from the cell surface prior to analysis.
30
29. A method according to any of the claims 1 to 27 wherein the peptides are eluted

from MHC molecules prior to analysis.
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" #3%E () *assocldiad dMthOtR8Yiuma cells, or, (b) determining the sequence of specific
peptides on the cell surface as a means to determining specific peptides which

might used to identify an abnormality or disease associated with the human cells.

31. Use of a protein or polypeptide obtained by the method of any of the claims 1 — 8
10 as a pharmaceutical therapeutic entity.

32. Use of a protein or polypeptide obtained by the method of any of the claims 11 —
13 as vaccine.

15 33. Use of a protein or polypeptide obtained by the method of claim 9 or 10 as a
pharmaceutical therapeutic entity having reduced immonogenicity.

34. A method for detecting peptides on the surface of cells or exosomal vesicles
thereof which derive from a protein or polypeptide by
20 (i) contacting cells with said protein, or polypeptide or a gene coding for this
protein or polypeptide, generating a repertoire of surface peptides on that cells or
exosomal vesicles thereof, which is different from the repertoire of surface
peptides displayed on reference cells which have not been contacted,
(i) analyzing said cells or exosomal vesicles therein, on the surface of which said
25 peptides are bound and
(iii) assigning said peptides to the sequence of the protein or polypeptide
according to standard methods, wherein the analysis if the cells or exosomal
vesicles is performed by MS, preferably MALDI-MS.



