WO 2009/071886PCT/GB2008/003996 1 FVIII PEPTIDES AND THEIR USE IN TOLERISING
HAEMOPHILIACS FIELD OF THE INVENTION 5 The present invention relates to a peptide. In
particular, it relates to peptides derivable from factor VIII (FVIIT). The peptides can be used to reduce
or prevent fAELP¥AR IHbitor antibody formation, for example in haemophfifd ZBHEEANERt and acquired
haemophilia. 10 BACKGROUND TO THE INVEN]TION HAEMOPHILIA  Haemophilia belongs to a
group of inheritable blood disorders that includes 15haemophilia A, haemophilia B (Christmas disease)
and Von Willebrand's disease. In haemophilia, the blood's ability to clot is severely reduced because

an essential clottin oL | letely missing, resulting in increased bleeding time.
Haemophilia A is aga];e éiegn%? gﬁ%e%i%?%#%?ag%r Wll?g%ﬁé{%%%%%gr%%ﬁﬁﬁhﬁ%s a deficiency of
clotting factor DC. In both diseases, the faulty gene is found on the X 20 chromosome, so the
conditions are X-linked. Haemophilia A is five times more common than haemopbhilia B. Haemophilia is
a lifelong inhERted 8@6‘3‘1‘@% Bw,wvhich affects females as carriers and males who inherit the
conditiors About a third of new diagnoses are where there is no previous family history. It appears

world-wide and.oceurs | ja b -ted with haemophilia in the
e T

€ owing injury. External injuries such as cuts and
grazes do noteBasy¥EE E&¥its PRSHIEPHEE &S OSSR %‘Edﬁ%i’é‘éé‘?ﬁ@’bylgpplying a degree
of pressure argleverngdhe pHagied, aeaxapnwith Ra3aphasiary. Wibnent and acquired
2009/071886hPCT/(%1L312008/003996 2 The main problem is internal bleeding into joints, muscles and
soft tissues, WINCRFCAR occur spontaneously. Internal bleeding, such are haemorrhages into the brain,
is very difficult to manage and can be fatal. Repeated bleeding in the joints causes acute pain and can
cause arthritig aagek dngoiaranioiptdemnagmigading to disability. STreatment for haemophilia is
usually by replacement of the missing clotting factor. In mild or moderate haemophilia injections may
be given at the time a bleed occurs (on-demand therapy). However, in severe haemophilia regular
prophylactic iRjeetirHakeéAgiven to help the blood to clot and minimise the likelihood of long term joint
damage. A pgfentiallyserions somplicalion,of copaulation facial rerlasemeRtthasamyfor 10
haemophilia A 'is the development of antibodies that neutralise the procoagulant function of factor VIIl.
Factor VA inH?Bﬁ’@?%“é‘éc%rh?‘?@ﬁb‘?&%ﬁé%%%%&%@%ﬂﬁ“sﬁ@@%@rﬂ%ﬂﬁﬁﬁﬁia A. Since patients
with congenital haemophilia A can be genetically deficient in FVIII, the synthesis of inhibitors is an
alloimmune rispemseptilithetordiod prabidity aellinisseregmdypredusad deepust Bleésiidpisodes.

clotting factor is partly or completely missing, resulting in increased bleeding time.

Haemophilia A is a deficiency of the clotting factor VIII, whereas Iaemophilia B is a
deficiency of clotting factor IX. In both diseases, the faulty gene is found on the X
20 chromosome, so the conditions are X-linked. Haemophilia A is five times more

common than haemophilia B.

Haemophilia is a lifelong inherited genetic condition, which affects females as carriers
and males who inherit the condition. About a third of new diagnoses are where there is
no previous family history. It appears world-wide and occurs in all racial groups.

25  About 6,000 people are affected with haemophilia in the UK.

Haemophiliacs bleed for a prolonged period following injury. External injuries such as

cuts and grazes do not usually pose serious problems: it is often possible to stop

bleeding by applying a degree of pressure and covering the affected area (e.g with a
30 plaster). )



15 CD4+ T cells play a central role in the immune response to FVIII. After being taken up by
antigen-presenting cells (APCs), FVIII undergoes proteolytic degradation into peptide fragments
(Reding a aI\é2006 Haemophilia 12(supp 6) 30-36). These peptides are then presented on the surface
of the APC P AEUBEAHSH with MHC class Il 20 molecules. This complex ¥ THeRPAY8%RKed by the T
cell receptor of a .CD4+ cell specific for FVIII. In the presence of the appropriate costitnulatory signals,
this recognition ultimately causes the CD4+ cell to direct the synthesis of antibodies by B cells. 25The
incidence ofjnhibitor formation. initially increases with.the number, of factor VEIL treatments, but
appeats o e B T K I B on n severe
haemophiliactssh eraverste Srempd Hissinge 818 asnfacmerdegrarvierdiedaifodt KSarly large

deletions angifiemsensRinsationsnBdhadagtepdditilbidhain, (Rppeas tauRkedisrosaro inhibitor
formation. Parameters such as the, 30 conceniration, t rified,or recombinant) of replacement
factor, and tf& t%‘éﬁ?ﬁ?s?%%?ﬁf)‘%%%ﬁ%ﬁ%oe‘ ﬂ?(gﬁll%%%e(g ‘3%&%8‘5%}*’% duction. The management
of haemophilia patients with inhibitors is an ongoing challenge. Immune tolerance induction (ITI) using
a desensitizatamieaoicurimphilicesafubily 59melpatienisolite alledntblodiag againsh factor VIE. This
therapeutic approach regulires ongoing exposure to factor replacement,therapy, sa is a long-term
strategy. 5 h%)rﬁaﬁl?‘ﬁ C%Ralggm uéé%séfu fogss%ﬁf%a%t %I}oap(gﬁr%iglﬁn?aaboﬁtﬁ_ %Tfo?opatients fail to
respond to [FamimdttberapwyitHareyennibrochiesaneiiiadsduelss meslyierfsdpisHiirts d@atment. Mother
significant conisbytiRg fdetenis agaqkHaanskar of semmeancingibhs with Bigaiindescreased success

rates when the patient is older than 20 (Hay et al 10(2005) Seminars in Thrombosis and Hemostasis

32:15-21) WRep, i heraryidad osHpaessinl othednhilaiten aansralbpRersiss fudife, and because such
patients are usually high-responders, it is nec ssa%éo tr?’gt episodes 0 bleedir%%i\{vith FVHI bypassing
lgﬁt ant

productd, supeFAR e lf F}P&Hi(?ﬁ‘ff:ﬂﬂn&%ﬁ X8 BE SETRREE B ROR

recombinantiactivatefl fték Molveletotiélisehifisue hage msapasdoetelieds¥ithf dbvserse events such

as dissemingled inavaseHlaneRRAgUIataR. Jakis M yAsAdiR A fioRPuionagy, gpbolus and
thromboses (Ach_arﬁa and DiMichele (2006) Best Practice & Research Clinical Haematology

19:51-66). 2 BSGhpins drvEHE 5 R aeRR o b liSEd YaR SLAEHEERHHE PANSH Pesponse to 1TI.
Treatment insldessadiniristsdionof-sd o prosuppressive diing sigswelras cyclophosphamide,
prednisone, azathioprine and cyclOsporine which non-specifically target the immune system. These
treatmelits can have side-effects associated with general immunosuppression. 25 There is renewed

interest on sefegtiveBlcgllgaptetien Haing Riukimakvespdisitanived. mumedengakantibody to B cell

CD20 antigen. However, infusion reacti erym sickness and oppartunistic infections have occurred
in some childffePtieaed ”\Rﬁ?ﬁefﬁ'irégd?ﬁlgs %ﬁhgﬁg r%c'ﬁ%cr’ﬁ B&%Ce'?ﬁjgrsﬁgg{:lfﬂé{%). 30
ACQUIRED peptizi Orasitnss (R@ig09/07 1386P GlrraopdiasI@03ppoo Hevelop Brmibodies against
one of the: C'%Bﬂ%@%%&ﬁféﬁeﬁ&é@ﬂ%e\é{iﬂfaﬁei%Fhﬁ%ﬁ@ thalRigananeangieigilimune diseases

such as rheumatoid arthritis and cancer may inc_reaie the risk i{f developin% i) uired haemophilia.
Althougt? thePSEFlERtre RIS SRmpIh s LRER PRI RN L HEATESRRIGE 8L g 5 th&it production, the
clinical 5Smanfedfatidns IV || Linkibiteeseprochicéd inpregpincedsticndgatatgnisctdnyeplacement

therapy and thasgiREduealn, agaul et hasmephilin s Sl B AR iediagmophiac paents have
a mortality rateut at approachés 25%, partly

25  The incidence of inhibitor formation initially increases with the number of factor VIII
treatments, but appears to plateau after 50-100 exposure days. Inhibitor formation is
much more common in severe haemophilia than in moderate or mild disease and some
molecular defects, most clearly large deletions and nonsense mutations in the factor
VIII light chain, appear to predispose to inhibitor formation. Parameters such as the

30 concentration, type (purified or recombinant) of replacement factor, and treatment

history may also affect the likelihood of antibody production.



because of the association of acquired inhibitors with severe bleeding complications. The therapy of
acquired autoantibody inhibitors is based primarily on the need to 10control or prevent acute
hemorrhagic complications, which frequently are life and limb threatening and secondarily to eradicate
the autoantiBét3P4y¥8885re normal coagulation. Some bleeds associated™ Wi RAPEHERAtoantibody
inhibitors (< 5 Bethesda Units) may be treated effectively with FVIII concentrates administered at high
doses. Porcine FVIII concentrate was formerly considered a critical first-line therapy for acquired 15

hemophilia-related bleeding since it was the only replacement therapy that prgvided an opportunity to
actually mea&ﬁeﬂ%@%ﬁﬂﬁﬁ’gﬁ nﬁ?ﬂ‘%@iﬁtﬁ%ﬁ%a‘@ﬁéitﬁ“&é lésiﬁstﬁ]géﬁg}%go%}?%gbroduct was
removed frofmthenmtuketpiadalintO0d B ceingesofcontitizitetitvioighe soretaesiiiddma pools by
porcine parvayiius, oW, auPasSiAghREEN LS ArS: RSt CUMMOR; sedaRutiBOlgailabisks of |
thrombogenicity exist and there 20 is only about 80% efficacy for each product. Plasma exchange via
plasmapherd 8B PR E SRR RIS RRSERSIbRRRY, B I 8 s K B8 orarily reduce the
inhibitor siter enough for bypassing agents or FVIII replacement to provide adequate hemostasis.
Eradication of guoanteady doliRIQIHHePands ol BHRURRSHRRIESRVE MieAtieSaueh as: ()
administratio!rgl%f)g%?}?gjggﬁg{r%?gfg W‘I%’_l 30%-%’1% gffiggétr:ﬂy in 3l-)(6 weeksfj?z use 25 of cytotoxic and
myelosuppressigadcirerhbtRstigpeutitnbightinhdoyor s sFoeprR kR d It 9sisarang, ©o
2-chlorodeoxyaganRsingio(Rr Bisnimen eestabiamyitkntiawgnaushimmundglohnlincagd (4) selective
B-lymphocyte depletion with rituximah. Rituximab.I'm respaonders equire,goncurrent use of
steroids and iﬁfa}gg?é eaﬁ?f Iraéagf)eg?]% {5 Fetres {r%se‘r‘{%eg(gh %%%113% shor ?:}C{J%%Lgﬂsﬁe agreeyi%[atherefore a need
for improved(2066) Sdmmtsdul ldgenhesis sné Rfraemarivii:3h#bbdies in haemophilia A and acquired
haemophilia. The present inventors have found that it is possible to prevent FVIII inhibitor antibody
formation by pre-tolerising the patient with FVIll-derived peptides, SUMMARY The present disclosure,
therefore, relgflé?tgh%eéfﬂl’ﬁ@ YBHGEERE R SRT V1 Wﬂgf APARLS ﬁr%g?jcafﬁ%%erc?(@%?oring tolerance
to FVIII. The farbseiicinyentossaliaegtentifiadta, nuinbeyessam mursatiepisttenofddtsawsf FVIII that are
predicted to Wi ﬁ%f%g)kéd?ﬁmmg?g&ﬁ%%%&I@@'&Jam%m%ﬁﬁlﬂ@iet&ﬁéaﬂmns 545-559 and

1788-1803 of factor VIllI"dre considered to represent the immunodominant T-cell epitope regions in the
HLA-DR? reSHRdRA Thcandraesnsrhinard- #ipsed cEMBr AP eNea e niser thid v ABIL &2 peptides has
been shown tasleatkiwbulistantialsippids a0 dist hiesmminna responsegaddanionditt. In a first

aspect, there is %@c’%{ﬁgl e ti(ﬁﬁé\ﬁé/%g §?ogrjl?eé) ufthe fgﬂgw%gﬁgi%éﬁ%g%yw&&gFRNQASR

DN1IMVTFR / Y S RNQASRPYSFYVTFRKQASRPYSFYS
TKSDPRCLTRPYSER RepprRERararch S SipgasprepireVISS FON-DPRCLTRYYSSFVNM PRCL
KYYSSEVNME RCLI KYYSSFVNMER CLTRYYSSFVNMERD 5a which peptide is capable of

e oo sae theapy 1 RGN RES RIGRR RIS SRS TS R RERAS efpanIsed bY 2

Treatment includes administration of immunosuppressive drugs such as
cyclophosphamide, prednisone, azathioprine and cyclosporine which non-specifically
target the immune system. These treatments can have side-effects associated with

general immunosuppression.

25
There is renewed M£erest on selective B cell depletion using Rituximabm, a humanised
monoclonal antibody to B cell CD20 antigen. However, infusion reactions, serum
sickness and opportunistic infections have occurred in some children treated with this
drug (DiMichele (2007 J Thromb Haemost 5:143-50).

30

ACQUIRED HAEMOPHILIA

Acquired haemophilia is a rare autoimmune condition which affects between 1 and 4

people in every million. In this condition, subjects who are not born with haemophilia



In a second aspect, there is provided a composition comprising a plurality of peptides as defined
above. In a third aspect, there is provided a peptide as defined above, or a composition as defined
above, for use in suppressing or preventing the production of factor VIII inhibitor antibodies in vivo. In a
fourth aspect 4§ $Hibvided the use of a peptide as defined above, oP& tERPOERIBH4s defined
above, in the manufacture of a medicament to su4ppress or prevent the production of factor VIl
inhibitor antibodies in vivo. In a fifth aspect, there is provided the use of a peptide as defined above, or
a composition as defined above in the Zlguf cture of a medicament f u&qge{gg{itngtor preventing the

production of LB IR E S h O A i K T S S S R ASh et there 1 Provided the use of
a peptide astbefmemialoped cumigonupesiticrasabimaticabeiedratheitn and faongraney a medicament

for treating hagmophiliaiip araibigstidp /dist embrdineat e pesenkdiselagiedEquides a peptide
comprising one of the following core résidue sequences: LYISQFIIM FIIMYSLDG IARYIRLHP

LIFKNQAS TR vadspying\ FrepifoRe 1 JORRE & thei, Refepiiid®es Wisable of binding to
an MHCsclasgallifoaleende ofitAVUN furdiibita@ntipedyoedcéssmepansd eingagdetmisdstioy a factor VIII

sheaite T cotaRheRteR yaK L iRmble, rue e RMiRRan FRERRRY Y SSFVIIME or

DNIMVTFRI{IBCS SRPY. In a'second embodiment, the present disclosure provides a composition, such

as a pharmageutical comBaRHion SOmpIing 3 RepIR.Ofdhe iSLERRn SRy of g disclosure. 6

in
The composi |64rl1mrrﬁay comBrlse apguraﬁtyaa%suc peptides. In paf& ar, the composition may

comprise théfearsirighisepaeriatioored ERRirASSERAY B ikh PR Mg IeRERPYSThe composition

may be in theform.eb@ kitalRichdhadiualithabreptidasae piovigsbaaparadedyttor separate,
subsequent, sequlential or simultjgeou adminis ratiton. TP}%R%Ptide ar & compo iii}%n of the disclosure
may befor uEE e T A S TORE A F B e R S 15T URPinnibitor

elopm
antibodies. Thegwasentd sclosardyddsugicaticibs aeansbastysoctsaneptivd evagplpasition in the
manufacture of a medicament to suppress, reduce or prevent the development of factor VIII inhibitor
antibodies. TRenp idseintcisclosd veth|bovpiovisiesaibedihobibpsyppréstiega patentayg or reducing the

deve'opmenhe%&&%ﬁfwmﬂk@i&ﬂwﬂ@e{#&@me@é&m‘agerm?mgﬁmmrm giggOf administration

of such a peptide or composition to the subject. The subject may be deficient in FVIII. In particular the
subject may HRGERAEnBHhifarnerhh g e ot paitenbufite insadhgBmE St \AifYERfacement therapy.
Alternatiyely fhiacptibieetinnaytiadamsihe atviskbiromyceptiaaiiag, theqpirddtaeriephiia. Factor VIII

inhibitors are found more frequently in individuals e in -DR2. . iblect treated by the
methodt of th B TABLS S o BTeTns Bt ISR T Lo ettt e R T . e
Figure 1: Rebditwsaporides Fedygn i seacred sirem chsramrminlaed R20Miceegrinsedfwith rhFVIII/CFA

WO 2009/073B6Rk=Tidz B2OQBHRAFAO b1 bbifls Biopiesaléophieoliviltl pRpldespisting”
agents are most commonly used, but potential risks of thrombogenicity exist and there

20  is only about 80% efficacy for each product. Plasma exchange via plasmapheresis and
extracorporeal immunoadsorption may be ﬁecessary to temporarily reduce the inhibitor

titer enough for bypassing agents or FVIII replacement to provide adequate hemostasis.

Fradication of autoantibody inhibitors depends on immunosuppressive measures, such

as: (1) administration of corticosteroids with 30%—50% efficacy in 3-6 weeks; (2) use

25  of cytotoxic and myelosuppressive chemothea;ap;utic agents, e.g., cyclophosphamide,
cyclosporine, 2-chlorodeoxyadenosine; (3) immunomodulation with intravenous
immunoglobulin; and (4) selective B-lymphocyte depletion with rituximab.

- Rituximab™ responders may require concurrent use of steroids and relapses may

respond to retreatment,

30
Thus, all currently available methods for reducing alloantibody production associated

with haemophilia A treatment, and autoantibody production in acquired haemophilia,



b) LNC proliferation to FVIII peptides 7-12 c) LNC proliferation to FVIII peptides 1,3 and 11 5 Figure 2:
Representative examples of FVIII+DR2+ T cell hybridoma clones specific for FVIH-derived peptides
Figure 3: Recall responses for LNC from FVIII-DR2+ mice primed with rhFVIII/CFA 10 Figure 4:

Representative examples of EVIII-DR2+ T cell hydridoma clones specific for F lll-derived peptides
igure 5 B LGHB SyechEoR ) BRI Y oy DB SR €O FAEN depREEs for LN
to FVIII fastMilFORRnmiee; tieattaegobhilith aﬂ%@ﬁ@wht&mﬁnm.w'th rhFVUUCFA. Figure 7:
Determination of the range of peptide epitopes capable of functions as apitopes using FVIII-DR2+ T

cell hydridotna clones specific for FVIlI-derived 20 overlapping peptides. The original peptide is termed
0. One amttw;aeyéﬁhiﬁtzm&agd&ﬂwfbhﬁrmmat i -Jodviisiaminecacid sNIsItowards theo@yminal is -2
etc. One shift towards the ter,ml is +1 etc. e 8:.Lymph node cell [FN-gamma production in
response%fgrﬁ%ﬁlt VAT E%*ﬁ%%t@&lﬁ?tﬂé‘?ﬁﬂvﬁér%& Fptides PRCLT, DNEVIV or a
mixture of both of these. DETAILED DESCRIPTION 30 PEPTIDE The present invention relates to a
peptide. MHS%PCT/GBZOOS/OO%% 8 The term "peptide"” is used in the normal sense to
mean a seri idues, typically L-amino acids, connected one to the other typically by peptide
bonds between the cc-amino and carboxyl groups of adjacent amino acids The term includes modified

peptides synthetic p |de analogues. 5 The tlde oft nve e made using
Chomical TSRS SR E R R A A AP BB (RDE BEIMG LIS Bring
Berlin.). F@peb;&mptedpangdﬁ&mlﬁg sylethesized vyigolid phase technlques (Roberge JY et al
(1995) Science 269: 202-204), cleaved from the resin, and purified by preparative high 10

performance liquid chromatography (e.g., Creighton (1983) Proteins Structures And Molecular
PrinciplesTW biedeigeémantanthHe, itkem faark hh\ﬁ)b&tﬁomﬁtsﬁtmhesiﬁ regiyheofichienatafor

example, using the ABI 431 A Pepti zer rk|n accor e with the instructions
provided B’jftﬂ% ?ﬂ‘gﬁ%Bg’cﬁ}Vé’rnf% dglp‘g;ﬁ e?ﬁ%‘ﬁ jﬁ%{’ %I) %? BmBRa fneans, or by
cleavage fegiorfacsas \Sib Thel conmgsosiion of afpapﬂdﬁ’lrﬂa)ml%e cenfitred by ampresagidiaaalysis or

R e T R R e

concentratiananieiopermits Tiecusectit wimidhevjikplicke Peptibies soluble-atshonceninatons af up to 0.5
mg/ml, 1 5m s, also important that th is sufficiently stable in vivo to be

l, /ml,
therapeut%gﬁnéﬁtg%} é‘ﬁﬂ@erpﬁ’é’lhg thFel%‘ﬁﬁgep%ﬁ?%‘Etﬁf{/ 6p ﬂf%gﬁ e at least 10 minutes, 30 minutes, 4

hours, or 24 hours The peptide may also demonstrate good bioavailability in vivo. The peptide may

maintain ormatlon Vivo WhIC nable blnd to an I\{!}E&: Htolecule at the 30cell surface
without dd@ }gﬁ%%c I%‘I{fEl vmg one of ollowing sequences:

VEDNII\/IVTFRNQASR
DNIMVTFRNQASRPY
IMVTFRNQASRPYSF
MVTFRNQASRPYSFY
VTFRKQASRPYSFYS
TKSDPRCLTRYYSSF
KSDPRCLIRYYSSFV
SDPRCLTRYYSSFVN
DPRCLIRYYSSFVNM
PRCLTRYYSSFVNME
RCLTRYYSSFVNMER
CLTRYYSSFVNMERD



WO 2009/071886PCT/G112008/003996 9 In an adaptive immune response, T lymphocytes are
capable of recognising internal epitopes of a protein antigen. Antigen presenting cells (APC) take up
protein antigens and degrade them into short pepiide fragments. A peptide may bind to a major
histocompatability cqmplex %MHC‘)!?I?I ss | or Il.molecule jnside the,cell and be carried.5 to the cell
surface. When p‘&/géééé%gté% hie & C@S r é[lc%ninu(]:%rjg?u%%%%vc:%a%snl ercnuéb e‘é/ﬁ%é? eﬁe 1|c;£t]é|%ltide may be
recognisegiyeca groedb{irig dhé Hetglreeoepiard( B CRP cior Wit keasictiecpiptide is a T cell epitope.

An epitope is thus a peptide derivable from an antigen which is capable of binding to 10 the
peptide-binding groove of a MHC class | or Il molecule and be recognised by a T cell. The minimal
epitope idiihe sshoniatfergrient depnabitedrerpamepiiopeonipidhing eaiabibtpfdiipdmigde the
peptide-bg??.lig‘rg groove of a MEC class | or Il molecule and 15 be recognised by a T cell. For a given
immunogenic gglon, it is typically possible to generate a "nested set" of overlapping peptides which
act as epitopes, all of which contain the minimal epitope but differ in their flanking regions. By the
same token, it is. possible tg identify the. minimal epitope for rticular MHC 20 molecule;T cell
combinat%n%flhhl%:aassaﬁcﬁg ?%eer?elgg%rﬁgégt%p trauﬁgg{ge% pagp%g‘é%s.c?zg%%&edr%lg iFar %%%ﬂ%ealss obtained
to the peplifie@babprisirdgrresidussphitSsingloe presdappitg dipradycsetsofiactoaid trumvdied at both
ends (i.e. 1- 4,d1-13, 1-12 etc. and 2-15, 3-15, 4-15 etc.) can be used to identify the minimal epitope.
25The prglslte1 f’lﬁ‘\slselnntilézﬁoprovides peptides comprising a "core residue" sequence of FVIII. These core
residue sequences are predicted using HLA-DR2 binding algorithms to represent or comprise the

minimal epitope for.each region. ARITOPES 30.The present inventors have previously determined that
there is :I[f)?nl? b‘%’ wgeﬁs eégCa%gﬁtﬁsoP 5055%%@}% Bl%dot%oe%np ﬁ/ﬁ% ecféssg Eff‘(e)mrgl rﬁ'%?ggﬂlglaﬁd be
presentedtdmackitel wsthefidiirbercant genmproctesing o fndkBopeysid &ssoppasityt gierduce tolerance
in vivo (WO 02/164 0%. Ié e Qg IS toa lon bind the peptide binding groove of an WO
2000/071856P é@ 6 %gﬁgg g[i‘b%lé?f %é‘%é%chfes Wﬁtﬁ%ﬁt further processing (e.g. trimming), or
binds in an inappropriate conformation then it will not be tolerogenic in vivo. If, on the other hand, the
peptide is, of pproprigte size and. conformation to bind dire t%Y to,the MEC peptide 'knding groove
and be p?lens%?f\?fe% ?PS a#%}éﬁﬁetﬁe%r?ﬁfs E”:peIpt?o}leS %3£ ab%eg{r}eggﬁe% 0 %degth)sogfﬂdI%%')l g%é?é)roa%é%nmduction. It
is thus possifdéiedmbestigatéhtha soldrogeniolapaaiiyof e p &ptite e savestigatngwiingtfer it can bind
to an MEC class.| or le and be presented to a T.cell. without further antigen processing in
vitro. 10 TS‘%‘é%ﬁBe"s%l g%?ﬁé%@é@%%ﬁ%ﬁ%@%é}%sé%iztiospl)%Jse }S\ntigen Processing-Indepent epiTOPES)
in that they are capable of binding to an MHC class Il molecule and stimulating a response from factor

VIII specific T cells without further anti rocessing. Such api n be predi ause
tolerance?trb %%ﬁgsgi%e{ﬁeis %’Iéﬁg}s% Sr%ét%hao%p @éﬁﬁﬁ@éﬁﬁ%@%&%ﬁﬁ%ﬁ%ﬁ? e of the
present inedtifinedhaapdve: ainy tlen gthnthitisreaphlslereiibiadieny thannrbatilg dassdpbriiziimelecule
without further processing. Typically, the peptide of the present invention is capable of binding MI-IC

class It Z(ﬂ?é% Ides that bind to MI-IC class | molecules are typically 7 to 13, more usually 8 to 10
amino acids in length. The binding of the peptide is stabilised at its two ends by contacts between

atoms in the in chain of th tide and invariant itevs in the R @&Q%Q}\% j r%%vgf%gll MHC
class | mcﬁz@ﬁ%ﬁ aé)%%?gnl%r’l\?ggfrﬁ? S relztsdzlslstc oth e2§rgn}i§lse S01gl tﬁeIg groov% %Eﬁ %i%d the amino and
carboxy teohhinviof the pegstilie. Sdariatiens is peptide length are accomodated by a kinking in the
peptide backbonﬁﬁgs%ﬁ/proline or glycine residues that allow the required flexibility.

FIIMYSLDG

JARYIRLHP

LIIFKNQAS

LTRYYSSFV

MVTFRNQAS

LRIHPQSWV



Peptides which bind to MEC class Il molecules are typically between 8 and 20 amino 30 acids in
length, more usually between 10 and 17 amino acids in length, and can be longer (for example up to
40 amino acids). These peptides lie in an extendéd conformation along the MHC Il peptide-binding
groove which (unlike the MEC class, |. peptidesbindin is open at bath erggs. The peptide is
held in place ma‘i"r}}ifg&?e Igfie é?lgﬁl?%]t_logrﬁ%:t%lﬁfgél% \?vi?ﬁg(lz(glr%é:r%\%s ey m%“%h%%%ﬁtide-binding
groove. WRORAGHIEIEHEREITIGR2O8H0RAM, hfREP MDESEQUENEES  The first aspect of the
invention relates to a peptide comprising one of the following 5core residue sequences: LY | SQFIIM Fl
IMYSLDS IARYIRLHP LI | FICNQAS 10LTRYYSSFV MVT FAN QA S LRIHPQSWYV. For example, the
peptides Tiay gampiisenane ofclSIéifRE HRakd RIMY SSdiéddy THRNQARS YREHNQSWV ofollowing
core resigéﬁmﬁw%ﬁarticular, the peptides may comprise one of the following core residue
sequences:. FRNQAS. The peptide may comprise one of the core residue
sequences, together with additional 25flanking sequences at the N and/or C terminal end, provided
that the resulting peptide.is capable.of binding to apn MHC class H malecule without further antigen
processin. “TRERAAKAR RO AHaSr E9ePraar <Lt onss PRy 52 SR

COMBOosiion,
3 dervable’tron the sequences
flanking thasarsceasiclesatuaittas icohpmsingd A | p3idoraXanplésthembpdiceemayibehselected

from the f&lllég oisnu egroup: SLY | SQFI I MYSLDG PPIIARYIRLHPTHY DTLLI IFKNQASRPY



35PRCLTRYYSSFVNME DNIMVTFRNQASRPY RYLRIHPQSWVHQIA. WO
2009/071886PCT/GB2008/003996 12 Some FVIlI-derived peptides are already known to be apitopes
(for example PRCLTRYYSSFVNME and DNIMVT&-RNQASRPY). In addition to these peptides, there

may be o%ers which share the same cor rellsidu? sequence, butlxvhilqpcdlfferﬂl? 5one og.more flanking
residues. 1AOFIEPES TS, TS, DBRRET 80U RpRing Pepiies thay Ba produced. FYHicany.

4

Yy, a cluster of
peptides withitvtherise tiar éoievcapaiotei dég ERETBTRY 1S SHVINNME resipoNER \BECANERARIRE ontain the
minimal epitope. Of these peptides, one can investigate 10 whether the peptide also behaves as an

apitope, by investigating the capacity of the peptide to bind MHC class Il and stimulate the appropriate
T cell in arhastgweprosassingsfredpresermatdatsistehich U pupsdityigésahslanais tievidkéwing table

may be t i abili %@&9&9’ ok
2009/07 %%%?%%%gﬁgg%%%%lﬁgn éVE DN ?ﬁ\l}%ﬁﬁg%%ﬁ%%@ﬁ%?ﬁa\%%RNQASR

EDNIMVTFRNQASRP DNIMVTFRNQASRPY NIMVTFRNQASRPYS IMVTFRNQASRPYSF

MVTFRNQRIBERMS b 2 LBHARRRMVMHIKR] AistiBsule iy iR TN e G Alp Rréd sl P @My il A

TRYLRI HPQSWVH
pre(\-‘r)enting th% development of factor VIII inhibitor antibodies.

The present disclosure also provides the use of such a peptide or composition in the
manufacture of a medicament to suppress, reduce or prevent the development of factor VIII
inhibitor antibodies.

The present disclosure also provides a method for suppressing, preventing or reducing the
development of Factor VIII inhibitor antibodies in a subject, which comprises the step of

administration of such a peptide or composition to the subject.

The subject may be deficient in FVII. In particular the subject may have haemophilia A, and

may be, or be about to, undergo factor VIII replacement therapy.

Alternatively the subject may have, or be at risk from contracting, acquired haemophilia.
Factor VIII inhibitors are found more frequently in individuals expressing HLA-DR2. The
subject treated by the method of the disclosure may therefore be HLA-DR2 positive.
DESCRIPTION OF THE FIGURES

Figure 1: Recall responses for lymph node cells (LNC) from FVHI+DR2+ mice primed with
rhFVIII/CFA



LTRYLRIHPQSWVHQ LLTRYLRIHPQSWVH PLLTRYLRIHPQSWYV Also, it may be that peptides
slightly longer or shorter than the 15-mer peptides given in the above tables act as apitopes and are
capable of tolerising a subject to factor VIII. The peptide may, for example be between 10 and 25
amino acids¥iH PaREERP between 12 and 18 amipo acids in length. AP HZ/GR§08/003996
2009/071886PCT/G82008/003996 14 Various antigen processing independent presentation systems
(MIPS) are known, including: 5a) fixed APC (with or without antibodies to CD28); b) Lipid membranes
containing Class | o C molecules fwith or without antibodies to CD28); and c) purified natural or
recombinant IVIHCa%leﬁngE%%}gﬁ% o?omig(\e/fwf gtﬁfﬁﬁ%tgt antibodies to CD28). 10 All of these systems
are capable of pred8riiNg prelidgsetipn so A )EBadeRA-AA MHC molecule, but are incapable of
processing antigency i /it RSRR-AVIEMS Ve fUALRSIIMatunrtion is either absent or disabled. This
makes it possible to investigate whether a peptide can bind to an MHC class | or || molecule and be
presented to a T cell without 15further antigen processing. The use of fixed APC to investigate T cell
responses ishigatlekroRapiesthtind, fomplemepEVIRISIBRYs Tockil bxbividamatmionsin ipreilépitope within a
polypeptide, F&(mqg%mgdtggp{ggponse to truncated peptides (Fairchild et al (1996) Int. Imrnunol. 20
8:1035-1043). APC may be Tixed using, for example formaldehyde (usually paraformaldehyde) or
glutaraldehyde. Lipid membranes (which may be planar membranes or liposomes) may be prepared
using artificiatijpiels :(r saatiyrbpdplas falNeEnflora FR/ITTITIRE o midfmetahsifhohi ARICCES In use, the
APIPS may be applied to the wells of a tissue culture plate. Peptide antigens are then added and
binding of the peptide to the 11/44HC portion of the APIPS is detected by addition of selected T cell
lines or WondigwedvRoresnipd Texamnise SEHIEPRAY beethisdsidrserisipasiseaciie Prethods known in
the art, for examplg-Mve8ptpa@thymidine incorporation or cytokine secretion. FACTOR VIII The peptide
of the invention may be derivable from factor VIIl. WO 2009/071886PCT/GB2008/003996 15 Factor
VIII participates in the intrinsic pathway of blood coagulation; factor VIII is a cofactor for factor IXa
which, in the Peesehdd/#l CalaerngaskisiohalipldBYdYomdnid ’edr X to the activated form Xa.

15  Figure 6: Recall responses for LNC to FVIII for FVII+DR2+ mice treated 3x i.p. with
peptide prior to priming with thFVIII/CFA.

" Figure 7: Determination of the range of peptide epitopes capable of functions as
apitopes using FVIII-DR2+ T cell hydridoma clones specific for FVIII-derived

20 overlapping pepiides. The original peptide is termed 0. One amino acid shift towards
the N-terminal is -1, two amino acid shits towards the N-terminal is -2 etc. One shift

towards the C-terminal is +1 ete.

Figure 8: Lymph node cell IFN-gamma production in response to FVII for FVIIL-
25  DR2+ mice treated with FVIII-derived peptides PRCLT, DNIMV or a mixture of both

of these.

DETAILED DESCRIPTION

30 PEPTIDE

The present invention relates to a peptide.



5 The factor VIII gene produces two alternatively spliced transcripts. Transcript variant 1 encodes a
large glycoprotein, isoform a, which circulates in plasma and associates with von Willebrand factor in a
noncovalent complex. This protein undergoes multiple cleavage events. Transcript variant 2 encodes a
putative smAIHER1986form b, 10which consists primarily of the phospHoliGHBIREHS lomain of
factor Ville. This binding domain is essential for coagulant activity. The complete 186,000 base-pair
sequence of the human factor VIII gene was elucidated in the mid 1980s (Gitschier et al (1984) Nature
312 326-330), At the,same 15 time, DNA clones encading the complete 2 J cid sequence
were used to p?ot'arlﬁ%epgf)a%%iésaﬂflegéﬂ\lﬂéefg%%rgfﬁ? ?ﬁotguﬁ%?g rsi”?gfn?n%ffglng%éﬂs \;%/Lglo% et al (1984)
Nature 312:336:88Y jcilhecommytater, 85thanthao taipick B diarvptido bendn beiviaetdha/ft is given in SEQ
ID No. 1. 20 The peniide-ofheRigsent nysationdmhay hewdderivabledrom fastométindde peptide may,
for example, consist of a contiguous sequence of amino acids from the factor VIl sequence. The
peptide mayRsetstanhBRstoBERtsd A Efeavage of the factor VIII sequence. 25The peptide may
have one or more mutations, such as additions, substitutions or deletions from the wild-type sequence,

as long as th, PopUle. 'SHIS IS GARATRLICAIN DG RERIASRIACI A MBRYBrafin IVITIC molecule
without further a %en processing, and be recognised %the relevant T cell. The peptide may, for

example, hatdavisiry i erastisdr brebaalialibikes) BodanieietytreshieHag Byl t5%e wild- 30type
sequence. DglibgiRieamiiRe asithsuatissiaassnaylidepmacde-omihabasibagsimilariy in polarity,
charge, solubijli dro [\ rophilicity, and/or the amphipathic nature of the, residues as long
as the bindinﬂé@%ﬁ%yz B‘i‘%t%%ap%%%é}eyﬁs ?fé?gfne 6"{/%% ’5’6‘897‘6%%%5%%/3%’56"657’0 3996 16
Conservativestiystintohguit ajuomatratehiofeaxa fisiehier 1y RsofsmsT abketbeowdmino acids in
the same blogkin the seepdCaunRanshRiRferbiinbs samelinsdndgimedicalsmn may be

substited orcach ol WO c003101806PC.T/GR00/005356 17 ALIERATIG Non-polar G AP |1

accordance with the instructions provided by the manufacturer.

15  The peptide may alternatively be made by recombinant means, or by cleavage from
factor VIII. The composition of a peptide may be confirmed by amino acid analysis or

sequencing (e.g., the Edman degradation procedure}.

For practical purposes, there are various other characteristics which the peptide may

20  show. For exampie, the peptide may soluble at 2 concentration which permits its use in
vivo. The peptide may be soluble at concentrations of up to 0.5 mg/ml, 1 mg/ml, or 5
mg/ml.

It is-also important that the peptide is sufficiently stable in vivo to be therapeutically
25 useful. The half-life of the peptide in vivo may be at least 10 minutes, 30 minutes, 4

hours, or 24 hours.
The peptide may also demonstrate good bioavailability in vivo. The peptide may

maintain a conformation i# vive which enables it to bind to an MHC molecule at the

30  cell surface without due hindrance.

CORE RESIDUES



NQ Polar - charged D E KR AROMATIC HF WY The present invention also encompasses
homologous substitution (substitution and replacement are both used herein to mean the interchange
of an existing amino acid 5 residue, with an alternative residue) may occur i.e. like-for-like substitution
such as bas%é(?&f}%’é{gi’@,sﬁcidic for acidic, polar foré polar etc. Non-homoloﬁgaécﬁﬁwﬁﬂgﬁ?gﬁ may also
occur Le. from one class of residue to another or alternatively involving the inclusion of unnatural
amino acids such as ornithine (hereinafter referred to as Z), diaminobutyric acid ornithine (hereinafter,
referred to as B), norleucine ornithine 10(hereinafter referred tg as Q) | | hienylalanine,
naphthylalan)sf%ea‘)d azr’]é) %%Vgnwyg?ngsgggﬁiéhciliﬁzg??fgcﬁ?%ngscc)a %%ggéeg%r%%%}?%ﬁno acids
include; alphepitaprs affrrIcEisAsEEIeAnEaMIMICARIHEE KERIGN B fakeatl dse e AREERETI*, halide
derivatives ofnlbdfpaidEatRMINAAGHIH: Hpids fHferelyrosipefiq Glaghsnyaleginefor
p-Brphenylalanine*, p-l-phenylalaning*. L -allyl-glycine*, 13-alaning*, L-a-amino butyric acid*,
L-y-amino b Wfoé‘?:ﬁ%?%ﬁgg%@ﬁs@m& CidY, _%193%?2301%%%8}% %%%,n -aen%"llrrl}ée eptanoic acid*,
L-methigningcstiiomt} kurfackeutither, iremamted it ghe patiitrafaphengtaiunitien, withyardidorolineg,
L-thioproline, spethyHepvatives.9iR debamdaaning BhelswehrasifrpgiayiPhe, pentamethyl-Phe*,
L-Phe L-Tyr (methyl}*, L-Phe_(4-isoprop I%fl? L-Tic (1,2,3,4-tetrahydroisoquinoline-3-carboxyl acid)*,
L-diaminoproptistiezseheasatiopnea z?%’i‘??i@ﬁa'. The notation * has been utilised for the purpose of the
discussion above (relating to homologous or non-homologous substitution), to indicate the

hydrophobic ke, of 0, deriyaliue WhRIaRs 25k PSREER WSRd Ig RRicaghnygrophilc nature
of the derivative, #* In icates ar phipathic characteristics. WO 2009/071886PCT/GB2008/003996 18

A furthelforihoperidathipding e te Hd¥e altesdrarib melrssle At hsosemrigdiBuadin peptoid form,
will be well ugigherstood by those skilled in the art. For the avoidance of doubt, "the peptoid form" is
used to refer to variant amino acid residues wherein the
The minimal epitope is the shortest fragment derivable from an epitope, which is
capable of binding to the peptide-binding groove of a MHC class I or I molecule and
15  be recognised by a T cell. For a given immunogenic region, it is typically possible to
generate a "nested set" of overlapping peptides which act as epitopes, all of which

contain the minimal epitope but differ in their flanking regions.

By the same token, it is possible to identify the minimal epitope for a particular MHC

molecule:T cell combination by measuring the response {o truncated peptides. For

s
<

example if a response is obtained to the peptide comprising residues 1-15 in the
overlapping library, sets which are truncated at both ends (i.e. 1-14, 1-13, 1-12 etc. and
2-15, 3-15,4-15 étc.) can be used to identify the minimal epitope.

25 The present invention provides peptides comprising a "core residue” sequence of
FVIIL. These core residue sequences are predicted using HLA-DR2 binding algorithms

to represent or comprise the minimal epitope for each region.

APITOPES

30
The present inventors have previously determined that there is a link between the
capacity of a peptide to bind to an MHC class I or II molecule and be presented to a T
cell without further antigen processing, and the peptide's capacity to induce folerance in

vivo (WO 02/16410). If a peptide is too long to bind the peptide binding groove of an



5 a-carbon substituent group is on the residue's nitrogen atom rather than the a-carbon. Processes for
preparing peptides in the peptoid form are known in the art, for example Simon RI et al., PNAS (1992)
89(20), 9367-9371 and Horwell DC, Trends Biotechnol. (1995) 13(4), 132-134. 10 TOLERANCE T cell
epitopes pla‘g‘/’%:’@g?{?ﬁéfg%le in the adaptive immulrée response to any anti&gﬁ{%%%‘{?{&%%ﬁf or foreign.
The central role played by T cell epitopes in hypersensitivity diseases (which include allergy,
autoimmune diseases and transplant rejection) has 15 been demonstrated through the use of
experimenta els. It js S induce inflammatory.or.allerdig di injection of synthetic
peptides (baé@%ﬁ1 Sﬁgué rﬁgﬁﬁ%}) 0 eégﬁog%sl%ﬁeg)gin comﬂﬁ%b%%v%ftﬁa%ﬁ%g té.gpl?{?)é%ontrast, it has
been shown eenfumpsissishentd widlnss benielerosrain caritte rrethoothsrbied harfitid Entigens by
administratiosr of RepHige-Lpgepesd R aabhiailarm vhdniristiatomohMal blpprptideantigens has been

demonstrated as an ;fé%ctive means O}{q%@:[?fgm diseats ine erir‘qegt&tltg todtsgwe
encephalom$SIE AL PEHUHR 95 8¢ ésrggf’sl%ﬁﬂgﬁ%fsz &F°4nd Wraih (1993) Int. Itnmunol,
5:1159- 1165%¢iksenamudiataath (1995) hit. Immunol. 7:1255-1263; Anderton and Wraith (1998) 25 Eur.
J. Immunol. 28:1251-1261); and experimental models of arthritis, diabetes, and uveoretinitis (reviewed
in Anderton and Wraith (1998) as above). This has also been demonstrated as a means of treating an
ongoing disethd THERRES AR HFT SEH WERITA8581S) BRASHY 0L BEPFSE PXHEESR i Railure to respond
to an antigenwhkgierancentbisd oantiyEis id-an ess@nteldesituzedobihedsenudnie syStestl, when this is
lost, autoinu%&%u@ eRse. 1ne¥1e;§r?.ges-m$ Adaptive immgne systgm musj[ maintain the capacity to
respond to an enormous variéty of infectious agents while avoiding autoimmune attack of the self

antigend®contained within its own tissues. This is controlled to a large extent by the WO

2009/071886fhe THaBRA0S 008996549 sensitivity.6f ispiopssreAhligainPesydsmpchafppiotic cell death in
the thymus (centrglilerance), However %g’et %‘IF Eﬂéiﬁnt@ea%sﬁﬁcd%f%t?%‘o g thymus, so death of
self-reactive ?ﬁymocy es remalnglncomeie e. There are thus also mechanisms by yv?nch tolerance
may be acquitienilsying sauresstferdaemv Eaatay WPk owpriBaniheeibe ipthers Bufguartigsaripheral
tolerance). Ajgviewnof hRIMSrIANsIseieantial anchpRriBheraldaleramngenisigvan dr Anderton et al
(2999) (Immunological Reviews 169;123-137). In haemophilia A, patients have a defect in the factor

VIl gene. Thﬁ%@ﬁ@é‘?ﬁ%‘?ﬁ@?ﬁaﬁ%ﬂ 2 &%)@géh%ed as a "self' antigen by the immune system.

When factor VIII is 10 administered during coagulation factor replacement therapy, therefore, an

alloimmune rgspanse is generatad i e/ arsjan RigteiR.deading tahRiegatign L VIl inhibitor

antibodies. The peptides of the present invention are capable of inducing tolerance to factor V111
15such that WHER et e Sbmaincels suthoat Aydhrs BEneestii e d YRiTHHIEE RRHYHOEARE response and
FV111 inhibigescdoinaintieyaloppabhasiiieinhadoOphildlis an autoimrnune disease in which tolerance
to factor VIl breaks down. In this case, peptides of the present invention may be administered to -
20reinstate tolerance to this self protein and curtail the pathogenic immune response. Tolerance may

result from oPprtideraihaé tind su G dassduralsrriss arcrqyilag okt anesiigir'df EB4%E T cells. In
order to activaigna iceflliripamptidermustassosiate Wiftide s alassicaott AP Gveapableyof delivering two

signals to T cells. The first signal 25 (signal. 1) |s delivered by.the MHC-peptide complex on the cell
surface of thé& %B&Sa%&wge%g c’l%drb(f/%%3laf‘"c%lffﬁ@rllaog/ﬂ%ew‘raﬁ%%%%‘Il\éelgg#lga%%gﬁr% (&g%%l 2) is delivered
by costimulatomtideeiecimeemethefalHHEE stasd aplecuechlasrCnseBnt BBs abbidiveceived by

CD28 opihe shidage ob hRdcelnibis s ahyhea 2afi6el ieamiessiBazpdpinihe absence o
signal 2, it is not activated and, in fact, becomes anergic 3Q Anergic T cellsﬁ%:%%flgctory to

subsequent afTGERATE chanETelca8l A8 PHe R LA B S HRtERY Y&sponses.
Anergic T celftaratthrolightdiglibanavaidack thanatiatingrdquadd Gledbiite.

Peptides which bind to MHC class Il molecules are typically between 8 and 20 amino
30 acids in length, more usually between 10 and 17 amino acids in Jength, and can be
longer (for example up to 40 amino acids). These peptides lie in an extended
conformation along the MHC 11 peptide-binding groove which (unlike the MHC class 1
peptide-binding groove) is open at both ends. The peptide is held in place mainly by

main-chain atom contacts with conserved residues that line the peptide-binding groove.



WO 2009/071886PCT/GB2008/003996 20 Without wishing to be bound by theory, the present
inventors predict that peptides which require processing before they can be presented in conjunction
with IVIHC molecules do not induce tolerance because they have to be handled by mature antigen
presenting CRE2HPAt (¥ Qntigen presenting cells (such as macrophages, H8 FEREUAYB A ndritic cells)
are capable of antigen processing, but also of deﬂlvering both signals 1 and 2to a T cell, leading to T
cell activation. Apitopes, on the other hand, will be able to bind class Il MHC on immature APC. Thus
they will be presented to T cells without costimulation, leading to T cell anergy and tolerance. 100f
course, apitopes are also capable of binding to MHC molecules at the cell surface of mature APC.
However, the iiRBRESE(RIEN(EBntains a greater abundance of immature than mature APC (it has
been suggested that less than 10% of dendritic cells are activated, Summers et al. (2001) Am. S.
Pathol. 159: 285-295). The gefaulté%sition to an apitogg will therefore bef ergy/tolerance, rather than
activation. 15 FhETHGREFORITPERTZRER (5B A RBEH SHRBIET% Ok 8 8051 88K NP Bor a reduction in
the levelsof: @pfe\dildnhibiamcentibodies: (i) CD4+ T cells specific for FVIII 20(iii) B cells capable of
secreting Mil inhibitprysagrtipdies by techniques known in the art. It has been shown that, when
tolerance is induceg hyeptide administration, the capacity of antigen-specific CD4+ T cells to
proliferate is reduced, Alsg, the 25 production of IL-2, IFN-y and 1L-4 production by these cells is
down-regulated, buﬁﬂrl%%ucéion of IL-10 is increased. Neutralisation of IL-10 in mice in a state of
peptide-induced tolérance has been shown to restore completely susceptibility to disease. It has been
proposed that a poGRation of regulatory cells persist in the tolerant state which produce IL-10 and
mediate immune regiiatt{Burkhart et al (1999) Int. Immunol. 3011:1625-1634). The induction of
tolerance can thereferesglse be monitored by various techniques including: WO
2009/071886PCT/GB20081003996 21 (a)the induction of anergy in CD4+ T cells (which can be
detected by subsequent challenge with F'VIII in vitro ;‘(bf)Pchar]ges in the CD4+ T cell population,
including (i)réquexsrRie Broneetides mas aewss rag alahe PP 1BESUE HRidis STAEENESIFN-y and IL-4;
and (iii)irscrease in theypradaction of IL-10.  As used herein, the term "tolemgenic" means capable of
inducing tolerance.1@GQMPOSITION

MVTERNQAS

LRIHPQSWV,

20 In particular, the peptides may comprise one of the following core residue sequences:
LTRYYSSEV
MVTEFRNQAS .

The peptide may comprise one of the core residue sequences, together with additional
25  flanking sequences at the N and/or C terminal end, provided that the resulting peptide

is capable of binding to an MHC class II molecule without further antigen processing. -

The flanking N and/or C terminal sequences may be derivable from the sequences
flanking the core residue sequences in human FVIIL
30

For example, the peptide may be selected from the following group:
SLYISQFIIMYSLDG
PPITIARYIRLHPTHY
DTLLIIFKNOASRPY
35  PRCLTRYYSSFVNME
DNIMVTFRNQASREY

RYLRIHPQSWVHQIA,



The present invention also relates to a composition, such as a pharmaceutical composition comprising
a peptide according to the invention. 15The peptide may comprise a plurality of peptides, for example,
two, three, four, five or six peptides of the invention. The peptides of the composition may each
comprise a dtfetR4HFitnal epitope. For examplg, the peptides may eacH - dBAEE P Mtnimal epitope
from the peptides given in 20Table 1. The composition may comprise the peptides
PRCLTRYYSSFVNME and DNLMVTFRNQASRPY. 25 The composition of the present invention may
be for prophylactic or therapeutic use. When administered for prophylactic use, the composition may
reduce or prevent the generation of an immune response to FVIII. The level of immune response is
less than wolitthhaid Bederivtstaneptides tisee palieadyh s8oven Be ebetreritereivitfrth&@siPiBosition. 30 The
term "reducefgrgicates soatanags tiakrptyieNHRNDAR YL IR GAaR:R AD SR deysitieh, as a 50%, 70%,
80% or 90% reductiorhin the re onsgle that. would have been observe itn tpekpg%'fzntbhad not been
treated with (R ESIRpBSIESR OV IHEFELPB MR OHER AR TR SR Rt L I Bt SVeY the same
time-frame). disertenme"fuekmpticandlicates that no appreciable immune response to FVIII is observed.
WO 2009/071886PCT/6B2008/003996 22 When administered for therapeutic use, the composition
may suppress an already ongoing immune response tg FVIII. The term "suppress’ indicates a
reduction in #HePRgR Fbah - gdtArs bR ARaRe s ReRtides R e st VRISEYYe Beptide
treatment, 5 athe Eyepddichvisionthh axeatie b sy ef @htheisame itinnapoiedphast,the treatment
not been given. Treatment with the ¢ Siti ft lnventi . reduction in
levels of any%SF A oft e?%?\%\l/{/lir%s: Ilng I %(?\/?h%ﬁ%%bitgéfgﬁeggg}g%gg%i)g%[;pﬂf@%iﬁgas@%eciﬁc for FVIII
(iii) B celfs sevredhiag thy/peptidaralsRAmhayes s e Epitopse (5t s Biealing 8% careRs taibe carried out by
techniques kpgyBeindNErRAMMVINCH:RSs 1B Edd Shmbife SRtappigatarent withithercanagesition of the
present invention ma flf_ilso or z;lglc%\.rnativel%1 cause anergy in CD4+ T cells specific for FVIIl. Anergy can
be detected BVF ‘F’Sériérﬁﬁl%mssﬁgsela%%s{ec iallenge with FI/lll in vitro. 20 It is important to bear in mind
that not all immune responses to EVIII are pathogenic. Non-inhibitory anti-FVIII antibodies may be
found in haemgphiliaRatigatswitheutnpibviters:tMarmeawLetakd2 300BIras 8% 84 3a-44) and
approximately 15% of healthy blood donors (Algiman et al (1992) 89:3795-9). 25 FVIII inhibitors may
be detedted B?‘Wféefrilijmegen modification of the clotting Bethesda assay, in which the ability of the
patient's plasma to inactivate FVIII in n&tfigkRplasitalis tested. A Bethesda unit is defined as the
amount of antibody that neutralizes 50% ofplasmes FDHI actiyity, and titres of 0.6BU or greater suggest
the 30 presence of antibody. ROKFSSLYISQFIIM

QKFSSLYISQFIIMY

KFSSLYISQFIIMYS

FSSLYISQFIIMYSL

SSLYISQFIIMYSLD

YISQFIIMYSLDGKK
ISQFIIMYSLDGKEW
SQFIIMYSLDGREWQ
CFITIMY SLOGKKWQET
FIIMYSLDGKKWQTY

JARYIRLHPTHYSIR

IIARYIRLHPTHYSI
PIIARYIRLHPTHYS
PPITARYIRLHPTHY

NPPIIARYIRLHPTH

FNFPIIARYIRLHPT

IFNPPTIARYIRLHE

LIIFKNQASRPYNIY




Inhibitors are generally classified as low titre if the level is <5 BU and high titre if? 5 BU. WO
2009/071886PCT/GB2008/003996 23 The level of circulating FVIII inhibitory antibodies may be
reduced to 90%, 75%, 50%, 20%, 10% 5% of the level of antibodies which would have been observed
had the pati®¥ft A8P1ELE 6ed treatment. 5The level of circulating FVIII inhiBit&1B2AHHYAIEE may be
reduced to 5, 4, 3, 2, 1 or 0.5 BU. The peptides and composition of the invention may increase the
amount or proportion of therapeutically administered FVELI which is available to aid clotting in a
patient. 10 This is due to the reductlc.ttquﬁaﬁ@%.yw..'bh may effectively remove a proportion of
FV1111 from exerting its therapeutic  composition of the invention may
increase the amount of available FVIILBY.* oFrK%?(%‘cf%o’feJO% 25%, 50% 75% or 100%. 15 The
peptides and composition of the inven @8RV IRME Féduce the amount of FVIII which needs to be
administered to aid clotting in a patienttIFORMEMEFIRIN 20The composition may by prepared as an
injectable, either as liquid solution or suspensioirsoliekform suitable for solution in, or suspension in,
liquid prior to injection may also be prepassdiIagpigEaraiion may also be emulsified, or the peptides
encapsulated in liposomes. The active-ingretd ixed with excipients which are
pharmaceutically acceptable and compatible with the active 25ingredient. Suitable excipients are, for
example, water, saline (for example, pHoSptrate- bitfdred saline), dextrose, glycerol, ethanol, or the
like and combinations thereof. In additig?F R dé&sired, the composition may contain minor amounts.of
auxiliary substances such as wetting pperRIBHyssgVayents and/or pH buffering agents. 30 - Buffering
salts include phosphate, citrate, acetafe“ﬁ“dﬂ?ﬂmﬁma‘"ﬁd/or sodium hydryoxide may be used for
pH adjustment. For stabilisation, disatgharidesiray such as sucrose or trehalose. WO
2009/071886PCT/GB2008/003996 2 &%@&mﬁyn eomprises a plurality of peptides, the relative
ratio of the peptides may be approximately equal Alfnmaflvnly the relative ratios of each peptide may
TRYYSSEVNME . .

be altered, for example, to focus the tp Boganic reSDonse on a particular sub-set of autoreactive
T-cells or if it is found that one peptide works better than the others in Sparticular HLA types. After
formulation, the composition may be ipg le container which is then sealéd and
stored at a low temperature, for exampig taeey: be frepze-dried. 10 Conveniently the
composition is prepared as a lyophiliz gbt(f‘cfmmﬁdﬁm ewder. Lyophilisation permits long-term

storage in a stabilised form.Lyophilisation
DNTMVTFRNQASRPY

NIMVTFRNQASRPYS

IMVTFRNQASRPYSE

MVTFRNQASRPYSFY

LRIHPOSWVHQIALR
YLRIHPQSWVHQIAL

RYLRIHPQSWVHQIA
TRYLRIHPQSWVHQI
LTRYLRIHPQSWVHQ

LLTRYLRIEPQSWVH

PLLTRYLRIHPQSWV

Also, it may be that peptides slightly longer or shorter than the 15-mer peptides given
in the above tables act as apitopes and are capable of tolerising a subject to factor VIIL
The peptide may, for example be between 10 and 25 amino acids, in particular between
12 and 18 amino acids in iength.

10
APIPS



proceduresarewellknownintheart,seeforexample
http://wvvw.devicelink.com/ivdt/archive/97/01/006.html.Bulking agents are 15commonly used prior to
freeze-drying, such as mannitol, dextran or glycine. The composition may be administered in a
convenient WaHEY4UIER%as by the oral, intraven us (where water solublé¥- T a2atisstedrar,
subcutaneous, sublingual, intranasal, intraderma? or suppository routes or implanting (e g using slow
release molecules). 20 The composition may advantageously be administered via intranasal,
subcutaneous or intradermal routes. The peptide and composition of the invention may be used to
treat a human subject 25 The subject may have haemolphilia A, in particular severe haemophilia A.
The subject Waiipse aigen GyaungiENeRs UL DrPHatatinfe sYTREY KATE atdtiréd T mophilia. The
subject may jpajg;ighibitory anti-FVIII antibodies.  The subject may be undergoing or about to
undergo coagulant replacement therapy 30with FVIIl. WO 2009/071886PCT/GB2008/003996 2$ The
subject may be an HLA-haplotype which is associated with a predisposition to develop inhibitory
anti-FVIH allepfisibdRE Grithuowitibsdmibotise teHpd8hmay express HLA-DR2. Methods for
determining U}%W hepiaivire efamindividual are-kponeid he1@ed micsH YvithiiRysician will
determine the actual dosage which will be most suitable for an individual subject and it will vary with
the age, weighERadFée % 8%4he particular patient. 10 In a preferred embodiment a "dose
escalation" prptpatfi¢dayaheafobewednwivene dMplGralityphidbsesliFgivefwithtle pathent in ascending
concentratioggﬁt%ﬂ%fg% épach has been used, for example, for phospholipase A2 peptides in
immunotherapeutic applications against bee venom allergy (Muller et al (1998) J. Allergy din Immunol.
101:7479754 and AJcdis eta! (1998) J. Clin. Invest. 102:98-106). 15 KITS Conveniently, if the
composition ggrapiiaes skl chpapiseprdkayinpanthe admingistachtogataenviithe form of a
mixed compociiion oricooklal. Leweer (Nete20may, b P HIEaNcss. RIS g preferable to
provide the &%ﬁ%ﬁes’ sé’parafe‘f i the Brm osfnagl%% I simultaneous, separate, sequgntial or combined
administratiofuncti®iés ltthaagbatod aotivppled rikingaled/briesmhieisorarierigaEanBethist axample a
vapouriser fol.ipfianasaladmin Mot a3y HRiR ddhardie-lenedribrwantansintradermal
dosing). The kit may also comprise instructions for use. The pharmaceutical composition or kit of the
inventiol malPBRF LTS RIRSEHRRor prevent a disease. 30In particular, the composition/kit may be
used to treat and/or prevent haemophilia A or acquired haemophilia. WO

2009/ 071886@19%@%}%&Qﬁlg%gt?)@mvesﬁgate T cell responses is well known in the art, for
example in studies to investigate the minimal epitope within a polypeptide, by
measuring the response to truncated peptides (Fairchild et al (1996) Int. Immunol.

8:1035-1043). APC may be fixed using, for example formaldehyde (usually

]
<

paraformaldehyde) or glutafa]dehyde.

Lipid membranes (which may be planar membranes or liposomes) may be prepared
using artificial lipids or may be plasma membrane/microsomal fractions from APC.

25 |
In use, the APIPS may be applied to the wells of a tissue culture plate. Peptide
antigens are then added and binding of the peptide to the MHC portion of the APIPS is
detected by addition of selected T cell lines or clones. Activation of the T cell line or
clone may be measured by any of the methods known in the art, for example via *H-

30  thymidine incorporation or cytokine secretion.
FACTOR VIII

The peptide of the invention may be derivable from factor VIIL



26 HAEMOPHILIA A Hemophilia A (classic hemophilia), is caused by the deficiency of Factor VIII.
Hemophilia A has an estimated incidence of 1 in 10,000 males, while hemophilia B is estimated to
occur in one in 40,000 males. Approximately 1 woman in 5,000 is a 5carrier for hemophilia A, and 1 in
20,000 is a‘é]é}ﬁ%‘?g@ﬁﬁzéﬁmphilia B. Hemophilia i 5typically divided into th?&”&'é"é@é@?%é’@ere, moderate
and mild, based on the level of clotting factor in the blood. In severe hemophilia, there is less than 1
percent of normal clotting factor. The degree of severity tends to be consistent from generation to
generation. toContrary to popular belief, minor cuts and wounds do not usually present a threat to
hemophiliacs. Rather, the greatest danger comes from spontaneous bleeding that may occur in joints
and muscleFaFios Yalhnsstiqipetse i the dufrintivinatyaay S Obiegdigagesationtyidrtally Beivken the ages of 5
and 15 yearsyfadR@Peaiae&Po anaen S Be PRAcHt {0IE MR R phespHbipliB, anshatjacent muscles
15 become weakened, Pressure on ngrves caused by the accumulation of blood may result in pain,
numbness, gﬁ%‘ire B&Pﬁ%ﬁ&%ﬁi 6 fifove the affected area. Haemophilia A is usually diagnosed with
a blood test to determine the effectiveness of clotting and to investigate whether the levels of clotting

factors are apnopmal A L0 RAEICRRENIALRISASIOLNGIRSIRIS WriletTBsusplated rom

donated blood, significantly improved the long-term outlQok for hemophiliacs. Mild to. moderate
haemophiliaB2cedFs AduartvRoBrRGRH I onwdica P FalalRs P ATRA BAL ASERAFE T ophiliacs may
require regulkarn indbéstied iatondnta 2pRcevitusyopatientfhisepergivennfizcgoesv/idhtghcentrates pooled
from thousangle.ofplasina denaLoRe- HihI A ARl sRak Rl Apie-aleeniamipaion with viral
pathogens, partlcélaﬁy the human mmunodeficiency virus and the hepatitis viruses. Monoclonal
antibodiPpurtieistioreraisknmsimesiln efithsartrrahelividrtindiri dpmeiatefgafer dtifehfshave rendered
plasma-derivggigRnesmhaiesssehatively csagaladfioriRi9/071886PCT/GB2008/003996 27 Recombinant
DNA technology has now provided a series of synthetic products,such as RecombinateTm and
KogenateTm. Kogenate is made using baby hamster kidney cells expressing human factor VIII. The
resulting factBirsisdaigbisteo UBHSA0 ehizmiriaiin geansnpo sefibiliey imem draiesioflbi&Aras S m plasma. S The

peptide or cpRsilehehdhEPiesentdnantion Mavke admivisieretkbsinremnséarsyring factor Vil
replacement theralgﬁ. Hemophilia A is an ideal disiaif tar%‘et far.gene thera%)é sin%etg it is caused by a
o .

10 mutdfiondifca SMGIE RERRRS AT i W BIG Rt AR e IR E IS R P o T &

evef€intivo can convert
severe hemapbdiachiologitddly diseass;tandlil roeriteridreptaveHoretsd Meid v BfRidered

suboptimal. Alse, Iheseim a8 widerangs atealat iLiliRseduatgRuer shoaimeh drsledievel of

coagulation acti_vlty._UnfortunateIg/, to date the promise of gene therapy as a cure for haemophilia has
not 15 been fe&isd SRRAEANbAcause of difficulties in finding a gene delivery system which is
sufficiently non-immunogenic to allow for long term expression of the clotting factor. The peptides of

the present igyention d\lév\gkx%g‘ also be suitable for tolefsing a subiect priqrde ggne tharapy with factor
) : .

VIl and7or mérﬁeaﬁ?ﬁg hRibitor formation it a. ‘:Zﬁﬁlé‘t'lent following gveﬁg tﬁé?ayﬁile‘KCQUIRED

HAEMOPH ILmay2 S rexguipda teasist 6pmitratigeriarsensise afinpine sidskradhstiacisaftbody inhibitors

against FVIII jgyiRdividuaiswithidray os sithemabeongilatinom| tisavagarsf aa@liionywith an estimated
incidence of 1-3 per million population per year. The mortality rate associated with acquired
autoantibody*fi#{iBit6rs approaches 25% versus the substantially lower risk of death in those with
alloantibodies. 30Compared to alloantibody inhibitor patients, acquired hemophilia is characterized by:

(1) amare SW%&H&&Q%QWE&W%&%NQ&%Fﬁﬂﬁk&!ﬁﬂ&esliw'Q%Htﬁﬁ&_l@,ﬁ%s(@ﬁons or
deletions from the wild-type sequence, as long as the peptide retains the capacity to
bind to the peptide-binding groove of an MHC molecule without further antigen
processing, and be recognised by the relevant T cell. The peptide may, for example,
have five, three, two or one mutation(s) over its length, when compared to the wild-

30  type sequence.

Deliberate amino acid substitutions may be made on the basis of similarity in polarity,
charge, solubility, hydrophobicity, hydrophilicity, and/or the amphipathic nature of the

residues as long as the binding activity of the peptide is retained.



WO 20(19/071886PCT/GB20081003996 28 occurrence in conjunction with identifiable underlying
autoimrnune diseases, lymphoproliferative or solid tumor malignancies, pregnancy, and use of certain
antibiotics such as penicillin and sulfonamides in approximately 50% of cases; and (4) in vitro inhibitor
activity that %ﬂ&\ﬂ??ﬁ‘t%@ll pharmacolcinetic pattern with incomplete 5ne&frXifZ248H 8 targeted
clotting factor activity by the autoantibody, typicaﬁ{/ resulting in residual factor VIII levels ranging
between 24)-18% in patient plasma. The peptide or composition of the present invention may be
administered to a patient with acquired haemophilia, or to a patient believed to be at risk of developing
acquired haemophilia due to, for example:é&%imminent treatment with, for example penicillin or a
sulfornamid€-ipisrogdssiohsorEnnibey b s FRBRYHBPIERPPIHIRG AR MO BdpPHPEgnancy. The
invention willkpaws heidyith@e dese ke bytwayceh Examplasd whitkBleimaaside kksgrve to assist one
of ordinary sl%:l in %‘ne rt in carrying out the.invention and are not intended in any way to limit the
scope of the' \}é"ﬁ Sﬂggﬁmﬁeﬁg’mﬁgﬁﬁﬁfgfOé%féction of 111A-D1R2 Factor VIII peptides A
series of FDVIII 15mer peptides were compared using three HLA-DR binding algorithms: SYFPEITHI
(http://www.syfpeithi.de/home.htm) 25ProPred (http://www.imtechres.in/raghava/propred/) and and
IEDB (http://www.immuneepitope.org/home.do). Peptides were selected which were predicted to be
HLA-DR2-binding by more than one of the programmes and flanking sequences were designed for the
predicted core 30residues (table 1). WO 2009/071886PCT/GB2008/003996 29 TABLE 1 Peptide No
FWD First AA Sequence in single amino acid code Also referred to herein as:



2140 GTLIVIVFFGNVDSSGI GTLMV 2 0208 TQTLIIY.F1ILFAVFD SLYISQFIIMYSLDG TQTLH
SLYIS 32114 4 2161 PPLIARYIRLIIPTHY PPHA 5 2318 PPLLTRYLRIHPQSW PPLLT 250

IVFHTVNGYVNRSLPGL MHTVN 322
WO 20045/0718%6 PCT/GB2608/003996
17

ALIPHATIC Non-polar GAP
ILV
Polar - uncharged CSTM
NQ
Polar - charged DE

| o KR
AROMATIC HFWY

The present invention also encompasses homologous substitution (substitution and
replacement are both used herein to mean the interchange of an existing amino acid
5 residue, with an alternative residue} may occur i.e. like-for-like substitution such as
basic for basic, acidic for acidic, polar for polar etc. Non-homologous substitution may
also occur ie. from one class of residuc to another or alternatively involving the
inclusion of urmatural amino acids such as omithine (hereinafter referred to as Z),
diaminobutyric acid ornithine (hereinafter referred to as B); norleucine omithine
10  (hercinafier referred to as O), pyriylalanine, thienylalanine, naphthylalanine and

phenylglycine.

Replacements may also be made by unnatural amino acids include; alpha* and alpha-
disubstituted* amino acids, N-alkyl amino acids*, lactic acid*, halide derivatives of

1S natural amino acids such as trifluorotyrosine®, p-Cl-phenylalanine®*, p-Br-
phenylalanine*, p-I-phenylalanine*, L-allyl-glycine*, B-alanine*, L-o-amino butyric
acid*, L-y-amino butyric acid*, L-a-amino isobutyric acid*, L-g-amino caproic acid®,
7-amino heptanoic acid*, I.-methionine sulfone®’, L—norieucine*, L-norvaline*, p-nitro-
L-phenylalanine*, L-hydroxyproline’, L-thioproline*, methyl derivatives of

20 phenylalanine (Phe) such as 4-methyl-Phe*, pentamethyl-Phe*, L-Phe (4-amino), L-
" Tyr (methyly*, L-Phe (4-isopropyl)*, L-Tic (1,2,3,4-tetrahydroisoquinoline-3-carboxyl
acid)*, L-diaminopropionic acid # and L-Phe (4-benzyl)*. The notation * has been
utilised for the purpose of the discussion above ‘(relating to homologous or non-
homologous substitution), to indicate the hydrophobic nature of the derivative whereas

25  # has been utilised to indicate the hydrophilic nature of the derivative, #* indicates

amphipathic characteristics.



LGQFLLFCHISSHQH LGQFL 8 478 DTLLIIFKNQASRPY DTLLI 9 545 PRCLTRYYSSFVNME PRCLT
10 607 IENIQRFLPNPAGVQ TENIQ 11 1788 DNIMVTFRNQASRPY DNIMV 12 2322
RYLRIHNSWVHOQIA RYLRI Example 2: Investigating the response of HLA-OR2 restricted cells from
factor VI infiUHISEY Hifée to peptides 5 HLA-DRg transgenic mice were S A%HE human factor
VIl in adjuvant. Draining lymph node cells were collected and restimulated in vitro with different
concentrations of the 12 peptides from table 1. The results are shown in Figure 1. 10 HLA-DR2
restricted cells from factor VIII immunised mice clearly respond strongly to peptide DN1MV (1st amino
acid 1788). There are also responses to peptides PRCLT (545) and PPIIA (2161). Example 3:
Investigating théutispdose Givarpels.fimites fhdrRaeanmeefionpepizies amino acid residues

in peptoid form, will be well understood by those skilled in the art. For the avoidance
of doubt, “the peptoid form™ is used to refer to variant amino acid residues wherein the

5  o-carbon subsﬁtuent group is on the residue’s nitrogen atom rather than the a-carbon.
Processes for preparing peptides in the peptoid form are known in the art, for example
Simon RJ et al., PNAS (1992) 89(20), 9367-9371 and Horwell DC, Trends Biotechnol.
(1995) 13(4), 132-134.

i0  TOLERANCE

T cell epitopes play a central role in the adaptive immune response to any antigen,
whether self or foreign. The central role played by T cell epitopes in hypersensitivity
diseases (which include allergy, autoimmune diseases and transplant rejection) has
15 been demonstrated through the use of experimental models. It is possible to induce
inflammatory or allergic diseases by injection of synthetic peptides (based on the

structure of T cell epitopes) in combination with adjuvant.

By contrast, it has been shown to be possible to induce immunological tolerance

20  towards particular antigens by adminisiration of peptide epitopes in soluble form.
Administration of soluble peptide antigens has been demonstrated as an effective
means of inhibiting disease in experimental autoimmune encephalomyelitis (EAE - a
model for multiple sclerosis (MS)) (Metzler and Wraith (1993) Int. Immunol. 5:1159-
1163; Liu and Wraith (1995) Int. Immunol. 7:1255—1263.; Anderton and Wraith (1998)

25  FEur. J. Immunol. 28:1251-1261); and expenimental models of arthritis, diabetes, and
uveoretinitis (reviewed in Anderton and Wraith (1998) as above). This has also been
demonstrated as a means of treating an ongoing disease in EAE (Anderton and Wraith
(1998} as above).

30  Tolerance is the failure to respond to an antigen. Tolerance to self antigens is an
essential feature of the immune system, when this is lost, autoimmune disease can
result. The adaptive imrmune system must maintain the capacity to respond to an
enormous variety of infectious agents while avoiding autoimmune attack of the seif

antigens contained within its own tissues. This is controlled to a large extent by the



15 TILA-DR2 mice were first immunised with factor VIII in adjuvant. Spleen cells from immune mice
were restimulated in vitro with factor VIII and the resulting lymphoblasts were fused with the BW5147
thymoma usin ﬁg%eitlgg{lene glycol. 20 T-cell hybridomas were selected ir&%é};l’z 6}}'89/9{;“9@66‘”‘1 the
hybridomas‘g Aed and fested for their response,tp factor VIII. The hybrigomas were then screened for
their response to the 12 predicted peptides. Of the 27 hybridomas screened, 11 responded to DNIMV,
3 to PRCLT and 3 to PPIIA, although the response to PPIIA was weaker and WO
2009/071886PCT/GB2008/003996.30 less cific. The re f I specific for
DNIMV and ﬁm isogﬁ%l\flv%gllﬁe !g:)LlﬂglﬂrrneIJ gocygégigﬁ%é %1? fﬁ%@%%ﬁ%%ﬁ%éﬁ%@f lymph node

cells from F\eleramel Sorayen peited mtigepre geipdedmdhn bemsreccierbed skth factor Vil

deficient micgg;esaaimac-radehnlfiontmpiia expesstnthilbeivmathitishelassvhidd EC molecule. 10
These FV1II-DR2+ animals were iTguunised with. factor VIl in E#J’uvant. D aininggp {_gph nodes were
i

isolated and eI PG ASIREHS A JIHE B ERtde pariel A& W in Figurd 3* these cells
responded wiskus RRGLTTdideniy . A neiewebtheveshavspont sawrd BpfRepirslgnificant
response to BILLRL ;¢ i%ﬁ%mmétadwsﬁ{@@?;gmps%@mmfewm foaomst A-DR2 mice to
peptides Factor VIII deficient mice expressing FILA-DR2 were immunised with factor VIl in adjuvant.
Spleen cells from the immunised mice were restimulated in vitro with factor VIII and the resulting
lymphoblastsnuesadybitid w)aEWbcHa 2 aakidestribe thatboVEI ger20 Ethik mdsnitibat d&imere screened for
their respon the la 2 predicted p, id@ IDaANE.MBIaLLY QtVPE responded to
peptides DNI ‘éﬁ’ﬁtﬁeﬁ"cgﬂ‘??dg)afsfg F%/Péri c?r%%’ié pegbific for%%!{%ﬂt‘\'/lll, 10 régs%?f?é? to DNIMV, 6 to
PRCLT!8 todminstereshdsting Soagelation fgtet replacsmpib S BsHBE i B Y idomas are -
shown in Figighs2 Basee-on theseraxpprinea) 1elis ehahe fhaddwiopepEdHSEMUAMY (first amino acid
number 1788) and PRCLT (first amino acid 545) constitute the immunodominant T-cell epitopes in the
ILA-DR2 resf’f’i‘é@ Teell response to human factor VIIl. 30 Example 6 - DINTIVIV and PRCLT behave
as apitopes In order to be an apitope, a peptide must be capable of binding to an MHC class | or Il

molet/:ule withgy /Ethb%rm/ﬂg &mqs&éiﬁi&l(sfe &mwh@mip%@r&mw%@wo )
2009/071886PC B2008/003996 31 cell. In the present case, the capacity of peptides to be
KA ur el e & fo

presentéd by tRie A PEeR &Y TH Btase TR dhARFHESHTSF%ER With 6%
paraformaldebydescGletigeil érkitigste donfodewdigrenic specificity by culturing 100g1 of hybridoma cells
with 5x104 Mgar cells in the presence and absence of 20pg/m1 rhFV1TI or peptide epitopes overnight.
Supematants were then collected and assessed for 1L-2 production by ELISA. The fact that rhF VIII
must be presdFABERATEIMRER de e JuiRErRHRelssR AR EYRRRES F8(aRaS ¥lfigen processing
to be presentgehifs eiptigie SIDMNIMMsanskRRELNT, the ghectObiheribanthyase ghesested by both live and
fixed Mgar cells indicating that tqseggf%%&gdes unctignias apitopes (Figure ol ...

rensare 10le ce 1o i 13} il CUrldil i padiogonig il T 1O Lo,

Tolerance may result from or be characterised by the induction of anergy in at least a
portion of CD4+ T cells. In order to activate a T cell, a peptide must associate with a
“professional” APC capable of delivering two signals to T cells. The first signal
25 (signal 1) is delivered by the MHC-peptide complex on the cell surface of the APC and
is received by the T cell via the TCR. The second signal (signal 2) is delivered by
costimulatory molecules on the surface of the APC, such as CDRO and CDS86, and
received by CD28 on the surface of the T cell. It is thought that when a T cell receives
signal 1 in the absence of signal 2, it is not activated and, in fact, becomes anergic.,
30  Anergic T cells are refractory to subsequent antigenic challenge, and may be capable of
suppressing other immune responses. Anergic T cells are thought to be involved in

mediating T cell tolerance.



Example 7 - Determination of the range of peptide epitopes capable of functioning 15as apitopcs The
range of peptide epitopes capable of functioning as apitopes in the sequences surrounding DNIMV,
PRCLT and the other peptides was identified by preparing panels of overlapping peptides (shown on
pages 36-3ﬁ%ﬁ‘8’%?é@f{?ng these using the 20 'g-cell hybfidornas using fﬁg%fr%{’g%ﬁ)%ﬁ%d as Example
5 (Figure 7). Example 8 - DNIIVIV and PRCLT inc[fuce tolerance to whole factor VIII protein HLA-DR2
transgenic mice were treated with either of the two soluble peptides, or PBS 25 as a control, prior to
immunisationwith factor.VILI in ad] inin re | the cells
restimulatedwt\&/ll?rué vv\'/rf?ﬁ'?gcl}[%rg %/Iﬁé%}r{gt%%n%%)%g}l %géps%ﬁgg‘t?&het\éﬁ r%ﬁ%%i&%%g%ggft%% mice. As shown
in Figure 6, tReHeh EpRUGENRTOESHINE 1aiere ey MotobPReesEntad dnnseriisiegnttihsififression of the
immune respasiseulesfasiast Yidlicd Qo Wiac2 BRI 0£1B8H RET (6 B2ANAIOD B9 Hataz: llwigsnknown from
Example 8 that these twp peptides are able to prevent the immune response,to factor, VIII in mice
expressing e%ra%eé%ﬁ%ﬁg ac(?gfd VAT AR gé’ﬁrr%“elﬁtc\%vﬁass}a?‘é%gégsté%a %?ﬁﬁpﬁﬁfﬁ%%?ﬁ-agﬁimals to
determine widetdgticriele) puptitell et arpiesreproteesingnium elve sp delsecrimg etbrsignein actor VI
deficient micg, SExamigl 1ulyestaaiapRbmbie tAsEREM Yhapt & Réal, v Gerdination are able
to induce tolerance in the factor VIII knockout mause TheMchggtidef W, icr? were shown to
individually r&ibiP8 SHESIth Mt e PdapBHES (o FHRIBIGH MY PSASPRRITCd8cfEHE ME8Yh Example 9
were combinedtifkslstiowleddite guicc8] treagmant ofemaice.with both DNIMV and PRCLT led to a
substantial suppression of the immune response to factor VIIl, as shown by the decrease in

IFNgamma production. IFN-gamma is the mago_r class switch lymphokine reci&uired for neutralising
antibodits inWheESeitanss wrraksr qarnblR St heding e Yidampksalriabine s6bseietidlsing either
peptide alonesdvieinoels Rreall g sRonsasdosRRArctgmpi predeonviiuitiiidd b BnidtdeDR2 murine
1?41-1C class 11 null mice were immunised with 40u.q rhEVIIL.emulsified:in . lete Freunds
Adjuvant su ég?élm%#?é% /v%ﬁ(ﬁ fb%ﬁggﬁ%%tﬁwggﬁat%%r%ﬂ oﬁsllas'1 HI%%?)R%%, As%%dé%%%%g%gus y at the base of

the tail. 10 dagtvatass Swemgeechnbre288briired: Zathohd WaldiPRHImpherisiad RomtRel. Single cell

suspensions m@ﬁ@@g@;%@ﬂﬁég@m@mmp@m aad-xifsells per well in 96-well flat
bottomed 25 plates for 72 hours with the indicated concentrations of peptide or control antigens before

pulsing {¥ith 0.5uCi/well tritiated thymidine for a further 16 hours. Plates were then frozen before cells
were harvest&beandoctjlass filleranate ENH aglidectiveirediporetibn]nestnsuired eastgiienliquid scintillation
n-counter 30;(jiEMIlJpgptide specificity of T cell hybridomas generated from DIU+ mice HLA-DR2+
murine WIC class Il null mice were immunised as above. On day 10 draining lymph nodes were
removed and lympHOtEY Ethibiters &8 edis%6 cells/ml, Iml/well in 24 well plates in the presence of
20ug/m1 rhFVIII foid days: Fellbwirgifiei®shivililation, lymphocytes were recovered, washed and
fused wigh TCRall- BW nvyg2QOQD/QQS@QQQEIEQ%O.Q&QQSQ&@&S;Lgsion partner cells at a ratio of 4

AILS CAPaUIG T] AR BNUUVIWJLY GAELIULALN,

BW cell$ to 1 Iymph\(f)clz 1t)e, using polyethylene glycol as described by Nelson et al (1980) PNAS
77(5):2866. Fudethaismsskepaedtdiamiwashed and then plated out in flat bottomed 96 well plates for 2
days before the addition of HAT medium to select for T cell hybridomas. Cells were monitored for

It has been shown that, when tolerance is induced by peptide administration, the

capacity of antigen-specific CD4+ T cells to proliferate is reduced. Also, the
25  production of IL-2, IFN-y and IL-4 production by these cells is down-regulated, but

production of IL-10 is increased. Neutralisation of IL-10 in mice in a state of peptide-

induced tolerance has been shown to restore completely susceptibility to disease. It has

been proposed that a population-of regulatory cells persist in the tolerant state which

produce TL-10 and mediate immune regulation (Burkhart ef of (1999) Int. Immunol.
30 11:1625-1634).

The induction of tolerance can therefore also be monitored by various techniques

including:



5 growth and approximately 10 days after fusions were performed, individual clones were selected
and transferred to 24 well plates in HAT medium. Clones were maintained in HAT medium for at least
2 weeks before being weaned into HT medium and then complete medium. Clones were tested for
antigenic sp@&ﬁeﬂv‘ﬁyﬁﬂlturing 100111 of hybrig9ma cells with 5x104 I\/Fgﬁ? ggﬁgoﬁﬁﬂ?ﬁ%g?)reseme and
absence of 10 20jtg/m1 rhPVIII overnight. Supernatants were then collected and assessed for IL-2
production by EL1SA, with clones producing IL-2 in response to rhFVIII being considered positive for
F'VHI-specificity. To investigate the repertoire of predi FVIl ides EMIlI- [fic clones were
again tested for FL-2 proz?}?:tiont?‘?cf g%%%nggg?ﬁ}p t‘?r?é%%&?éﬁ%&%%%ﬁ%#cﬁ%%ﬁ of the 12
peptides. 15bgitpieeantchginnse s st 11 virflice primed with rhFV111 The same method was
followed as for (i), exceptdipgnice merd Vi tdngeficianin Hhddakg+ and murine MHC class 11 null. 20
(ivV)FVTLI peptide specific@/ of T cell hyhridomas generated from FV1111-/- mice The same method
was followed as for (i), except tﬁeéhfﬁﬁl Wwéré Seficient and HLA-DR2+. 25 (v)Tolerisation of
FWD-specific responses {ii)1 1R 2swmiegubatipndat thapmedwnttivitnifiniuHodumid bt 1 peptides
HLA-DR2+ murine MHC ﬂﬂis Il null migewere freated3itimes with 10011g of DNIMV, PRCLT or
PPIIA dissolved in PBS, or the equivalent volume of PBS alone. Peptides were administered
intraperitoneally, with 3-4 days between each dose. 30 Following the final administration, mice were
primed with el esmstsifiedin comeplgiaiPranndscadhlvafiandop@icihdays later, draining lymph
nodes were recovered and lymphocytes subsequently cultured in vitro with rhF VIII, or each of the
tolerising peptides as well as control antigens, for 72 hours before the addition of tritiated thymidine as
for (i). WO ZOP9RISHEENCT/GB2008/003996 34 (vi)Tolerisation of FVIIl-specific responses in DR2+
mice by pre-treatment with a combination immunodominant F'VIII peptides BLA-DR2+ murine MHC
class It null mjce were treated 3 times vvlith DNIMV, 5 PRCLT or combin%tion of Qogﬁw DNIMV and
PRCLT dissoVediFBBEmGHE AiaVEEHE vEluph S BIBE R MRS P& i LTS Aifinistered
intraperitoneallypasideB:-amys sieg howptidet hesdid sl getd rinisneation; mice were primed with rliFV111
emulsified in complete Freunds adjuvant as for (i). 10 days later, draining lymph nodes were recovered
and lymphocytes subsequently re-stimulated in vitro with rhFVII]. The 10 supernatants were then
collecteld an pYdRTR GoRPTiTe aSUvE oM peRtdS B S YAERIf B fhe Cél‘ﬁtﬁ?éeéﬁecifica‘\tion are
herein incorporateddey sefes eneatdarious modifications and variations of the described methods and
system 15 of the invention will he apparent to those skilled in the art without departing from the scope
and spirit of the invention. Although the invention has been described in connection with specific
preferred embBiscanédes, of Siotpamseitipiienstsadh tramrHes i vt AitERAIRfo I8 ot be unduly
limited to such-sRae) ik pptasinapiachdegdisvarisusiiagificadinos aletbepdescsibacimodes for
carrying out the inyention 20which are obvious to those skilled in cellular studies using flow eytouteny

or relatéd fieldS Sre intended to be within the scope of the following claims.

The composition may comprise the peptides PRCLTRYYSSFVNME and
DNIMVTFRNQASRPY. ' '

25  The composition of the present invention may be for prophylactic or therapeutic use.

When administered for prophylactic use, the composition may reduce or prevent the
generation of an immune response to FVIIL. The level of immune response is less than
would have been obtained in the patient had not been treated with the composition.
30 The term "reduce” indicates that a partial reduction in immune response is observed,
such as a 50%, 70%, 80% or 90% reduction in the response that would have been
observed in the patient had not been treated with the composition (or in the response
observed in an untreated patient over the same time-frame). The term "prevent"

indicates that no appreciable immune response to FVIII is observed.



WO 2009/071886PCT/GB2008/003996 35 SEQ ID No.1 1 mgqielstcff Iclirfcfsa trryylgave Iswdymqgsdl
gelpvdarfp prvpksfpfn 61 tsvvykktlf veftdhlfni akprppwmgl Igpticiaevy dtvvitlknm ashpvsihav 121
gvsywkaseg aeyddqtsqgr ekeddkvfpg gshtyvvvqvl kengpmasdp Icltysylsh 5181 vdlvkdinsg ligallvcre
gslakektqt I%IWI%E\?%& swhse tknsimqdrd 241 gasarawpkm htvngyvnrsP I‘ﬁaﬁﬂiﬂ‘fﬂ%’ U vigmg
ttpevhsifl eghtflvrnh 301 rciasleispi ifitaqtlirn diggthfch isshghdgme ayvkvdscpe epglrmknne 361
eaedydddlt dsemdvvrfd ddnspsficii rsvakkhpkt wvhyiaaeee dwdyaplvia 421 pddrsyksqy Inngpqrigr
kykkvrfmay tdetlktrea ighesgilgp llygevgdtl 10481 liificnciasr pyniyphgit dvrplysrrl pkgvkhlkdf pilpgeifky
kwtvtvedgp 541 tksdprcltr yyssfvnmer dlasgligpl licykesvdq rgngimsdkr nvilfsvfde 601 nrswylteni
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kthidgpsl! ieql%pggggckqviég_sdtefkk vtplihdrml mdknatald 201081 nhmsnkttss knmemvqgkk egpippdagn
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rniffinldn 1201 Ihennthnge kkigeelekk etligenvvl pgihtvtgtk nfmknilfils trgnvegsyd 1261 gayapvlqdf
rsindstnrt kkiTtesiskit geige e glgmgtiiivedd thetinispnt T32htenpombstarsda alkefdptiaetelekri ivddtstqws

knmkhltpst Itgid nette 251381, atig%g)ﬁ cltrshsip ganrsplpia kvssfpsirp iyltrvifqd nsshlpaasy 1441
rkkdsgvges s ‘%%Sg% ot s%a?iﬂfleﬁ%ntgdgre gs Igtsatnsvt ykkventvlp 1501 kpdlpktsgk vellpkvhiy
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36 OverlappfAtpEpERY parkdi bresaledmsciieafRpE by eHsppirfg s 8 BT FEIE @R QASRPY
51.473488Y (ehaMpib dibktfokdd hallenge with FVII in vitro.

28
It is important to bear in mind that not all immune re‘sponscs to FVIII are pathogenic.
Non-inhibitory anti-FVIII antibodies may be found in haemophilia patients without
inhibitors (Moreau et al (2000) Blood 95:3435-41) and approximately 15% of healthy
blood donors (Algiman et af (1992) 89:3795-9).

25
FVII inhibitors may be detected by the Nijmegen modification of the clotting
Bethesda assay, in which the ability of the patient's plasma to inactivate FVII in
normal plasma is tested. A Bethesda unit is defined as the amount of antibody that
neutralizes 50% of plasma FVIH activity, and titres of 0.6BU or greater suggest the

30  presence of antibody.

Inhibitors are generally classified as low titre if the level is <5 BU and high titre if > 5
BU.



2. 474489GEVGDTLLIIFICNQA 3. 475490EVGDTLLIPKNQAS 4. 476-491VGDTLLIIFICNQASR 5.
477-492GDTLLIIFICNQASRP 106.478-493DTLLDIKNQASRPY 7. 479-494TLLIEFKNQASRPYN 8.
480- 495LLLIFICN%ASRPYNI 9. 481-496LIIICNQASRPYNIY 10. 482-497LIFICNOASRPYNPIP
1511.483-498HERBRERPYNTYPH Overlapping set for PRCLTRYYSSF
201.540-554PTKSDPRCLTRYYSS 2. 541-555TICSDPRCLTRYYSSF 3.
542-556KSDPRCL1RYYSSFY 4. 543-557SDPRCLTRYYSSFVN 5. 544-558DPRCLTRYYSSF'VNM

256.545-559PRCLTRYYSSEVN 6-560RCLTRYYS  cor <o
547-561CLT \f" %ﬂ%ﬁﬁ%fé’%%ﬁﬁ?ﬁ%gé Ee N“f% A B 5 SFVNMEFDLA
3011.550-5641% &% Py BRDavalsouesihagisin o sieh foe il barp,/treer Riesm st yd 3be |

1783-1797R£ﬁ¥{§%{5@¥?@%@nﬂ784-1798AEVEDNIMVTFRNQA 3.
1785-1799EVEDNLMVTFRNQAS 4. 1786-1800VEDNIMVIFRNQASR 5.
1787-1801EDNIMVTFRNQASRP

5  The level of circulating FVII inhibitory antibodies may be reduced to 5, 4, 3,2, 1 or

0.5 BU.

The peptides and composition of the invention may increase the amount or proportion
of therapeutically administered FVII which is available to aid clotting in a patient.

10  This is due to the reduction in FVII inhibitors which may effectively remove a
proportion of FVII from exerting its therapeutic function. The peptide or composition
of the invention may increase the amount of available FVIII by, for example, 10%,
25%., 50% 75% or 100%.

15  The peptides and composition of the invention may thus reduce the amount of FVII

which needs to be administered to aid clotting in a patient.

FORMULATION

b
il

The composition may by prepared as an imjectable, cither as liquid solution or
suspension; solid form suitable for solution in; or suspension in, liquid prior to
injection may also be prepared. The preparation may also be emulsified, or the
peptides ehcapsulated in iposomes. The active ingredients may be mixed with
excipients which are pharmaceutically acceptable and compatible with the active
25  ingredient. Suitable excipients are, for example, water, saline (for example, phosphate-

buffered saline), dextrose, glycerol, ethanol, or the like and combinations thereof.

In addition, if desired, the composition may contain minor amounts of auxiliary
substances such as wettiﬁg or emulsifying apents and/or pH buffering agents.
30  Buffering salts include phosphate, citrate, acetate. Hydochloric acid and/or sodium
hydryoxide may be used for pH adjustment. For stabilisation, disaccharides may be

used such as sucrose or trehalose.



406. 1788-1802DNIMVTFRNQASRPY 7. 1789-1803NIMVTFRNQASRPYS 8.
1790-1804IMVTFRNQASRPYSF 9. 1791-1805SMVTFRNQASRPYSFY 10.
1792-1806VTERI\0§EZASRF'YSFYS 4511. 1793-1807TFRNQASRPYSFYSS 50 Overlagsg‘ing set for

SLYISQFIEMY3BE $%109-2123RQICFSSLYISQFLIM 2.2110-2124QIEFESEVEUFIMY wo
2009/071886PC T/GB2008/003996 37 3.2111-21251CFSSLYISQFLIMYS

4,2112-2126FSSLYISQFILMYSL 5. 2113-2127SSLY1SQFILMYSLD 6.2114-2128SLYISQPIIMYSLDG

57.2115-2129L YISQFITIMY SLDGK 8,2116:2130YISQEL IMY | :
9.2117-21311S ﬁﬁ%‘?ﬁ%ﬂ’& °Wiﬁ§ﬁ%g§%%(?s%g%&%¥f§&%%v%§o P4 the pepides
2119-2133QP4P pevappEmeicly earalo Sitanapisidhsarisive mtiarof Repspiide may be

2156-2170HMHrNP RIF AR, 15 FodikShe? IlddI P RARsY bR ldpdrddigr 1B NPPIARYIRLHP 4.

2159_2173':%%@:%@55 Btlﬂfé%-rri iZz:Iis(.5 ?6%}(? gtpglgggp%@%?kygettﬂ than the others in

5  particular HLA types.

After formulation, the composition may be incorporated into a sterile container which
is then sealed and stored at a low temperature, for example 4°C, or it may be freeze-
dried.

10
Conveniently the compbsition is prepared as a lyophilized (freeze dried) powder.
Lyophilisation permits long-term storage in a stabilised form. Lyophilisation
procedures are well known in the art, see for example

http://www.devicelink.com/ivdt/archive/97/01/006.html. Bulking agents are

15 commonly used prior to freeze-drying, such as mannitol, dextran or glycine.

The composition may be administered in a convenient manner such as by the oral,
intravenous (where water soluble), intramuscular, subcutaneous, sublingual, intranasal,

intradermal or suppository routes or implanting (e.g. using slow release molecules).

b2
=

The composition may advantageously be administered via intranasal, subcutaneous or

intradermal routes.

The peptide and composition of the invention may be used to treat a human subject:

25  The subject may have haemolphilia A, in particular severe hacmophilia A. The subject
may be genetically deficient in FVIII. The subject may have acquired haemophilia.
The subject may have inhibitory anti-FVIII antibodies.

The subject may be undergoing or about to undergo coagulant replacement therapy
30 with FVIIL

The subject may be undergoing or about to undergo gene therapy with the FVIII gene.



6. 2161-2175PPLIARYTRLHPTHY 207. 2162-2176PLIARYIRIMPTHYS
8.2163-2177HARYIRLITPTHYSI 9.2164-2178IARYIRLHPTHYSIR 10.
2165-2179ARYIRLHPTHYSLRS 11.2166-2180RYIRLHPTHYSIRST 25 Overlapping set for
RYLRIRPQWW%@E%?1.2317-2331PPLLTRYH§€IHPQSW 302.2318-2§§2‘l’5i_‘{é HHPQswv
3.2319-2333LLTRYL-tuHPQSWVH 4.2320-2334LTRYLRIHPQSWVHQ 5.
2321-2335TRYLRITIPQSWVHQI 6. 2322-2336RYLRILIPQSWVHQIA

357.2323-2337YLR1IHPOSWVH . 2324-2338L RIHPOSWVHOIALR .. .
9.2325-2333%%?#5 %Wg‘%ﬁ%?ké@ﬁyf&‘%ﬁ -‘ifiﬁ%i%tfﬁé’é%ﬁﬁ@ﬁ BME© 11
2327-23411 depcrmvinhibir RMEY D aBsetibadias ot papraitediing ke SEYRSEN®ing sequences:

VEDNIMVT FRMABA M W RIS ISR M i RMQASIBIBY so-ol i TidRN@AKRPYSFY
VTFRKQASRPYSEYS TKSDPRCLTRYYSSF KSDPRCLTRYYSSFV SDPRCLTRYYSSFVN

DPRCLTRY SE HhCLTRYYSSFVNME RCLTRYYSSFVNMER CLTRYYSSFVNMERD
which péptide is capable of binding to an MHC class Il molecule without further antigen processing

and being re?ggeéﬁ%da%mfsifa&ﬁ%}{l&éﬂﬁﬁiﬁﬂ L&l 2ot RERIiGS aseRrding ta.piBiRd, which has the
sequence PRCLTRYYSSFVNME. 3. A peptide according,to claim 1, which has the sequence
DNI MVTFRW@RW! subject and it will vary with the age, weight and response of the. particular

patient.

10 In a preferred embodiment a “dose escalation” protocol may be followed, where a
plurality of doses is given to the patient in ascending concentrations. Such an approach
has been used, for example, for phospholipase A2 peptides in immunotherapeutic
applications against bee venom allergy (Miiller ef af (1998) J. Allergy Clin Immunol.
101:747-754 and Akdis et al {1998} I. Clin. Invest. 102:98-106).

15
KITS

Conveniently, if the composition comprises a plurality of peptides, they may be

administered together, in the form of a mixed composition or cocktail. However, there

]
=

| ISR NP DU SRp S, FURppos N Jpi NEN. S S A S P P Y
may o€ circumsiances in wimch it 1s preierabic 10 proviae t

~ form of a kit, for simultaneous, separate, sequential or combined administration.

The kit may also comprise mixing and/or administration means (for example a
vapouriser . for intranasal administration; or a syringe and needle for

25  subcutaneous/intradermal dosing). The kit may also comprise instructions for use.

The pharmaceutical composition or kit of the invention may be used to treat and/or

prevent a disease.

30 In particular, the composition/kit may be used to treat and/or prevent haemophilia A or

acquired haemophilia.



4. A composition comprising a plurality of peptides according to claim 1. 39 5.A peptide according to
any of claims 1 to 3, or a composition according to claim 4, for use in suppressing or preventing the
production of factor VIII inhibitor antibodies in vivo. 56.The use of a peptide according to any of claims
to 3, ora cgilﬂﬁ%(’é’l%lr?%ccording to claim 4, int g manufacture of a mediEAHEA'E f)ress or
prevent the production of factor VIII inhibitor antibodies in vivo. 7. Use of a peptide according to any
of claims 1 to 3, or a composition according to claim 4 in the Manufacture of a medicament for
suppressing%ﬁagmme production of factor VIII inhibitor antibodies in 10a subject. 8. Use of a
peptide according to any of%laims | to 3, or a composition according to claim 4 in the manufacture of a

medicamentHemtigialing fasmiopkilipiiia)siskiectdHAnt e fisenaceprding Wiktlaim 7 or 8, wherein the
subject has haemophilia A, and is undergoing, or is about to undergo, factor VIl replacement therapy.

10.The use ageRsginGh 18 Blai LohSeiviri@incH\er URjeBDhR s Sl HHefigimigoBLiacting, acquired
haemophilia. 20 Ilif':rcp(t-:- use accordin t&) '

qi@éof %!éu S 7 to.loervhierein the.su%l%t IS HLA-DR2.
PO3115OSG°§é%ﬁenc% ﬁ%‘ffﬁrgl.[fx?rg U% ELIST 2T >¥\pit‘8'8renalneg}1nb og;l/s(éristol) Limited
<120> PEP TS fard BOnoptiitd A8 G APV PET (@BaUGSI00a996: B141> 2008-12-03 <150> GB
0723712.6 <151> 2007-12-04 <160> 96 <170> Patentln version 3.5 <210> 1

Hemophilia is typically divided into three classes: severe, moderate and mild, based on

the level of clotting factor in the blood. In severe hemophilia, there is less than |
percent of normal clotting factor. The degree of severity tends to be consistent from )

generation to generation.

10 Contrary to popular belief, minor cuts and wounds do not usually present a threat to
hemophiliacs. Rather, the greatest danger comes from spontaneous bleeding that may
occur in joints and muscles. This is most prone to occur during years of rapid growth,

typically between the ages of 5 and 15 years.

Repeated spontaneous bleeding in joints may cause arthritis, and adjacent muscles
15  become weakened. Pressure on nerves caused by the accumulation of blood may result

in pain, numbness, and temporary inability to move the affected area.

Haemophilia A is usually diagnosed with a blood test to determine the effectiveness of
clotting and to investigate whether the levels of clotting factors are abnormal.

20

The development of puﬁﬁcd clotting factors in the 1970s, isolated from donated blood,
significantly improved the long-term outlook for hemophiliacs. Mild to moderate
haemophiliacs can use treatment with FVIOI on an ad hoc basis, whereas severe

haemophiliacs may require regular, indefinite treatment.

25  Previously, patients were given factor VIII concentrates pooled from thousands of
plasma donations. This lead to significant problems of contamination with viral
pathogens, particularly the human immunodeficiency virus and the hepatitis viruses.
Monoclonal antibody purification techniques, heat inactivation, and virucidal detergent

treatments have rendered plasma-derived concentrates relatively safe.



<211> 2351 <212> PRT <213> Homo sapiens <400> 1 Met GlIn lle Glu Leu Ser Thr Cys Phe Phe Leu
Cys Leu Leu Arg Phe 151015 Cys Phe Ser Ala Thr Arg Arg Tyr Tyr Leu Gly Ala Val Glu Leu Ser

354045 Phe Pro Pro Arg
Val Pro Lys %8rBREB Phe Asn Thr Ser val V%\I,SOSSGO Tyr Lys Lys TAFEEStPBRE W% 1u Phe Thr

202530 Trp ASp Tyr Met GIn Ser ASp Leu Gly Glu Leu Pro Val Asp Ala Ar

Asp His Leu Phe Asn lle 65707580 Ala Lys Pro

rg Pro Pro Trp Met Gly Leu Leu Gly Pro Thr lle Gin

859095 Ala Glu Val Tyr Asp Thr Val Val lle Thr Leu Lys Asn Met Ala Ser 100105110 His Pro Val Ser
Leu His Ala aI GI r,Irp Lys Ala Ser 115120125 GI Ala GI p,Asp GIn Thr Ser
GIn Arg Glu ys ?ém,&s Bﬁ%% E’l‘gﬁgiiasflﬁg al B a 3 lszy g‘ S ? cﬁérsyr%‘/a:f Trp GIn Val Leu
1451501551 Becopbicis AsmKomamtefe K@S@EASM@ uw@yﬂ%r ipﬁngfe‘f'ei’ésnons

P031150SG SeaueRncalisiingddr VIIL The resulting factor is highly purified, eliminating any

10

15

20

25

30

possibility of transmission of virus from plasma.

The peptide or composition of the present invention may be administered before and/or

during factor VIII replacement therapy.

Hemophilia A is an ideal disease target for gene therapy since i) it is caused by a
mutations in a single identified gene, ii) a slight increase in clotting factor levels in vivo
can convert severe hemophilia into milder disease, and iii) current replacement
therapies are considered suboptimal. Also, there is a wide range of safety if there is an

"overshoot" of desired level of coagulation activity.

Unfortunately, to date the promise of gene therapy as a cure for haemophilia has not
been realized, primarily because of difficulties in finding a gene delivery system which
is sufficiently non-immunogenic to allow for long term expression of the clotting

factor.

The peptides of the present invention would also be suitable for tolerising a subject
prior to gene therapy with factor VIII and/or managing FVIII inhibitor formation in a

patient following gene therapy.

ACQUIRED HAEMOPHILIA

Acquired haemophilia is characterised by the presence of autoantibody inhibitors
against FVIII in individuals with previously normal coagulation. It is a rare condition,
with an estimated incidence of 1-3 per million population per year. The mortality rate
associated with acquired autoantibody inhibitors approaches 25% versus the

substantially lower risk of death in those with alloantibodies.

Compared to alloantibody inhibitor patients, acquired hemophilia is characterized by:

(1) a more severe bleeding pattern; (2) higher incidence in older population; (3)



Tyr Leu Ser His Val Asp Leu val Lys Asp Leu Asn Ser Gly Leu lle 180185190 Gly Ala Leu Leu Val Cys
Arg Glu Gly Ser Leu Ala Lys Glu Lys Thr 195200205 Gin Thr Leu His Lys Phe lle Leu Leu Pile Ala Val
Phe Asp Glu Gly 210215220 Lys Ser Trp His Ser Glu Thr Lys Asn Ser Leu Met GIn Asp Arg Asp
225230235290 AP K$%er Ala Arg Ala Trp Pro I_%s Met His Thr val Asn &RFR299EPEEES55 val ASn
Arg Ser Leu Pro Gly Leu lle Gly Cys His Arg Lys Ser Val 260265270 Tyr Trp His Val lle Gly Met Gly
Thr Thr Pro Glu val His Ser lle 275280285 Phe Leu Glu Gly His Thr Phe Leu val Arg Asn His Arg Gin
Ala ser 290295300 Leu.Glu lle set Proleg_ﬁlTh({ePtQﬁaéﬁu ThJ ,%h? GinThrleule Jnet 305310315320
Asp Leu Glyoé‘anfsﬂce:eLe"ﬁ LB Bife ‘Eys is 16°8&1 Cer His Gim His ?ﬁ%‘?\;ﬁ sp (%Sly met Glu Ala Tyr
Val Lys Val AsprBardiferfiv Giu ©lid Fryed08dE380cGin pegnargyMend yseash AZHREIuU Glu Ala Glu

Asp Tyr Asp ASRARR SeR36930a1kS UniRuASRSRE GHappRb-AsR@|30al ArdRile Aa4)sp Asp Asn ser
370375380 Pro Ser, Pile lle Gin_lle Arg ?er Val AI? Ll\{s LXS Elis Pro It_tgs Thr, 38539(1395400
in vitro inhibitor activity that follow a type Il pharmacokinetic pattérn with incomplete
5 neutralization of the targeted clotting factor activity by the autoantibody, typically

resulting in residual factor VIII levels ranging between 2%—18% in patient plasma. -

The peptide or composition of the present invention may be administered fo a patient
with acquired haemophilia, or to a patient believed to be at risk of developing acquired

haemophilia due to, for example:
10 i) imminent treatment with, for example penicillin or a sulfornamide
ii) progession of a tumour or other malignancy

iii) imminent or early pregnancy.

The invention will now be further described by way of Examples, which are meant to
15 serve to assist one of ordinary skill in the art in carrying out the invention and are not

intended in any way to limit the scope of the invention.

EXAMPLES

20 Example 1: Selection of HLA-DR2 Factor VIII peptides

A series of FDVIII 15mer peptides were compared using three HLA-DR binding
algorithms: l
SYFPEITHI (http//www.syfpeithi.de/home.htm)

25  ProPred (http://www.imtech.res.in/raghava/propred/) and
‘and IEDB ¢http://www.immuneepitope.org/home.do).

Peptides were selected which were predicted to be HLA-DR2-binding by more than
one of the programmes and flanking sequences were designed for the predicted core

30  residues (table 1).



Trp Val His Tyr lle Ala Ala Glu Glu Glu Asp Trp Asp Tyr Ala Pro 405410415 Leu Val Leu Ala Pro Asp
Asp Arg Ser Tyr Lys Ser Gin Tyr Leu Asn 420425430 Asn Gly Pro Gin Arg lle Gly Arg Lys Tyr Lys Lys
val Arg Pile met 435440445 P0311505G Sequence listing.txt Ala Tyr Thr Asp Glu Thr Phe Lys Thr
Arg Glu Ala W& &L #Iu 450455460 Ser Gly l}x Leu Gly Pro Leu Leu T§r&ERPER%BPGIy Asp Thr
Leu 465470475480 Leu lle lle Phe Lys Asn GIn %a Ser Arg Pro Tyr Asn lle Tyr Pro 485490495 His
Gly lle Thr Asp Val Arg Pro Leu Tyr Ser Arg Arg Leu Pro Lys SO0505510 Gly val Lys His Leu Lys Asp
Phe Pro lle %Gly Glu lle Phe 515520525 Lys Tyr Lys Trp Thr Val Thr Val Glu Asp Gly Pro Thr

Lys Ser As 540 Pro Arg Cys Leu Thr Arg Tyr Tyr.Ser. Ser Phe Val Asn Met Glu Arg
54555055550 tidsp [LEVIINIa Ser%?BPEw nessg}epro Leu Leu IleAdsps rEfarrsd BaIMSBI5 70575 Ser val
Asp GIn ArgllYngLAsmﬁnﬁﬂMMe oM Asn.Val 5 vﬁ?wo lle Leu-Phe-Ser|Val Phe Asp
Glu Asn Arvg*SeLILp_%&leulk Gin-Arg BMY . euPro-Asa-Prd Ala Gly Val Gi
Leu Glu Acp2 0208 | TQTL @ Gy ValGin

3 2114 SLYISQFIIMYSLDG SLYIS

4 2161 PPOARYIRLHPTHY PPIA

5 2318 PPLLTRYLRIHPQSW PPLLT

6 250 MHTVNGYVNRSLPGL MHTVN

7 322 LGQFLLFCHISSHQH LGQFL

8 478 DTLLIFKNQASRPY DTLLI

9 545 PRCLTRYYSSFVNME PRCLT

10 607 TENIQRFLPNPAGVQ TENIQ

11 1788 DNIMVTFRNQASRPY DNIMV

12 2322 RYLRIHPQSWVHQIA RYLRI

Example 2: Investigating the response of HLA-DR2 restricted cells from factor

VIII immunised mice to peptides

HLA-DR2 transgenic mice were immunised with human factor VIII in adjuvant.
Draining lymph node cells were collected and restimulated in vifro with different

concentrations of the 12 peptides from table 1. The results are shown in Figure 1.
10 HLA-DR2 restricted cells from factor VIII immunised mice clearly respond strongly to
peptide DNIMV (1** amino acid 1788). There are also responses to peptides PRCLT

(545) and PPIIA (2161).

Example 3: Investieating the response of T cells from HLA-DR2 mice to nemidés

15
HLA-DR2 mice were first immunised with factor VIII in adjuvant. Spleen cells from
immune mice were restimulated in vitro with factor VIII and the resulting lymphoblasts

were fused with the BW5147 thymoma using polyethylene glycol.

20  T-cell hybridomas were selected in HAT medium and the hybridomas cloned and
tested for their response to factor VIII. The hybridomas were then screened for their
response to the 12 predicted peptides. Of the 27 hybridomas screened, 11 responded to
DNIMV, 3 to PRCLT and 3 to PPIIA, although the response to PPIIA was weaker and



610615620 Pro Glu Phe GIn Ala Ser Asn lle Met His Ser lle Asn Gly Tyr Val 625630635640 Phe Asp
Ser Leu Gin Leu Ser Val Cys Leu His Glu Val Ala Tyr Trp 645650655 Tyr lle Leu Ser lle Gly Ala Gin
Thr Asp Phe Leu Ser Val Phe Phe 660665670 Ser Gly Tyr Thr Phe Lys His Lys Met Val Tyr Glu Asp
Thr Leu Thr6738806885 Leu Phe Pro Phe Ser Gly Glu Thr Val Phe Met §’§F{\%§%‘8%"R§9ﬁ Pro
690695700 Gly Leu Trp lle Leu Gly Cys His Asn Ser Asp Phe Arg ASrl Arg Gly 705710715720
P031150SG Sequence listing.txt Met Thr Ala Leu Leu Lys Val Ser Ser Cys Asp Lys Asn Thr Gly Asp
125730735 Ly, TY1 Gl ABR. SELTN GRASRIG RERAISTHEL O IUIGS! IS FIOIAG750 Asn Asn Ala
lle Glu Pro Arg Ser Phe Ser GIn Asn Ser Arg'His Pro 755760765 Ser Thr Arg Gin Lys Gin Phe Asn Ala
Thr Thr lle PHc@IINSAUSE 770775780 lle Glu Lys Thr Asp Pro Trp Phe Ala His Arg Thr Pro Met Pro
Lys 785790795800 lle Gin Asn Val Ser Ser Ser Asp Leu Leu Met Leu Leu Arg Gin Ser 805810815 Pro

Thr Pro His Ialﬁlegyesdie[ ll'x?&es%u'eggénsé tlﬁ%ure%{l%zgl:uo'%lgnlf%% -I;X)rde cells from FYHEL-DR2+

5 mice to peptides

HILA-DR2 transgenic mice were crossed with factor VIII deficient mice to create a

model of haemophilia expressing the human HLA class 1 MHC molecule.

10 These FVII-DR2+ animals were immunised with factor VIII in adjuvant. Draining
lymph nodes were isolated and tested for their response to the peptide panel. As shown
in Figure 3, these cells responded well to PRCLT and DNIMV. There was a weak
response to GTLMV and significant response to RYLRI

15  Example 5 - Investigating the response of T cells from HLA-DR2 mice to peptides

Factor VIH deficient mice expressing HLA-DR2 were immunised with factor VIII'in
adjuvant. Spleen cells from the immunised mice were restimulated in vifro with factor
VIII and the resulting lymphoblasts were fused with BWS5147, as described above. T-
20 cell hybridomas were screcned for their response to the 12 predicted peptides. Yet
again, the majority of hybridomas responded to peptides DNIMV and PRCLT. Of 19
hybridomas specific for factor VIII, 10 responded to DNIMV, 6 to PRCLT, 1 to PPIIA,
1 to SLYIS and 1 to DTLLL Examples of responses by these hybridomas are shown in
Figure 4.
25 _
Based on these experiments it is clear that two peptides DNIMV (first amino acid
number 1788) and PRCLT (first amino acid 545) constitute the immunodominant T-
cell epitopes in the HLA-DR2 restricted T-cell response to human factor VIII

30 Example 6 - DNIMV and PRCLT behave as apitopes

In order to be an apitope, a peptide must be capable of binding to an MHC class 1 or 11

molecule without further antigen processing (i.e. trimming) and be presented to a T



820825830 Glu Thr Phe Ser Asp Asp Pro Ser Pro Gly Ala lle Asp Ser Asn Asn 835840845 Ser Leu ser
Glu Met Thr His Phe Arg Pro Gin Leu His His Ser Gly 850855860 Asp Met Val Phe Thr Pro Glu Ser
Gly Leu Gin Leu Arg Leu ASn Glu 865870875880 Lys Leu Gly Thr Thr Ala Ala Thr Glu Leu Lys Lys
Leu Asp Ph@’%‘@ggﬁi‘?&% Val Ser Ser Thr Sey, Asn Asn Leu lle Ser TRFFEBIPEUPREp ASn
900905910 Leu Ala Ala Gly Thr Asp Asn Thr Ser Ser Leu Gly Pro Pro Ser met 915920925 Pro val His
Tyr Asp Ser Gin Leu Asp Thr Thr Leu Phe Gly Lys Lys 930935940 Ser Ser Pro Leu Thr Glu Ser Gly

Gly Pro Leu S Ser Glu Glu 945950 9
1o 0 o WSS U Gl ARt A RSl Ak agiysor I Lo e

Asn Ser Gin | _ Ser Ser Trp G er Gly Arg Leu Phe
980985990 MEBiEHESG Sequence listing.txt Lys Gly Lys Arg Ala His Gly Pro Ala Leu Leu Thr Lys
Asp Asn Ala 99510001005 Leu Phe Lys Val Ser lle Ser Leu Leu Lys Thr Asn Lys Thr Ser .
1010101510 Asnlésn Ser. Ia;&%@%%’?&?# S 1'I'hr Hlsflle Aﬁ&%y_ Ié[o Ser

gar cells were either % paraforma ones were tested

5 for antigenic specificity by culturing 100ul of hybridoma cells with 5x10* Mgar cells in
the presence and absence of 20pg/ml rhFVII or peptide epitopes overnight.
Supernatants were then collected and assessed for IL-2 production by ELISA. The fact

that thFVIII must be presented by live Mgar cells demonstrates that the intact protein
requires antigen processing to be presented. Pepfides DNIMV and PRCLT, on the

10 other hand, are presented by both live and fixed Mgar cells indicating that these

peptides function as apitopes (Figure 5).

Example 7 - Determination of the range of peptide epitopes capable of functioning
15  as apitopes

The range of peptide epitopes capable of functioning as apitopes in the sequences
surrounding DNIMV, PRCLT and the other peptides was identified by preparing
panels of overlapping peptides (shown on pages 36-37) and screening these using the

~all < b SRR SN [y S S ey v .
T-cell hybridomas using the same method as Ex:

b
f=
17

Example § - DNIMV and PRCLT induce tolerance to whole facter VI protein

HLA-DR2 transgenic mice were treated with either of the two soluble peptides, or PBS
25  as a control, prior to immunisation with factor VIH in adjuvant. Draining lymph nodes
were isolated and the cells restimulated in vitro with factor VIII protein in order to
assess the immune status of the mice. As shown in Figure 6, treatment of mice with
cither DNIMV or PRCLT led to a substantial suppression of the immune response to
factor VIIE.
30
Example 9 - Investigation of whether DNIMV and PRCLT able to induce

tolerance in the factor VIII knockoutf mouse




102510301035 Leu Leu lle Glu Asn Ser Pro Ser Val Trp Gin Asn lle Leu Glu 104010451050 Ser Asp
Thr Glu Phe Lys Lys Val Thr Pro Leu lle His Asp Arg 105510601065 Met Leu Met Asp Lys Asn Ala Thr
Ala Leu Arg Leu Asn His Met 107010751080 Ser Asn Lys Thr Thr Ser Ser Lys ASn Met Glu Met Val
Gin Gin 108820981088 ys Lys Glu Gly Pro lle Ryo Pro Asp Ala Gin Asn'] ?XG' 4p¥et 10011051110
ser Phe Phe Lys met Leu Phe Leu Pro Glu Ser Ala Arg Trp lle 111511201125 Gin Arg Thr His Gly Lys
ASn Ser Leu ASn Ser Gly Gin Gly Pro 113011351140 Ser Pro Lys Gin Leu Val Ser Leu Gly Pro Glu
Lys Ser val Glu 1]1&511%11 Gl G'QhA§ h%e ?? G | Gly L
1 BClH LHR ASALG A Yahyal Cly Lys

116011651170 &ly Glu Phe. "?_i/gse /_éspav%’l Gly Le% ys GlU Met Vaﬁr Phe Pro 117511801185 Ser Ser
Arg ASn Leudpicele Faston ST éu miss Aprrising mpdesraorsdaed X100 ASAAREATFAT His Asn Gin Glu
Lys Llys lle GiaGlipdalst!lei@lur L AODEILO ARtk Y5 Lagtelalind Ritkaisr!ithésdnpedtidésniral Val Leu Pro
Gin lle 122012251230, His Thv vl ThY Gl Ty, AST, R et s Agp Leu Phe Leu

5

Example 10 — Investigation of whether DNIMV and PRCLT in combination are

able to induce tolerance in the factor VIII knockout mouse

The two peptides' which were shown to individually reduce the immune response to
10 factor VIII in factor VIII deficient mice in Example 9 were combined. As shown in
Figure 8, treatment of mice with both DNIMV and PRCLT led to a substantial
suppression of the immune response to factor VIII, as shown by the decrease in IFN-
gamma production. ITFN-gamma is the major class switch. lymphokine required for
neutralising antibodies in the mouse. The effect demonstrated was greater than that

15 observed using either peptide alone.
Methods

(i) Recall responses for DR2+ mice primed with rhFVII
26 HLA-DR2+ murine MHC class I nu i i
emulsified in Complete Freunds Adjuvant supplemented with 400ug heat-killed
M.tuberculosis H37Ra, subcutaneously at the base of the tail. 10 days later the mice
were sacrificed and the draining lymph nodes removed. Single cell suspensions were
prepared and lymphocytes incubated at 4-5x10° cells per well in 96-well flat bottomed
25  plates for 72 hours with the indicated concentrations of peptide or control antigens
before pulsing with 0.5uCi/well tritiated thymidine for a further 16 hours. Plates were
then frozen before cells were harvested onto glass filter mats and radioactive

- incorporation measured using a ligquid scintillation f-counter

30 (i)  FVII peptide speciﬁcitﬁr of T cell hybridomas generated from DR2+ mice
HLA-DR2+ murine MHC class I null mice were immunised as above. On day 10
draining lymph nodes were removed and lymphocytes cultured at 2.5x10° cells/mi,
Iml/well in 24 well plates in the presence of 20pg/ml thFVIII for 3 days. Following
this stimulation, lymphocytes were recovered, washed and fused with TCRa'ff” BW



123512401245 P031150SG Sequence listing.txt Leu Ser Thr Arg Gin Asn Val Glu Gly Ser Tyr Asp
Gly Ala Tyr 125012551260 Ala Pro Val Leu Gin Asp Phe Arg Ser Leu Asn Asp Ser Thr Asn
126512701275 A@ Thr Lys Lys His Thr Ala His Phe Ser Lys Lys Gly Glu Glu 128012851290 Glu Asn

Leu Glu Gly‘fgu2

{A&H Gin Thr Lys Gin lle Val Glu 129513001305 Lys 5P EREEYYFRE Thr Arg lle

Ser Pro Asn Thr Ser Gin Gin 131013151320 Asn Phe Val Thr Gin Arg Ser Lys Arg Ala Leu Lys Gin
Phe Arg 132513301335 Leu Pro Leu Glu Glu Thr Glu Leu Glu Lys Arg IIe IIe VaI Asp 134013451350

hr Gin Tr r Lys Asn Pr 135513 Thr Leu Thr Gin lle

DERTS fJCE@ fRR O%A%%Cfglf é In lggrg'g k’ rkCys Leu Thr Arg
Ser His Ser ms@m@mwm@mo@mmmﬁwﬁg@éb WéﬁLeﬁ% %lmaemav%ﬁi
Ser Phe Pro Gapdle A0 Mewdd/bheth Tk Atgobald-os Rbe 2dis 1820145 GivispeAsn Ser Ser HIS

Asp Thr Ser
Asp Tyr Asn

Leu Pro Ala

10

15

20

25

30

Ala Ser fyr Arg Lys Lys
ddition of HAT mcdmm to select for T cell hybridomas. Cells were monitored for

growth and approximately 10 days after fusions were performed, individual clones

were selected and transferred to 24 well plates in HAT medium. Clones were

r 140014051410

maintained in HAT medium for at least 2 weeks before being weaned into HT medium -

and then complete medium. Clones were tested for antigenic specificity by culturing
100ul of hybridoma cells with 5%x10* Mgar cells in the presence and absence of
20pg/m] thFVIH] overnight. Supernatants were then collected and assessed for 11-2
production by ELISA, with clones producing IL-2 in response to rhEFVIII being
considered positive for FVIH-specificity. To investigate the repertoire of predicted
FVII peptides FVIIE-specific clones were again tested for IL-2 production, following
overnight incubation with 20pg/ml of each of the 12 peptides.

(iii)  Recall responses for FVIII-/- mice primed with rhF VIO
The same method was followed as for (i), except the mice were FVIII-deficient, HLA-
DR2+ and murine MHC class II null.

(iv) FVIIl pepiide specificity of T ceil hybridomas generated f:i'ﬁ‘i“ FVIH-/-
mice

The same method was followed as for (ii), except the mice were FVIIl-deficient and
HLA-DR2+. | |

(v) Tolerisation of FVII-specific responses in DR2+ mice by pre-treatment
with immunodominant FVIII peptides '

HLA-DR2+ murine MHC class II null mice were treated 3 times with 100ug of
DNIMYV, PRCLT or PPIIA dissolved in PBS, or the equivalent volume of PBS alone.
Peptides were administered intraperitoneally, with 3-4 days between each dose.
Following the final administration, mice were primed with rhFVIII emulsified in
complete Freunds adjuvant as for (i). 10 days later, draining lymph nodes were
recovered and lymphocytes subsequently cultured in vitro with rhFVIIL, or each of the
tolerising peptides as well as control antigens, for 72 hours before the addition of

tritiated thymidine as for (i).



143014351440 Asp Ser Gly Val Gin Glu Ser Ser His Phe Leu Gin Gly Ala Lys 144514501455 Lys Asn
ASrl Leu Ser Leu Ala lle Leu Thr Leu Glu Met Thr Gly 146014651470 Asp Gin Arg Glu Val Gly Ser Leu
Gly Thr Ser Ala Thr Asn Ser 147514801485 Val Thr Tyr Lys Lys Val Glu Asn Thr Val Leu Pro Lys Pro
Asp 149014991898 P8H1150SG Sequence listing.txt Leu Pro Lys Thr SEFBRZIEHYU Leu Leu
Pro Lys Val His 150515101515 lle Tyr Gin Lys A%b Leu Phe Pro Thr Glu Thr Ser Asn Gly Ser
152015251530 Pro Gly His Leu Asp Leu Val Glu Gly Ser Leu Leu Gin Gly Thr 153515401545 Glu Gly
Ala lle Lys Trp Asn Glu Ala Asn Arg Pro Gly Lys Val 155015551560 Pro Phe Leu Arg Val Ala Thr Glu
Ser Ser Ala Lys Thr Pro Ser 156515701575 Lys Leu Leu Asp Pro Leu Ala Trp Asp Asn His Tyr Gly Thr
Gin 158015861690 Tiderisatiops db [HVGIl-Sgrifigs SpoBis GIUDRA- Seick hy Ghetyettx8616001605 Thr

Ala Phe Lys Lys, Iayc%'ﬁﬁmél;p)rnllﬁ,&%%%ﬁhpﬁgﬁigyﬁémomm1620 Glu Ser Asn His Ala lle Ala

Ala lle Asn Glu GI% Gin Asn Lys )
HLA-DR2+ murine’ MHC class II null mice were treated 3 times with DNIMV,

5  PRCLT or a combination of both DNIMV and PRCLT dissolved in PBS, or the
equivalent volume of PBS alone. Peptides were administered intraperitoneally, over 8
days. Following the final administration, mice were primed with thFVII emulsified in
complete Freunds adjuvant as for (i). 10 days later, draining lymph nodes were
recovered and lymphocytes subsequently re-stimulated in vifro with rhFVIIL. The

10  supernatants were then collected and IFN-gamma was measured.

All publications mentioned in the above specification are herein incorporated by
reference. Various modifications and variations of the described methods and system
15  of the invention will be apparent to those skilled in the art without departing from the
scope and spirit of the invention. Although the invention has been described in
connection with specific preferred embodiments, it should be understood that the
invention as claimed should not be unduly limited to such specific embodiments.
Indeed, various modifications of the described modes for carrying out the invention
20  which are obvious to those skilled in celiular studies using flow cytometry or related

fields are intended to be within the scope of the following claims.



162516301635 Pro Glu lle Glu Val Thr Trp Ala Lys Gin Gly Arg Thr Glu Arg 164016451650 Leu Cys
Ser Gin Asn Pro Pro Val Leu Lys Arg His Gin Arg Glu 165516601665 lle Thr Arg Thr Thr Leu Gin Ser
Asp Gin Glu Glu lle Asp Tyr 167016751680 Asp Asp Thr lle Ser Val Glu met Lys Lys Glu Asp Phe Asp
lle 16851698%%’91‘%7#%% Glu Asp Glu Asn Gin Ser Pro Arg Ser Phe GiR VS B 57051710 Thr
Arg His Tyr Phe lle Ala Ala Val Glu Arg Leu Trp &‘sp Tyr 171517201725 Gly Met Ser Ser Ser Pro His
Val Leu Arg Asn Arg Ala Gin Ser 173017351740 Gly Ser val Pro Gin Phe Lys Lys Val Val Phe din Glu
Phe Thr 174%@1 g P031150SG Sequence listing.txt Asp Gly Ser Phe Thr Gin Pro Leu Tyr Arg
Gly Glu LeU Ash Glu 176017651770 HiS Leu Gly Leu Leu Gly Pro Tyr lle Arg Ala Glu val Glu Asp
%‘%SA

177517801785 W%EF%M@#@ uﬁ%}%@ﬁiﬂ% r Ser 179017951800 Phe Tyr
Ser Ser Leu IIeu‘a_ ] A ﬁ@éﬁg&gg g;‘g\é

y i@b&@ﬁo Arg Lys Asn Phe Val
Lys Pro 4sn Gl dii&ih&Y ligalivere gslakektgt Inkfillfav fdegkswhse tknsimadrd
241 aasarawpkm htvngyvnrs Ipgligchrk svywhvigmg ttpevhsifl eghtfivrnh
301 rqasleispi titaqtiim diggfiifch isshghdgme ayvkvdscpe epglirmknne
361 eaedydddlt dsemdvvrfd ddnspsfigi rsvakkhpkt wvhyiaaeee dwdyaplvia
421 pddrsyksqy inngparigr kykkvrfmay tdetfktrea ighesgiigp liygevgdil
10 481 liifknqasr pyniyphgit dvrplysmi pkgvkhlikdf pilpgeifky kwtvivedgp
541 tksdpreltr yyssfunmer dlasgligp! licykesvdg rgngimsdkr avilfsvfde
601 nrswylteni qrilpnpagv gledpefqas nimhsingyv fdsiglsvel hevaywyils
661 igagtdfisv fisgytfkhk mvyedtitf pfsgetvims menpyiwily chnsdimrg
721 mtallkvssc dkntgdyyed syedisayli sknnaieprs fsqnsrhpst rgkgfnatti
15 781 pendiektdp wfahrtpmpk ignvsssdll milrgsptph glsisdlgea kyetfsddps
841 pgaidsnns! semthfrpgl hhsgdmvftp esglaline kigttaate! kkldfkvsst
901 snnlistips dniaagtdnt sslgppsmpv hydsqldtil fgkkssplte sggplsisee
961 nndskllesg Imnsgesswg knvsstesgr ifkgkrahgp alitkdnalf kvsisilkin
1021 kisnnsatnr kthidgpsll ienspsvwgn ilesdtefkk viplindrml mdknatald
20 1081 nhmsnkttss knmemvqagkk egpippdagn pdmsffkmif Ipesarwigr thgknsinsg
1141 qgpspkglvs Igpeksvegq nfiseknkvv vgkgeftkdv glkemvipss rifitnidn
1201 thennthnge kkigeeiekk etligenvvi pgihivigtk nfmkniflis tranvegsyd
1261 gayapviqdf rsindstnrt kkhtahfskk geeenleglg ngtkqiveky acitrispnt
1321 sqqnifviqrs kralkgfrip leetelekr ivddistqws knmkhitpst ltgidyneke
25. 1381 kgaitgspls dcitrshsip qanrsplpia kvssfpsinp iyltrvifqd nsshipaasy
1441 rickdsgvaes shflggakkn nisiailtle mtgdgrevgs Igtsatnsvt ykkventvip
1501 kpdipktsgk vellpkvhiy gkdifptets ngspghldiv egsliggfeg aikwneanrp
1561 gkvpflrvat essakipskl ldplawdnhy gfgipkeewk sqekspekta fkkkdtilsl
1621 nacesnhaia aineggnkpe leviwakagr tericsgnpp vikrhareit ritigsdgee
30 1681 idyddtisve mkkedfdiyd edengsprsf qkkirhyfia averiwdygm sssphvlrmr
1741 agsgsvpqgfk kvwfgeftdg sfigplyrge inehlgilgp yiraevedni mvifrnqasr
1801 pysfysslis yeedqgragae prknfvkpne tkiyfwkvgh hmaptkdefd ckawayfsdv
1861 diekdvhsagl igplivchin tinpahgrgv tvaefalfft ifdetkswyf tenmermncra
1921 pcnigmedpt fkenyrfhai ngyimdtipg lvmaqgdarir wyllsmgsne nihsihfsgh
35 1881 vitvrkkeey kmalynlypg vietvemlps kagiwrvec! igehlhagms tiflvysnke
2041 gtplgmasgh irdiqitasg qyggwapkla rihysgsina wstkepfswi kvdilapmii
2101 hgiktqgarg kfsslyisqf iimysldgkk wqtyrgnstg timvifgnvd ssgikhnifn
‘2161 ppiiaryirl hpthysirst irmewmgcdl nscsmplgme skaisdagit assyfinmfa
'2221 twspskarih iggrsnawrp qvnnpkewlq vdfgktmkvt gvttqgvks! ltsmyvkefl
40 2281 isssqdghqgw tiffgngkvk viggnadstt pvvnsidpp! Yryinhpg swhgialrm
2341 evigceaqdl y



182018251830 Tyr Phe Trp Lys Val Gin His His met Ala Pro Thr Lys Asp Glu 183518401845 Phe Asp
Cys Lys Ala Trp Ala Tyr Phe Ser Asp Val Asp Leu Glu 185018551860 Lys Asp Val His Ser Gly Leu lle
Gly Pro Leu Leu Val Cys His 186518701875 Thr Asn Thr Leu Asn Pro Ala His Gly Arg Gin Val Thr Val
Gin 18801885 18B30%@1i8Phe Ala Leu Phe Phe Thr lle Phe Asp Glu Thr Ly$Se6Fa88839001905 Tyr
Phe Thr Glu Asnh met Glu Arg Asn Cys Arg Ala Préf Cys Asn 191019151920 lle Gin Met Glu Asp Pro
Thr Phe Lys Glu Asn Tyr Arg Phe His 192519301935 Ala lle Asn Gly Tyr lle Met Asp Thr Leu Pro Gly

Leu Val Met 194019451950 Ala Gin Asp Gin Arg lle A{ Trp Tyr Leu Leu Ser Met Gly Ser
195519601963 RLFPRITF R@f‘ﬁ%%%‘%@?ﬁé’ﬁﬁéﬁ%ﬂ%& Gly His Val Phe Thr 197019751980 Val Arg

Lys Lys Glu %Ueﬁyﬂph}%ssé\{'%ﬁﬁhﬁ?ﬁ Agppkeu Tyr 198519901995 Pro Gly Val Phe Glu Thr Val Glu
Met Leu Pro Ser Lys Ala Gly 200020052010 P0311505G Sequence listing.txt lle Trp Arg Val Glu Cys

Leulle-Gly,Glu His Leu HistAda: §aly YGEVGDTLLIFKNG

2. 474-489 GEVGDTLLIIFKNQA

3. 475-490 EVGDTLLHFKNQAS

4. 476-491 VGDTLLIFKNQASR

5. 477-492 GDTLLIFKNQASRP
10 6. 478-493 DTLLEFENQASRPY

7. 479-494 TLLOFKNQASRPYN

8. 480-495 LLOFEKNQASRPYNI

9. 481-496 LHFKNQASRPYNIY

10. 482-497 HFKNQASRPYNIYP
15 11. 483-498 FEKNQASRPYNIYPH

Overlapping set for PRCLTRYYSSFVNME

20 I. 540-554 PTKSDPRCLTRYYSS
2. 541-555 - TKSDPRCLTRYYSSF
3. 542-556 KSDPRCLTRYYSSFV
4, 543-557 SDPRCLTRYYSSFVN
5. 544-558 DPRCLTRYYSSFVNM
25 6. 545-559 PRCLTRYYSSFVNME
7. 546-560 RCLTIRYYSSFVNMER
8. 547-561 CLTRYYSSFVYNMERD
9, 548-562 LTRYYSSFVNMERDL
10, 549-563 TRYYSSFVNMERDLA
30 11, 550-564 ' RYYSSFVNMERDLAS

Overlapping set for DNIMVTFRNQASRPY

5 1. 1783-1797 RAEVEDNIMVTEFRNQ
2. 1784-1798 AEVEDNIMVTFRNOQA
3.1785-1799 EVEDNIMVTFRNQAS
4. 1786-1800 VEDNIMVTFRNQASR
5.1787-1801 EDNIMVTFRNQASRF
40 6.1788-1802 DNIMVTFRNQASRPY
7. 17859-1803 NIMVTFRNQASRPYS
8. 1790-1804 IMVTFRNQASRPYSF
9. 1791-1805 MVTFRNQASRPYSFY
10. 1792-1806 VIFRNQASRPYSFYS
45 11.1793-1807 TFRNQASRPYSFYSS

50  Overlapping set for SLYISQFIMYSLDG

1.2109-2123 RQKFSSLYISQFIM
2.2110-2124 QKFSSLYISQFIMY



201520202025 Met Ser Thr Leu Phe Leu Val Tyr Ser ASn Lys Cys Gin Thr Pro 203020352040 Leu
Gly Met Ala Ser Gly His lle Arg Asp Phe Gin lle Thr Ala 204520502055 Ser Gly Gin Tyr Gly Gin Trp
Ala Pro Lys Leu Ala Arg Leu His 206020652070 Tyr Ser Gly Ser lle Asn Ala Trp Ser Thr Lys Glu Pro
Phe Ser 2075923882085 Tp lle Lys Val Asp Leu Leu Ala Pro Met lle lle HiS WERPHESS80952100 Lys
Thr Gin Gly Ala Arg Gin Lys Phe Ser Ser Leu Tyr Ylle Ser 210521102115 Gin Phe lle Ile met Tyr Ser
Leu Asp Gly Lys Lys Trp Gin Thr 212021252130 Tyr Arg Gly Asn Ser Thr Gly Thr'Leu Met Val Phe
Phe Gly Asn 2135 159 12 Val Asp Ser,%rs%iS |s Asn lle Phe Asn Pro Pro lle
215021552160 lle Ala r lle Arg Leu ggm_ss[yr Ser lle Arg 216521702175 Ser Thr Leu
Arg met Glu Trp Mgtﬁlﬁg,@mAsp Leu Asn SergyeRiXie21862190 Ser Met Pro Leu Gly met Glu Ser

Lys Ala lle Ser AspsAta1@m 219522002205 llsrmsalargssEBGTyr Phe Thr Asn Met Phe Ala Thr Trp
Ser 2216221522207P¥bl $2Bys Ala Arg Leu HIsYIRQFBMYSRDEHEY Ser ASI1 Ala Trp

8.2116-2130 YISQFEMYSLDGKK

9. 21172131 ISQFIIMY SLDGKKW
10.2118-2132 SQFOMYSLDGKKW(Q
11.2119-2133 : QFIMY SL.DGKKWQT

10

Overlapping set for PPHARYIRLHPTHY

1.2156-2170 HNIFNPPHARYIRL

15 2.2157-2171 NIFNPPOARYIRLH
3.2158-2172 IFNPPIIARYIRLHP
4. 21592173 FNPPIIARYIRLEHPT
5.2160-2174 NPPHARYTRLHPTH
6.2161-2175 PPHARYIRLHFTHY

200 7.2162-2176 PHARYIRLHPTHYS
8.2163-2177 TTARYIRLHPTHYSI
9.2164-2178 IARYIRLHPTHYSIR
10, 2165-2179 - ARYIRLHPTHYSIRS
11.2166-2180 RYIRRLHPTHYSIRST

25

Overlapping set for RYLRIHPQSWVHQIA

1.2317-2331 PPLLTRYLRIHPQSW

30 2.2318-2332 PLLTRYLRIHPQSWYV
3.2319-2333 LLTRYLRIHPQSWVH
4,2320-2334 LTRYLRIHPQSWVHQ
5.2321-2335 TRYLRIHPQSWVHQI
6.2322-2336 RYLRIHPQSWVHQIA

35 7.2323-2337 YLRIHPOSWVHOQIAL
8.2324-2338 LRIHPQSWVHOQIALR
9.2325-2339 RIHPQSWVHQIALRM
10, 2326-2340 THPQSWVHQIALRME

11. 2327-2341 HPQSWVHQIALRMEV
40



222522302235 Arg Pro Gin Val Asn Asn Pro Lys G u Trp Leu Gin Val Asp Phe 224022452250 Gin Lys
Thr Met Lys Val Thr Gly Val Thr Thr Gin Gly Val Lys 225522602265 P0311505G Sequence listing.txt
Ser Leu Leu Thr Ser M Tyr Val Lys Glu Phe Leu lle Ser Ser 227022752280 Ser Gin Asp Gly His Gin
Trp Thr Lg# qu% Phe Gin Asn Gly Lys 228522902295 val Lys Val Phe Gin Gly Asn Gin Asp Ser Phe
Thr Pro va Q/Ia 30023052310 Asn Ser Leu Asp Pro Pro Leu Leu Thr Arg Tyr Leu Arg lle His
231523202325 Pro Gin Ser Trp Val His Gin lle Ala Leu Arg Met Glu val Leu 233023352340 Gly Cys
Glu Ala Gin AspA sty h28452860 240w 2s<R1dne®: <212> PRT <213> Artificial Sequence <220>
<223> Synthetigpeplides4ao> 2 Leu Tyr lle Ser Gin Phe lle lle Met 15 <210> 3 <211> 9 <212> PRT

<213> Avrtificial Sefuence 220>
IMVTERNQASRPYSE
MVTFRNQASRPYSFY
VIFREKQRSRPYSFYS
TRSDPRCLIRYYSEF
KSDPRCLTRYYSSEY
SDPRCLTRYYSSFVIN
DERCLTRYYSSFVNM
PRCLTRYYSSFVNME
RCLTRYYSSFVNMER
CLTRYYSSFVNMERD
which peptide is capable of binding to an MHC class 1T molecule without further antigen

processing and being recognised by a factor VIII specific T cell.
2. A peptide according to claim 1, which has.the sequence PRCLTRYYSSFVNME.
3. A peptide according to claim 1, which has the sequence DNIMVTFRNQASRPY.

4, A composition comprising a plurality of peptides according to claim 1.



<223> Synthetic peptide <400> 3 Phe lle lle met Tyr Ser Leu Asp Gly 15 <210> 4 <211> 9 <212> PRT
<213> Artificial Sequence <220> <223> Synthetic peptide <400> 4 lle Ala Arg Tyr lle Arg Leu His Pro
15 <210>5 Leu lle lle Phe Lys Asn Gin Ala ser 15 <210> 6 <211> 9 <212> PRT <213> Atrtificial
sequence <220> <223> Synthetic peptide <400> 6 Leu Thr Arg Tyr Tyr Ser Ser Phe val 15 <210> 7

<211> 9 <212> PRT <213> Atrtificial sequence <22 <223> Synthetic peptide <400> 7 met val Thr
Phe Arg Asn GIn Ala Ser

5. A peptide according to any of claims 1 to 3, or a composition according to claim 4, for use in

suppressing or preventing the production of factor VIII inhibitor antibodies in vivo.

5 6 The use of a peptide according to any of claims 1 to 3, or a composition according to claim 4, in the

manufacture of 2 medicament to suppress or prevent the production of factor VIII inhibitor antibodies in vivo.

7. Use of a peptide according to any of claims 1 to 3, or a composition according to claim 4 in the
fnanufacture of a medicament for suppressing or preventing the production of factor VIII inhibitor antibodies in

10 asubject.

8. Use of a peptide according to any of claims 1 to 3, or a composition according to claim 4 in the

manufacture of a medicament for treating haemophilia in a subject.

15 9. The use according to claim 7-or 8, wherein the subject has haemophilia A, and is undergoing, or is

about to undergo, factor VIII replacement therapy.

10. The use according to claim 7 or 8, wherein the subject has, or is at risk from contracting, acquired
haemopnilia.

20
11, The use according to any of claims 7 to 10, wherein the subject is HLA-DR2,



15 <210> 8 <211> 9 <212> PRT <213> Artificial Sequence <220> <223> Synthetic peptide <400> 8
Leu Arg lle His Pro GIn ser Trp val 15 <210> 9 <211> 15 <212> PRT <213> Artificial Sequence <220>
<223> Synthetic peptide <400> 9 Pro Arg Cys Leu Thr Arg Tyr Tyr Ser Ser Phe Val Asn Met Glu
151015 P0311505G Sequence listing.txt <210> 10 <211> 15 <212> PRT <213> Artificial Sequence
<220> <223> Synthetic peptide <EE%L > N%%ﬁﬁé@ﬁiﬁ’ﬂé MBS &9TRKPhe Arg Asn Gin Ala Ser Arg Pro

<

Tyr 151015 <210> 11 <211> 15 251K > Artificial Sequence <220> <223> synthetic peptide

<110> Apitope Technology (Bristol) Limited
<120> PEPTIDES
<130> P0311505G

<140> PCT/GR2008/003996
<141> 2008-12-03

<150> GB 0723712.6
<151> 2007-12-04

<160> 96

<170> PatentIn version 3.5
<210> 1

<211> 2351

<212> PRT

<213> Homo sapiens

<400> 1

Met GIn Ile Glu Leu Ser Thr Cys Phe Phe Leu Cys Leu Leu Arg Phe
1

Cys Phe Ser gga Thr Arg Arg Tyr ggr Leu Gly Ala val ggu Leu Ser

Trp Asp gyr Met GIn Ser Asp Leu Gly Glu Leu Pro val Asp Ala Arg

Phe Pro Pro Arg val Pro Lys Ser pPhe Pro Phe Asn Thr Ser val val
50 55 60

Tyr Lys Lys Thr Leu Phe val Glu pPhe Thr Asp His Leu Phe Asn Ile
65 70 75 80

Ala Lys Pro Arg Pro Pro Trp Met Gly Leu Leu Gly Pro Thr Ile Gln
85 90 95

Ala Glu val Tyr Asp Thr val val Ile Thr Leu Lys Asn Met Ala Ser
100 105 110

His Pro val Ser Leu His Ala val Gly val Ser Tyr Trp Lys Ala Ser
115 120 125

Glu Gly Ala Glu Tyr Asp Asp Gln Thr Ser GlIn Arg Glu Lys Glu Asp
130 135 140

Asp Lys val Phe Pro Gly Gly Ser His Thr Tyr val Trp GIn val Leu
145 150 155 160

Lys Glu Asn Gly Pro Met Ala Ser Asp Pro Leu Cys Leu Thr Tyr Ser
165 170 175
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<400> 11 Ser Leu Tyr lle Ser GIn Phe lle lle Met Tyr Ser Leu Asp Gly 151015 <210> 12 <211> 15
<212> PRT <213> Atrtificial Sequence <220> <223> Synthetic peptide <400> 12 Pro Pro lle lie Ala Arg
Tyr lle Arg Leu HiS Pro Thr His Tyr 151015 <210> 13 <211> 15 <212> PRT <213> Atrtificial Sequence
<220> <223> Synthetic peptide <400> 13 Asp Thr Leu Leu lle lle Phe Lys Asn Gin Ala ser Arg Pro Tyr
151015 <210> 14 <211> 15 <21 POPRT0E51 389h¢fif€ial ‘SE308nEE <220> <223> Synthetic peptide

<4063 A4 el %?g%?i«&? %23 25 3%3P ?8?552%622&6409&5%% 1&lPRTe

Gly Ala Leu Leu val Cys Arg Glu Gly Ser Leu Ala Lys Glu Lys Thr
195 200 205

Gln Thr Leu His Lys Phe Ile Leu Leu Phe Ala val Phe Asp Glu Gly
210 215 220

Lys Ser Trp His Ser Glu Thr Lys Asn Ser Leu Met GIn Asp Arg Asp
225 230 235 _ 240

Ala Ala Ser Ala Arg Ala Trp Pro Lys Met His Thr val Asn Gly Tyr
245 | 250 255

val Asn Arg Ser Leu Pro Gly Leu Ile Gly Cys His Arg Lys Ser val
260 265 270

Tyr Trp His val 1le Gly Met Gly Thr Thr Pro Glu val His Ser 1Ile
275 280 285

Phe Leu Glu Gly His Thr Phe Leu val Arg Asn His Arg Gin Ala Ser
290 295 300

tey Glu Ile Ser pPro Ile Thr Phe Leu Thr Ala GIn Thr Leu Leu Met
305 © 310 315 320

Asp Leu Gly GIn Phe Leu Leu Phe Cys His Ile Ser Ser His Gln His
325 330 335

Asp Gly Met Glu Ala Tyr val Lys val Asp Ser Cys Pro Glu Glu Pro
340 345 350

GIn Leu Arg Met Lys Ash Asn Glu Glu Ala GTu Asp Tyr Asp Asp Asp
355 360 365

Leu Thr Asp Ser Glu Met Asp val val Arg Phe Asp Asp Asp Asn Ser
370 375 380

Pro Ser pPhe Ile GIn Ile Arg Ser val Ala Lys Lys His Pro Lys Thr
385 390 395 400

Trp val His Tyr Ile Ala Ala Gltu Glu Glu Asp Trp Asp Tyr Ala Pro
405 410 415

Lteu val Leu Ala Pro Asp Asp Arg Ser Tyr Lys Ser Gln Tyr Leu Asn
420 425 430

Asn Gly Pro Gln Arg Ile Gly Arg Lys Tyr Lys Lys val Arg Phe Met
435 440 445
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Artificialsequence Synthetic peptide 15 P031150SG Sequence listing.txt 10 15 Leu Tyr lle Ser GIn
Phe lle lle met met Tyr Ser Leu Asp Gly Lys 151015 <210> 16 <211> 15 <212> PRT <213> Artificial
sequence <220> <223> Synthetic peptide <400> 16 Arg Gin Lys Phe Ser Ser Leu Tyr lle ser GIn Phe
lle lle met 151015 <210> 17 <211> 15 <212> PRT <213> Artificial sequence <220> <223> synthetic
peptide <400> 17 Gin Lys Phe seP&&r>88CTeAEa8ER GihsBHEHE e met Tyr 151015 <210> 18 <211>
15 <R12>rPRT2A3p Atificiat Saguepcerrr20my<@R3a syntheticipeptidess400> 18 Lys Phe ser ser
Leu Tyr Il®&er Gin Phe lle lle nfét5Tyr Ser 151015 <2146919 <211> 15 <212> PRT

Ser Gly Ile Leu Gly Pro Leu Leu Tyr Gly Glu val Gly Asp Thr Leu
465 470 475 480

teu Ile Ile Phe Lys Asn Gin Ala Ser Arg Pro Tyr Asn Ile Tyr Pro
485 - 490 495

His Gly Ile Thr Asp val Arg Pro Leu Tyr Ser Arg Arg Leu Pro Lys
500 505 510

Gly val Lys His Leu Lys Asp Phe Pro Ile Leu Pro Gly Glu ITe Phe
515 520 525

Lys Tyr Lys Trp Thr val Thr val Glu Asp Gly Pro Thr Lys Ser Asp
530 535 540

Pro Arg Cys Leu Thr Arg Tyr Tyr Ser Ser Phe val Asn Met Glu Arg
545 550 555 560

Asp Leu Ala Ser Gly Leu Ile Gly Pro Leu Leu Ile Cys Tyr Lys Glu
565 570 375

Ser val Asp GlIn Arg Gly Asn Gln Ile Met Ser Asp Lys Arg Asn val
580 585 590

Yle Leu Phe Ser val rhe Asp Glu Asn Arg Ser Trp Tyr Leu Thr Glu
595 600 605

Asn Ile Gin Arg Phe Leu Pro Asn Pro Ala Gly val GIn Leu Glu Asp
610 615 620

Pro Glu Phe GIn Ala Ser Asn Ite Met His Ser ITle Asn Gly Tyr val
625 630 635 640

Phe Asp Ser Leu Gin Leu Ser val Cys Leu His Glu val Ala Tyr Trp
645 650 655

Tyr Ile Leu Ser Ile Gly Ala Gin Thr Asp Phe Leu Ser val Phe Phe
660 665 670

Ser Gly Tyr Thr phe Lys His Lys Met val Tyr Glu Asp Thr teu Thr
675 680 685

Leu Phe Pro Phe Ser Gly Glu Thr val Phe Met Ser Met Glu Asn Pro
690 695 700

Gly Leu Trp Ile Leu Gly Cys Mis Asn Ser Asp Phe Arg Asn Arg Gly
705 710 715 720
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<213> Artificial sequence <220> <223> Synthetic peptide <400> 19 Page 13 P0311505G Sequence
listing.txt Phe ser ser Leu Tyr lle Ser Gin Phe lle lle Met Tyr Ser Leu 151015 <210> 20 <211> 15
<212> PRT <213> Atrtificial sequence <220> <223> Synthetic peptide <400> 20 ser ser Leu Tyr lle
Ser Gin Phe lle lle Met Tyr Ser Leu Asp 151015 <210> 21 <211> 15 <212> PRT <213> Artificial
Sequence <220> <223> Syntheti€ Pl AT DT Ty % B6r- Bif Phe lle Ile met Tyr Ser Leu Asp
Gly b Ly LRI01R.5 210> 22 <Al 3d6 s21 2y PRI<2i3xditifrialipaugnee <220> <223>
Synthetic peptide <4002222 lle Ser Gin Phe llé3fe met Tyr Ser Leu A8 Gly Lys Lys Trp 151015
<210> 23 <211> 15 <212> PRT <213> Artificial Sequence

Tyr Tyr Glu Asp Ser Tyr Glu Asp Ile Ser Ala Tyr Leu Leu Ser Lys
740 . 745 750

Asn Asn Ala Ile Gtu Pro Arg Ser Phe Ser GlIn Asn Ser Arg His Pro
755 760 765

Ser Thr Arg GIn Lys GIn Phe Asn Ala Thr Thr ITle Pro Glu Asn Asp
770 775 780

ITe Glu Lys Thr Asp Pro Trp Phe Ala His Arg Thr Pro Met Pro Lys
785 790 795 800

ITe Gin Asn val Ser Ser Ser Asp Leu Leu Met Leu Leu Arg GlIn Ser
805 810 815

Pro Thr Pro His Gly Leu Ser Leu Ser Asp Leu Gin Glu Ala Lys Tyr
820 825 830

Glu Thr Phe Ser Asp Asp Pro Ser Pro Gly Ala ITe Asp Ser Asn Asn
835 840 845

Ser Leu Ser Glu Met Thr His Phe Arg Pro Gln Leu His His Ser Gly
850 855 860

Asp Met val pPhe Thr pPro Glu Ser Gly Leu Gln Leu Arg Leu Asn Glu
865 870 875 880

Lys Leu Gly Thr Thr Ala Ala Thr Glu Leu Lys Lys Leu Asp Phe Lys
885 890 895

val Ser Ser Thr Ser Asn Asn teu Ile Ser Thr Ile Pro Ser Asp Asn
900 905 910

Leu Ala Ala Gly Thr Asp Asn Thr Ser Ser Leu Gly Pro Pro Ser Met
915 920 925

Pro val His Tyr Asp Ser Gln Leu Asp Thr Thr Leu Phe Gly Lys Lys
930 935 940

Ser Ser Pro Leu Thr Glu Ser Gly Gly Pro Leu Ser Leu Ser Glu Glu
945 950 955 960

Asn Asn Asp Ser Lys Leu Leu GTu Ser Gly Leu Met Asn Ser Gln Glu
965 970 975

Ser Ser Trp Gly Lys Asn val Ser Ser Thr Glu Ser Gly Arg Leu prhe
980 885 990
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<220> <223> Synthetic peptide <400> 23 ser Gin Phe lle lle met Tyr Ser Leu Asp Gly Lys Lys Trp Gin
151015 <210> 24 <211> 15 <212> PRT <213> Atrtificial Sequence <220> <223> synthetic peptide
Page 14 P031150SG Sequence listing.txt <400> 24 Gin Phe lle lle Met Tyr Ser Leu Asp Gly Lys Lys
Trp Gin Thr 151015 <210> 25 <211> 15 <212> PRT <213> Atrtificial Sequence <220> <223> synthetic
peptide <400> 25 Phe lle Ile Met {3 SéPEebadirty VS EYRITHY Gin Thr Tyr 151015 <210> 26

<2113 d %7132 BRY 524 37 Arglicial Seavrner 420> 28y SYRtelicpentide <400> 26 lle Ala Arg
Tyr lle Arg Le#OBlis Pro Thr His Tyr Sé&0fle Arg 1005

Leu Phe Lys val Ser Ile Ser Leu iLeu Lys Thr Asn Lys Thr Ser
- 1010 1015 1020

Asnh Asn  Ser Ala Thr Asn Arg Lys Thr His ITe Asp Gly Pro ser
1025 1030 1035

Leu Leu I7e Glu Asn Ser Pro Ser Val Trp GIn Asn Ile Leu Glu
1040 1045 1050

Ser Asp Thr GTu Phe Lys Lys Vval Thr Pro Leu Ile His Asp Arg
1055 1060 1065

Met Leu Met Asp Lys Asn Ala Thr Ala Leu Arg Leu Asn His Met
1070 1075 1080

Ser Asn Lys Thr Thr Ser Ser Lys Asn Met Glu Met val GIn Gln
1085 1090 1095

Lys Lys Glu Gly Pro Ile Pro Pro Asp Ala Gln Asn Pro Asp Met
1100 1105 1110

Ser Phe Phe Lys Met Leu Phe tLeu Pro Glu Ser Ala Arg Trp Ile
1115 1120 1125

GIn Arg Thr His Gly Lys Asn Ser Leu Asn Ser Gly GIn Gly Pro
1130 1135 1140

Ser Pro Lys GIn Leu val Ser Leu Gly Pro Giu Lys Ser val Glu
1145 1150 1155

Gly GIln Asn Phe Leu Ser Glu Lys Asn Lys val val val Gly Lys
1160 1165 1170

Gly Giu Phe Thr Lys Asp val Gly Leu Lys Glu Met val Phe Pro
1175 1180 1185

Ser Ser Arg Asn teu Phe Leu Thr Asn Leu Asp Asn Leu His Glu
1190 1195 1200

Asn Asn  Thr His Asn GIn Glu Lys Lys Ile GIn Glu Glu Ile Glu

1205 1210 1215
Lys Lys Glu Thr Leu Ile Gln Glu Asn val val Leu Pro Gin Ile
1220 1225 1230

His Thr val Thr Gly Thr Lys Asn Phe Met Lys Asn Leu Phe Leu
1235 1240 1245
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151015 <210> 27 <211> 15 <212> PRT <213> Artificial Sequence <220> <223> Synthetic peptide
<400> 27 lle lle Ala Arg Tyr lle Arg Leu His 15 Pro Thr His Tyr Ser lle 1015 <210>28 <211>15
<212>PRT <213>Artificial Sequence

P0311505G Sequence listing.txt

Leu Ser Thr Arg GIn Asn val Glu Gly Ser Tyr Asp Gly Ala Tyr
1250 1255 1260

Ala Pro_val Leu GIn Asp Phe Arg Ser Leu Asn Asp’ Ser Thr Asn
1265 1270 1275

Arg Thr Lys Lys His Thr Ala His Phe Ser Lys Lys Gly Glu Glu
1280 1285 1290

Glu Asn Leu Glu Gly Leu Gly Asn GIn Thr Lys GIn Ile val Glu
1295 1300 1305

Lys Tyr Ala Cys Thr Thr Arg Ile Ser Pro Asn Thr Ser Gln Gln
1310 1315 1320

Asn Phe val Thr GlIn Arg Ser Lys Arg Ala Leu Lys Gln Phe Arg
1325 1330 © 1335

Leu Pro Leu Glu Glu Thr Glu Leu Glu Lys Arg Ile 1Ile val ASp
1340 1345 1350

Asp Thr ser Thr GIn Trp Ser Lys Asn Met Lys His Leu Thr Pro
1355 1360 1365

Ser Thr Leu Thr GIn ITe Asp Tyr Asn Glu Lys Glu Lys Gly Ala
1370 1375 1380

Ile Thr GIn Ser Pro Leu Ser Asp Cys Leu Thr Arg Ser His Ser
1385 1390 1395

Ite Pro Gln Ala Asn Arg Ser Pro Leu Pro Ile Ala Lys val Ser
1400 1405 1410

Ser Phe Pro Ser Ile Arg Pro Ile Tyr Leu Thr Arg val Leu Phe
1415 1420 1425

Gln Asn Ser Ser His Leu Pro Ala Ala Ser Tyr Arg Lys Lys

ASp
1430 1435 1440

Asp ser Gly val GIn Glu Ser Ser His Phe Leu GIn Gly Ala Lys
1445 1450 1455

Lys Asn Asn Leu Ser Leu Ala Ile Leu Thr Leu Glu Met Thr Gly
1460 1465 1470

Asp Gin Arg Glu val Gly Ser Leu Gly Thr Ser Ala Thr Asn Ser
1475 1480 1485

val Thr Tyr Lys Lys val Glu Asn Thr val Leu Pro Lys Pro Asp
1490 1495 1500
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<220> <223>Synthetic peptide <400>28 Pro lle lle Ala Arg Tyr lle Arg Leu His Pro Thr His Tyr
Ser 1510 15 <210> 29 <211> 15 <212> PRT <213> Atrtificial Sequence Page 15

P0311505G Sequence listing.txt
teu Pro Lys Thr Ser Gly Lys val Glu Leu Leu Pro Lys val His
1505 1510 1515

Ile Tyr GIn Lys Asp teu Phe Pro Thr Glu Thr Ser Asn Gly Ser
1520 1525 1530

Pra Gly His Leu Asp Leu val Glu Gly Ser Leu Leu Gin Gly Thr
1535 1540 1545

Glu Gly Ala Ile Lys Trp Asn Glu Ala Asn Arg Pro Gly Lys val
1550 1555 1560

Pro Phe Leu Arg val Ala Thr Glu Ser Ser Ala Lys Thr Pro Ser
1565 1570 1575

Lys Leu Leu Asp Pro Leu Ala Trp Asp Asn His Tyr Gly Thr GlIn
1580 1585 1580

ITe Pro Lys Glu Glu Trp Lys Ser GlIn Glu Lys Ser Pro Glu Lys
1595 1600 1605

Thr Ala Phe Lys Lys Lys Asp Thr Ile Leu Ser ieu Asn Ala Cys
1610 1615 1620

Glu Ser Asn His Ala Ile Ala Ala Ile Asn Glu Gly Gln Asn Lys
1625 1630 1635

Pro Glu Ile Glu val Thr Trp Ala Lys GIn Gly Ar

g Thr Glu Arg
1640 1645 1650

Leu Cys Ser Gin Asn Pro Pro val Leu Lys Arg His Gln Arg Glu
1655 1660 1665

Ile Thr Arg Thr Thr Leu GIn Ser Asp Gln Glu Glu Tle Asp Tyr
1670 1675 1680

Asp Asp Thr Ile Ser val Glu Met Lys Lvys Glu Asp Phe Asp Ile
1685 1690 1695

Tyr Asp Glu Asp Glu Asn GlIn Ser Pro Arg Ser Phe GIn Lys Lys
1700 1705 1710

Thr Arg His Tyr Phe Ile Ala Ala val Glu Arg lLeu Trp Asp Tyr
1715 1720 1725

Gly Met Ser Ser Ser Pro His val Leu Arg Asn Arg Ala Gln Ser
1730 1735 1740

Gly ser val Pro GIn Phe Lys Lys val val phe GIn Glu Phe Thr
1745 1750 1755
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P031150SG Sequence listing.txt <220> <223> Synthetic peptide <400> 29 Asn Pro Pro lle lle Ala Arg
Tyr lle Arg Leu His Pro Thr His 1 <210> <211> <212> <213> <220> <223> <400> 5 30 15 PRT
ArtificialSequence Synthetic peptide 30 10 15 Phe Asn Pro Pro lle lle Ala Arg Tyr lle Arg Leu His Pro

Thr 1 <210> <211> <212> <213> <220> <223> <400> 5 31 15 PRT ArtificialSequence
PO31150SG Sequence Tisting.txt

Asp Gly Ser phe Thr GIn Pro Leu Tyr Arg Gly Glu Leu Asn Giu
1760 -1765 1770

His Leu Gly Leu Leu Gly Pro Tyr Ile Arg Ala Glu val Glu Asp
1775 1780 1785

Asn Ile Met val Thr Phe Arg Asn GIn Ala Ser Arg Pro Tyr Ser
1790 1795 1800 '

Phe Tyr Ser Ser teu Ile Ser Tyr Glu Glu Asp Gln Arg Gin Gly
1805 1810 1815

Ala Glu Pro Arg Lys Asn Phe val Lys Pro Asn Glu Thr Lys Thr
1820 1825 1830

Tyr Phe Trp Lys val GIn His His Met Ala Pro Thr Lys Asp Glu
1835 1840 1845

Phe Asp Cys Lys Ala Trp Ala Tyr phe Ser Asp val Asp Leu Glu
1850 1855 1860

Lys Asp val His Ser Gly Leu Ile Gly Pro Leu Leu val Cys His
1865 1870 1875

Thr Asn  Thr Leu Asn Pro Ala His Gly Arg GIn val Thr val GIn
1880 1885 1890

Glu phe Ala Leu Phe Phe Thr 1le Phe Asp Glu Thr Lys Ser Trp
1895 . 1900 1905

Tyr Phe Thr Glu Asn Met Glu Arg Asn Cys Arg Ala Pro Cys Asn
1910 1915 1920

ITe Gln Met Glu Asp Pro Thr Phe Lys Glu Ash Tyr Arg Phe His
1925 1930 1935

Ala Ile Asn Gly Tyr Ile Met Asp Thr Leu Pro Gly Leu val Met
1940 1945 1950

Ala GIn Asp GIn Arg Ile Arg Trp Tyr Leu Leu Ser Met Gly ser
1955 1960 1965

Asn Glu Asn ITe His Ser Ile His Phe Ser Gly His val Phe Thr
1970 1975 1980

val Arg Lys Lys Glu Glu Tyr Lys Met Ala Leu Tyr Asn Leu Tyr
1985 1990 1985

Pro Gly val pPhe Glu Thr val &Glu Met Leu Pro Ser Lys Ala Gly
2000 2005 2010
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Synthetic peptide 31 10 15 Ile Phe Asn Pro Pro lle lle Ala Arg Tyr lle Arg Leu His Pro 1 <210> <211>
<212> <213> <220> <223> <400> 5 32 15 PRT AtrtificialSequence Synthetic peptide 32 10 15 Leu lle
-lle Phe Lys Asn Gin Ala Ser Arg Pro Tyr Asn lle Tyr 1 <210> <211> <212> <213> <220> <223> <400>

533 15 PRT 10
P031150SG Sequence 1isting.txt

Ile Trp Arg Véi Glu Cys Leu-- Fle-&dy Glu His Leu His Ala Gly
2015 2020 2025

Met Ser Thr Leu Phe Leu val Tyr Ser Asn Lys Cys Gin Thr Pro
2030 2035 2040

Leu Gly Met Ala Ser Gly His 1Ile Arg Asp Phe GIn TIle Thr Ala
2045 : 2050 2055

Ser Gly &GlIn Tyr Gly GIn Trp Ala Pro Lys Leu Ala Arg Leu His
2060 2065 2070

Tyr Ser Gly Ser ITe Asn Ala Trp Ser Thr Lys Glu Pro phe Ser
2075 2080 2085

Trp Ile Lys val Asp Leu Leu Ala Pro Met Ile ITe His Gly Ile
2090 2095 2100

Lys Thr 61n Gly Ala Arg GIn Lys Phe Ser Ser Leu Tyr Ile Ser
2105 2110 2115

Gln Phe 1Ile Ile Met Tyr Ser Leu Asp Gly Lys Lys Trp Gin Thr
2120 2125 2130

Tyr Gly Asn Ser Thr Gly Thr Leu Met val Phe Phe Gly Asn

Arg
2135 2140 2145

val Ser Ser Gly Ile Lys His Asn Ile Phe Asn pPro Pro Ile

Asp
2150 2155 2160

ITe Ala Arg Tyr Ile Arg Leu His Pro Thr His Tyr Ser Ile Arg
2165 2170 2175

Ser Thr Leu Arg Met Glu Trp Met Gly Cys Asp Leu Asn Ser Cys
2180 2185 2180

Ser Met Pro Leu Gly Met Glu Ser Lys Ala Ile Ser Asp Ala Gln
2195 2200 2205

ITe Thr Ala Ser Ser Tyr Phe Thr Asn Met Phe Ala Thr Trp Ser
2210 2215 2220

Pro Ser Lys Ala Arg Leu His Leu GIn Gly Arg Ser Asn Ala Trp
2225 2230 2235

Arg Pro Gln val Asn Asn Pro Lys Glu Trp Leu Gln val Asp pPhe
2240 2245 2250

Gin Lys Thr Met Lys val Thr &ly val Thr Thr GIn Gly val Lys
2255 2260 2265
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15 ArtificialSequence Synthetic peptide 33 Leu Leu lle lle Phe Lys Asn Gin Ala Ser Arg Pro Tyr Asn
lle 151015 <210> 34 <211> 15 <212> PRT P0311505G Sequence listing.txt
<213> Artificial Sequence <220> <223> Synthetic peptide <400> 34 Thr Leu Leu lle lle Phe Lys Asn
Gin Ala Ser Arg Pro Tyr Asn 151015 <210> 35 <211> 16 <212> PRT <213> Artificial Sequence <220>
<223> Synthetic peptide <400> 35 GRIAGRCThequanteu istihe tePhe Lys ASn Gin Ala Ser Arg Pro

Lo10d8-<2d0> B8, 3P A PRIaT22 Gl Seguene 522, 223> Synthetic peplide
<400> 362270 2280

ser GIn Asp Gly His GIn Trp Thr Leu Phe Phe GIn Asn Gly Lys
2285 2290 2295

val Lys val Phe GIn Gly Asn GIn Asp Ser phe Thr Pro val val
2300 2305 2310

Asn ser Leu Asp Pro Pro Leu Leu Thr Arg Tyr Leu Arg Ile His
2315 2320 2325

Pro GIn Ser Trp val His Gln 1Ile Ala Leu Arg Met Glu val Leu
2330 2335 2340

Gly Cys Glu Ala GIn Asp Leu Tyr
2345 2350

<210> 2

<211> 9

<212> PRT

<213> Artvificial sequence

<220>
<223> Synthetic peptide

<400> ?

Leu Tyr Ile Ser GIn Phe Ile Ile Met
1 5

<210> 3

<211> 9

<212> PRT

<213> Artificial sequence

<Z220>
<223> Synthetic peptide

<400> 3
Phe Ile ITe Met Tyr Ser Leu Asp Gly
1 5

<210> 4

<211> 9

<212> PRT

<213> Artificial sSequence

<220>
<223> Synthetic peptide

<400> 4

ITe Ala Arg Tyr Ile Arg Leu His Pro
1 5

<210> 5
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Val Gly Asp Thr Leu Leu Leu lle lle Phe Lys Asn Gin Ala Ser Arg 151015 <210> 37 <211> 16 <212>
PRT <213> Atrtificial Sequence <220> <223> Synthetic peptide <400> 37 Glu Val Gly Asp Thr Leu Leu
Leu lle lle Phe Lys Asn Gin Ala Ser 151015 <210> 38 <211> 15 <212> PRT <213> Artificial Sequence
<220> <223> Synthetic peptide <400> 38 Lys Ser Asp Pro Arg Cys Leu Thr Arg Tyr Tyr Ser Ser Phe
Val 15 L5 <§10> 39 Ser Asp Pré0Rig B3 | senflmckrg Tyrihygr. Ser Ser Phe Val Asn 151015 <210>
40 <2< >15 sl 2> PRT <213> Artificial Sequence <220> <223> Synthetic peptide <400> 40 Asp Pro
Arg cydiBeu Rimt AfgcTyl TsacSeriser Phe Val Asn met 151015 <210> 41 <211> 15 <212> PRT <213>
ArtifigighQequence <220> <223> Synthetic peptide <400> 41
<223> Synthetic peptide

<400> 5

&eu Ile Ile Phe Lys Asn Gin Ala Ser
5

<210> 6

<21ll> 9

<212> PRT

<213> Artificial sequence

<220
<223> Synthetic peptide

<400> 6

ieu Thr Arg Tyr ;yr Ser Ser Phe val

<210> 7

<21l> 9

<212> PRT

<213> Artificial Sequence

<220
<223> Synthetic peptide

<400> 7

get val Thr Phe Arg Asn Gln Ala ser
5

<210> 8§

<211> 9

<212> PRT

<213> Artificial Sequence

<220>
<223> Synthetic peptide

<400> 8

;eu Arg Ile His Pro GIn Ser Trp val
5

<210> 9

<211> 15

<212> PRT

<213> Artificial Sequence

<220
<223> Synthetic peptide

<400> 9

gro Arg Cys Leu Thr Arg Tyr Tyr Ser Ser pPhe val Asn Met Glu
10 15
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Arg Cys Leu Thr Arg Tyr Tyr Ser Ser Phe Val Asn met Glu Arg 151015 <210> 42 <211> 15 <212>
PRT <213> Atrtificial Sequence <220> <223> synthetic peptide <400> 42 Cys Leu Thf _A_rg Tyr Tyr Ser
Ser Phe Val Asn met Glu Arg Asp 151015 <210> 43 <211> 15 <212> PRT <213> Atrtificial Sequence
<220> <223> Synthetic peptide <400> 43 Leu Thr Arg Tyr Tyr Ser Ser Phe val Asn Met Glu Arg Asp
Leu 151015 Page 18 P031150SGSeieRcedistiryoet ¥240tnddex211> 15 <212> PRT <213>
Artificial Sequence <220> <223> synthetic peptide <400> 44 Glu Val Gly.Asp Asn lle Met Val Thr Phe
Arg Aﬁ%?in Q‘% Ser 151015 <210> 45 <211> 15 <212> PRT <213> Artificial sequence <220>

< >

<213> Artificial sequence

<220>
<223> Synthetic peptide

<400> 10

Asp Asn Ile Met val Thr phe Arg Asn Gln Ala ser Arg Pro Tyr
1 5 10 15

<210> 11

<211> 15

<212> PRT

<213> Artificial Sequence

<220>
<223> synthetic peptide

<400> 11

ser Leu Tyr Ile Ser GIn Phe Ile Ile Met Tyr Ser Leu Asp Gly
1 5 16 15

<210> 12

<211> 15

<212> PRT

<213> Artificial sequence

<220> :
<223> Synthetic peptide

<400> 12

Pro Pro Ile Ile Ala Arg Tyr Ile Arg Leu His Pro Thr His Tyr
1 5 10 15

<210> 13

<211> 15

<212> PRT

<213> Artificial seguence

<220>
<223> Synthetic peptide

<400> 13

Asp Thr Leu Leu ITe Ile Phe Lys Asn GIn Ala Ser Arg Pro Tyr
1 5 10 15

<210> 14

<211> 15

<212> PRT

<213> Artificial sequence

<220>
<223> Synthetic peptide

<400> 14

Arg Tyr Leu Arg Ile His Pro GIn Ser Trp val His GIn Ile Ala
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<223> synthetic peptide <400> 45 Val Glu Asp Asn lle met Val Thr Phe Arg Asn Gin Ala Ser Arg
151015 <210> 46 <211> 15 <212> PRT <213> Artificial sequence <220> <223> Synthetic peptide
<400> 46 Glu Asp Asn lle Met Val Thr Phe Arg Asn Gin Ala Ser Arg Pro 151015 <210> 47 <211> 15
<212> PRT <213> Atrtificial Sequence <220> <223> Synthetic peptide <400> 47 Asn lle met \_/gl Thr
Phe Arg Asn Gin Ala S%r A g Pro PpB8ebQABl GeEuedte>148 a1l 2xt5 <212> PRT <213> Atrtificial
Sequence <220> <223> Synthetic peptide <4038> 48 P031150SG Séquence listing.txt 151015 <210>
49 <212% 15 1<5212> PRT <213> Artificial Sequence <220>

< >

<211> 16
<212> PRT
- <213> Artificial sequence

<220>
<223> sSynthetic peptide

<400> 15

Leu Tyr ITe Ser GIn Phe Ile Ile Metr Met Tyr Ser Leu Asp Gly Lys
1 5 10 15

<210> 16

<211> 15

<212> PRT

<213> Artificial sequence

<220>
<223> Synthetic peptide

<400> 16

Arg Gln Lys Phe Ser Ser Leu Tyr Ile Ser Gln Phe Ile Ile Met
1 5 10 15

<2106> 17

<211> 15

<212> PRT

<213> Artificial sequence

<220>
<223> synthetic peptide

<400> 17

GIn Lys phe Ser Ser Leu Tyr Ile Ser Gln Phe Ile Ile Met Tyr
1 5 15

<210> 18

<211> 15

<212> PRT

<213> Artificial Sequence

<220>
<223> synthetic peptide

<400> 18

Lys Phe Ser ser Leu Tyr Ile Ser Gln Phe Ile Ile Met Tyr Ser
1 5 15

<210> 19

<211> 15

<212> PRT

<213> Artificial sequence

<220>
<223> Synthetic peptide

<400> 19
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<223> Synthetic peptide <400> 49 Met Val Thr Phe Arg Asn Gin Ala Ser Arg Pro Tyr Ser_Phe Tyr
151015 <210> 50 <211> 15 <212> PRT <213> Atrtificial Sequence <220> <223> Synthetic peptide
<400> 50 Leu Arg lle His Pro Gin Ser Trp Val His Gin lle Ala Leu Arg 151015 <210> 51 <211> 15 .
<212> PRT <213> Atrtificial Sequence <220> <223> Synthetic peptide <400> 51 Tyr Leu A_rg _IIe His
Pro Gin Ser Trp Val His Gin lle AlePR2L3830 eqiRdde 52 @il b <212> PRT <213> Atrtificial

' | [ Gin Ser Trp Val
Sequ y tide, <400> T?‘r Arg Tyr Leo Arg lle His Pro |
Hisq@ﬂrﬁlzsiizléﬁ; %ﬁgf%ﬂ};tﬁf ?%E?ES%%GR‘?%& §§ E%ﬁsi/cslgrSLg%uuence <220> <223> Synthetic

peptide

<210> 20

<211> 15

<212> PRT

<213> Artificial seqguence

<22(0>
<223> Synthetic peptide

<400> 20

Ser Ser Leu Tyr ITe Ser GlIn phe Ile Ile Met Tyr Ser Leu Asp
1 5 10 15

<210> 21

<211> 15

<21Z2> PRT

<213> Artificial sequence

<220>
<223> Synthetic peptide

<400> 21

Tyr Ile ser GIn Phe Ile Ile Met Tyr Ser Leu Asp Gly Lys Lys
1 5 10 15

<210> 22

<211> 15

<212> PRT

<213> Artificial sequence

<220> o o
<223> Synthetic peptide

<400> 22

Ile ser GIn pPhe ITe Ile Met Tyr Ser Leu Asp Gly Lys Lys Trp
1 5 10 15

<210> 23

<211> 15

<212> PRT

<213> Artificial sequence

<220>
<223> Ssynthetic peptide

<400> 23

Ser GIn phe Ile Ile Met Tyr Ser Leu Asp Gly Lys Lys Trp GIn
1 5 10 15

<210> 24

<211> 15

<212> PRT

<213> Artificial sequence

<220> )
<223> synthetic peptide
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<400> 53 Page 20 P031150SG Sequence listing.txt Leu Thr Arg Tyr Leu Arg lle His Pro Gin Ser Trp
Val His Gin 151015 <210> 54 <211> 15 <212> PRT <213> Artificial Sequence <220> <223> Synthetic
peptide <400> 54 Leu Leu Thr Arg Tyr Leu Arg lle His Pro GIn Ser Trp.VaI Hi_s 151015 <210> 55
<211> 15 <212> PRT <213> Artificial Sequence <220> <223> Synthetic peptide <400> 55 Pro Leu
Leu Thr Arg Tyr Leu Arg lle His Pre0&ia ®e6 Tspdvahdb IO /il @x56 <211> 15 <212> PRT <213>
Artificiah&equence <220> <223> Synthetic peptide <400> 56 Gly Thr Leu met Val Phe Phe Gly Asn

val AS}IJ Ser Ser Gly lle 151015 <210> 57
n Phe Ile Ile ?et Tyr Ser Leu Asp Gly Lys Lys Trp GIn Thr
10 15

<210> 25

<211> 15

<212> PRT

<213> Artificial Sequence

<220>
<223> sSynthetic peptide

<400> 25

ihe Ile Ile Met Tyr Ser Leu Asp Gly Lys Lys Trp GIn Thr Tyr
5 10 15

<210> 26

<211> 15

<212> PRT

<213> Artificial sequence

<220>
<223> Synthetic peptide

<400> 26

Ile Ala Arg Tyr Ile Arg Leu His Pro Thr His Tyr Ser Ile Arg
1 5 10 15

<210> 27

<211> 15

<212> PRT

<213> Artificial sequence

<220>
<223> Synthetic peptide

<400> 27

ITe Ile Ala Arg Tyr Ile Arg Leu His Pro Thr His Tyr Ser Ile
1 5 10 15

<210> 28

<211> 15

<212> PRT

<213> Artificial Sequence

<220>
<223> Synthetic peptide

<400> 28
Pro Ile Ile Ala Arg Tyr Ile Arg Leu His Pro Thr His Tyr Ser
1 5 10 15

<210> 29

<211> 15

<212> PRT

<213> Artificial sequence
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<211> 15 <212> PRT <213> Artificial Sequence <220> <223> Synthetic peptide <400> 57 Thr Gin Thr
Leu His Lys Phe lle Leu Leu Phe Ala val Phe Asp 151015 <210> 58 <211> 15 <212> PRT <213>
Artificial Sequence <220> <223> Synthetic peptide Page 21 P031150SG Sequence listing.txt
<400>58 Pro Pro Leu Leu Thr Arg Tyr Leu Arg lle His Pro Gin Ser Trp 151015 <210>59 <211>15
<2123PRT <213>Artificial Sequehfd1dr98Ss Soausrsentietic pedhite <400>59

<223> synthetic peptide

<400> 29

Asn Pro Pro Ile Ile Ala Arg Tyr Ile Arg Leu His Pro Thr His
1 5 i0 15
<210> 30

<211> 15

<212> PRT

<213> aArtificial Seguence

<220>

<223> sSynthetic peptide

<400> 30

Phe Asn Pro Pro Ile 1Ile Ala Arg Tyr Ile Arg Leu His Pro Thr
1 5 10 15
<210> 31

<211> 15

<212> PRT

<213> Artificial Sequence

<220>

<223> Synthetic peptide

<400> 31

ITe Phe Asn Pro Pro Ile Ile Ala Arg Tyr Ile Arg Leu His Pro
1 5 10 15
<210> 32

<211> 15

<212> PRT
<213> Artificial Sequence

<220>

<223> Synthetic peptide

<400> 32

teu ITle Ile Phe Lys Asn Gln Ala Ser Arg Pro Tyr Asn Ile Tyr
1 5 10 15
<210> 33

<211> 15

<212> PRT

<213> Artificial sSequence

<220>

<223> Synthetic peptide

<400> 33

Leu Leu Ite Ile Phe Lys Asn Gln Ala Ser Arg Pro Tyr Ash Ile
1 5 10 15
<210> 34

<211> 15

<212> PRT
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met His Thr val Asn Gly Tyr val Asn Arg ser Leu Pro Gly Leu 1 <210> <211> <212> _<213> <220>
<223> <400> 5 60 15 PRT AtrtificialSequence Synthetic peptide 60 10 15 Leu Gly Gin Phe Leu Leu
Phe Cys His lle Ser Ser His Gin His 1 <210> <211> <212> <213> <220> <223> <400> 5 61 15 PRT

ArtificialSequence synthetic peptide 61 10 15

PO311503G Sequence 1isting.txt
<213> Artificial sequence

<220>

<223> Synthetic peptide

<400> 34

Thr Leu Leu ITe Ile Phe Lys Asn GIn Ala Ser Arg Pro Tyr Ash
1 5 10 15
<210> 35

<21l> 16

<212> PRT

<213> Artificial sequence

<220>

<223> synthetic peptide

<400> 35

Gly Asp Thr Leu Leu Leu Ile ITe Phe Lys Asn Gln Ala Ser Arg Pro
1 5 10 15

<210> 36

<21l> 16

<212> PRT

<213> Artificial Sequence

<220>

<223> Synthetic peptide

<400> 36

val Gly Asp Thr Leu Leu Leu ITe Ile phe Lys Asn Gln Ala Ser Arg
1 5 19 15
<210> 37

<211> 16

<212> PRT

<213> Artificial sequence

<220~

<223> sSynthetic peptide

<400> 37

Glu val Gly Asp Thr Leu Leu Leu Ile Ile phe Lys Asn Gin Ala ser
1 5 10 15
<210> 38

<211> 15

<212> PRT

<213> Artificial sequence

<220>

<223> Synthetic peptide

<400> 38

Lys Ser Asp Pro Arg Cys Leu Thr Arg Tyr Tyr Ser Ser Phe val
L 5 10 15

<210> 39
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Thr Glu Asn lle Gin Arg Phe Lea Pro Asn 1510 <210>62 <211>5 <212>PRT <213>Atrtificial Squéance
<220> <223>Synthetic peptide <400>62 Pro Ala Gly val GIn 15 Gly Thr _Le_u Met Val 15 <210>
<211>5 <212> PRT <213> Atrtificial Sequence P031150SG Sequence listing.txt <220> <223>
Synthetic peptide <400> 63 Thr Gin Thr Leu His 15 <210> 64 <211> 5 <212> PRT

PO31150SG Sequence listing.txt
<211> 15
<212> PRT
<213> Artificial Sequence

<220>
<223> Synthetic peptide

<400> 39

Ser Asp Pro Arg Cys Leu Thr Arg Tyr Tyr Ser Ser Phe val Asn
1 5 10 15

<210> 40

<211> 15

<212> PRT

<213> Artificial sequence

<220>
<223> synthetic peptide

<400> 40

ASp Pro Arg Cys Leu Thr Arg Tyr Tyr Ser Ser phe val Asn Met
1 5 10 15

<210> 41

<Z211> 15

<212> PRT

<213> Artificial Sequence

<220>
<223> Synthetic peptide

<400> 41

Arg Cys Leu Thr Arg Tyr Tyr Ser Ser phe val Asn Met Glu Arg
1 5 10 1g

<210> 42

<211> 15

<212> PRT

<213> Artificial sequence

<220
<223> synthetic peptide

<400> 42

Cys Leu Thr Arg Tyr Tyr Ser Ser Phe val Asn Met Glu Arg Asp
1 5 10 15

<210> 43

<211> 15

<212> PRT

<213> Artificial Sequence

<220>
<223> Synthetic peptide

<400> 43

Leu Thr Arg Tyr Tyr Ser Ser Phe val Asn Met Glu Arg Asp Leu
1 5 1¢ 15
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<213> Artificial Sequence <220> <223> Synthetic peptide <400> 64 Ser Leu Tyr lle Ser 15 <210> 65
<211> 5 <212> PRT <213> Atrtificial Sequence <220> <223> Synthetic peptide <400> 65 Pro Prp lle
lle Ala 15 <210> 66 <211> 5 <212> PRT <213> Artificial Sequence <220> <223> Synthetic peptide
<400> 66 Pro Pro Leu Leu Thr 15 <210> 67 <211> 5 <212> PRT <213> Artificial Sequence

<210>
<211>
<212>
<213>

<220>
<223>

<400>

<210>
<211>

PO31150SG Sequence Tisting.txt

44
15

PRT

Artificial Sequence

Synthetic peptide

44
Glu val Glu Asp Asn Ile Met val Thr Phe Arg Asn Gin Ala Ser
1 5 10 15

45

15

PRT

<212>
<213>

<220>
<223>

<400>

<210>
<211>

Artificial sequence

Synthetic peptide

45
val Glu Asp Asn Ile Met val Thr phe Arg Asn Gln Ala Ser Arg
1 3 10 15
46
15
PRT

<212>
<Z213>

<220>
<223>

<400>

<210>
<211>

Artificial sequence

Synthetic peptide

46
Glu Asp Asn Ile Met val Thr Phe Arg Asn GIn Ala Ser Arg Pro
1 5 10 15
47
15
PRT

<212>
<213>

<220>
<223>

<400>

<210>
<211>

Artificial Sequence

Synthetic peptide

47
Asn Ile met val Thr Phe Arg Asn Gln Ala Ser Arg Pro Tyr Ser
1 5 10 15
48
15
PRT

<212>
<213>

<220>
<223>

<400>

Artificial Sequence

Synthetic peptide
48

Ile Met val Thr Phe Arg Asn Gln Ala Ser Arg Pro Tyr Ser Phe
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<220> <223> Synthetic peptide <400> 67 Met His Thr Val Asn 15 <210> 68 <211_> 5 <2_12> PRT .
<213> Artificial Sequence P031150SG Sequence listing.txt <220>.<.2.23> Synthetic peptide <400> 6
Leu Gly Gin Phe Leu 15 <210> 69 <211> 5 <212> PRT <213> Artificial Sequence <220> <22.3>. |
Synthetic peptide <400> 69 Asp Thr Leu Leu lle 15 <210> 70 <211> 5 <212> PRT <213> Artificia

P031150SG sequence Tisting.txt
Sequgnce S % 15

<210> 49

<21l> 15

<212> PRT

<213> Artificial sequence

<220> ) .
<223> Synthetic peptide

<400> 49

Met val Thr Phe Arg Asn Gln Ala Ser Arg Pro Tyr Ser Phe Tyr
1 5 10 15

<210> 50

<21i> 15

<212> PRT

<213> artificial sequence

<220>
<223> Synthetic peptide

<400> 50

Leu Arg Ile His Pro Gln Ser Trp val His GlIn Ile Ala Leu Arg
1 5 10 15

<210> 51

<211> 15

<212> PRT

<213> Artificial sequence

<220>
<223> Synthetic peptide

<400> 51

Tyr Leu Arg Ile His Pro Gln Ser Trp val His Gln Ile Ala Leu
1 5 10 i5

<210> 52

<211> 15

<212> PRT

<213> Artificial Sequence

<220>
<223> Synthetic peptide

<400> 52

Thr Arg Tyr Leu Arg Ile His Pro Gln Ser Trp val His GlIn tle
1 5 10 15

<210> 53

<211> 15

<212> PRT

<213> Artificial sequence

<220>
<223> Ssynthetic peptide

<400> 53
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<220> <223> Synthetic peptide <400> 70 Pro Arg Cys Leu Thr 15 <210> 71 <211>5 5212> PRT
<213> Atrtificial Sequence <220> <223> synthetic peptide <400> 71 Thr GIu_Asn lle Gin 15 <210> 72
<211> 5 <212> PRT <213> Atrtificial Sequence <220> <223> Synthetic peptide <400> 72 Asp Asn lle

met val 15 <210> 73 Page 24 P031150SG Sequence listing.txt <211> 5
PO31150SG Sequence 1isting.txt

Leu Thr Arg Tyr Leu Arg Ile His Pro Gln Ser Trp val His GlIn
1 5 10 15

<210> 54

<211> 15

<212> PRT

<213> Artificial sequence

<220>
<223> Synthetic peptide

<400> 54

Leu Leu Thr Arg Tyr Leu Arg Ile His Pro Gln Ser Trp val His
1 5 10 15

<210> 55

<211> 15

<212> PRT

<213> Artificial seguence

<220>
<223> Synthetic peptide

<400> 55

Pro Leu Leu Thr Arg Tyr Leu Arg Ile His Pro Gln Ser Trp val
1 5 10 15

<210> 56

<211> 15

<212> PRT

<213> Artificial sequence

<220> o
<223> Synthetic peptide

<400> 56

Gly Thr teu Met val Phe phe Gly Asn val Asp Ser ser Gly Ile
1 _ 5 10 15

. <210> 57

<211> 15

<212> PRT

<213> Artificial sequence

<220>
<223> Synthetic peptide

<400> 57

Thr Gin Thr Leu His Lys Phe Ile Leu Leu Phe Ala val phe Asp
1 5 10 15

<210> 58

<211> 15

<212> PRT

<213> Artificial Seqguence

<220> . .
<223> Synthetic peptide
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<212> PRT <213> Artificial Sequence <220> <223> Synthetic peptide <400> 73 Arg Tyr Leu Arg lle
15 <210> 74 <211> 15 <212> PRT <213> Artificial Sequence <220> <223> Synthetic peptide <400>
74 Tyr Gly Glu Val Gly Asp Thr Leu Leu lle lle Phe Lys Asn Gin 151015 <210> 75 <211> 15 <212>
PRT <213> Atrtificial Sequence <220> <223> Synthetic peptide <400> 75 Gly Glu Val Gly Asp Thr Leu
Leu lle lle Phe Lys Asn Gin Ala 159815959 (Beaueneq 15 951891948 pRT <213> Artificial Sequence
<22Qz3¢323x58Synthetic peptide <400> 76 Glu Val Gly Asp Thr Leu Leu lle lle Phe Lys Asn Gin Ala Ser

151015 <210> 77 <211> 15 <212> PRT <213> Artificial Sequence
-Pro Pro Leu Leu Thr Arg Tyr Leu Arg Ile H1s Pro Gln ser Trp

1 5 10 15

<210> 59

<211> 15

<212> PRT

<213> Artificial Sequence

<220
<223> Ssynthetic peptide

<400> 59

Met His Thr val Asn Gly Tyr val Asn Arg Ser Leu Pro Gly Leu
1 5 10 15

<210> 60

<211> 15

<212> PRT

<213> artificial sequence

<220>
<223> Synthetic peptide

<400> 60

Leu Gly GIn Phe Leu Leu Phe Cys His Ile Ser Ser His GIn His
1 3 10 15

<210> 61

<211> 15

<212> PRT

<213> Artificial Sequence

<220>
<223> Ssynthetic peptide

<400> 61

Thr Glu Asn Tle Gln Arg Phe Leu Pro Asn Pro Ala Gly val Gln
i 5 15

<210> 62

<211> 5

<212> PRT

<213> Artificial Sequence

<220>
<223> synthetic peptide

<400> 62
Gly Thr Leu Met val
1 5

<210> 63

<211> 5

<212> PRT

<213> Artificial Sequence

Page 22



<220> <223> Synthetic peptide <400> 77 Val Gly Asp Thr Leu Leu lle lle Phe Lys Asn GIn Ala Ser Arg
151015 P0311505G Sequence listing.txt <210> 78 <211> 15 <212> PRT <213> Atrtificial Sequence
<220> <223> Synthetic peptide <400> 78 Gly Asp Thr Leu Leu lle lle Phe Lys Asn Gin Ala Ser Arg
Pro 151015 <210> 79 <211> 15 <212> PRT <213> Art|f|C|aI Sequence <220> <223> Synthetic peptide
<4003 79 lle lle Phe Lys Asn Gin K38 %rg BHETHR AT FyFPro 151015 <210> 80 <211> 15
<2122 RT syddreArtifisipk$eguence <220> <223> Synthetic peptide <400> 80 lle Phe Lys Asn Gin
Ala %26érg E’3ro Tyr Asn lle Tyr Pro His 151015

Thr GIn Thr Leu His
1 5

<210> 64

<211> 5

<212> PRT

<213> Artificial Sequence

<220> _
<223> synthetic peptide

<400> 64

Ser Leu Tyr Ile Ser
1 5

<210> 65

<211> 5

<212> PRT

<213> Aartificial Sequence

<220> )
<223> synthetic peptide

<400> 65

Pro Pro Ile Ile Ala
1 5

<210> 66

<21l> 5

<212> PRT

<213> Artificial sequence

<220>
<223> Synthetic peptide

<400> 66

Pro Pro Leu teu Thr
1 5

<210> 67
<211> 5

<212> PRT

<213> Artificial sequence

<220>
<223> Synthetic peptide

<400> 67

Met His Thr val Asn
1 5

<210> 68
<211> 5
<212> PRT
pPage 23



<210> 81 <211> 15 <212> PRT <213> Atrtificial Sequence <220> <223> Synthetic peptide <400> 81
Pro Thr Lys Ser Asp Pro Arg Cys Leu Thr Arg Tyr Tyr Ser Ser 151015 <210> 82 <211> 15 <212> PRT
<213> Artificial Sequence <220> <223> Synthetic peptide <400> 82 1 <210> <211> <212> <213>
<220> <223> <400> 5 83 15 PRT ArtificialSequence Synthetic peptide 83 P031150SG Sequence

Iisting.gxglo 15 Thr Arg Tyr Tyr SepBasPhe ValussadViet shndrgsAsp Leu Ala 151015
<Z13> Artificial Sequence

<220>
<223> synthetic peptide

<400> 68

Leu Gly G1n Phe Leu
1 5

<210> 69

<211> 5

<212> PRT

<213> Artificial sequence

<220>
<223> Synthetic peptide

<400> &9

Asp Thr Leu Ley Ile
1 5

<210> 70

<211> 5

<212> PRT

<213> Artificial Sequence

<220>
<223> Synthetic peptide

<400> 70

Pro Arg Cys Leu Thr
1 5

<210> 71

<21l> 5

<212> PRT

<213> Artificial sequence

<220>
<223> synthetic peptide

<400> 71

Thr GTu Asn Ile GIn
1 5

<210> 72

<211> 5

<212> PRT

<213> Artificial Sequence

<220>
<223> synthetic peptide

<400> 72
Asp Asn Ile Met val
i 5

<210> 73
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<210> 84 <211> 15 <212> PRT <213> Avrtificial Sequence <220> <223> Synthetic peptide <400> 84
Arg Tyr Tyr Ser Ser Phe Val Asn Met Glu Arg Asp Leu Ala Ser 151015 <210> 85 <211> 15 <212>
PRT <213> Atrtificial Sequence <220> <223> Synthetic peptide <400> 85 Arg Ala Glu Val Glu Asp Asn
lle Met Val Thr Phe Arg Asn Gin 151015 <210> 86 <211> 15 <212> PRT <213> Artificial Sequence
<220> <223> Synthetic peptide <#00%186 A ss€&tuaraleGld frsmd\srxtle met Val Thr Phe Arg Asn Gin
Ala IBGL5 <210> 87 <211> 15 <212> PRT <213> Artificial Sequence <220> <223> synthetic peptide
<400228F> aArtificial sequence

<220>
<223> Synthetic peptide

<400> 73
Arg Tyr Leu Arg Ile
1 5

210> 74

<211> 15

<212> PRT

<213> Artificial Sequence

<220>
<223> Synthetic peptide

<400> 74

Tyr Gly Glu val Gly Asp Thr Leu Leu Ile ITe Phe Lys Asn Gln
1 5 10 15

<210> 75

<211> 15

<212> PRT

<213> Artificial sequence

<220>
<223> sSynthetic peptide

<400> 75

Gly Glu val Gly Asp Thr Leu Leu Ile ITe Phe Lys Asn Gln Ala
1 5 10 15

<210> 76

<211> 15

<212> PRT

<213> artificial sequence

<220>
<223> Synthetic peptide

<400> 76

GTu val Gly Asp Thr Leu Leu ITe Ile Phe Lys Asn GIn Ala Ser
1 5 10 15

<210> 77

<211> 15

<212> PRT

<213> aArtificial sequence

<220>
<223> synthetic peptide

<400> 77

val Gly Asp Thr Leu Leu ITe Ile phe Lys Asn GIn Ala Ser Arg
1 5 : 10 15
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Page 27 P031150SG Sequence listing.txt Val Thr Phe Arg Asn Gin Ala Ser Arg Pro Tyr Ser Ehe Tyr
Ser 151015 <210> 88 <211> 15 <212> PRT <213> Artificial Sequence <220> <223> synthetic peptide
<400> 88 Thr Phe Arg Asn Gin Ala Ser Arg Pro Tyr Ser Phe Tyr Ser Ser 151015 <210> 89 <211>.15
<212> PRT <213> Atrtificial Sequence <220> <223> Synthetic peptide <400> 89 Leu Tyr IIe_s_e_r Gin
Phe lle lle Met Tyr Ser Leu Asp GIpoRys 30 $5qsdds> PR £24dn:lb <212> PRT <213> Artificial
Sequgng <22p> <223> Synthetic peptide <400> 90 His Asn lle Phe Asn Pro Pro lle lle Ala Arg Tyr lle
Arg Lall15100H <210> 91 <211> 15 <212> PRT <213> Artificial Sequence <220> <223> Synthetic

le Ala Arg Tyr lle Arg Leu His
peptldélﬁﬁoogﬁgl Asn | eEefé%éArgg Pro Pro lle lle gTy g

<220>
<223> Synthetic peptide

<400> 78

Gly Asp Thr Leu Leu Ile Tle Phe Lys Asn GIn Ala Ser Arg Pro
1 5 10 15

<210> 79

<211> 15

<212> PRT

<213> Artificial sequence

<220>
<223> synthetic peptide

<400> 79

ITe 1le Phe Lys Asn GIn Ala Ser Arg Pro Tyr Asn Ile Tyr Pro
1 5 10 15

<210> 80

<211> 15

<212> PRT

<213> Artificial Seguence

<220>
<223> Synthetic peptide

<400> 80

ITe Phe Lys Asn G1n Ala Ser Arg Pro Tyr Asn Ile Tyr Pro His
1 5 10 15

<210> 81

<211> 15

<212> PRT

<213> Artificial Sequence

<220>
<223> Synthetic peptide

<400> 81

Pro Thr Lys Ser Asp Pro Arg Cys Leu Thr Arg Tyr Tyr Ser Ser
i 5 10 15

<210> 82

<211> 15

<212> PRT

<213> Artificial Sequence

<220>
<223> Synthetic peptide

<400> 82

Thr Lys Ser Asp Pro Arg Cys Leu Thr Arg Tyr Tvr Ser Ser phe
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151015 <210> 92 <211> 15 <212> PRT <213> Artificial Sequence <220> <22_3> Synthetic_ peptide.
Page 28 P0311505G Sequence listing.txt <400> 92 Ala Arg Tyr lle Arg Leu His Pro Thr His Tyr S_er lle
Arg Ser 151015 <210> 93 <211> 15 <212> PRT <213> Artificial Sequence <220> <223> Synthetic
peptide <400> 93 Arg Tyr lle Arg Leu His Pro Thr His Tyr Ser lle Arg Ser Thr 151015 <210> 94 <211>

15 <212> PRT <213> Artificial Sequaneecs220eqtdrae Bysihegicireptide <400> 94 Arg lle His Pro Gin
Ser Ter Val His Gin Ile Ala Leu Arg Met 151018°<210> 95 <211> 15 212> PRT <213> Artificial

Sequence <220> <223> Synthetic peptide <400> 95
<210> 83
<211> 15
<212> PRT
<213> Artificial Sequence

<220>
<223> synthetic peptide

<400> 83

Thr Arg Tyr Tyr Ser Ser Phe val Asn Met Glu Arg Asp Leu Ala
1 5 10 15

<210> 84

<211> 15

<212> PRT

<213> Artificial Sequence

<220
<223> Synthetic peptide

<400> B84

Arg Tyr Tyr Ser Ser Phe val Asn Met Glu Arg Asp Leu Ala Ser
1 5 10 15

<210> 85

<211> 15

<212> PRT

<213> Artificial Ssequence

<220>
<223> Synthetic peptide

<400> 85

Arg Ala Glu val GTu Asp Asn ITe met val Thr phe Arg Asn Gln
1 5 10 15

<210> 86

<211> 15

<212> PRT

<213> Artificial sequence

<220>
<223> Synthetic peptide

<400> 86

i?a Glu val Glu ésp Asn Ile Met val Thr Phe Arg Asn Gln Ala
10 15

<210> 87

<211> 15

<212> PRT

<213> Artificial Sequence

<220>
<223> Synthetic peptide

<400> 87
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lle His Pro Gin Ser Trp Val His Gin lle Ala Leu Arg Met Glu 151015 <2_10> 96 <_211> 15 <212>_PR'!’
<213> Artificial Sequence <220> <223> Synthetic peptide <400> 96 His Pro Gin Ser Trp Val His Gin

lle Ala Leu Arg Met Glu Val 151015 Page 29

PO31150sG Sequence Tisting.txt

val Thr phe Arg Asn GIn Ala Ser Arg Pro Tyr Ser pPhe Tyr Ser
1 3 10 15

<210> 88

<211> 15

<212> PRT

<213> Artificial sequence

<220>
<223> Synthetic peptide

<400> 88

Thr Phe Arg Asn GIn Ala Ser Arg Pro Tyr Ser Phe Tyr Ser Ser
1 5 10 15

<210> 89

<211> 15

<212> PRT

<213> Artificial sequence

<220>
<223> Synthetic peptide

<400> 89

Leu Tyr Ile ser GIn Phe ITe Ile Met Tyr Ser Leu Asp Gly Lys
1 5 10 15

<210> 90

<211> 15

<212> PRT

<213> Artificial Sequence

<220> _
<223> Synthetic peptide

<400> 90

His Asn Ile Phe Asn Pro Pro Ile Ile Ala Arg Tyr Ile Arg Leu
1 5 10 15

<210> 91

<211> 15

<212> PRT

<213> Artificial sequence

<220>
<223> Synthetic peptide

<400> 91

Asn Ile Phe Asn Pro Pro Ile Ile Ala Arg Tyr Ile Arg Leu His
1 5 10 15

<210> 92

<211> 15

<212> PRT

<213> Artificial sequence

<220> )
<223> Synthetic peptide
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PO31150sG Sequence Tisting.txt

<400> 92

Ala Arg Tyr Ile Arg Leu His Pro Thr His Tyr ser Ile Arg Ser
1 5 10 15
<210> 93

<211> 15

<212> PRT

<213> Artificial sequence

<220> i

<223> synthetic peptide

<400> 93

Arg Tyr Ile Arg Leu His Pro Thr His Tyr Ser Ile Arg Ser Thr
1 5 10 15

<210> 94

<211> 15

<212> PRT

<213> Artificial Sequence

<220> .
<223> sSynthetic peptide

<400> 94

Arg Ile His Pro Gln Ser Trp val His Gin Ile Ala Leu Arg Met
1 : 5 10 15

<210> 95

<211> 15

<212> PRT

<213> Artificial Sequence

<220>
<223> Synthetic peptide

<400> 95

Ite His Pro Gln Ser Trp val His GIn Ile Ala Leu Arg Met Glu
1 5 10 15

<210> 96

<211l> 15

<212> PRT

<213> Artificial Sequence

<220>
<223> Synthetic peptide

<400> G6

His Pro GIn ser Trp val His 61n Tle Ala Leu Arg Met Glu val
1 5 10 15
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