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-1- METHOD FOR THE IDENTIFICATION OF EPITOPES RELATED TO
IMMUNOGENICITY IN BIOPHARMACEUTICALS One aspect that
contributes to the immunotoxicity of biological therapeutics is their
immunogenicity. Biopharmaceuticals that are immunogenic give rise to
antibodies 5 that may lead to potency loss and adverse events, such as
allergy, infusion reactions or autoimmunity, in clinical trials. The potential
to be immunogenic relies on the presence of T cell epitopes within the
sequence of a protein pharmaceutical. This invention relates to a anin
vitro method for identifying epitopes that may play a causal role in
inducing im.munogenicity of biopharmaceuticals, such as antibodies or
otherEigtape TR piGt&inE PINVIDFE Spadifidal YT tHePmetittboRffileATED TO
invention can beMiE&dOGFHeEITHNIDY the SeyaenteC D imarRi®genic
peptides presented via peptide receptors of dendritic cells which trigger
immune reactions leading to immunogenicity. Knowledge about
immunogenic epitopes opens the possibility to de-risk therapeutic
polypeptides by site-directed mutagenesis with the aim to generate
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metho eful for determining epitopes that may render pharmaceutl
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arma eutlcal protein. These peptides are referr dtoas"T cell
RSB ESEBITB Y™ ‘?mﬁ& %éffgﬁ‘:&f]&ﬁ T cells is only
accomplished when T cell epitopes are presented in the context of
molecules encoded by the major histocompatibility complex (MHC). In
humans, MHC molecules are termed human leukocyte antigens (HLA).
HLATasseekeiad npeplides:htesshort;bodempagsing@425amirioepiitfss that may
*;Q](&Q gﬂ&fﬂa%&\c{%ﬁng 1&%%& Today, 48 (1800 7 18)o NN lico

to her unction,. two classes eptide complexes can
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cells Cclass Il Iipe tide com, Iexes are 10 con ut e .
e DL TR R A T RePIeER e
ﬂymmme%omfﬁﬁﬁ@g@@l@ﬁﬁéﬁa%& CRIRTOESY. 1 BarHemy: iprsgtion can be
uﬂﬁ)i@ith& capagitetionprimetDégehibetpereeiisanththene byginitiatel
einman, R. M., Nature 392 (1998)
p%@ e %Aﬁl %H%ﬁr%:{je&%t%g%gr%i%%rﬂt%ﬁ%%/ﬁfve%rg;ch to |dent|fy
immunogenicity hot Sp otsin 15 phar[naceutl gp otelns > 10 Use D

puls ﬁ"iaﬂétg%ﬁ a"%}lncapcré)ﬁ?lcacflo? \oice and: determi ne éuéoge&écﬁg i

cofitr paptides HuSebisRI I MAT RGN T ECIe BN DCS Ofrﬁ%?de? to

h%ﬁﬁf(ﬁﬁ%& ihe potential fEM@@Qﬁﬂ&ﬁﬁ@ﬁ@@@ﬁhﬁém‘@pr@hﬂﬂ aceutical
pranner,hal.apples o Me-whels porriaton. fgs fom:a;series.albiaed
donors aveltorbe Used that are representativefor the var| np
class Il genotypes of the respective 20 population. The present invention
provides methods for isolating and identifying femtomolar amounts of
potentially immunogenic peptide antigens derived from pharmaceutical
proteins. Said method concerns immunogenicity monitoring of therapeutic
proteins, e.g. 25 polypeptides, monoclonal antibodies or other proteins.

The method of the invention has the advantage that the identity of bound
and/or nrecented nentidec can he aliicidated from the emall arirantitns of
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iv) eluting the associated peptides from the APR molecules, v) identifying

the immunogenic peptides, vi) verifying the identified immunogenic

peptides as epitopes, b) modifying the corresponding epitopes of the

polypeptide so that the binding of antigen presenting receptor is reduced

or abolished, c) thereby creating a moeditied polypeptide with reduced or

no immunogeni city potential. Method -3- The present invention provides

a méthodifer ikolatAg Eﬁ@lmérﬂwbiﬁ@cgémi&é@sﬁﬁ%ﬁay?@h@@?opes are presented
inhiepharmacauticalsumneynagenie aftenagministration adtiimanssThe( MHC). In
nifethod provides complexgs of peplide receptors with patentiallyii. a-associated

immunogenic peptides in an amount of 0.1 to’ 5g, preferably in an amaunt
POTDLES 5 B500E TTHIS GUBAHY L EUAIABHS tHeArhottt 6 Hiaterial Wisich'is
[rRermally ayatable fomDES cells obtained from peripheral blood of

patients or healthy donors. The lowest amount of material necessary in

thel_ IW%Q% @5&@&%@%&%@%@;%:'(&&@%4& Hle&;HﬁIl%ﬁﬁ[ﬁ@dﬁffmm can be
unimi rce (nore n -1 1 - olexes
d}fﬂ@}g%ﬁgﬁ terma(mbig\. chf %] { B%Lfﬁ%f‘ %& A I\EI *I%Cg%qssi g%?ﬁ@e%@l pl

WO ‘orders of magnitudé more matérial than availabie from_
canimaniperioheiatplostel DS setfically 1the HreseAtTRIERIGH proviges d cells
wilethod: feridentifiingpepiidessinvalvedin immunagenidity copiprisiagthe
SRRl RISV Sl eRIeshng Alaen RIeRINAICCERa (BRI 5

!
a num ng ug receptors, preferably, in a nu

: ber .
I PROVIRHT 0 240 BPHEH) CoHEeTAG the celfs fromRET Ia%’&ﬁﬁgae‘%fhe capacity
rdrpPBagenicIpeAtidess]id 5re) dsalating ARR immunogenic peptitdcr cau, |.
complexes, from.the cells,-d), elting she associated peptides from the
&ﬁ%ﬁg,)mélfliz{ér%ﬁ/%% Ltihe'irﬁ%unog;enic pepﬁtides, f) validating the identified
immunogenic peptides as epitopes. Preferably, the.methad for-identifying., . ;
pepHTE sV N BESERS 73 S e e g g L s
phroviding oalls wtpressiny Halderopieab it e CEpRiY pASRYrRR0T choice and
JBLmbel-RFRVd 06y & LAenS pepfrReptersispraferablyCinlasnlinmbeeqrovidingCs. In
0.2 to 3,ug, b) contacting the cells from, (a) wi g e of immunqgenic
osbplieb b ARG ROTeA TR SR B e
thhbagellicblp D5 irivlamopreeitatidnsdF Hmm ORGETAM IR QT ORTAEGRARHY, By 15
Mvashingghe heunded-complexesiohARR dith HAntigeniopeptilesanitivtive
Wat(-i-artor low salt buffer, e) eluting the associated peptides from the APR,
pﬁgf&enﬁg}ing the immunogenic peptides, 30 g) validating the identified
immunogenic peptides as epitopes. Preferably, the antigen presenting
receptor is a MHC Il molecule. Furthermore, the invention provides a
method for decreasing the immunogenicity of a ,polypeptide comprising a .
identifyniey RO IHEHOTERIC Haptitss 6F e’ %Té’&%iaaéa’éieﬁ‘é%%%éﬂg‘ Pnole
aghave 35 b) mogifying therworespenditg.epitopes of thefpaly péptide sgtical
ptzho%teittnhg oinding. Ogdg‘%%céhmglﬁ'ﬁmg%ﬁiEﬁ?%Sgiﬂfrﬁﬂp(l@h{%ga@emﬁrﬁﬁymms, e.q.

‘creating mutated polypeptide with reaﬁiced or no i }%uno er#(m%/,{)mo.tentiatl. has
PRHE taHA DO pEptitie’ d3 sEirherainreri i cREIR o itkd aming ™"
cReigts:a Theetdrm timmemogenicityt dsnuBed ireseinad forsttdethe yhakly o acd
f%&gﬁ%@ﬁ%% Wﬂﬁ%ﬂ? @@%%ﬁ@rﬂ@@\f@l&ft@ﬁ HM'B@@D‘E@_M : !ﬁ’@rﬁg@m&&h@ums of
substan asur ow a e substance is.at provoking.an

FRRaHe HEpEree SERMEUE T 1 GG e SO S used
ihereinaefersiep pdtentiah saacidet i pbiyp Sptitie 6 elicipahtimmmecessed and
Jesponse.yihedermimmypeiesporser asusge-herairorefers to a bodily
defense reaction that to recognizes an invading substance and produces

antibodies specific against that antigen The amount of tissue or bodily
fluid necessary to obtain e.g. 100 ng MHC class Il molecules depends on

the nufriSerbreEs st atpesinthes MMt vl a mBsdshitn deasgsrrgibs
ielags: jHnales e s e ge REAEN class Il are equivalent
{I?%Lg{a 01% x10s mattjm;'eHD?g%? to 10x1 E;Ng%%pheral blood
monocytes or about 5x 107 peripheral blood mononuclear cells which can
be obtained from about 50 ml of blood. The high sensitivity required for
identifying MHC class Il associated peptides is explained by the fact that
each type of these peptide receptors, e.g. human MHC class 11 gene

product HLA-DR1, carries about 500 to 1000 different antigenic peptides
(Chir7 R 20 Met al 1 Evn Med 1002 17Q 27_-A7 - Chic7 R ML lirban R



MHC class 11 field, those peptides that are of immunological relevance
e.g. those that activate helper T cells and thereby facilitate
immunogenicity of pharmaceutical proteins, 25 attain moderate to high
copy numbers (Latek R R & Unanue E R, Immunol. Rev. 1999, 172:
209-228). These peptides cover ahout 40 to 50% of the total amount of
peptide material eluted from MHC class 11 molecules and equal to about
10 to 20 individual peptides. Many MHC class Il associated peptides are
a) [(RBIESANIeRam A 888 QPP e aBd ik SO BN HIVPERIGN Rk S o
) (Ru_dens?y A Yet al, Nature 1992, 359, 429-431; Chicz et al. Nature 1992,
) PRS g dig B SREHRE A RORTBIT COM S G TRNRE 6PRBI iR 168! Piarihet
0.1a6i9whishdgiegsential for recognition by the T cell receptor. These
truncation/elonﬂ%'ai__on variants constitute the same T cell epitope. This

1) ¢RERNERR RrsTURR for Eitheishtre SdpaupRRAcRePHiffportance is
iii) a6 Haihe SOl afo FanGinenamoa bl pe pa el Hiffprent apitPRrRSeclRUS, the
. _abundance of immunogenic epitopes ranges from 0.2% to 5%. Origin of
iv) glutpgthnas et frRgen pEptte S bRMC5EENt invention are

v) iepiflesovhichatenassatiaigstineth MHC class 11 molecules on the
..surface of human DCs. The antigenic peptides may be bound to intra- or

Vi) SRt REBAURE UM G SR BRI PHAES RSPl unogenic peptide” as
b) msangain refgsfoinaiigrRpss REpE soNpeh ayoatict 1Bp HRAIRSf
response. The immunggenic peptides may derive from polypeptides after

antigen MESHERSSSRANDB ELFREEP O pedtiédwhich are a potential source

c) thbiepnURagenis pepiiFlebrve ppeiRepiib esdini dingothampeMtisicity
polypeptides such as cytokines (i.e. interferones, interleukins,

POIERHropoietin (Epo), granulocyte/ macrophage colony-stimulating factor
(GM-CSF) or tumor necrosis factor (TIN)), chemokines, growth factors,

: ntiFEodies (i.e. monoclonal, polyclonal) chimeric and humanized

M%"ﬂ odies), enzymes, structural 15 elements, hormones and fragments
thereof. As all these peptide receptors are able to accommodate a broad
variety of peptide ligands (see above), each single peptide whose
sequence has to be determined is represented in only femtomolar
amounts. 1 tg MHC class 11 (16 pmol) may carry dominant peptide
species, with each single peptide attaining an occupancy of 0.1-2(yo, 20
which equals to about 16-320 femtomoles. The methods of the present
invention allow the isolation of these femtomolar amounts of potentially
immunogenic peptides from 0.1 to 5 ug of antigen presenting receptors
loaded with peptides and their subsequent sequencing. 25 Origin of the
antigen presenting receptors The term "Antigen presenting receptors” or
"APR" as used herein refers to a peptide receptor which binds antigenic
peptides and presents them to other immunological cells and thereby
mediating a specific Immoral immune response. Preferred antigen
presenting receptors are MHC class Il molecules. MHC class 11 30
molecules include but are not limited to HLA-DR, HLA-DQ and HLA-DP
molecules. Alternative APR that may play a role are the receptors of the
CD1 family or other so far undefined receptors that present potentially
immunogenic peptides to CD4+ helper T. cells. -6- Origin of the Cellular
Material The methods of the present invention encompass all cells that
express Antigen presenting receptors and at the same time are able to
prime or activate CD4+ T cells. 5 These cells are also referred to as
antigen presenting cells (APCs) (Unanue, E. R.. Macrophages, antigen
presenting cells and the phenomena of antigen handling and
presentation. In: Fundamental Immunology, 2nd edition (editor Paul, W. E)
New York, Raven Press, 1989). APCs to be used comprise human B
cells, human macrophages, preferentially human dendritic cells. Apart
from that, cell mixtures that contain AFC, to such as peripheral blood
mononuclear cells (PBMC) or peripheral blood lymphocytes (PBL) maybe
used. The preferred APCs are cells expressing MHC class Il molecules.
Even more preferred APC are dendritic cells. In order to judge the

immunogenicity ofpolypeptides with respect to a certain 15 population, a
cariece Nnf HI A-twvpned dendritiec calle are to be 11ced with the Hl A twvnac
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25 combinations thereof. Preferred lysis methods are solubilization using
detergents, preferably TX- 100, NP40, n-octylglucoside, Zwittergent,

Lubrol, CHAPS, most preferably TX-100 or Zwittergent 3-12. Cell debris

and nuclei have to be removed from cel} lysates containing the solubilized
receptor-peptide complexes by centrifugation. Therefore, in a further
embddimentrofithepresent indention;ithe tomplexes of dndigenpresentings that

maP FSLEPIars WithJmmunoagenic peptides are: isqlated from the celiswatiThe
methods ¢ mprlsmlg soluglllza.t{%n with a deteh ent. NghmrScale

i - - I r ¥ 1 \
B AAGHSH OF MAE-PEpHR oM plexes 7 EUHRSAROI! the TS Peptides
inprovidestthef putificaticn ke MHCapeptiderdorpléxes fron kslplaissequals
rohymethods sompesing immunopracipitationror dmmuoadinitybiained from
chromatography. For the immunoprecipitation or immunoaffinit -

- ¢ 7ES , : 1
i ategrabHy AntiS feéegé{féﬁ‘éi%% e S R M bateyil necessary
inglitabierferttiede 5 AMbtHEdd Rfedised! mtesplseifie ARtidbR & mElmited source
(1eweferably mopeglenakantibodjespand are4govalerthisas abmcovalenthys of

&9 via Rrotein Ay coupled 1o.heads; 8,9:S8RNATOSE 0L ,B195§ beads. A
g8 elg%loenv% rt%glAtr%%ﬂJ%agr?e% 3?%%%_ 1HLAlantibo ies%use%j In the prior art

comprises: anti-HLA-DR antjbodies: L243, TU36, DAG.147 referably.. .

P e N e e
ingintrUd 69namictAciDPcaribods B7/StpMdnoclonal antibodies specific
a)fgﬁ(qif!ﬁﬁ%%m %Q}Q@Sﬁﬁ d |am€§$1_§%|1%ﬁeﬂ t@ﬁh@&c@@mm Qm%@ﬁtaiHQHeéq?goviding

1atmingen, Dianova) or purified from the superpatant of, the respective
o 317 r?&ﬁrﬁéegglés {ﬁ%gg%%&éll?] aAI-l%Igg{lr% éi%végﬁiﬁ%% romatography. is
b Purifiedti riohe cIB ket amiodids My ebtpfed METRIUE Hikthods
¢ aewin A arhnrefgeably by covalentlyxeotplingtaniitiady amino groups
d);)%l%t’i\lnBrf%pgéls%t lgtgggn aroser, Jmmungiselation of MHC molecules maybe

‘performed by Incu the antibody-beads with the cell lysate under
eristaioh i SeVEraIHUE 6 PERFSTatographically by pumping the cell
flysadetthrohghdamited-cotummngashipg ofsthee;@20antibody-beads maybe

performed in eppendorf tubes or in the microcolumn. The efficacy of the

immuneprecipitation may e iapalysed by SRS-PAGE and iwestern:bidtting
using_gntﬁbo éeg r%cognizing denatured MHC molecules

Cciglr%ll-ﬁls_k-%) ﬁ“pﬁa: 1B5). Elution and Fractionation of Antigen presenting ..

2 rete P RASIEEIEE b AHBEDS By o it 52a8 PR’ B m THE REE&pT g

0 melecules -acomplexamixiure efnativally:pideesseatipéptides derived

o fiom e, soutce gl Rotendalimmyinegen gad from, polyneplides of intra- or
extracellufar origin, Is obtained. Only aftc?r elution, peptides ca EQ

CFeSBHEHEIEE %%‘EB@MS«%&@%%&% araiysi xm%ﬁai quﬁ Inogen”

irasiusegrhereiniiefers itoany pdlypeptide theatpravokes an 30 immune

drespansewhen intreducediintg the bedy:The ipmunoganicReptdRsdnHRw salt
thods of the present invention may be eluted by a variety of methods

PRHEWn in the art, preferably by using diluted acid, e.g., diluted acetonitrile

e (Jardethy T Scetabd Nentices199mh 353A886-329), diluted acetic acid and

f-Breheating {Rudensky A glakidNature 1991, 353, 622-626; Chicz R M

_et eﬂ Natu&rﬁa 1392,.ﬁ§%§m764ﬁ798 .or diluted trlflugr% cetic acid at 37 C.

B (RSP ARBR B B A B RIS 1992 175 1705 188%). Most preferably,
the peptides are eluted at 37 C. with diluted, trif| acetic acid. 51In a
further &b baime AL 1 SBGESRPEAaR Y eh ﬁz]g{g%ﬁr@? c8ptor-peptide
complexes are washed with water or low salt buffer before elution in order

Frothemoves. esidusnderrgerconasimie! TRE oW SR DUTBFRRSRcHY of 2

}3515@59{3@@@5@;@@5@%@@ buffer in a concentration range of 0.5-10 mM,

:PISIeablyna soncenualion.of. 05 MM, In 3 mare preferred seadiment

he antigen presenting receptor-peptide complexes are io washed with .
UMAPUTEWHIE C(SEHTRREIAG GrHORT COrvERToRAIR dsed 1orHpL Ending of APR
analysis, preferably with ultrapure (sequencing grade) water from

MERCK. The washing step may be carried out by ultrafiltration. The
ultrafiltration may be carried out in an ultrafiltrati.on tube with a cut- off of

30 kD, 20 kD, 10 kD or 5 kD, preferably of 30 kD and a tube volume of
0.5-1.0 ml ("Ultrafree" tubes; Millipore). The washing in the ultrafiltration

15 f1ihe mavhe carried oiit 4 ta 12 timeace nrafarabhlvy A t0 10 timeace with a
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proteins or polypeptides the immunogenic peptides are derived and which
sequence they constitute within these proteins or polypeptides. In a first
step, the complex mixture of eluted peptides may be fractionated by one
of a variety of possible chromatographi¢ methods, e.g. by reversed
phase, anion exchange, 30 cation exchange chromatography or a
mobmbinationithedeof:Rreéfeedbly, the separation is performed by Cl 8-

o) TRVELES phase.chromalography Or by revessed: phase/eation exchangetential.
two- dimensional HPLC, denoted as MudPit (Washburn M P et al., Nat

Bi hnol., (2001), 19,242;247 8;]-€r1] t\ nai 1a] "k 0.3, cids.
Iotfée ?Egéﬁ 'tﬁ néﬁgé 8§ gné‘dg _ EJE‘?& lepation H‘é%!?ﬁ QPQ% 3, id

HPLC mo use ica micro- capillary columns which are

either connected to a nano-flow ele% ospray source ﬁ’f a-9:Mass ;. ..
spelhomiERr BRI A HRiE0 radliohi '%lﬁlaa%é VAR S PSS the fractions
whitoiaalplate fop MALDI iamalysistcApvarienzofniass spettrométiesasure of how

JHechpigques.are suitablecpisierabhiMADis post- seurceidecay (PSD) MS
or electrospray ionization tandem mass spectrometry (ESI-MS), 5 most

pfﬁ%%@'é{-&?%%‘é%e%ﬂw 6 sequencesafibe individual peptides GaRcity of

be determmeé by medns known in the art. Preferably, sequénce analysis
2 ROPEBRREP I5Y iSRRG OPIHE Deptides and computer-assisted
interpretation of the fragment spectra using algorithms, e.g. MASCOT or
SEGQUESTTE othosmpeter iy ottHATS Deeprotéirs and Wgﬂéfd%?é@se reaction that
reSEgNeRCe-dalabases 10 inerarmaross: aoftelationrodlysesi oft that antigen
experimental and ﬁﬁeoretically generated tandem mass spectra. This
allows automated high through-put sequence analysis. Qualitative
Peptide Analysis by MALDI Mass Spectrometry For qualitative analysis of
the whole peptide repertoire obtained upon elution, ,t5 matrix-assi
(e RO o a TR T RONE (VA LD A, e IR clac 1
mepectromensn At ibecarEr oot celkiner S 8aiRGY tRat Honbf g AshtiHas
cRERLAeS  MAE DT O anaysiscprdvides. arough DvEiew withareggrdvwdent to
the complexity of epti ' Qmi 1t 5% 107
o 2 e P A T et 110
piRjIer pepnassTeInted Hath ARtigercBradeht ﬁamﬁé’@ééf%, RN S ghpod
of the micro-capillary column may be analyzed by a flow- through UV
detettoriope rated ntradetestibivwidvet fsingthef 2 T, Forcishieisls 1s
@EB%B%@‘B?@@%Q{ paptidesioberanalyzed-ate compared Wit prak drkasiass 11
s rRdee 2a A of SyelieRndaid PERHdEs: . RIARIINEes (Chicz R
ESatEy 5t the' present Invention foresees identification of immunogenic i
MpeptiddSwhitheRalld beerI8adtd ‘ehier antigenpresehting Fegeptdrd 002y 1993,
1 9 ARC s qelhv30 s uifire ¢invitro@pproachiftGnl peptdinmfurther low copy
nSmbeAmert o presehtiverlion eAles Lo 2 gm%ﬁ?&qgﬁmltﬂa@t'ﬁ@g&m_ny in the
pep idedinvolved in immunogenicity comprising the stéps of a) providing
Modfis dxpr<atih BrtgBRIBIESERiihg FEteptBrSTAPRYIN & THiRHers o5 bat
2 providingpe: I e ugd eceptor§qiieferablyincgauniyer ploviding 0t Bteins,
H%0R) contact ﬁ%ﬁhﬁoﬁ s, frem (@) withraisuree. ahImmunagemie]. Rev. 1999,
ertldeg_ ¢) isolating APR-immu o%enbc geegdefctom OItea es 1;rorrt1(tj € ride
I-C%‘II%Q%)“gﬁJtiﬁaeﬁ?eDS%@ BT pEptides f3m the APR: e;( identifying e
e egenicipeptdEs filvalitatint e identifisainmmbnogEhie pépidesiual
Qﬁtgfgjgppes. 0 The APR expressing cells may be IMHC class 11
expressing cells (ADCs). Preferably, APCs are dendritic cells, more

brefarpnly g ARCS pIC Immate dendulie, callx. st prieeablyo the.- and N-
APCs are immature ( end{rg;uc cells gen/_era[tgd from perlghg: 'é)é?%il' Chicy o al
SRR S BEITRIC ESTIs MATBE Gene fated Hoti pefipherat bood ' <" ©
NBaredytes o from HokesHsimasrowaderived- CD84anstarm bell-predarsbrguino
.Ihe peripheral blaod mopepusleancelis. (RBMCs)maybedsolatad:fiomelongation
blood samples b}/ densit grqdientt cenllrgy ation.t'gh th@ord%gyetl‘egm%mm
HER B ShrAtEd T PBMCS By Methade KRowWR i the art. &.g. by Sorting

with magnetic beads. The source of dendritic cells may be mammalian

species, preferably humans. The monocytes may then be differentiated in

cell culture to become 20 immature dendritic cells. The differentiation state

maybe monitored by flow-cytometric analysis, e.g. using upregulation cell
crirfacre markere CDL2 DN DA HI A-DR The amanrint of calle
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incubation with inflammatory cytokines, like TNF alpha or a mixture of

TNF alpha, IL 6, 30 IL-1 beta, PGE2. The source of therapeutic protein

offered to the APCs may be selected from the group comprising

unformulated or formulated protein. Cangrol APCs are treated equivalently

except that they are not exposed to the therapeutic protein (cf. Figure 1).
erildpTheARGsanahe contactedwithy thepolypeptide Orea fragmért 70 different
epu‘t]g reot-whichyls taken.yp oy the AhGsDY: r%ﬁ?@%@g ‘mediated Lptake QY

fluii phase uptake and internalized. By eluting the peptides from the MHC

molecules, a set of naturally processed 5 peptides derived from the

polypeptide or a fragment thereof is obtained. This polypeptide may be

the therapeutic polypeptide of choice or an irrelevant polypeptide of

intré%@%llla?f@%%‘ﬁjﬁﬂﬁ%in expressed in the APC in the absence of pulsed

therapeutic polypeptide) or extracellular origin (a protein derived from the .
Theloigrre prediten g presant i thdoarsencs i purseehrerapatifeed with
MRolypERiite) 0. The dsolated-immufiogenic Peptidhs meydneideptifiedoy be
b OTRANAg NG Pepifen ETIEE o pellsitfieh haueheen saniaciadic

With & source of poten%lajl iImmunogen with those, which have been
PieteintTied omsais FHTEh hdve REEHEER BUACEM Wit TthAt Sotrga ™ ne
rdGoRirel b mpitope:MadigafiotcfomMHEAssociated Peptides: Thepeptidetion
wﬁ%%i@c?gér%?}%ﬁgu@é the methads of the inyention maybevaldateshity are

one of seve iteria, compr,lsmgf HCi,#Jindi motif, MHC blndiglg_ ]
P OAAEHy And - HoEOB TSR By CIOMY A PO 168 SUHC Biding OG>
irarel edimomystrugtoralciarasteristids of peptides hegoeipad- 20we ing factor
(BRrtieutar MHG. moleculs; @lelic vatiant-whichare nesessary e formibodies (ic.

stable complexes with MHC molecules. In the case.of MHC class. |
RBIELLRES, TS HBHIOE” IBRGE VA BL T L 0 18 Armin A mne Svan

clongerspeptidescanbindsinee Bottioénds of the peptide binding groove
are open. Most HLA class Il molecules accommodate up to 4 residues
relevantifer bingingdeneiad:asanchan residues’atorefative positipns 2 tide

LI EER00F S atained i as0onamelie care raian- Thissarm iegion.
Rowever, can %a}c/e variable distance fro §\I-ter iny of tq Ige\ptld‘e_.,
TR SRRPOT CANe Y 2R R i dt & #ae e%aﬁ?ggéageptﬁlé) Cseoré1 région.
dhtence; thepPillanchas residveshisiitaten deposiions B! AcerBH Tdst 1 -2,
VJ’HHI% g«lflﬁﬁ%sI%@ﬁ?@ﬂ@@%ﬁﬁ@ﬂ%@ﬁgﬁ%ﬂ@ﬁ%ﬁ%ﬁ@dsf@ﬁﬁé‘ﬁ{ﬁﬁg@ﬁrﬁi@?ﬁ&h allow
molecules share a bi rophobic nchor, represented by.tyrosj
SRR e (SN SO e T e LI oot o B from 0.3
(T hepositivigand:thensxactetypecof rckervubiserscconsttiietialseptiay
Sgéggmgngnotif which is known for most of the frequently occurring HLA-DR

class Il allelic products. A computer algorithm allowing motif validation in
peptide sequences is "Tepitope”, available byk'w ,.vaccinome. com (by J.
Hammer, Nutley, USA). - 12 The MHC binding capacity of the peptides
identified, by Oygﬁe mettgrods of gg%ipcge_gggg (mvention may be tested by

methSHE RnOVASIATHE AR GEhG. for example, isolated MHC class I
molecules and synthetic peptides with amino acid sequences identical to
thosé HééHitified BYETePRiethbacot i inve r?d'oﬁ\% ' oﬁs%%f Hepar oy toe
pexid Med: 199 HLAG) ;i d788: 808 pVogi A Bidtraksdirimuriol 01994,

R naaY, A colh e i ass o MEC Shass Il expressing. aal
ernatively, a cellular binding assa as X CE
KRS S B TSR PSS o B tbadt (EHG e Ft ey apiop
(AIndlS 0@t dt bEMBOQ.i2000; wd11LoaRR. 3845 1k BothhEddys) fhgolecules.
Aelative-hindingcanagity et a %ﬁ@ti@kg_dﬁg mags%t!dﬁ?d)ﬂ%.&ocdﬁéﬁmmmg thiger so far
concentration necessary to reduce binding o - ti T
7 SOTB o) PepaE B s lh s FoALon bR Sy e caevars P
cHlsA class Il molecules attains IC50 values not exceeding 10-fold the

IC50 of established reference peptides. The same binding assays can

also be used to test the ability of peptides to bind to 15 alternative class

11 MHC molecules, i.e., class [l MHC molecules other than those from

which they were eluted using the method of the invention. The capacity to

prime CD4+ T cells represents the most critical epitope verification
nrocediire Thice nrocediire involvvee teactina of nentidec identified hy the
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measured by, e.g., incorporation of [3H]-thymidine into their DNA. That the
proliferating T cells are CD4+ T cells can be tested by either eliminating
CD4+ T cells 3o from the PBMC prior to assay or by adding inhibitory
antibodies that bind to the CD4+ molecyle on the T cells, thereby
inhibiting proliferation of the latter, in both cases, the proliferative
response will be inhibited only if CD4 T cells are the proliferating cells.
Alternatively, CD4+ T cells can be purified from PBMC and tested for

prolifgratives reseenses o the peptides in the presence of APC expressing
the appropriate Mi IC class Il 35 molecule. Such APCs can be B-lymphocy

o, an Qe A %0@%%::&5%@%&%}%%@'%5 oF whole RBMC ARG en

cana op%e Immortaliz Il lines derived from B-lymphocytes, -

13-
PRGOS HIAET GPRAGER SR BT RNk PrHI ABCS R4h 8fidodéhdust™
Texpreds the sMiGietass th molettde pfdnteresteiltiéy Cah(éxprass E. R..

Mransiected QH{YQEH%?QM%% Jengodingsushmolecwles: Jpigll casaaithe and
APCS can C{)HQJ‘ to

: e assay, be rendered pon- proliferative b tment
R PTG O SPGB AL S KD GGl L e York
Reneastrrissg 168 profiferation ueytoking preduction By dhe BDasm maehs s
phemeaasivad by proseduresdkrown tofhese.it arl Gytokineshincidein APC,

without limitation, interleukin- 2 (IL-2), ipterferon- gamma (IEN-
SRR 1 3 TR i (e SR R (L ygyeres
(FreHewkipe1>¢.-12) or TGF- beta. Assays to measure them include,

without limitation, ELISA, ELISPOT and bio 10 assays in which cells

respohsive etk ABlevant cjtokipearegédtéd fdrssdSponsiveress (e gore
HPIgliferation).in the, presenge of a test sample. Applications The methods

of the present invention can be applied to identify peptides involved in the

immunogenicity of any biopharmaceutical dr Ci h i ich, .

iR R P s
PRPidAs aihieTeeco O IddldravRavsieslBle nEdl Wik Higts ‘df@‘tﬂ’@&éh@tmﬁ
réplysentmmiinpgenteity: chheidgntified irpupabenic. peptidesdantfurtiver the
g e [0 derlink e fenecivenIneransylicl Aohmeplides wit regartio

errm ogenicity. De-fiding may be accomplished by exchange o
deersicrrdredshichs %@a%i@gtgrmégf%miﬁanﬁ%ﬁ%@%ﬁ%;g‘s 4D
cmolepulesythe tehyneteatirfgrmutetediiherapeotigepdtypeptites that have
reduced or no immunogenicity potential. Alternatively, residues critical for
recognition by the T cell receptor on CD4+ T cells can be exchanged..

Methods for exchanging anchor residues critical for binding to MHC class

Il melecuies. s welk knownindae ad. L& Jepiacsmenigf the Pl anchor of

a HLA-DR1- 25 restricted T cell epitope by alanine, glycine, proline or a

charged residue (cf. Kropshofer et al., EMBO J. 15, 6144-6154; 19986).

The HetHea B R AR R b et 15 b o o el
tepitopey that didbeinyhaentiiae sl i Salth eprspd predittibput with
ndgarithms-Rrediglioncedes-tendz 30 taaverdiedicl the numbértafzents, and
Shitopss.camaned i istapeauiicalyaratides; the sonseauence Al such

an over-pre;élctlon is that de- sklng,o high numbers of predicted epitopes
Pk ARHO th 685 OF BIbACHVI S TRTSE CASE8 Frd-tartiin-setrernest Preferebly
Tstretches? confegdpoth: biodetivity ananidnmuldgenicityh Asitihe piesentcell fysates
nyvention identifiesnatyrally - presented pepide epitopes; MNGHNa¥R refore, in

undergone _ompegﬁon for MH blndln%%tes - 14 and qg.laﬁtyrpontrol ba/ .

(4 BTG GHIESY PLASOMIRNAE o APEFEMMARGS Prosehtac RaTas
rearrows dovhn tive mumber ot potential spltopes tord e asbhably seibivds
ArPhen Detiskingief.aseduced number of epitopes will more Purely

retain the bioactivity of therapeutic polypeptides. 5 Having now generally

described this invention, the same will become better understood by

reference to the specific examples, which are included herein for purpose

of illystratign and are not,i ed tq be limiting unless otherwise
speci }Fégf'gwcage%lé%%ﬁ%# ﬁ%e %%oe\%hgge |gour%’s€.'}f%§5- Figures Figure 1

shows a diagram of the methodology to study naturally processed MHC
class ll-associated peptide epitopes derived from a therapeutic

polypeptide added to human dendritic cells. Figure 2 show a comparison
Nnf OKT2_-Aarinvved nentide enitonec identified throiricoh the in <il ico
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OKT3-lc 98-113, GSGTKLEINRADTAPT, #2, OKT-Ic 143-158,
INVKWKIDGSERQNGV, #3, OKT3-hc 194-209, WPSQSITCNVAHPASS,
#4, OKT3-Ic 164-183, DQDSKDSTYSMSSTLTLTKDE. T cells were
re-stimulated once (B) or twice 23 (A,C) with the respective peptide and
mature dendritic cells. The HLA-DRBT genotypes of the dendritic cells

and:T-gelis-employed.areiindicated-othtop effeach diggtam{ B g hats

indicate SD obtained with 3 independent experi . L0 ) Slin
COUiS SHARES Of SUACH BOBUAS s SICIad t6 10, Bnor dalk i e,
IMSHERIGTDR BHRApIGHHE WeTeUSE F#D4D DO £ (AT *H 50T 18861¢8),
chand A0 h 1 2015(3) R5pet B EXAMBLES:T Henexamplesreloiaakelin these
m&%ga%%lg Qq\@/dthﬂbeeegggﬁsagggggg?grg 9&%1%8% mlgﬁaEQ%tibodies, and are

methodology summarized in FIG. 1. and described jn detail in the
corHeSIG! TSrEICHRG BB THAg e TR E o0 fe SEHBES”
agwere hised. acededingutof Srmanufhcturdrs mdtrudliongitinledssothrehivigac prior art
colndicated. Methodology of the Invention Cell Lines and Culture The study

was performed with human dendritic cells which were differentiated from

monocgy. escribed b . S.wer ifi romm. 1 .

perﬁ%gég? o %%%%%ﬁéeélgg\%rg@%}fu%%lrllwlgpsl\]/ﬁ%%ﬂl%é r%'é%@lu%%%%él) )
anRPviy s aBDIEanted with & it Isivat U2 nida Hidiming and-fogh 2»ibody
Bheat-inactivated fetal calf serum (Gibco BRL, Rockville, Md.). Isolation of

Peripheral Blood Mononuclear Cells (PBMCs) Peripheral blood was

?btﬁji%%(ﬂhgﬁgﬁgﬁd%%l&|Wib%%ﬂr?ﬁﬁf&?%@@é@f%@ﬂ&h&mﬁpaﬁaﬁbs

rom healt onaor, eparin (. J iarrln 00 HA | ‘ Che), at of
Coﬁf%%’ﬁli%%!ye%//}étr}af%?ot{ﬁié. %ﬁé‘ffﬁh%?%ﬁlb 00d mono ucg %%?ge?@gg%%%ﬁgg f o
thwerwistiatad byl cantrfiyation ALSm(y) o1 07t osoiak]y [ereRirgrapy
PIQfHQ) alBRQIE (Fpemielnpenalse ) fopBQ MminaPBMGs:tilers totlected the art,
prﬁ&fﬁ%%ﬂ%?%%ﬁ&% raggp;ﬁ‘ﬁ%%%% %Jﬂél%ﬁ’%h QRLaMIng 20, ML IEReS rose.

min, 300 g min). In order to remove 20 erythrocytes,

PBMCs were treated with ALT buffer (140 mM ammoniym.chloride
o TRUFP 53 51 4 M G PORAGE WS AR G s B
arc@ntajringd 20 1iNhd eglely 200 ydforrs iy 4L ACtypine s Petipheral
HBleod Menagyia E@g&ﬁ@%@%gwn@a@%@E_ﬁﬁmgwsaat@rdsmaummhg of the
penacyiesand rpdlicrenatipn ot dendilasels yes deleuninRd by he
ARBERE 5‘%cﬁ%1¥ y%?ems‘?f& amepéja, A U%,&). Generation o Dendriti% ,
efBalls fromePevipherar BIooE MorbEy RssMIGHEE et veré isbrddritan otting
uPBMEs by ROsilive Somingeusing-dntiGDi4] soagneticbEads [(Miitehyi 1B5).
Biotech, Auburn, Calif.) according to the manufacturer's 30 protocol.
Monocytes were cultured in RPMI supplemented with 1% non-essential
amino acids (Gibco, BRL, Rockville, Md. ), 50 n,-/ml recombinant human
granylocyte crophage-col timulating fac - , 10
O e G B A s o e
recombinant human IL-4 (S.A. ‘§'9X|04U/m@%) | gRﬁ(D SXSte”]Sr'\rﬂ-ﬁnwgﬁ-@%?"%mmﬂv
Mink) SMBAS R eRaTE SEuldd H 0 R O7mi Th” -awfejlrfl%l(g}es‘}( Stary

ostar
pfordssdays to dbtamiimtiataréidendriticoéeiise The guatity efen and from

pananacvie-derived immatyreidendritic:celis was rauting)ys monltgied, Sepyides can
fl%w-cytom tncgqa&y&s gﬂ)nformérrlg to t %ghenotype: CD1a (high), CD3
PYMREYOTR ST 4O (nég")"CDbE (neg.), D8O (low), CD83 (neg.),
CD86 (low) and HLA- DR (high). In contrast, mature dendritic cells (cf. y
beloW):diiray THE 1EIERHiInG ﬁﬁ%%%@:@fﬂ%ﬁﬂ&%,%%@@%ﬁ%k??f‘ gEores =n
irthighy); £D86: {highyrandbbADBR:(high)bddpnoclonal antibodies against
CDla, CD3, CD14, CD19, CD56, CD80, CD83, CD86 as io well as the
respective isehine contralsiwarepurehased fame Phammingem (SamBidgosluted

bfg{if- : e%ﬁg@%g% OJSE?@%%%“% Gel '%—%PBEQ%{Q@?@{?HQ&%' 2alypeptide.TO gijured

aciiftate’the Uptake pharmace tical protein by dendritic celis, x10
a @ immE e defiditic Sellslwers Bxpased 1o 880 ug of theed acetic acid and

biopharmaceutical. At the same 15 time, maturation of dendritic cells was
induced by adding 10 ng/ml recombinant human tumor necrosis factor
(TNFalpha; S.A. 1.1x105U/mg). As a control, 6x 106 dendritic cells were
incubated with TNFalpha alone (Figure 1) After 24-48 hrs of co-culture,

matiire dendritiec caelle weare harvvected hyv centrifiiaation at 200 A for 10
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25 using ProteinA sepharose (Pharmacia, Uppsala, Sweden) and
immobilized to CNBr activated sepharose beads (Pharmacia) at a final
concentration of 2.5 mg/ml, according to the manufacturer's protocol.

L243 beads were stored in PBS contaiging 0.1% Zwittergent 3-12
(Calbiochem, La Jolla, Calif.). Nano-Scale Purification of HLA-DR-Peptide
heGomplaxes: 36 Réllets of frazen dendiiic callsk@relraguspénted Malg< 1992,
35?59'%9}“;@0%')10&5%@?9!{1&%@) %%E%@&;%éf tfﬂ@&ﬁx%%@f%m\é él%rb?.,,t PEkp-Bled
mM_ c, containing protease inhibitors chyrnostatin,.pepstatin, ..
19BASE and el ibapin (ROUAE MANARGRFY 8iRAnS T S fysed iy & uted

triforizontafishaker at 1000 rpm, 4 C. for 1 h. The cell lysate was cleared -
18 from cell debris and nuclei by centrifugation at 2000 g, 4 C. for 10 min.
Thedysatewasntariicibatee with 243 beads:(bp1 6 11243rbeads perr1 06

co%&%ﬁs%?%z?s%gggg%ﬁ)ﬁ@lOx;s hakerat, 1000AM41G+i £Qri2 BFSer to remove

mmunoprecipitated HLA-DR-peptide %nbpge_xes ‘bound to L243 geads Cetat
reygre éé@?ﬁ%ﬁt@&&?&éﬁﬂ??u@gﬁgﬁ%a P 16P5 MinPangP BT or acetie
buffashed dheentintéswithz300 0.0:-19cZWitterfenb 3- R4 Calbiottéin) irf 0.5 mM.
nRERr I Re.afficacy. of deplation. ot FitA-DR=peplide cormplexas Wascomplexes are
monitored by analyzing the res?_ectg/e ell | satg§ot)_g ore %nc%ﬁa_fgr_e,gL nalveis
VIHRROR S PRBHONETR P A CBHEIHS Gf (e Dage e mrhly o gty
profestelinbibttiippsing e amind e dRySpetifie: MABIE SEhpyatgspiep may
befea 88 &l o immunelaay £:61 983).6: 36624 0 AArRlutioneficd out in an vltrafiltration
LA-DR-Assogia Yeptjde: -DR- ide_con )
A L P WA00 Y To (TPLE LGl Merae: Dot
volSermaly§- irdnstéridiredran tibranitritiziniobd horrahee MEhsp e dngtion
tuBH (MilliparerBediard (Masshangrwastigd d @ timesiwsthwa0 vi26e of 10 to 20
- (HPL.C-grade) by.centrifugation for 2-4 min at r 4 C RS rabiy wit]
R L S e R
VOSG BFIAN TR PO e LESGHEHS) MRS i deay ?ﬁéﬂ%&ﬁgﬁo{ﬁat € remaning
arpREomnedfon S minat: 33 CukEluteth grbptides wereituldotethire alhewluted
pe H%E‘H%t ybedy csninfugatiop.fdhe yiraliltration; B08,aldA000HRraphy-
r3minat RT fnd immediately lyophilized in a Speed-Vac(c) vacuum
MASRREYRT S Frictibhition of Peptides by Nano-HPLC Lyophilized
peptides eluted from HLA-DR molecules were resolved in 0.05% o
triflsrofuaticr i 0505 SRS NGRS TR ER D EAN AR GRAH AR TR P$8B¢
pdhRLCrgradehanddseparaiedionaidbrmxds emsehfRepMap capiftaryod that
RN A0 AL RReknas AStaia Naherands) eannecied to

' " autosampler and an 25 ULTIMATE(r) nano-flow HPkC |
NGRS TETRSR Sits ST TRE BAGHITAHENS Tndar Grdient Bt 8™ '
argonstant flowifate bf 2RAwYMiniwasubedr0AGmin 5-509 shstefrpB; which

pr%Qé%q dpgbﬁzg' O sysiem: B, RystemAinas; 0-Q09% filuoraackie, 84hence they
acetonitrile/H20 and (ze/stem B vlvas Ot'ﬁ}%ls% trifluoroacetic, 80%

CORSEtOHitH SPHE SEPHratiBH WAS Mbhitored via dual UV absorption at

214 nm and 280 nm. Fractions (400 nl) were collected using 3o the

fraction Eolettor PROBOIFT (BRI WRIRKStAd S EthEH) Oartrspetdgd ° one of
2 Pteranf ARGhOrChip £00/384 NALBREMS, tagget (Broked, Bremen;on exchange,

2§ma & I is.Qf ) | 1 et MSM ,Mﬁ%sﬁ aration 1
Cagogc%}?é}ryngf% C%gg&%?ﬁﬁggﬁt%rggmﬁggﬁ sﬁ{qtﬁ%n@pof om%lex #ﬁ;tidé o
C

PHFIIIES DtHe UARTTE PRitcTERSIOHAP Brotin ettt tacAmology) ¢
rwvasiinsediWasABU MR etlals, ML Bigtechndl 10200 e 2a2i24 701,
(Jhich;is based on a liquid chromatographic fractionation followed by
mass spectrometric sequencing. To this end, the lyophilized peptides
eluted from HLA molecul ere resusp L in.a-buffer containing 5%, .
(v/v)%g%g%%%tft?i é 18?}5{%8&% (%,Jég"tfg ggiiqd %n C])ql%?% E}vt?\}/)ggl%eg téa%ﬁu%ll?é &%{rﬁ}c
oAl THBIR) Bt 595 (A TOTRTIETAS T He SARRBIS WAS SeparateraH’ & o 2
fused-silica microcapillary column (100 m i.d.x365 km) generated by a
Model P- 2000 laser puller (Sutter Instrument Co., Novato, Calif.). The
microcolumn was packed with 3 pm/C18 reverse-phase material
(C18-ACE 3m [ProntoSIL 120-3-C18 ACE-EPS, Leonberg, Germany])

followed by 3 cm of 5m cation exchange material (Partisphere io SCX;
\Whatman Clifton N 1Y A fiillvy arnitomated Q-cten Aradient canaratinn on
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100% buffer A wash, a 20 min salt wash with 100% buffer D and a 100

min gradient from 0- 80% buffer B. 25 The HPLC column was directly

coupled to a Finnigan LCQ ion trap mass spectrometer (Finnigan,

Bremen, Germany) equipped with a nanp-LC electrospray ionization

source. Mass spectrometry in the MS-MS mode was performed according
mitas the manufacturer's piotocdhcThesidentifivationof peptidésaizs Woreobye
pltﬂ? SFQWEST, algguthm against the swiss.fasta database. 30 In silico
" Prediction of Potential Epitopes by TEPITOPE Prediction of potential T

cell EQ%%%??SGV{\Iasasascshleec %dmbE){IyCS%ngtheu'léEPlJél' QFE,al péftetﬁmigpﬂLDl— post

following Search criteria were appﬁ'ed? t res%old 1-3% for best scoring _
scamee4l 69 foomolET afe KeoimE ARIGFAIHGAR 48) dpdtias @?f@fﬁﬂ(’f%ﬁﬁ%‘MS%
macid-residbies)o andpRINislity (predicted to bind to at least 6 out of 9

alleles). To determine the degree 35 of promiscuity the following 9 alleles

werg chosan iR agregmentwithhiheir{rrquent-20-1aceuiEaneesitdheknown in the

Caucasian population: HLA-DRBI *0101,,/0301, *0401, *0701, * 1
1 RS AEHT AR TIRBALOT Mt S s i popitics e
cignalopeptidies iWerarAotineluty frraracapitppd sauien e et ¢Aion SCOT
oAssay s Sthe prieparatianrof &b hcelisfrotafresh PBMEsiwasuence databases

erformed by negatjve selecti i : ' Lisolati |

R R
TR 5 B Wiabs Y GUHtGe By Ty pATP Bitfe ARG SR ARGHEH).

T cells were resuspended at 2 x 106 cells/ml in AIM V medium (Gibco

BRL, Rockville, MD). Dendritic cells (DCs) were differentiated from

PBMCs as described 10 and cultured in complete Macrophage-SFM

medivml{&ibeorBirtldcRockyilebMIARION Mays4pmmaturesDCs were

stimulated with 10 g/m1 LPS (Sigma-Aldrich). On day 6, matured DCs

werg:washed-and regyspended.in MMM dnediia @i Xt aeliplinl <feion,
o0 L, QL s Eefie 2 K 00nand Ot i AldleAone BIGe. (¢
R O i AN RS Were i “bottomed 96-well

, Were mixed in'a rouf tome :
sformatplatenQT3aniy and Usinfekansyhwiete reidetoa fihgpeptides,

MERNERNTatoR 9f R0g4mbiand & tghmbrespectvelyg Sy nihtticpeplides of the
wer added %o a igjael C%le§crét5 g)or}l gf 20 M, FE%ED antigen was tested in
pfﬁ’p\lcea e ﬁ&a'y 6ffthe ¢o-cu ture, 10 ilIfI\/F -bromo-2'-deoxyuridine
(BrdU) (Roche, Basel, Switzerland) was added to each well. After 24 hrs
incubation, cultures were harvested and processed according to the
manufacturer's protocol. T cell proliferation of 20 cultures without added
antigénantitetised sifsfémenitdswith an average stimulation index (SI) set
to 1. For restimulation of T cells, immature DCs (2-3 x 106/ml) were frozen
at -70€ ds1i:009%t ABqseruity (Sigmae Aldrich); 4006IRPMI arig; 1096 BMST
ré§ég£‘8?€ﬁ%¥ﬁﬁ) ¢ALING Jime:ReiAtotresiimulationn %f werg.delrasted fiow-
washed an%(_:u_ltlvated_ for 2 days in the 25 presence ,)1% fg}aﬁ/rﬁgl LPS. On,. .
(GBS FRSTTIANTR O Uy £0 (2B FASimalatn) of Tt DO g
tcomsuliunea Ot pabAdvs W InediafivaharaiprEairTirdin Reehasaihplewend
priarte adding.0:1 mi-eh.defrosterts mature DCs (2 X 1.04) in AIM V to the
co-culture together with fresh protein or peptide antigen. IL-2
(Pharmingen, San Diego, CA) was added in a final concentration of 100
U/ml. 30 Example 1 OK'F3 was the first therapeutic antibody. It has been
appr\%/ed Q{ the FDA in 1986. Itis a CD3-specific mouse IgG2a antibody
and E?éfy” sed in the clinic as an immunosuppressive drug in
transplantation (L. Chatenaud, 2003), type 1 diabet (}I:E’) SS#VIasteIIer & J.
Blueaioe: $6027 4H8 PETHSR CF Ud<ar SEa - 2005)  BUsHE the ™ 2er
prafdendh2k DK Beinducdelimmunnt suppressivm dhecepcusrenté of ancell
C%%-IQIﬁ};%&gggg&s&&g}tﬁm_@nogenelc. protein was one of the main
drawbacks in early clinical trials promoting rapid clearance and
neutralization of OKT3 (G. Goldstein, 1987). It has been reported that the
incidence of immunogenicity is roughly 85% in studies involving
OKT3-treated 5 individuals (C. Pendley et al., 2003). The strategy outlined
in Figure 1 was used to identify peptide epitopes of OKT3, presented by

dendritic cells displaying the HLA-DR genotype HLA-DRBI*0401/1302. To
idantifvy HI AcDRR1*04A01/1202-reactricted OK TR anitnnece dendritiec calle
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Sequence analysis of HLA-DRBI*0401/1302-associated ligands revealed

3 OKT3- derived epitopes, represented by 7 peptide sequences derived

from OKT3 (Table 1). Two 20 of the epitopes were derived from the x

light chain, one epitope was. located in the heavy chain. The three

epitopes associated to the haplotypes DRB1*0401/1302 were found in at

least2; independantexper ments:skpitape.nb was:representetlobyfer 1&entifying
pet%%]e%%m%&eg}'ﬁ w{he 15-mer, *3{&{}9 ﬂ%{gge fram the constant part of

ht chain region 99- f13 tope f1 contains the 25 anchor
a>rﬁm\rﬁéﬂ%éetbﬁewq&é,@%e%eﬁa@ée%tlaaﬁﬁﬁa%%iﬁ%ﬁle%ﬁﬁ@é*@é@‘f ing
0.(Fo\bergeekeptals, 1996)2hH1 03 asRihd 206ia:1P4,2A<1D8@s P6 and

bﬁdﬁ{!a@&P%h%Q&%DQ?&ﬂww angher @%{qﬁ%m@al@ Mo hinding to
Cﬁ@gvmo"l as indicated by the. EPITOPE or| m( igure 2). Epitope

HE e AR P 1268 F@ﬁﬁ & Tﬁ%ﬁlﬁﬁei & Eﬁo induce
d prolifepatienobCDApap gélis HBpitopetiRwas stimulatory in context of
CJg&%%%Q@Ugrﬂlq{@@m@ eckthe genotypes DRB1*0401 / *0701 (Figure
B})wand DRBI*OBQ%L / ¥150 n% 3C) H owever F was incapable of
) aé r§|h Eon ext o t:hé'”é ngty alf)ls% $1601 / *1201. Epitope
#2 was re}presented by 4 length variants: a 13-mer, a 14-mer , al5- mer .
and 35 A TeeHRaF SRS THIE Bpltope Was Al<oisrived [ 6 Sonisedreo
APegiare akthiilightH22=ohain dabiit (TabRCk)aEpitoper2 weasipredictedmost
pRYethe) T BRI EOPE, algerithmip 4bgicantext ot RRBEOAOL, (Figurr2) 8nrdd
contains the following anchor motif: W-147 as P1, D-150 as P4, 5-1.52 as
EBYHEHor. In the T cell activation assay, epitope #2 stimulated
proliferation of T cells in the context of the genotypes DRBI*0401 / *Q701
(Fighve SBY SeahurBR B A530%E a1 Bom (PR Hhdvpsver iedidenat from bone
mslifaulater i celio R cantaxtal-hecgenotypeeDREMAD01LH 2000 Thecar cells
(1ame b%@?@%ﬁpe yense.of Shi Qeﬁ%mmm{mqémtfﬁoa%whe

e extracted from an EBV-transformed

e N R L)) li@aé HiopE NS #évp?é%téﬁ?ed Bg%wé#e%naﬁﬁv
soraranti thendgznertt8ds 2T hewasr cderived drom thiés comstantregioniof thecies,

Q#é%%ib%‘%?ﬁ%@ﬁ@%é«)tém Q. 8RIOPE ki SRItAPE# 3 .6aHAINS ccome
Pihe anchor tlf of t iv%ocg%allele DRB3*0301: J-199 as PI, N-

iplpe RSSO A8 P S B UREROF ATtHD UG TS SREpr i SHometi

aralgorittern. @ndngepmgdﬂm@pﬁdbe:ﬁfacmelﬂﬁéﬁﬁo@@%q@@ﬁoﬁfm@ﬁ fokA-DR.
*0401, *0701 or *1101 (Figure 2), 15 epitope #3 activated T cells in the
context efalh3tDRBIL genetypes tested (Fdgure ) MHE damé epitepedras

- I ession rate
ERTEPRR R R G

&M %@ﬁ?@éﬁ&?@fnfope@%f“ﬁq% (S a I h B AT L AR 2410
rreonteXt@f the gehotypé RRBI*640141802;only predidtions foll DR\ hera! blood

nbiRequidihe made becadse theiother alleles arsl r&%aqy@r@gmbwuem e then
aI orithm , (Figure 2) Q[& PITOPE predicted.11 e%oétopes |n pa |I§ht

AEh SRS Grify two SBREHE M }%8?%1%&10%& he rataraty roceg% wre
dq:mbmueceiémpest tepseserfvedfbylﬁﬁmbesr#iueﬁ@}#@%ﬁgdiféﬂzwm kewlsart e.g.
inEERITQRE Bredictes 43.erifapesdn the OKT3 hieavy chainu2bohowevepha, 11-6,

n ne of covered epitope #3 (Figure 2). Example 2 The strategy
outFned igure 1 was also used to identify peptide epitopes of OKT3,

presented by dendritic cells dis Iayln th DR genotype HL
DRBIA6 70/ 1601 307 G- HEAH HL A BRET-OTOU S OTTTeCh Rl B P e

gepitopes pdengritid cetls;)a exipressing the genotypelddbrdDRBPO70 11604

c\vere differentiated.fram. petiphetal, hlood menaslies and culiured atiaure 1).
concentration of 0.5 x 106 cells / mt. 5 x 106 dendrltlc cells were exposed
to the antibody OKT3 at a concentration of 20 g/ml. At the same time,
maturation of dendritic cells was induced by addingTNFa (10 ng/mi). As a
-23- control, the same amount of dendritic cells was cultured in the
absence of OKT3, but in the presence of TNFa. After an incubation
period of 24 hrs, both sets of dendritic cells were lysed in detergent
TX-100 and HLA-DR molecules were precipitated by using the
anti-HLA-DR mAb L243 immobilized to sepharose beads. HLA-DR

acenciated nentidece B ware aliited with O 1044 TEA and analhized hyv
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genotypes DRB1*0401 / *0701 (Figure 3B) and DRBI*0301 / *1501. (Fig.

3C). However, it was incapable of activating T cells in context of the

genotype DRB 1* 1001 / *1201. Epitope #4 was recently described in the

bovine system, extracted from blood 2@;mononuclear cells and presented

by the bovine allele DRB3*2703 (Sharif et al., 2002). When the

TERITQRE algatithmanas ehpioyegtpredictdpitopés of the OKTE which 1s

e t A OHOL (716Q%L only

o for, DREL G401 el bo e becavee ine BREI60L allce
injgHsE esvered by the algorithm 25 (Figure 2). TEPITOPE predicted 5

epitopes in the kappa light chain, however, only one of them was among

the Rrtirally phocesssttpapide e bl pes deprisentsd By eitspeniacessed
p&ﬁi@ﬁ'é(%&)iv%@%ﬁ%ér EMTOREpreditted:8-epiiopes indhei@iT 3 heauypeptide

e the OWEY Rl 1ORE: Of t I W:%é‘%@%‘?r&ﬁ%’é’l%@ﬁ@iyﬁ@&&@@F%%lb)ée}lular
%currlng pepti es ﬁjﬂ xample 3 s0 %y outlined jn de)
(RSB MR BapALE EERBLS ORI o By o
extreeliatestinted by theiH lABR genotypes!RuADRBHI 10011202 e Fot 10 the

Hoentify HLADRBIELLI0L fricted OKTS3 epitopes, dendritic cells,
y express&]g the gen(])ptypegli—%ﬁiP D BI1"1101/1202 were differentiated from

peripheral - 4 blood monoc nd c [ f
106 ﬁlés?la FER T8 %%endp maéUre e%éb%e %gﬁ%@ﬁ r})thO%'l'%Ude
1danafm}nﬁémr%ﬁllbrwaM@Weﬁﬁﬂ@é%%é“lﬁh?e‘-"%%t‘iﬁeﬁt?&ﬁ%f‘a e osen
wesliswasdneuces by adding TINEd: (20 dadimb.idshaveantrotetheosamied with
EnS%%QEeo dendr itic cells was cultured in the absence of OKT3, butin 5
fie prese Tce o? NFa- After an incubation period of 24 hrs, both sets of
dendritic cells were lysed in detergent TX- 100 and HLA-DR molecules
were precipitated by using the anti-HLA-DR mAb L243 immobilized to
sepharose beads. HLA-DR associated peptides were eluted with 0.1%
%%Wé%eénalyss of HLA-DRB
1*11.01/ 1202-associated ligands revealed 2 OKT3- 10 derived epitope
#1 diike#Bprepreserted:bylS1H6ptide Sevustived déiRePROIHORTS be ¢ validated

p{TaRl %f%)ev@aﬁc?ﬁ&%ec% darived froputhe X lightichaittbe athgegpitopeand

was locat %1 111:1 vy, C n The two epltopes associated to the
, ]%Qbfliﬂ}f)‘é%‘b@é ] g ﬂé@ S\Were found in at least 2 independent

experiments. Epitope #1 was represented by the same 15- and 16-m
peptMEhaTTRSHBER 18 ESENBER ABBVETA 5 doHTEx oY the gehbl Dy 21ed

eno
tdDRB 110401 §71802 (et Tabldgit anth8)) Epitbpee#E Comains fﬁ@“aﬁéh]@r

cm%'lfeg Ihe.PRBI*110% alleler L 103,95 R 14Ac108:asiRGiand A-Ieloastide
P9 anchor. Epitope #1 was verlg\%d as aT c?ll e |tope througq its oter%(;[}/oth

1%@%8%656¥8ﬁfe]raﬁ%r]180?r8591$ cais: E’Efpriopeﬁ’%r_LpW]%—;)lsldsefi ) abtlonrybilnnc
esontéxhebdpnidriic: Selissthar displayed tHegéHotyPas DREIO#GF pegrrpmodate
ugzﬂgqf%s;’a&érl@@& Qa*p&%i&hgod %@%(ﬁlgﬁﬁﬁbﬁmr l:ttVMﬁsbtwe positions
eo tivating T, cells in context of t eo ﬁ]_) over. can
I?’11 ﬁl[?g ﬁ%n%érﬁf{eél from’ néeébcn%)[?nlieféglon l)ofgthoe%g%c} gg\V/[ ;o )
b@hamfﬁéb‘léﬁw)e 038 oSSR AR VAR R DAy s, 2 4
94207 thei d5-mee494-208 cthe ckTo25 rar 4 Qe 0anththed 8umes located at
p%?ﬁénls]%”ab'e 3)- A'tte%%cﬁ'a& BEaP &QJB 132%%%@}@&&@%%%1 HLA-

epitope #3 nelthern?o nor for Figure 2), epjtope #3
DR flastdd Toens fthéféérl?éé)&?éﬁ 311@}?}@%1 1a@b‘?%r;f68§€f5§f8§ l(hab? 55
pWhehthe EERITOREalgarithinwas, émployes tarpredict egitepes of the
OKT3 30 kappa light chain in the context of the genotype
DRB’[’%IJ é!&@?aw%@égﬂstk%soﬁwn%& 45410 could:betmadetide binding

}f %F}E pther a 'el%so rengt ?O"ere%’% %@%@@D@%{??Mehc
REPIY redicted ep opesin the k \t chain, however, only
ég%éqat %EV

PonBuEpith e WS Amksivg the AREITEIR BFO Hahtiteeah 86%%“6“63 is
"epresented b epitope#l v{Figure: 2)chikewise HEERITOR E-joredited 9
epitopes in the OK T 3 heavy chain, however, 35 none of them covered
epitope #3 (Figure 2). -25- Example 4 The strategy outlined in Figure 1
was also used to identify peptide epitopes of OKT3, presented by

dendritic cells displaying the HLA-DR genotype HLA- DRB1*0301/0401. 5
To ideantifvy Hl AcDRR1*0201/0A01 -reactricted OK TR anitnnece dendritie
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epitope #2 was derived from the is light chain and found in at least 2

independent experiments. Epitope #2 was represented by the 17-mer

peptide 143-159 derived from the 20 constant part of the light chain (Table

4). As described above (example 1), epitope #2 contains the anchor motif

of the DRB1*0401 allele: W-147 as PI, D-150 as P4, S-152 as P6 anchor.

TheTsarmée-anchoetiresidpesimayicopfetBind g toDRB 10801h e of the present
in U%gllﬁggedl gyb Ehcgsg—e% %UIQE Eoalgorithm kFgure2) 915@ ItRepe:# 31}54@51&@ rifigdvHC

asa T cell e itop thr gh |ts é}tenc o mduce rollferatlon E flto-[hose

Iraild oy 8“#?’2" ﬁﬁ%f’fﬁ) G Context 25 of den riti éec?e] S
iddisplayéd the gedmypés"@Reqwmelﬁﬁi*@g@@f(’e@wéaéeﬁ &8 MR«‘B%%%O&/J
1755504 éngoé’tQ) B'%@\ﬂe\}ernﬁmt@&e @%M@sanp@ﬁableQfa@wamgtmqeﬂsm e

In_Cco 120 -
196(19@03&!1%%&/\/&8 eJm%TQar ve w ]1[iep|to E)necéirc% E&h%&g a S%s III expressing
ce@ﬁa}nsmrtﬁél@@méxte@%mne@éh@wﬁe BRIV, FReAB RIS B Phinas o
~LERIT@PE predicted 112 epitopes in the kappa light chain, however, only

one of them was among the naturally processed peptide epitopes,

reprﬁ?ﬁ@%ﬁ@&éfyﬁRﬁ@Q@lﬁ%&%‘&%ﬁ%@aM&ﬁWlﬁ% PEERITQRERIedICted 18
epitopes in the OKT3 heavy chain, “however, gone of them was sugpprtegL ride

dﬁﬁlfﬁélﬁ?mw&éoﬁfﬁ%w&?@%ecéﬂ‘?? ﬁgtopleepl est Jure 9. o B m“lé’ 5
biriteridiisheteiid-binid carihtiyieomaling méﬁe;&%‘ffﬂeéﬁﬁéﬁtﬂof ass 11
hultiple Jselerosis (Reisenhammerdet at.o 2000 hree diffarehk el eference
formulations are currently marketed: Avonex, Rebif (both IFN-Q-la) and
P’ﬁ?ég eron (IFN-Q-Ib). Thereof Betaseron 5 was the first one on the

market, being approved by FDA in 1993 under acc ted .a
oI oMSI T LIS SRR, Hhd OB, B e O feond ©
Jlexcaplienally invfidfogehicilAfter rdatmantiithnBetasisior ke ﬁheeﬁlﬁee from
m%@'é?hé‘} of. Ratients Rraduce A0t D@ newtializing antibodies, while

%-of Avonex-treated patlents show neutralizing anti-drug

antibodies (Deiserhammer,et &k 2000; BeroloH Sl102) 2004)c/n hisscacion

cont import mention that Avonex and Rebif are e presf;%l Lin
POHiese: HAm StErovaFy BNy 5 G ESARE FroriAS VR the nattlrg 4° o the
-amineacid (sequenie  whiteBetasero isshxpressedin. Bejgofidnvath amine acid

non-glycosylated form wi fleletionand 8 dySikhdonSen
qe%lnrtgtrﬁsu%ggg% Mlgriﬂe%% atltlﬂc%é\{l %Dljt-ll das and Béenfleld 997 e:iéi f"?édbv

C@ﬁél@&ﬂﬁlf%%‘eacﬁﬁ’eeré%@%ﬁ NS 3?61& i 368%}9
thmmeshogenicihs henstrategysoutierst: dn Figure thevay eleedlefoﬁidéhwmﬁed for
ﬂ?e‘%PEQﬁS%%%%% IEN(3:iby, Presented by dengritic galls-displaying thesing the

DR eno% pe, HLA-DRB1*010110701. To |dent|fy

19876110761 Pedtricted IFN-(-Ib epitopes, dendritic cells,

expressmg the genotype HLA-DRBI*0101/070l were dlfferentlatedwgn?\
peripfHefal 2G-HIG6tPRIBAROEYIES BHfc CliRretFat s BBl RFATIOR 6H /5 X O™ 77
tﬂ@@rﬁ&llﬁ levakp ¢, 186 dendiitier déile wereoexposkdrtos ENFBME atan be cultured

gneenta ), Same | i &H&i@@é}% is-gells
Wels Fﬁd S%Eeé[%glgagdgd%%%%ﬁ){lﬂﬁai%yﬁw %’%@&%W;Eé}:‘ f% t% of 1

RGN A e oritRo R THE aééﬂ?lé? 8%%%8 was cultire
pthei absencd ofllF <8k -blitcr] $herpi:e§eﬁcé of aﬁerm@ﬁlmﬁ%oﬁ cells

f%nggeqj’g’glﬁ%gf {path.setsof dendritigieells werailysedsimdeterganthe CD4+
an

DR molecul es were ¢l ted i the L h
%%%LN%%%A%%Z%H%%% 54 ftég ol Earf)%re Whasﬁg (DS cases: the
rask6oiaied peptideswicre wiitatditn'o .11%%%&«?&1%@9&@ *Blyferau—ng cells.
2R:LSMSMS) Sequence apalysisiofiHiA DRBICOLDE/QA0 proliferative
1?5?91%?.[& %hgands revea&)eed ?{Qﬁ%nlgé\!} enve (% N?gn%qﬁg 11(1;5’1 ate Ml IC class 11

esen ep Stide se uences ffom IFN-(3-1b°30 (Table
Thiecapiiopelr s%@,@m@(&ﬂeslﬂfél@eweysemefwe St A el
Jound|inpthe context efthe genotyperDRBI*001E404r (ofd TialhelB)ymphocyes,
Epitope #5 was represented by a 13-mer, a 16-mer and a 17-mer peptide,
the 13- met being derived from the protein region 44-60 (Table 5). Epitope
1-5 contains the following anchor motif: F-49 as Pi, E-52 as P4, A-54 as

P6 and T-57 as P9 anchor. 35 Consistently, in in vitro binding assays it
hac heen chnown that a 1G-meaer nentide 77- containinAa enitone #5 hac
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were precipitated by using the anti-HLA-DR mAb L243 immobilized to

sepharose beads. 1s HLA-DR associated peptides were eluted with 0.1%

TFA and analyzed by 2D-LS/MS-MS. Sequence analysis of

HLA-DRBI*1101/1404-associatedligands 1evealed 2IFN-~-Ib -derived

epitopes, #6 and #7) represented by 24 peptide sequences derived from
mENOR, (TablerB)g &ptﬁ@ﬁeﬁé&wa&%s@‘iewﬁdijmEeﬁdn@xiwﬁsmexplesq the
vﬂﬁ@%ﬁxg’@[%&&&%@&f@?&@t D) #7aS, %%E@é@ﬁdﬂrﬁ*&% context

enotype DRBI*0801 (Table 7 (? 0 DR I*0101/14 able 8) ? q
@%Bmee@/fs@icﬁ%be 8). EffitdPe #B WA TepresdRtel 32 fengiiicred nom-

puaifantsq€ldy 19:aner) tthéd.lemebeing dérived fromitheprotein region

89-99 (Table 6). Epitope #6 contains the following anchor motif: Y-91 as

P1, 1:9% ar 24496 as-P&.and cE%B[&@lszthghef@HEheeemQth by the CD4+
SRR e e D A SIS RSN e i
linBtaien peptide ks m&.%&m@@bﬁ%ﬁé S %S FESHOTRY 1o ‘ibm 4 (12-4),
TRRBIAZ0irthera:wassnol evidenedddaT-cell Activatioreite thismHRAllcdAtext TGE-

bé%%?éﬁ & ﬂlea%Q%%e%P }9@@&%7\%@%15@ presented by 8:13Mes@nd.ad bio-
15-mer peptide, the 13-mer bejing from the proteln region, 149-161 (Table

S5 EBB e B 7LORSIRS IHE TBIONTAG GG SO MOt F 58 o B s e
padiP4;iR158 ds-Pécand Gi6keasP9dnchor. A 15-mer peptide containing
the epitope #7 has also been shown to be a promiscuous binder with very
strong pirdingheapabilities for the HLA alleles DRB1*0101, DRBI*1101
and DP.B1*1501 (Tangri et al., 2005). Furthermore is has been described
that%ﬁﬂ@%@@@#H@E@é@éﬂgz&b&ﬁ%%@% iy agg};&%weih gv H@@q'ﬁa@oked
DRB, 1*0701 bac arbosa et al., %5 g 11 =xample 1 lcple
1%&’&&6?18{]9@%’6‘: W& GRS Hity bt Bhtioses 01‘h
utfank¢Btible p@semé@lsw den @@um@eaiﬂs?mgp!aymigqguémmm @avﬂ@@wédver% or

sHLA-DRBLO8ALIO80L; Tie.identify b LA-RRBL RSP L08R ressictatty.
FN-0'-Ib epitopes, dendritic cells, 5 expressing the genotype

H LATrh)eRz%%nQ%g&/ %&%H%%re%lqgggﬁﬁga@q fromperinherad, bloody e ¢ esiective

monocytes and cultured at a conéentration of 0.5 x 106 ce){ks / %5 x 10
(Gsrtitic C AR RBrE EXpBise def -9 AP EEBRERH it AL
atherspinketirhe cnlatogatidnof demdritie calls waslinducse Byaddingng to MHC

fégg)ﬁqy§l%98!@”@x%i@b$§&)egﬁﬁv ?QLE‘&%@&@?&%&HQ/@%@&%@Q{Ef Ghtherduced

same amount of dendritic c was cuI the a s ce of
R e e N iy e

cgbtsamptiandritic dells waretypseddrrbieterdent TX- 100 and HLA-DR
molecules were precipitated by using the anti-HLA-DR mAb L243
immMﬂﬁZ@&iﬂfansepihaf@senbeaﬁs: tei Az BRrasso diatech peptidesiWerelass I
RSHied I Qi tEnandianalyzed by @lﬁé@\éﬁfﬁ@ﬁ%ﬂ%g?m@fs@m
A-DRB|*0801/0801- assomated IS revealed % {f .
rcﬁéﬁ%deefﬁ%iié%mf'%BVe%éﬁ’t% By et Seduvnce o e rropshotr
ctRN-EMB(Table 7)44Thetwirepitopes associated to the genotype DRB
1*0801/0801 were found in at least 2 independent experiments. Epitope
#6 was represented by 17 length variants (11-18-mer), the 11-mer being
derived from the protein region 89-99 (Table 6). As described above for
DRBA;11041:404,20: epitepa dib.comains dng ﬁ@éﬂgwegetheém@%%&l that
as P1, 1%%1 s P4, H-96 as P6 and T 99 as,P9 anchor. eﬁ ch codes tend
P titias Iy Eoritar b @fﬂzaotﬁe*ﬁrzi\%ﬁ%i&%ﬁ%ow o1 fa%dws%
1d 10801 ad prédicted iy ﬂfesﬂrewr@e@mg@mhhﬁmwp@#vmﬁe% The

JeRresented by the: M@M@%@@%ﬁtn vidtantsiskhe bIimer 163Hk6d o fthedicted
13-mer 149- 16 the 14 3549 162, the 14-mer 148-161 and the 15,[mecrh
ot To0 T (e 55, ETOpa 5 Contotre The Toltouing Shanor paang s
cFai8Pad Pioaise a8 CivurmRu N58plsIPB AN GUBIPASPOREhs i fes naturally
pEéS@HﬂEkﬁ%BpTﬁﬁ strategy autihed o kigurechasiised o identify peptide g sites
epitopes of IFN-(3-Ib, presented by dendritic cells displaying the HLA-DR
genotype HLA-DRBI*0101/1401. 30 To identify
HLA-DRB1*0101/1401-restricted IFN-0-Ib epitopes, dendritic cells,

expressing the genotype ILA-DRB1*0101/1401 were differentiated from

narinheral hlond monoecyviiee and criltrired at a econcentrationcn of O 5 v 10 A



to independent experiments. Epitope #5 was represented by 7/ length
variants: The 15-mer 46-60, the 16-mer 45- 60, the 17-mer 44-60, the
18-mer 43-60, the 19-mer 43-61, the 19-mer 42-60 and the 22- mer 39-60
(Table 8). Epitope #5 contains the following anchor motif: F-49 as P1,
E-52 as P4, A-54 as P6 and T-57 as P9 anchor. I5 Epitope #7 was
arrépresented byl &1 Sarenand alis:mérpBpddesitetiaiher Beingetiond
JQ%IRE@E&”J ﬁ%@&xlﬂfgx«%%hé-ﬁ%%% 8o @!E@Qﬁa#&ﬁ@ﬁ@d RS ih%ef@lﬁwmgm all
angnor motif: F-153 as. PI, as Pf4 R- 1538w me d Gf rg
RORbr EXATBke Tid s 8&? Sehifed i igure Fwas tised to it entlfy
bipeptidey @éﬂb@eS@mFWth@@qpresented by dendritic cells displaying
the HLA-DR genotype HLA-DRBI*1303/1501. To identify
HLARRBA: 130350 yréstricted (FNqx+Hnepitopes;adendiiticeceliss better
ul%((pxr %§§Hh'%9vthe$eg§9:%ty@ & HLARR B33/ 100 wers differentiated fiemurpose

eripheral bIood onocytes an uIt red at acon entr ion of 0.5 £1%6
SRSTHIN B0 dShuRtic el éPeS BB%@?:Ft% I%fwi“e Specthed, I
ccﬁmmmraﬁudm bf Z0lghmbfthesame time, 25 maturatlon of dendritic cells

was induced by adding lipopolysaccharide (LPS) at a concentration of 1
ug/ml). As a control, the same amount of dendritic cells was cultured in
the absence of IFN-0-1b, but in the presence of LPS. After an incubation
period of 24 hrs, both sets of dendritic cells were lysed in detergent
TX-100 and HLA-DR molecules were precipitated by using the
anti-HLA-DR n7Ab L243 immobilized to sepharose beads. so HLA-DR
associated peptides were eluted with 0.1% TFA and analyzed by
2D-LS/MS-MS. Sequence analysis of HLA-DRB1*130311501-associated
ligands revealed 1 IFN-fir-lb -derived epitope, represented by three
peptide sequences derived from IFN-0-1b (Table 9). The epitope
associated to the genotype DRB1* 1303/1501 was found in at least 2
independent experiments. -30- Epitope #7 was represented by the 13-mer
149-161, the 16-mer 148-161 and the 17 mer 147-161 (Table 9). Epitope
#7 contains the following anchor motif: F-153 as P1, I- 156 as P4, R-158
as P6 and G-161 as P9 anchor. 5 10 15 20 31- Table 1. OKT-3
(Orthoclone) epitopes associated to the genotype HLA-DRE1*0401/*1302.
Epitope Peptide sequence OKT-3 subunit OKT-3 region SEQ. ID. no. NO
[l 1 SGTKLEINRADTAPT iclightchain 99-113 3 GSGTKLEINRADTAPT
98-113 4 #2 VKWKIDGSERQNG ic light chain 145-157 5
NVKWKIDGSERQNG 144-157 6 INVKWKIDGSERQNG 143-157
INVKWKIDGSERQNGYV 143-158 8 43 WPSQSITCNVAHPASST heavy
chain 194-210 19 Table 2. OKT-3 (Orthoclone) epitopes associated to the
genotype HLA-DRB1*0701/*1601. Epitope OKT-3 SEQ. ID. Peptide
sequence subunit OKT-3 region NO no. #4 KDSTYSMSSTLTLTK K light
chain 168-182 10 KDSTYSMSSTLTLTKD 168-183 11
KDSTYSMSSTLTLTKDE 168-184 12 13 SKDSTYSMSSTLTLTKD -~
167-183 SKDSI'YSMSSTLTLTKDE 167-184 14
DSKDSTYSMSSTLTLTKD 166-183 15 DSKDSTYSMSSTLTLTKDE
166-184 16 DQDSKDSTYSMSSTLTLTKD 164-183 17
DQDSKDSTYSMSSTLTLTKDE 164-184 18
TDQDSKDSTYSMSSTLTLTKDE | 163 184 9 5 Table 3. OKT-3
(Orthoclone) epitopes associated to the genotype HLA-DRB1*1101/*1202.
32- Epitope Peptide sequence OKT-3 OKT-3 region SEQ. ID. no. subunit
NO
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---------------- #1 SGTKLEINRADT'APT K light chain 99-113 20 |
GSGTKLEINRADTAPT 98-113 F 21 ~ | ------------ #3
WPSQSITCNVAHPA heavy chain 194-207 22 WPSQSITCNVAHPAS
194-208 23 WPSQSITCNVAHPASST 194-210 24
~WPSQSITCNVAHPASSTK 194-211 25 s Table 4. OKT-3 (Orthoclone)
epitdipessassociated to the genotype HLA-,DRB1*0301/0401. Epitope
Peptide sequence OKT-3 OKT-3 region SEQ. ID. no. subunit NO #2

| N\%Wl@l DESERONGMxighchaifod 3}?&3‘35-@98@1‘1@&@@9@1 ocessed MHC

Interferon- pes.assoc ated the .
c iﬁﬁﬁ%ﬁ({)@iﬁ(ﬁ%ﬁ)i % %efopméiﬁ% eptide sed%é]r?é; R rééﬁéﬁi ©
hgrQ dPdND: #5FQKEDA _z LTYE 48-60 27 QLQQFQKEDAALTIYE
45-60 28 t KQLQQFQKED AALTIYE 44-60 29 15 Table 6. 20
Interferon-0-1b epitopes associated to the genotype
.HLA-DRB1*11011*1404. 33 Epitope no. Peptide sequence 7PN-Li-lb
regio SEQHR N@)fﬁ'p HOHMo f‘@ﬂ‘ﬂ%ﬁvﬁ& 8930e dMﬂEp{H QiekNilﬂ bKibYough
89-1 0 31 N'VYH T YHQI ing

4 NWH INHLKTVLE 104 3 )
deRNVHON NﬂfE‘Sffrésnglé@vlmquemﬁt%qé@s@ié‘&§7DRB1 alleles *0301,
*CANYYOHQINRLKTVL, 881422381 ANAIGINELKTVEE8810% 9he protein

eep\_%lnxy RUINHLKTVLEE, 88: O3 AYIHQINFL K V-, 8@1’11139906@ peptide
A7W INHLKTV 87-100 42 L NVVHQINHLKTVL 87- 10

ofm@ﬁaWﬁ@m&%rwé PRIRIATR RTREAEE %ﬂ%&]ﬁéﬁ“um
Vit AMYYHQH SHLAT td86-10M a6 s I@DANWH@IMH CKTIVIsE86a1e2 47
LI-ANVYHQINHLKTVLEE 86-103 48 LLANVYHQINHLKTVLEEK 86-104
49 NLLAIWWQINHLKTVLE 85-102 50 NLLM YHQINHLKWLEE 85-103
51 #7 ILRS?FYF INRLTG 149-161 52 VEILRNFYFINRLTG 147-161 53

Tabje (o IQltﬁ{‘fm%@ﬁlh%ﬁ@@%@@@%‘%@i@&ﬁ%ﬁ%ﬂ@ﬁ OKT3-derived
ELA-DRB'170801/:0801 | Lgpe no, | Ide seqpienc IEN-

P%@fﬁgﬁ §€Q IRfESE RR/ ﬁﬁwaﬁ? érﬁﬁﬁégg}z index (SI).
T894 Q0665 4 QK Tvad 89- 1@1&@&%\/@9@%& kT VEE 99887 1,

ONY3YHQINHLICEVLERE 8954038 £t/ YHQINHIE B8589 59

AR 0 RPN S v g

163-NRLR D 8RS0 LS LTANY Y EIGiNgs krvar e 7Uizndlesd once (B) or fice
(A,C) with the respective peptide and mature dendritic cells. The HLA-DRB1 genotypes

of the dendritic cells and T cells emploved are indicated on top of each diagram. Error
bars indicate SD obtained with 3 independent experiments. The average SI in the absence
of added peptide was adjusted to 1.0. Donor cells with the following DRB1 haplotype
were used: *0401 / *0701 (A), *0301 /#1501 (B), and *1001 / *1201 {C)
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LANVYHQINHLKTVLE 87-102 66 LLANVYHQINHLKT 86-99 67
LLAITVYHO7-NHLKTVLE 86-102 68 NLLANVYHQINHLKT 85-99 69
NLLANVYHQINHLKTVL E 85-102 70 #7 RNFYFINRLTG 151-161 71
LRNFYFINRLTG 149-161 72 ILRA?EYETNRLTGY 149-162 73
EILRNFYFINRLTG 148-161 74 VEILRNFYFINRLTG 147-161 75 Table
8. sshterfergrx-0-Ib epitopes associated to the genotype
HLA-DRB1*0101/*1401. Epitope no. Peptide sequence IFN-0-Ib region

SE?hé%M%ﬁ%B@QEQE&@B%I%E&& @%%@@%Q@FQ@%E RAA TN 25ed
45-6077 K

LQQFQKED Y. 0,78 | KE TIYE
T BB TG O HEIEOOEORED RLE @ma %ﬁ% ad e oM
CEHQLQQFQKEDAALTIVE #6081 B mgam@@mm@/&morwg to
%882 vy mtesy orh A MRNFYRNRLTG 149-161 83
IVEILRNFYFINRLTG 147-161 84 Table 9. io Interferon-(3-Ib epitopes
asspciate n A-DRB1*1303/*1501. Epitope no. Peptide
Seq%grﬁ}cegﬁgo %%@Ee;%r%gsg(% ID. NO 47 ILRffFYFINRLTG 149-161 85
El RNgYFINR %é} i48 161 86 VEILPI FYFINRLTG 147-161 87 -35-
Clairfr I;d\%efm o El%creasmg the immunogenicity of a therapeutic
polypeptide comprising a) identifying the immuno enlc peptides, of the
therbpettie PR BRI EBMpHsIig I STEvidING celfs B preteind Matigaied
frpresemingtecepiors (ARRYlima Mtalameuntof putifed fugrrholeenlpssifjieral

b183 ?%F‘”&i!@“r‘e?e&'&l&'&ﬁ’ge (RRwithy %M@dﬁfﬁﬂ%@g@mp% eSdlied with 1

Isolating APR molecule-imm enjc peptide co om the
i} QTG (eSO BB T8 AR O T
R thievithniibgenic peptides, vi) verifying the identified i |mmunogen|c
peptides as epitopes, b) modifying the corresponding epitopes of the
polypeptide se1thabtheibkding\atantigenaptaderiibyieceptor is reduced
or abolished, c) thereby creating a modified polypeptide with reduced or

no IMMUACGERIGHY R%E%!H%éingd E@%meém@&ﬁ%@mmm@@mwaa@ra,oat

the APR expressin Is are The meth
e L e T
ueells p36veh! ahazmtﬁewaccdr@h@@d@@mu@iw A& GhaEe iselged by
cé?{&%%%%%‘l\@@@mlﬂi@um&ﬁmmtr,llun@ge@h asommatusecdendritic

te%?!{l)le\fsilr%ttélil% r?(? t|me@%| are Irlﬁ iOlTJI’?BLér%£8I' ﬁ%rﬁ%\d %gﬁecﬁt\f\nce n

accor In m ereln e sourc Of therapeutlc
Rﬁwgeptmemas@erw&aeﬁ%mﬁé é%&b EoRsisting B cyfdRings 07 der 1o remove
ex%»@@m&lme%gﬂ@whfa@i@ﬁsecawqulﬁsbeﬁzyme@ nitfuctmmabproteinsyide, 20

r?q”e orgta meﬁt& eef r%m@% pethod.acerding, te:Claims 2)1aining

“whetéin the com Texes o MHC molecules with immunogenic peptides
2Greliébiarsd if?@i;rbtffé &dTi&with methods comprising solubilization of the
cells with a detergent and sequestration of the complexes of antigen
preséhting péce pidrewittr intinadddenicpéptides by immonuprecipitation
or immunoaffinity chromatography. 7. The method according to claims 2 to
6 wmgeqﬁﬁmmw@sp@ﬁe@lf comfilexesdofdviisCanolecules avithes and
melflr‘gga% PeRlides arg a%%%hﬁ%%hn%?rﬂ@@ﬁ whsafilratioptahe (Alameda,
before e uting t e peptides. 8. The method according to claims 2 to 7,
CithEredn-the i immunogenic peptides are eluted from the MHC molecules
using diluted acid. 9. The method according to claims 1 to 8, wherein the
isolated émrmunoigenic e pticds 6P%§>@W§Féaﬁr§&%%ﬁé8%ﬁbe§equenced
10. The method according to claim 9, wherein the isolated immunogenic
peptides aredractionedthand-seqiBhtedtyyrarethheds icomprisingieiie 14
sShrematography;and Mmass. specHiamerty, 1kl ;thermethediaceording torer's

“clgims 1o 10, wherein th isolate unogenic e t|d s.are identified.
PE§ EEthp4FRGLIRE PeRTaBIdENLie T g g o tel amino

celfs w ave been
acontaetechwithla Sotrodofvid. ), 50 ng/ml recombinant human granulocyte

macrophage-colony stimulating factor (GM- CSF; S.A. 1.1x107 "U/mg) {Leucomax;
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potential immmunogen with those, which have been identified from cells
which have not been contacted with that source. 12. The method
according to claims | to 1 i, wherein the immunogenic peptides are
naturally- processed immunogenic peptiges. ABSTRACT METHOD FOR
THE IDENTIFICATION OF EPITOPES RELATED TO
NINMUNQGENIGITY N BIQPHARMACEYTICAL Sulhe: fieseRtinysntion U/mg)
(igiates 0.8 mathod IordRallyina paplides IVANEEhin: JIMUNAGRRICHs. vicl
comphsmg the s epg ot a providing cells_expressing antigen presenting
plrseeftorsiAPRY ifenamber broviding 09 to s agdlecules, b)
contacting the cells from (a) with a source of immunogenic peptides, c)
isolatingaARRymblecuteyimaregenic peptdechinis eslbisfro i wig gggonitored
b?h@%@a%ﬁ@tﬁé%@?&@@&@ﬂ%ﬁigﬁﬁgﬁ@%é@ﬁgﬁBWLﬁQ&i@}l@]ﬁﬁfMﬁmg),
immun ic pepti verifyi identified. i n iG1 e
CHBAIHES e Slohee tigre 1 e SN Y (N g o
DidffraahniLeoRoetiemd 5 depgs M eghs dfob B ideratoativn It epiépes
preladed todmmunegeaioly inlopharaadeicals 4 302123087 H10. <1B0kigh).
Mt 5"’%%%%2%’”%’8& 8152383 T3 £8d 723 5528 b RH§21IFs6 as
us musculus .<§%6> <221>0KT3 light chain (kappa) <222> . _.
wel) g2y nons A ST RSIAGRGHITRE TG SEP B RiETHE Wet S8 AR
Calef Pro Gly 1510 15 30 Glu Lys Val Thr Met Thr Cys Ser Ala Ser Ser
Ser Val Ser Tyr met 20 25 30 Asn Trp Tyr GIn GIn Lys Ser Gly Thr Ser
Pro kys Argelyprile Iyt 35:85 B hsppEhnSepbyp deidAla Ser Gly Val
Pro Ala His Phe Arg Gly Ser 50 55 60 40 Gly Ser Gly Thr Ser Tyr Ser

L hr.lle - | | 4 ‘ A 6
T)e/;J érgsrfeé?l%g% Ry Mﬁﬁ(@& t’fﬁ@éﬁﬁh@a@&%&é ﬁr%té]iﬁ RARARIN, Tyno

‘ n GIn Trp*Ser Ser Asnh Pro Phe Thr_ 85 90 50 Phe. r
z@wamﬁ%@%wrﬁﬁ n@’e}z\%%RP@@A%JA@%&O&@%%@E 8‘&866%&16%%?%%“

' iSer, HeRheiBrooPdoSertiSerlGluGindewdhy Sklhgly Gg/Bhrtegrippapiuman

t%?giﬁ%@aé@kﬁﬁﬁ@mﬁﬁﬁﬁﬁ% E’@TQJ,T%@?E o %@Aﬁ@ﬁ!'@%@ﬁd%aﬂitic cells
. 0 Val rp Lys lle y ser Glu Arg Gin Asn Gly Val Leu
Wﬁ%ﬁlffﬂgai%%%)ﬁ%ga%g%aé?%gp +iﬁ%1£\§ GIn Asp Ser Lys Asp Ser Thr

Tyr Ser Met Ser Ser 165 170 175 70 Thr Leu Thr Leu Thr Lys %?p Glu
Tyr GlicArd Hishash SercTiFThmaer 4 8eriasd el ey SAFAR The His

ckysifhi=8en ThiBer Bra dlenvallyls SereRheh&l 185 2RDNMDEcASMMGLAYNFCS

ag'cll%rgngé%gd to an eppendorf tube. After centrifugation at 400 g for 3 min, the

supernatant was completely removed and the cells were frozen at -70° C.
Generation of Anti-HILA Class II Beads

The anti-HLA-DR monoclonal antibody (mAb) L243 (ATCC, Manassas, Va.) was
produced by culturing the respective mouse hybridoma cell line. mAb L243 was purified
using ProteinA sepharose (Pharmacia, Uppsala, Sweden) and immobilized to CNBr-
activated sepharose beads (Pharmacia) at a final concentration of 2.5 mg/ml, according to

the manufacturer's protocol. L243 beads were stored in PBS containing 0.1% Zwittergent
3-12 (Calbiochem, La Jolla, Calif.),

Nano-Scale Purification of HLA-DR-Peptide Complexes

Pellets of frozen dendritic cells were resuspended in 10- fold volume of ice cold lysis
buffer (19% Triton-X-100, 20 mM Tris, pH 7.8, 3 mM MgCl », containing protease
inhibitors chyrnostatin, pepstatin, PMSE and leupeptin (Roche, Mannheim, Germany))

and lysed in a horizontal shaker at 1000 rpm, 4° C. for 1 h. The cell lysate was cleared



10

et
%3]

j3e)
(S|

10 <210> 2 <211> 449 <212> PRT i5 <213> Mus musculus <220>
<221> OKT3 heavy chain (IgG2a) 20 <222> (1)..(449) <400> 2 GIn Val
GIn Leu GIn GIn Ser Gly Ala Glu Leu Ala Arg Pro Gly Ala 2515 10 15
Ser Val Lys Met Ser Cys Lys Ala Ser Gly, Tyr Thr Phe Thr Arg Tyr 20 25
30 30 Thr Met His Trp Val Lys GIn Arg Pro Gly GIn Gly Leu Glu Trp lle

fr g% ;&Qgéﬁeb%é Gly T N&lH%ﬁ%@nPﬁ@aSﬁEo‘M@t Gy yr Pt AsniTynAsH G ylays was
S L
cc;l.mcmaa z.fds Wé%_}o%ybgéc?{z }ié i %ﬂ‘“’ beea% T gl F'@b ﬁ??&"}}ﬁqﬁ@f 1%% I%ef.aontal

eu Ser S Leu Thr 5er G
AT TR Sy Y 4588 10 SRS P P M R PR S BT
LASH Ty iR @éfd@%ﬁ@eﬂ@&ﬂi@& A1 6:rBO Tk Tdr LeZiDCth MAaISérSenland

N Th 1A| Ty, 5 1 ; IC
A G R D e e o o

Val L GIy Tyr Phe Pro Glu ThrLe Thr 145 150 15
Asn eGiff'léYe? I% @%?%8? %ﬁ; lﬁl—?sp#h&s Igﬁe 6 Ala va Egﬁ%ég%%
aﬂazozmga@mwm@q@édn Wﬁﬂbﬁ@@&@b?@ér@éﬁ%%@%ﬁ“ﬂﬁ sRPEE el
H8Q L85 190,40 - 40r ThH TR 59 ﬁe{téﬁfrnbﬁ?z&hﬂg ThnCys Asti- ValsARRdispecific
§ %]Jal% 12 2%%? ge%g%)r %@3‘-}3@3‘1 Lys 4 e GbU Pro Arg

- A i E’Lyé ys Pro Pro Cys Lys Cys Pro Ala

ro Asn Leu Leu ly Pro 230.235 Ser Val Phe lle Phe Pro Pro

Lys fieifigg ﬂ%ﬁ%ﬂi%u%ﬁ@flﬁéeé%m%dﬁ% 250 255 Leu SPr Pro lle Val

Thr cys val Val Val Asp Val 5er Glu Asp Asp 260 265 270 20 Pro Asp Val
Gin 8-8ePTrpePHeVarASAASOVER QU VAT 278985988 D5 hid |
@m{m@mﬁ&h U\kﬂﬁ:ﬁ@a@ﬂmﬁﬁﬂ TyrAsiySerdfhfebed ArgrValrg@orags: tube,

00,30,V

U 8%%%‘ % gg Sh ?_ y% (Ef)!/% ?51'%51% /}Z%s{ pa%%z?s%'é@% I’eﬁfﬁ'e@mth 400 pl
HICG I AG agadgizém@@ésgﬁﬁpﬂé%&i‘g;gfp%lﬁg @E% Arafﬁ g the
bBte Ghadal-Tyroval 0340 8451360404l (ProRrBRls, @W@adz@@ Mt ZKhr

ﬁﬁg r%r%a val EQB&&%EWE&I@%%@%@%@%&%% M@%V%MLASB@IEmed

G
P‘FP'?I @ﬁjvf_eélﬂlj‘“g]i%!}%eg T{ég{lg\/gasly% Eg {ﬁ% ! Oi?é?t?I ‘LEQ’ E}'.Al.‘]%rf]} /?J\i; ﬂ'l 2}/ fﬁtl‘ ation

tube at 14000 rpm for 3 min at RT and immediately Iyophilized in a Speed-Vac® vacuum

centrifuge.
Fractionation of Peptides by Nano-HPLC

Lyophilized peptides eluted from HLA-DR molecules were resolved in 0.05%
srifluoroacetic acid, 5% acetonitrile (Merck, Darmstadt, Germany) in H,O, (HPLC-
grade) and separated on a 75 umx15 cm C18 PepMap capillary {C18; 3 pm; 100 Ay (LC-
Packings, Amsterdam, Netherlands) connected to a FAMOS® autosampler and an
ULTIMATE® nano-flow HPLC (Dionex, Olten, Switzerland). The following non- linear
gradient at a constant flow rate of 200 nl/min was used: 0-40 min 3-50% system B; 40-50
min 50-90% system B. System A was 0.05% trifluoroacetic, 5% acetonitrile/H,O and
system B was 0.04% trifluoroacetic, 80% acetonitrile/H,0. The separation was monitored
via dual UV absorption at 214 nm and 280 nm. Fractions (400 nl) were collected using
the fraction collector PROBOTT (BAI, Weiterstadt, Germany) and spotted onto an
AnchorChip 600/384 MALDI-MS target (Bruker, Bremen, Germany).

Sequence Analysis of Peptides by lon Trap MS/MS Mass Spectrometry

To perform high-throughput sequencing of complex peptide mixtures, the MudPI'T

(multidimensional protein identification technology) was used (Washburn M P et al,,
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385 390 400 Asp Ser Asp Gly Ser Tyr Phe Met Tyr 5er Lys Leo Arg Val
‘Glu Lys 55 405 410 415 Lys Asn Trp Val Glu Arg Asn Ser Tyr Ser Cys
Ser Val Val His Glu 420 425 60 Gly Leu His Asn His His Thr Thr Lys 5er
Phe 5er Arg Thr Pro Gly 435 440 445 .65 Lys 70 <210> 3 -41- <211> 15
<212> PRT <213> Mus musculus 5 <220> <221> Epitope #1 <222>

NiLE:612 52232 @iGT33:epitope Associateddd the, ggnotypeomatographic

HLA-DRB1*0401/* 302 10 <400> 3 Ser. Gly Thr.Lys Leu Glu lle Asn Ar
fr %ré"ﬁ%ﬁ“ﬂ]mfP Eéro 185 T%‘egiéc %>n£m2211> 16 <212> PRT 2%

<213> Mus musculus <220> <221> Epit #1 22 ..

OKTCa CrHoDe SR B8 e G b R SR st S ded
in BQfBlycSeraGiy T hvd sy eceGhutHacABR Arg Al ASE ThEAT Bre ﬂ‘(r"f 1 5

E}Qa:hﬁo 2007233259 LR A 35242 QBTf&%ﬂ}&%MSm%ﬂms 40 €p2B%ed on

221> Epitop e #2 <222> <223> it
g DA RO 4D 1403, 46 2400 5 VAT e s Lol o Gy
laGenGleAigGin asmBlyn1 B 100 cs@taziegfé quwcmc E%Vﬁﬁzﬁﬂﬁe Yien 3
gﬁ%é?&%%@ﬁ%%t@ﬁf?@@% ASA2AREpitope#1<P2RS (1)3, m@w@s
e ass ecq to e D
L@£§696§§%}V§ jé é)ggaé Rspft% ygéger&gg I%%,&!% %Fn%eg% 65 1 e
SAF;dEomn @11&@15 f?b <212> PRT -42- <213> Mus musculus <220>
5 <221> Epitope #2
A fully automated 8-step gradient separation on an Agilent 1100 series HPLC

(Agilent Technologies, Waldbronn, Germany) was car ried out, using the following
buffers: 5% ACN/0.02% HFBA/0.5% acetic acid (buffer A}, 80% ACN/0.02%
HEBA/0.5% acetic acid (buffer B), 250 mM ammonium acetate/5% ACN/0.02%
UEBA/0.5% acetic acid (buffer C), and 1.5 M ammonium acetate/5% ACN/0.02%
HEBA/O.5% acetic acid (buffer D). The first step of 106 min consisted of a 100 min
gradient from O to 80% buffer B and a 6 min hold at 80% buffer B. The next 6 steps (106
min each) are characterized by the following profile: 5 min of 100% buffer A, 2 min of x
% buffer C, 5 min of 100% buffer A, a 3 min gradient from 0 to 10% buffer B, a 55 min
gradient from 10 to 35% buffer B, a 20 min gradient from 35 to 50% buffer B, a 16 min
gradient from 50 to 80% buffer B. The 2 min buffer C percentages (x) in steps 2-7 were as
follows: 10, 20, 30, 40, 70, 90, and 100%. Step & consisted of the following profiler a 5 min
100% buffer A wash, a 20 min salt wash with 100% buffer D and a 100 min gradient from
- 80% buffer B.

The HPLC column was directly coupled to a Finnigan LCQ 100 trap mass
spectrometer (Finnigan, Bremen, Germany) equipped with a nano-LC electrospray
ionization source. Mass spectrometry in the MS-MS mode was performed according to
the manufacturer's protocol. The identification of peptides was done by the SEQUEST

algorithm against the swiss.fasta database.
I silico Prediction of Potential Epitopes by TEPITOPE

Prediction of potential T cell epitopes was achieved by using the TEPITOPE
algorithm. The following search criteria were applied: threshold {1-3% for best scoring
and 4-6% for moderate scoring natural ligands), peptide length (15 amino acid residues)
and promiscuity (predicted to bind to at least & out of 9 alleles). To determine the degree

of promiscuity the following 9 alleles were chosen in agreement with their frequent
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<222> (1)..(15) <223> OKT-3 epitope associated to the genotype
HLA-DRB1*0401/¥1302. <400> 7 10 lle Asn Val Lys Trp Lys lle Asp Gly
SerGlu Arg GIn Asn Gly 151015 15<210> 8 <211> 16 <212> PRT
<213> Mus musculus 20 <220> <2212Epitope #2 <222> (1)..(16)

<223> OKT-3 epitope associated to the genot pe HLA-DRB1*0401/*1302.
o@BRA0G518tHe AT HINLYSITpHys - AdRrEy SEH Gl Atg GiRTAS By 7877
* Maly 1 5346, 155 Bis2 L0PR9* 521 LM i b2 3 PRIT3 Gl s2h3 % Mudssignal peptides

w@%ﬁ%"t”ﬁa%hf@e%@i gh%zeﬁt%%its%gﬁ:ﬁ:% 40 <222> (1)..(17) <223> OKT-3
epitope associated to the genotype HLA-DRB1*0401/¥1302. <400> 9 45

Trp Pro Ser GIn.Ser lle Thr Cys Asn Val Ala His Pro Ala Ser Ser 15 10

15 THFSE'DH09160°¥511> 15 55 <212> PRT <213> Mus musculus

<220> 60 <221> Epitope #4 <222> (1)..(15%<223> OKT3 epito .

assddiatesrer e yehotype HEADRBI#ST0 1FTE61 V‘@&@ﬁﬁ%@“@@%X@%%BW
seher Thutyz SeriMetbel Sel athin leuffhn el tFhyilBistd b (B dS 7 QA, USA). The
T%%%%%p]?}ia_ti%ﬁ 15211316 5212> PRT,<213> Musimuscuttis 252203 aining

<221> Eé)_ltope #4 <2225 (1)..(16),%33%5}'3 % )top,e 0 jated.to th%‘b
(GerBy L HLA DREAO O SO 10 cA00% 15 Ly& hp Sr AP Ty Bar e
BMetiSek Sbe, DI duekHriteasihf Dys Asp e L BTa01%5: 188 kopEBisCxagdescribed
a&% g@&%ﬁ B{%m&&%%@&Mg’ﬁdig@§wmeaa%93<§i%zmﬁpimﬁﬂezab). On

< > .
day 4, 1m£“n2:1t1gre %)Cs were stimulated with 10 pg/ml LPS (Sigma-Aldrich}. On day 6,
matured DCs were washed and resuspended in AIM V medium at 2 x 10° cells/ml. For
the co-culture, 0.1 ml CD4" T cells (2 x 10°) and 0.1 ml autologous DCs (2 x 10%), both in
AIM V medium, were mixed in a round-bottomed 96-well format plate. OKT3 mAb and
Inflexal V° were added to a final concentration of 20 pg/ml and 1 pg/ml, respectively.
Synthetic peptides were added to a final concentration of 20 pM. Each antigen was tested
in triplicate. On day 5 of the co-culture, 10 uM 5-bromo-2’-deoxyuridine (BrdU) {Roche,
Basel, Switzerland) was added to each well. After 24 hrs incubation, cultures were
harvested and processed according to the manufacturer’s protocol. T cell proliferation of
cultures without added antigen was used as reference with an average stimulation index

{SI) set to 1.

Eor restimulation of T cells, immature DCs (2-3 x 10°/ml) were frozen at -70°C in
50% AB serum (Sigma-Aldrich), 40% RPMI and 10% DMSO (Sigma-Aldrich). At the
time point of restimulation, DCs were defrosted, washed and cultivated for 2 days in the
presence of 10 pg/ml LPS. On day 5 (1" restimulation) or day 10 (2nd restimulation) of
the DC/T cell co-culture, 0.1 ml AIM V mediam was withdrawn from each sample well
prior to adding 0.1 ml of defrosted, mature DCs {(2x 1 04) in AIM V to the co-culture
together with fresh protein or peptide antigen. [L-2 (Pharmingen, San Diego, CA) was

added in a final concentration of 100 U/ml.

Example 1

OKT3 was the first therapeutic antibody. [t has been approved by the FDA in 1986
It is a CD3-specific mouse 1gG2a antibody and widely used in the clinic as an
immunosuppressive drug in transplantation (L. Chatenaud, 2003), type 1 diabetes (L.
Masteller & J. Bluestone, 2002} and psoriasis {T. Udset et al,, 2002). Despite the profound
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<223> OKT3 epitope associated to the genotype HLA-DRB1*0701/*1601
<400> 12 30 Lys Asp Ser Thr Tyr Ser Met Ser Ser Thr Leu Thr Leu Thr
Lys Asp 151015 Glu 35<210> 13 <211>17 40 <212> PRT <213>
Mus musculus <220> 45 <221> Epitopa #4 <222> (1)..(17) <223> OKT3
epitope associated to the genotype HLA-DRB1*0701/*1601 <400> 13 50
OB liyduasp iSen The TppSesiMet SercSer Threl €@ T AR L €d Thi 1978015 trohe
Xei%%g?eﬁ f@iléoy_%ta%ng(%ﬁ%lﬁaﬂ@%ﬁmw&Te&z;lapmwstﬂmpmsoﬁ@ rapid
> <221> ope > (1).(18) <22 KT: itope ‘
AOGAB8 TR GO BT B D TOTvER0L To o TPy e e
inkif A Ser THR TEABEP et SERIS 87 Thp sE TR R el ving sl 1856745
inZASRAUCIe 5210215 <2bk> 18 <212> PRT <213> Mus musculus 15
<220> <221> Epitope #4 <222> (1)..(18) <223> OKT-3 epitope

ﬁ;:ﬁ@%%sd& i Tamtylﬁﬂ@igué@ﬂ%@&E@J%égﬁ%ﬁgﬁ@@@%ﬁ@r@@m,
r Thr. Tyr 5er er 5er.Lhr rLeu 1

P A RO ESTES R R B A S iR g 02
<220> <221>E itcggle #4 <222> (1)..(19) 40 <223> OKT-3 epitope.
assOsiaten s the-4dnBRbOHLADRET 76561 62%6351‘6%2\%%6@15‘
ek sAsp Ser s Tye BeravieRSercdet /Tho LewurE i feurThred5rdb poipheral

bl%%%@nscpn&%%goagg%gﬁt&gd 218520, 72320 P RT 29092182 Mussauseulysiritic
cells were exposed to the antibody OKT3 at a concentration of 20 pg/ml. At the same
time, maturation of dendritic cells was induced by adding TNFe (10 ng/ml). Asa
control, the same amount of dendritic cells was cultured in the absence of QKT3, butin
the presence of TNFo. After an incubation period of 24 hrs, both sets of dendritic cells
were lysed in detergent TX-100 and HLA-DR molecules were precipitated by using the
anti-HLA-DR mAb 1243 immobilized to sepharose beads. HLA-DR associated peptides
were eluted with 0.1% TFA and analyzed by 2D-LS/M5-MS.

Sequence analysis of HLA-DRB1¥0401/1302-associated ligands revealed 3 OKT3-
derived epitopes, represented by 7 peptide sequences derived from OKT3 (Table 1). Two
of the epitopes were derived from the 1 light chain, one epitope was located in the heavy
chain. The three epitopes associated to the haplotypes DRB1*0401/1302 were found in at

ieast 2 independent experiments.

Epitope #1 was represented by a 15- and 16-mer peptide, the 15-mer being derived
from the constant part of the light chain region 99-113 (Table 1), Epitope #1 contains the
anchor motif of the DRB1*1302-associated co-dominant DRB3 allele DRB3*0301 (F.
Verreck et al. 1996): L-103 as P1, N-106 as P4, A-108 as P6 and A-111 as P9 anchor. The
same anchor residues may confer binding to DRB1%0401, as indicated by the TEPITOPE
algorithm (Figure 2). Epitope #1 was verified as a T cell epitope through its potency to
induce proliferation of CD4+ T cells: Epitope #1 was stimulatory in context of dendritic
cells that displayed the genotypes DRB1¥0401 / 0701 {Figure 3B) and DRB170301/
1501 (Fig. 3C). However, it was incapable of activating T cells in context of the genotype
DPRB1*1001 / *1201.

Epitope #2 was represented by 4 length variants: a 13-mer, a 14-mer , 215- mer and

a 16-mer peptide. This epitope was also derived from the constant region of the light
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<220> <221> Epitope #4 60 <222> (1)..(20) <223> OKT-3 epitope
associated to the genotype HLA-DRB1*0701/'1601 <400> 17 65 Asp GIn
Asp Ser Lys Asp Ser Thr Tyr 5er Met 5er Ser Thr Leu Thr 1510 15 Leu
Thr Lys Asp 70 20 -45- <210> 18 <211>21 5 <212> PRT <213> Mus
musculus <220> 10 <221> Epitope #4 <222> (1)..(21) <223> OKT-3
chepitope: asseiated )t thesgeAdty perkHd-DRBABY DA TEUAE dg00sh8iz5he
co'%g%‘gjpzloﬁ?ﬁglf%]diy@ﬁgpesgr J@EJM&%@FN%I?Q%??E%&H@E%@IPR@ Bi7 as P1,
S <211>22 <
D0 Rt S A S A R R 25 oo
pm@imr-aaleputéﬂ“ecaﬁsmrémdomhwéfrmgyp@fﬁmfﬁﬁﬁi@é%ﬂ %@ Fagire 3B)
arA00R 19 3EhrASBIGIE Asgcﬁeﬂby%sgﬁm "Ebl‘t Ty SerdViet-BerSenThr of the

Leu 1 1! Thr hr, Lys <
EL09BY %é%l iﬁ@&l\%u’)sb%ul}-sgcu Bgn%% 055 J?>l%%%ope i £259> T
dqayilped)UR3IORT F Ssitbpe as¥bdia E&t@%ﬁéﬁ%éﬂm@ﬂ £V tansformed B
cHLEADRBYA 0N/ 1202, 55 <400> 20 Ser Gly Thr Lys Leu Glu lle Asn

Arg Ala Asp Thr AlaPro Thr 1510 15 60 <210> 21 <211> 16 <212>

PRT 65 <213> Mus musculus <220> <221> Epitope #1 70 <222>

(1) .(16) -46- <223> OKT-3 epitope associated to the genotype

*!
AEE?%A{’ e %«Qall*e%Og@ e%ﬁ 490>, %}15’ Gl 2er Gh T LS L@%%'xul@@ A@@ was
ro Thr 1510 15 <210>22 10 < 11>14. <212>

dq:q:yqrd from the constant region of the OK'T'3 heavy chain (Table 1). Simalar to epitope
#1, epitope #3 contains the anchor motif of the DRB3 allele DRB3*0301: 1-199 as P1, N-
202 as P4, A-204 as P6 and A-207 as P9 anchor. Although the TEPITOPE algorithm did
not predict epitope #3, neither for DRB1*0301, nor for *0401, 70701 or *1101 (Figure 2),
epitope #3 activated T cells in the context of all 3 DRB1 genotypes tested (Figure 3). The
same epitope has been described to be associated to the murine MHC class II molecule

H2-Als) (Rudensky et al., 1992).

When the TEPITOPE algorithm was employed to predict epitopes of the OKT3
kappa light chain in the context of the genotype DRB1*04G1/1302, only predictions for
DRB1*0401 could be made because the other alleles are not covered by the algorithm
(Figure 2). TEPITOPE predicted 11 epitopes in the kappa light chain, however, only two
of them were among the naturally processed peptide epitopes, represented by epitopes #1
and #2 (Figure 2). Likewise, TEPITOPE predicted 13 epitopes in the OKT3 heavy chain,

however, none of them covered epitope #3 (Figure 2).
Hxample 2

The strategy outlined in Figure 1 was also used to identify peptide epitopes of
OKT3, presented by dendritic cells displaying the HLA-DR genotype HLA-
DRBE170701/1601.

To identify HLA-DRB1*0701/1601 -restricted OKT3 epitopes, dendritic cells,
expressing the genotype HLA-DRB170701/1601 were differentiated from peripheral
blood monocytes and cultured at a concentration 0f 0.5 x 10° cells / ml. 5 x 10° dendritic
cells were exposed to the antibody OKT3 at a concentration of 20 ug/ml. At the same

time, maturation of dendritic cells was induced by adding TNFo {10 ng/ml). Asa



<213> Mus musculus 15 <220> <221> Epitope #3 <222> (1)..(14) <223>

OKT-3 epitope associated to the genotype HLA-DRB1*1101/'1202. 20

<400> 22 Trp Pro Ser GIn Ser lle Thr Cys Asn Val Ala His Pro Ala 15 10

25 <210> 23 <211> 15 <212> PRT <23%3> Mus musculus 30 <220>

<221> Epitope #3 <222> (1)..(15) 35 <223> OKT-3 epitope associated to
cothiechehetypesHADRBId KD 200, wed 00 R e T P SER G Rf Sériife Dut in
th%— Eﬁ%%ﬁpéwfiﬁﬁﬁaﬁ%&@%&ﬁ #0id BI04 Br<BAOPs 24 st Tc cells

: T< m <220> 50 <221> Epi .

. )lgﬁ%%%%'é§§36§§§§§d?§€ gae %%%&%%"Wﬁ%%@he
ankiUALDREB mAb 121202 mehus 0 SRHPRI§ Ber G Set Hasiagsreptides
whsnVabAlHisiPraAla.Sern $er-4:510115 $OTHr€210> 25 65 <211>

18 <212> PRT <213> Mus musculus 70 <220> -47- <221> Epitope #3

<22§e§&%%c9§?aﬁ%%%% OKT-3 epitops) associatad 4o thegenstypeealed one OKT3-
. HLA- R,Fl*llOl_/*lZQZ 5 1<409>, 5 Trp Pro Sgr,Gir?i%_er lleyThe Cys Asn T
VP ARDIRE PSR SH Lo L8 10 15 0 Th Lo B e g gy T
epRIRF PRI 4218 Kom iiusclilis Ddeirapdiowdis at hisshe Bolerovirat
elderibld)i£223> OKT-3 epitope associated to the genotype
HLA-DRB1*0301/'0401. 25 <400> 26 lle Asn Val Lys Trp Lys lle Asp Gly

Ser 1y AL ALGIL NG o8 10135, 30 it 3915200227 SRR Adhe 15

<21
mer being derived from the constant part of the light chain region 168-182 (Table 2).

Epitope #4 contains the anchor motif of the DRB1*0701 allele: Y-172 as P1,5-175 as P4,
T-177 as P6 and L-180 as P anchor. The same anchor residues may confer binding to
DRB1%0401 and DRB1*1101, as indicated by the TEPITOPE algerithm (Figure 2).
Epitope #1 was verified as a T cell epitope through its potency to induce proliferation of
CD4+ T cells: Epitope #4 was stimulatory in context of dendritic cells that displayed the
genotypes DRB1*0401 / *0701 (Figure 3B) and DRB1*0301 /71501 (Fig. 3C). However, it
was incapable of activating T cells in context of the genotype DRBI*1001/ #1201,

Epitope #4 was recently described in the bovine system, extracted from blood
mononuclear cells and presented by the bovine allele DRB3*2703 (Sharif et al,, 2002},

When the TEPITOPE algorithm was employed to predict epitopes of the OKT3
kappa light chain in the context of the genotype DRBI*0701 / *1601 only predictions for
DRB1*0401 could be made becanse the DRB1*1601 allele is not covered by the algorithm
(Figure 2). TEPITOPE predicted 5 epitopes in the kappa light chain, however, only one of
them was among the naturally processed peptide epitopes, represented by epitope #4
(Figure 2). Likewise, TEPITOPE predicted 8 epitopes in the OKT3 heavy chain, however,

none of them was supported by the analysis of naturally occurring peptides {Figure 2).
Example 3

The strategy outlined in Figure 1 was used to identify peptide epitopes of OKT3, as
recognized by T cells restricted by the HLA-DR genotypes HLA-DRB1*1101/1202.

To identify HLA-DRB1*1101/ 1202-restricted OKT3 epitopes, dendritic cells,
expressing the genotype HLA-DRB1*1101/1202 were differentiated from peripheral
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<213> Homo sapiens 40 <220> <221> Epitope #5 <222> (1)..(13) 45
<223> Interferon-beta-Ib epitope associated to the genotype HLA-DRB1
0101/'0701 <400> 27 50 Gin Phe GIn Lys Glu Asp Ala Ala Leu Thr lle Tyr
Glu 1510 <210>28 55 <211> 16 <212> PRT <213> Homo Sapiens 60
<220> <221> Epitope #5 <222> (1)..(16) <223> inteferon-beta-lb epitope . .
blasboviatet o thd geliotypet HIABRB10101/-0701 65 <u0ps 28 éflnéﬁ*@ ritic
cel%r'ﬂ? c@é@%@%‘e@ i Lys i AspoAta Ala & eurThntiedbyr G 1e5:10/45h7Game
tim&%ﬁé@éaﬁo%go 11%!'51‘1%“7 Sz PRLAS %%%5&1&9“ 1 Papiens «wa20%s o
PItOPE #5 6 <0225 (1)..(L7) <2235 interferon-beta-Ib epi pes | .
coatsdoibted s HRCyEnehE @EA@&@W%%E@%WE% 3G ‘%és)LysDCﬁHt o
thlevGh Gl PIE: Gl Lys Gluuhsp la Alad el 7R e Tyr s¢-sof daslrgy cells
we?éiy?g Olfd%%rgélf'%%lﬁ)é'%n&%@}?—BBB?%?@%%?@H@&F@&&%@@&@@}@%@Rbe
<221> Epitope Ho <222> (1)..(11) <223> Interferon:beta-Ib, epi ”
<Cielald 57 HEA SR 0o 42 4000 a0 ek U
angiskdelatet] 1/ thé Yenatyie HEA-BRBIT 10171404 35 < SR kA
wekyreHis Ghite ASnTHIS dreliabyly Tk bt B0 SAG&MM> 31 <211> 12
<212> PRT 45 5213> Homo Sapiens <220> <221> Epitope #6 50 <222>
&&%ﬁ%ﬁ%&l@f@@@nﬁb@aﬂb ‘epitope asseciated ddithedyenotyjed 2 OKT3-
HLA: 1101/*1404 <400> 31, B> AsnVal Tyr His GIR:H s
deﬁvf%ﬁg]vgleslr fB(_LG 32 ilé:;c_é%zcd §) O popuiun ksé{iu\_%ﬁ:g &!%A%Mm\%
(Table 3). One epitope was derived from the x light chain the other epitope was located in
the heavy chain. The two epitopes associated to the haplotypes DRB1*1101/1202 were

found in at least 2 independent experiments.

Epitope #1 was represented by the same 15- and 16-mer peptide that has been
described above in the context of the genotypes DRB1*0401 / #1302 (cf. Tables 1 and 3).
Epitope #1 contains the anchor motif of the DRB171101 allele: L-103 as P1, A-108 as Po
and A-111 as P9 anchor. Epitope #1 was verified as a T cell epitope through its potency to
induce proliferation of CD4+ T cells: Epitope #1 was stimulatory in context of dendritic
cells that displayed the genotypes DRB170401 / *0701 (Figure 3B) and DRB170301/
*1501 (Fig. 3C). However, it was incapable of activating T cells in context of the genotype
DRB1*1001/ *1201,

Epitope #3, derived from the constant region of the OKT3 heavy chain (Tables 1,3),
was represented by 4 lenigth variants: the 14-mer 194-207, the 15-mer 194-208, the 17-
ner 194-210 and the 18-mer 194-211 (Table 3). Although the TEPITOPE algorithm did
not predict epitope #3, neither for DRB1*1101, nor for 71202 {(Figure 2), epitope #3
activated T cells in the context of all 3 DRB1 genotypes tested (Figure 3).

When the TEPITOPE algorithm was employed to predict epitopes of the OKT3
kappa light chain in the context of the genotype DRB1*1 101/1202, only predictions for
DRB1#1101 could be made because the other alleles are not covered by the algorithm
(Figure 2). TEPITOPE predicted 5 epitopes in the kappa light chain, however, only one
epitope was among the naturally processed peptide epitopes, represented by epitope #1
(Figure 2). Likewise, TEPITOPE predicted 9 epitopes in the OKT3 heavy chain, however,

none of them covered epitope #3 (Figure 2).
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<211> 13 <212> PRT <213> Homo Sapiens 65 <220> <221> Epitope
#6 <222> (1)..(13) <223> Interferon-beta-lb epitope associated to the
genotype 70 HLA-DRBI*|101/'1404 -49- <400> 32 Asn Val Tyr His Gin lle
Asn His Leu Lys Thr Val Leu 515 10 210> 33 <211>14 10 <212>
PRT <213> Homo sapiens <220> 15 <221> Epitope #6 <222> (1)..(14)
<2Z3=impérferon-beta-lb epitope associated to the genotype
HLA-DRB1'1101/°1404 20 <400> 33 Asn Val Tyr His GIn lle Asn His Leu
LysTH sMatdee Glth el 10525920284 1«24 1> ii6n @1 2p RRERERS of
okipm.Saniens, 30,5230 TRASDIOAR 1 52880 1 R)3p::223>

Heron- eta-Ib epitope associ gtﬁ' the genotype
DR ABRBI%11.01/¥1404 <400> 34 40 Asn Val Tyr His Gin lle Asn His Leu

Lys Thr Val Leu Glu Glu 151015 <210> 3545 <211> 16 <212> PRT

<2130 Hortity SHple RSB0 (392 03 X243 Efitopd 6 crpopss (dyndre)c cells,
EXEI?L@S%D %&é%r%%ﬁft%ﬁa;pniggoa%%ﬁ%ata\s;let@ the-genatyaefrom peripheral

- * * . 55 <400> n r Hi lle Asph His¢ g

SRt B G DA 1 1016 B0 o100 a8 BT Ly Spjas
ceBRTEB5P13s MoRfr SRRSO KT 308 x 0P 1S EftsIeke #5/op oL U

t14d9), k@) 250 F2R3Srintertdronzbeatd:lbedpitopkl agsobiBted!tortent). As a
co%%ncgﬁf}g%ﬁﬁ&%ﬁ%&*géggr{é}ﬁycﬁﬁqgﬁ 30-a-Ala.Asn Mal-Tye Fig @i lie: in
snHisLeulLys Thr 1510

the presence of TNEa. After an incubation period of 24 hrs, both sets of dendritic cells

€ same

were lysed in detergent TX-100 and HLA-DR molecules were precipitated by using the
anti-HLA-DR mAb 1243 immobilized to sepharose beads. FILA-DR associated peptides
were eluted with 0.1% TFA and analyzed by 2D-LS/MS-MS.

Sequence analysis of HLA-DRB1*0301/0401-associated Hgands revealed one OKT3-
derived epitope, represented by 1 peptide sequence derived from OKT3 (Table 2). The
epitope #2 was derived from the x light chain and found in at least 2 independent

experiments.

Epitope #2 was represented by the 17-mer peptide 143-159 derived from the
constant part of the light chain (Table 4). As described above (example 1), epitope #2
contains the anchor motf of the DRB1*0401 allele: W-147 as P1, D-150 as P4, 5-152 as
P6 anchor. The same anchor residues may confer binding to DRB1*0301, as indicated by
the TEPITOPE algorithm (Figure 2). Epitope #2 was verified as a T cell epitope through
its potency to induce proliferation of CD4+ T cells: Epitope #2 was stimulatory in context
of dendritic cells that displayed the genotypes DRB170401 / *0701 (Figure 3B) and
DRB1*0301 / *1501 (Fig. 3C). However, epitope #2 was incapable of activating T cells in
context of the genotype DRB1*1001 / *1201.

The TEPITOPE algorithm was employed to predict epitopes of the OKT3 kappa
light chain in the context of the genotype DRB1*030] / #0401 (Figure 2). TEPITCPE
predicted 12 epitopes in the kappa light chain, however, only one of them was among the
naturally processed peptide epitopes, represented by epitope #2 {Figure 2). Likewise,
TEPITOPE predicted 18 epitopes in the OKT3 heavy chain, however, none of them was

supported by the analysis of naturally occurring peptides {Figure 2.
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10 <210> 37 <211> 13 <212> PRT <213> Homo Sapiens IS <220>

<221> epitope #6 <222> (1)..(13) <223> Interferon-beta-Ib epitope

associated to the genotype 20 HLA-DRB1*1101/*1404 <400> 37 Ala Asn

Val Tyr His GIn lle Asn His Leu Lys Thr¥al 2515 10 <210> 38 <211>

14 30 <212> PRT <213> Homo Sapiens <220> 35 <221> epitope #6

<2222 1ple(34) <223> interferon-beta-Ib epitope associated to the

genotype HLA-DRB1*1101/%1404 40 <400> 38 Ala Asn Val Tyr His GIn

lle Asp fisokeselys Thral beuedis #0: 542402 39p K2t Iredbnaa i multiple
scEg)ls-g §f>ﬁ ?e??%?n%labgtl %P. S%&%f%%?? e é%%]’e%z?ﬁttgp@ %@Fiﬁ%gﬁl(%}’e (élcg}enﬂy

eron-beta-1b epitope assaciated to the gen
RRATRBT RO LAAO 1003 B0 b0 A KA VA Ty K Sl NE e Hgzeeon
whethd gs:ThrMal UeurGhtked, bely 15px2Ea 40185 £219%8 16 depd@siPRTd

ap}%%%ﬁ Homa.Sapiens, 10,5220 sk 244 R EilgRe #6122 Radikh A3 6}

3> interferon-beta-lb epitope associated to the genotype
A RBP4 S CHO0S 4TS XEA ﬁaﬁgﬁfé At Hidd ©f

pdtaunsys dhreY ahtie IFEHE Glutie!Bing 45t10ia] ohikplonp 2159 7l &pqpex-treated
pﬁ@ﬂl&é\ﬁ@ﬁt‘f@i’ﬁﬁg&ﬁﬂ%@:gi@@i@%cﬁgg@eﬁ@ﬂ@@@xﬁ@' 20k 222%; Bertolotto et

(1)..(17) <223> Interferon-beta-lb epitope assaqciated to the atype. ...
IO L TG TAOT A0 45 95 A Keh Vi 191 e o o (5

i Ghibys Fhmvial bearGleSi ely® 101! proteins with the natural amino acid
sequence, while Betaseron is expressed in E. coli in a non-glycosylated form with a Met-1

deletion and a Cys-17 to Ser point-mutation (Mark et al., 1984; Holliday and Benfield,
1997). So far it is unclear if these differences are responsible for the varying

INMUNogenicity.

The strategy outlined in Figure 1 was used to identify peptide epitopes of [FN-§-1b,
presented by dendritic cells displaying the HLA-DR genotype HLA-DRB1*0101/0701.

To identify HLA-DRB1*0101/0701-restricted [FN--1b epitopes, dendritic cells,
expressing the genotype HLA-DRB1*0101/0701 were differentiated from peripheral
blood monocytes and cultured at a concentration of 0.5 x 10° cells / ml. 5 x 10° dendritic
cells were exposed to IFN-B-1b at a concentration of 20 ug/ml. At the same time,
maturation of dendritic cells was induced by adding lipopolysaccharide (LPS) at 2
concentration of 1 ug/ml). As a control, the same amount of dendritic cells was cultured
in the absence of IFN-B-1b, but in the presence of LPS. After an incubation period of 24
hrs, both sets of dendritic cells were Iysed in detergent TX-100 and HLA-DR molecules
were precipitated by using the anti-HLA-DR mAb L243 immobilized to sepharose beads.
HTLA-DR associated peptides were eluted with 0.1% TFA and analyzed by 2D-LS/MS-MS.

Sequence analysis of HLA-DRB1*0101/0701-associated ligands revealed one IFN-f-
1b -derived epitope, #3, represented by 3 peptide sequences derived from IFN-p-1b
(Table 5). The epitope #5 associated to the genotype DRB1*0101/0701 was also found in
the context of the genotype DRB1*0101/1401 (cf. Table 8).

Epitope #5 was represented by a 13-mer, a 16-mer and a 17-mer peptide, the 13-
mer being derived from the protein region 44-60 (Table 5). Epitope #5 contains the
following anchor motif: F-49 as P1, £-52 as P4, A-54 as P6 and T-57 as P9 anchor.

Consistently, in in vitro binding assays it has been shown that a 15-mer peptide
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(3]
LFt

30 Lys <210> 42 35<211> 14 <212> PRT <213> Homo Sapiens 40
<220> <221> Epitope #6 <222> (1)..(14) <223> Interferon-beta-Ib epitope
associated to the genotype HLA-DRBI*1101/*1404 45 <400> 42 Leu Ala
Asn Val Tyr His GIn lle Asn His Leu Ly37Fhr Val 1510 50 <210> 43
<211> 15 <212> PRT 55 <213> Homo Sapiens <220> <221> Epitope #6
coBRIK2R2 (DR ES) e Fasnnteréibrbtdiirefitops Bidbeitelotthe 101

(T9eROBIRE, HigaiDRB1*1101/*1404 <400> 43 65 Leu Ala Asn Val Tyr His
Gln lle Asn His Leu Lys Thr Val Leu 151015 70 <210> 44 -52- <211>

(g%% RT <213> Homo Sapiens 5 <220> <221> Epitope #6 <222>
(1) <223> Interferon-beta-Ib epltope associated to the genotype 10
HL

-DRB1*1101/*1
LADRBL O <0z A Len Alp Asa ey iR Glp s Asibia 01,
Pr%ﬁﬂt@dm&eﬁdfmbﬁ sabisiialprob oH b8 BRI AE-L 7208 1)1%/?)404

<223> Interferon-beta-Ib epitope associated to the genotype
HLA-DRB1L TALAIA0S B0 KA0DH45 ¢seoAda Keh Rab B ks e meriagrrells,

exbliS 52 &%Sﬂyﬂgﬁé LU Glupl S ﬂ(@iﬂl@()@@\@lé’dﬁ@sfs&lﬁ%éf&oﬁz#&ﬁ;ﬂﬁral
o J?T Lo Homo Sapiens b 52207 5231n ERlioRG S £282%ncriic
blepy! gy S EHETOH: 6& epitope associate dt t'lhe genotyp
ceHH_WeERmﬁOg}/Eﬁheﬁ Hagoscggeentration of 20 ug/ml. At the samie tzme,

maturation of dendritic cells was induced by adding lipopolysaccharide (LPS) ata
concentration of 1 ug/ml). As a control, the same amount of dendritic cells was cultured
in the absence of [FN-B-1b, but in the presence of LPS. After an incubation period of 24
hrs, both sets of dendritic cells were lysed in detergent TX-100 and HLA-DR molecules
were precipitated by using the anti-HLA-DR mAb L243 immobilized to sepharose beads.
HLA-DR associated peptides were etuted with 0.1% TFA and analyzed by 2D-LS/ MS-MS.

Sequence analysis of HLA-DRB171101/1404- associated ligands revealed 2 IFN-0-1b
_derived epitopes, #6 and #7, represented by 24 peptide sequences derived from IEN-B-1b
(Table 6). Epitope #6 was also found in the context of the genotype DRB1*0801 (Table
7. Epitope #7 was also found in the context of genotype DRB1*0801 (Table 7),
DRB1*0101/14 (Table 8) and DRB1¥1303/1501 (Table 9).

Epitope #6 was represented by 22 length variants {11-19-mer), the 11-mer being
derived from the protein region 89-99 (Table 6). Epitope #6 contains the following
anchor motif Y-91 as P1, 1-94 as P4, H-96 as P6 and T-99 as P9 anchor. These anchor
residues may confer binding to the HLA alleles DRE171101 and DRB1%0801, as predicted
by the TEPITOPE algorithm, Although a 15-mer peptide containing the epitope #6 has
been shown to bind to DRB1*0701 there was no evidence for T cell activation in this HLA

context {Barbosa et al., 2005).

Epitope #7 was represented by a 13-mer and a 15-mer peptide, the 13-mer being
from the protein region 149-161 (Table 6). Epitope #7 contains the following anchor
motif F-153 as P1, 1-156 as P4, R-158 as P6 and G-161 as P9 anchor. A 15-mer peptide
containing the epitope #7 has also been shown to be a promiscuous binder with very
strong binding capabilities for the HLA alleles DRB170101, DRB1*1101 and DRB171501
(Tangri et al,, 2005). Furthermore is has been described that a peptide pool containing
the epitope #7 induces T cell activation in a DRB1*0701 background (Barbosa et al,,
20053,
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Leu Leo Ala Asn Val Tyr His GIn lle Asn His Leu Lys Thr Val Leu 5515

10 15 <210> 47 <211> 17 60 <212> PRT <213> Homo Sapiens <220>

65 <221> Epitope #6 <222> (1)..(17) <223> Interferon-beta-Ib epitope
associated to the genotype HLA-DR624101/*1404 70 <400> 47 -53- Leu

Leu Ala Asn Val Tyr His GIn lle Asn His Leu Lys Thr ValLeu 151015 5
GlUEE0npRID> 48 <211> 18 <212> PRT <213> Homo Sapiens i5 <220>
<221> Epitope #6 <222> (1)..(18) <223> Interferon-beta-lb epitope
asspl@éaa&egr&gytbetgae@wpﬁae& HisAsDRB 15180a 11404 cd0est48s e el B- b,

}Ala Val Tyr His Gln,lle Asn His, beuLys:T, 5rin :
R G0 SBl00 15 P 18 315 PRI 35 <5 s?ﬁﬁm%“ﬁiﬁgﬁ“ o

<220> <221> Epito 2 b
epitbpe: 8%]@ gﬁ ?\ﬁ?e (3%3&26%%& k%f)‘%é%%i\iﬁl %4%@?“2\%&
expmasmfmmwafm@g@wwsﬁ@H@L%M%W%PB&PW R

11d&: 50 Glby @ik by 52103 50: Bs@hlaids of 212 PRIK21ES Florit dendritic

60 <
ceﬁ] R F%: %)ﬁage tca? %% 1) Itzfjl% EPA@&%?% zﬁ%ﬁ?gf@d 1<228% same time,

pe associated to the genoty .
LA TDRBL 4101 40 695A805GB IREH TSRk Al LA Formis?
co@lalie:Ash His Lgunlys ThrMatl o, 512 0abbe Onod= L eliGldiic2ehsvas cultured

inRe1 qg'zgcef)%%gﬁb%lﬁ-g Fakdz MQ@QS%@@%PS. After an incubation period of 24
hrs, both sets of dendritic cells were lysed in detergent TX-100 and HLA-DR molecules
were precipitated by using the anti-HLA-DR mADb 1243 immobilized to sepharose beads.
HLA-DR associated peptides were eluted with 0.1% TFA and analyzed by 2D-LS/MS-MS.

Sequence analysis of HLA-DRB1*0801/0801-associated ligands revealed 2 TEN-f-1b
-derived epitopes, represented by 22 peptide sequences derived from IFN-P-1b (Table 7).
The two epitopes associated to the genotype DRB170801/0801 were found in atleast 2

independent experiments.

Epitope #6 was represented by 17 length variants (11-1 8-mer), the 11-mer being
derived from the protein region 89-99 (Table 6). As described above for DRB1*1101/1404
epitope #6 contains the following anchor motif: Y-91 as P1,1-94 as P4, H-96 as Péand T-
99 as P9 anchor. These anchor residues may confer binding to the HLA alleles
DRB1*1101 and DRB170801, as predicted by the TEPITOPE algorithm.

Epitope #7 was represented by the following 5 length variants: The 11-mer 151-161,
the 13-mer 149-161, the 14-mer 149-162, the 14-mer 148-161 and the 15-mer 147-161
(Table 7). Bpitope #7 contains the following anchor motif: F-153 as P1,1-156 as P4, R-
158 as P6 and G-161 as P9 anchor.

Example 8

The strategy outlined in Figure 1 was used to identify peptide epitcpes of [FN-f-1b,
presented by dendritic cells displaying the ELA-DR genotype HLA-DRB1*0101/1401.

To identify HLA-DRB1#0101/1401-restricted TEN-B-1b epitopes, dendritic cells,
expressing the genotype HLA-DRB170101/1401 were differentiated from peripheral
blood monocvtes and cultured at a concentration of 0.5 x 10° cells / ml. 5 x 10° dendritic

cells were exposed to TFN-B-1b at a concentration of 20 pg/ml. At the same time,
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3%
whn

10_<220> <221> Epitope #6 <222> (1)..(19) 15 <223> Interferon-beta-Ib

epitope associated to the genotype HLA-DRB1*1101/¥1404 <400> 51 20

Asn Leu Leu Ala Asn Val Tyr His GIn lle Asn His Leu Lys Thrval 1510

15 Leu Glu Glu 25 <210> 52 <211> 13930 <212> PRT <213> Homo

Sapiens <220> 35 <221> Epitope #7 <222> (1)..(13) <223>
minterférarsbétadbtepitdevassobiatdd o thbngaiotyplysaccharide (LPS) at 2
coﬁ%’t&%%&%%{ z;lgffpg’\ézg SAP03, BR-lleheurAsg AT Pheldye Pile HesAsitured
. Arg Lou Thr i <210>53 <211 > 2o
R e e i e
hiintertbrons bé s Bpitepes aissoliatddis tHasgahdypdl and HLA-DR molecules
wih ArREBLIIO1d404-400>1 536D N al Gl HeslieumAigAsh Bhephyr Bhecads.
1lie Asp Arg Leu,The Gly 1,510 32. 240> 84 68 £2143:11,,5212> BRE/Ms- M.

1 2
> Homo Sapiens 70 <220> -55- <221> Epitope #6 <222> (1)..(11)

<223> interferon-beta:lh epi a [ to the genot i 7

LA ORELOBOLROB0L 5 L4005 b ALK Vol ToF HHe e A Fs 2710
-deysFhepilpd0r 402165 BES 2221de1pquEzs PR S BN HEh! Tabie £)-
TI?@E&%%&%%Q%&%?&@&BEQ@@%@@%Q £222>((1)1.(12) 1<223>ound in at least 2

_ Interferon-beta-lb epitope associated to the genotype
PSR BI 08511080 <400> 55 25 Asn Val Tyr His GIn Ile Asn His Leu

Lys ThrvVal 1510 30 <210> 56 <211> 13
Epitope #5 was represented by 7 length vartants: The 15-mer 46-60, the 16-mer 45-

60, the 17-mer 44-60, the 18-mer 43-60, the 19-mer 43-61, the 19-mer 42-60 and the 22-
mer 39-60 (Table 8). Epitope #5 contains the following anchor motif: F-49 as P1, E-52 as
P4, A-54 as P6 and T-57 as P9 anchor.

Epitope #7 was represented by a 13-mer and a 15-mer peptide, the 13-mer being
from the protein region 149-161 (Table 8). Epitope #7 contains the following anchor
motif: F-152 as P1, I-156 as P4, R-158 as P6 and G-161 as P9 anchor.

Example 9

The strategy outlined in Figure 1 was used to identify peptide epitopes of IFN-p-1b,
presented by dendritic cells displaying the HLA-DR genotype HLA-DRB1*1303/1501.

To identify HLA-DRB1#1303/1501 -restricted IFN--1b epitopes, dendritic cells,
expressing the genotype HLA-DRB1*1303/1501 were differentiated from peripheral
blood monocytes and cultured at a concentration of 0.5 x 10° cells / ml. 5 x 10° dendritic
cells were exposed to IFN-B-1b at a concentration of 20 pg/ml. At the same time,
maturation of dendritic cells was induced by adding lipopolysaccharide (LPS) ata
concentration of 1 pg/ml). As a control, the same amount of dendritic cells was cultured
in the absence of IFN-B-1b, but in the presence of LPS. After an incubation period of 24
hrs, both sets of dendritic cells were lysed in detergent TX-10C and HLA-DR molecules
were precipitated by using the anti-HLA-DR mAb 1.243 immobilized to sepharose beads.
HLA-DR associated peptides were eluted with 0.1% TFA and analyzed by 2D-L5/MS5-MS.

Sequence analysis of HLA-DRB1*1303/1501-associated Ligands revealed 1 IFN--1b
-derived epitope, represented by three peptide sequences derived from [FN-B-1b (Table
9. The epitope associated to the genotype DRB1*1303/1501 was found in at Jeast 2

independent experiments.
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<212> PRT <213> Homo Sapiens 35 <220> <221> Epitope #6 <222>
(2)..(13) <223> Interferon-beta-Ib epitope associated to the genotype 40
HLA-DRB1*0801/*0801 <400> 56 Asn Val Tyr His GIn Ille Asn His Leu Lys

Thr Val Leu 451510 <210>57 <21B#14 50 <212> PRT <213> Homo
Sapiens <220> 55 <221> Epitope #6 <222> (1)..(14) <223> _
IntErferon-betasl apitopsasensiatbit facthk geritype L6-mer 148-161 and the 17-

kA DRBL*0808/*080160:94002:5:% Asrtoliahfyy ki Gin:HeuAsh His4sell, I-
_Lys ThrVal L eu Glu 65 0> 58 <211>15 <212> PRT <213>
b{%ﬁ?é‘[’] é\mfasajé'asuP_;Gwoag = gqu?}f;ﬁé?}

apiens pitope #6 <222> (1)..(15) 5 <223>
Interferon-beta-lb epitope associated to the genotype
HLA-DRB1*0801/*0801 <400> 58 10 Asn Val Tyr His GIn lle Asn His Leu
Lys Thrval Leu Glu Glu 1510 15 <210>59 15<211> 12 <212> PRT
<213> Homo Sapiens 20 <220> <221> Epitope #6 <222> (1)..(12)
<223> interferon-beta-lb epitope associated to the genotype
HLA-DRB1*0801/*0801 25 <400> 59 Ala Asn Val Tyr His GIn lle Asn His
LeuLys Thr 1510 30<210>60 <211>13 <212> PRT 35 <213> Homo
Sapiens <220> <221> Epitope #6 40 <222> (1)..(13) <223>
Interferon-beta-lb epitope associated to the genotype
HLA-DRB1*0801/'0801 <400> 60 45 Ala Asn Val Tyr His GIn Ile Asn His
Leu Lys Thrval 1510 50 <210> 61 <211> 14



(93

<212> PRT <213> Homo Sapiens 55 <220> <221> Epitope #6 <222>
(2)..(14) <223> Interferon-beta-lb epitope associated to the genotype 50
HLA-DRB1*0801/*0801 <400> 61 Ala Asn Val Tyr His Gin lle Asn His Leu
Lys Thr Val Leu 6515 10 <210> 62 -<211> 15 70 <212> PRT -57-

<213> Homo Sapiens <220> 5 <221> Epitope #6 <222> (1)..(15) <223>

Inteltdrisri-beta-Ib epitope associated to the genotype

OHE-A-RRBII08A1/0804-10:54Q0x L2 Ata AsmMabT YTHISBIR e A HIE2.

Leu Lys ThrVal Leu Glu 151015 15<210> 63 <211>13'212> DOT
et S OO SapieS 20 22205227 TS EpItope #6..<222> (1)..(13) 25

Ex208> Interferbrpbetathiapitope assobidted o thedenotjpe > region | SEQ. ID. |
HloA-DRB1*0801/x0801 <400> 63 30 Leu Ala Asn Val Tyr His Gin-He Asp-2
Histeutys 1510 =210>64 352115 T4 <712 !-’H! =2T3> Hemo
Sapiens 40.<220> <221> Epitope #6..<222> (1) (14)<223>
irtérferon-beta b Epitupé dsdodiated to WHEBEAhe ¥9-113 3
HLA-DRB1®080Taa0 A5 LAR0> 64 | eu Ala Asn val Tyr His Gin e Asa——2
His Leu Lys Thr Val 1510 50<210>65 <211>15 <212>PRT55
<213> Homa sapiens <220> <221>Epitope #6—60-<222>{1)(15)-<223>—
irftérferon-bete-ity Bhitdpe-asibiiated to tHesgEAMRe 1432157 >
HLA-DRB1"ba04/¥68Ds 2atab 65 65 | eu Ala Asn Val Tyr His-B1A lle Asp—2
His Leu Lys FHRY/AKIGSER IS5 70 <210> 66 - 58 T 143-157 7

INVEWKIDGSERQNGV T 143-158 &
#3 WPSQSITCNVAHPASST heavy chain 194-210 9
Table 2.

OKT-3 (Orthoclone) epitopes associated to the genotype HLA-DRB1*0701/71601.

_Epiipe Peptide sequence Slifn; OKT-3 region SE%SD'
#i KDSTYSMSSTITLTK < Tiaht chain | 168-182 0
KDSTYSMSSTLTLTKD 168-183 11
KDSTYSMSSTLTLTKDE 168-184 12
SKDSTYSMSSTLTLTKD 167-183 13
SKDSTYSMSSTLTLTKDE 167-184 14
DSKDSTYSMSSTLTLTKD 166-183 15
DSKDSTYSMSSTLUTLTKDE 166-184 16
DQDSKDSTYSMSSTLTLTKD 164-183 17
DOQDSKDSTYSMSSTLTLTKDE 164-164 18
- TDQDSKDSTYSMSSTUTLTKDE 163-184 19
|
Table 3.

OKT-3 (Orthoclone) epitopes associated to the genotype HLA-DRBI*1101/71202.
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16

<211> 16 <212> PRT <213> Homo sapiens <220> <221> Epitope #6
<222> (1)..(16) <223> Interferon-beta-Ib epitope associated to the
genotype io HLA-DRB1*0801/*0801 <400> 66 Leu Ala Asn Val Tyr His
GIn lle Asn His Leu Lys Thr Val Leu Glé2151 5 10 15 <210> 67 <211>
14 20 <212> PRT <213> Homo sapiens <220> 25 <221> Epitope #6

<2272>

1)..(14) <223> Interferon-beta-lh

Egétdtype HLAMSREROBTA6801 30 <

HHs-Ghr

lle.Asn-His-Leu
HS--e

QE

SEQ. 1D,
NO

|
=J

[«

400> %{Leu Leuﬁg ASAA Tyr
510-35°2310% 68 7-<213

Pt
45 <22

>-1R i 1 &
e e et pione

Asn.His-Leu

[ I
I

nitAarna

ntarforonbat

<202 | HPRIg |
By AR NAYAG o, o éfh%i?\‘f” clted o thegenglype
\UL%%%%I\PAPW#S’ 0] mCeurTeu Aﬂg@g@gval

Tyr

A ’%WS?}BH‘EH\WM?A‘S%T:’ 1

15-5=<210>7

0<251>18 <2125

3>tomg PRI P A2Aqe

R2Z2T>Epitope

#o 1@x2xi1)..

[SRARCETE U] B oy
e ] b

e

18)

223>"Interferon-beta-tbepitope asy

SOocClated to the

genotype

HEA-DRB1*0801/ 0801 <400>"70 20 Asn LeuLeu Ala Asn Val lLvr His GIn

lle Asn His Leu Lys Thrval 151015 Leu Glu

Table 4.
OKT-3 (Orthoclone) epitopes associated to the genotype HLA-DRB1*0301/70401.

Epitope
no.

Peptide sequence

QOKT-3
subunit

OKT-3 region

SEQ. 1D.
NO

A
b

INVKWKIDGSERQNGVL

K light chain

143-159

26

Tab

fe 5.

Interferon-P-1b epitopes associated to the genotype HLA-DRB1*0101/%0701.

Epitope no.

eptide sequence

I

IFN-B-1b region

SEQ. ID. NO

#3

E'_I']

OFQKEDARLTIY

48-60

OLOOFOKEDAALTIYE

45-60

KOLOOFOKEDAALTIVE

44-60)

Table 6.

Interferon-

[-1b epitopes associated to the

senotype HLA-DRB1*1101/%1404.




25<210> 71 <211>11 30 <212> PRT <213> Homo Sapiens <220> 35
<221> Epitope #7 <222> (1)..(11) <223> Interferon-beta-Ib epitope
associated to the genotype HLA-DRB1*0801/*0801 40 <400> 71 Arg Asn
Phe Tyr Phe lle Asn Arg Leu Thr Gly -35-10 45 <210> 72 <211> 13
<212> PRT <213> Homo Sapiens 50 <220> <221> Epitope #7 <222>

Ep(l)n€E3) 55 <223> Mteiferonpireta:|b epitope HSSobiated gwthe géhotyhe NO
HLA-DRB1*0801/£0801-<400>-/2-60-He-l-ey-Arg-Asn-Phe-tyr-Phete-Asn
ArgLeu ThrGly 1510 <210> 7365 <211> 14 <212> PRT 213> Homo
Sagiens 70 <220>4601x22%> Epitope #7 $222> fB)9(14) <2p3> 30

[ Tnterferon-beta-lh-epitopeasseviated to the genotype 00 31
HLCA-DRBT0801A080] 1rx400% 73 lle Leu Arg As9Phe Tyr Phe lle A3n
Arg Leu Thr Gly:Fyr b 9130 3a<220> 74 <211> p4-x212> PRT 15 33

I <213>Homo Sapiensos220x <221z Epitope #7 204222> (1)..(14) $223>

T Interferon-beta-lrepitopeassociatetto the lgenotype 04 35
HLA-DRB1*08Q1#H80E w408> 74 25 Glu lle Leu AggoAsn Phe Tyr Phe lle
AsHArg Leu ThEGYHE DA 30:<210> 75 <211> 4%19812> PRT <213>
Homo Sapiens; 39-+420R 24417 Epitope #7 <2282 (d)..(15) <223>38
mterferon-betazlb-epiiopgAssaciated to the penotypa (40 39
HEA-DRB1*O80F/ 080 74007 7aval Glu [le TegAigAsn Phe Tyr Rhe
teAsTATg Leg TR Bk TvLEER 88-104 41

LANVYHQINHLKTV 87-100 42
LANVYHQINHLETVL 87-101 43
LANVYHQINHLETVLE 87-102 44
LANVYHOINELETVLERL §7-103 45
LLANVYHQINHLKTVL 86-101 46
LLANVYHQINHLKTVLE £6-102 47
LLANVYHQINHLKTVLEE 86-103 48
LLANVYHQINHLETVLEEK 86-104 49
NLLANVYHQINHLETVLE 85-102 50
NLLANVYHQINHLKTVLEE $3-103 51
#7 TLRNFYEINRLTG 149-161 52
VEILRNFYFINRLTG 147-161 53
Table 7.

5 Interferon-{3-1b epitopes associated to the genotype HLA-DRB1*0801/%0801.

Epitope no. Peptide sequence IFN-£-1b region SEQ. ID. NO

#6 NUYHQINHLET £9-99 54
NVYHQINELETV 89-100 35
NVYHQINHLETVL 89-101 ! 56
NVYHQINELKTVLE 99-102 | 57
NVYHQINHLEKTVLEE 80-103 58

ANVYHQINHLET 88-99 36
ANVYHQINHLETV £8-100 60
ANVYHQINHLETVL 88-101 61
ANVYHQINHLETVLE 88-102 62
LENVYHQTINELKT 87-99 63
LANVYHQINHLETV 87-100 64




45151015 <210> 76 <211> 15 50 <212> PRT <213> Homo sapiens
<220> 55 <221> Epitope #5 <222> (1)..(15) <223> Interferon-beta-Ib
epitope associated to the genotype HLA-DRB1'0101/'1401 60 <400> 76
Leu GIn GIn Phe Gin Lys Glu Asp Ala Afa-Leu Thr lle Tyr Glu 1510 15
65.<210> 77 <211>16 <212> PRT <213> Homo sapiens- 70 -61 -
<220> <221> Epitdpb/as CHFIFAY(16) 5 <2238 intliferon-heta-Ih5> |
epitope associated i {HE GERTRHE HE A-DRB1*3101%1 401 <400> 29 10
GIn Leu GIn GIn-PRETGHELYSEH Asp Ala Ala | elf$Hitle Tyr Glu 1%/10
15 <210> 78 15-%2005 12 RPIFL PR <213> HAfdSapiens_20 <550>
<221> Epitopel#5. KPS INHLTZY <223> Interferdiifidta-ln ehitope 59
associated to thegebtijipe  HILADREL*0101/*1497 ¥42400> 78 Lys Gln
Leu GIn Gin Phe GIn Lys Glu Asp Ala Ala Leu Thrlle Tyr 1 §10 15 30
GHi7 35 <10> 7BNEZFINABTEG212> PRT <213> Hdmé Sapiens 40 £020>
<221> Epitope#BiR222NLY.¥18) 45 <223> Intelfétdi-beta-lb_epitoge
associatdd totheyensiige_HEA-DRB1*0101/*1469<400> 79 50 lle/Bys
Gin Leu GInFGmR GINRYS'Glu Asp Ala Ala Leldfhitle 15 10 15 ™Fyr
Glu 55 <210z 8CRIASNEL B <212> PRT <2135 Hbflo Sapiens <220>

7

associated to the genotype

Tabie 8. 7
5 Interferon-B-1b epitopes associated to the genotype HLA-DRB1#0161/*1401.
Epitope no. Peptide sequence IFN-8-1b region | SEQ. ID. NO
#5 LOQPQREDAALTIVE 46-60 76
OLOQFOKEDRALTIVE 45-60 77
‘ RKQLOOFOREDAALTIYE 44-60 78
TXKOLOQOFQOKEDAALTIVE 43-60 79
TEQLOOFQREDAALTIYEM 43-61 80
EIRKQLOQFQKEDARLTIVE _ 42-60) 81
IPEETRQLOQFOKEDAALTIVE 39-00 82
#7 ILENFYFINRLTG 149-161 83
VEILRNFYFINRLTG 147-161 84
Table 9.
10 Interferon-P-1b epitopes associated to the genotype HLA-DRB1*1303/%1501.
Epitope no. Peptide sequence IFN-B-1b region | SEQ. ID. NO
#7 TLENFYFINRLTG 149-161 33
EILRNFYFINRLTG 148-161 86
VEILRNFYFINRLTG 147-161 87




HLA-DRB1*0101/*1401 70 <400> 80 -62- lle Lys GIn Leu GIn GIn Phe Gin
Lys Glu Asp Ala Ala Leu Thrlle 151015 5 Tyr Glu met 10 <210> 81
<211>19 <212> PRT <213> Homp Sapiens 15 <220> <221> Epitope
#5 <222>(1)..(19) <223> Interferon-beta-1b epitope asssociated to the
genotype 20 HLA-DRBl“OlOl/*}401 <400> 81 Glu lle Lys GIn Leu GIn
GIn Phe Gin Lys Glu Asp Ala AREZE Thr 25151015 lle Tyr Glu 30
<210> 82 <211> 22 <212> PRT 35 <213> Homo Sapiens <220> <221>
Epitope #5 40 <222> (1)..(22) <223> Interferon-beta-lb epitope

A magsddiatédtading genntypeoddlidisDRB haipddtit 401y 40082 pdbidle Pro

. > InPheGin Lys Glu Asp.Ala 15.10 15 50

o I b D B P B

1) PrRjEfiRe Sepiers cso e opigsnayoestmpiteisaters (APR2 aptp gpepp 8.l to S ug

moléat@sferon-beta-lb epitope associated to the genotype

i) cdllfaéig‘g 1;%0&(4*14331 1 a<400c; 83.1le LeogrA;r AsndPhe Tyr Phe lle Asn
AL et Thi Gy s A0V Fhr W3S 01 JUHA SR PRI 1 o5 PRT 5 <2135

iii) ippdiriee Sdiar e pnpRgeniE pitpiple #IN1IGxe f2m (13 cells5) <223>

iv) dterferenshtanth shitopemnsaciated tRthg genotype
LA-DRB1*0101/x1401 <400> 84 15 Val Glu lle Leu Arg Asn Phe Tyr

CH
V) 1S BeARH RPPLRTHRPER™T 5 10 15 20 <210> 85 <211> 13

vi) verifying the identified immunogenic peptides as epitopes,
b) modifying the corresponding epitopes of the polypeptide so that the binding of antigen
presenting receptor is reduced or abolished,

¢) thereby creating a modified polypeptide with reduced or no immunogenicity potential.
The method according to claim 1, wherein the APR expressing cells are MHC IT expressing cells.

The method according to claim 2, wherein the MHC 1T expressing cells are dendritic cells.
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10.

<212> PRT <213> Homo Sapiens 25 <220> <221> Epitope #7 <222>
(2)..(13) <223> Interferon-beta-lb epitope associated to the genotype 30
HLA-DRB1*1303/*1501 <400> % lle Leu Arg Asn Phe Tyr Phe lle Asn
Arg Leu Thr Gly 351 S 10<210>86 <211> 14 40 <212> PRT <213>
Homo sapiens <220> 45 <221> Epitope #7 <222> (1)..(14) <223>
The mistterferoordietasl ble.ipit@p@?&%‘ﬂ)@iﬂtddntbithezgemby@@osed to e potential source of
B RIRIA05LA501 90,2000 80 GUulle Ly Arg An Plie I Phsle .
Sn Arg Led Thr Ofy L S 1055 <310> 87 S C B A
celis. Homo Sapiens 60 <220> <221> Epitope #7 <222> (1)..(15) 65 <223>
Interferon-beta-lb epitope associated to the genotype
HLA-DRB1'1303/*1501 <400> 87 70 Val Glu lle Leu Arg Asn Phe Tyr Phe
The mgghpdsprorgitety TG lytoaH-vihgap ths source of therapeutic polypeptides is selected

from the group consisting of oytokines, chemokines, growth factors, antibodies, enzymes,

structural proteins, hormones or a fragment thereof.

The method according to c¢laims 2 to 5, wherein the complexes of MHC molecules with

- immunogenic peptides are isolated from the cells with methods comprising solubilization of the

cells with a detergent and seguestration of the complexes of antigen presenting receptors with

immunogenic peptides by immonuprecipitation or immunoaffinity chromatography.

The method according to claims 2 to 6, wherein the sequestered complexes of MHC molecules
with immunogenic peptides are washed with water in an ultrafiltration tube before eluiing the

peptides.

The method according to claims 2 to 7, wherein the immunogenic peptides are eluted from the

MHC moiecules using diluted acid.

The method according to claims ! to 8, wherein the isolated immunogenic peptides of

{a)1v} are fractionated and ssquenced.

The method according 1o claim 9, wherein the isolated immunogenic peptides are fractioned and

sequsnced by methods comprising liguid chromatography and mass spectrometry,

. The method according to claims I to 10, wherein the isolated immuncgenic peptides are identified

by comparing the peptide identified from the cells which have been contacted with a source of
potential immunogen with those, which have been identified from cells which have not been

contacted with that source,

. The method according t¢ claims | to 11, wherein the immunogenic peptides are naturaliv-

processed immunogenic peptides.





