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peptides on multiple ce ypes or on nultiple MHC nolecules is required.
CONFI RMVAVIHSN raoieeules which, in many cases, can be recogmsed by T cells in order to

initiate an immunological response. Such an immunological response can be

20 beneficial, for example where the immune system counteracts cells producing the
specific protein from where the peptide fragments are derived, or can be detrimental,
for example where the immune system produces antibodies which bind to the specific

protein and limit its activity (such as with a pharmaceutical protein).

25 To date, for a given protein, it has been impossible to predict exactly at which
locations within the protein that degradation takes place such that the exact peptides,
which appear on the cell surface, cannot be reliably predicted. In the case of MHC
molecules, there has been some success in predicting the motifs of peptides which
bind to MHC but, in practice, some of these peptides are degraded before reaching

30 MHGC 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 cell surface peptides on multiple cell types

or on multiple MHC molecules is required.

CONFIRMATION COPY



WO 02/ 12899 PCT/EP01/08625 - 2 It is an object of the present invention
to provide for nethods for detecting peptides on the surface of cells
especi al wopresented by nultiple MHC nol ecul es. Furt her noP€T/EP€1/086% an
object of the invention to use such information either for design of a
phar maceuti cal nol ecule, or for design of a vaccine nolecule, or for a

di agnostic test. 5 For a pharmaceutical -nolecule, it is a particular
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physi ol ¥§ituloNgey BFRSEM8Y- exanpl e for the detection of an infection. For a
di aglraosti c test, it is a particular object of the present invention to
identify 25 peptides presented by cells of a test individual. The present
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invention to identify peptides presented by many different MHC molecules to

encompass different allotypic and genotypic variants throughout different populations.

For a diagnostic test, it is a particular object to determine peptides presented by MHC
20 molecules following uptake or production of a protein by cells and to use such
determination as the basis for a test for the detection of a biological or physiological

event, for example for the detection of an infection.

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 1l molecules, methods for their immunological



enrichment and purification have been instrunmental in enabling the

el ucidation of the peptide-MHC binding interaction and enabl ed the
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example in the treatment of auto-immune diseases and, Deshpande et al
[W09740852] disclose modified peptides with enhanced binding to an MHC class Il

20 protein and where the whole complex is provided as a recombinant fusion protein also

intended for use in the treatment of diseases associated with auto-reactive T cells.

WQ9734143 and US5,792,604 provide methods for identifying MHC class | restricted
antigens endogenously processed by cellular secretory pathway. This biological

25 assay requires primed cytotoxic T cells and a source of “indicator” target cells onto
which lysis is directed by the presence of processed peptides secreted into the
medium. The scheme has utility in the identification of substances able to influence
the endogenous processing pathways of the donor cells. Other complex biologically
based schemes for the identification MHC class | and MHC class Il restricted T-cell

30 epitopes include WOO00/67761 where is provided a method exploiting genetic
vaccination and isolation of dendritic cells and splenocytes for conducting biological

T-cell activation assay in vitro.



t he anal ysis of whole cells or cell extracts and the data incorporated into
a pathway for the rational devel opnent of therapeutic nolecules or
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discontinuous process and multiple laser pulses are used to produce ions with data

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



instrunental formats may be arranged and exploited for the analysis of cell
surface (MHC) associ ated peptides. O hers have used M5 in the anal ysis of
pepti des vedu2/ex9d rom VHC and in particular 5 MHC cl ass | Ppol/eeul/ess25as
reviewed by Cox et at [Cox, A L. et al (1997) pp 141-160 in MHC :A
Practical Approach Eds Fernadez N. & Butcher G Oxford University Press,
Oxford, UK] and a nore recent review-o6 this area is provided by De Jong
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The present invention however, incorporates and extends all such prior art by for the
first time providing a generalised scheme for the elucidation of peptide species
binding to MHC class | and MHC class Il molecules using MS based instrumentation
and in the first embodiment provides methods for the removal of the binding

20 interaction by amino acid substitution within the peptide sequence for the purpose of
developing a therapeutic protein with a reduced or absent ability to provide an MHC-
mediated immune response on administration to a subject, most preferably a human
subject. It is an objective of the present invention to provide a method for the
development of a therapeutic molecule with reduced capacity to elicit an immune

25 response upon administration to a subject.

Itis an objective of the present invention to provide for methods for detecting peptides
on the surface of cells and in particular where the peptides are in association with
MHC molecules.

30
It is an objective of the present invention to provide for methods for detecting peptides

formally in association with MHC molecules presented on the surface of cells.



It is an objective of the present invention to provide for nethods for
detecting peptides in association with nultiple different IMHC nol ecul es
present ovoohessurface of cells. It is an objective of thEPCPEREEISE2S
invention to provide for nmethods for detecting peptides 5 in association
wi th MHC nol ecul es whereby those peptides originate froman exogenous
protein. It is an objective of the pr-e§en’c i nvention to provide for nethods
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preparation purified fromany biological source engineered to express said
protein. The protein may be representative of a naturally occurring
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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



et at (1999) din. Cancer Res. 5: 1353-1361] and interferon al pha 2 [Russo,
D. et at 5 (1996) Bri. J. Haem 94: 300-305; Stein, R et al (1988) New
Engl. J. w@d2/1898: 1409- 1413] anongst others. There is theTePOrSs6s
significant need for nmethods able to identify determ nants involved in the
I nduction of an imune response to a therapeutic protein. io A principal
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protein t h | b5\
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MHC class Il molecules of the DR, DQ or DP type. MHC Class |l molecules are

expressed by professional antigen presenting cells (APCs), such as macrophages

20 and dendritic cells amongst others. The ability of a peptide to bind a given MHC class
Il molecule for presentation on the surface of an APC is dependent on a number 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 ||
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 alll
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 |l-binding peptides as provided in



5 W98/ 52976 and W00/ 34317. In these teachings, predicted T cell epitopes
are renoved by the use of judicious amno acid substitution within the
prinmary sequemse of the therapeutic protein. It is an obpeTEPWESeIs t he
present invention to provide nmethods for the devel opment of nodified
proteins in which the inmune characteristic is nodified by neans of
reduced nunbers of potential T-cell epig o.pes The identified 1o sequences
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under the pre ent 1 nvention can be cte rom an
all otype or a mxture of allotypes i ncI uding for MHC class Il, those of
st the present |nvent|on enabl es the
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i N assogyebs eI EndMNOWREST ef Blesk Madifgs dreéi'&?ef*l‘%‘éﬁ elpho es ar

designations, it is not i ntended to be [imteéed e cells ut al so
i ncl udesempeed Anahe gbe obfudieipus aesn@acumtsuwtmwmlnéhewnmy seepernate- VHC

conpl ex ar sen n.hi entr logn on,the surface of exosomal
vesi cl eg)?mﬁ' ?\?E%Pe&ilg r8{ﬁ It 'ﬁgprfgﬂj ‘5'\/8)95 %Q[‘?‘F{?W—We& lggsto|p|r0\ﬂ%qa ecul es.
Under cerdthbds forfteel ﬂl’ét/éll%ﬁ’ﬁeﬁtfw nestifse pro@émgwwmsm@%rh@né eﬁér@@t‘eﬁ»gn&r om
the surface of an APC and there are recogni Set@l'lpr ocedures for

n

enr i chmishinogifieddyl meaps ob reduessonsbe celhepitasse) The Ideﬂnﬁned Med.
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der i ved préparatidTollawirld the hetued] anteadetililar lpﬁﬁfé’sstd@eﬁ@ﬁ@@r@éerﬁ Rethitt 85 nt
I nvention. In summary the |nvent|on relates to the follow ng issues:

net hod p@mptert@’td?\@%ﬁrm#ﬁﬂéﬁ M@Wﬁﬁ@@mlﬂeaude}mﬁr@élwd@rtmﬁ)w@*p@pﬁ&%r 30
ennanced Sinbffiehith Bnbe fecbledrii B YR afied Lo AR A fraliiptae

enhance I Mmunogent Ci an any non-

havi ng Ilr’ftﬂuchagﬁ)r MHa dgssaul theostal cvftha DRYDQior Btiersbactfncm@scel s with said
protein, or pol ypept I de, generating a repertoire of WO 02/ 12899
PCT/ BPO1/ 08625 - surface peptides on the cells or exosonal vehicles

fjlhg:)leg; %Hﬂ%ﬂﬁbepgrsghg erf’?l%@ﬂfm e&EBfBﬁttﬁg defREbh YR pbilies WidisePhRhé LGFace

of cells and in particular in association WIth MHC molecules of the class | and class Il
designations, it is not intended to be limited to whole cells but also includes the
analysis of peptides on the surface of exosomes. Peptide-MHC complexes are

20 present in high concentration on the surface of exosomal vesicles derived from cells
normally expressing MHC class Il 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 al (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.

[n summary the invention relates to the following issues:
o 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



not been contacted, (ii) analyzing said cells or exosomal vesicles thereof,
for peptides bound on 5 the surface of said cells or exosonal vesicles

t her eof am@p2/(389p9) assigning said peptides to the sequenckCDEPMINS625

phar maceut i cal proteln or polypeptide or vaccine antigen according to
standard net hods. = A correspondi ng nmet hod further conprising the follow ng
steps: (iv) nodifying said peptides, -i® erder to alter their binding to MHC

mol ecul es, Céﬁ'f%{ég?éﬁﬁde%?&?%{q ééllgrb? e%%ggﬁ%?sel‘f%fésatﬂkerc‘eo‘?fwH&ﬁ id biRrent

phar maceut i ncor pora one or norée of the

nodi fi ed pepfrogetheegpencies ofmﬁénenpéﬂstﬁjesaﬂsplayed oh r‘efwepwt:elismvhrch have
pol ypepti de nol ecul e according to standard nethods. 15 A correspondi ng
met hod, V\her@‘Pter%C%iﬁépﬁ%ibs of said cells or exosomal vehicles thereof of

step (ii) 'SnﬁE’ Jrﬁéﬁﬂg\%ld’@él@%r%@%gﬁ%@?ﬁﬁgﬁg\,\ﬁ&m& eBﬁ LMY on

MALDI - M5 and correspo grein th AT PRCeULT cal
protein or piheynafdoedsf said callslof exabosnal lvesitids tbmemfranu)re of sai d peptides

are no | onger._bound after 20 contact n cel | d protein or

b0l ypept i de. (DA @8¥ig8 AP Bt e\REN RS Ohahs B R DTt Ohe

surface of tgﬂa sﬁ@go% &1 Afgert 88 &Hﬁ@t% Qﬁaiér@qnbmoa%ep (i) arein
1yR m)?ecu es

associ ation erein e analysis of said cells or
exosomal \beSA(derespbadefme&mdfucthegccbmpsmeg thelfc)»llov&ngetépsr med by using NS

25 A corres nd| ng.. et hod, wherein t ep S bound o surfa e of
the cells ofiVk F”Q/%%‘fjcﬁe@gdﬁ%vdﬁr%&ﬂgto e§t%% I”}j'%grg’ @P@j Ssan
I nt rﬁcel | ul a% pept | dase and trafficking pathway. A correspondi ng rret hod
for the developnent of a pharmaceutical protein or polypeptide having a
reduced i m‘ru(u)gemrcsittqqtmg/rwlqebnce heriantdiof thafihalrpraErmaceutiGl protgimoyeni ¢

i des i f | dy
ol ccul os. - BB BBRAIS DhnERPINGUINE HUBPH SaTpapPHiEE FEGTOBOAGI AR TS t he

cel I surface,agir (el SRfRMCEDIEhApBtdin NP HABRIBeEl P P@Rg0 - 10

standard methods.

15 o A corresponding method, wherein the analysis of said cells or exosomal
vehicles thereof of step (ii) is performed by using mass spectroscopy (MS),
preferably MALDI-MS and ESI-MS.

e A corresponding method, wherein the pharmaceutical protein or polypeptide is
modified such that one or more of said peptides are no longer bound after

20 contacting cell with said protein or polypeptide.

e A corresponding method, wherein the peptides bound on the surface of the
cells or exosomal vesicles according to step (i) are in association with MHC
molecules and wherein the analysis of said cells or exosomal vesicles thereof
according to step (ii) is performed by using MS.

25 A corresponding method, wherein the peptides bound on the surface of the
cells or exosomal vesicles according to step (i) are products of an intracellular
peptidase and trafficking pathway.

« A corresponding method for the development of a pharmaceutical protein or
polypeptide having a reduced immunogenicity, wherein the modification of the

30 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.



A correspondi ng nmethod, wherein the elimnation or reduction of the binding
of the peptides to WVHC nol ecules is performed by substituting, inserting
or del etWw@g2/m329 or nore am no acid residues within the spQDERCI&8sEgi on of
the peptide within the pharnaceutical protein or polypeptide. 5 A nethod
for the devel opnent of a pharmaceutical protein or polypeptide having an
enhanced i nmunogenicity, wherein the-nddification of the peptides are

per f or med by i : I I

testing t he 'Aﬁggh%gégﬂgmg trgs?ef %bﬁﬂ%%{)@k@%& ﬁucﬁ&ﬁ g@géadslﬁcl“ﬁ cated
in claim1. théQaep@deertoMfﬁ@rrdoleguimtlﬁpérfovmwéiyrBLﬁjsEthngamsertmgorof the

bi ndi ng of th%@tigg? ptides to VHC nol gculﬁs IS or ned bépsubsti g}'gll ng,

i nserting ord ORE OrJRY CABINAARA Zesidides Wit '”r Si IAWSHP FRI'AN &equence
region of th Fﬁﬁfg V, eptide to act as a
T-cell epi to%eé \yﬁﬁm thac%h%@ggﬁ?ﬁnég ﬁgblrnadr)\rtyd eFIS\BI-ltb% Itoyges for which the

T-cebl epist ernei:hodefst thecdevtlofdrbeninof d pbarmmmltnahyrcﬁ@m@rqiolwielpmm se

disparate epjtqpes into a single entj t he evelo nt
. Vhcc ne byPRYIR cerRAANRS IBOMNOCRNGH aWHEBRIE The Grodiapiba e Peptass

mi cr o- or gani §r?e;g@\’g¢]rﬂ§?]d bg@HgQﬂ@QQ $h&F bindilg/to wa:eﬁﬁﬂéme@ dr@reggﬂwbm o e

surface pepti I's or exosomal vesicles 't

di fferent friestingéhe apmdified peptiafesXor bindingto thepslldusfatesys layl@atetchn‘r ef erence
cells which qave 1not been contacted, (ii) analyzing said cells or exosonal
vesicles thef'8F '-on the surface of which peptides are bound, (iii)

assigning, SOA;\’:togFeﬁbﬁﬁﬁ rﬂeg%% P&HQﬁ? @hhbAGeMEAE &f the ncﬂliﬁg)d?ﬂﬁ%i de

accor di ng t constructi ng sequence va_ri ants
of the final p@pmeeatod\dﬁ&molemmﬂ usqodxgormedcb),r @mivsitttutrr@ mrtnmg aodeletingt he

peptides within the sequence CL mol ecul e accor q t andard
erhods. whebl? A1¢ OGN G astheidyas Wi dng FeagsHes ot B hetidroi n
is perfornedmfaVeézs% %é\@ctlv:tgcﬁ(ﬁﬁéEéﬁﬂd@tdlgcﬁ@é‘qdcélﬁé;ﬁlﬁ)dwiéﬂa/Qﬁ"| l'i nes

engi neered to produce nol ecul es A correspondi ng nethod in which
the parent (hmadeniigtherreayecsMHCityees farovhick thab-aatiepitopedsi resiricted,

15 and / or combining several otherwise disparate epitopes into a single entity.
¢ A method for the development of a vaccine by
(i) contacting cells with a protein or polypeptide or micro-organism having
immunogenic activity, generating a repertoire of surface peptides on the said
cells or exosomal vesicles thereof, which is different from the repertoire of
20 surface peptides displayed on reference cells which have not been contacted,
(i) analyzing said cells or exosomal vesicles thereof, on the surface of which
peptides are bound,
(iii) assigning said peptides to the sequence of the protein or polypeptide
according to standard methods, and
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.
e A corresponding method using human cell lines engineered to produce MHC
30 molecules.
e A corresponding method in which the parent (non-engineered) cell line

produces no MHC molecules.



WO 02/ 12899 PCT/ EP01/08625 - 11 A corresponding nethod in which the
parent cell line produces no MHC class |I nolecules. A corresponding

nmet hod i wow/c289¢ he parent cell 1ine produces no MHC cl asBCT/EPOwmBbECUl es. 5
A correspondi ng nethod, wherein non-human cells which do not produce their
own MHC nol ecul es ‘are engineered to produce MHC nol ecul es and are used as
i ndi cated. A correspondi ng net hod, whanei-n the MHC nol ecul es derive from

MHC class |). 10 A corresponding. hod erei.n the MHC | es are
HLA DR~ HEA IXSOTBRBORIRO ST | ﬁ?&%%rﬁ\é@%f hb%?rqméiw&gfjﬂﬁés?

mol ecul es degovseuidom MHC cl ass A .correspondi ng net hod, wherein a

conbi nation of cell lines or cell sanples 15 providing a conprehensive

m xt ure ofe dAfdoerespondiHg raéthotyip edicnthegeareny pelsling pratkmes noAVIES clespdindi ng
met hod, V\hergﬂ? t he peptides originate froman exogenous protein or

m cr o- or gani eCcules: or respondi ng net hod, wherein the peptides originate

fromsan endOA%%%Poaem AL &R wré@@wo%smagh %@W@I‘yﬂ?o%@g@@c&ﬂ@w

;
dendritic cells, exosSonal vesic t hereof after Ition of the
protein or powphidC nelemules anccengimgeredio ppodisrEntiHE2 pidlecdes antdace used

nol ecul es, are.u e%. A correspondi ng nmet hod, wherein human anti gen
presenting c@f dicgedos exosomal vesicles thereof, which after addition of

the proteign /@\rco‘?ﬁ]ségﬁﬁ\&jgg@etrﬁﬁ?%@ei%ﬁéiMj#é meeMiesHdReUlaa Mateiased. A

correspondi ng ne el n the WMHC nol ecul es have been enriched prior
to peptide alalysis. A correspondi ng nethod, wherein the peptides are

et H6d, | witar Bicpriareopaiia e oss srreindae NG mAeCige cvegeA DY HEAS
and HLA-DP.

e A corresponding method, wherein the MHC molecules derive from MHC class
L. _

e A corresponding method, wherein a combination of cell lines or cell samples

15 providing a comprehensive mixture of different MHC allotypes and genotypes
is used.

¢ A corresponding method, wherein the peptides originafe from an exogenous
protein or micro-organism.

e A corresponding method, wherein the peptides originate from an endogenous

20 protein.

e A corresponding method, 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.

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.



prior to analysis. WO 02/12899 PCT/EP01/08625 12 A correspondi ng net hod,
wherein MALDI - MS is used. A correspondi ng net hod, wherein ESI-Ms is used.
A et hod won2/14829 devel opnment of a diagnostic test by (1) POBER@I/08GS
appropriate human cells for surface peptides, and 5 (ii) either, (a)
produci ng a profile of peptides which appear on the cell surface and,
optionally, conparing with other profibes-to |dent| fy an abnormality or

di sease associated with th cel determ ni ng the sequence
of speci Pi GA‘EQH?PB%%‘}'BQ W%@an‘f"ﬂe W‘ ¢S Sﬁ@&ﬁs to det gr M ni ngq
speci fic /%bPr%%anﬁﬁ niatiBY, ﬁg%lﬁgsséﬂg?ﬁé fi¥e@n abnormality or disease

associ ated i'0 Wt unan ce a protein or polypeptide
obt ai ned by RWethdedS\ﬁhé&téWﬂﬁathﬁdﬁdgnaﬂwles’abya phar maceut i cal

t herapeutic entit Use of a protein tlde ta d by any of the
met hods descli) Xy?é‘hﬂ)ﬁﬁpfé@r@ gEEaRce |§§8r Q&% 5%61 or pol ypeptide
obta ned by i i

@2 Q?;P@% @Sﬁﬁiéﬁ#@%@gtl@é’é’%@%ﬁpéﬁ?ﬁ%l &dface

therapeutl c enicit A met hod for detecting
pepti des on &k o.’pmbhatk;e coimpmarirgwith othergwofiles Ve aritifisan lmbneonaliiach der| ve

froma protein or tid con act i lls with s

pol ypepti de @?eésﬁgﬁﬁyﬁ%t%pﬁ@ﬁ?% YSW}'?“fﬁ Pr¥t Qﬁﬁfeg?mb'ﬂﬂgp Sﬁ%@geﬂﬁéh rati ng
a repe”o' M€ Lﬂémﬁd‘ bé sRﬁPEHéi@eﬁl Qitddetds &§Phédns t@rdétéﬂﬁmfﬁ?d spesiie! es

t her eof ich1s d| rent fromthe repertoire of surface peptides

di spl ayed onpe;etfcmsemehmghsusm tthideatity aroabneyereliévar diseage aspegiatagal yzi ng

said cells or ﬁE cles therein, on the surface of which said
peptiPdes are W HWW%HU assigning said peptides to the sequence of

the protein ggeRfla y Riin @ po%@%ﬁfﬂé Iaatatweéb?@ﬁw& tﬁ@h{uﬂé@ls wbseried t he

anal ysi s i'f the cells or exos vesicles is performed by M5, preferably
MALDI - VB. Thabw@aeaspfmmmduh@ﬁlltth@I’a@ehmrén’Ulﬁyder the first major enbodi nent

of the pr ese[‘)se o) %6rg¥€i\rr1] tolr(;)arollylpsep {ame y an9 f¥hé PneetﬁEctish 8escrtberde 'nto:
above as a vaccine.
15 ¢ Use of a protein or polypeptide obtained by any of the methods described

above as a pharmaceutical therapeutic entity having reduced immonogenicity.

¢ A method for detecting peptides on the surface of cells or exosomal vesicles

thereof which derive from a protein or polypeptide by
(i) contacting cells with said protein, or polypeptide or a gene coding for this

20 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 peptides are bound and

25 (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.

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

of a target protein.



1. Identify one or nore processed T cell epitopes wthin the amno acid
sequence of a target protein. WO 02/ 12899 PCT/EP01/08625 13 2. Design
new sequevi@e2/vapd ants of the target protein with one or nPCEERMI/(8625 aci ds
within the identified potential T cell epitopes nodified in such a way to
substantially reduce or elimnate the activity of the T cell epitope as
determ ned by the binding of the pept ildes t o MHC ol ecul es or whol e cells
or other 2. nBasign loWwset@eride/varsanty of treutangst prataimntith @areocmead achinm such a

way to avoid creation of new potential T cel|l epitopes by the segyence
variations agifeydthinthe H@W'?ﬁﬁpﬁﬁﬁnﬂﬁl _ﬁ'CgléleP't@B@‘{)Hl%Ef'%ﬁ @%/3‘493? 3 w,acb}f%o

nodi fied in WY, ﬁﬁﬁ‘%’t. d F | Ghi FRVIRAY
of the T cel ?ﬁ{g%?ﬁtb%@_regacﬁﬁgﬁr uc é%‘%ﬁc{s‘e uengg Tvgéll g%'@%%%ﬂtgtee?ﬁdnég sai d

vari ants in by tes bindinglefthefpeptides to &€ muoleeuleararavitale wietls odetliarabl e

properties. According to this schene, a nunber of variant oteins wll be
proddced andME@§Bedm Oﬁt@§%|y,p?l{§"b?%‘le§?cﬁQ’af'@ﬁﬁrﬂfﬁrﬁiﬁ?{eﬁl\!ﬂ %@E%Waﬁ 3

al t hough ot heg RIRESEH 8Fnd it iteBbs By thBesEeRBY VARations

cont enpl at ed.g\rl?ltH leg ant ﬁ‘i?%‘gﬁé’g‘% EagtT (gs\e!“ﬁégqleﬁa?n%élo acl c?ﬁ_fS subst iltutions
within a gi vanlepstsanhingw foteatial Boell epitopdd arehén trrdemodifidd inistighe wag to
epi t ope. Combi hati o of , substi.tution wthi. i ngl e, epi.t ope may be

cont elrrpl at edi;‘l"t?%aﬁt' ; j@puﬁgﬁﬁ'v\gﬂa@ﬁs‘%;gfﬁ@&n% tﬁﬁc[gﬁ%i 8&'}0%622;)p§| atr’ig%;] of
mammal i an £elopstrict dUtHURR{LRG oW Vidfiaft tdtiff Sl Qaridhta8ns red iddritiy a
gene encodgl:ng astregt protein gnd, l.20 foll ow _ng upt ake or expression of the
prot®i n and bne odenpradeariants withelesirablel ropertiedentity of peptides on the
cell surface is determined. In particular, MHC nol ecul es, especially

mul tiple MHC nol ecul es, will present such peptides. As one aspect of this

enbodi MARLerding tothidHEHARB! a henfiERloY sari@eipirbttess WilEse predlcdd drhestiid,f er ent
WMHC nol ecul es” and therefore the analysis is preferably undertaken on

rrHti pl mqsélp;equrhopu|rac¢mhhwa@fh&wp nigyes al ghi@hebp'li@&@ﬂt“i%ﬂnélﬂdme M—Iﬁ:
el | popipaia sERREN TRy b orRE fpRlrd.R 6 5iuhgie ol el AR don Sue

popujsat sapstitlifies Whkin® ghvénnsaehidliTocelpspitdpe willibtgmeele! te dlindhateaie been
engi neered to produce multiple MHC t particul ar use are cell|l lines

wher e n&PEARKLYERUBNANL SO %chﬁtiegioar\é?fgﬁ éoﬁ%@e epi@PsaNanbeIraMYpPRed | ow
background of peptides on the cell surface.
In a major aspect of the present invention, a population of mammalian cells is
incubated with a test protein or transfected with a gene encoding a test protein and,
20 following uptake or expression of the protein and its degradation, the profile or identity
of peptides on the cell surface is determined. In particular, MHC molecules,
especially multiple MHC molecules, will present such peptides. As one aspect of this
embodiment, it is important to analyse pepﬁdes presented on many different MHC
molecules and therefore the analysis is preferably undertaken on multiple cell
25 populations encompassing a very high proportion of the MHC allotypes and
genotypes that are encountered in the world population. Such cell populations can
either be obtained by sampling multiple cell populations from the world population or
by using cells that have been engineered to produce multiple 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



Due to the | arge nunber of human MHC al | ot ypes and genotypes each with the
capacity to bind to a different profile of peptides fromany given protein,
previ ous WD 2899899 PCT/ EPO1/ 08625 14 approaches to t hpCT/ERp@SHENSI ve
identification of T cell epitopes as descri bed above, have conprised
primarily predictive approaches, rather than either biochem cal (where
peptides are tested for binding to | ard4¢ nunbers of MHC types) or

bi ol o frdes SIHSN t

o st 1 e BroRE e R o RS o B B o e e S ched b vey .ch
pr edi ct haes acpmpaaed\@ﬂmamy poadictivetapproaches; rathiec tfadn eummabiocrkmnak

t echni s wher I ar of s uences of epi t

anal ysgg"’erﬂ 'B\é? E%rb reb'Eg'ﬁ‘Qltﬂ QS@Werﬁrﬁf&)ﬁ ctVBE H‘CFE t hese
epi t Opeép;f).%%cﬁé@%&%sﬂﬁy WhER! Sditiies anatasibd it activBgsn B?Bﬁm@%‘hon diomever,

for MHC class I, suc redi ctive approaches are limted and will often
m ss si ocallg)r Eporplepbdesthét bired fo MbIG olpes |l Such predigiivta aeprpashesvncludgssi gn

e R e SRR VO b T BT P 7

appr oacfrr%u@ﬁkopeh e ahb%@é% catermise bp@énmgb@mbmamneczﬂ@mﬁo wiclds synt het ic
peptides, is the inability to account for processing of the given protein

t hat canommdm@wtt@swmp(ﬂnppemrmeau@ntmr@d@m/@@nawsw ofbpepeptides. 15 Thus,

I mproved, net ho IV

I denti f XﬁVSFrq%f W%& gpﬁ"’t%époggg'ﬁﬁf%géﬁlogﬁg g@?‘% 'tgp %ewﬁggae |r\n/'éQ'§ or
fal sg pasirbpyEidn cﬁndcelaépmpés fdlbe npg@twst) or Mileassigh cerair #@aldersrtosmac‘h

i nprovenent. For the devel o%nt of human phar maceuti cal. prot e#

accor di 6gll epiteprs Whest inyae dh%k@pkéﬂcma@ aﬁté@térﬁal%%ﬂtlveﬁ% PefURRE i cul ar
applica t|on
and/ or ﬁﬁ?ﬁﬁ}frﬁ %tgq{ggﬁs{?elcg'é/rg a?; %h%saér?@er enb\s)gcgéﬁeﬂ%él rR{sblga ld@
pri mary abpicictst with Paihetiecsepticseis tbd nbe{blhﬂyi(fodmenil for meessnI@vcaﬂtbpnent of
a pharmaceutical protein that is effective in a Bwrtlon o humans,
it s nedesPiein hatdan nflyenrevhigePaRlitRs Are ﬁéeﬁﬁrg% 4 MiAdROeSH e
pr esent 5 to then alter
t hesgsnpepylgdggyr yod ”?%gggt%ﬁ%r‘éé@cﬁ@ﬁ% QH&]{%E&B% F%ﬁ? I@rlzé\}?eousl y, the
conpr ehédgitivieatisieof Tfdelatepiioped wﬂbeqntt ap:ﬂﬁecmbmfameenleggmvhsmrcﬁalae pokitivhas
been Iimted by the difficul t%l n acc| ratel redi cti n such peptides and
in predig®d; g Sheht thadyeapMdRvention ﬁrSV Re ferr %E'@"prv?'ﬁ‘@ Yl'arge nunber of
different allotypic and genotypic hunan MHC class Il nolecules. In
For the development of a human pharmaceutical protein according to the first
20 embodiment of the present invention, a particular application is to generate a protein
whereby epitopes for activation and/or stimulation of helper T cells are removed. In
this case, the primary interest is peptides presented by MHC class Il. For
development of a pharmaceutical protein that is effective in a high proportion of
humans, it is necessary to identify peptides within the protein which can be presented
25 by one or more of the numerous MHC allotypes and to then alter these peptides to
remove the capacity for MHC binding. 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 || are more variable in [ength 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



30 conparison to peptides which bind to MHC class | where prediction is

nore reliable, peptides which bind to WHC class Il are nore variable in
| engt h amdo bhzavs9an no aci ds outside the mai n bindi ng pocReT/EPWISe!s have a
nore significant effect on peptide binding. Thus, for MHC class Il, there

is a need for nore accurate and WD 02/ 12899 PCT/ EP01/ 08625 - 15
conpr ehensi ve nethods than currently aviai |abl e for predicting or detecting

pept i desomiétdhshieshetifodthadr curirtly @l aldiste ToNMBrcRisting&r ddtasth e;ﬁlde@t ypes
and genotypes in order to conprehensively |dent|fy otenti al
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1. for the test rote| n forwpotentlal use as a pharmaceutical, add t

prot &i n(@@lG T qu epifanes idaniffedanthinengemavedes or hunan cel | sarrpl es 2
after an appropriate period of time, analyse the cells for surface peptides
particularly using MALDI-Ms directly on cells or, alternatively, using
MALDI - M3 preferced methed fordhe desplepirant wf MiiBanmactutios using thletmresant vel y,

el uti ngl\g/gPe pt.i des fromth? cell surface prior to analysis particularly by
MALDI - ME\vsPtigcomprises the fellyying giep§i ven protein, assign peptides which

appear on th I [ ' i ch
aggear on ’{hgolrgg{a te&t}fr??éhg férﬁ)étgﬁtlatlggéhsfné g’ta’t;n‘? | ncﬂgf%ﬂ e{d}é)] tﬂ%ﬁ?%b%ﬁftedcl\gul es,
i n sone caseselegtiorof hogarck!f lirsd q:rdrrnmnafeseﬁ samplesding to the cell surface

(as above), 20 enerate the fin har I ca ote ul e by
neor por at7-ngSk R ABproRae RePH o Tt 20056 ne cals R iAaH&RIgaR t hin ¢ he
protein sequ yt i e
Becond may o Pankuii GRS Bt Xy ."ri“v%%“ﬁ‘%fﬁbﬁéﬁ*ﬁze@?%"?‘ MaEhREe,
schene wher eby calieantione espeeially #1HC fractiecs| @ aisheatively, lﬂdmting)plemtdea vacci ne

may be develo e T ccine is no refer | e far LN
a1 T hough ¢ he TR sl hat T Branso B el padcrry by HAL LT 8nenE S acc ne
mol egul es 3 ofroldifhe @lﬁléﬁtdi@ﬂé'in YssRINSPHHES WiiEh BpeasEn tik BaNsy R toREC! es.
For the devel opnent™ of

test protein

4. modify peptides which appear on the cell surface in (2) to eliminate binding to
MHC molecules, in some cases by testing modified peptides for binding to the
cell surface (as above)
20 5. generate the final pharmaceutical protein molecule by incorporating
appropriate modifications to one or more peptides within the protein sequence

to eliminate binding to MHC molecules

According to the second major embodiment of the present invention, there is provided

25 ascheme 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



vacci ne using the present invention, a particular application is to
generate a peptide 30 or protein whereby nmajor epitopes for activation
and/ or stwont/sspon of T cells are present, prinmarily epi pOpEROfass2shel per T
cells but also, for applications requiring cell killing, epitopes for
cytotoxic T cells (primarily MHC class | restricted). For devel opnent of a
vaccine that is effective in a high ﬁr&ﬁbftion of humans, it is WO 02/12899
PCT/ EPOA4&383by to idhtifynestries withim tHedgmitéih thatedr e praddried by tepgraheien

that can be presented by one or nore of the nunerous MHC al | ot ypes and
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ef f eét | Ve paesanidaventisnpipyideaifar sucdt identifcatine poRtider Reasanted By MECC! ass
Il epit LSt ingi; ol i ki ptide
n the RS bane sl eBfdS Bhus B st R dol BRI i BBl e BB BT,
exogenous proteins give rise predomnantly to peptides in association with

VHC cl ], wh d t ei d f. i t.hin. [ 1
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on the ce surface. For either exogenous or endogenous proteins, during
t he Seqdericad.olt id Eequuniseskihayesegarousqeoteinh givepisederedoqirarsysornepiidene

tein, that mght ly bind, to MAC be destraoyed t .nat tain T
el | “epint emecaid WS MGl whe/Bad cregpeaain PRRRTR a0 heldfp S for
bi ochem;cal| dre BirOt Qe dcoi@hg 6la iferent pbatiascaasd itiaceliular fefR&ingg in the
identification of T cell epitOpes. It is a feature of the present

i nvent i pathvweat toprestiltdesdomimantly iredssoaiatiarhwith M Calagsalcmolgalashers the eglt
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focupsed d@skhiRy 488! tdridintpepide 8Eqlidiicdseradbmrhe pustein Biat iMightaiareesiyibie
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account of processing in the identification of T cell epitopes. It is a feature of the
present invention that peptides identified from the cell surface are those that have
20 been selected by the APC (or other cell) as capable of passage via the intracellular
processing and trafficking pathways. As the invention is focussed to the identification
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. Identify 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



present invention is therefore to apply the nethods herein to: 1. ldentify
one or nore T cell epitopes within the am no acid sequence of a target
protei n. VB0 02128BEsi gn new sequence variants of the targetPQOT/BP&18625 t h one
or nore amino acids nodified in such a way as to either; i) increase the
activity of the T cell epitope and for WO 02/12899 PCT/ EP01/ 08625 - 17
1i) broaden the range of MHC types for wwhich the T cell epitope is
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synthesis nmay be gqiyenpl ated. A preferred method for the devel opment of a

vacci ne usi ng the present invention therefqgre conprises, the fol lc{)vvi ?}9
steps: 15 31. Cpaptrusiesyshoianuenee vapanisianchiestiag sald vanalie imardes dy iqaqd

protein to a?igIo?%érgq/g?faptmﬂﬁuaeg%élgld'[rﬁgéré%h human cell sanples 2. after

an appropria perio I'me, ana s for surface peptides
particularly using MALDI-Ms directly on cells or, alternatively, using

MALDI - M5 on_ cell fractions especially MJC fractigns, or alternatively,
el uti ngAﬁé@fﬁi'&?t@Gﬁ$‘Pf&ﬁﬂ"?h@”H& er ofy %%'ERJP{%'?SW 1’\%%%@(1@@{35@&% y by
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in
on the cell "sur test protein 4. seleCt one or nore peptidés
whi ch appeaicabsyhihesisanby berdontemplaté®) for use in the final vaccine
nolecule 25 It will be understood that, for the analysis of cell surface
pepti des for pharmaceuti cal

A preferred method for the development of a vaccine using the present invention
therefore comprises the following steps:
15 1. for the protein for potential use as a vaccine, add the protein to a selection of
human cell lines or human cell samples
2. after an appropriate period of time, analyse the 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
20 from the cell surface prior to analysis particularly by MALDI-MS or ESI-MS.
3. from the given protein, assign peptides which appear on the cell surface to the
test protein
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 |l 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



or vaccine use, a conbination of cell lines or human cell sanples providing
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m xture of MHC class; 30 | and/or class Il restricted epitopes. O
particul ar use would be human dendritic cells (or exosones) which can be
activated after addition of the test prdtéin to efficiently present
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to the present invention, there is provided a,l chene,. wher eby. .t he

Dvent i Bhas aig MHC reerubdus gy sBrtds B RHARE T BERERE 3t | cul ar
appl i catyd 1 i nbodi ment is to generate a profile of peptides

pr esent gﬂc?ogocﬁfa{iﬂg I?:‘é?'l surface in order to identify the abnormal presence,

absence or pattern of peptides that mght indicate a particul ar disease or
cellular insult, 20 |t is therefore an |(_)b': ect:t of .the present jnvention to

provi deACEPTaiRg Fole thisH reRIPEasRefg 10 HepPIeR Benfien dhPreBeToMdz ) | |
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an exogenous pro or organi smor other agent su heir Trepertoire
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i dentical cells but which have not heen contacted with the exo ous
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20 It is therefore an object of the present invention to provide4fo<r‘ methods 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



"indicator peptide" may be nade in isolation by the registration of the

i ndi cator peptide nmass in the nass spectrumof an M5 instrunent, or by
record ofwohz1isedi cat or peptide sequence in a CID (or siPkCT/AP)1/8pECt rum
Equal |y the presence of the indicator peptide may be indicated with
reference to a nmass spectrumderived froma reference 30 sanple not
contacted with the exogenous proteinorl2agent. Such a conparative analysis
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However, 1n the case of Liotta et al [WO0049410], such conparative analysis
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t echni qaegacsi ng M5 technol ogy include Little et al [US, 6,207,370] who

di scl ose an M5 based di agnostic procedure directed towards the
identification of genetic disease, that is a constitutional feature of the
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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 celis, or, determine sequence of specific peptides



25 the devel opnent of a diagnostic test conprises the follow ng steps: 1.
anal yse appropriate human cells for surface peptides particularly using
MALDI - Msvabresspdy on cells or, alternatively, using MALDPENBPOMSCHE |
fractions especially MHC fractions, or alternatively, eluting peptides
fromthe celll surface prior to analysis particularly by MALDI - MS or
ESI-M5. 30 2. either, produce a profid @0of- pepti des whi ch appear on the
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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



25 cultured using the suppliers recomended conditions were used as a
negative control <cell line. Synthetic peptides were obtai ned from Zeneca
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wer e par af ormal dyhyde fi x b tment with differen nt hetic
pept i ge@“”f'@ﬂ f"@g’%/ %@%ﬁi&?‘lf "F@F Fhed"@ﬁ{?l"?%m@nvé?@p Rifict ed using

3x 106 ff
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at a fi lsabplmlncTeram;manahadBmQMmaintajmm usimgvesndanddinrdétibnst was 24
hours. For, assa ide treated cells were harvest d.b [ fugati on
and thsRengupaEd b Rangemad cofft amPemya onsrateted Al 5030 H:

al i quot of 50% acetonitrile-0.1 %¢trifluroacetic acid in a 0.5m mcrofuge

tube. Each sanple was subsequently m xed vi gorouslgl for 5 s before
Cells were paraformaldyhyde fixed before treatment with different synthetic peptides

in test and control experiments. Experiments were conducted using 3x 10° cells in
5001 complete medium added to 15001 peptide binding buffer (50mM Phosphate

20 citrate buffer at pH 4.0; 0.1% NP40) containing peptide at a final concentration of
500M. Incubation was conducted at 37°C for 24 hours. For assay, peptide treated
cells were harvested by centrifugation and washed three times using PBS. The cells
were placed into a 1001 aliquot of 50% acetonitrile-0.1% trifluroacetic acid in a 0.5ml
microfuge tube. Each sample was subsequently mixed vigorously for 5 s before

25 sample spotting to the MALDI instrument sample plate. The two-layer method of
sample spotting was used, where 101 acid matrix solution [0.1M sinapinic acid in a
1:1:1 mixture of acetonitrile, methanol and water] was dried onto the MS sample
plate. This was followed by 101 of the cells and a further 101 of sinapinic acid matrix
solution.

30 :
In experiments using synthetic peptides containing a labile linker mass-tag, removal
of the linker was achieved by incubation of the cells in PBS containing 100mM O-
mercaptoethanol (BME). Incubation with BME was conducted at 37°C for 30 minutes



25 sanpl e spotting to the MALDI instrument sanple plate. The two-|ayer

nmet hod of sanple spotting was used, where | I acid matrix solution [0.1 M
si napi ni w@or/tsph a 1:1:1 mxture of acetonitrile, nmethaPOI/ERadSezst er] was
dried onto the Ms sanple plate. This was followed by I I of the cells and
a further 101 -of sinapinic acid matrix solution. 30 In experinents using
synthetic peptides containing a |abilej nker mass-tag, renoval of the

| i nker was achi eved by incubation of the cells in PBS containing 100nM ~-
ner capt 3d Relifovasre3 timae upiagi RS Wefare Bvpligakion knihedvlad DA sagpee plate 39

m nut espr OQ%{ 2899 PCT/ EP01/ 08625 22 and cells washed 3 tines using PBS
bef ore app| Ication to the MALDI sanple plate as previously. A Voyager DE
mass spectroneter (Perseptive Biosystens, Foster City, CA USA) 5 was used

in positive ion _nmpde. The instrunent was calibrated with a m xture of horse
car di achMRAEr 85 MassERssyPRetdPersentyerBiRsysiegitn FopssIdty. G, WY checked
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| ow mas e was set to 600Da. iQ A total .of 5 laser shots wer
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i dentified i f BME t l1s.,. S f LB1.1
 nouBat BaoELPT A28 ISRT AR RoEs e ORI aRea THEPIL he anti body tr eat ment

coul d not abolish peptide binding although sone evi dence of reduced

relative ion abundance could be found in 3-way conpetition assays using
pept i dePredigtedirodspppaksi&y peptides BAarthMmbwere Blentified in spestrageremta

cells tyeat ] pepti des. .or pentide,.20,combinatians showed v | ow
bundantarbies SHE Rl HEGenPisga kP RutR she Red gt ! Bom S and or
i nsuf f i pRANExpPMBSEThG BSIMrdang, Gekkpdtirnesssisheg IdbefeRiRpldéEtmass hiftsaiaey/si s
of MHC DR bound peptides usi ng{ LDl -t of
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



25 HLA-DR1 *0101 was purified from JESTHOM cel | nenbranes by inmunoaffinity
chromat ography. HLA DRB1*0401 was purified fromBSM cells. Sol ubilised cell
menbr anesvowr/espr epar ed and processed as previously descrpPoOpdPjiBsszfa et al
(1987) J. Biol. Chem 262: 16087-16094; Sette et al (1989) J. Immunol.42:
35-40]. 30 The anti-DR nonocl onal antibody LB3.1 [ ATCC nunber HB-298] was
used as the immunoaffinity reagent. -Ttee anti body was purified from
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usi ng standard conditions 1 anti was coupl ed to sepharose 4B
( Phar na@r@nmge@marandStondAlqmrrgcommem By theesunmier.syst em provi ded by
InVitrogen (InVitrogen, Goningen NL) and conditions recommended by the
supplier. 5 Synthetic peptides HAl and MPI as described in exanple | were

i ncubat g¢nthetid p@ptl&@@lHAﬂﬂ andiMP 108s tbecrihat DRIXMIPE pwepsmingUbated Withphi des
were incubated in peptide__binding buffer (5omv| Phosphate citrate buffer at
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experi ment es were elute r | -t al ysi s.
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usi ng mat ri x so ution as r exanple T. er experinents the
VHC- pep20de Hﬁsmnamxpgrlmtsapmtlcm:t weret HetadﬁomdhedﬂH@abafbea MAdIEH—tof

resuspended X n. di ct SS.,. for es,,HAl and
VPr ver sl 1P g Gse e Mg sbddetey B SR SoHBR I e Rent t one.
I n cont t y GH|viRess 45k gf & figinkr om
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pept i deMALIDI roatrixgsalutien aeper exaropld 5. Wit otherieaperiments iedVIHC-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 biood 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



25 Human dendritic cells were enriched from40m peripheral bl ood sanples
obtained from healthy donors. The bl ood was anti coagul ated usi ng heparin
and a nwonuddsear cell fraction prepared using histopagqurCl/8PI/(8&5gMa,
Pool e, UK) density  gradient nedium and conditions reconmended by the
supplier. Dendritic cells were obt ai_n?% by negative selection using an

i nmunomagneti ¢ separati on procedure w 30 all reagents and conditions
pr ovi deskeroyn dhd etaridail ahtbiofi€s datiyg thédtourteef demexpeiimente| Al regyente! ut ed

into nultiwell tissue culture_djshe or treatnment with protein antigen.
Col I's WHPES TraNHkits heshnglogie Pﬁ@i@’ui‘l@uppl emented with 10% (v/v) foetal
bovi ne WD 02/ 12899 PCT/ EP01/ 08625 24 serum and standard anti biotics

during the course of the experinments. Al reagents were fromlLife
Technol Agirepar@iian sif egcoriinanpstapbplakintiserwad uset nthiesarstudieapipeokiidaase was
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t r ansf oglgREd it £459BPE QIRI-EinEM reSHER N fra§hehY intd dadiridl brpfRsnaRceTd a
single transforned clone secreting active staphyl okinase was sel ected

usi riﬁ aPMB% (MoBiTgce Godiéngap, Geymany). TheaMbBK/stagmigkingss gepe d&em
Bi ) N : . . i bri i : 13].
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puri fi egtafsfornbleldnd sedretisy Eliveat@phylokinzgesegpisaietiaid using arfibrin plate
chr omat ogr aphy and_ne s described previously 4{ et al (1992)

t hod Col | D.
bl . SoRTL tRSUD, 3t ohal (1368 rel dTleeiiD: BEPrYS: A 45 861: Colan €&l cel | s
. AN . ! . 20
\f(e){)’e‘gll r]mE anaq;?tr)\% ! I?é?@%%ﬁ&i‘t Z{Qgéﬂfgflﬁ?@%%ﬁpn&%@%emg ré%%?lgé anti gen
pr ocigss rawniinabl prokeid wiss mgrifledhirdrintthe caltoid sugernatdoédsing sdyeatiblt ur e

or ot o1 noak M EnEBIatedRGY HeRematR e apd prRIou ShPUeT.d3: S 9B um
giz,ggg (1.I gjr{%‘?ﬁ'&%@%%&;9§4)a§'gfem°%ﬂ—ﬂe'8%gw Al'l compounds were from
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 chloride 50mM; sodium azide 1mg/ml; chloroquine and
colchicine 5000M. All compounds were from Sigma (Sigma, Poole, UK).
25
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.



25 Follow ng protein treatnment, cells were renoved from cul ture dishes and
washed wusing 3 cycles of centrifugation and PBS treatnent to renove all
medi um amdo oxxaspaneous protein. Cells were processed for MIXYPPetes62sanal ysi s
as given in exanple 1. Spectra were collected and anal ysed for the
presence peptides attributable to the 30 test protein. These were
identified by conparison to spectra obtdd med fromcontrol cells not

treat edigy bt a?tf}mﬁ&?é( Ed‘é%?hymr%%’e%%ﬁd&ﬁﬁ(e@?ﬂ%d&%%bt%%ed IRfin BERKS

attributed to staphylokinase'were identified in spectra obtained fromcells
t r eat edtreatdd withaptaphylokiteese antinotosesseiorihe spebisa op eells trestedewith matakeliced

with nmetahalic inhibitars Qr contr el,ls not treated with
st aphyl Bﬁ\%iéﬁ)é'ﬁprgc’&@rﬁﬂﬂé “E?M@@%W%P%%D&Y&W%-i on of peptide sequences
derived fromtreatnment of cells with whole protein. Cells were treated

with the protein of interest according the nmethod of Exanple 3. io0 Peptides
wer e Sel Example 4m the cells by nmultiple extraction cycles (4-6) with a

st bulaified fof Ekeh of pedide SaRdibes Ay LT (FEERIEE s S oa
sanpl es wRieprbtéidd and re-suspended in a solution of 0.1 %formc acid. The

15 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

t he mas I : |.es.: > t aflow
rate of CSUSE e aRed it AR R LLR Bierp S RooRMhG e MBI SRR 3, & o)
% f ofom Peptitlds weEhe efutedvfronatiee vells yeshudtipte brtrdctfdn p@lesr{436} withradsolution

re-direct eod onto a Cl8 180mm pepmap_20 colum. The col um_ was el uted using
a st and&f 8 /epertPBifigr Adi’efRmiargidgThe Brasgnce of veArereRu G Rled8dht PO, 5%

acet oni tté§t|p‘?o 681. %a%ﬁ;dffe?ér%iﬁeé‘%ls%gt%ﬁwl%‘?\v@?m solution of 5% H20, 95%

acetonitrile, orm c aci d. ectrospray Ms and M5/ MS data were
acquired on a Mcromass Q Tof 2 instrunent 25 (M cromass, Wt henshawe, UK)

oper at eI HES Here NP8 PGB daPPRORS dot B or e 4 HEoRO0Chen
counter gas Ly didhe wis S05ABRY bFRfbapsidt LmBaLER CABL®EEystem

(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% H»0, 5% acetonitrile, 0.1% formic acid to a solvent solution of
5% H20, 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



2800V applied to the nanospray continuous LC probe. Al data were acquired
with the instrunment operating in automatic data dependent sw tching node.
30 The iveopumsme was calibrated with a two point calibrarpCDrPeISeZS ed
fragment ions that resulted fromthe collision-induced deconposition of

gl ufibrinopeptide b. Al data was processed automatically by means of

Prot ei nLynx software, protein identific&fion was WO 02/ 12899 PCT/ EPO1/ 08625
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Zi pTi p wrﬁ@paatel gedulishien WaESeridved Bohfctik§ e CRRRCESAPIERR § | ected and
anal ysed for the presence peptide nmasses attributable to to the test
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st aphyl qlgpagéﬁewﬁmﬁgoluma@t(wlmg@ke aq;w val ent ion peaks were not evident in

cells not treated with staphyl oki nase or with cells treated wth netabolic
i nhibitors. 15 WD 02/12899 PCT/ EP01/ 08625 - 27 Patent CI a| m; 1. A nethod

for. e siieueh ARTER010koR APATBGGI (o fle BRALALS RS NASHL Ao 35Ci ne

antigen having a's eC| i cal Vity re uce fanced 5

| MTUnogéTe teist prdtemn ﬁreeerweremenﬂﬁuezﬁbyncomens@m t@@béﬂ@bbméwﬁom the sane
bi ol ogi cal, acti vity (i) .contacting cells with said protein,

pol ypepEPaE C@@ﬁé‘?%‘ﬂ‘ﬁ'ﬁg C&"ﬁ@whm antigen pregessieg \A@e&lpa@ olﬁolicm@nea I's or
exosonma r e of
surf aceIt pégﬁ%@e@ﬁqdlg%?hgghdq on'r ﬂt(ajréerﬁ%:gége%e Pibl’{/\%] gtlapﬁpve rﬁaé%t \[{gtlerbeen
cont act etbntified. Equivalent ion peaks were not evident in cells not treated with
staphylokinase or with cells treated with metabolic inhibitors.
15



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

assi gni ngv@ar/tspepti des to the sequence of the pharnmaceut PCHEP@OS6E n or
pol ypeptide or vaccine antigen according to standard nethods. 15 2. A

met hod of claim| [further conprising the follow ng steps: (iv) nodifying
said peptides, in order to alter thei+ 2 nding to WMVHC nol ecul es, and (v)
constru€ggﬂﬂ(ﬁgﬂﬂgnce variants of the final pharmaceutical protein or 20
pol ypept rde by I ncorporating one or nore of the nodified pepti de sequences
within the sequence of the protein or polypeptide nolecule according to

st andard netqu 3, A nethod according to ¢claim1l or 2, wherein the

ana:c ySi E'dd'\f mes : fq1the developmantal @ pharf@cestieal nrateiner P@WP§P@? Pri) : s
e wher o1 VAT GBI\ TGS SeRERERIobHER ativi) dR 2 PAIdREt fteRact T

ESI - §5 i s imsethogéidity thanenyatbramodifiddriyotein anpolybebtige bbgingethe waeneei n t he

phar maceut i cal . gLot el n Er pol ypeptide is nodified such that one or nore of
sai d pept iRURIS9ALAGH WoRYer bound after contacting cell with said protein

or pol ypephi ; ' : -0@,6‘3& idal %fe?@' I to
any of thgbc?(zenﬁé\gir%é%i%grgg%ﬁ?ﬁée’hpept|g%%ﬁgioeﬂ gﬁgﬁﬁinﬁce)éjr ur z'a%e&gf t he
cel | s or esudfEcegleptidss onetheaets ndiergsdroaktapclés thereef,iwhials sodiffatérdrdromv t h

MVHC nol ecy] es and wherein the gnalysis of ,said. cells exosqnal vesi cl es
Uher oot - adBE BRSPS CLRUIRT PoPES KErmIarsr 8 upTeren i ofs WAICE Makeriih o
accofpdi ng gernadbhtaételihe clains | - 6, wherein the peptides bound on the
surface of the cells or exosomal vesicles according to step (i) are

product s dfi) aanalyaingsaitiiogllsior pspsdrdalwesicias thexboi, ¢ prptisasthound dotre. A
e o oy N SIS B Ak Bl ol J5vel oorent of 2
wherein (i) 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 (i) 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.



the nodification of the i munogenic peptides is perforned by elimnating or
reducing their binding to MHC nol ecul es, optionally by testing the nodified
pepti des Won2/ipspdi ng to the cell surface as indicated in PCHERIII086E5 10. A
met hod according to claim9, wherein the elimnation or reduction of the

bi nding of the peptides to MHC nol ecules is performed by substituting,
inserting or deleting one or nore ani B@ acid residues within the sequence
region of the peptide within the pharmaceutical protein or polypeptjde. 20
11. A riet Rotethasbaetargdingdoany @fthe glRimsal md, whergndie p@ﬁﬁd%gev%gﬁgﬁhe of a
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binding to the 25 cell surface as indicated in claim1. 12. A nethod
accor di ngthereef acenrding tpnderi(h is ReMeAREA LY HSAY M-t he bi nding of the

pept%des to MHC nol ecul es is perforned by substituting, inserting or
del eting one ore nore amno acid residues within the sequence regi on of
t he peps.i derigticdcastmdirdPiotdrey aicthedaignsof —thevhmeeinitie peptides basind on-tbe| |

epitope, and / or. broadening the ran of MHC t s f. Wwhi he. T-cell
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epi topes i i [ AVE CT/ EPO1/ 08625 - 29 13. A
rrgt hog for'ﬁ%%%&élﬁévrggggiggﬁ% a@%ﬂ t?ﬁ% kéﬁﬁ\%}?l ) contacting cells with a
protein or polypeptide or mcro-organi smhaving inmunogenic activity,
enerating a repertoire of surface peptide n,the sai I I
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anal yzi ng "sal exosomal vesicles Thereof, on the surface of which
pepti des ahe rhodificatiqr of thedmwiuntgegicpeptidasps ipggformed byl sRigabfg er of t he
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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.



i ncorporating one or nore of the peptides within the sequence of the
vacci ne nol ecul e according to standard nethods, wherein the anal ysis of
sai d cel Iwoo02/1282x0somal vesicles therein is perforned by PET/EBIINMB62515 14. A
met hod according to any of the clains | - 13 using human cell |ines

engi neered to produce MHC nol ecul es. 15. A nmethod according to claim14 in
whi ch the parent (non-engineered) celd 39 me produces no MHC nol ecul es. 20

16. A ”‘Pﬁ.@%é?ﬁ&@rrf)cﬁitﬂgdreQeB?f;\‘?éﬁg\%‘ﬂai\féc\gmeO&ythe parent cell |ine produces

no VHC cl ass | ecul es. met hod according to claim 14 in which the
parent cel(l) lcontaglingdets svithca Mddeinddr milysaptide arohiecedoeganigd®. havimgt hod
according.to claim1- 13%( Wnere%.n non- thHn iel I.s which,do n?t g.r oduce
their own TAOGRAGENG pEVIY, geRGTEHIAG & TERCHETH Ph JUTRCR PRP TIPS o0 e sald Pl o
used as i ngicSRlBrhal 38sitRs the Bl \WHIcAGS Akt ffdn 3 réfertdire 6 Qirfiicel - 18,
wherein the MHC nol ecules derive fromMHC class I1. WO 02/ 12899

PClT/ EP01/ q8frisles 3splaged on neferanteacalisrwhinly hage clohbgengontamtedi n t he MHC
| HLA-.DR, A- d HLA-DP. ., 2 A t had di i f
Mo el ™, Canfatmigasaid (oIs SREoREN YEiolss thefeatron 16 Stads e kB "1 25

A et hod aggfiddsge beufbiai m 19, wherein a conbination of cell lines or cell
sanpl es providing a conprehensive mxture of different MHC al | otypes and
genot ypes (ii§ agsighinqigrid peptidastnthe seuwneesy the pPeatpinorrad@lypentislec] ai ms 1 -

22, wherein th i i,QLnat rom an exogenous protein or

m cro- or ga%cgﬁsﬁngigtsk%%%t%@%rﬁ}ig to any one of the clainms 1 - 22

whergi n t he/)Repbirdeting s6quEricgi viaiagitd obthedmat pHageacaitical vaedine 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 Il 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 II.



25. A nethod according to any of the clains 1 to 24, wherein human
dendritic cells, or exosomal vesicles thereof, which after addition of the
protein owOpoi2gpepti de or m cro-organi smpresent pepti deBCOEPMAB625

nol ecul es, are used. 20 26. A nethod according to any of the clains 1 to
24, wher ei n human anti gen presenting cells, or exosomal vesicles thereof,
V\/m ch after addition of the protein -oB0pol ypeptide present peptides on M—|C

mD' ecul g8, ﬂ{eﬁh&%@co%ﬁ@% clAnTg 5 oA r%%ﬁ{edm Hgalé&Yilea & g Ach@l M AL tO

wherein | es haVe een enrl rior o pepti de
analy5|s.[XBanﬁtM&Aﬁma.accordlng to any of the clalns 1 to 27 wherein the
peptides are eluted fromthe cell surface prior to analysis. 30 29. A
nmet hod according to any of the clains | to 27 wherein the peptides are

eluted , fﬁm%@ ggé&tawge@e%{ Of thki &Rl ¥sifs, v&P@rQ%/tFaé%?ﬁcF’r%(e%ﬁ%y 08625 -

31 30. opment of a diagnostic test (1) analyzing
appr opri atc&arivarfmncﬁéﬂ-lecléml.surface peptides, and (ii) eit her (a)
producing a profile of peptides which appear on the cell surface and,
optionally, conparing with other profiles to identify an abnormality or

di seasey5 @?r?é?ﬁd)@b@éor‘mﬁ@td 88inkYIBRhERdIh & coibinktidn SEESN nfhéu dPcdlhe sequence
of specific peptides on the cell surface as a means to determ ning

speci fi c pepopldeprovidion a eoghrehensive wixtiremfidijerant Mitoalfatypeg agd di sease
associ at ed WO,LI,)ZOthe hu n cells. 31. Use of a protein or polypeptide

obt ai ned %’FH{DS& of any of the claims 1 - 8 10 as a pharnaceuti cal
ther@peutl c entity. 32. Use of a protein or polypeptide obtained by the
nmet hod of any of the clainms 11 - 13 as vaccine. 15 33. Use of a protein or

pﬁl ypepB dt nstihed megonsing treamepne @f die epiansil o- 3¢, woerdn the B‘t\@dﬂﬁfceut i cal
34 A
ée?gggsﬁél(ﬁggﬁ%g@rﬂ%ﬁ%é péi)qoeem@el %%Io%éﬁ{'osonal vgglt cloes O'[ her eof

whi ch derive froma protein or polypeptide by 20 (i) contacting cells with

said protein, or polypeptide or a ?ene coding for this
24. A method accordlng to any one of the claims 1 - 22 whereln 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.



protein or polypeptide, generating a repertoire of surface peptides on that
cells or exosomal vesicles thereof, which is different fromthe repertoire
of surfameo opesvd des di spl ayed on reference cells whi ch hp¢PERO08hEen
contacted, (ii) analyzing said cells or exosonal vesicles therein, on the
surface of which said 25 peptides are bound and (iii) assigning said
peptides to the sequence of the protei #lor- pol ypeptide according to

st andar g kRS fdMiﬁé%ieR}ede%ém@fiésdi?;/%ﬁéstfcf‘t@stcw I's or exosomal vesicles
is perforned by M, preferabl %/ MALDI - V5.
(i) analyzing appropriate human cells for surface peptides, and
(i) either, (a) producing a profile of peptides which appear on the cell surface and,
optionally, comparing with other profiles to identify an abnormality or disease
5 associated with the human 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,
(ii) analyzing said cells or exosomal vesicles therein, on the surface of which said
25 peptides are bound and
(iiiy 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.



