10

-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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arma eutlcal protein. These peptides are referr dtoas"T cell
tl@pﬁf&b@ég%}ﬂrﬁf’eﬂ?n“’é’b’i’%’ﬁ’@cemﬁ& %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
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5 Qrdeh i AHrach GRS pyiRtoXiGah B8NS itic cells that have been pulsed with the

respective pharmaceutical protein, and the determination of the sequence of the potential
T cell epitopes of the pharmaceutical protein. The method of the present invention can be
utilized for identification of immunogenic epitopes contained in engineered

polypeptides, antibodies or other therapeutic proteins.

Almost any therapeutic protein displays a certain degree of immunogenicity in
clinical trials. The initial trigger for immunogenicity is the activation of CD4+ T
lymphocytes upon recognition of peptide fragments of the respective pharmaceutical

protein. These peptides are referred to as “T cell epitopes” or, briefly, “epitopes”.
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which lyse infected cells or tumor cells, (ii) MHC class II-peptide

complexes are 10 constitutively expressed only on so-called antigen

presenting cells (APCs) , such as B lymphocytes, macrophages or

dendritic cells (DCs). In particular, DCs have the capacity to prime CD4+

T helper cells and thereby initiate immuiogenicity (Banchereau, J.

&-Steinman, R. M., Nature 392 (1998) 245-254). Hence, the present

innaveikasiappicach toidektify TPRAGROGEHIORF HBtShotstih cRgopes are presented
inRharmaesutieal protensisdadise; BGputséd it theabiopharmapeoticdHC). In
hi?]i];'l%gglﬁﬁhaﬁ%l %t:%[gs] e tLJé're e Gk %ﬁk%ﬁ@aﬁqg%mg@}egﬂq—Wﬁ'&mted

class’l molecules on DCs. In_order to determine th% potential _
PeRanBgEAIvity-oF ABIGPHARM actEaP #F & MARRBT Rk &%&é’% fhi
[wholespupualation, BT frotea series ofblood donors have to be used that
are representative for the variety in MHC class Il genotypes of the

Feslpﬁ_@%h/?egﬁ_cggpﬂléﬁq%nlﬁ@apfﬁéws@vwm% grqvéggalm_esth@@s[ef@tag be
Isolatin Identitying unts ol patentally 1Imr IC. s
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cgohecerpsshhbNOGRARIY FMESHMEEE! theraseitic preteins t& grogoxic T cels
whelypeptides:smeaoclenabantibddies avethen proteing tihe methodofithe
ccg%g%t%%?yelh %?:B;[‘Q% acg (\)/&qﬂft%ge?(;[ hc%ﬁmea}g[?%%%roefsg%@g c%ﬁg{%l:@ﬁs%tﬁgas B

ptides can be elucidated from the ‘small quantity of dendritic cells that

eaPHoC BRSO FEAS Vst AHBLAES ST periph@rBFBISEE of A Hedithy"e “2Pactty
rsipnete Te: desbeiperlinathad @esinemthiatthe immmogenid peplidesu, I
sisglated and {dentified.are thosg that arenaturally-processed and 30

presented by DCs in vitro upon encounter of a therapeutic protein.

Accqrding to a first aspect, there is provided thod for reasing.t -
G S i ’FcaBB%paé\f‘%%é%&?ﬁ%ﬁfs?r%“?%%ﬁ%i%‘tgi%%ﬁ%“
plireimpunoyenidprptidesier Biestiekapatitic eIy sehta eempriing e
d%&%ﬁﬁ@t%@@kl&ﬁéﬁ&@ﬁiﬂﬁi @@glgea @f&&ﬁﬂt&ﬂga&@%oﬁﬁs@l?&biﬁcamtaﬂl DCs. In
amount.of 0.1 to 5 ug molecules, ii) contacting the ith.a.
e e TSR A e e SR S AR s
IpeptigdicomplexdsoteA e eensD iv) B THE QS SUE Rt PRTHUES from Us=¢
tthe APRpnelecules.fv) dentifyingthe HimimogenicpeptideShay seprfying
tgeulggggfied immunogenic peptides as epitopes, b) modifying the.
pcgrrespohding epitopes of the polypeptide so that the binding of antigen
presenting receptor is reduced or abolished, c) thereby creating a

modified polypeptide with reduced or no immunogeni city potential.
Method -3-

The present invention provides methods for isolating and identifying femtomolar

ice and

amounts of potentially immunogenic peptide antigens derived from pharmaceutical
proteins. Said method concerns immunogenicity monitoring of therapeutic proteins, e.g.
polypeptides, monoclonal antibodies or other proteins. The method of the invention has
the advantage that the identity of bound and/or presented peptides can be elucidated
from the small quantity of dendritic cells that can be obtained from usual amounts of
peripheral blood of a healthy donor. The described method ensures that the
immunogenic peptides isolated and identified are those that are naturally-processed and

presented by DCs in vitre upon encounter of a therapeutic protein.

According 10 a first aspect, there is provided a method for decreasing the

immunogenicity of a therapeutic polypeptide comprising



The present invention provides a method for isolating and identifying
peptides that may render biopharmaceuticals immunogenic after
administration to humans. The method provides complexes of peptide
receptors with potentially immunogenic peptides in an amount of 0.1 to
5g, preferably in an amount of 0.2 tgy3 .ug. This quantity equals 5 to the
amount of material which is normally available from DCs cells obtained
from peripheral blood of patients or healthy donors. The lowest amount of

a) INAENA NBCESSADNIBLNS PEIRIRY S ARAHERBBURE MG HIA8S dbmprising:

_molecules derived from an unlimited source (inbred mice) (Dongre A R et

i) PEPYIEIPE GOHS SIPEIMBEi SMPTEEBIE tRrsIRIB (SR MR grirtrd e of

0.1mAteriahibagvailable from human peripheral blood. 10 Specifically, the

_._ present invention provides a method for jdentifying peptides involved in

ii) Wﬂ%ﬁ&ﬁ&gé‘ﬂﬁ&@%&ﬁ@r@wlﬂh@%ﬁ%@&fay%mﬁ@%@ﬁgt&i@ﬁressing

iii) MPISER.PASFE I [SCLRIQM 0RRIR) HR i ovRekpreyigng tRkéad ug

. _receptors, preferably, in a number providing 0.2 to 3 ug, b) contacting the

V) eBfidrg R pSQRiRted BBRFEE O mMimOGEMbetitfes, 15 c) isolating

v) R NTRRoBecRepHNeepmRiexes from the cells, d) eluting the

..assqciated peptides from the APR, e) identifying the immunogenic

vi) Sepfides BrudRanting e RIRrRHIS G SRIPSHtides as epitopes.

b) Medierahlyhthe metwdiior idaotibioghepidgs e vedHn mnynaaeicity
20 comprises the steps of a) providing cells expressing antigen presenting

AntEen BEETENTAYS B PP h BRI 8% 10 5 ug receptors, preferably,

c) tifeRhy BRBRIHY @ B 842t deidide) wantagiinadtbe kellsfiemdaliwith a
source of immunogenic peptides, c) sequestering the APR-immunogenic

Pol5Eitde complexes from the cells by 25 immunoprecipitation or
immunoaffinity chromatography, d) washing the bounded complexes of

: ﬁgR with antigenic peptides with water or low salt buffer, e) eluting the

Mefaidciated peptides from the APR, f) identifying 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) identifying the
immunogenic peptides of the polypeptide as described above 35 b)
modifying the corresponding epitopes of the polypeptide so that the
binding of APR -4- molecules is reduced or abolished
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c) thereby creating mutated polypeptide with reduced or no

immunogenicity potential. The term "polypeptide" as used herein refers to

a chain of linked amino acids. The term "immunogenicity” as used herein

refers to the quality of a substance 5 which is able to provoke an immune

response against the substance. A measure of how able the substance is

at pibvokingranrimmimne responseragainstit: [Fhietegntimdsundgeniciy:ides that
mRotential' as used herein refers 1o, patential Gapagity of. AP0l RERYLE 1.

e 1%[ an immune response. The term "immur}t resPor%S(?f' as used Qerlecine fides
SRS R B DO eS8 RN THER 10 rEEOghiZ8% AN iAVAGIY 51« Peptas
insubstanoe ahd ptoducepantisobiiés spevifivaigaifist that enhtigen Tketity equals
todmount ef tissue r-hodily Huidnecessan: fatobRimeryc 100 nghvibieclass

Il. molecules depends on the number of cells that do express MHC class, 1L
Sririe o R Rl a%aar?%f&??‘e&w
iV &assisarecsg avarentid C18abldur olerp] $Seiife BEw g it mited source
(1406 peripheratdlord MmpIeeyes ob Bhadt Sx 10hpasiphetalkbloodiers of

mononuclear cells whigh cap_be obfained from abgut 50:mi pfblood. The
mﬁrglﬁt%%%é’?t?\?ﬁi‘ }%%Bﬁ%?e%%% iddgr%fying MHLC class IIHassocia(ted peptides is

explained by the fact that eqcht e of ;these eptide receptors,.e.d. ...

U B R eI 1 GbA BRUUGT ALADRY  Safnas dbstt SO RH06
inglifferdnt antigemgpeptides(ChiczeRb2GIRstadl., J Exp. Med. 1993, 178,
2)2h A3 Ehied R-M &sMrkam R &, jrapasnek fedsayr 998R 1 18::155 60 roviding

owever, most of the-500, to. 1000 different tid tain very low copy
O R o T ok I@%ﬁgﬁ?@gﬁﬁggﬁﬁgp‘ At ol
b rspéeiang il tre IMH@ dRisE LI 4 858 BB PHABE R GRS 6T
< irepnnologival relavance €. gettidse dhatieactitiate: hiedpefld cells and

thereby facilitate | ieity of pharmaceutical proteins, 25 attain
d.)rﬁo%ge? gﬁ%gshs?g%ac%%%%grﬁgers‘(Latek R R & Unanue E R, Immunol. Rev.
e)1999tiliing thpgyvay ERRES Beiitles cover about 40 to 50% of the total
fanlalunirgftpe plideifimdterakelyted fnomiMECsatagsds.molecules and

equal to about 10 to 20 individual peptides. Many MHC class I

associateshneplid s arereRTRReNEtha & satofRi0v8dGn anehiNn @R nicity

terminal t%mcatior} variants (Rudensky A Yet al, Nature 1992, 359,

C%ﬁB?}fﬁi‘f ﬁltggse? al. Nature 1992, 358: 764-768) sharing. a common core _.
2 spUediod ofIEUT TORS ABERTRGCKERATATER 1 B5a8RtAT foF FERBY o8
0 hydhed eelipecepioricFiigse truncation/elangétign . Variants constitute the

pEame, lce! kg@@&&eﬁ-(ﬂqi@m@% that the number of different 1. epitopes,

/hich are™of importance is actually smaller, ranging from gbout 5. to 70
CfrenerEgiidses’ &Hﬁ%?ﬂﬁ@%ﬁﬁﬂ%%@%ﬁﬁ’?ﬁﬁ%ﬁ&é’%%m ieS’ranges
irfremn0;2% 16 54 Originmofithe Reptidbs-5Thegantigenic peptides of the
JPresgntdnyention e peptides whichrarepsseaatedpmiha MG clagsrlk low salt

lecules on the surface of human DCs. The antigenic peptides may be
Botind to intra- or extracellular MHC class Il molecules. The term
e 'rmugogemerciated peptides from the APR,

f) identifying the immunogenic peptides,

g) validating the identified immunogenic peptides as epitopes.
Preferably, the antigen presenting receptor is a MHC [T molecule.

Purthermore, the invention provides a method for decreasing the immunogenicity of a
polypeptide comprising
a) identifying the immunogenic peptides of the polypeptide as described above

) modifying the corresponding epitopes of the polypeptide so that the binding of APR
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peptide" as used herein refers to an antigenic peptide which may elicit an
immune response. The immunogenic peptides may derive from
polypeptides after coincubation io with DCs. The polypeptides which are a
potential source of immunogenic peptides are polypeptides including
therapeutic polypeptides such as cytokines (i.e. interferones, interleukins,
mekythrepeietin (&po) grémddcyte/ macrophage colony-stimulating factor
o) @MCSRLQrumarRecrosis factor (T kehemokings: Srovwh fastorsetential.

antibodies (i.e. monoclonal, polyclonal) chimeric and humanized

antibodies), enzymes, structural 15 el ts, hormones and.fragments; 1.

therlgﬁc%)ff.’“ifs?fl aIP&%@?@gﬁtiaseurg'éke%gtbgr%ggr}%&db%gto accommodate a broad

variety of peptide ligands (see abovge), each single peptide whose

seqUeACe PaaTBE CRIBIHTEH 15 fopreuaied In b FeriroRr =<
whittousnisle T dgMHGeclass 1 (6 oty rrayioar it edohinant: peptigaare of how
ariPesiesHwith each: singlpeptide.atiainingan eectpaney:of 0.1-2(yo, 20

which equals to about 16-320 femtomoles. The methods of the present

?”Veﬁﬁig@9&&%&&9@&3%@8@gfo@ﬁaglf%&@p@gmp&a@gqu@gsag%my of

immunogenic peptides from’0.1 to 5 ug of antigen presenting receptors
2 RSANREP WHth' PEP AR HRTFIRGIF SHB8EGuent sequencing. 25 Origin of the
antigen presenting receptors The term "Antigen presenting receptors” or
"APRNasusSthiersin TSRS as pegstibler vacepitor Wmé@&ﬁd@%ﬁf@éﬁ%ﬁm that
re@@@qg@;ﬁsa@&nﬂﬁrcﬁﬁgﬁi%Ehﬁi&%@ttﬂ&ﬁdi{ﬁé@ unalegical gelisianghineraby antigen
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

molgcules. Alternative APR Hgaft ay play a role are the receptors pfithe . 11
CDﬁ%&erﬁi yocl):‘rn 5@1?5?8%%8 ar bﬁ\’ni éﬁg&égrr%%%és%& ][Ct)h%agt E|5r'ne§'é’ht poténtiall e

y
migheauiso denia peptidestorapa afiellieh 1t dedre s Uit ofthe B ainilane
eMatesiah The sethads efthepresehtinentiomencofifastall betisdpayalent to

S 923 o“m%i%@egfgg%?%ﬂ% F%?ﬁra ér%m%ﬁi e RRAMS-limeare ablg{as 107

prime or activate + T cells. 5 These cells are also referred to a bood
o DAL e SHTNG EIR:APCS ARG PE RS MLor5hABEE: apageH tlood
presenting cells and the phenomena of antigen handling and o
preséntdtigh stns Euitdamental frrdansiddye did edltion (eufterauenide)is
eNeWnY ok [Ravenyesshl98OhARGs tephiedisedcomprisehhumantBiC class 11
cells, hum acrgphages, preferential dendritic.cel elﬁg@;t Chicz R
SO W]%Il,c ?g%m%g?qg It é‘%ﬁ%ﬁﬁ%&%ﬁ gslé?[% as perip‘heerallgb ood ( _ iiz i
MrrsnbnlEteanéedis (PBME) oF peripheraloibsaYyhRighd cyted BRY) Msye! *°
1 usess-The prefemed ARG S areccalistexpressifgMit C-olass Himoleeutésw copy
mFTi\lll LN, Hare%f%ﬂ%gaﬁeﬂ%ﬁg%ﬂ%}t{% ES?J{% physiological role. Especially in the
MHC class I1 field, those peptides that are of immunological relevance e.g. those that
activate helper T cells and thereby facilitate immunogenicity of pharmaceutical proteins,
attain moderate to high copy numbers (Latek R R & Unanue E R, Immunol. Rev. 1999,
72: 209-228). These peptides cover about 40 to 50% of the total amount of peptide
material eluted from MHC class II molecules and equal to about 10 to 20 individual

peptides.

Many MHC class IT associated peptides are represented as a set of 2 to 5 C- and N-
terminal truncation variants (Rudensky A Y et al, Nature 1992, 359, 429-431; Chicz et al.
Nature 1992, 358; 764-768) sharing a common core sequence of about 10 to 13 amino
acids which is essential for recognition by the T cell receptor. These truncation/elongation

variants constitute the same T cell epitope. This means that the number of different
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In order to judge the immunogenicity ofpolypeptides with respect to a

certain 15 population, a series of HLA-typed dendritic cells are to be

used, with the HLA types representing the HLA frequencies of the whole

population. For example, to cover the Gaucasian population with regard

to the HLA polymorphism at the HLA-DR locus, dendritic cells derived
erfrom:ahokit 1 5:20 bileed:doners differihgindheirkitdA-DRogerotyps falediferent
ep (%0% analysed for potentially Immunogenic.peptides. 20, Solubilizationsof.

A igen presenting receptors from Cells For the purification of antigen

presenting receptor-peptide complexes from cells, the membranes of the

cells have to be solubilized. Cell lysis may be carried out with methods

known in the art, e.g. freeze-and- thaw cycles and the use of detergents,

and@&éBrﬂﬁhéﬁ@H%“%ﬁ%reof Preferred lysis methods are solubilization

using detergents, preferably TX- 100, NP40, n-octylglucoside,
TRwittoegent pnbreh CHAPS: oSt prefisraply PERUICO SR Zvitergeigeizith
VEeH dehris angkpuclalhave torhe: remavech Tom. cElklysdatesi cpataiting tiyee
b SOluplized receptor;pepide omplexen by sentitugation Therelore, jo.a

ment e present invention, the complexes, of antlgen

PYTesEnting 30 IS Mt R LSGY e R HEpIHES BRisoite P BT IS
re@ehs WJmHB@ih@d%gampps@ngeso{mIthﬁwﬁhgmﬁpw@@aaMW@im&@mn

T EUrtheunore, tllﬂ%f}@ﬁﬁ% ides
Wpt#ogl e p%? g) tg)dc?r? %%?ﬁ%gl\t/ﬁ-% %;ig;%}e ({:H5 m Iex sfrlo ‘cell Irﬁ@?es e

EEW&@%HHB}&ER@W@%BB}‘&ﬁ SRS ARG it ity int¥ierones,
1rﬁhfk&uiat@gm@hyoﬁmemmﬁpmmppégmmmc@@phmg ﬁ@}@ﬁ’yﬂwﬂmlatmc factor
éNfO@@[O&f AR %@E%ﬁl%ﬁ%ﬁq’&@g@r #ﬁlkﬂ%ﬁﬁ?g U m%dggwe@ andsibodies (i.e.
suita se ods are use e specific;antibodies are
n}?r%‘?é?% Hf% ﬁ’t?ﬁgcﬁgg%uﬁ]aagﬁéedsg%%n% gt)r no rT(E:Cc?\’/eﬁ"{eurftflEyl/ra1
clegewia Bwteﬂmﬁ,mmhedlwﬂiéh@@ég. sepharose or ,,arose beads. A

selection of the broad panel of anti- HLA antibodies used in the prior art
co mﬁﬁiaﬂ&haMipbﬂME%qmb@diesb]f%&,&m&;@% A 4Typreterdblyl peptide

DQ110 e 3selWee 4422
%a%%r & 6@‘13%’. 2 g D%gf@%sa SRYL3T Y22 11951@9%041@{@@%

ody B7/21. tlbod eclf_lg
“fBFQﬁFf’f’é?éﬁPMﬂ‘(ﬁiﬂ%@?]ﬁﬁ]gﬁﬁ&qﬂa% gfﬁiﬁéﬁ? (ﬁ %%]talne Cauiy
dPhanmingepy Diapave) oipurfiedifrgmtsisapematantof @ﬁ%ﬁéﬁtﬂ/é‘z%s
Mﬁ'gq%mé&ei%%if@ B fpi@{ﬁ(ﬁn&%P rotein: &ratdinitysh W@&%&@M@iﬁaﬁow

Purlfled monoclonal antibodies ma ou varlous met od
B BRATIHY HHES praTEra b%%vai %%38 né ARtBO éeanrlﬁl o g%eljgrsom o
taso;@glBfmm@desephwmptnmﬁ@miﬁédra@wwﬁm@% BENIES TR Me
gﬁj@grmle,d by incubating the antibody-beads with the cell lysate under

rotation for several hours or

Origin of the antigen presenting receptors

The term “Antigen presenting receptors” or “APR” as used herein refersto a
peptide receptor which binds antigenic peptides and presents them to other
immunological cells and thereby mediating a specific humoral immune response.
Preferred antigen presenting receptors are MHC class 1T molecules. MHC class [1
molecules include but are not imited 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,
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chromatographically by pumping the cell lysate through a micro-column.
Washing of the 20 antibody-beads maybe performed in eppendorf tubes
or in the microcolumn. The efficacy of the immunoprecipitation may be
analysed by SDS-PAGE and western blgtting using antibodies
recognizing denatured MHC molecules (anti-HLA-DRalpha: 1B5). Elution
and Fractionation of Antigen presenting receptor-Associated Peptides 25
By eluting the peptides from the receptor molecules, a complex mixture of

naturgl lg{nprpgeesg@g@m%ggnved from the source of potential
immunogen and from polypeptides of intra- or extracellular origin, is

°btat%%dmé%%egrrh%'glgg%np%%geﬁrrg@c&s 5@&9@@@%@@@@%&1@@%&@&@

to sequence analysis he term |mmuno%%§ as used herein ref I’St M
S.

pb’éryﬁéw&éeﬂ’f&fbréwééfaﬁ%%%‘uﬁ PaHEBWHEN T
Ttlzteebmﬁya'Fheirmmﬁm&g&emaspﬂptgdegnrasﬂmmhﬁm@@mﬂe(Hresrem E R

MAYENHAD Maybe elited By & varig 9& %@%mocyrraﬂw@ﬁ Bhdling and

preferably by usin drlute cid, e. cetonit lle( ar kyT
PNt Po1 35336 1458) Siie a@éf%f? Wl - g ) e tork
R¢RerdBrisky1ASY) e B sNahrest 9941 358¢ 6222626 @Hmbwwarrqnbﬁgréa
Qéa%m% B4z AGBhardiluted tifluare aceticacid alidi (s (Kropshofer Hc,

992, 175, 1799- 1 refera
S‘é é é é%%r%db@ Ogﬁj%od) fits ef‘rrﬁuor@ aceti aC,Be%HE,%#ﬁ F?LI%%%OCYTES
(BpAboeiithentstite sequestered antigen presenting receptor- pept|de

complexes are washed with water or low salt buffer before elution in order
to refeve cfesiduaPdetergedtis eoptamimahts! T hlesoll saltbuiferimaybe

oIS RhasRhate Qraegfatebuffer in a concentration range of 0.5-10 mM,
preferably in a concentration of 0. 5 mM In a more preferred embodiment,

the ant Oqgna%reﬂs«antrng recep %Sd&f J{?o‘?’%%&dr(\!"{t&ftm

uItrapure w ncmg e ntl USG

penBlyis. preferably i iapy éqw@ﬁerﬁgt@ AdBF AP flemiiLA types
rMERGKrT e \Maﬁ‘hfﬂg}ﬁﬁﬁprmaﬁ thevdariiethpulaiy nltFafiltratiopi=,Tleover the
déé %ﬁ%&fg@%ﬂ%ﬁ% Garied.qut in, anry Ofr‘é gﬁwh&rp% rﬂmgumr%em,

D or 5 KD, preferably a tube vol
demsirity ralleentriareiot BE%quﬂrr’n%P%)‘Oﬁ%’WEéﬁﬁ?&ng‘ﬁw@ i %E?a%ﬁ%
cdfotybe Imaybeteaniggsedifd o2 tiniesrpreferghbiytoty ddtimes, with a
volume of 10 to 20 times the volume of the beads carrying the
receptor-peptide complexes, preferably with a volume of 15 times the
beads. The eluted peptides may be separated from the remaining antigen
Presenting RCRAAE Maleeulssusing dhes gm@s%ﬂmtrauon tube. The
eluted peptides may then be lyophilized. Peptide sequence analysis by
Irqu@ chromato PhX O 0 mass sp ectﬁ(])metr%/é7 C MS) jina further

ur, 1gen presenne re OF-DE tommieses from cells,
mbbiment o 1 preseft |r’i\/erFt| e°isolated immunogenic. peptides

aeannebtoncaed ﬂs«éadbﬁ@é@ tarier b é&e&éﬁ%éﬁaﬁ&q@ﬁ% ardtsh
et he amineragid sequenceof the ingividyalpeptides indheé daixtyeatafand
closz(r)l ate a%om 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 cell Tysates
containing the solubilized receptor-peptide complexes by centrifugation. Therefore, in a
further embodiment of the present invention, the complexes of antigen presenting
receptors with immunogenic peptides are isolated from the cells with methods

comprising solubilization with a detergent.

Nano-Scale Purification of MHC-Peptide Complexes
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immunogenic peptides is elucidated by methods adequate to sequence
femtomolar 25 amounts of peptides. By identifying it is understood that it
is established from which proteins or polypeptides the immunogenic
peptides are derived and which sequenge they constitute within these
proteins or polypeptides. In a first step, the complex mixture of eluted
peptides.may: E’Qﬁ%&%ﬂ]@ﬁ@&ﬁpb&v@l@ ofe gvefiety of @be&ime{c peptide

cogrpmatograntia methags. &0, by YRIRFALARE L ADjam axehange, SO

Ion exchan e Chromat togra or a‘combination t ereo Preferably, the
1@@%@3?@11%%@%%&@%@" <8f f@@%ﬁﬁ%@iﬂ%&ﬁ&t%iﬁﬁww ity
chreversedphaseliaiitinsexebdager iMid< dimerisionaldiRL G deroted &s these
m '\41 dcf) 't (ewgg«lf ngn %‘eca g?rlmt%@ﬁ@ gte h&@x%b]@%&éﬁ@%%&e?@%d are

ractionation may done in a HPLC mode utili |n fused- silica.micro-

Cobélﬁﬂ@fy’béﬁjmﬁs‘“ﬁ\lﬁéw &fe BRNEP Eohne e85 d haRHISW eSFeDc]}?ésberay
gsmmdeemiﬁsa A%elpassspiettrometbpordo famicrbliractiohation desdde Whiphor art
ts the fractions onto a plate for MALDI analysis. A variety of mass
spectrometnc techniques are suitable, preferably MALDI- post source

decay (BSR) M5 o1 slesuosaiay enieation anlsn mash spastamenys oo

most preferably ion-tr e sequénces of
B e T o e e M I e P10 amibady

BPreferably, sequence analysis is performed by fragmentation of the
peptides and computer-assisted interpretation of the fragment spectra

using agerithimsn £:0.IMASCGIE foF SEQUE STHBh:compultealgatithns

use rot nd nu eotl uenc databases 10 gerg%%g%% cant of
coLbrEistion a%ﬁa VSes @ of;e%(%ae‘rrlnméﬁféil and th?ore ca F&/“geﬁmerated t nlclnearrim o

theesspespise b THSTAIBWS BiEREREAhIgH BT BRIGH: put SEHGEYE BAHIVES
P@ﬂ@@ﬂﬁ%@%ﬁﬂﬂ%ﬁ@&%m@y MAdD Mass SpeatromelrydFon qualitatheart,

pre%aa%%}sb ofthe t“:?anecpoe({ ’ %191?5%959@?99@@}34'9&1&%&&& harose

matrix assisted | tion and ionization time-of-flight (MALDI-

mass spectrometry car. out. Usi n s ttln hat d o
fragrieREIE BEHE 81 ?\/r{)i?gt 6%6%1%%}5 provide %sa;) rolﬁc‘%bélvgﬁ/ﬁe&
anﬂiﬁhde@amﬂio%lﬁe@@mﬂé%@eofﬁﬁ@ rp)émréiefmlﬁﬁﬁeaéhéﬂih%@ﬁresence of
CPQQFHH%QQ ?ﬁ@ﬁ@?%y%glgﬁﬁﬂﬂaﬁ%\éfg PentideAnalysisnloestinate. ma.t}}ﬂmo of the
in ed from antigen presen
S e T SRR pLose DG, Cocmiar, o

ffhwsuigh t@vxdetémeprﬁﬁeréﬁe@%eaﬁé@é&%ﬁ%&ks%ﬁtﬁ%@ S eRpploting
ndsantitation.dhe-peakiarens ol peplides todiecahalyzed Hie‘cORpated With
peak areas of graded 25 amounts of synthetic standard peptides.
Strategy The strategy of the present invention foresees identification of
immunogenic

Flution and Fractionation of Antigen presenting receptor-Associated Peptides

By eluting the peptides from the receptor molecules, a comnplex mixture of naturally
processed peptides derived from the source of potential immunogen and from
polypeptides of intra- or extracellular origin, is obtained. Only after elution, peptides can

be fractionated and subjected to sequence analysis.

The term “immunogen” as used herein refers to any polypeptide that provokes an

immune response when introduced into the body

The immunocgenic peptides in the methods of the present invention may be eluted
by a variety of methods known in the art, preferably by using diluted acid, e.g., diluted

acetonitrile (Jardetzky T S et al., Nature 1991 353, 326-329), diluted acetic acid and
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peptides which have been loaded onto antigen presenting receptors
ofAPCs in cell 30 culture (in vitro approach, FIG. 1) . - 10 In a further
embodiment the present invention relates to a method for identifying
peptides involved in immunogenicity comprising the steps of a) providing
cells expressing antigen presenting receptors (APR) in a number
hepﬂ’@gidﬁh@eﬁsh’[@&@' ug Feceptors | préférabll dntd hurhberfphdviding ite 8992,
5%'9763? %@?B%Elﬁ%&*ﬂﬁ&%&fé%c(%%hﬁcsgt%%c%ﬁ?@awp&%'CI Exp Med
eptides, c¢) isolati -im enic ide ex
19&1%%?@ R e b B A APIEE &) oniny dhgced
triffmmanogenicigeptides f) validating the |dent|f|ed |mmunogen|c peptides
as epitopes. o The APR expressing cells may be IMHC class 11
expressingheels (ARG PraterahlystARGs @yerdendriticrgelisepiorgpeptide
co%g%{%bJYé NeARCS d%‘i‘éa'ﬁ%}rﬁ?%!{«? dendritic Bgﬂﬁverﬁg%zﬁ) teferably the,qve

s are immature dendritic_cells generat d from perl hera
TGO EFIEE T i CaE maybl qé%tg B pe é*ré%ltb%&m oracetaie
bufienacytes @nfratmbhonesd & martﬁ\mblfé rivethGB34= stemreellpreegisobsnM.

InE%&@%PQ@WécM‘Q%H]%@%@%%E? (EBMG2)mayhe Jﬁ@ﬁﬁﬁgcféﬁfﬁltxes are
blood samples by den S|ty radient cen |fu ation. The,,monq (aye%ﬁ%y“mhm

WA B Ef'jé’d”f?o‘ﬁ? CYBHTethtds khown in A g. by sorting’
profithepiagiétic heads. (TW@@@%W&&W@@@H@M@W@ AlYASIIAR step may

besd?i%l&ﬁe)ﬁ@%ﬁ%@ﬂﬂbjﬂ@nﬁf@h@tmﬁlﬁl@@wﬁmﬁb dhernbe differentiatedinration
uEE SIS 5 be SR e el el The i sninion s

OF
e monltore ow-C or‘netnc ana usi ng upregu lation cell

vobuntacs rikers CBAS a&ws@i@@ééﬂlw;\eb T Hia AIBURC BF Eeen raion
tubeeessaFy:da-ebtain 9. L00ng MHEG albss Hanolecwesyiependsondhg) to 20

number, of Ce"%B@H%fﬁfzpaf&gﬁl%’ﬁ%g%ﬁ& B0 G SINBSSIARIAE vith o

tim
ﬁ\/l Ccass molecules: e lass Il ar%ﬁ&uwa entto . .

V%@@M@d%%ﬁ%ﬂ@ﬁfc?&%%%ﬂ STBAPRESPBIGEY MO0k e 6 e
arabettbxsdfi perighprat blobdulmoniny Clearcel sl wHidhacam tyehsbizinebited

3319%?99[ &ﬁ&"ﬂbﬂfc%gﬁgel %&Fa@%@%lym@@ng@@w ai&mmafa@w@a@@hx-

erapeutic protzeln APCs, prejerably the immature dendritic cells

MARSRETHE 85E tind triggered to mature by methods known in the art, e.g.
incubation with inflammatory cytokines, like TNF alpha or a mixture of ,
TNHEraighiathir 6mBodimerh e P EEET e Sotifce DrtHerse (T BiBasH

p@;ﬂ(@r&%du?@ﬂﬁ@tr{\ﬁ’ﬁ&im&[@@&eﬁ@ﬁt@dif:liﬁliﬁdﬁeBgE@qt@eﬂomg)Etsmgndhrstood that

mgiimed %y{lé%%%m?e%p&%% %QBH&ME%%na%@@t@ﬂs@qwxalently

except that the are not exposed to the ther peutlc otein %%f ure 1
ImpHOPRENRCRTIAGY he CORTARAST FtHHE B W@bﬁ B BT Jfﬁ%h molar
arthereofoihiphides. By identifying it is understood that it is established from which

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 chromatographic methods, e.g. by reversed phase, anion exchange,
cation exchange chromatography or a combination thereof. Preferably, the separation 15
performed by C18- reverse phase chromatography or by reversed- phase/cation exchange
two- dimensional HPLC, denoted as MudPit (Washburn M P et al., Nat Bictechnol,,
(2001), 19, 242-247).

The fractionation may be done in a HPLC mode utilizing fused- silica micro-

capillary columns which are either connected to a nano-flow electrospray source of a
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taken up by the APCs by receptor-mediated uptake or by fluid 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 intracellular (a self
mprotein expressed in thel APCrintihe:absehce cfphilded thetapéuticons onto a

piggg)fggmiqu%pgn%,g@pellular origin (a protein derived from the cell culture
~medium also present in the absence of pulsed therapeutic polypeptide).

10 The isolated immunagenic peptides may. be dentifi wingthe.,
pept?‘d‘éarfagn?lffgasfrsdprﬁ%%’l?g%v‘ﬁfcﬁ 15%\1/ uﬁgéghgég{rﬁ%té%é \%ﬁggmsgﬁﬁgeg i)?ﬁ ot
sqyoEertiaRIMANMGYS T WAERTREREIHIEH habd BesRiBetifider fromcaailsMS),

mwhighshavelnatbeep Eontasted with that source (control). 15 Epitope
Validation for MHC-Associated Peptides The peptide sequences identified

by the, metheds-of thednyention maybe salidated.by-aneobseresal known in the

criteria, cgmprising MHC binding motif, MHC binding capagity and ..
et SHREEN B COIE T ORI M B TR Sk ebsides end
cstpctarasshirdtensties f pepliveb wsasriarig 2016 8 Parittms Mgt ASCOT
omoleculs falielie Marant}wihichi arenecessaryiafdrndiablde camptexek.tabases
i dC moleculen 0 2 aas of Ml diase L malsenles. e penlides

9 ng h Varies from y .tonl% amino acids and even longer peptides can .
tasiReNSIES BBRU endy oH AW TRE RIS Binding Groovd dre  Spert MoSt HISK

class Il molecules accommodate up to 4 residues relevant for binding,

denoted as "anchor residues”, at relative positions 25 PI, P4, P6 and P9

contained in a nonameric core region. This core region, however, can

havexatishiedistante frabydaé Nuierhinug of he peptidecyin the majority
of cases, 2- 4 N-terminal residues precede the core region. Hence, the

P1 angharfesiduyes is;\ocated at Rositionsi3.40r5ita mestli Arclassuthon,
associated peptides. Peptides gl.uted trothLA_\- P&Y%I{;\ésa!\lﬂ%ql%%%n A58
R ETE S Y M ArOBRSBIT ARG Fopredted By rote g0 e s
sphenylaiaminey teprophdre:t bt e e dein doidolctiesmessl buing ke
MpRBitioTand e exaaivre sfanghersasiduesicongtitite the pepfiteity of the
binding, Mot wijen.is known fermest.ofthefggauently occurring HLA-DR
PERES I AeliE pro licks® computer agorﬁh]?n 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 the methods of the present invention may be tested by
metHadeniiietiis RPertislarnmités for example, isolated MHC class |l
molecules and synthetic peptides with amino acid sequences identical to
thos& cideitifiect by dhenmgthbd of ¢hpemventibri(K fopshofegad preskndng

r%)%%tgﬂse%élg%ﬂﬂ'zggﬁéﬂgg%ﬁqém\é GEA BRL Rl alnunol-239%4:a flow-

, 1665-1673; Sloan V S et al., Nature
through UV detector operated ata Betectt

ction wave- length of 214 nm. For quantitation
the peak areas of peptides to be analyzed are compared with peak areas of graded

amounts of synthetic standard peptides.

Strategy

The strategy of the present invention foresees identification of immunogenic
peptides which have been loaded onto antigen presenting receptors of APCs in cell

culture (in vitro approach, FIG. 1) .



1995; 375, 802-806). Alternatively, a cellular binding assay using MHC

class Il expressing cell lines and biotinylated peptides can be used to

verify the identified epitope (Arndt S 0 et al., EMBO J., 2000; 19,

1241-1251) In both assays, the relative;pinding capacity of a peptide is

measured by io determining the concentration necessary to reduce

bindi:mg of- & labeled departah peptidet bwéﬁ%r(lféﬁ@as Reptidetbindingdwittifying
paeasampiie allniulo e rlevanilhAciase d molgaules attains 1C50

Ués not exceeding 10-fold the 1C50 of e tablls ed reference peptides.

a>Pﬁ@\gé%os}ﬁoﬁh@rﬁga@%&ﬁra@&%sgtagem&w@éf wabﬂw B puptdas iding
0. tocbihddecthiattemativetdlass 4 hiMiter motecutes) Leq thags || MHC

b)res;!ﬁgyéﬁ% piberthan these from which 5@&}4%@5@%}4{@9%%%%
e.Invention. acity tqceprlni CD4+ T cells represents

tH‘Q ﬁ%’@t%?%cﬁpgﬁml%ﬁﬁg oI prBcEdU O%ﬁﬁeﬁroc’edure involves
d teBting ohpeptidescidemifiécs by thehméfhdds of the invention for their

qQHH&MM&%&Qﬁ&QQIp@ggg@tions Peptides with amino acid 20

agnce eltger I egtjca_llt nog%sl?cldgr][tlglgd ?X the methods of the
fglﬁ orccbﬁ%ép%nl nlgf Yo &eor gquence 8em5’ed from a nested

gro}%is Hptldes |dent|f|ed by the methods of the invention are

synt TR SPAHEHE PapRaLE e then tESREG ISRl abfiftytd meferadly
ABCHvateiGRi4tiinthe contextaurhbintologols dendriticvels dergrisssmngstiveost

pifEIGHelags. Ik melecule of interest, 25 D4t JocellIeSPARSSS 6aNRE blood

measured by a variety of in vitro methods known in the art. For example,
YRGS Beripheral blood mononuclear cells (PBMC) can be cultured with
and without a candidate synthetlgogeptlde and thelr proliferative responses

med2eies by ey ridor ERaO AT PIMPEHPRESBIIRS BHRMOBINGA OT BArfH ne
nﬁi@btar@émg& Celig-are-GR4H- frealis eanibe ;&stgﬁdayl bithet aliminatihgr cells

'i%@o SEU8 Qofggmsnﬁ’ﬁ%% %ﬁpf& @§%9{M9&9@@%ﬂ&4@wﬁm The

dies thatbln 4+ moleculé on the T cells, thereb

CRfSiRY PRIl OFie faﬁ*érpﬁ%%iﬁ%ggﬁé%é ghatdtiart ¢ by
scespongd witkbetinbibitedOrlydf € D4f Tigellstarecthenproliferating cedhs species,

é@ﬁ%@y'}{ﬁ%a&[}ﬁ E’I&I‘xﬁﬁ'ﬂ?c@%@ 1'?@ HEP:Q: Hﬂ’f@l BBRMCanddestad.fero become
prollfera ve respo él—ﬁF s in 'the encenotf AP, eﬁf ress?{n%emC
i P ME I GASS 1198 LT ST RPESR b
aresymongciries, inacophagesl] @rud@qrmmd@em@%ﬁ Vi P@M@ fﬂP’CQR

can also be immortalized cell lines derived from B-lymphocytes, -13-
monpigyteseimaciopliageseirdendtiticcells. ﬂﬁha@ﬂ@]’s:aaﬁseﬁdﬁgkmhasly

| I h cate
Sty NESS § W@%é %%%3 hmpleaie fgrggse\ﬁ%%%g%ex 30 SRR prcssion rat

ansfecte eotides encoding such molecules. ln?fll cas

oIWBEE S pride %ca%%sa%sagﬂ%agreﬁ CHgh I pHoltaratvE ‘W%é%%éﬁim
mwith e €)Gs mmzmg&:aw&pmgéremltbm«ilmCﬁ}M an AlternatiVe teripheral blood

heasurng callsrrlifgration. cytokine %%dy@&@na@xﬂh@f@%a Treellscane then

be measured by procedures known to th | Ctkl cIude
c%l?iﬁgag wul %couﬁ)ce o dl"]le?apeuga, p:otegno?geqx?‘ég p¥e?era e unnjature

dendritic cells, are at the same time triggered to mature by methoeds known in the art, e.g.
incubation with inflammatory cytokines, like TNF alpha or a mixture of TNF alpha, IL-6,
IL-1 beta, PGEZ.

The source of therapeutic protein offered to the APCs may be selected from the
group comprising unformulated or formulated protein. Control APCs are treated

equivalently except that they are not exposed to the therapeutic protein (cf. Figure 1).
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limitation, interleukin- 2 (IL-2), interferon- gamma (IFN-gamma),
interleukin-4 (IL-4), TNF-alpha, interleukin-6 (IL-6), interleukin-l0 (IL-10),
interleukin-12 (IL-12) or TGF- beta. Assays to measure them include,
without limitation, ELISA, ELISPOT and bio 10 assays in which cells
responsive to the relevant cytokine are tested for responsiveness (e.g.,
prolifeeation) indhequresence of & téstsample: Applicdtigns:rTheemethodsh is
mﬁig%gz, Riesent invention can b applied.to.identify, eptidas iavolved Hinithe
~ Immunogenicity of any biopharmaceutical drug, especially those in which
IngETHiAR eptable potency loss is due to neutralizing anti-drug antibodies or
where adverse or severe adverse events in clinical trials are thought to
relyforelritnanbgeniciges TredentifiBd immemdgeniespepies CHPfarter
ndIR; Biseeki0 defFisk the pespegtive dfheﬂi&@mﬁﬂﬁ)tb@y@ﬁptdﬂeﬁmgﬁhThgq%’d‘,tpeptide
their iy nogenicity, De-ridi o] 2 Ofracellular
o THE R A CRLE o s MG 30 Sy e
(arprdiesate’) tierebycrealing hutated fﬁé?ﬁb"e%%@ﬁ%ﬁg'ﬁ FHidEs tha hAEtde) o7
exeslutieth orrhonimmunegedicity p otentidl: Adternbitively,creésiduds griticaltfor the
ag%%gg%ip}q@@yl @ggrlp&gglcrgg}%%ﬁ@)CDM T cells can be exchanged..

Methods' for exchanging anchor residues critical for binding to MHC class
Il lecul e well known in the art, i > -
e e e R S
identifpadresidaks (chikrbpshbrep eUERCENBE: 3 P57 61AUDE 15412} goRyunogen
wikhenpnethedsiofthistinyention tahfheruseit totetuce therumberohcted with
th%?istg es fgat ﬁ';lcéﬁ.being identified through in silico epitope prediction
algorithm “Prediction codes tend 30 to over-predict the number of
epitopes contained in therapeutic polypeptides. The consequence of such
an over-prediction is that de-risking of high numbers of predicted epitopes
may lead to loss of bioactivity in those cases where certain sequence

 strefapisepedHidasism oGt sAe M ERBYERcity. As the present

invention identifies naturally presented peptide epitopes, which have -
undétgopeptompetitionefor MHD: biridihg Biessadt4BiRg Bk eomibPByalidated
nihg.peptide editar ik A<M inside\the-ARCI henmethads (estnted: hatey and

ber of potential epitopes to a reasonably small

narrow down the n
| rer?ﬁﬁ%@ﬂ“[?é’-ﬁ&ﬁg%??&&ﬁ%%& number of epitopes will more Purely

retain the bioactivity of therapeutic polypept'deﬁs. 5 Havin né)w enerall
@) igais
er Poé%l %

desHB IS AYEHHION R SAMETWi Betothe BEHr i (5 dssvciated

toreferencel o thd Specific:exaliplespwhichvare linckided herei forpLpbse
ﬁ&iﬁ&%ﬂm Qaty@nd,arepotintended tor hedimiting ynless-athgniise:ptide
sp

cified, in connection with the followin figures. -157.Fi9uresb. d since botl
length variés from 12 to L8 anuno acids and even fonger peptides can bind since both

ends of the peptide binding groove are open. Most HLA class IT molecules accommodate
up to 4 residues relevant for binding, denoted as “anchor residues”, at relative positions
P1, P4, P6 and P9 contained in a nonameric core region. This core region, however, can
have variable distance from the N-terminus of the peptide. In the majority of cases, 2- 4
N-terminal residues precede the core region. Hence, the P1 anchor residues is located at
positions 3, 4 or 5 in most HLA class [T associated peptides. Peptides eluted from HLA-
DR class IT molecules share a big hydrophobic P1 anchor, represented by tyrosine,

phenylalanine, tryptophane, methionine, leucine, isoleucine or valine.

The position and the exact type of anchor residues constitute the pepride binding
motif which is known for most of the frequently occurring HLA-DR class 1] allelic
products. A computer algorithm allowing motif validation in peptide sequences 1s

"Tepitope', available by www.vaccinome. com (by . Hammer, Nutley, USAJ.
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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

c_omparison of OKT3-derived peptide epitopes identified through the in

sil.ico prediction algorithm TEPITOPE versus the in vitro methodology

invalviag dendeiticrgelisaPotertiat Faoeltepitbpediviers fredieteddfopitke present
int%:#f’%&%%'?’iyﬂi'?@&éi@%Qhemﬂ%{% and #1101 as indisatediby: smadl MHC
_black rectangles above the protein io.sequence. The threshp.lg fQ[t‘ tiﬁ
clpEPITOPE AR @ngdé:eq%t AR TRESGh A peptide St hne'|rIJ1r(1)CcaesCs)géloSe
ideKTiadight chaintaakdmited s The efitopesiduntfisd by theccefiefar iy 2 17>
17\3@@ é@@bﬂ@é}%@e@ z{lr)]@th%%%munﬂ@%mdﬂaexesm;tlaaz,gmrs et al., Nature

equenc re 3.shows a diagram of CD4+ T ¢ tivati T ex o

e KT eIl T HuRa 1 Th6 Ionity O T cell Setuananne
ceié lindicme b syt stihmaiien made @pd fﬂ?ﬁfé%%’cf%}éﬁ%y@&@ﬁ?n?ﬁaﬁﬁdééﬂdt SO
ctusedifor stimotationy( 10 uM each) were as follows: -'l, OKT3-Ic 98-113,

GSGTKLEINRADTAPT, #2, OKT-lc 143-158, INVKWKIDGSERQNGV,

#3, QKT3:he 194-209 - WRSQSETCNYARBASS #4:QKT Brles164-383,
DQDSKDSTYSMSSTLTLTKDE. T cells were re-stimulated onge (B) or.

eiiice DT EARCY Wit e 1EBPECTVE Peptide ahd Matine dendiiic cells. Tra -

bHIADRBT gBrvigpdsnontheidendritiotalils afn el entploydd tré class I

nipdicated en topoheach-diagrame-Brrgr barslingicats)SP ohtsined withr8nce
mgl Qendent experiments. The average Sl in the absence of added

p%%b ide was adjusted to 1.0. Donor cells with the following DRBI haplotype
were used: *Q401 / *0701 (A), *0301 / 1501 (B), and *1001 [ *120 54
16- EXANIPEES RS BRafhples 58l TR If ERh AR WA .geé%ésgmd ©

aldesaribedabave/@hd hasenoni thechsthoddidgynsianmrazed imaEidhope from

20, deseribed in detail in the follwing: ncommereially available reagents

referred to in the exampfes were used according to 5 manufacturer's

instructions unless otheryise indicgted M%PHQﬁ@é99&9&%&&4@&_/}5%@&9@&&&@

Lines anc?}afufture The study was performed with human dendritic c%lls
uichiseTb iferenlEEE O Fﬁﬁh’ﬁb@fﬁ?&é%ééﬁiﬁ%&%@h%ﬁ methods of the
iMenesytes Weteapfified from teubhar-(erigherabligibloodsfidselis varaine acid

Sultured in RPML 1640 medium {shest REM) supplementedwith dm
Ciﬂ/ruvat, 2 mM G.utamine and 10% heat-inactivated fetal calf seum, .

CRGTHEOBRLS ‘RBEKAIBEVA: 1S5t O PapIeta Bib0t MBLORL R <!

tiGels{RBMC ) Peripheral dotood Weszobtdihedyfromithpdoat tlobes paideted for

ﬁﬁi@@%@&g huftyGaabl’ preparations fromdealiby dans: Hearing200ing the
LU. /ml blood, m&gg?ne, Roche) was

MHC class Il molec interest,

CD4+ T cell responses can be measured by a variety of in vitro methods known in
the art. For example, whole peripheral blood mononuclear celis (PBMC) can be cultured
with and without a candidate synthetic peptide and their proliferative responses
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
fom the PBMC prior to assay or by adding inhibitory antibodies that bind to the CD4~+
molecule 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 proliferative
responses to the peptides in the presence of APC expressing the appropriate MHC class II
molecule. Such APCs can be B-lymphocytes, monocytes, macrophages, or dendritic cells,

or whole PBMC. APCs can also be immortalized cell lines derived from B-lymphocytes,
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used to prevent clotting. Peripheral blood mononuclear cells (PBMCs)

were isolated by centrifugation in LSM(r) (1.077- 1.080 -/in]; ICN, Aurora,

Ohio) at 800 g (room temperature) for 30 min. PBMCs were collected

from the interphase and washed twice.iny RPMI containing 20 mM Hepes

(500 g for 15 min, 300 g for 5 min). In order to remove 20 erythrocytes,
mRBMEsswateireatedswithdAldrbiu el ( 140 M ammeniiipechlotivies2@ss the

WL ﬂ?'dqzzgéuﬁ% Bimin &t 37 £ RBYGS were washed twice with, REMI
containing. 20 mM Hepes (200 g for5m HLAtsE) of Per|%heral

EBAMGTOEYIE T HILA DR GeROS B BNICA USK o issiaion B 7™
pmbfrooyte$and26 differehtiagiomofdendritictcellswag determined by
Roche Molecular Systems (Alameda, CA, USA). Generation of Dendritic
Cellairﬁmz Reripheral Bload MonetyiesiMatioeytesiweredsofatetbiromthe CD4+
!;/I 1 t% %e%!;tﬁ\{*edsg rti)r}%cea %s%' R th@?&gﬁm ?ﬁj@gﬁrﬁ% tl?{l'w:le without
ech, G- calif, ccoroh to the manufacturer's 30 protocol,

hm@ﬁweﬁw@é%mﬁjr AESUppteMBYCE Witk T98 o ssatiiar (11-4),
Tarminphacids:(Gilkco; d}RLﬁRm:&e\lee kildk0) ( BO I,/ mkedeckmbinantihudian TGE-

b&ra'}}é %Wtf% macrephage zﬁoﬂﬁﬁé’ sHmylating;fagtar @%Acﬁﬁ6§€ﬁf hAXi0;0-

Leucomax; -17- Novartis, Basel SWLtzerIand) and 3ng/ml . .
a%@aéwﬁaﬂt ﬁﬂﬁaﬁmwr@tﬂ “IRIBRTIGS (RED SyStEmS” e Spoitsss (©8
pMiifa: ) tivonoctyeswers sebdedtat 0118%106/mi in 6- well plates (Costar)

for 5 days to obtain immature dendritic cells. The quality of
mon&gym}ag{ﬁged immature dendritic cells was routinely monitored 5 by
flow-cytometric analysis conforming to the phenotype: CD1a (high), CD3

(Inc-phe 9%%%@9%t&%%£@90@1§1@§@4ﬂ%9 ) QQQQ&Q}Q%T: kRGidwolved
CD86 (low) and HLA

hi In contrast mature de cel €f<’
1%@1666?@1%5%3?%%‘?0%%%% &HBRE" %ﬁswapf‘éif} tﬁﬁ@*fﬁ b
udmgjqpt@ﬂmgﬁo(chrgh)l@ﬁquHgAt@Regﬁrgh;mg/mﬁg@m f,e(g qudveree or
s&Da: £503: GRA4.: £ D19 £RRG £LDBBLERNES rTPS6 1@&@%&@%1@6

respective isotype controls were purchased from Pharmingen (San Diego,

Ca"%ﬁé@%ﬁ%%% %%%Gk%@@&?rﬁégﬁ@emmmpe%%C@JMm%%Qet@les ective

facilitate the uptake of the” eutical protein by dendritic cells, 6x1

(eI B BRGNS b SFE'EXS08EH 108180 G B et ¢ Fisking may be
abiophéhatbyticahaAtdhe same rbrtime;hmateviation of dendriticicéitg wad!HC

G,  recambinant hupaan t @5'@1&@%@6 reduced
(QI'SCJqugf_%913 r%é %Q%ﬂ%&%g%%ﬁgg As a con trolm’@l 10%&9%%%0 cells

IR BRB B o (G Ty RHED S g e b1 o fLare o the T
celaturg dendritio ¢ells W%?@dmdngtééwdcentnfugatlon at 300 g for 10
min. Cells were washed with RPMI containing 10% FCS 20 and
transiettesiidaneppendarhiuher Afteheenttifugatiobiati4Qig FHE s 11

nggﬁzcules are well known in the art, i.e. replacement of the P1 anchor of a HLA-DR1-
restricted T cell epitope by alanine, glycine, proline or a charged residue (cf. Kropshofer
etal, EMBOJ. 15, 6144-6154; 1996).

The methods of this invention can be used to reduce the number of epitopes that
are being identified through in silico epitope prediction algerithms. Prediction codes tend
to over-predict the number of epitopes contained in therapeutic polypeptides. The
consequence of such an over-prediction is that de-risking of high numbers of predicted
epitopes may lead to loss of bioactivity in those cases where certain sequence stretches
confer both bioactivity and immunogenicity. As the present invention identifies naturally

presented peptide epitopes, which have undergone competition for MHC binding sites



supernatant was completely removed and the cells were frozen at -70 C.
Generation of Anti-HLA Class Il Beads The anti-HLA-DR monoclonal
antibody (mAb) L243 (ATCC, Manassas, Va.) was produced by culturing
the respective mouse hybridoma cell ling.-mAb L243 was purified 25
using ProteinA sepharose (Pharmacia, Uppsala, Sweden) and
arithmobitizec to CN B aptivated dephdiosd héaus P Haracia) ats frals
1%9%9%@%@9&1@(%&’51%@{6 %QQQEQ!QQ E:Q)tgﬂ% m @ﬁlﬂﬁf@@ﬂt@ E'SRELRCOL: small
L243 I;%ads ere toreﬁg‘,J ; ont nin Oel%% v%gtleerfg t 13 112 the
BRI Eaﬁ fASCafir ) Nano- céie uﬁflcatlon St HLADR -Peptide
bzcmm@’xe‘si}wa@eﬂétﬁsp@ﬁmzédﬁﬂendrmc cells were resuspended in 10-
fold volume of ice cold lysis buffer (1% Triton-N-100, 20 mM Tris, pH 7.8,

5 mMaMgg)h6wcgmiaiﬂi|§1g1@mtha$&ihﬂ@mtsmhﬁm@aﬁm{iﬁe@smﬁlﬁvetter

oEMSE apd iedpentin (Roche, Manaheinm, 'eg-"@\r“m@!’m(ﬁ 1§E!gc'ﬁé§erg=%@1§- for purpose

orizontal shaker t 1000 rpm, % for h The cell %e was clear dd-
Ofl%%?ﬁ%ﬂ%%ﬁﬁ éﬁo“ﬁu&?é?%%? éﬂ%?‘? 1Bk &F 68t SR ES B0 int
cckhedyisate Was ccolinoubateduwith 243 beads (5-10 1 L243 beads per 100

ul cell lysate) in a horizontal shaker at 1000 rpm, 4 C. for 2 hrs.
Immunoprecipitated HLA-DR-peptide complexes bound to L243 beads
were sedimented by centrifugation at 2000 g, 4 C. for 5 minand 5
washed three times with 300 | 0.1% Zwittergent 3-12 (Calbiochem) in
PBS. The efficacy of depletion of HLA-DR-peptide complexes was
monitored by analyzing the respective cell lysates before and after
immunoprecipitation. In parallel, aliquots of the beads were analyzed by
western blotting using the anti-HLA-DRa-specific mAb 1135 (Adams, T.
E. et al., Immunology 50 (1983) 613-624). 10 Elution of
HLA-DR-Associated Peptides HLA-DR-peptide complexes bound to L243
beads were resuspended in 400 | H 20 (HPLC-grade; Merck, Darmstadt,
Germany), transferred to an ultrafiltration tube, Ultrafree MC, 30 kD cut-
off (Millipore, Bedford, Mass.) and washed 10 times with 400 | H 20
(HPLC-grade) by centrifugation for 2-4 min at 14000 rpm at 4 C. For
eluting the is bound peptides, 50 | 0.1% trifluoracetic acid (Fluka, Buchs,
Switzerland) in H20 (HPLC-grade) was added and incubation was
performed for 30 min at 37 C. Eluted peptides were collected in a new
eppendorf tube by centrifugation of the ultrafiltration tube at 14000 rpm
for 3 min at RT and immediately lyophilized in a Speed-Vac(c) vacuum
centrifuge. 20 Fractionation of Peptides by Nano-HPLC Lyophilized
peptides eluted from HLA-DR molecules were resolved in 0.05%
trifluoroacetic acid, 5% acetonitrile (Merck, Darmstadt, Germany) in H20,
(HPLC- grade) and. separated on a 75 mx15 cm C18 PepMap capillary
(C18; 3m; 100 A) (LC- Packings, Amsterdam, Netherlands) connected to
a FAMOS" autosampler and an
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25 ULTIMATE(r) nano-flow HPLC (Dionex, Often, Switzerland). The
following non- linear gradient at a constant flow rate of 200 nl/min was
used: 0-40 min 5-50% system B; 40-50 min 50-90% system B. System A
was 0.05% trifluoroacetic, 5% acetonitrilg/H20 and system B was 0.04%
trifluoroacetic, 80% acetonitrile/H20. The separation was monitored via
dusatigmabsorption at 214 nm and 280 nm. Fractions (400 nl) were
collected using 3o the fraction collector PROBOTT (BAI, Weiterstadt,

Ger}many { @HQM&@E%%@H%@R@MB@@W@&QQ&%&‘} Mﬁhﬁllﬂ\ﬁs&tﬁﬁgﬁ MHC
er, Breme erman ue Anal sis. of Pep -lon Trap,

C“’l\/fg?l\/arég Rse's ctro oty g oaer?éY (;Clrcfn? eraggﬁ %qg(%ﬁlcmg of
husoripler péptielmixtures, the MudPI T (multldlmensmnal protein

identification technology) was used (Washburn M P et al., - 19 Nat

Biotechnol 19 (2001), 242-247) which is based on a quuid

chromatographic fractionation followed by mass spectrometric

Seqpi@ﬂgmﬁmrt@i&ﬁﬁkﬁaﬂ@ﬁalb@pﬂm@d@ﬁﬂﬂ%eﬁﬁeﬁlfm HleA fied through

molegules were resyspended; QA0S (A BERIO0TCo ing
D5 B e S DA O aa ey & hooat it

SCEtC acid, eptafluoro butyric acid

degly v toririeeaciel Tee %ﬁéw&g%@ﬁ%‘eeﬁf&ht fﬁ&éd%%ﬁ%é 4E 01,
Aﬂﬂ@f ooapillaty colomny 1080 arddn36mKmkgenerateddy o iode PPst2000

R i 3 PralCAR et ponss ATl (0 e am (Proogl
dwi Vv [
m%&%% CElgpe: ffaaﬁb%?@oe;‘étfﬁ% § foltswed BC%%% ggg& Bl in
vicatienhexdthange matkrihb(Ranispheredd SCXinhathah; GiftemcN.J.). A
fully automated 8-step gradient separation on an Agilent 1100 series
HPLC (Ab lent Technologies, Waldbronn, Germany) was carried out,
using the following buffers: 5% ACN/0.02% HFBA/0.5% acetic acid

(bUff*%\fr‘é "891{%9'}1{969%@01*&%%/ 6:5% @@@‘@'ﬁ@%‘% Q f@feﬁ& (2@@3%1\16&
ammonium acetate/5% gjg\l %)2% 15 HEBA/Q.5% E:a |d wn 3& (SI).
&

PR A & M antinBHIGH S 95 HARND H295 HEE v 5% acetic acid'
TibutfrdDyThetheststepeotiabiminiconsidead bf a ORI gratiémronT |

o 1e 0% huffer; Brand & Gumoimholdat 80%ibuffen B -The next 6 steps (106

Ak B RO G i 01007 DTl a3 i rddent i 5
166 109 DRSS S EEVHRTIO Gradidnt et 1Yo 3504 pRfeids a2 hif bice
(gradient im%%&&@@&@pbwﬁaha ngad6-aien gradiesitfrome S0_to BO%! fferypes

OPIGQ% gg%'g&% ffer & Peisen g%%%@ slens 2a7,wers as.follaws; Exror

tep 8 consisted of the following profile:

bwn@e@f%%hﬁé?we@aw b 507 AR VB VR SO0 BUA L B e hsence
o FLOR Fdip grachientfuaiins 0 86 % biiffercB <25 Hid HRLG colurnh Was idirectiype
wEQUpled! to.a Finnigan LEQ jam trapsmass) spretremeten (hinnigan,

Bremen, Germany) equped with a nano-LC electrospray ionization

source. Mass spectrometry in the MS-MS mode was performed according

to
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the manufacturer's protocol. The identification of peptides was done by the
SEQUEST algorithm against the swiss.fasta database. 30 In silico
Prediction of Potential Epitopes by TEPITOPE Prediction of potential T
cell epitopes was achieved by using thesTEPITOPE algorithm. The
following search criteria were applied: threshold (1-3% for best scoring
and:4-6%Hpr.enoderate scoring natural ligands), peptide length (15 amino
acid residues) and promiscuity (predicted to bind to at least 6 out of 9

a”eﬁ%ﬁ) exld %%?BEW ﬁp@n‘?%gﬁ%%&éﬁfvﬂfgQH%QWEMW@JQUMM&%'@1@9@&%@@1

were chosern In agreement It I fre % urr fﬂ'gje ng
orGAHERRABLISHItOR AL ﬁp@?ﬁdﬁﬁ e 0807,
it HIBOSHEE0 T age DRES*GL0D. M @mﬁéﬁgﬁa’l‘ﬁﬁﬁﬂ@%ﬁ?ﬁ%@ﬁﬁdo

meignalipeptides, werehotincluded x:{henapitepe search. T cell Activation
Assay 5 The preparation of CD4' T cells from fresh PBMCs was

per Ve selection using a CD4' T cell isolation kit from
Mlltt({a%rr\eg%1 %ﬁéé’% %%builn C,]A USA). The T cell population was >75%
pure >95% viable as judged by Trypan blue staining Sigma-Aldrich).
T c&ép\ﬁé}?—f P&%@%ﬁ&%a at 2 x 106 cells/ml in AIM V medium (Gibco
BRL, Rockville, MD). Dendritic cells (DCs) were dlfferent ated fr(%
PBNEs A dasersa oAt iR N SRt MACHS bwa%%
fronedium(GibcasBRLRatkville;, MD).cOneday4, imifiad oD Gs wsreeripheral

pigiulgtes lé’VaFQr%9&%%’@}@1@%@ﬁ@é&ﬁ%@@lgﬁy}@mmu@el&@&ed with 1
were was resuspended in AIM V. medi %jt%?%eta Af .. For,

P eat i E1G PHHFEEA- P LAHL B B 4 Siegaus DES B
RackOdly, bothiin AIM V medium, were mixed in a round- bottomed 96-well
format plate. OKT3 mAb and 15 Inflexal V(r) were added to a final
congenirationrof-201g/ml Bld 4 g/, vespeCilieliP 5S¢ nthetic peptides
were added to a final concentration of 20 M. Each antigen was tested in

t(gpf%‘?b% day,a %&%%@H‘Mﬁa 10 1M Bibrensen? deaxauidinersty coat
I

oche, el, SWltze nd W ch,well. After 24 hr.
PRRHBAGH Iéﬁﬁthfé‘i SrH)a\Fv et@ 151 %r%cessgld%g%%% w&?{é’“ e RELRe) s
umatmtaeuarer&)pmg;é@k iftheetl pk@ﬂﬂemw% eeliturBB Mithovesdaeated by
C@RH@&&WM%%&S( ﬁecfefemccﬁa@vaMru @w@ ragersiination ndex «(Sthset

s r?gﬁ’%'a""“ﬁ‘ﬁ{e&% ol Do e ADRITAPLE 102 e i

Lertm (Sigma-Aldric % RPMI and 10%
RPRig reen Ridvieh $0A0 M &1 thre poing BFres a0, DTS Ware et §’té8 remove

ay@ﬁa@a@ngmmvaﬁa@ fesa2-dayishin theRBfpréseneedhaGrmsimil P8, 20
PR sresimulation). gnday 10,0 (esimulalon Al (he DG celhuaining

CO-Cu edium was withdrawn from each sample well

Z%ﬂ@\/ft@%m%ﬁ)@ﬂf?ﬁlﬁ%hosted mature DCs (2 x 1.04) in AIM V to the
co-culture together with fresh protein or peptide antigen. IL-2
(Phafiningeny SanFBigge; CRjowasladdeddh a final concentration of 100
U/ml.

The HLA-DR genotype of PBMCs used for isolation of monocytes and

rentiated

differentiation of dendritic cells was determined by Roche Molecular Systems (Alameda,
CA, USA).

Generation of Dendritic Cells from Peripheral Blood Monocytes

Monaocytes were isolated from PBMCs by positive sorting using anti-CD 14
magnetic beads (Miltenyi Biotech, Auburn, Calif.) according to the manufacturer's
protocol. Monocytes were cultured in RPMI supplemented with 1% non-essential amino
acids (Gibco, BRL, Rockville, Md. }, 50 ng/ml recombinant human granulocyte

macrophage-colony stimulating factor (GM- CSF; S.A. 1.1x10 " U/mg) (Leucomax;
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30 Example 1 OK'F3 was the first therapeutic antibody. It 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 (E. 35 Masteller & J.

Bluestone, 2002) and psoriasis (T. Udset et al., 2002). Despite the
NBrafeung.:2l<sQiEAndused immuno suppressiohpthendéeurience okai Ulmg)
(R OK T3 CRRONSE [0, R XRNOGRNSICRLOIGINASI0NS:Of 1 MA 1o - el

awbacks in early clinical trials promoting rapid clearance and
plagittSpsEtion P K‘Té%@b@@l&?ﬁé’iﬁ?i@égﬁd‘r‘fﬁ%@e &en reported that the
incidence of immunogenicity is roughly 85% in studies involving .
OKT3:treatéty B individaals {Cirdndley st allepdosy: THe saateyltiiinaqicored
bi@%h@%ﬁ%&ﬁé’@&_%i@@&@ i@%@&ﬁyfﬁ%@@ @pﬂ%@p@@f@; @m; (Hpresenited bys. ),
endritic.c Isplayin A- n e - * ) LA-
CIATB) LA DR 0T L3020 ied DR T iRt denthiic ol - 7
Déxfrisdsing the GeiotyeMEABRB1IMU0 11302 WererbiHrarnn Tom
pR&sinbsEatlIo bloed mupecytestandbektutesh at@lronceptration i6f 8:5K (high).
l\aOnGQEl%'I'aSa{ ml, i%s?%q%!é‘td@ : Sellswere; exposed to)ie @antipody,@KEB 36 as

a concentration 0 pg/ml. At the same time, maturation of dendritic
weBIRS WS TherticEa B9 Bering TRIEY TGRS AS 4P doHIBERE saffe <5
Canfount 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

dengritic aalis, 1 b ware lysed dndetergenbTaticADfoand HIdA-DR molecules
were precipitated by using the anti-HLA-DR mAb L243 immobilized to

?;F;%g;&ﬁ%%%% aRDQ%EfS?/ﬁ@ fiated Rentides (ere lutad with-0:3%x10 ¢

and analyze

: 2D-LSIMS-MS. Sequen alysis of
PRCATR BROA S8b2 S5 BUIAISH i Fedbald 3 OR T3 Gt he same

" tiepitopes; ieprestated iy z ghptide séquerivesidary el feom! ORTBapleruman

t&ﬁa&%@a%@i?ffé&%ﬁﬁi lopg EI‘\I”]X?SQACI@{] N@@ﬂﬁ%%@@% light-ehal @MQUéden(cjiritic cells
epitope was, loc in,the hea Gain. e three epitopes associated to
WHE itk "%ﬁ%ﬁ%iﬁ%ﬁ\g@%’% ol-gund in at least 2 independent

experiments. Epitope n1 was represented by a 15- and 16-mer péegtide,

the @ﬁ#bﬁ%’%@rf\%ﬂukﬁ% RARBHAERAT BT tHE HiGAT CREIR PEgion
OAAZ(Table Wokpitope flicohtiinsthevabahehbr tRofl oftherDRBRY FCS

1302-associated co-dominant R1 B3 allele DRBIO3OLIG. Merreckstak
afgg%ﬁn%%fﬁ%:% agé Plp%-l% as P4, A-108 a%mPé’ and A-111 agﬁg anchor.
STRETSEME ERCRBR HESTUESIARS CORFeP BiRAnG 16 BitEiT40T, s

indicated by the TEPITOPE algorithm (Figure 2). Epitope #1 was verified

as a Jeoelitipitope tirddglt ts3oteAeydd induce proliferation of CD4-I- T

cells: Epitope "1 was stimulatory in context of dendritic 30 cells that

displaited ihierfiendtypes BRBI*0401H00761AFIdurs 3B8Y hd BRBIO301/) was
pﬁ‘%ﬁ?&?cﬁ@‘g zt;x:’f@rih'gm@‘f@gp&W@éﬂlﬁﬁe%@tﬁ%ﬁglwtlngeTzﬁgﬂﬁum@qmm;;ﬁed
u%ing%%%gi?lxggphamse {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
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DRBI*1001 / *1201. Epitope #2 was represented by 4 length variants: a
13-mer, a 14-mer , al5- mer and 35 a 16-mer peptide. This epitope was
also derived from the constant region of the light -22- chain subunit (Table
1). Epitope #2 was predicted by the TEPJTOPE algorithm in the context of
DRBI*0401 (Figure 2) and contains the following anchor motif: W-147 as

B c-4a0-23 R 9 ki ?%reﬁ@f@@ﬁm{-akmﬂw 1, eelCagtivationmsSaylysate was
epitope #2 stimulate oliferati Tcells in the contex, 1 2 horizonta
RO Bed BRBOAGE | 0701 (T 48] Anc DRRT 0301 1 861 (Fi™™
SIBE): MOWRNEPPH AidnEtSRISIAT TSI i BORtEXE bf the gRAGTJ5E 0™ P1oxes
LORBES 1001:45120%: Thdihemeldgoushiifan sequeics of £pitope #2in and

was .described in the.cantext of the *0401 allele, extragted:from an
“%%%ﬁt?%neé%ﬁ‘ﬁéé" ' égﬁ ﬁ!r]?g( 1(2%?0%%%5%1%%6];.@10 Epitogg #3 was
represented by only one length variant: the 17-mer.194-210 was. deri
A BT B R eSO A AL RS MRS SR
epitope tHd repitope #8 \domtainfe anéHdremsirorhy DRESKIRIE parallel
JRRBI 0301 111 09,a8-Rk N~ 208 a5 Bl Ar204i A RE1gnil-AR0 Tias PR o-specific
anchgr. Although.the TEPITOPE algorit ' egict epitope #3,
8 n?tflig? fg%ﬁ§?*§3§1§1ﬁgﬁgﬁ (@1%1 ?*% 091%%%*%%%6{ (Figure 2), 15
epitope #3 activated T cells in the context of all 3 DRB 1 genotypes tested
(Figti été)??ﬁéﬂs%fﬁ?géﬁﬁﬂétﬁgeg?éé f'described to be associated to the
murine TIC class Il molecule H2-A(s) (Rudensky et al., 1992). When the
TEPHIGPE algarifarwaslermployai o pradicraphupes s ok Ta® 20° # 1 1
Lkappa lightchain indhecentext olihegenntypesRRBIGA01 180T rehiyn tube,

redictiqns for ,DRB 1*04 b : rllelessaran 400 pl

ERELSOE 2 R Ok e pae s oy e k.
HnGhe Wappatrght BRarm tHEWaUEr. Bhly b bF thalt Ware Ahtorg the & 28 1
boaturally plecessedpeptidd epitopes;repidsantéu Sy epitepabnd) Bnd#2
(@%ﬁw@de‘%%%%eﬁ%E’&Tj,%ﬁaemg A3 epitaresin the QKT hebvyed

chain, 25 however, none of them covere epitope # (Figure 2). Example..
PEWW@%W%&%W%&W&HWWg%EE%Vﬁ;% So'Us atfb?d%%?yopepi e .
tepitopes)0t (O T3; presented yrdemdritib el tspibiygithemeal DR vacuum
genetyne HLA- DRBI*0701/1601. 30 To identify

HLA-DRB1*0701/1601-restricted OKT3 epitopes, dendritic cells,

expr%%?é%l %%1&( enoty gl HLA-RRBI*0£G1/1601 were differentiated from

peripheral blood monoclrtes and cultured at a concentration of 0.5 x 106

s PSS elouts oo el b R KT i
niscncuead pydadting TN FAr(E0 Hghsi) Dagrastad Esrrenthe: sditke (FPLC-
Amneunt ghdendriticoeells vas cuitured in themhsenedlofOKTS, Hutinl00 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 MudPIT

(multidimensional protein identification technology) was used (Washburn M P et al.,
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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 associated Reptides 5 were eluted with 0.1%
TFA and analyzed by 2D-LS/MS-MS. Sequence analysis of HLA-DRB
NA Q701160 1 sassocjated ligandsitevealeddne OKT3d derivediepitobe,
represente 10 peptide sequences deriye: OKT3 (Table 2). The
fwép%@ﬁ%?ﬁéfgw %rlg\}’e%af?so%“t%ieof ?3 i (%: \éﬁgagr{g”gpound in at least 2
independent experiments. 10 Epitope #4 was represented hy a 10 len )
VA (. 5 531 DR L e B e B Rt o Pended
inconsint-partiof thetight thainvegion 16544 82 (Tatsiéc2y = pitgpaody/v)
L GORERINS, he-anchonmetib el thel BRBINI/B1allelerdy ez asRdnss idmased on

4, T-177 as P6 and L-180 as P9 anchor, The.same ancho idy - 2000
iy SO UGG 16 DRELFO4OL dnd DRBITIOL el loaicd by g2
L FEPITORE AlgorithmiiRigure 2) 15 Ppitahe #1 Hids (e fed AR | fed with 3
m%P@@@@etnﬁ%?M& ROIenBY (@1@3&@3 profifératioro 8T CDA SFCelisEpitope
_ #4 was stimulatory in.context of dengdritic c isplay 1 (Partisphere
LGt DRET-OA0R 12601 (Friro S5 Al DROROS0L 11801 (y
SEE)VHowever liltaradindapable of activating T cells in context of the

genotype DRB 1* 1001 / *1201. Epitope #4 was recently described in the
bovinéidistenvpextrastetfromditoo P20 Hohendsldaileals Wi presetited
(Dyathe bovinealiele RRBBIZ1OEehant plak «2002) coWhemihde following

bs <200
b R Lol as cTpieYed o predict eplopenal e e

the coritex e genotype DRE 1*0701 / *1601 only
Hptdlictons foticDRB frodenidouid pevhidae beitanse e DR 1601 Hide
Hsnohcovered;by e algerithme2b! (Figuse2) o ER] TaRE=(fiedictadd 502%

ito in the ka light ¢hai K ang
B L e e s e

. nted by epitope #4

(Rl 2 Ko TEPTFOPE SHGEBHIS EPNGPA P ORTS Ny 109
ShaiRsthawevesr: nerie-afthem foas.supporti:yrtte ahil)$iscofaturalyin of
JLECWITINg Reptides, (Figure2). Example 350:Hhe: stralaay OuIiRER:IB, a 55 min
Ei uré I'Was used to identify peptide epitopes ?f OK%‘%Y asrecogni 99 f@’min
T oS FAte B e MIEAOR G BHOW BRI A BRBIFL 1200 To -
cidantify A DRBILL D120 Tostricted OKT3 epitopesi tdentrficctdits; 7 Were a8
f&¥&%s§m%62§08?@,%}@/,% ,F&Eé‘ﬁﬁa}%lds'lﬁ]:@l@/ @%@ﬁsﬂ@rﬁ@m&mﬁ@%@ﬂb: a > min
peripneral - ood monocytes gnd . t & concentr 5. o
5BH LT SR 508 GRRAAIG UK et S b e Sobdy g o
gatiaseancentiation of 20 pg/ml. At the same time, maturation of dendritic

cells was induced by adding TNFa. (10 ng/ml). As a control, the same
amount-of Hendiitienee Heawdisectilturedindthe sabserpe: AL QKT8 tHgt ipess

the presence.of TNFar, After an incuibationperiodati24 hrsobotheretscpray
e IESE D E%(mb!m, Béﬁ%?@é% 3t Q)%\C?f _ y
dendritic ceI?s weTe lysed in deterge t1; R 91%3 eHV\Iz‘a'g‘]:aDe1~--orrr}%|e%CéJJ§§1* ding to

ﬁm@t&%émﬁé@é%ﬁgdgﬁ?&%ﬁr? it the I

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 6 out of 9 alleles). To determine the degree

{scus 1 rer I ree ith thel uent
of promiscuity the following 9 alleles were chosen In agreement witn thelr frequ
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anti-HLA-DR mAb L243 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-DRB 1*11.01/ 1202-associated

ligands revealed 2 OKT3- 10 derived epitopes, #1 and #3, represented by

6 peptide sequences derived from OKT3 (Table 3 One epitope was
ogjerivag frorththeak gt chany HHE BtHER epitB e WHE 1084t d it (the fréHvy 1501
* ghainihe 'EW.,Q?@@ﬂ@p@ﬁmom&ﬂe@ﬁ@medqqliﬂﬁtyngsiﬁ%ﬁ]at@ldlgﬁ@@epudee

were found in.at lsas e ent experiments. Epitope #1 was
“Fé%?e%ﬁ% %gq %aﬁﬁt %Qagr%gm mer peptide that has been 15

described above in the context of the genotypes DRB1*0401 / *1302 (cf.

Table§®t &t 3] °EpitsHe #1 contains the anchor motif of the DRB1*1101

allele: L-103 as P1, A-108 as P6 and A-111 as P9 anchor. Epitope #1

was Verifed s &F %%@laf‘)lt&fél hFEtIGH eSOy oS ﬁﬂlfSé“b% TOTROH
s GB4nsThgellSDEDiTfopd #ilwamstinftatorfiirecontexteof dendritic Call§/SA). The

h l ue s ammw
Tt gf géfﬁlﬁ%gl %%*%?g?%% DRB 99%34141;1@ Q}u@&g%% 3B)and.ye st

Weve a acti vatln[
(Sraé‘é?rﬁﬁlé@ﬁ&f@ﬁ%ﬂﬁéﬁﬁtﬁ?% BT 001 TR Pg%lﬁ%c\”f R e
Belérivedidvoim e constdntiegibn( @f@hbw@t@T@ffr@awaéhéﬁm@dﬁéé@ 3y described

WASIERESENIE éth% i@@%ﬁ@@@t&ﬁ%&ﬁmeeﬁ% 207, thedSHMeND). On

194 208, the 5 mer 194-210,an 9 glﬂll( ble 3) AV 6
%ﬁd&&ﬁ% GBE GG ngd néi‘t” 35:5 e(%ftbnpae Idln%‘fhce)P a3 5

nRRBA* DIOTy ersrvfesiDOR! (Rigkipe e &pit M#erraféhvateﬁa rchiisfsl For

aeontextiaf.all31DRB b genetypes tastod fRigurend)Whenih© TERIXTOPE both in
ithm, was employed to redlct

e R S e

IDRBUY 10T eoiid Béarﬁaa%ec%%@% e - Sifeles rb SR LoveRea By Y

Sﬂﬂ@kﬁ@ﬂﬁébﬁﬂiﬂ@m&&)e&f ERITOREopredictech s epitophs frthekappawas tested

Fcrﬁm '61]'(1) W%Vegf?@ycg r&%lt%?étoi%\ﬁ@§ @%9&9 ‘h%&ﬁémﬁﬁhe (BrdU) {Roche,

processe pt| e epifopes, represe by epitope #1
Beaeé@g@mr%pﬁ@@@@%@éﬁ ictées a’ﬁ gt& R é‘aﬁ E‘f?gi‘ Iy ere
hepwevernn3pnansaf ibmﬂawg/efelﬂeepﬁopél#@r(eﬁ |gpret2§0125acgkambfér4tmﬂ of
cIlQ&rggr@Eﬁgqu’QﬂH%@(j@aM1Eég yres hwas alseused faddentifReptigiulation index

Ito es of OKT3, presented by dendritic cells displaying the HLA-DR
o 9}8 ‘HLA- DRB1*0301/0401. 5 To identify

HLA-DRB1*0301/0401-restricted OKT3 epitopes, depdritic cells, .
exprégsifigitielgensype Ml prRBI+EDH04DT %Né@e/ A ERHARSGPr AT 0 1
spegipReral:bloodmonbhyies ate culiviedatiavonsésiiratiomef 0.5 k106 the

oEEIS O 5 X408 arndrsccalls e RxRoseio e ANHRORY OIET3 Akain he
congentratlon of 20 ug/ml. At the same, tmlg m tura%tlon of degdrmcc

PRASTTFRIACEAHSY Ay TNEY L0 ngiiiAL % ol Vi
tanToQrT oflendriticicellsl wasicitirettintthevayseitoerof OKTS, daghigpmple well

prior to adding 0.1 ml of f defrosted, mature DCs (2% 10 ) in AIM V to the co-culture

together with fresh protein or peptide antigen. [L-2 (Pharmingen, San Diego, CA) was

Bmu atlon

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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the presence of Tyra. 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%

TFA and analyzed by 2D-LS/MS-MS. 15 Sequence analysis of HLA-DRB
0K F0301/040 imssosiatettigands revealet ohelOK T defivédeprofelo the
xe@&r&%@ dby: 1 neptide sequensederived dran QKIS (JakleR)s Hheoting rapid

Fr%) e a %Wgﬁ%?g%%jﬂfg I(%“ t 8&%{{_} 81@%;9%?(? Qbaﬁel??%sﬁ&ted that the

Gepérdent-experiments. Epitope #2 was represerite b mer

mpeﬂm@eomuxsm@m@ fﬁfﬁ%@\z@n%ﬁéﬁéﬁigﬁa%@lfﬁésuéﬂ%ﬁéiﬁa(%b|e
ind)vAs describadiabaeyal(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.

Theﬁ%@ﬁﬁ@&&ﬂﬁ%@%%@% confenhinding 40:PRBA10304i185es of OKT3,

pdcietty e JERTons anin (o 2 Chlone g st

cells: Epitope #2 was stlmulato%ln context 25 of dendritic cells t

displeyEdHE denbiiesl SHBY 16481 50761 gt eBEPaED %@1@6%151
expko0in(Hilg: §£a)utH&\/\VéM&Fmmw@eC#Zl\a@Bmcaﬂa’ﬁﬂeanﬁamﬂv&ungp'Emeﬂisml

blgo ?Qé%)&:q E*L%@%QHB%@S R R@O;ll JQ01:/ 21201+ Ih@%@?ﬂ%’@ x 10° denduuc

gorithm was employed to predict epitopes of the. OK& ppa, ttg
e o o ?pu i 3 e
HTEREORPHE prefibtied: 2 epitopesiint thekappadightichain Hbm&/véﬁ Ohly
c&a?o@fmwt W%mwE«'alzﬂyfﬁk%@&s@@dngnﬂe@@@ﬁ@@ascst but in
represen re ikewis
&lfpﬁf(?ﬁ%?rf)ﬂ?g\g b%@ync aiﬁr%1 eébgg fg%& ot ems\‘ai&gs supplonglgCeﬂs
wby@t}yeeéna@fsﬁsrmméiﬁrdw oud vy PR pridlss (Ergtipee D ec e ta ek amptens the
aﬂfmfrf@ﬁomb%%lE%ﬂdﬁx%ﬂ@wm@ﬁmﬁdh@@&h&gaﬁﬂoﬂ]@ﬁmem@mpepudes
muIt Ig}?sg!tr sig(Peisenham kaﬁ t}g&ngg)%gT ee different IFN-~

o) r

ns-aré currentﬁ/ marketed: Avonex, Rebi (both IFN-Q-la) and
Betaseron (IFN-Q-Ib). Thereof Betaseron_ 5 was the fir, tone on th
arReR BB BTV By PO TR0 e HEL LTI agptesr 2 O
dregulhtionsdn comtrast¢d Ko pertattdRebifs Bataserdi @kﬁlﬁaﬁ t6T pele 1). Two

ofHEE 9(51?4W@M&QQQME%MM%QMNHB&@MMaﬁ)aawamshe heavy

% f patients produce % utral 6)](? while i a

By S B RIS SHER RN SR NG I Aneaag T found e
lantibodiescDeigentranmmiet al., 2000; Bertolotto et 10 al., 2004). In this

context it is important to mention that Avonex and Rebif are expressed in

Chinesiecpamstessavaryseetisias glysosylatedmprgteinslwithahé-natubalng derived

%rpﬂ@ge%%lzqqﬁgggﬁq%?’tﬁm e, Betaserands sxnressedhin B, %lﬂt!ﬂa@r‘ contains the

non-glycosylated form with‘a Met-1 oFIi eletion and a #e}(gml g B30301 (
oMt LA MHObt i, 1884 Fiofiday R BERAEIG . 1999). 8B Far s
Visncldartihthess differéhees h%f@é@@b@f@ﬁm&@mﬂq@ 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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i5 immunogenicity. The strategy outlined in Figure 1 was used to identify
peptide epitopes of IFN-(3-lb, presented by dendritic cells displaying the
HLA-DR genotype HLA-DRB1*010110701. To identify
HLA-DRB1*0101/0701-restricted IFN-(<b epitopes, dendritic cells,
expressing the genotype HLA-DRBI*0101/070I were differentiated from
chpetipherat 20:bieod Mpiopytes andoulioretiat b cdREEhafiongsr BBndn the
co%%%l*t@{%ﬂ‘ﬂ*@?éz ﬂ-%%ﬂﬁ?%’?ﬁ%d@!ﬁaﬂ?ﬁj@m%'fgl%oa&ﬁ’ﬁogrﬂ}%ﬁ[‘W 1|4'7 as P1,
concentration o qg/ml. A same.time, maturation of dendritic ¢
DAdak Tdodd By S BP0l bR e (L) 3 e e
progfiAsof Eontrointte saneaniobatendenariit8ai8iWas dulftrédeie 58
. 1he ahsence of1FN4(35h, but imthe-presenceof sRSukfter adlincubationt of the
period 4 S, | sets of dendritic cells we ed | enf ...
< P00 S AR mloctls ot B o acing g e ws
deaptilead 70 DR AR T2A3HmRObiI240 16 SepREFTSEHeHYs. T EA D nsformed B
cAsseciatedipeptidesywere eluted with 0.1% TFA and analyzed by
2D-LS/MS-MS. Sequence analysis of HLA-DRB 1*010 1/070 1
-associated ligands revealed one IFN-~- |b -derived epitope, 115,
represented by 3 peptide sequences derived from IFN-(3-lb 30 (Table 5).
The epilope.5, assodiated 9 ihe genolype DREBIONOTOLIAI A 0 v

foun e context of the geriotype DRB1*010 /14££gf. ;ar%le. C
depitdie s asepressrtal by 4 Slvier "a2T6 mdrand Te: gﬁ;%zéﬁ,ﬁ&g:mpe
#theslidpmet being detived fromithe protein FBgibal4l-BR PRABI B)l-Eitopel, N-
z(g;zgisC?éltgl@%i@% fellowing-anchenmatif;, F-491a% Pl F52:a8 1R AhA a6m did

a

nd T-57 as P9 anchor. 35 Consistently, in inb itro.binding a it..
G SRR TR L8 5 DORh e THCE S e Sl o e Fieore 2
estrongtindidyeapabilities fohthe HEA afleled BIREIqrootyraneicet Figure 3). The
&99@%@@9%'@&{ ?@sétf@é@% @yﬁlimaﬁzd;ﬂg l(ﬂjﬁ% %1@{%6@%@%3@1?%1’(@?}%&}6
eptide epitopes o -0Q-1b, s presented by dendritic cells displaying the
L&\d‘%@{j ﬁ%ﬁ%‘ﬁ&‘ﬁm-%ég|*1101/14o4. To identify
HLA-DRBI*1101/1404-restricted IFN-(3-Ib epitopes, dendritic cells,
expressing the genotype HLA-DRBI1101/1404 were differentiated from

peripheral blood monocytes and cultured at a concentration of 0.5 x 106
cellsWheh Bix TOBdénbRtis vellswere axposed to P apikgs of the OKT3
k&ﬁﬁ&ﬁgﬁta&%ﬁz%%%@ém:g&% %‘f%&%@ﬁdﬂ?@ ,D%%mmwﬂatimmfcdem?mtﬁ asliss for
s induce addin opolysacchari a -
B A e T A
(Fheuabseride 6F FARE @8I B i fetpresEhte SrEPS RSP ERiRetBETon Y O
operiod pf24 hrs hothrsets ofydepdsitiedcslisiderpiyged, inptetergehby epitopes #1

TX:Q 00.and - ,RT ol : ipi te / i 'di vy Chflil’i,
R A DI o e 6 aofarods bhad 15 HLADa "
hasstEateepep e (ore Sl A0 A% A and analyzed by
2D-LS/MS-MS. Sequence analysis of

HLAIRRBMED1/1404-associatedligands revealed 2IFN-~-lb

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
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-derived epitopes, #6 and #7) represented by 24 peptide sequences

derived from IFN-0-Ib (Table 6). Epitope #6 was also found in the context

of the genotype DRBI*0801 (Table 7). Epitope #7 was also found in the

context of genotype DRBI*0801 (TableZ3); 20 DRBI*0101/14 (Table 8) and

DRBI*1303/1501 (Table 9). Epitope #6 was represented by 22 len th
covaridnise (&t 9:men theltadmier beling e crvet fom e otein teion: dut in

th@%%%&%ﬁ@?@pﬁ@@eaﬁ@&gﬂw@ﬁ yae@al lofving - anchirs otif¥atidscells

P4, H $ 9 anghor ; .
q,reeslim d etecﬁnrfe OnantO%hIA" ﬁeﬁe %’F% em%&@?ﬁ@% using the
arDRBIF0801 Ha%bdrééic?@eém@ib?eﬁq@ mﬁwwée&@%ﬁ% %ﬁﬁf&@ﬁtﬁd peptides

wB-meLpeptide centainingitheppitdpe #6 -hashsesttshown to bind to
DRBI*070i there was no evidence for T cell activation in this HLA context

(Baghos %1%%@%91@%)4 ﬁEKOBRW*W@%/fﬁWﬁ%e{He&@&1@&@&@1@&@3@&@;1@ OKT3-
15 me peptide,

he 13 eing_from the |n re 81-(Tabl
EiUp T SORATE R OOl ANERGT S0 Mok E ot e b1 1958 T
ega&ﬁ’dv%@ asPb o Gasishs qilglar@a«a?o@wisnrﬁé}%ep’t e gsadifing
’5‘&1%%999 #7 has also been shown to be a promiscuous binder with very
strong binding capabilities for the HLA alleles DRB1*0101, DRBI*1101

and}?lto '345 0 f{[ﬂ%ggb&td% ;Q@@ng Hryaﬁgﬂﬂrﬁl§ Snbﬁenﬁ@&%h%@ 15-
that de

epti ntainin the epitope #7 in ces T. cel ti
el et MU Rl R A el
Eﬁi‘f@lﬁew outlined thdgunerlnwas cised toHdentify lpelﬁﬂ elel eb?%ﬁﬁe%loﬁ 175 as P4,
7l Eﬁ%ﬁ%@&%%ﬁg&l@% Qﬁg%%ﬂ@ﬁﬁﬂ%ﬁﬁgaym étladébﬁr@%cgﬁ‘&(?m:w to

* 0 1ae (&

DR ]OGii(g} bﬁﬂgﬂgg%g&%ﬂé’ﬁn 58 fgggdéép%sz‘}lﬁ%gen ype ) 6? ure 2
EpitoABR B\&?@&@ﬁ@g@ﬂa@@dlmﬁé@@ﬁﬁg@a@dﬁq E@ﬁﬁﬁ}é,ﬁgprﬁg%prohfe; ation of
chenocyles @B?{@Ew{%ﬁﬁt@m&ﬁﬁm@&@ﬁt@ﬁ% e B6 wetldlk mhtsisdee:d the

D e cxpaseR o Ik shaconsenhation ?ﬁ%%@!mh@%em, it

ura ion ‘of itic cells was induced b
wiipopalysascaitersy el esnes Al éﬁPR@VRﬁPE\é %:%%foﬂ e

same amount of dendritic cells was cultured in the absence of IFN-~-Ib,
but iBtherpresense ot LidSieftdradniirnbabation seriot oPPRAG freded

3618 9l depditic calls were ysedin Betesgantit O RIN0 and HEADR al., 2002).
molecules were precipitated by using the anti-HLA-DR mAb L243

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- DRBI*0801/0801 ssociated I| (ji vealed

-Ib -
-deri \Qﬂ:@ﬁhs gg’l RS W3S mp%gg Seto pre V%eds P%%he OKT3

uences

M@da@ﬂbt(Tmluhexﬂhchmeitw@cé@h@ge@om@aBﬁw%%é gbﬁ@dtyﬁéf prRgictions for
49801/9804 wvere foundiin atleast Bripdependast-axperimentsd by the aigorithm

(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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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 DRB1*1101/1404 20 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 DRB 1* 1101.and, . .
bl DR B80T asrelictsteby the FEPTIOPE AI§srithnteEpitpe #7 9\/2'5“‘1““‘3
ccenasented yrthe dallewing 5length variantarthed dfniend/sd- 161 dhene
. 13-mer 149-161, the 14-mer 149- -mer 148-161 the Lozmer
R 24 (A T Etane 57 (oA e b anchet
copt3ias PICRISBTAS PEIRIIISSAS B8 aHd 62161 | SO GRS but
thExample:8 TheTsirategy: outiinéd o Figuredlohas usetotd inenify peptidtecells
epitopes of IEN-(3-Hoy Y. ific.cells.displaving thei i AsBR he
AR T RSe i e e DR
anFtALDRB b 1 AU TRt ﬁ%f\?fg:‘f’ﬁoéaﬁi Sﬁess,%‘en' i Sgifgated pepudes
waxptessingthe. ferittype L A-DRBA Yo LI1/1404Wele differentiated from
peripheral blood monocytes and cultured at a concentration of 0.5 x 10 6
cells d fabn5exA06sdendritic -oalis werk axaseddodfeNiQabh ateealed 2 OKT3-
. concentration of 20 g/ml, At the e lime,.- 29 maturation, of dendHtior T3
GG TS e by Aty Tty eaceHar ‘{fipfg%a% Concentration .
Tobling A GRS 88 CARS BB 6 Jetr bEI s e ™
ththe-absenge ofHEN-Pehhpbet insthiaprése doehebl R eAfBHEN InBLDatienere
eriod of 24 . hr , ific cells were lysed in detergent
fm?*%f&oaé%és #L%%%{gﬁrﬁﬁgcu egs{:)i g?/ﬁrvfgfe precipitated by using the
anti-HLA-DR mAb L243 immobilized to sepharese |
o T AR S e
d@DIbSIMSMS: tBetuisnEecaHayEBSTIHMEAREHD10 A RO atabiaee 3
rligapds reyealed %&ENch?lk?andeﬂﬁVE%emm*ﬂ repréisenied 129 Poptidés as Ps
sequences derived fram +3-1b, (T , -RSSQEl acy Lo
g usness el am MR TR Bl Joe e spjansa assadinodsc
ebge TS B 5 el i ENSR(EH BT FIBRY Var rd FReo . Senarii
cAB-mer A6:B9ethidGmenpdSDEX thetd T /st 44 B8euthé et 81667 te

- Jmerdtarols e Ao mer42:00 and(he.29odmeg 3960 (Taole ). Epliopenotype
# C* nt%\ins*the following anchor motif: F-49 as F?l, E-52 as P4, A-54 as
DB& L5748 P9 anchor. 15 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-153 as P,

1-156 as P4, R-158 as P6 and G-1.61 as P9 anchor. Example 9 The

strategy qutknedeity Figuseltasousea todgentify e pide ehispedsn (Tables 1.3),
e

. - - N % lgorithm did

AR USRS, WS b (1oL 21 A troden det ST Ul goritm &

not predict epitope #3, neither for DRB1¥1101, nor for *1202 (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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expressing the genotype HLA-DRB1*1303/1501 were differentiated from
peripheral blood monocytes and cultured at a concentration of 0.5 x 106
cells / ml. 5 x 106 dendritic cells were exposed to IFN-Q-lb at a
concentration of 20 giml. At the same tirae, 25 maturation of dendritic cells
was induced by adding lipopolysaccharide (LPS) at a concentration of 1
ug/ithAis@adcontrol, the same amount of dendritic cells was cultured in
the absence of IFN-0-1b, but in the presence of LPS. After an incubation
peripgaf 24 yrshpthisetsigf.dendriticlcelisaters dysedyinagetérgerntpes of
X100 and HLA-DR le re precipitafe i A
O ADR IR LIRS imoBicd 1 Sooharbse beacl oo FLA-DR
DRB3oetatedyreptides were eluted with 0.1% TFA and analyzed by
2D-LS/MS-MS. Sequence analysis of HLA-DRB1*130311501-associated
ligafids devea &2 1PREI:IE 0 ldetiedesipitopt OB prestittaer byctfaac cells,
xpeRide seauanaes.derived fomikiN/0:bb (tablafi9)edthe«dnitopeperipheral
blg{s)’ %g!%%gh gstglgdgc%rl]t%tye%eag 6338128%:%98%4115 %%d’vba}? I@“QQI&W ﬁ]ill.eaaftlgﬁ dendritic
independent experiments. -30- Epitope 7 was represented by the 13-mer
cella9iare Exitseiembe 148061 @KE frig A PoRerieriaB e (b BY. e peme
11 # ¢, containsdhe falewing arthermolificFd 1531 adiRI TINAG6 dsrR4nR-158

co?grpé t@{%%a {991%3?@8%8‘&%&&& wR P33k Table 1 OKE-3 OKT3, butin
rthoclone epitopes assoclated to the ge %y HLA-DRE1*Q401/¥1302.
EBBEPEp - SediEhes ORTS ST ORT S g BISED T R
whit 1#:SGTKEEINRADTARTiclightchaii 89:1k18!8 @SQTRIEMNRADTAPE the
ar%%%]\%/vﬁk@gﬁéé%%gﬁig) ﬁ]ﬁﬁ%%%l% {IQ L!V &Blé‘ci:rbg&%@%g%i’sasigciated peptides
. ( - -157

WW|§§§E%%%%\H%%§%§ %%%%%AH PASST heavy

chain 194-210 19 Table 2. OKT-3 (Orthoclone) epitopes associated fo the

gendegpeHE APBRBI 07641861 CEpItopRIoRPHEESEIRLS pastty o OKT3-
d SeeEASe-sUPURI-QKEBHEYIRMNE@ 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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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 DSKDSTYSMSSTLTLTKDRA466-183 15
DSKDSTYSMSSTLTLTKDE 166-184 16 DQDSKDSTYSMSSTLTLTKD
164E38341¢ SDQDSKDSTYSMSSTLTLTKDE 164-184 18
TDQDSKDSTYSMSSTLTLTKDE |1 163 184 9 5 Table 3. OKT-3

(Ortmgllfezn@ﬁ%@p@& sociatechty the gendiypeHdiAsDRBIAETOHF 22021 tiple
sl %98&%?40“9#%%%4& OKT-3. QT3 regian ?%%L&*%%Q%V@Humtenﬂy

INRADT'APT K light
m@S@ﬂﬂ(ﬂE@N%AquAfﬁjTO@% JERS kb il Betaseron g - o bt Betaseron

uweﬁ@ﬁtmwﬂﬁt%mmmm@pb@m@w?mswﬁrmﬁwaksted

ap]peé“&%p; .23, WESQSITENVANRAIST 184289, 24 taseron is known to be
Si TCNVAHPASSTK 194-211 25 s able 4. OKT-3 %Ort@%cjlgr]}/e)of

@éﬁﬁ%’é%”éiég%f&i‘é?é’a%?h% ﬁ%ﬁ%faé@ﬁm‘ O30 170401 E

pReptider séguence OKT{3roK T region BRTES Dhivoo g%ﬁﬂ%p@@%wex- treated
#}ﬂ;ﬁé%%g%%%@%gyk?@%m cha i d43H 12826 A0 dablel 52000; Bertolotto et
O B R Eovobk s b S ot
IrSEQ14B hm@et#uscwegrxE@Aaskmela@céare¢@t@@F@kw Lamf@ acid
sARHRL28 K QLRQRRKERLAAMTHYE. 44H60 29 0hBglycosylated 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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Table 6. 20 Interferon-0-1b epitopes associated to the genotype
.HL_A-DRBl*11011*1404. 33 Epitope no. Peptide sequence 7PN-Li-Ib
region SEQ. ID. NO --1 #6 iyV HQINHLKT 89-99 30 - IV, TYHQ_INHLKTV
89-100 31 N'VYHQINHLKTVL 89-101232 NVYHQINHLKTVLE_99 102 33
N'VYHQINHLKTVLEE 89-103 34 NWHQINHLKTVLEEK 89-104 35
oMY QINGILES TT88 09 88b AR INERSKT (P8 glidgdge DRBITUI0L

(TANMYHQINAIKTVL 88-101 38 ANVWQINHLKTVLE 88102 9
Al\TJYHQINHLKTVLEE 88-103 40 A-WYHQINHLKTVLFEK 88-104 41

LAN:)/ MW ANHLKTV 87-100 42 L NVVHQINHLKTVL 87-101 43
LANVY QINHLKTVLE 87-102 44 LANWHQINHLKTVLEE 87-103 45

VYHQIISHLKTVL 86-101 46, LLAN)
L
pra@Ned AW OINFHLKTYEE 852 02 SO-NILVEYHOIRHLIW EE 85 Eh3tos

51 #7 ILRS?FYF INRLTG 149-161 52 VEILRNFYFINRLTG 147-161 53
Table T ifterferomREb e pitoipéé assovidtad 1o tfe Gertypes: dendritc cells,

EJ:A %ﬁi%@é@ﬁ@%ﬁ 'Jﬁ:mt@ﬁ@g}& %@Seg&i@edsﬁa@m@@d o (BHpheral
blae p s I PRIGINIME R RV %é‘i%lf?s%o’N%?F@N RO st depdrite
ceNiviYid @NHEK TV EIRED8Y: 208 @ncentration of 20 pg/ ml. At the same 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 1s has been described that 2 peptide pool containing
the epitope #7 induces T cell activation in a DRB1*0701 background (Barbosa et al,,
2005).
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P L7YHQINHLKT 88-99 59 ?JWYHQINHLKW 88-100 60 1
ANVYHQINHLKTVL 88-101 61 AWYHQINHLKTVLE 88-102 62 H
LA.N-V-T-TQ NHLKT 87-99 63 _ INYF Q NHLKTV 87-100 64 -34-
LANVYHQINHLKTVL 87-101 65 LANY¥HQINHLKTVLE 87-102 66
LLANVYHQINHLKT 86-99 67 LLAITVYHO7-NHLKTVLE 86-102 68
NLEAMVYHQINHLKT 85-99 69 NLLANVYHQINHLKTVL E 85-102 70 #7
RNFYFINRLTG 151-161 71 LRNFYFINRLTG 149-161 72

ILRARRYEENRATIG A A0FL62 7 BEL RNFYRINRLTG dB8ld 61itges of IFN-B-1b,

p}réégélfe%'\é'\fge':#é'%ci é%’njs‘h?s'éﬁ%g 5. Table8nw Interferon:O- b epitopeso1 /0801,
assoclated to the genotyp HLA-DRB1*0101/*1401. Epitope no. Peptide

sequence IEN-0-Ib region .NQ_# QFQKE Y. .

76 D1 GOHOKEDARLTIVE o B0 77 ROL BOFOREDARL TIVE .60 75
XK QLQOFQKEDAALTIVE FS6010L IKOLOOF KEDARLTIVERM B3°6150
bh% !%%%é%(éﬁ@ﬁ%@&ﬁtuwﬁEtdazc@@c&iw&ik&&m@(mm EQKEDAALTIY Eendritic

y TR AR ST | Y. - ;
c e RV FRITS a7 161 B TAB 8 o o (5 chtaes.
maissebied s tg@?fékwéS%ﬁl@ééﬁiﬁééwﬁ%@ﬁhfé@pﬁ%E)Bcﬁ%.%%ebﬁ%%
coSRaenCe BN Q-1 gion SEE- iD INCa A7 IbRIEY FINRLIFG 1491615 ggltured
in I%ElleRal%IJ&%Eé%ﬁ%&gﬂl@fgéég%yﬁgﬁgﬂc%%ﬁhl’@q&ﬂ-ég 14818 ndBeriod 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 monocytes 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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Claims A method for decreasing the immunogenicity of a therapeutic
polypeptide comprising a) identifying the immunogenic peptides of the
therapeutic polypeptide comprising: i) providing cells expressing antigen
presenting receptors (APR) in a total antwount of 0.1 to 5 ug molecules, ii)
contacting the cells from (a) with a source of immunogenic pe tides, iii)

misolating ARRrmoteculdsimmimbuenicyalstive komplescs Teirethe Sels 2
M&%IHQBQJQQ ?‘ﬁs%@t&g peptides tm&h@ APFumolecetes;i) dd&fmﬁyln@tured

muno c, es VI) verlf in ther i eriod o
m %gl%l% é%%&\ 194 né?tgr E%WH&%%‘?% 9 p dof24

ito ) Hodi mgt é correspo epltopes of

hlpdlyﬁbptw@%@?ﬁmhmhéqymﬂﬁi@ rantigencieyent gd@@é%cu
wle @&Eﬁl@%@)ﬁm@r@bwr@aﬁmgmmmme\d patgaoemmtéamt&ﬁre:dupéarose beads,

p@}% eetios il s%’gé)[ lenyial e%z&*&?m%m@l/oa%%fQMaﬁ%r%m  whereings. Ms.

R expres iis ‘are MHC i expressing cells. 3. The method

according to claim 2, rei x ressing cells are dendrtic -y
cellseaEnae ?ﬁgﬁ @é?%}ni\g%?é gpm e?%%fll fiie 5@ﬁa$%cdceﬁF\ L
- darévekposeddn lazp@sentraﬂl ot b @rﬁmum@ﬁér@%@’ﬁﬁrﬁ atore tekidritict able 8).

TRENSALLHG same dime-asdhpy @reingducatiio: matune to denditia dcells. lbast 2
The m hod accordlnig to claim | to 4, wherein the source of therapeutic
e Ga&EREL8ficted from the group consisting of cytokines,
chemokines, growth factors, ntlbodle , enzym ructur I t ns, . i
horrﬁBH@EedtrDa“ﬁéb‘?ﬁé%ﬂWé‘@ ‘fﬁ]éf'ﬂ&j i%%érdfﬁﬁl% c gfﬁ% 2 g 4
65, fuheTeinethiel complexésiof Mﬂ-l@m@é&ﬂeswéﬁ%1nihm¥%géﬁmé2pé@)ﬂaé§he 22-

e?bs%b”‘ %%‘fé’@? tﬁﬁ&%@dﬁ/%@%@@ﬁ%gm&wagcwmhzlatmmm E-52 as
ells with a et ent a%% uestration of the complexes of antigen
Pérésé‘ﬁﬁﬁ@@é@ p[?o?g Wi ﬂlhogenlc peptides by immonuprecipitation

or immunoaffinity chromato%aphy 7. The method accordlgﬁli%clalms tho .
6, whelieinethe Seiresteratr conplek e b MHC ToIEcTEs mer being

HisAMuAegenic peptides anxwekied syithpwaperin am ultrafiltediibnvimpanchor
nDgIRe pd rﬁ% NG ihe ;REANGESHE; e Mmethodageording i glaims 2 to 7,

wherein the |mmunogen|c peptides are eluted from the MHC molecules
usi a% diluted acid. 9. The method according to claims 1 to 8, wherein the
isol anogenlc peptides of (a)(iv) are fract|onated and sequenced.

10. The method according to claim 9, wherein the jsolated immuno
popies BT EHONRAT A B ISHRa By AL ERERGT  1

pekhiomatoghphlyianddhadisspectronediiya m@aecm@mwaaa&)ﬁam@w 1501
claims I to 10, wherein the isolated immunogenic peptides are identified

by C%Rg&h Pﬁ,ﬁqm'@ﬁ4@@@mm@d1ﬂ@@ﬂrth@d:e1nszx@m@webavpdamdyiﬁc cells,
contacted with a SOUI‘ n I o
eﬁ%éﬁﬂa ?’Iéanf)r(;% ﬁ‘?r ? %ﬁﬂ‘% &%’2&%&5‘?%& WM%W ]

have not een .
blood monocytes and cultureé at 4 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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contacted with that source. 12. The method according to claims I to 1 i,
wherein the immunogenic peptides are naturally- processed immunogenic
peptides. ABSTRACT METHOD FOR THE IDENTIFICATION OF
EPITOPES RELATED TO IMMUNOGENICITY IN
BIOPHARMACEUTICALS The present invention relates to a method fo

ideRiitying eptides invotvetiin® ﬁuﬁtﬁ‘@éﬁﬁ:&?]oéhfﬁplr%iﬁ’&rtﬂégéféﬁé%%gje 1
mdProviding cells expressing antigenpreseniiiigwiegepidis(APRY it &3 as P1, 1-
 sDumber providing 0.1, fo 5 ug, molesies, b) contacting the cells from (2

th'a’source o Immunogenic peptides, c) isolating APR molecule-
immunogenic peptide complexes from the cells, d) eluting the associated
peptides from the APR molecules, e) identifying the immunogenic
peptides, f) verifying the identified immunogenic peptides as epitopes.
Figure 1 38 SEQUENCE LISTING <110> F. Hoffmann-La Roche AG
5 <120> Method for the identification of epitopes related to
immunogenicity in biopharmaceuticals <130> 23097 10 <160> 87 <170>
Patentln version 3.3 <210> 1 15 <211> 213 <212> PRT <213> Mus
musculus 20 <220> <221> 0KT3 light chain (kappa) <222> (1)..(213)
<400>1 25 GlIn lle Val Leu Thr Gin Ser Pro Ala lle Met Ser Ala Ser Pro
Gly 151015 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 Lys
Arg Trp lle Tyr



(93

3535 40 45 Asp Thr Ser Lys Leu Ala Ser Gly Val Pro Ala His Phe Arg Gly
Ser 50 55 60 40 Gly Ser Gly Thr Ser Tyr Ser Leu Thr lle Ser Gly Met Glu
Ala Glu 65 70 75 80 45 Asp Ala Ala Thr Tyr Tyr Cys GIn GIn Trp Ser Ser
Asn Pro Phe Thr 8590 95 50 Phe GlySer Gly Thr Lys Leu Glu lle Asn
Arg Ala Asp Thr Ala Pro 100 105 110 Thr Val Ser lle Phe Pro Pro Ser Ser
Glul@ielleu Thr Ser Gly Gly 55 115 120 125 Ala Ser Val Val Cys Phe

Lys lle Asp Gly ser Glu Arg Gin Asn Gly Val Leu Asn 145 150 155 160

okewAsnASA RIS hyioRro dyscAspilte Asnchdfy}351140D60 Valilys THp2.

B85-Ser TP T ASY GIT ASD. Ser Lys Asp Ser Thr [yr

er Met Ser Ser

FABG/E70 175 ToPhiclseu TheeLeu Thr Ly ASpORETyr GRRArg 1EAs) SEQ-1D- |
Swr. Tyr Thr -39- 180 185 190 Cys Glu Ala Thr His Lys, Thr Ser Thr.Set Pro™ "2
te-VattysSerPhe5195 200 205 ASITAIG- ASH GILFCyS ZI0—I0<21
2“<211> 449 <212> PRT.i5 <213> Mus-musculus-<220><221>-0K¥3 .
héhvy dhain {gB9a) 3043255 11). (449 eAb6597GIn Val Shlldughn -
Gln Serf GIAlal €Lt AN ARG Pro/Gly Ala 98-113 4

3 TWRIDGSERONG « light chain 145-157 5

NVKWIIDGSERQNG 144-157 6

INVKWEKIDGSERQNG 143-157 7

INVEWKIDGSERQNGV 143-158 g

#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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25151015 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 3540 45 35 Gly Tyr lle Asn Pro Ser Arg Gly Tyr Thr Asn Tyr
Asn GIn Lys Phe 5055 60 40 Lys Asp'Lys Ala Thr Leu Thr Thr Asp Lys
Ser Ser Ser Thr Ala Tyr 65 70 75 80 Met GIn Leu Ser Ser Leu Thr 5er

I—lic-

Glu ASD Ser Ala \al Tvr TVI’ (‘\IQ 45 85 90 95 Ala Arg Tvur-Tur Asn. Asb

EIiCyS Leu ASFIYETIFEN€In Gly 100 £05'110 50 Thi ThrtedThr ~ 21"
V&t Ser Ser-Ala-Lys The Thr-Ala-Pro-5er-Val- Ryt +15-120-125-55-Pro--et—
Ala-PreValGys ’“'y Asp-Thi-Har-Gly-Ser-Ser-Vat-thrteu—130-13514
Rﬂ f‘l\l ve l o Mal bl ve-ChveTa I'\L«,-.nﬂr‘l. D\ Lol Tlaet = = O = h oA

yo =€ | c:ru 1O M | vartrme _FEl IlpL4:) ~
'-'s}') 155 160._Asn erﬁf\l\/ lllbxgn Ser 5@ V:I\}, {5&1}?—”: Thr%ﬁiﬁ%rc Ala ;O
val Leu 6518845 }f’%%m d};’P \sp-LHeu-FyFhrkewSer %e?rqgr Val Fhr—
Val Thriber-Ser—180-185-190-70—-40-Fhr-Frp-Pro-Ser-Gin-Ser-tleThr-Cys
ﬁ{". Val-Ala {;\'.fjgsag[ Al C‘%’ 1@;; 200 205 et Thr-lys val "9&: L@(;» tyStte—5
| Pra--Aret PP ﬂ NALE. DN AN .
,““U,f PO A T VIR YRS = - ‘M° ey ﬁ‘i%& FOCYys™ 13
EySSYy$ "'”WPSQ!SY’F‘&:‘“U\FEHPE‘%'S?' yply Fro 2z SeryarPne 4
tePhe1Pro RIp iy sTife KX /ARpR grey Met lteSer' 15245250265 Teu 35
SPrProtteVal-Thrcys val-vat vat ASp Val'ser GIu/Asp Asp 260 265 270
Table 4.
OKT-3 (Orthoclone) epitopes associated to the genotype HLA-DRB1*0301/70401.
Epitope Peptide sequence OKT-3 OKT-3 region | SEQ. ID.
no. subunit NO
#2 INVKWKIDGSERQNGVL i light chain 143-159 26
Table 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
#5 QFQOKEDARLTIVE 48-60 27
OLOQFQKEDARLTIYE 45-60 28
KOLOOFOKEDAALTIVE 44-60 29

Table 6.

Interferon-P-1b epitopes associated to the

senotype HLA-DRB1*1101/%1404.




ol

20 Pro Asp Val Gin lle Ser Trp Phe Val Asn Asn Val GIU Val His Thr 275
280 285 25 Ala GIn Thr GIn Thr His Arg Glu Asp Tyr Asn Ser Thr Leu Arg
Val 290 295 300 30 Val 5er Ala Leu Pro lle Gin His GIn Asp Trp Met Ser
Gly Lys Glu 305 310 315 320 Phe Lys3Gys Lys val Asn Asn Lys Asp Leu

Pro Ala Pro lle Glu Arg 35 325 330 335 Thr lle Ser Lys Pro Lys Gly 5er

EpviabArg Ala Pro GliFdfaldEyeyaind40 345 350 THE-LelbPrgi Pro PREGIHGIRIC
—-GluMet Thr Lys. L.ys Gln Val ThileuTFhr355-360-365—45-Cys-Met-Val
Thr Asp Phe Met Pro Glu Asp lle Tyyrr Val Glu Trp Thr 370 375 50 Asn
Asi Gly Lys ThrGtudetiAsaiyr Lys 395 Thr GlusPy@oVal Leu 385 390
| 400 Asp!Ser Asp.Gly-SenyriRhe Met Tyr Ser LysSLE@Arg Val Glu Bys
55 405 410 415 kys-AsnikrpvalbGlu Arg Asn SegTyir0Ser Cys Ser V&l Val
HISGIu 420 42%;60 &sly heuwdtsiAsn His His Thr TtwilDgs Ser Phe 5ekArg
T Thr PTo Gly 435:440:445:65:bys =70 <2103 3 -4130<P11> 15<212> PRT
TTR2I3>MUS MUSGYRIS (T FR20%S221> Epitope #Eo<@eR> (1).(15) 35
ANVYHQINHLET 88-99 36
ANVYHQINHLKTY 88-100 37
ANVYHQINHLETVL 88-101 38
ANVYHQINELETVLE 88102 35
ANVYHQINHLKTVLEE 88-103 40
ANVYHQINHLETVLEEK 88-104 41
LANVYHQINHLKTV 87-100 42
LANVYHQINHLETVL 87-101 43
LANVYHQINHLETVLE 87-102 44
LANVYHOINELETVLERL §7-103 45
LLANVYHQINHLKTVL 86-101 46
LLANVYHQINHLKTVLE 86-102 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.

Interferon--1b epitopes associated to the genotype HLA-DRB1*0801/70801,

Epitope no. Peptide sequence IFN-£-1b region SEQ. ID. NO
#6 NV YHQINHLKT 83-99 54
NVYHQINELETV 89-100 35
NVYHQINHLETVL 89-101 | 36
NVYHOINELKTVLE 99-102 | 57
NVYHQINHKLKTVLEER 89-103 58
ANVYHQINHLKT 88-99 39
ANVYHQINHLETV 88-100 60
ANVYHQINHLETVL 88-101 61
ANVYHOINHLETVLE 88-102 52
LANVYHQTINELKT 87-99 53
LANVYHQINHLEKTY §7-100 64
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<223> OKT-3 epitope associated to the genotype HLA-DRB1*0401/¥1302.
10 <400> 3 Ser Gly Thr Lys Leu Glu lle Asn Arg Ala Asp Thr Ala Pro Thr
151015 15<210>4 <211>16 <212> PRT 20 <213> Mus musculus
<220> <221> Epitope #1 25 <222> (1$4(16) <223> OKT-3 epitope

associated to the genotype HL A-DRB1*0401/%1302.<400> 4 30 Gly.Ser
Gly Thr Lys leu GipTIE AR Mg ATY Asp Thr Ala BroPhr 151101592

<210> 5 B35 <211>ABVEE9INIBRE D3> Mus mideliids 40 220> £221>
Epitope #2 <2225/ {EO25E3T OKT-3 epitope Hs88ciated,to the 0/
genotype HLA-DRBIZ0A0ITE03 T HE<400> 5 VALY Trp Lys lle ASH Gly
Ser Glu Arg GIN sk GYEEBHAIE0 <210> 6 <2135-19 <212> PRTOY
<213> Mus mUsbuRiSVE5 «PPORK2PDE> Epitope #2-4222> (1)..(14) 60
<223> OKT-3 epitope associated to the genotype HLA-DRB1*0401/*1302
#7 RNFYFINRLTG 151-161 71
ILRNFYFINRLTG 149-161 72
ILRNFYFINRLTGY 149-162 73
EILENFYFINRLTG 148-161 74
VEILRNFYFINRLTG 147-161 75
Tabie 8. 7
5 Interferon-B-1b epitopes associated to the genotype HLA-DRB1#0161/*1401.
Epitope no. Peptide sequence IFN-B-1b region SEQ. ID. NO
#3 LOQFQKEDAALTIVE 46-6G0 76
OLOQFOKEDRALTIVE 45-60 77
KOLOOFOKEDAALTIYE 44-60 78
TXKOLOQOFQOKEDAALTIVE 43-60 79
TEQLOOFQREDAALTIYEM 43.61 80
EIRKQLOQFQKEDARLTIVE 42-60 81
IPERTROLOQFQEEDAALTIVE 39-60 82
#7 TLENFYFINRLTG 149-161 83
VEILRNFYFINRLTG 147-161 84
Table 9.

Interferon-P-1b epitopes associated to the genotype HLA-DRB1*1303/*1501.
Epitope no. Peptide sequence IFN-B-1b region SEQ. ID. NGO
#7 ILRNFYFINRLTG 149-161 33

EILRNFYPINRLTG 148-161 86
VEILRNFYPINRLTG 147-161 87




<400> 6 Asn Val Lys Trp Lys lie Asp Giy 5er Glu Arg GIn Asn Gly 6515
10 <210> 7 <211> 15 70 <212> PRT -42- <213> Mus musculus <220>
5 <221> Epitope #2 <222> (1)..(L3) <223> OKT-3 epitope associated to
the genotype HLA-DRB1*0401/*1302. <400> 7 10 lle Asn Val Lys Trp Lys
lle Asp Gly Ser Glu Arg GIn Asn.Gly 151015 15<210> 8 <211> 16
<212> PRT <213> Mus muscults®2¥ <220> <221> Epitope #2 <222>
(2)..(16) <223> OKT-3 epitope associated to the genotype
HLA-DRB1*0401/*1302. 25 <400> 8 lle Asn Val Lys Trp Lys lle Asp Gly

A mBbpGior AageGsiin ghan iGivwrakehibitl O 1bthdRe2l0pdyrepiddecdhpsdil?>

o iRAh AR TelAm MU MUBOHINS, SRROBEARLERIORS R A05REE
(2)..(17) <223> OKT-3 epitope assomatepcf to the eﬁotype

i) Prfihing R4 epRRgIaEIigen presenting receptors (APR) in a total amount of 0.1 to 5 ug

molecules,

ii) contacting the cells from (a) with a source of immunogenic peptides,

iif) isolating APR molecule-immunogenic peptide complexes from the cells,

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,

¢) 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.



try

10.

<400> 9 45 Trp Pro Ser GIn Ser lle Thr Cys Asn Val Ala His Pro Ala Ser

Ser 151015 Thr50<210> 10 <211> 15 55 <212> PRT <213> Mus

musculus <220> 60 <221> Epitppe #4 <222> (1)..(15) <223> OKT3

epitope associated to the genotype HLA-DRB1*0701/'1601 <400> 10 65

Lys Asp Ser Thr Tyr Ser Met 5er Ser Thr Leu Thr Leu ThrLys 1510 15
The mzf})isd%(a@rdiﬂm-téa}aimm&ﬁigz&z&m%@%ammqum@ﬁﬂzame of

1> E |to e #4 <222>(1)..(16) < 3> @) T3 e SOCI ted to th

i R SR 70 A 5100 DA0R kY (o RAerB TRy el
celis. Met Ser Ser Thr Leu Thr Leu Thr Lys Asp 15 10 15 15 <210> 12 <211>

17 <212> PRT 20 <213> Mus musculus <220> <221> Epitope #4

The method according to claim 1 to 4, wherein the source of therapeutic polypeptides is selectad
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.
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20

25 <222> (1)..(17) <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 1510 15 Glu 35<210> 13 <211>17
40 <212> PRT <213> Mus musculus <220> 45 <221> Epitope #4 <222>
(2)..(17) <223> OKT3 epitope associated to the genotype
HLA-DRB1*0701/*1601 <400> 13 50 Ser Lys Asp Ser Thr Tyr Ser Met
Ser Ser Thr Leu Thr Leu Thr Lys 1 3710 15 55 Asp <210> 14 60 <211>
18 <212> PRT <213> Mus musculus 65 <220> <221> Epitope #4 <222>
(2)..(18) <223> OKT-3 epitope associated to the genotype
HLA-DRB1*0701/*1601 70 <400z ld--AAr Ser Lys Asp Ser Thr Tyr Ser
met Ser Ser Thr Leu Thr Leu ThrLys 151015 5 Asp Glu to <210> 15
<2t SHR>RRT243> Mus Amusnulysy EPITOPES RELATED TO

“ IMMUNOGENICITY IN BIOPHARMACRUTICALS

The present invention relates to a method for identifying peptides involved in
immunogenicity comprising the steps of a) providing cells expressing antigen presenting
receptors (APR) in a number providing 0.1 to 5 ug molecules, b) contacting the cells
from (a) with a source of immunogenic peptides, ¢} isolating APR molecule-
immunogenic peptide complexes from the cells, d) eluting the associated peptides from
the APR molecules, e} identifying the immunogenic peptides, f} verifying the identified

immunogenic peptides as epitopes.

A5

{ Figure 1 )



15 <220> <221> Epitope #4 <222> (1)..(18) <223> OKT-3 epitope
associated to the genotype HLA-DRB1"0701/*i601 20 <400> 15 Asp Ser
Lys Asp Ser Thr Tyr 5er Met Ser 5er Thr Leu Thr Leu Thr 151015 25
Lys Asp 30 <210> 16 <211> 19 <212 PRT <213> Mus muscuius 35
<220> <221> Epitope #4 <2§§5 %} 19%4%<g23> OKT-3 epitope
associated to the genotype H E) é *b 61 ’51601 <400> 16 Asp Ser
<1Lys Asp Serf TimrFyiBekanet 36r Ser Thr Leu Thr Leu Thr 451510 15
<123 AR EM 50,2402 1., 52112 207202 BRE 56 <2 Musgusculus
<220>; Epitops #4 600p2222:(19u{20) ¥223> OKT-3 epitope
associated_to the genotype HLA-DRB1*0701/'1601 <400> 17 65 Asp GIn
<IA% s&t13/s Asp Ser Thr Tyr 5er Met Ser Ser Thr Leu Thr 1510 15 Leu

st
(83

30

L
N

40

60

70

<16hr Ly&7 Asp
<170>

<210>
<21l>
<212>
<213>

<220>
<221
222>
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Trp

Thr

50

Ser

Ala

Gly

val

Ser

130

Lys

Trp
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Thr

Leu

Thr

20

Gin

LYS

Thr
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Trp
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70 20 -45- <210> 18 <211> 21 5 <212> PRT <213> Mus musculus
<220> 10 <221> Epitope #4 <222> (1)..(21) <223> OKT-3 epitope
associated to the genotype HLA-DRB1 0701/*1601 <400> 18 15 Asp GIn
Asp Ser Lys Asp Ser Thr Tyr Ser Met-Sér-Ser Thr LeU Thr 151015 20
Leu Thr Lys Asp Glu 20 <210> 19 %3 <211> 22 <212> Pg‘é <213> Mus
musculus 36°2220> <221> Epitope #4 <222> (1)..(22) <223> OKT-3
epitope associated to the genotype HLA-DRB1*0701/°1601 35 <400> 19
Cy?r’hﬂ&lsﬁ’(%lnm%ﬁ@%r{y}?s ﬁé‘p ?;%r THi BA"SBFMét Se%a%e?ylshrs%up 510
15 40 TH? Leu Thr Lys Asp Glu 20 45 <210> 20 <211> 15 <212> PRT
<213> Mus musculus 50 <220> <221> Epitope #1 <222> (1)..(15)

30

40

2
[¥1]

60

70

Asn Arg Asn Glu Cys

210
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<211>
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<213>
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221>
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2

449
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MUS musculus
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2

Gln val Gin

1
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Thr

(1gG2ad

ser Galy
Lys Ala
Gin Arg
40
Arg Gly
55
Thy Thr
Thr ser
His Tyr
ser Ala
120
Gly Asp
Tyr phe

ser Gly

Leu Ser

Ala

Ser

FPro

Tyr

ASD

Glu

cys

105

Lys

Thr

Pro

val

Ser
185

Glu

10

Gly

Gly

Thr

Lys

Asp

90

Lau

Th

Thr

Glu

His

170

ser

Leu

Tyr

Gln

Ash

ser

75

Ser

ASp

Thr

Gly

Pro

155

Thr

val

Ala

Thr

Gly

Tyr

60

Ser

Ala

TYyr

Ala

Ser

140

val

Phe

Thr

Arg

Phe

Leu

45

Asn

Ser

val

Trp

Pro

125

Sar

Thr

Pro

val

PIro

Thr

30

Glu

Gin

Thr

Ty

Gly

110

val

Leu

Ala

Thr
180

Gy

15

Arg

Trp

Lys

Ala

Tyt

Gin

val

Thr

Thr

val

175

Ser

Ala

Tyr

Tle

Phe

Tyr

80

Cys

Gly

TYr

Ley

Trp

Leu

Ser



(%5

<223> OKT-3 epitope associated to the genotype HLA-DRB1'1101/"1202.
55 <400> 20 Ser Gly Thr Lys Leu Glu lle Asn Arg Ala Asp Thr Ala Pro Thr
151015 60<210>21 <211> 16 <212> PRT 65 <213> Mus musculus
<220> <221> Epitope #1 70 <222> (13{(16) -46- <223> OKT-3 epitope
associated to the genotype HLA-DRB1*'1101/* 202 <400> 21 5 Gly Ser
h Y IS B IE AT VBN S TAIG PO A5 1021 Ser
1052210 <211> 14 <212308RT <213> Mus musgdius 15 <220>
<221> Epitope #3 <222> (1)..(14) <223> OKT-3 epitope associated to the
se9engtypecHLA-DRB111101£1202. c20 $400z-22dfrp Pre Ser GineSeydle
ThriGys Asn Val Ala His Pt6 Ala 15 10 25 <213%23 <211> 15 <212>
PRT <213> Mus musculus 30 <220> <221> Epitope #3 <222> (1)..(15)
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35 <223> OKT-3 epitope associated to the genotype
HLA-DRB1*1101/'1202. <400> 23 Trp Pro Ser GIn Ser lle Thr Cys Asn
Val Ala His Pro Ala Ser 401510 15 <210> 24 <211> 17 45<212> PRT
<213> Mus musculus <220> 50 <221#1Epitope #3 <222> (1).,(17) <223>
OKT 3 epitope associated to the genotype HLA-DRB1*1101/¥1202.
%R)O %%1 55 Trp Pro Ser GIn Ser lle Thr Cys Asn Val Ala His Pro Ala Ser
<2§3§I JMEsl(BuszS:LGG):sThr <210> 25 65 <211> 18 <212> PRT <213> Mus
musculus 70 <220> -47- <221> Epitope #3 <222> (1)..(18) <223> OKT-3
<6pitope associated to the genotype HLA-DRB1*1101/¥1202. 5 <400> 25
<217 Pm}ﬁﬁm@n#ser lle Thr Cys Asn Val Ala His Pro Ala Ser Ser 15 10

§§ 8% %1955%§75%%%1%01%h52&gﬁbE§g5ﬁ#ﬁk35d@&&bﬂﬂé¥ﬂiy§2,
<2 pltope #2

<400> 3

ser Gly Thr Lys Leu Glu Ile Asn Arg Ala Asp Thr Ala Pro Thr

i 5 16 15

<210> 4

<211> 16

<212> PRT

<213> Mus musculius

<220>

<221> Epitope #1

<222» (1)..(16) .

<223> OKT- 3 epitope associated to the genotype HLA-DRB1*0401/%1302.

<400> 4

Gly ser Gly Thr Lys Leu Glu Ile Asn Arg Ala Asp Thr Ala Pro Thr
1 5 10 15
<210> 35

<211l> 13

<212> PRT

<213 Mus musculus

<220>

<221> Epitope #2

<222> (1)..(13)

<223> OKT-3 epitope associated to the genotype HLA- DREI*0401/*1302.

<4Q0> 5

val Lys Trp Lys ITe Asp Gly Ser Glu igg Gln Asn Gly
1 5

<210> &

<Z11l> 14

«<212» PRT

<213> Mus muscuius

<220>

<221> Epitcope #2

<222» (1)..{(14)

<223» OKT- 3 epitope associated to the genotype HLA- DRBL*0401/*1302.

<400> 6
Asn val Lys Trp Lys Ile Asp Gly Ser Glu Arg Glin Asn Gly
1 5 10

<210> 7
<211> 15
<212> PRT
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<222> (1)..(17) <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 Glu Arg GIn Asn Gly Val 151015 30 Leu 35<210> 27 <211>13
<212> PRT <213> Homo sapiens 40-<220> <221> Epitope #5 <222>
&1{..(13) 45 <223> Interferon-beta-lb epitope associated to the genotype
<34iA-BRBIMGIBL/701 <400> 27 50 Gin Phe Gin Lys Glu Asp Ala Ala Leu
2ghr lle Tyr Glu 1510 <210> 28 55 <211> 16 <212> PRT <213> Homo
<238piens . 60 <220> <221> Epitope #5 <222> (1)..(16) <223>
z%%%érfe%%tﬁé gepitope associated to the genotype
<HEA-DRBL 04517507 0ls 655400 28 Gin LenGiyp6|niPhe Bk L481G11302.
<4%89 AI; Ala Leu Thrlle Tyr Glu 151015 70 -48- <210> 29

1le Asn val Lys Trp Lys Ile Asp Gly Ser Glu Arg Gin Asn Gly
1 5 10 15

«<210> B8

«<211> 16

<212> PRT

<213> Mus musculus

<220>

«221> Epitope #2
<222> (1)..(186)
<223> OKT-3 epitope associated tc the genctype HLA-DRB1*0401/%1302.

<400> 8

Tle asn val Lys Trp Lys Ile Asp Gly Ser Glu Arg Gln Asn Gly val
1 5 10 15

<2i> 9

<21is> 17

212> PRT

<213> Mus musculus

<220>

«<221> Epitope #3

<222> (1)..(17)

<223> OKT-3 epitope associated to the genotype HLA-DRB1*0401/%1302.

<400> 9
Trp Pro Ser Gln Ser Ile Thr Cys Asn val Ala His Pro Ala Ser ser
1. 5 10 15

Thr

<210> 10

<211> 15

<Z212> PRT

<213> mMus musculus

<220>

<Z223i> Epitope #4

<222>  {1)..(15}

<223> OKT3 epitope associated to the genotype HLA-DRB1I*(0701/%1601

<400> 10
Lys Asp Ser Thr Tyr Ser Met Ser Ser Thr Leu Thr Lteu Thr Lys
1 5 10 15

<210 11
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<211> 17 <212> PRT 5 <213> Homo Sapiens <220> <221> Epitope #5
'0 <222> (1)..(17) <223> Interferon-beta-Ib epitopes associated to the
genotype HLA-DRB1*0101/*0701 <400> 29 15 Lys GIn Leu GIn GIn Phe
GIn Lys Glu Asp Ala Ala Leu Thr lle Ty#31 5 10 15 20 Glu <210> 30 25
<211> 11 <212> PRT <213> Homo Sapiens 30 <220> <221> Epitope #6
<24222>P1)..(11) <223> Interferon-beta-Ib epitope associated to the
<2qepotype hlsADRB1"1101/"1404 35 <400> 30 Asn Val Tyr His GIn lle
Asn His Leu Lys Thr 1510 40 <210> 31 <211>12 <212> PRT 45
«25213> Homo Sapiens <220> <221> Epitope #6 50 <222> (1)..(12)
<22223>emtesteroftbeta-1b epitope associated to the genotype

2 4
22%@'23‘_%*g‘p@%g%4§s@§épaoc%§lt§§he genotype HLA-DRBL*0701/*1601
<400> 11

Lys Asp Ser Thr Tyr Ser Met Ser Ser Thr Leu Thr Leu Thr Lys Asp
1 5 10 15

<210 12

<21i> 17

<212> PRT

«213> Mus musculus

<220>

<2?21> Epitope #4

<222> (1)..(17)

<223> OKT3 epitope associated to the genotype HLA-DRBI*0701/%1601

<400> 12

Lys Asp Ser Thr Tyr Ser Met Ser Ser Thr Leu Thr Leu Thr Lys Asp
1 5 10 15

Glu

<210> 13

<211> 17

<212> PRT

<213> Mus musculius

<220>

<221> Epitope #4

<222> (13..(17)

<223> OKT3 epitope associated to the genotype HLA-DRB1*0701/%1601

<400> 13

Ser Lys Asp Ser Thr Tyr Ser Met Ser Ser Thr Leu Thr Leu Thr Lys
1 5 10 15

ASp

<210> 14

<Zi1> 18

<212> PRT

<213> MuUs muscuius

<220>

<221> Epitope #4

<222>  (1)..(18)

<??23> OKT-3 epitope associated to the genotype HLA~DRBI*0701/*1601

<400> 14
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Asn Val Tyr His GIn lle Asn His Leu Lys Thr Val 15 10 60 <210> 32
<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*1101/'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>

s PR, 5213> Homg, sapjens . £220> 46-<221 > Epitope #6- <2227n(d).424)

1 <22§> Interferonsbeta-lb epitope associafed to the genotype 15
HLA-DRB1'1101/°1404 20 <400> 33 Asn Val Tyr His GIn lle Asn His Leu

adygThr Val Leu Glu 1510 25 <210> 34 <211> 15 <212> PRT <213>
Homo Sapiens 30 <220> <221> Epitope #6 <222> (1)..(15) 35 <223>
Interferon-beta-Ib epitope associated to the genotype

<210> 15

<211> 18

<212> PRT

<213> Mus muscuius

<220>

<221> Epitope #4

<222> (1)..(18) ) _ , e
<223> OKT-3 epitope associated to the genotype HLA-DRB1I*0701/7160%

<400> 15

ASp Ser Lys Asp Ser Thr Tyr Ser Met Ser Ser Thr Leu Thr Eﬁu Thr
1 5 10

Lys Asp

<210> 16

<211> 19

«<212> PRT

<213> Mus muscuius

<220>

<221> Eplitope #4

<222> (1)..(19) . .
<223> OKT-3 epitope associated to the genotype HLA-DRB1*0701/%1601

<400> 16

ASp Ser Lys Asp Ser Thr Tyr Ser Met Ser Ser Thr Leu Thr Leu Thr
1 5

10 15
Lys asp Glu
<210> 17
<211> 20
<212> PRT

<213> Mus musculus

<220>

<221> Epitope #4

<222> (13..020 . ! ‘
<223> OKT-3 epitope associated to the genotype HLA-DREI*(701/*1601

<400> 17
Asp Gln Asp Ser Lys Asp Ser Thr Tyr Ser Met Ser Ser Thr Egu Thr
1 5 10

Leu Thr Lys Asp
20
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HLA-DRB1*1101/*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
<213> Homo Sapiens 50 <220> <221> Epitope #6 <222> (1)..(16)
<223> Interferon-beta-Ib epitope assoctated to the genotype
HLA-DRB1*1101/*1404 55 <400> 35 Asn Val Tyr His GIn lle Asn His Leu
Lys Thr Val Leu Glu Glu Lys 151015 60 <210> 36 <211> 12 <212>
<2PRT 6% <213> Homo Sapiens <220> <221> Epitope #6 70 <222>
z%é%);.(l?%jo_ <223> Interferon-beta-Ib epitope associated to the
< gehotype HIAPRS1*1101/1404 <400> 36 5 Ala Asn Val Tyr His Gin lle
Asn His Leu Lys Thr 1510 10 <210> 37 <211> 13 <212> PRT <213>
higmo Sapiens IS <220>

<221> Epitope #4
<222> (L)..(21)
<223> OKT-3 epitope associated to the genotype HLA-DRB1¥0701/*1601

<400> 18

Asp GIn Asp Ser Lys Asp Ser Thr Tyr Ser Met Ser Ser Thr Leu Thr
1 5 10 15

Ley Thr Lys Asp Glu
20

<210= 19

<211> 22

<212> PRT

<213> Mus musculus

<220>

<221> Epitope #4

<222> (1)..0(22)

<223> OKT-3 epitope associated to the genotype HLA-DRB1*0701/%1601

<400> 19

Thr Asp GIn Asp Ser Lys Asp Ser Thr Tyr Ser Met Ser Ser Thr Leu
1 5 10 15

Thr Leu Thr Lys Asp Glu
20

<210 20

<213> 15

<212> PRT

<213> Mus musculus

<220>

<Z221> Epitope #L

<222> (1)..(15)

<223> OKT-3 epitope associated to the genotype HLA~DRBI*1101/%1202.

<400> 20

ser Gly Thr Lys Leu Glu Tle Asn Arg Ala Asp Thr Ala Pro Thr
1 5 10 15

<Z210> 21

<211> 16

<212» PRT

<213> Mus musculus

<220>
«221> Epitope #1
<222> (1)..(16)
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<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 Val 2515 10 <210> 38 <211>
14 30 <212> PRT <213> Homo Sapieds -<220> 35 <221> epitope #6

<222> %) 14) <223> interfer%%Peta-l epitope associated tg th .
<2§éﬁotﬁ§ LA TRE ATOTAh b A A A Srr o
<dteAsreHis Leu Lys Thr Val Leu 1510 4S <210> 39 <211> 15 <212>

PRT <213> Homo Sapiens, 50 £220> <221> epit 5)
?3/5 S<852§]f Inteiter ﬁ-ﬁ‘éaﬁa-ﬂue%%t%S'L\esgsgb%iéAtie% &)gﬁeg%peﬁ%pggﬂ}hg

HLA-DRB1*1101/*1404 <400> 39 60 Ala Asn Val Tyr His GIn lle Asn His

b%u Lys,Thr Val Leu Glu 151015 <210> 4065 <211> 16 <212> PRT

zﬁ i3>1 omo Sapiens 70 <220>

«212» PRT
<213> Mus musculus

<220>

<221> Epitope #3

<222> (1)..(14)

<223> OKT-3 epitope associated to the genotype HLA-DRB1*1101/*1202.

<400> 22

Trp Pro Ser Gln Ser Ile Thr Cys Asn val Ala His Pro Ala
1 5 16

<210> 23

<211> 15

<212> PRT

<213> Mus muscutus

<220>

<221> Epitope #3

<222> (1)..(1l5)

<223> OKT-3 epitope associated to the genotype HLA-DRB1*1101/%1202.

<400> 23

Trp Pro Ser Gin Ser Ile Thr Cys asn val ala His Pro Ala Ser
i > 10 15

<210> 24

<211> 17

<212> PRT

<213> Mus musculus

<220>

<221> Epitope #3

<222>  {(1)..(17)

<223> OKT-3 epitope associated to the genotype HLA-DRB1¥1101/%1202.

<400> 24
Trp Pro Ser Gln Ser Ile Thr Cys Asn val Ala His Pro Ala Ser Ser
1 3 10 15

Thr

<210> 25

<211> 18

<212> PRT

<Z13> Mus musculus

<220>
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51- <221> Epitope #6 <222> (1)..(16) <223> interferon-beta-Ib epitope
associated to the genotype HLA-DRBI*1101/*1404 5 <400> 40 Ala Asn
Val Tyr His GIn lle Asn His Leu Lys Thr Val Leu Glu Glu 1510 15 10
<210> 41 <211>17 <212> PRT 15 <2¥3> Homo Sapiens <22n> <221>
2Epitope #6 20 <222> (1)..(17) <223> Interferon-beta-Ib epitope
<35530ce I8 1€ genotype HLA-DRB1*1101/1404 <400> 41 25 Ala Asn
<2Val Tyndlis Glpitepsn Hischietddys T ihad éeuc Gla Glu-LB 101181 50LEYs.

<4f)§10> 2 35<211> 14 <212> PRT <213> Homo Sapiens 40 <220>

2215 pitope #6 <222> (1)..(14) <223> Interferon-beta-Ib epitope
;rassooia&ed 10 thé geridyper THOW DRBIVEIOWAE404 45 4003 %l‘_eiﬁma
Asn Val Tyr His &ln lle Asn His Leu Lylef'hr Val 1510 50

Thr Lys

<210> 26

<211> 17

<Z212> PRT

<213 Mus musculus

<220>

<221> Epitope #2

<222> (1)..(17)

<223> OKT-3 epitope associated to the genotype HLA-DRB1I*0301/%0401.

<400> 26

Tle Asn val Lys Trp Lys Ile Asp Gly Ser Glu Arg GIn Asn Gly val
1 5 i0 15

tey

<Z210> 27

<21i> 13

<212> PRT

<213> Homo Sapiens

<220>

<221> Epitope #5

<222> (1)..{(13)

<223> Interferon-beta-1b epitope associated to the genotype
HLA-DRB1¥0101/%0701

<400> 27

GIn pPhe GTn Lys Glu Asp Ala Ala Leu Thr Ite Tyr Glu
1 5 i0

£

<210> 28

<211> 16

<212> PRT

<213> Homo Sapiens

<220>

<221> Epitope #5

<222» (1)..{16>

<723> Tnterferon-beta-1b epitope associated te the genotype
HLA-DRB1*010L/*0701

<400> 28

GIn Leu GIn GlIn Phe GIn Lys Glu Asp Ala Ala Leu Thr Ile Tyr Giu
1 5 10 15
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<210> 43 <211> 15 <212> PRT 55 <213> Homo Sapiens <220> <221>
Epitope #6 60 <222> (1)..(15) <223> Interferon-beta-Ib epitope
associated to the genotype HLA-DRB1*1101/¥1404 <400> 43 65 Leu Ala
Asn Val Tyr His GIn lle Asn His Leu Ly8TFhr Val Leu 151015 70 <210>
44 -52- <211> 16 <212> PRT <213> Homo Sapiens 5 <220> <221>
-, ERitopg #6 <222> (1)..(16) <223> Interferon-beta-lb epitope associated to
<2the genotype 10 HLA-DRB1*1101/*1404 <400> 44 Leu Ala Asn Val Tyr
<2His GiiRTle Asn His Leu Lys Thr Val Leu Glu 151510 15 <210> 45
<2&57 159 26%F1> PRT <213> Homo Sapiens <220> 25 <221> Epitope
#6 <222> (1)..(17) <223> Interferon-beta-Ib epitope associated to the

<2 ot¥ e HLA-.I;J)RBl*llOl/'14O4 30 <400> 45 Leo Ala Asn Val Tyr His
<2ZI> gggo #

<2 N ‘i—ﬁs)Lou Lys Thr Val Leu Glu
<273s TInterferon-beta-1b epitopes associated to the genotype
HLA-DRB1*0101/%0701

<4Q0> 29

tys Gin Leu Gin GIn Phe Gln Lys Giu Asp Ala Ala Leu Thr Ile Tyr
1 5 10 15

Glu

<210> 30

<23ii> 11

<212> PRT )
<213> Homo Sapiens

<220>

<221> Epitope #6

<222>  (1)..{11) ) _

<773> TInterferon-beta-1lb epitope associated to the genotype
HLA-DRB1*1101/*1404

<400> 30

Asn val Tyr His Gln I1e Asn His teu Lys Thr
1 5 10

<2i0> 31

<Z1l> 12

<Z212> PRT )
<213> Homo Sapiens

<220>

<221> gpitope #6

222> (1)..(12) ) )

<723> 1Interferon-beta-1b epitope associated to the genotype
HLA-DRB1*1101/*1404

<400> 31

asn val Tyr His Gln Ile Asn His Leu i%s Thr val
1 5

<210> 32

<211> 13

<212> PRT )
<213> Homo Saptens

<220>

<221> Epitope #B

<222>  (1)..(13) _ .

<773% Interferon-beta-1ib epitope associated to the genotype
MLA-DRBL*12101/*1404
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151015 35Glu 40<210> 46 <211>16 <212> PRT <213> Homo
Sapiens 45 <220> <221> Epitope #6 <222> (1)..(16) <223>
Interferon-beta-lb epitope associated to the genotype 50
HLA-DRB1*1101/*1404 <400> 46 Leu 4%0 Ala Asn Val Tyr His GlIn lle Asn
His Leu Lys Thr Val Leu 551510 15 <210> 47 <211> 17 60 <212>
4PRT < 13> Homo Sapiens <220> 65 <221> Epitope #6 <222> (1)..(17)
< Q§?3> terferon-beta-lb epitope associated to the genotype
AsHLADRSA' 116161404 70 400> 42-58y4 elhLetrAlaésn Val Tyr His Gin
1 |le Asn His Leu Pys Thr Val Leu 15 105 5 Glu 10 <210> 48 <211> 18

<212> PRT <213> Homo Sapiens i5 <220> <221> Epitope #6
<210> 33
21> 14
<212> PRT
<213> Homo Sapiens

<220

<221> Epitope #6

<222> (1)..(14 .

<223> 1Interferon-beta-1b epitope associated to the genotype
HLA-DRBL*1101 /%1404

<400> 33

asn val Tyr His GIn Ile Asn His Leu tys Thr val Leu Glu
i 5 10

<210> 34

<211> 15

<212> PRT

<213> Homo Sapiens

<220>

<221> Epitope #6

<222> (1)..(15) ]

<223> Interferon-beta-1b epitope associated to the genotype
HLA-DRBI*1101/%1404

<400> 34

asn val Tyr His GIn Ile Asn His Leu Lys Thr val Leu Glu Glu
1 5 10 15
<210> 35

<211> 186

<212> PRT

<213> Homo Sapiens

<220

<221> Epitope #6

<222> (1)..(16 ]

<223> Interferon-beta-1b epitope associated to the genotype
HLA-DRB1*1101 /%1404

<400> 35

asn val Tyr His GlIn Ile Asn His Leu Lys Thr val teu Glu Glu Lys
1 5 10 15

<210> 36

<211> 12

<212> PRT

<213> Homo Sapiens

<220>
<221> Epitops #&
<222  {1)..(12)
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<222> (1)..(18) <223> Interferon-beta-lb epitope associated to the
genotype 20 HLA-DRB1*1101/"1404 <400> 48 Leu Leu Ala Asn Val Tyr
His GIn lle Asn His Leu Lys Thr Val Leu 2515 10 15 Glu Glu 30 <210>
49 <211>19 <212> PRT 35 <213> H6Mo Sapiens <220> <221>
Epitope #6 40 <222> (1)..(19) <223> Interferon-beta-Ib epitope

<2é§80cﬁﬁéﬁﬁggg$§§g%23§ 4qql§ﬁﬁ9ﬁﬁﬁﬁﬁﬂlﬁyﬁf4ﬁﬂ.Eﬁﬁogﬁﬁngﬁ?Leu
Leu AldAsh Val yrHis Gin lle Asn His Leu Lys Thr Val Leu 1510 15

<B0-GIB6&Iu Lys <210> 50 55 <211> 18 <212> PRT <213> Homo Sapiens

4180 522021<321> Fpitope #6, $2222{1)-.(A8) 5223 Interferon-beta-lb

1 epitope associated to the genotype HLASDRB1*1101/"1404 65 <400> 50
Asn LeU Leu Ala Asn Val Tyr His GlIn lle Asn His Lou Lys Thr Val 15 10

43,0 §A- Leu Glu

<211> 13

<212> PRT _
<213> Homo Sapiens

<220>

<221> Epitope #6

<222> (3)..(13) . 7

<223» TInterferon-beta-1b epitope associated to the genotype
HLA-DRB1*1101/*1404

<400> 37

Ala Asn val Tyr His GIn Ile Asn His Leu Lys Thr val
1 5 10

<210> 38

<211> 14

<212> PRT

<213> Homo Sapiens

<220

<221> Epitope #6

<222>  (1)..{(14) ) .

<223> Interferon-beta-1b epitope associated to the genotype
HLA~DRB1*1101/%1404

<400> 38

Ala Asn val Tyr His GlIn Ile Asn His igu Lys Thr val Leu
1 5

<210> 39
<213 15
<212> PRT

<213> Homo Sapiens

<220>

<221> Epitope #6

<222> (1)..{15) _ )

<723 Interferon-beta-1b epitope associated to the genotype
HLA-DRBL*1101 /%3404

<400> 39

Ala Asn val Tyr His Gin ITe Asn His Leu Lys Thr val Led Giu
1 5 10 15

<210> 40
<211> 16
<212> PRT

<213> Homo Sapiens

<220>
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5<210>51 <211>19 <212> PRT <213> Homo Sapiens 10 <220>
<221> Epitope #6 <222> (1)..(19) 15 <223> Interferon-beta-lb epitope
associated to the genotype HLA-DRB1*1101/*1404 <400> 51 20 Asn Leu
Leu Ala Asn Val Tyr His GIn lle Asn HislLeu Lys ThrVal 1510 15 Leu
Glu Glu 25 <210> 52 <211> 13 30 <212> PRT <213> Homo Sapiens
:gﬁm %&? Epitope #7 <222> (1)..(13) <223> interferon-beta-Ib
<2§@;t0p§@§ ted dothengepotype HEADRBL 11014 494 40y5400> 52
lle LedtArgp#esri P9e /TyriPhe lle Asn Arg Lou Thr Gly 1510 45 <210>53
<4§§11> &5 <212> PRT <213> Homo Sapiens 50 <220> <221> Epitope

<222>(1)..(1S) 55 <223> Interferon-beta-lb eﬁltope assomated to the
ATgeﬁsmypéi Tyr His GIn Ile Asn His ieu Lys Tnr vai Leu GSU Glu
5 1

<210> 41

<211l> 17

<212> PRT

<213> Homo Sapiens

<221> Epitope #6

<222> (15..017)

<373> Interferon-beta-1b epitope associated to the genotype
HLA-DRBL*1101/%1404

<A400> 41

Ala Asn val Tyr His GIn ITe Asn His Leu Lys Thr val Leu Glu Glu
1 5 10 15

Lys

<210> 42

<211> 14

<212> PRT

<213> Homo Sapiens

<220>

«Z21> Epitope #06

<222>  (1). (14)

<723> Interferon-beta-1b epitope associated to the genotype
HLA-DRBL*1101/*1404

<400> 42

Leu Ala Asn val Tyr His Gln Ile Asn His Leu Lys Thr val
1 5 10

<210> 43

<211> 15

<212> PRT

<213> Home Sapiens

<220>

<221> Epitope #b

<222> (1)..(15)

<223> Tnterferon-beta-1b epitope associated to the genotype
HLA~DRBL*1101 /%1404

<400> 43
Leu Ala Asn val Tyr His Gin Ile Asn His teu Lys Thr val Leu
1 5 10 15

<210> 44
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HLA-DRB1*1101/*1404 <400> 53 60 Val Glu lle Leu Arg Asn Phe Tyr Phe
lle Asn Arg Leu Thr Gly 151015 <210>54 65 <211> 11 <212> PRT
<213> Homo Sapiens 70 <220> -55- <221> Epitope #6 <222> (1)..(11)
<223> interferon-beta-lb epitope associated to the genotype
HLA-DRB1*0801/*0801 5 <400> 54 Asn Val Tyr His GIn lle Asn His Leu

<2098 THE 15 10 10 <210>55 <211>12 <212> PRT 15 <213> Homo
5sapiens, 220> 221> Epitope #6 20 <222> (1)..(12) <223>

Interferon-beta-lb epitope associated to the genotype
<2I§|ET§A\-DRBI'0801/0801 <400> 55 25 Asn Val Tyr His GIn Ile Asn His Leu
<¥S ThiVahod 5:40 30 <210> 56 <211> 13 <212> PRT <213> Homo

<23apierid ) 35(2220> _ .
<223> 1Interferon-beta-1b epitope associated to the genotype
HLA~DRB1*1101/%140G4

<400> 44

teu Ala Asn val Tyr #is GIn Ile Asn His Leu Lys Thr val Leu Glu
1 5 16 15
<210 45

<Z21il> 17

<212> PRT

<213> Homo Sapiens

<220> '

<221> Epitope #6

<222> (1)..CL7)

<223> Interferon-beta-1lb epitope associated to the genotype
HLA-DRB1*1101/%1404

<400> 45

Leu Ala Asn val Tyr His GIn Ile Asn His Leu Lys Thr val Leu Glu
1 5 10 15

Glu

<210> 486

<211> 16

<212> PRT

<Z213» Homo Sapiens

<220>

<221> Epitope #6

<222> (1)..(16)

<223> Interferon-beta-1b epitope associated to the genotype
HLA-DRB1*1101/%3404

<400> 46

Leu Leu Ala Asn val Tyr #is Gln Ile Asn His teu Lys Thr val Leu
1 5 10 15
<2310 47

<211> 17

<212> PRT

<213> Homo Sapiens

<220>

<221> Epitope #6

<222> (1)..(17)

<223> Interferon-beta-1b epitope associated to the genotype
HLA-DRBLI*1101 /%1404

<400> 47
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<221> Epitope #6 <222> (1)..(13) <223> Interferon-beta-Ib epitope
associated to the genotype 40 HLA-DRB1*0801/*0801 <400> 56 Asn Val
Tyr His GIn lle Asn His Leu Lys Thr Val Leu 4515 10 <210> 57 <211>
14 50 <212> PRT <213> Homo Sapief’ -<220> 55 <221> Epitope #6
<222> (1)..(14) <223> Interferon-beta-lb epitope associated to the
enot HLA- *0801/*Q801 .60.<400>, n T s, GIn lle
R T Ty VAl LaG Gl 1 & 100be 105 88 <2115 38, 510>
PRT <213> Homo Sapiens 70 56- <220> <221> Epitope #6 <222>
&1(D--(15) 5 <223> Interferon-beta-Ib 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 151015 <210>59 15 <211> 12 <212> PRT
<5413>kHlomo Sapiens
<21l> 18

<212> PRT )
<213> Homo Sapiens

<220>

«221> Epitope #6

<222>  (1)..(18) _ )

<223> Interferon-beta-1ib epitope associated to the genoctype
HLA-DRB1*1101/%1404

<400> 48

Leu Leu Ala Asn val Tyr His Gin Ile Asn His Leu Lys Thr {g? teu
L 5 10

Gilu Glu

<210> 49

<2i1> 19

<212> #RT

<?13> Homo Sapiens

<220>

<221> Epitope #6

<222> (1)..(19 i _

<223> iInterferon-beta-lb epitope associated to the genotype
HLA-DRBL*1101/%1404

<400> 49
Leu Leu Ala Asn val Tyr His Gin Ile Asn His Leu Lys Thr val Leu
1 5 10 15

Glu ¢lu Lvs

<210> 50
<211> 18
<212> PRT

<213> Homo Sapiens

<220>

<221> Epitope #06

<222> (1)..(18) ) )

<223> Interferon-beta-lb epitope associated to the genotype
HLA-DRB1*1101/*1404

<400> 50

Asn Leu Leu Ala Asn val Tyr His Glin Ige Asn His Leu Lys {?r val
1 5 1
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20 <220> <221> Epitope #6 <222> (1)..(12) <223> interferon-beta-Ib
epitope associated to the genotype HLA-DRB1*0801/*0801 25 <400> 59
Ala Asn Val Tyr His GIn lle Asn His Leu Lys Thr 1510 30 <210> 60
<211> 13 <212> PRT 35 <213> Hom@$apiens <220> <221> Epitope #6
40 <222> (1)..(13) <223> Interferon-beta-Ib epitope associated to the
epotype HLA-DRB1*0801/'0801 <400> 60 45 Ala Asn Val Tyr His GIn
lle Asn His Leu Lys Thr Val 1510 50 <210> 61 <211> 14 <212> PRT
<213> Homo Sapiens 55 <220> <221> Epitope #6 <222> (1)..(14)
>5823xInterferon-beta-lb epitope associated to the genotype 50
<2HiL~A DRB1*0801/*0801 <400> 61 Ala Asn Val Tyr His Gin lle Asn His Leu
<2Bgs THRVal L Leu 651510 <210> 62 <211>15

<220>

<221> Epitope #6

<222 (1..(1:

<273» Interferon-beta-1b epitope associated to the genotype
HLA-DRBI*1101/%1404

<400> 51

Asn Leu Leu Ala Asn val Tyr His GlIn Ile Asn His Leu Lys Thr val
1 5 10 15

Leu Glu Glu

<210> 52

<211> 13

<212> PRT

<213> Homo Sapiens

<220>

<221> Epitope #7

<222> (1)..(13)

<223» TInterferon-beta-1b epitope associated to the genotype
HLA-DRB1¥1101/%1404

<400> 52

Ile teu Arg Asn Phe Tyr Phe Ile Asn Agg teu Thr Gly
i 5 1

<210> 53

<211> 15

<212> PRT

<213> romo Sapiens

<220>

<221> Epitope #7

<222> (1)..(15

<223> 1Interferon-beta-1b epitope associated to the genotype
HLA-DRB1*1101/*1404

<400> 53

val Glu Ile teu Arg Asn Phe Tyr Phe Ile aAsn Arg Leu Thr Gly
1 5 10 15
<210> 54

<211> 11

<212> PRT

<213> #Homo Sapiens

<220>
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70 <212> PRT -57- <213> Homo Sapiens <220> 5 <221> Epitope #6
<222> (1)..(15) <223> Interferon-beta-Ib epitope associated to the
genotype HLA-DRBI*0801/0801 10 <400> 62 Ala Asn Val Tyr His GlIn lle
Asn His Leu Lys Thr Val Leu Glu 1 5-1%515 15 <210> 63 <211> 13 '212>
DOT <213> Homo Sapiens 20 <220> <221> Epitope #6 <222> (1)..(13)

2%332[?;%;} on-beta-Ib epitope associated to the genotype

<2BLA- % X0801 400> 63 3Gk eticAla: AsnYal iy ks Girelle Asn
His Letihy3RBhI 08B 1008210> 64 35 <211> 14 <212> PRT <213> Homo

./S8pieRs 40 <220> <221> Epitope #6 <222> (1)..(14) <223>
interferon-beta-Ib epitope associated to the genotype

ASHLYR DRB1 080 08D 45524005 GQR%%Iﬁhﬁsn val Tyr His GIn lle Asn
His Leu Lys Thr Val 15 10

<210> 55

<211> 12

<212> PRT

<213> Homo Sapiens

<220>

<221> Epitope #6

<222> (13..{(12) _

<223> 1Interferon-heta-1b epitope associated to the genotype
HLA-DRB1*0801/%0801

<400> 55

Asn val Tyr His 6In Ile Asn His Leu Lys Thr val
1 5 10

<210> 56

<2il> 13

<232> PRT

<213> Homo Sapiens

<220>

<221> Epitope #6

<222> (13..(13) ‘

<223» Interferon-beta-1lb epitope associated to the genotype
HLA-DREBI*0801/%0801

<400> 56

asn val Tyr His GIn Ile Asn His Leu Lys Thr val Leu
1 5 10

<210> 57

<21i> 14

<212> PRT )
<213> Homo Sapiens

<220>

<221> Epitope #6

<222> (1D..({48 ]

<223> TInterferon-beta-1b epitope associated to the genotype
HLA-DRBL*0801/*080%

<400> 57

Asn val Tyr His Gln Ile asn His Leu Lys Thr val Leu Glu
1 5 10

«210> 58

<211> 15

<212> PRT

<213> Homo Sapiens
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50 <210> 65 <211> 15 <212> PRT 55 <213> Homo sapiens <220>
<221> Epitope #6 60 <222> (1)..(15) <223> interferon-beta-lb epitope
associated to the genotype HLA-DRB1"0801/*0801 <400> 65 65 Leu Ala
Asn Val Tyr His GIn lle Asn. His Leu Ly§ Thr Val Leu 15 10 15 70 <210>
66 - 58 <211> 16 <212> PRT <213> Homo sapiens <220> <221>
. |tope #6 <222> (1)..(16) <223> Interferon-beta-Ib epitope associated to
<2 § genetype iwsHLA-DRB1*0801/*0801 <400> 66 Leu Ala Asn Val Tyr
<2His Gliille: éJsESDHls Leu Lys Thr Val Leu Glu 15d 45 <§%O> 67
<2%§11§TL?“ @%% % ngfﬁjl@?ﬁor&hsosggp?éﬁs 32052 18°Epitope
#6 <222> (1) .(14) <223> Interferon-beta-Ib epitope associated to the
<4g@énotype HLA-DRBI*0801/0801 30 <400> 67 Leu Leu Ala Asn Val Tyr

Ashl@aq’lnry? Asn 'd‘ﬁzl—ﬁvel—é(%-rhﬁs Leu 5%5 Thr val Leu Glu %‘éu

<210> 59

<211> 12

<212> PRT

<213> Homo Sapiens

<220>

<221> Epitope #b

<222>  (1)..(12)

<223> Interferon-beta-1b epitope associated to the genotype
HLA-DRBL1*0801/*GB01

<400> 59

Ala Asn val Tyr His GlIn Ile Asn His Lgu Lys Thr
1 5 1

<210> 60

<211> 13

<212> PRT

<213> Homo Sapiens

<220>

<221> Epitope #6

<222> (1L)..(13)

<223> Interferon-beta-1ib epitope associated to the genotype
HLA-DREL*0801/*0801

<400> 60

Ala Asn val Tyr His Gin Ile Asn His LSu Ltys Thr val
1 5 1

<210> 61
<211> 14
<Z21Z2> PRT
<213> Homo Sapiens

<220>

<221> Epitope #6

<222>  (1)..(14)

<223> Tnterferon-beta-1b epitope associated to the genotype
HLA-DRB1I*0801/*0801

<400> 61

Ala Asn val Tyr His Gin ITe Asn His Leu Lys Thr val Leu
1 5 10

<210> 62

<211> 15

<212> PRT
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1510 35<210>68 <211> 17 <212> PRT <213> Homo sapiens 40
<220> <221> Epitope #6 <222> (1)..(17) 45 <223> Interferon-beta-lb
epitope associated to the genotype HLA-DRB1*0801/*0801 <400> 68 50
Leu Leu Ala Asn Val Tyr His GIn lle AssiyHis Leu Lys Thr 1al Leu 15 10
Glu 55 <210> 69 <211> 15 60 <212> PRT <213> Homo Sapiens <220>
<263:<2RdmoEpHopE#6 <222> (1)..(15) <223> Interferon-beta-lb epitope
associated to the genotype HLA-DRB1*0801/*0801 70 <400> 69 59
<2Asp Leu Leu Ala Asn Val Tyr HIS GIn lle Asn His Leu Lys Thr 1510 15
:gg@l©ﬂ7mpeg§Q> 18 <212> PRT <213> Homo Sapiens 10 <220>
<

(L. (1
é21>1%%% #0-beta-1b epitope associated to the genctype
HLA-DRBL1*0801/%0801

<400> &2

aAla Asn val Tyr His Gln Ile Asn His Leu Lys Thr val Leu Glu
1 5 10 15

«<210> 63
<211> 13

<10 o
Bl

QA B

<213> Homo Sapiens

220>

<221> Epitope #6

<222 (1)..(13)

<?23> Interferon-beta-1lb epitope associated to the genotype
HLA-DRB1*0801/%0801

<400> 63

Leu Ala Asn val Tyr His GIn Ile Asn His Leu Lys Thr
1 5 1.0

<210> 064

<211> 14

<212» PRT

<213> Homo Sapiens

<220

«221> Epitope #6

<222> (1)..(14)

<223> Interferon-beta-1b epitope associated to the genotype
HLA-DREL1*0801/*0801

<400> 64

Leu Ala Asn val Tyr His Gln Ile Asn His Leu Lys Thr val
1 5 10

<230> 65

<231= 15

<212> PRT

<213> Homo Sapiens

<220>

<221 Epitope #6

<222> (1)..(15)

<?23> Interferon-beta-1b epitope associated to the genotype
HLA-DRB1I*0801 /%0801

<400> 65

teu Ala Asn val Tyr His Gln Ile Asn His teu Lys Thr val Leu
1 5 10 15

<210> 66
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<222> (1)..(18) 15 <223> Interferon-beta-lb epitope associated to the
genotype HLA-DRBI*0801/°0801 <400> 70 20 Asn Leu Leu Ala Asn Val
Tyr His GIn lle Asn His Leu Lys Thr Val 1510 15 Leu Glu 25 <210> 71
<211> 11 30 <212> PRT <213> Homo>8apiens <220> 35 <221> Epitope
2#7 <222> (1)..(11) <223> Interferon-beta-lb epitope associated to the
:2 %Qoty}% HLA-DRB1*0801/*0801 40 <400> 71 Arg Asn Phe Tyr Phe lle
<2ASh ArghewIfndaty 1510 45<210> 72 <211> 13 <212> PRT <213>
Homo Sapiens 50 <220> <221> Epitope #7 <222> (1)..(13) 55 <223>
Ipterferon-beta-Ib epitope associated to the genotype
<HLA-DRBAF08047'0801 <400> 72 60 lle Leu Arg Asn Phe Tyr Phe lle Asn

E%§'§@ LetFThr GfY 1510 5210 73 6552117144 <2128 PRI52)% Homo

aplens s-pry1*0801/*0801
<400> 66

Leu Ala Asn val Tyr His GIn Ile Asn His Leu Lys Thr val Leu Glu
1 5 10 15

<210> 67

<21l> 14

<212> PRT

<213> Homo Sapiens

<220>

<221> Epitope #6

<222> (1)..({14)

<273> Interferon-beta-1b epitope associated to the genotype
HLA-DRB1*0801/*0801

<400> 67

Leu Leu Ala Asn val Tyr His GIn ITe Asn His Leu Lys Thr
1 5 10

<210> 68

<211> 17

<212> PRT

<213> Homo sapiens

<220>

<221> Epitope #6

<222> (1)..(7 _

<323> Interferon-beta-ib epitope associated to the genctype
HLA-~DRBI¥0801/*0801

<400> 68

Leuy Leu Ala Asn val Tyr His Glin Ile Asn His Leu Lys Thr val Leu
1 5 10 15

Glu

<210> 69

<211> 15

<212> PRT

<?13> Homo Sapiens

<220>

<221> Epitope #b

<222>  (1)..(15) _

<223 Interferon-heta-1b epitope associated to the genotype
HLA-DRB1*0801/*0801

<400> 69



10

—
(92}

20

30

40

60

70 <220> -60- <221> Epitope #7 <222> (1)..(14) <223> Interferon-beta-Ib

epitope associated to the genotype HLA-DRB1'0801/*0801 5 <400> 73

lle Leu Arg Asn Phe Tyr Phe lle Asn Arg Leu Thr Gly Tyr 1510 10 <210>

74 <211> 14 <212> PRT 15 <213> Hafho sapiens <220> <221> Epitope

#7 20 <222> (1)..(14) <223> Interferon-beta-Ib epitope associated to the
As%erﬂ‘éigll"ﬁ HEA-DRB10801/:0801 £400> 74, 25 Gy el ey ArghAsn Phe
1 Tyr Phe lle Asn Arg Leu Thr Gly 15 10180 <210> 75 <211> 155<212>

PRT <213> Homo Sapiens 35 <220> <221> Epitope #7 <222> (1)..(15)
5223>Jpterferon-beta-lb epitope associated to the genotype 40
<HELA-DRB1*0801/%0801 <400> 75 Val Glu lle Leu Arg Asn Phe Tyr Phe
“igasfAlg ey The Gly 45151015 <210> 76

<220>

<221> Epitope #6

<222> (1D..(18)

<273» Interferon-beta-1b epitope associated to the genotype
HLA-DRB1%(801/*0801

<400> 70

Asn Leu Leu Ala Asn val Tyr His Gln Ile Asn His Leu Lys Thr val
1 5 10 15

et Glu

<210> 71

<211> 11

<212> PRT

<213> Homo Sapiens

<220>

<221> Epitope #7

<222>  (1)..(11) ‘

<273 Interferon-beta-1b epitope associated to the genotype
HLA~DRB1*0801/*0801

<400> 71

Arg Asn Phe Tyr Phe Ile Asn Arg Leu Igr Gly
1 5

<210> 72

<211> 13

<212> PRT

<213> Homo Sapiens

<220>

«221> Epitope #7

<222> (1)..(13)

<273> TInterferon-beta-ib epitope associated to the genotype
HLA-DRBL1*0801/+080%

<400> 72

Ile Leu Arg Asn Phe Tyr Phe Ile Asn Arg Leu Thr Gly
1 5 i0

<210> 73

<211> 14

<212> PRT

<213> Homo Sapiens

<220>
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<211> 15 50 <212> PRT <213> Homo sapiens <220> 55 <221> Epitope
#5 <222> (1)..(15) <223> Interferon-beta-lb epitope associated to the
genotype HLA-DRB1'0101/'1401 60 <400> 76 Leu GIn GIn Phe Gin Lys
Glu Asp Ala Ala Leu Thr lle Tyr Glu 1%!10 15 65 <210> 77 <211> 16
<212> PRT <213> Homo sapiens 70 - 61 - <220> <221> Epitope #5

<222%222%§(§L5 fﬁ@ﬁ <223> interferon-beta-lb epitope associated to the

ﬂﬁhﬁeDFbBﬂzfeltO]@’MﬂmeaWWtﬁ@i G Eetl GIGHPPhe Gin

Lys GIHAA%%aOA@&Lé@@T}nr lle Tyr Glu 1510 15 <210> 78 15 <211> 17

«4§R12>PRT <213> Homo Sapiens 20 <220> <221> Epltope #5 <222>
(12 .(17) <223> Interferon-beta-Ib eglto e assom h,Fs)a genotype

Ii%Lﬂ“Dﬁ”ﬁl%TOiV"‘ﬁlATdf 5005 787y 5 Snteu rn (&5|¥1 he GIn Lys Glu
Asp Ala Ala Leu Thr lle Tyr

<210> 74

<211> 14

<212> PRT )
<Z213> HOomo Sapiens

<220>

<221> Epitope #7

<222>  (1)..(14)

<223> Interferon-beta-1b epitope associated to the genotype
HLA-DRB1*0801/*0801

<400> 74
Glu Ile Leu Arg Asn Phe Tyr Phe Ile ?éh Arg Leu Thr Gly
1 5

<210> 75
<211> 15
<212> PRT

- <213> Homo Sapiens

<220>

<221> Epitope #7

<222>  (1)..(15)

<223> lnterferon beta-1b epitope associated to the genotype
HLA-DRB1*0801/*0801

<400> 75

val Glu Ile Leu Arg Asn Phe Tyr Phe iie Asn Arg Leu Thr g;y
1 5

<210> 76

<211> 15

<212> PRT )
<213> Homo Sapiens

<220>

<221> Epitope #5

<222>  (1)..(15)

«223> Tnterferon-beta-1b epitope associated to the genotype
HLA-DRB1%0101/%1401

<400> 76

Ley Gin Gln Phe GIn Lys Glu Asp Ala Ala Leu Thr Ile Tyr Glu
1 5 10 15

<210> 77

<211> 16

<212> PRT

«213> Homo Sapiens
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1S1015 30 Glu 35<210>79 <211>18 <212> PRT <213> Homo
Sapiens 40 <220> <221> Epitope #5 <222> (1)..(18) 45 <223>
Interferon-beta-lb epitope associated to the genotype

HLA-DRB1*0101/*1401 <400> 79 501fel Lys Gin Leu GIn GIn Phe GIn Lys

Glu Asp Ala Ala Leu Thrlle 1510 15 Tyr Glu 55 <210> 80 <211> 19

«268.<212> PRT <213> Homo Sapiens <220> 65 <221> Epitope #5 <222>

<§ eL):.( 1<c2>38>#iﬁlterferon beta-Ib epitope associated to the genotype
< >

b iR LENI340L 70 <4005 8005 e duts Sindugain GlncPhe i

M@d Lzeyaa,'djmr IIe 51015 5 Tyr Glu met 10 < 10> 81

43211> 19 <212> PRT <213> Homo Sapiens
< O

¢ln Leu GlIn G1n Phe Gin Lys Glu Asp Ala Ala Leu Thr Ile Tyr Glu
i 5 10 15

<210> 78
<211> 17
<212> PRT

<213> Homo sSapiens

<220>

<221> Epitope #5

<222>  (1D..(17)

<223> Interferon-beta-1b epitope associated to the genotype
HLA-DRB1*0101/%1401

<400> 78

tys G¢1n Leu GIn GIn Phe GIn Lys Glu Asp Ala Ala Leu Thr Ile Tyr
1 5 10 15

Glu

<210> 79

<211> 18

<212> PRT

<213> Homc Sapiens

<220

<221> Epitope #5

<222»  (1)..(18>

<2235 Interferon-beta-1b epitope associated to the genotype
HLA-DRB1%0101/%1401

<400> 79

Tie Lys GIn Leu GIn Gin Phe GIn Lys Glu Asp Ala Ala Leu Thr Ile
1 5 10 15

Tyr Glu

<210> 80

<211> 19

<212> PRT

<213> Homo Sapiens

<220>

«221> Epitope #5

<222 (1>..{19)

<223> Interferon-beta-1b epitope associated to the genctype
HLA-DRB1*0101/%1401

<400> 80
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15 <220> <221> Epitope #5 <222> (1)..(19) <223> Interferon-beta-1b
epitope asssociated to the genotype 20 HLA-DRB1"0101/*1401 <400>
81 Glu lle Lys GIn Leu GIn GIn Phe Gin Lys Glu Asp Ala Ala Leu Thr 251
510 15 lle Tyr Glu 30 <210> 82 <2113 22 <212> PRT 35 <213> Homo
Sapiens <220> <221> Epitope #5 40 <222> (1)..(22) <223>

11ihterteron-heta- b apiiope-asseciated te the ggnatypeia Leu Thr Tle

1 HLA-DRB1°010%/*1401 <400> 82 45 Il Pro Glu Glu lle Lys Gt Leu GIn
GIn Phe Gin Lys Glu Asp Ala 151015 50 Ala Leu Thr lle Tyr Glu 20

TyR230> 183 55 <211> 13 <212> PRT <213> Homo Sapiens 60 <220>
<221> Epitope #7 <222> (1)..(13) <223> Interferon-beta-Ib epitope
associated to the genotype HLA-DRB1"0101/¥1401 65 <400> 83 lle Leu

<2rg Asn Phe Tyr Phe lle Asn Arg Leu Thr Gly
<2il> 19

<212» PRT

<213> Homo Sapiens

220>

<221> Epitope #5

<222> (1)..(19%)

<223> Interferon-beta-1lb epitope associated to the genotype
HLA-DRBLI¥0101/%1401

<400> 81
Glu Ile tys Gln Leu Gln Gln Phe Gln Lys Glu Asp Ala Ala Leu Thr
1 5 10 15

ITe Tyr Glu

<210> 82

<211> 22

<212> PRT

<213> Homo Sapiens

<220>

<221> Epitope #5

<222> (1)..(022) . .
<223> Interferon-beta-1b epitope associated to the genotype
HLA-DRB1*0101 /%1401

<400> 82

1le Pro Glu Glu Ile Lys Gin Leu Gln GIn phe GIn Lys Glu Asp Ala
1 5 10 15

Ala Ley Thr ITe Tyr Glu
20

<210> 83

<211> 13

<212> PRT

<213> Homo Sapiens

<220>

<221> Epitope #7

«222> (1)..{13)

<2723 Interferon-beta-ib epitope associated to the genotype
HLA~DRB1*0101/%1401

<400= 83

Ile Leu Arg Asn Phe Tyr Phe Ile Asn Arg Leu Thr Gly
1 5 10
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1510 70-63-<210> 84 <211> 15 <212> PRT 5 <213> Homo Sapiens
<220> <221> Epitope #7 10 <222> (1). . (15) <223> interferon-beta-Ib
epitope associated to the genotype HLA-DRB1*0101/x1401 <400> 84 15
Val Glu lle Leu Arg Asn Phe Tyr Phe Hé#sn Arg Leu Thr Gly 1510 15
20 <210> 85 <211> 13 <212> PRT <213> Homo Sapiens 25 <220>
<9821>Epitope #7 <222> (1)..(13) <223> Interferon-beta-lb epitope
<2associmed to the genotype 30 HLA-DRB1*1303/*1501 <400> 85 lle Leu
§r‘f¢>h% Tyr Phe lle Asn Arg Leu Thr Gly 351 S 10<210> 86 <211>
40'S 532> 213> Homo sapiens <220> 45 <221> Epitope #7
<222> (1)..(14) <223> interferon-beta-Ib epitope associated to the
JXXRﬁtﬁﬁﬁégRBl*1303ﬁl501
<222 (1)..(315)

<223> Interferon beta-1b epitope associated to the genotype
HLA-DRBL*0L0L/*1401

<400> 84

val Glu Ile Leu Arg Asn Phe Tyr Phe Ile Asn Arg Leu Thr Gly
1 5 10 15

<210> 85

<211> 13

<212> PRT

<213> Homo Sapiens

<220>

<271> Epitope #7

<222> (1)..(13%)

<223> Interferon-beta-1lb epitope associated to the genotype
HLA~DRBL¥1303 /%1501

<400> 85

Ile Leu Arg Asn Phe Tyr Phe Ile Asn Arg Leu Thr Gly
1 5 10

<2i0> 86

<211> 14

<2i2> PRT

<213> Homo Sapiens

<220>

<22i> Egpitops #7

<222> (1)..(14)

<223> interferon-beta-1b epitope associated to the genotype
HLA-DRB1*1303/%1501

<400> B6

GTlu Ile Leu Arg Asn Phe Tyr Phe ITe Asn Arg Leu Thr Gly
1 5 10

<210> 87

<211> 15

<212> PRT

<213> Homo Sapiens

<220>

<221> Epitope #7

<222> (1)..(15)

<223> Interferon-beta-1b epitope associated te the genotype
HLA-DRBL*1303/*1501

<400> 87

val Glu Tle reu Arg Asn Phe Tyr Phe ITe Asn Arg Leu Thr Gly



50 <400> 86 Glu lle Leu Arg Asn Phe Tyr Phe lle Asn Arg Leu Thr Gly 1

S 1055 <210> 87 <211> 15 <212> PRT <213> Homo Sapiens 60

<220> <221> Epitope #7 <222> (1)..(15) 65 <223> Interferon-beta-lb

epitope associated to the genotype HEA-DRB1 1303/*1501 <400> 87 70

Val Glu lle Leu As\rg Asn Phe Tyr Phe IlgleOAsn Arg Leu Thr Gly -]%4- 1510
115 =



