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 %)\flIr,f(\)/\Q/T’i:é{rle’:“c'gféI %%Er%%%}fﬁﬁﬁhﬁg’ls 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 %‘Edﬁeﬁi’é‘éé‘?ﬁ@’by]gpplying 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@ﬁ%@%%&%@%ﬂﬁ%ﬁ@@%@rﬂ%ﬂﬁﬁﬁﬁm A. Since patients
with congenital haemophilia A can be genetically deficient in FVIII, the synthesis of inhibitors is an
alloimmune rispemseptilithetordiod prabidity selelinisseregmdypredusad deepust Blestiidpisodes. 15

CDA4+T Cellso@daaﬁgfﬁae;r@lg 5}t HRIENIS I8SPBs A VA iier heima dakan up by
antigen-presenting cells r%A. Cs), FVlI underg%?s pr?teolé/é}' ]de radat'%%,n into epﬁ'de fragments
(Reding a al (35OBPHERMAHRIMEITSIS SH BT 567588, F1ie %eﬁﬁﬁéesasa TER Préseritdd on the surface
of the APC indafsesigticficivitn MA@ class lh 20tindiessinghd lfislgopepieis Dthémrabogdhised by the T
cell recepytor of 8, GR4E cqll SREGIiGRE WU ANRePrasens6:Ri A 3RPERTigiR CaRHinulatory signals,
this recognition urrtllmate1y causes the CD4+ cell to direct the synthesis of antibodies by B cells. 25The
incidence of i?ﬂﬂ@?fﬁ??@?h*i‘éﬁ@ﬂﬁ*ﬁifﬁaﬁy increases with the number of factor VEIL treatments, but
appears to plateau after 50-100 exposure days. Inhibitor formation is much more common in severe
haemophilia han,ig,medsraigasdpichdisapseandsameeiackiardafesisimast sleasly large
deletions and nonsense mutations in the factor VI ligh ‘gpain, ppear to predispose to inhibitor
formation. Patahils s diechestine 3@‘86?‘?&3%%‘&&15%{){) (ﬁ?ﬁfﬁ?@?@?%%gﬁ? ?%ﬁﬁr%fsreplacement
factor, and treatpenivhistonilmaistatso lafipotdisevikddiivode afdantibodynpstiductidrerofipe management
of haem%)hi”ﬁb%ﬁﬁ@ﬂb%(?@%l@ﬂ?&ﬁé&éﬁ AR00a0ibgLahallsagerimmune tolerance induction (ITl) using
a desensitization technique’is successful in some patients with alloantibodies against factor VIE. This
therapeutic approach requires ongoing exposure to factor replacement therapy, so is a long-term
strategy. 5 Although ITT can be successful, a significant proportion (about 30%) of patients fail to
respond to ITH.Rasigmiscwisladaiah inbihiasditpes o eolwehg egarikayttente sijofiel tadiegtment. Mother
significant contributingﬁfactor IS age at }Fe start of. comm%pcingi Til’o itrI;1 1%?5%}4 g(ge%{‘()aased success
rates when th%uBa?ﬂéin %ngd%?' fifan’ hgi}/sgtsgflfb‘c(éﬁﬁ f@%mlnars if Thrombosis ahd Hemostasis
32:15-21) WhigeediTiglheragphimeinsisgrssef yiretsermiitivor erintetia l9eisisieiotelfevithe because such
patients gJe Uﬁ[ggg;é.high-responders, it is necessary to treat episodes of bleeding with FVHI bypassing
products, such as activated prothombin complex concentrates 15 (FEIBArm), and
recombinant-activated FVIl. However, the use of such agents is associated with adverse events such
as disseminated intravascular coagulation, acute myocardial infarction, pulmonary embolus and
thromboses (Acharya and DiMichele (2006) Best Practice & Research Clinical Haematology
19:51-66). 20immunosuppressive therapy is sometimes used for patients who fail to response to 1TI.
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

interest on selective B cell depletion using Rituximabm, a humanised monoclonal antibody to B cell
CD20 antinen However infiicinn reactinne cariim <icknace and onnartiinicetiec infectinne have nectirread




30 ACQUIRED HAEMOPHILIA WO 2009/071886PCT/G112008/003996 4 develop antibodies against
one of the clotting factors such as factor VIII. It is thought that pregnancy and autoimmune diseases
such as rheumatoid arthritis and cancer may increase the risk of developing acquired haemophilia.
Although th&8 B ences in the underlying immune mechanisms leBGiHG RS &8P duction, the
clinical 5manifestations of FVIII inhibitors produced in response to coagulation factor replacement
therapy and those produced in acquired haemophilia are similar. Acquired haemophiliac patients have
a mortality rate that a aches 25%, partly because of the ociat} f acgi inhibitors with
severe blee%%%%%%}i%a%%ﬁ%} %néaght£$3%¥g6 gj &‘Pﬁ% éla%ga%r?ﬁbo%){f %ﬁ%ﬁ’t’o‘?g iigsg%éaged primarily on
the need to MBEERRIEREHsVe fttaratd lsadiss Rl aredivpmentionrs, WRiEK PEfudhiyTAre life and limb
threatening airgcsReeMREDA g€ tadisatadh erapterd hadiniomHastomiRormaceagyation. Some bleeds
associated with low titre ﬁa‘g{gamit‘)’?d inhibitor.séf Beth%&aa Utni&sgﬁg]ﬁgy be treated effectively with
FVIII concerffaféd S6R%Al P@&% Hi %‘%ﬁ%’é’ B RREPEVAT EBAcEnfa was formerly considered a
critical first-line therapy for acquired 15 hemophilia-related bleeding since it was the only replacement
therapy shat Treawidad fanmappopiinitys tesadiy dihrepraaueat pdshénflising Htihg dagilaiion activity levels
in the laboratary. The producl wasemaver.om ne.matkelplacs . 3994 Pecause,gf contamination of
the porcine fﬂasma pools Ey porcine parvovirus. ow,g‘]bypassmg”%gents are most commonly used,
but potentialdesikRadtharmb disermvery Bdecanbatraehilp oy pioehy 8o BFfERey #7 each product.
Plasma exchangeo\iglpiasmaph ey episaadshianiise eip Rrephdaeneadsaspiandaagbe necessary to
temporarily reduce the inhibitor titer enough for bypassing agents or FVIII replacement to provide
adequate hemnastasisiFradicali ol RutRaANEb REXANBHOHR PRPU AR URMARS UBPressive
measures, such as: (]) administration of corticosteroids with 30%-50% fficac%/ in 3-6 weeks; (2) use
25 of c&?otoﬁ%egﬁﬁhﬁii?efbﬁptﬂFeggY\‘il"%WS% PLBatif rﬂg‘,i%‘?gf‘? c%&é’ﬁ?nggﬁwg?ﬁide,
cyclosporinefugetood daory AN dSicter; () nmhibitemoctutatioapprtkiimitely 230 sfithosanoglobulin; and
(4) selective Gy QloaHE ABRIRH WSRUULABAD il XURARTA FESROFEISATAY igquire concurren
t.

use of steroids and relapses may respond to retreatment. 30 5 have shortcomings. There is therefore
a need for ingpreRREdnestiroeY ip Biddhads wraheds o brhibitoey it B ploaR e R HRamMb fhilia A and
acquired haeaggbilia pldiepieaeiiitsntntprabm\ve fieurisditiigtdgipdssible to prevent FVIII inhibitor
antibody formation by pre-tolerising the patient with FVIlI-derived peptides. SUMMARY The present
disclostfe, therefore, relates to a peptide derivable from FVIII which is capable of inducing or restoring
tolerance to ENil. T baipidsealinvantors ihaveiidentiieesponsnbevallimuunedamirant regions of FVIII
that are predicted to give rise to HLA-D inding.peptjdes (Table 1)..0f these.peptides, regions
545-559 and” 37%8%3 BFFac g'rg\ﬁ%l%r@%:% ;kjdﬂtgle[)dlgg ?%Fés%ﬁ?ﬁ%‘fm& ﬁ%’l orrhmtgnt T-cell epitope
regions in theeptida-BRnrattridtedivE-celkieC90ns lagthephiia fadtery 1) Biedtimerbefanice with these

peptides ha%@ﬁﬂ%ﬁ?@%@éﬁr@%é@& gubstaniialsHppies sicR bR wmIRgesrange to factor VIII. In
a first aspect, there is provided a peptide having,one of the_following sequences;

VEDNI TWN@&%R%HWN@%?W?W‘W%&&A@ W@%ﬁ"ﬁ/ﬂfefﬁ?\fé&’éhpvsw
VTFRKQASRRMEF ¥ FKBD PRChd Ré¥ESFoR 8o RRIThpral S SHI 8B Righ#HeY HESFVN
DPRCLTRYYSSEYNMRRGLKYSSEYIME R KYYSHEWIMER GLIBY¥SSFYIMERD Sa
which peptide Is capable of binding to an MHC class Il molecule without ftirther antigen processing and
being recogrﬁ%lésd by a factor VIl specific T cell. 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_abovg, or a compagsitiopn as defined above, for use in ressing or prevepting the production
of factof VIl in iﬁ%%%?i@(ﬁ%slltﬁrﬁvr&%ﬁo%l 6&?@ é%cﬁg%sfstﬁéﬁrge is SP&Qge%Et%g ‘ﬁrigfglf a peptide as
defined abowecatnenisohwh@ahters 4 Mafinealieh50d.0h ereosnemndanctdrdibiter feeassiambnt to suppress or

prevent the pracistipd @ffacie i\ dphikiiasantibadies iR Adiih@eReCindNBHR:is provided the
use of a peptide as defined above, or ﬁ(ﬁompg ition as defined above in the r{ban#facture of a
ing&h ofa

medicament TSHSHIHreREHY B &\TaHYINY §h & rHoRF-AEh WHEEs AP BRPa5Ydies in a subject.
In a sixth aspédit,ligierehismrayriceddhecdspost sopepiidterdemietfined Brpoveswrsacbampasition as defined
above igfhe [oaRIARLeGhA (EHER e RLRLISANdMASHORNND B URIP Gedhgifirt embodiment,

the present osure provides a peptide comprising one of the following core residue sequences:
LYISQFIIM Fitprareya!sa rfienktha beliraed o Axibors predustionyiv TFRNQAS LRIHPQSWV 5b
which peptide is capable of binding to an MHC class Il molecule without further antigen processing
and being recognised by a factor VIII specific T cell.



The peptide may, for example, have the sequence PRCLTRYYSSFVNME or DNIMVTFRNQASRPY.
In a second embodiment, the present disclosure provides a composition, such as a pharmaceutical
composition comprising a peptide of the first embodiment of the disclosure. 6 The composition may
comprise a PO GH8ach peptides. In particular, the composition may E6MpREY$HE S Mowing
peptides: PRCLTRYYSSFVNME and DNIMVTFF%NQASRPY The composition may be in the form of a
kit, in which the plurality of peptides are provided separately for separate, subsequent, sequential or

simultaneous_administration. The peptige or a compgosition of the disclosure be for use in
suppressing F?&dﬁ’@ﬁ?&%ﬁﬁr@&ﬁﬁ%@%@aﬁﬁéﬁ%{ﬁmé%t 1513}%%?5? %lﬂnﬂ’?ﬁﬂ‘é‘ﬁg‘%@%‘éﬁ%‘s. The present
disclosure alsonpnoyidésative irseaibsudhin poptidalorostizpticititrahiniahe navreksefidrérof a medicament
to suppress, Jeduce . or prevgntiedeyasioPmenOkaston ! inhiRiteeABtRRdigHidhe present

disclosure also provides a method for suppressing, preventing or reducing the development of Factor
VIl inhibitor BAHBEHBE HECEPRIUEAMRAIN oIS P RYe P dF ARG such a peptide or

composision to the subject. The subject may be deficient in FVIII. In particular the subject may have

haemophilia A,,and be,or b @Q&U t ergg factor VK replacs @%@}g{@gytﬁlternaﬂvely the
subject may @at{l/%?ggrr?r?gcg?%ﬂ?%?n_ co’n%r%%}kiﬁg‘, a%%u?f%g rrliafemo haiﬁg. Factor VIII inhibitors are found
more frequentipendrieiiduReiensrwibihighinhiprotirsety, Bladh Featdaibyaresrretisd of the
disclosure mayatherefosadirHL:ARRARRsNRLIRESGR IR T M @ HeHE IflkiRESikgure 1: Recall

responses f mph node cells (LNC) from FVIII+DR2+ mice primed with I/ICFA WO
2009/07188%Ir ’I"F@%ﬁ%/@%@g@gf ac)cf_sﬁletﬁsrcm?eﬂrla o %88 (}rﬁ?pﬁgﬁ\ﬁfaagsayfg{{) fﬁ% proliferation to
FVIII peptide@RIBeinlne ipBiferktisn aud Hgmogepinddd 38 hnd 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 1Q Figure 4: Representative
examples of PUF.BROSEPY & YRGS Sﬁtggbéﬁééﬁf@%bﬁﬁﬂ?&se {/(!:-%gpe“éib ecsi?ﬁ?gure 5. FVII-/-
clones specifiacfopajkiiity Muatigl IipiPROLIIGS. Figs m@;ﬂsdglh%gpphm ﬂfrhiﬁ@irw FVIII for
FVIII+DR2+ W%&fﬁfﬁﬁt% B WiRLASPLGS RULIR RUMIRANBIANEIIE Edhe Rigiete 7:

Determination 0 e Jarige of peptide epitopes c%pable of functions as apitopes using FVIII-DR2+ T
cell hydHtotriERBhes sprtifreepipaiagrated BYlbyAaBpiRy feptitfes! T8 A8gHaibeptide is termed
0. One amingsasithehifttowaidsihedtieiningl Bsstmingedrtnovacidshitagolating satiue: N-terminal is -2
etc. One shift towards the C-terminal is +1 etc., Figurg 8: Lym de cell {F\kgiappa production in
response to E{Vﬂ?ﬁ*&?ﬁiﬁ?ﬁ%‘ﬁ’nﬁ‘h@f&%&%@l f‘/v/i’t%iF%\I/EQI)IIFE esﬁ%)/@ﬁlge tides PRCLT, DNEVIV or a
mixture of botP0BfxRese BT RroeSdirimriENrgoleBHDEPhe present invention relates to a
peptide. WO 2009/071886PCT/GB2008/003996 8 The term "peptide" is used in the normal sense to
mean a series of residues, typically L-aming. acids, nected one to.the other typigally by peptide
bonds b?éiwegﬂf*fﬁ?&‘&ﬂaﬁ%ﬁﬁg%ﬁ‘aaér’ééﬁy eé’fréﬁspuss%% SUfCEREammG &t g?pf'ﬁseé/t%r??:lincludes modified
peptides andByatthetic pagtide ardiogiestistT hefpeprivensfihprgseése ndivgentidabmaaf be made using
chemical methods(Reptida S hrmisie ARiagical Tautbaak MikessRrslanskpSminger-Verlag,
Berlin.). For example, peptides can be synthesized by solid phase techniques_({;gber e JY et al

(1995) ScientBesb§ o FPIna)SYHERy e d FFEMIAFRLMEYH “Hh 835 ErSt RS 5T E0HERTE KR 10
performance gigrisidl chrmmatagiapiiyn(e.g., Creighton (1983) Proteins Structures And Molecular
Principl%§, WET Freeman and Co, New York NY). Automated synthesis may be achieved, for
example, using the ABI 431 A-Peptide Synthesizer (Perkin Elmer) in accqrdance with the instructions
provided by tABemantersetetdnterstrRadiesia S rrildansteansing Brimak by esmbithnt means, or by
cleavage from,fastsnyll indbiieemnpositiconyiaspapide My ke, Ganfitenestdey@a)iseraaid analysis or
sequencing (e.g., the Eciman degradation procedure). For practical purposes., there are various other
characteristic%“%ﬂ\%%afh%%@%%é%%}%ﬁlgﬁso?ﬁv&8?%?5% Bﬁaso fﬁ%‘%g%ﬁé)egﬁ%yii s%%t%sat a
concentrationdwiighiMarmik 260 sk TrrenpFdmopehiitie ¥Way be soluble at concentrations of up to 0.5
mg/ml, Lmg/ml, or 5 mg/ml. It is also important that the peptide is sufficiently stable in vivo to be
therapeutically 25useful. The half-life of the peptide in vivo may be at least 10 minutes, 30 minutes, 4
hours, or 24 hotgg/IRADEpEPMIORHTIAM also demonstrate good bioavailability in vivo. The peptide may
maintain a conformation in vivo which enables it to bind to an MEC molecule at the 30cell surface
without due hixefianaendereiphl iR S AdESOMch 200 i BB GMCH AEEd? Bes/e39asd 4

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



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
peptide fragments. A peptide may bind to a major histocompatability complex (MHC) class | or Il
molecule inSHRHIETEBANd be carried 5 to the cell surface. When preseffeti@# M8 4sh%urface in
conjunction with an MHC molecule, the peptide rﬁay be recognised by a T cell (via the T cell receptor
(TCR)), in which case the peptide is a T cell epitope. An epitope is thus a peptide derivable from an

antigen which is capahle of binding to 1Q the peptide-binding gropve MHC class | or Il molecule
and be reco§REER %’S}%O?E%%ﬁgaﬁfg TR ?é’g% ??ef% tﬂﬁr%séllglé%ségo c]‘%(;{fnﬁ}én to}%r%?a ?‘é from an epitope,
which is captdibieetinndirgdethenpemivdidshdingchreovswhaddRahelissndaancaaerule and 15 be
recognised by.a & Col FR" & AVER IPUEIGREN RO A RmisalmBRssbisdageperate a "nested
set" of overlapping peptides which act as epjtopes, all of which contain the minimal epltope but differ in

their flankingre§forBdEly it SRR GoRESIHIEBoSatRE S dHHPIREFIm D% SIS for a particular
MHC 205 malesifatdtioatl cdnibviiHtidthibtene asodirgdthia response to troapatednpdatices. For example if
a response is_gbhtaine t epii iSi i =15, pping library, sets which
are truncated Qfl é%?ﬁngﬁl ga *%Seynipﬁl{%&ﬁ,%&g%éﬁl%%%@ﬁg%}%%%ﬁ%%Qlifé% Ee%’:.) can be used to identify
the minimal epitape. 25The present.inyention provi i o I$i09-34/,C0 sidue" sequence
of FVIII. The%gngpfr% r%gllaﬁ% }sgau%aklgg\{ss alllrag %f%é?&ﬁ‘%?ﬁ% Eﬁi%@e@é %lf%ji%?g/gl gﬁi ms to represent
or comprise baeapstrifrie dptesinsioorafasnviei dpbikiters O sesuerblecd it ePfplGatBYs have previously
determined tha! theupySot linkuhetnrenihscaanakityat aepidetading ta ansMElg edass | or I

molecule and be [i]resented to a 'Ecell without fur, et antl\gl%nhp ocessdn%r%_eaﬁg th 1pelr))tide's capacity to
induce t81erEBESHURIS RRIGYS R AT 28 SRR 00 ToRG FE ST e 'BEliaé Bihding groove of
an WO 20081i67:8B88RATYGBR008/603adcECHvEGmidhedy e witlorndumil epgmdeiysing (e.g.
trimming), or binds in an inappropriate conformation then it will not be tolerogenic in vivo. If, on the
other hand, theredbiide dsafiandapordpsitite: sireaatichdpnfbitatidr $Bkihaiditdutly tezythe MEC peptide
oinding 9rooke AR PEREAEN'GH A &R INIRASRUAR GANACLRdiRthigfselul for

Stolerance -induction. It is thuS possible to investigate the tolerogenic capacity of a peptide by
investigatingSAEMTatit ¥ah Birmevarrmtiderehss cortrinSretling ahamRy pfes et Rrid a T cell without
further antig@enRisiaRS SN BllEaingGiddadtpeptidesnf theprosentinveptinn preidpitapes (Antigen
Processing-Indepent epiTOPES) in that they.are.ca of hinding to.ar C [ molecule and
stimulating aopgg%g?l}?{eprgﬁnm?gl&)é?e\ﬁwgsﬁgsc%!ﬁ%%ﬁggl S wﬂﬁgﬁﬁqt%tiﬁgeragnt} eflli pgirsbtl:ﬁlez,%ng. Such
apitopes canldhopianicidd teredusseviasieremeedo om| theoItBavkstplans 1% bsagsmethod described in
WO 02/1641Q,fxReRLigE &f the fresRNiliRvansis maydanyalenashesis capabimgf binding to an
MI-IC class 1 or 11 molecule without further rtoctessi,rl_%i 'J'fy icallyﬂhggggjtidﬂ? of.the present invention
is capable o BTHIAT MPTCUHRLHY 5P eptidesiaL Bia 16 M EaLe Y Rotelies Are typically 7 to
13, morgpusuiskyld $botD&aPhinticmiv SomehshgiivdTHcPbismirydfanee peprtiempphergsiiged at its two ends
by contacts hetween Alams-nibsibaitaaln Bf {heRentideand mvarianisitesiihihapeptide-binding
groove of all MHC class | molecules. There are invariant sites at both 25 ends of the groove which
bind the amiﬁ’&ﬁﬂiﬂ"tﬁ‘rﬁ%%@ﬁ%%ﬂﬁSrpF%‘ﬂf@P\?%%ﬁ%ﬂ?ﬁ‘gﬁﬁagq%ﬁggtﬁ%ﬂséa%{&comodated by a
kinking in the peptide backbone, often at proline or glycine residues that allow the required flexibility.
Peptides whiErm#fato Meeoanibedy mbibedeasady B BRI S SIRe3YSMME™30 acids in
length, more 44spglhalaehaeniod Ofapeiddkaimsifiowtidstin lengdifiang path-bevtekger)fae example up to
40 aming acids). These peptides lie in an extended conformation along the neptide-binding
groove \?vﬁﬁichoﬁ%m%xfﬁe Iggé?: as fesse%%i(ﬁé?gll%%ﬁga g‘%%%\?éﬁ’%jo%%h %t&g)gﬁé %ﬁéﬂlf&?ﬁe peptide is
held in place aysabprine mainbitrasisanmdreesinact Slitresmearddationd f6d tHara¥seade peptide-binding

groove. WO 20040d886P GHCB2D0/R03R96RLL BERIHIE RERIENGES rinkhgafirst aspect of the
invention relates to a pgptide comprising one of the followin%fcore,resid e sequences: LY | SQFIIM FI
|H§’E§§

IMYSLDS IARYHETRED | FISPREYGE AR GE4H S YEERAIVT PAR'GAY WR¥For example, the
peptides mayspmptisemraerehi5IARYIRLHP LTRYYSS FV MVTFRNQAS LRIHPQSWV. following
core residue sequences: 20In particular, the peptides may comprise one of the following core residue
sequencéds: LTRYYS SE'V MVTFRNQAS.

Thus, all currently available methods for reducing alloantibody production associated

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



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
an MHC class H molecule without further antigen processing The flanking N and/or C terminal
sequenc)eés ma be derjvable from th se uencesf the re rﬁgléjgue s uences in human FVIII.

30 For e ?HEI HEOUpEde METFBE F§ ‘Eé%'“\‘r‘b‘?ﬁ Y EEE PRIVSEDG

PPI |ARY|&LdﬂE-FH’YIMhbb(ﬂE:é§ NIASRETiER %&@&E&ﬁ%&ﬁﬁ%ﬁibﬁ@ﬂ IMVTFRNQASRPY
RYLRIHPQSWVHQIA. WO 2009/071886PCT/GB2008/003996 12 Some FVIlI-derived peptides are

already known to be apitopes (for example PRCLTRYYSSFVNME and DNIMVTFRNQASRPY). In

addition tgibeseseepiidesisheravedy il aHaers whiskishane thewame\cnlaiBbidue semuance, but
which dlf‘f?l‘ by 50n$ or more flanki g resjdues, g%n&gﬁr to tesf this, a panel of overlapping peptides

may be pfOHTEREE Ty R}eﬁsﬁtﬂ% T ot EEh T fiEREY L PERY ‘capable of generating an

immune response, because they contain the minimal epitope. Of these peptides, one can investigate
10 Wheth gtgiﬁ]e also behaves as an apitope, by investigating the capacity of the peptide to bind
MHC cla ulate the appropriate T cell in an antigen processing free presentation system.
The peptides shown in the following table may be tested for their ability to act as 15apitopes: LI

VEDNIMVFERRASH B FEFAIA SHB DA AR KSHB TR ORSR S

IMVTFRN@&BBBY&E&M)«@' ERMQASR Y t(RlFHEIQSWVHQIA_LR YLRI HPQSWVHQIAL
RYLRIHPQSWVHQI A TRYLRI HPQSWVHQ LTRYLRIHPQSWVHQ LLTRYLRIHPQSWVH
PLLTRYLRIHPQSWYV Also, it may be that peptides slightly longer or shorter than the 15-mer peptides

given in trrelepmsedaiialeeaaﬁs aaapidepes angmnaieapdbiant tolbsisingnd eghjactiorfattiony!l. The
peptide for example be betwee amino ac lar een 12 nd 18 amino
Dokis in ITGREAPDE H5 T06070 Fowane RETOB 65604 ARGt ou S aHIGe T PG Essing
independeergxmesenﬁaﬂ@@ WEIeNTSEMIRE) ae known Vmﬂludlélgc&as)ldle&ed AR Crépriéhent wWithout
antibodies to CD b empranes containi r.ll MEC with or without
atibodie T RSB ERE 0y FONTERCRAHAI B AN AT ES e ORI or without
antibodiesdigm&DR8)or VII. Treatment of mice with these peptides has been shown to lead to a

substantial suppression of the immune response to factor VIIL.

In a first aspect, there is provided a peptide having one of the followihg sequences:
VEDNIMVTFRNQASR
DNIMVTFRNQASRPY
IMVTFRNQASRPYSF
MVTFRNQASRPYSFY
VTFRKQASRPYSFYS
TKSDPRCLTRYYSSF
KSDPRCLTRYYSSFV
SDPRCLTRYYSSFVN
DPRCLTRYYSSFVNM
PRCLTRYYSSFVNME
RCLTRYYSSFVNMER
CLTRYYSSFVNMERD



10 All of these systems are capable of presenting antigen in conjunction with an MHC molecule, but
are incapable of processing antigen. In all these systems the processing function is either absent or
disabled. This makes it possible to investigate whether a peptide can bind to an MHC class | or Il

molecule and be‘r;glte entedtoaT c%lll withou 15f%‘rthe'i\}i’ﬁﬁg&n58_rﬁces(§é@% TWh1 use le%xed APC to

investigate T cel B& (Qﬁgté%lel Wl known TR Hhe aﬂ,%r examp?e in studies to mvé)éltlga e the minimal

epitope withipca palypapiidendydngasusing dhkhe sfocise Y repaatedipeptides (Fairchild et al (1996)
Int. Imrnunol. 20 8:1035-1043). APC may be fixed using, for example formaldehyde (usually
paraformaldehyde) or glutaraldehyde. Lipid membranes (which may be planar membranes or
liposome$) magcbedprgpatethesing mifidial ipidspsstay benptasing mpehnbiaperfiieptsostal fractions
from APC %&5 I use, the APIPS may be applied to the wells of a tissue culture plate. Peptide antigens
are then gﬁ 383aané%ﬁfhding of the peptide to the 11/44HC 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 know, .i%the arE, ft%r example v(iiac?H- 30;(51 emétgliréefiing r @gon orc tokig&g&grgion.
FACTORWVIft THE pae’sﬁ)t?cc{é ot the Thventicr m%)? &rivabfe'fiom tactor Vit

2009/071886R4 THe B2 O8I0 30 it fsactan i pariigiphtes e dnteinsicteatfiNayobidood
coagulation'.%a or VIl is a cofactor for factor 1Xa which, in the presence of Ca+2 and phospholipids,
converts I%l& cr’%tletsolt &' 4ctivated form Xa. 5 The factor VII| gene produces two alternatively spliced
transcripts. Transcript variant 1 encodes a large glycoprotein, isoform a, which circulates in plasma
and assoi:iates wit von gvgllqg‘r?%\d facl_tg\gii g %)enc%va!)efng comglgx.a'ls'h‘ijse rot i unge@ogs multiple
cleavage vélntfé). ransgrl%t vanant 2 Bncodes a pulfaffive smgﬁppro ein, Isoform 6 10Which consists
primarily obtingophiospisaligidddnting dartiaimahfdettury itea Tudibinding dempainsisegsential for
coaguIan(tshactivi'%/L.K:Lh(?E éggg@letgfiﬁG 9?0 base-pai .seguence of the'human factor VIII gene was

elucidated hithe mid’ {gits iiel’]r e 15 r(ilétéﬁ fatlire 312 326-330). At the same 15 time, DNA

clones encoding the complete 2351 amino acid sequence were used to produce biologically active
factor VIILin cultured mammalian cell %\//}/ood et al (19E§é%Nat re 3 :330-337 . The co (plete 2,351
amino ac:lél ge%%%%%%efgr%ﬁ%ésnpfggﬁée hels? Sg?vcgnaiﬁeg %%ﬁni]dzﬁ O'Fﬁ’eof)ép%?énep §1§ 1tgsenpresent
invention maleecdatbeabléfibennfactdrdfiilc The peplicermay{doswmmamples consistepfiagdntiguous
sequence %&nc"lino %%i astgrr {1%}1‘1%0&%; Vill.se gselr}lce.&hgcpeptide may be obtainable or obtained
from cleagage o??ﬁe actor VlII'sequence. he pep%lae r]nay have one or more mutations, such as
additions, substitutions or deletions from the wild-type sequence, as long as the peptide retains the
capacity tp bind 1o the peptide-bindin ve of an IVITIC mo le,without further anti
processin%l, LRdDe ‘é%g%lu?éed‘ Wrﬂ%{e% %gl\%%ﬁ%cro%%feﬁzeg%g%u 5 %d%/%?gge&};arﬁgéﬁﬁ%\%gaive, three,
two or onesmisthitioh (Swowenitshengthufdeemaofnp aredicuhenvilek 864ype JeguadeliDaliberate amino
acid subsgitgtie%rt]s may be made on the basis of similarity in polarity, charge, solubility, hydrophobicity,
hydrophilicllltﬁ, and/or the amphipathic nature of the residues as long as the binding activity of the
peptide is retained. WO 2009/071886PCT/GB2008/003996 16 Conservative substitutions may be
made, for.example according.tothe Table helgw,. Amino e&:ig in [%1% r&%ﬁ i%g%f;%:é)nd column
and prefe%bﬁyla%tﬁélgsggéren mté %}ﬁetﬁ)éeﬁ? ﬁ% Eclcs)i%(r)ﬁ%rﬁwgv} e esu%)éjt? te§ ?or a(?ﬁ her: WO

2009107 11886 RGIE/GB20RBIGO39861IEALIPHATIC Non-polar GAP 1LV Polar-uncharged CSTM

LYISQFIM
FIIMYSLDG
JARYIRLHP
LIIFKNQAS
LTRYYSSFV
MVTFRNQAS
LRIHPQSWV



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 alterfiative residue) may occur i.e. like-for-like substitution
such as basic for a ]fgilcfor a Ia& for olar q\l moI o S Sl{gstl%tﬁ*nﬂ may also
occur Le. from ofi E %pg §|8upé %rlo% a‘ftern |ve)/cl?ls\§o vmg e indlusion of Unnatural
amino acidsigucpesakhithine wagmﬁgnmfbhpd facas X Diamifeblteic acid ornithine (hereinafter,
referred to as B), norleucine ornithine 10(hereinafter referred to as 0), pyriylalanine, thienylalanine,
naphthylalanine and phenylglycine. Replacements may also be made by unnatural amino acids
include; dlplea*peptidalphexydisisbstiutegtaminoacits, deatiegkamPRCAGRST YSSHVA0UE, halide
derivativ ﬂ]\?{?’ Do acids such as trifluorotyrosine*, p-Cl-phenylalanine*,
p- Brpheeg milﬁ%{[q%enylalanme* L-allyl-glycine*, 13-alanine*, L-a-amino butyric acid*,
L-y-amino butyric acid*, L a amino isobutyric acid*, L-c-amino caproic acid, 7-amino heptanoic acid*,
L-methlo |ne sulfon&l ucme* L-norvali e* nitroL - IaIamne* L- %1 rox&/&rolmeg,
L-thiopro 4 RSEW erlvatllves of 5%) Bf\eesﬁrf/%]a anlne1J(}|‘:‘;hé})r Such a% ﬁomgt(ﬁn é‘ﬁ per?tamethyl Phe*,
L-Phe L- 'Wraﬁﬁaathwéal&m@@%ﬂmproqnybﬁsﬁn'grlm(baqﬁdht@tfafhmdrﬁmsbcmmokﬂm@ncanbmhql acid)*,
L-diaminopropionic acid and L-Phe (4-benzyl)* . The notation * has been utilised for the purpose of the
discussio %&%ver?‘relatlng 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. WO 2009/071886PCT/GB2008/003996 18
A further form of variation, involves the presence of one or more 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 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 Rl et al., PNAS (1992) 89(20), 9367-9371 and Horwell DC,
Trends Biotechnol. (1995) 13(4), 132-134. 10 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 administration of peptide epitopes in
soluble form. Administration of soluble peptide antigens has been demonstrated as an effective means
of inhibiting disease in experimental autoithnmune encephalomyelitis (EAE - a model for multiple
sclerosis (MS)) (Metzler and Wraith (1993) Int. Itnmunol, 5:1159- 1165; Liu and Wraith (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 disease in EAE
(Anderton and Wraith (1998) as above). 30Tolerance is the failure to respond to an antigen. Tolerance
to self antigens is an essential feature of the immune system, when this is lost, autoinunune disease
can result. The adaptive immune system must maintain the capacity to respond to an enormous
variety of infectious agents while avoiding autoimmune attack of the self antigens contained within its
own tissues. This is controlled to a large extent by the WO 2009/071886PCT/GB2008/003996 19
sensitivity of immature T lymphocytes to apoptotic cell death in the thymus (central tolerance).
However, not all self antigens are detected in the thymus, so death of self-reactive thymocytes
remains incomplete. There are thus also mechanisms by which tolerance may be acquired by mature
self-reactive T lymphocytes in the peripheral 5 tissues (peripheral tolerance). A review of the
mechanisms of central and peripheral tolerance is given in Anderton et al (1999) (Immunological
Reviews 169:123-137). In haemophilia A, patients have a defect in the factor VIII gene. This means
that factor VIl is not recognised as a "self' antigen by the immune system. When factor VIl is 10
administered during coagulation factor replacement therapy, therefore, an alloimmune response is
generated to the foreign protein, leading to the production of FVIII inhibitor antibodies. The peptides
of the present invention are capable of inducing tolerance to factor V111 15such that when FVHI is
administered therapeutically, it does not induce an immune



response and FV111 inhibitors do not develop. Acquired haemophilia is 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 pFotein and curtail the pathogenic immune response.

Tolerance may result from or be characterised by.the induction of anergy jn at least a partion of CD4-E
T collo I BRPIRHBIE TOLEHTE el o B P A S REE Ebable of
deliveringrtwyocsigpads the Todlelising pepfirgtss RRAT.2HR WA Mid etiddrddNdy THRE NPUCSBEDtide 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 CD80 and CD86, and
received ByeCoegwitiversurfacin sheHerm edik Kisithobightthsarlwably afPertidescai/peogigethl 1 in the
absence of signal 3tis AatAcivaiad AN IAGH Resaties aRs Hin AR ARRRgIC 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. WO

200d9/07ﬂ1-@§<58@%@%QEQ%JIQQ@Q&?&WHHME%B"L?Biﬁﬁf)}ﬁ%@@d@&éﬂ@dnbéhﬂi}%%si’mgh&:@ﬁeﬁ%nbmver?tors
predict that peptides whic require{rocesgﬁg&%ﬁret eeé)c%n e presented in conjunction with IVIHC
&

molecule S8 HBPEG S ORI D &ARNs AP8 BB HEhdled by mature antigen presenting

cells. Mature antigen presenting cells (such as macrophages, B cells and 5 dendritic cells) are capable
of antigen_processing, but also of deliveri th signals 1 and 2 to-a T cell, leading to T gell activation.
Apitopesr,)I(%%r? e o qe?ﬁéajlﬁs, \?vi%f)% gﬁ‘él%gb?ﬁ%l c ai%g Iﬁ?ﬁcaoﬂeﬁn%%aﬁfré %%%%%%%sn%hg% will be
presentedianTiadiis withoutdostmilstismppiestlirgltocTor elearrt i davelotenanicel floof ddlrse,
apitopes arealse sapableof binding to MHC molecules at the cell surface of mature APC. However,
the immune system contains 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: 285-25hrifsdalaltnesitionpievad-anitepavilitherpiowshe aperawiale anegudaiberdhan

activation. 15 The induction of tolerance to FVIII can he monitored in vivo by looking for a reduction in
the level GFVGIRPIIAMIBIRSIF Rt SERIGiPESa% S LRI SPEGHCYBI R IRTBBETH g‘%éﬂ?c pable of
secreting Mihinhibitony eniibbdipspbivdecbaigpasionawthéstbiart. 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 1L-4 production by these cells is
down-regiitateuhjbet prgdectidicioft in IV 18linty pageddx thetrabiszt omphitvell@émmibaiinda stdte of
peptide-in gg toleran gtq{glsugg&%osﬂgygp\t,qﬁqglt)@gge&%mqi%@%susceptibiIity to disease. It has been
proposed that a’population of regulatory cells persist in the tolerant state which produce IL-10 and
mediate immune regulation (Burkhart et al (1999) Int. Immunol. 3011:1625-1634). The induction of

tolerance gan-thereforgalse ke meniteredhy: varioustechpigues-inclugingd Mihophilia.
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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); (b)changes in the CD4+ T cell population,
including @ieestuctinr:inibieliferation: & @se wrqeguiatonmdithipsospetiam@HIIA-DREN-Vhand IL-4;
and (iii)increase in the production qf 1IL-10,. . As used herein, the term “tglemgenic" means capable of
inducing t%‘%}%%@éﬁ?ﬁ Eyd%ﬁlgg‘;gf)?l% ﬁiésf)l?esg{aenlpf V%ﬁ f:opﬁiglg%ﬁﬁe‘%‘fgs o’ gg(gé‘rrﬁposition, 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 different minimal epitope. For example, the
peptides MEyERERIEOM sHsé BEikaHRESpitope 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 cotpBitiBAGHAjesReREE OF hravertotie g EratiohOraR YHM RS reSsieéted Vi, The level
of immunexresppnseaiis 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 FVIIl is observed. WO 2009/071886PCT/6B2008/003996



22 When administered for therapeutic use, the composition may suppress an already ongoing immune
response to FVIII. The term "suppress" indicates a reduction in the level of an on-going immune
response, compared to the level before peptide treatment, 5 or the level which would have been
observed at' 22849 e point had the treatment not been given. Treatht e BAtAEHEESmposition of
the present invention may cause a reduction in levels of any or all of the following: 10(i) FVIII inhibitory
antibodies: (i) CD4+ T cells specific for FVIII (iii) B cells secreting FV111 inhibitory antibodies.
Detection of all thes ors.can be carried ou techniques known in the art, such as 15 ELISA,
FACS etc. Treatmer t%%ﬁg groar%%noé}it%ﬁ oﬁﬁtg%ﬁgg;nt invention may also or alternatively cause
anergy in CD4+ T dalisN$ppeifieraime FVAReegiideaT3é detected by for example subsequent
challenge with Flllllgmmrggfé}gﬁdmgqmntp@mmm gi@dthat not all immmune responses to EVIII 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 al
(1992) 89:378iF:9). 2 RENtcinhisiteraumdss vé HEtEoR Dy TheeiNtnbeidemansbuificspisifiof the clotting
Bethesda asgayiviGhe jlity of the patient's plasma to inactivate FVIIl in normal plasma is
tested. A Bethesda unit is defined as the amount of antibody that neutralizes 50% of plasma FVIII
activity, and titres of 0.6BU or greater suggest the 30 presence of antibody. Inhibitors are generally
classified as romurtitse Riethn teyehissbrBN@AdhEVITTHBRE? miBL/priiiéd with thFVII/CFA
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 atifiewsthdtanrsentpaxermeampisy REFEVETOR & dural hydademaoBrdipesHifBaies may be
reduced to Sp4R.dérite@plpEddy). 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 reduction in FVIII inhibitors which may effectively remove a proportion of
FV1111 fromFexesting B herapeugpedificdton. DINBYDé pridib) 8REdhposition 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.re he_amaqunt of FV]II. which needs to be
administéredft§ AP RERAY THRPHSE ‘?{tLEBIE?I\%M}_ EERESSSHSH B 8y Brepared as an
injectable, eitrptidsdittich paluigrwdthshBBBEHEIBA; 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
encapsulated in liposomes. The active ingredients may be mixed with excipients which are
pharmaceutideNrace ePEsHIRIZHIEE G BstiFIRetith ﬂ?@téﬂ?ti%“%?ﬁg‘i@&@ﬁt?&}w&ﬂf@%%ipients are, for
example, watgngRENesiier EXYAINpR:-phoseliatsdiubtasedisalinepeciéixtriwel Yljcdedkedthanol, or the
like and combinations thereaf. In.addition,,if desired, the Qsition may.contain. minor amounts of
auxiIiaryﬂs)ubsot‘ée%ggglg%gﬁpggcvs\igﬁﬁg 'Of emuIsiying ?Eé‘ﬁ%?;%’ o?‘ﬁﬁubﬁ?fdeéi%\%ag%e“ﬁfs“. 30 Buffering
salts include fiad$ptiatiaatitrate e atine MitHgur drraatidhaisrealifrhydndsddithay be used for
pH adjustmetEek stalkilisation) disacgharides may be used such as sucrose or trehalose. WO
2009/071886PCT/GB2008/003996 24 If the composition comprises a plurality of peptides, the relative
ratio of the peptides may be approximately equal. Alternatively the relative ratios of each peptide may
be altered, foFignan®pleytapfocudethelltdidiagmme mspentice on aspersicidal $UboettdfHutoreactive
T-cells og;if it jspfounsLthataReRaRidRIHeRsRliRRD AR E1e oaRIINoP RaRtiGUR LIty Pes. After
formulation, the composition may be incorporated into a sterile container which is then sealed and
stored at a Ioﬁff%‘fff‘perature, for example 4C, or it may be freeze-dried. 10 Conveniently the
composition is prepared as a lyophilized (freeze dried) powder. Lyophilisation permits long-term
storage in a il] g {lisgtion proceduresarewellknownintheart,seeforexample
http://wvw.dseb%?:féﬁﬁ %ﬁﬁ?ﬁ?gﬁ?&@?/mmoahtmI.Bulking agents are 15commonly used prior to
freeze-drying, such as mannitol, dextran or glycine.

30 PEPTIDE

The present invention relates to a peptide.



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 implantin ga g using slow release molecules). 20 The composition may advantageously be
administeregl E ﬂ?f?glf%gal, subcutaneous or intradermal routes. The pe ff&&%‘ﬂ"ﬁ%‘fﬁ%ﬁsition 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 may be genetically deficient in FVILL The subject may have
acquired haemophilia. The subject.may have inhibitory anti-FVIIl antibodi -ha,subject may be
undergoing gfrﬁgb%nﬁi ity erésoug%daiélu%é{an{l%%%é%%ee%t r{ﬁglriaapgle%&s\/vcl?ﬁelgl\s/ﬁ?s’ Ci)c Ay '
2009/071886P@IHG B2G08008985@8 THbesuthie dypirajbbbyaprpiida hvagtogpeatiiends associated with
a predispositign to davelan inhibiiry aptiFvlilaliaantihqaies Brausaninedienipsubject may
express HLA-DR2. Methods for determining the HLA haplotype of an individual are known in the art. 5
Typically, a Peyaserandirdats prREdaraleslst dosage which will be most suitable for an individual
subject and it will vary with the age, weight and response of the particular patient. 10 In a preferred

embodiment 3. dese £SARNANL AICRRALBIARREHO Ie d bR AGIURIRLAT @asas s given (o the

patient in asceﬁcﬁ??g concenetlj.%tlons. proach has been used, for example, for phospholipase
A2 peptides fehamisionothamestistltiteaihsrkatitikon Paetsee Srenas YrdsgyRRMer deal (1998) J.
Allergy din IngambR!. JQlided atdrcadiaiReledts B 98)sd. (edimidmegtobeigedBr1a6)! 15 KITS
Conveniently, if compaqsitiqn.c rises a plurality of.peptides, they may he.administered together,
in the form of’%gﬁ%é‘ﬂ: I&%ﬁr%%%&ﬂ%#@ﬁc%%ﬂ%% (?v%e\gﬁésrl,g tﬁ%‘r%g"ﬂ‘af‘ﬁ%eg%g |%§%gt§ﬁ%es in which it is

preferalbie toperiwidthdipeaptidesmseqeaphs|(eig tHadmtiro(2087) Rewinuftareegs Arbarate,
sequential ongqRRNaskAdPIYISVALSHmad MIKiLMAKASACAMP Ase.MidagyARdLY mgministration

means (for example a vapouriser for intranasal administration; or a syri and needle for

25su bcutane?ﬁgg‘ﬁﬁ@}éﬁh%%ﬁﬂaffﬂgﬁgem% N %ﬁ%ﬁ&%@%ﬁ%ﬁ%ﬂ?}g}rﬁ% rhe
pharmaceutieatedmgosittothomkituofithe providetidy thaynbe:ifrsedero treat and/or prevent a disease. 30In
particular, the composition/kit may be used to treat and/or prevent haemophilia A or acquired
haemophilia. WO 2009/071886PCT/G112008/003996. 26 HAEMOPHILIA A Hemophilia A (classic
hemopHifia), The Reriids syanaEentshepomede & wrembia BismifacA Ras'sassifitRed incidence of 1
in 10,000 maiesevwWile TirnzopiiiabnisRspspade dney Gecuniimathn 40;000ihalelysidpproximately 1
woman in 5,000 gsca Siarrie&g%ﬁga@gghgﬁt@hap&édmgo,OOO is a carrier of hemophilia B. Hemophilia
is typically divided mto tiree classes: severe, 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 tendgdo e osistsstkl aRe-ganetation toaenatiian e orial o Repalanbelief, minor cuts
and wounds do not usually present a threat to,hemaphiliacs. Rather, the %reate‘st _dgpiger comes from

spontar@oussBIEadiAG TSl SRR HTEINE ARG Thi se v Y brone 10 6ceur during years
of rapid growthvety BleafisphétwresrbthrelabjestooScandatisSnyedep to Répesiel speyrEn@ols bleeding in
joints may caljsg,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 investigaiaiwhetbenihetleyels piptiddtinguificions asablbrionival t2be Thagevatelizment of purified
clotting factors in the 1970s. isol %%f S9N lmpr lgng-term outlook
for hemc%?%bhiIigscﬁsrf}.l #\/Iil i lr}%ﬁgcl%?agt% aé%%dgi?ﬁgiggﬁ%%g t%@%%ﬁ%ﬁgﬁﬁ%ﬁ%ﬁqad hoc basis,
whereas sevéramhasbpfiifiacs may require regular, indefinite treatment. 25Previously, patients were
given factor VIII concentrates pooled from thousands of plasma donations. This lead to significant
problems of ¢cgntamination with viral pathogens, .particularly.the. human immuneodeficiency virus and
the hepatitis ?n'gPﬁs%eé’.u oﬁ*gglgpfgl N p&ﬁﬂ%a%g?\v?é%h}riﬁ{augsy heat |ng&ﬁ?§§8n?%ynd virucidal
detergent treatamssits havdammdiercit plesmzicHamabliscihriedindate s divanlsatls ayin
2009/071386R% T/GR2A0QPINOGZlRecombinant 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 factor is highly purified, eliminating any
possibility of TaRERESIMEYirus from plasma. S 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 10 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



15 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 VIl and/or
managing FYRRIBEPformation in a 20patient following gene therapy. ACGBIREHEXEMOPHILIA
25 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 asqui { Ihedy inhibitors
approaches %“3; 0 3§%ﬁ%et%g’%%s{%sﬁﬂgfﬁ7a#gvygp rglgﬁyg “death n %o%%g\?\?i{%%%%%%%%%?es. 30Compared

to alloantibo@yiieifibitbt prtRinEntiEsauifOYFaAGEITIEE SY AR IPEBP T @S evere bleeding
pattern; (2) highekirsidenes imeldaspRplakioRrag@kn O 204iHids 1886 Bad foB20a131 003996 28

occurrence ip.conjunction.with identifj underlying autoimrnune diseases, lymphoproliferative or
solid tumor MAH; gﬁgﬁiﬂlﬁ?éﬁﬁﬁfé}ﬁ%@ﬁgﬁgéﬁg}ﬂ EN %?}éfg%ﬁgﬁ aasn%)lgﬁfc%fﬁ‘ﬁ% and sulfonamides
in approgimateti5@9h wibeseSVoerdpiajdntadtnd trehitsitowtetvity enatfstiow witype Mpkarmacolcinetic
pattern with incamplete. Yesiitalization-ef dhe:trrgstedalqiinamiasianastvity Ry dhs) agtoantibody,

typically resulting in residual factor VIII levels ranging between 24)-18% in patient plasma. The peptide
or compositiBRisk f3eeihe SERtdRTEA iS5 HERYPBE administered to a patient with acquired haemophilia, or
to a patient believed to be at risk of developing acquired haemophilia due to, for example: 10i)

imminent tregmeg i ok SamuieRROIENE gh 3. WiRaRTHAs I BIRARSSIGRALR imour or other

malignancy iii) immihent or early pregnancy. The invention will now be further described by way of
Examplts, whicreaidabinsingeresee fie G skebhard! sralierals adibrmresesaiteth®atVing out the
invention andgare not intended in any way to limit the scope of the invention. EXAMPLES 20Example
1: Selection of 111A-D1R2 Factor VIl 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.ite chindmih/eaiibrev & phe preiysh it sment Koy thiepframnan. isrithere®bitdpe.org/home. do).
Peptides wegsglediegiwhishovs gdperistiegip beddt-feRRA1binding bymasedhrmnane of the
programmes, and flankin seggence were desliigg‘ed for the predicted core 30residues (table 1). WO
5268%?/6

2009/07188615 EFAEH 6§96 28 TR PBERRRR K FEMD R SR S &G ARE N single amino
acid code Algenxefgrredrathérei| af o 2tldtpET IphiEF GNMDESSEH | BiTpks)/all 026&ich

TQTLIY.FLERNT e Ml bile Bl 3 e izhicd rdgrdnbt

By the same token, it is possible to identify the minimal epitope for a particular MHC
1.

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



4 2161 PPLIARYIRLIIPTHY PPHA 5 2318 PPLLTRYLRIHPQSW PPLLT 250 IVFHTVNGYVNRSLPGL
MHTVN 322 LGQFLLFCHISSHQH LGQFL 8 478 DTLLIIFKNQASRPY DTLLI 9 545
PRCLTRYYSSFVNME PRCLT 10 607 IENIQRFLPNPAGVQ TENIQ 11 1788 DNIMVTFRNQASRPY
DNIMV 12 ZEOZRYIKHIANSWVHQIA RYLRI Exgmple 2: Investigating thé TESROREE st¥iLA-0r2
restricted cells from factor VIII immunised mice to peptides 5 HLA-DR2 transgenic mice were
immunised with human factor VIl in adjuvant. Draining lymph node cells were collected and

restimulatedfimﬂ'tro ith different.concentrations of the 12.peptides fro I e results are
shown in Figuré 1??8%3 eﬂf@]ﬂf res?r?étperacce:%ﬁ%ghgg'r%kugggﬁ%%ﬂxngﬁé%gﬁ%éo!ela_ﬁy respond
strongly to peprfdemBtienen it silaahbedeleroersB)irmisrelhen s othss harddictprpiftides PRCLT (545)

_?_'I’ISAF’EI!'Q (Maﬁ%?ﬁﬁﬂ{@ sid @Mﬂﬁé&ﬁﬁﬁﬂ?ﬁb@ iespEnERalyTeals o ptbadPRAdmice to peptides 15
- mice were first immunjsed with factor VIl in adjuvant. Spleen, ¢ells from,immune mice were
restimulated FFPOYFS Wi Pé%?%’}*?ﬂ Wa%xg?%é’ ot iR F%%Jhcgﬁlasfnsr %g?%df%)sllé%uvs\ﬁ?ﬁltoé BW5147
thymoma usinlpreotgetdyéénea. glycol. 20 T-cell hybridomas were selected in HAT medium and the
hybridomas cloned and tested for their response to factor VIIl. The hybridomas were then screened for
their response to the 12 predicted peptides. Of the 27 hybridomas screened, 11 ,resigonded to DNIMV,
3 to PRCLT Hriti BibRopibis monseriieaiid el unseric BRATA LS RERMKE KA vestieating

whether it can bind to an MHC class I or I molecule and be presented to a T cell

without further antigen processing in vitro.
10
The peptides of the present invention are apitopes (Antigen 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 antigen
processing. Such apitopes can be predicted to cause tolerance to FVIIL, following the
15 rule-based method described in WO 02/16410.

A peptide of the present invention may be any length that is capable of binding to an
MHC class 1 or Il molecule without further processing. Typically, the peptide of the

present invention is capable of binding MHC class IL.

Peptides that bind to MHC class I 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 main chain of the peptide and invariant sites in the
peptide-binding groove of all MHC class I molecules. There are invariant sites at both
25 ends of the groove which bind the amino and carboxy termini of the peptide.
Variations is peptide length are accomodated by a kinking in the peptide backbone,

often at proline or glycine residues that allow the required flexibility.

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 30 less specific. The response of two hybridomas specific for
DNIMV and PRCLT is shown in Figure 2.  Example 4 - Investigating the response of lymph node
cells from FVIII-9R2+ 5mice to peptides HLA-DR2 transgenic mice were crossed with factor VIII
deficient micEAF¥PELERS model of haemophilia expressing the human HEATEEESR A molecule. 10
These FV1II-DR2+ animals were immunised with ]factor VIl 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 RYLR1. 15 Example 5 - Investigating the response of T cells from HLA-DR2 mice to
peptides FactbPVINEEEGEhNAide expressing FILA-DR2 were immunised with factor VIII in adjuvant.
Spleen cells from the immunised mice were restimulated in vitro with factor VIII and the resulting
lymphoblasts were fused wiéh BW5147, as described a.laove. T-.20 cell hybridgmas were screened for
their respons:g“foéﬂ%aﬁ"ftp? i o BERR GRaey &3 A PR ﬁw%omlg?&‘?@od}ehégﬁagﬂggw&ponded to
peptidessDN Hoky rasiduP R@icheddf 19 hybridomas specific for factor VIII, 10 responded to DNIMV, 6 to
PRCLT, 1 to PPIIA iteSEY]S and 1 to DTLLI. Examples of responses by these hybridomas are
shown in Figure 4. 2b.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
ILA-DR2 restricted LT-&:Fell crggponse to human factor VIII. 30 Example 6 - DINTIVIV and PRCLT behave
as apitopes In order to b an apitope, a peptide must be capable of binding to an MHC class | or Il
moleculg)without futtief Hiitigen processing (i.e. trimming) and be presented to a T WO
2009/071886PCT/EBZ2H0881903996 31 cell. In the present case, the capacity of peptides to be
presented by fixed &R&yeas.investigated. Mgar cells were either fresh or fixed with 1%
paraformaldehyde. Clones were tested 5 for antigenic specificity by culturing 100g1 of hybridoma cells
with 5x104 Mgar cells in the presence and absence of 20pg/m1 rhFV1TI or peptide epitopes overnight.
Supematantd WereTni e meptidasarrY 5e8bEse e Pithe S IHOE ST Bipitta SSUTeStact that rhF VIII
must betpresented yrtivedgar cells demonstrates that the intact protein requires antigen processing
to be presented. PeptidessBNIMV and PRCLT, on the 10other hand, are presented by both live and
fixed Mgar cells indigatingyflRat these peptides function as apitopes (Figure 5).  Example 7 -
Determination of tthrIangg of peptide epitopes capable of functioning 15as apitopcs The range of
peptide epitopes capal%f)e ov?ffunctioning 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 screggning, 14510 Hap:dls hagp i dhiidamnass urinaithamame Patedgsho@mple 5 (Figure 7).
Example 8 - D IIVI}J/ ‘EQCLT induce tolerance to whole factor VIl 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 VILI in aHfE@%Nrﬂf%raining 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 eithge DHEMVLQY BERphkd o br s WorlanlialsuRpesssionRithedmnumnegdasponse to factor

VIIl. 30 WO 2009/071886PCT/?%§?08{§)0%996 32 twd';\s kr{%}i{n ro Exarrftple 8 tkt]%t these two
peptidedare AHIEDE FHABAE ARG M AR oS M0 PS f5P UG A AN B S5 HaRa PR S dogenous factor
VIIl. The expérimpehtewibindipgaten WtFCF{Ads-D R2lecelniwi tisutdiateermiizsnynettrsinghese peptides also
prevent the immune response to factor VIII in factor VIII deficient mice. 5 Example 10 - Investigation of
whether DNEVIV and PRCLT in combination are able to induce_tolerance in the factor VIII knockout
mouse The thits Septias NvtieinfersSHBM 98 AR RENITS S8tRePth ATt E°R¥EPSHse to 10 factor
VIl in factor fHiidefidie osrnieddi: kxampia & WwararchWiliined. As shown in Figure 8, treatment of mice
with botl;ODNIMV and PRCLT led to a substantial suppression of the immune response to factor VIII,
as shown by the decrease in IFNgamma production. IFN-gamma is the major class switch lymphokine
required for ricaneaisRle BistisotissnpytbrspirsiabiipnahefRtWaE SR ated was greater than that
150bserved using@itherpeptide alone. Methods Recall responses for OR2+ mice primed with rhFVIII
20 IELA-DRZpevyrine Ar244:3C class 11 null mice were immunised with 40u.g rhFVIII emulsified in
Complete Freynds, Adjsnant supplemented with 400ug heat-killed Mtuberculosis H37Ra,
subcutapeously af the base of the tail. 10 days later the mice were sacrificed and the draining lymph
nodes removed. Sir%gtke cell suspensions were prepared and lymphocytes incubated at 4-5x105 cells
per well in 96-well Tat Bottomed 25 plates for 72 hours with the indicated concentrations of peptide or
control antiget$BERE HWSENg 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 liquid scintillation n-counter 30 (ii))FVIII peptide 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 lymphocytes cultured at 2.5x106 cells/ml, Iml/well in 24 well plates in the presence
of 20ug/m1 rhFVIIl for 3 days. Following this stimulation, lymphocytes were recovered, washed and
fused with TERAALBWAKO 2009/071886PCT/GB2008/003996 33 fusiorf PAEPEANSHP a ratio of 4
BW cells to 1 lymphocyte, using polyethylene glycol as described by Nelson et al (1980) PNAS
77(5):2866. Fused cells were carefully washed 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 5

growth and approximately 10 days after fusions were performed, individual clones were selected and
transferred t&@aewEN Bladerivad Hamtidse diom aiate komere rivaibtaiti@RasHET nSS-MME for at least 2

weeks beforepeinrweareginia: HidrediMvarNQasemplatadagivm kernasivese tested for

l;he presence and

antigenic specificity by culturing 100111 of hybridoma cells with 5x104 Mgar cells.in

absence of 1%“26%@"/%‘1? |%%8b§h?§%{h% IREES gl’see%%eca'l’éc%eﬁgaéigfearss%ssed for IL-2
productién byrilot Breviithkdbgmesdoesducing IL-2 in response to rhFVIII being considered positive for
F'VHI-specificity. To investigate the repertoire of predicted FVIII peptides FVIlI-specific clones were
again tested for FL-2 production, following overnight incubation with 20ug/m1 of each of the 12

peptides. 15 i REAI1Fein st ALY HaPPIRRBTBRTR Wit R THEPLA e fethod was
followed as fekftyr eXqeptitee wiiki wereeF Mt k- defidientf drd@iRiZaanisumudresphi€, class 11 null. 20

(iv)FVTLI peptide spgcificity. of T.cell yr%idg as.ge @ﬁggf Q f\sll&‘]cl-gnrmgg {[é%@esame method
was foIIowedB a8 for ||e,yeg:((%:}{eﬁf)l}[rl tﬁlg rrﬁl%e- Wergn F{%'Il-de icient éng%HeLA-DR%t 25 (Sv olerisation of

FWD-spécifievhetisarike saptids rba brheaesyahAs- aiktpse BY WIYSSHarinn ko AIRasHY PV B peptides

HLA-DR2+ nygpiie MiHEimdaesits Rulbmicandesgnieateths sispepiit 100115 ahDiNiiye, PRCLT or
PPIIA dissolved in PBS, or the equivaks-:-tnt volume of PBS alone. Peptides were administered
intraperitonegfﬁf,e\sivsi'ﬁ% % Bgﬁgnbae]t%lesgne&ich dose. 30 Following the final administration, mice were
primed with rhFVIII emulsified in complete Freunds adjuvant as for (i). 10 days later, draining lymph
nodes were FRROYEFRARRAMWI RN ALY IBRoHRS eABIE R CsHtachinoy itrRiWAR I Her @§ each of the
tolerising peptides as well as control antigens, for 72 hours before the addition of tritiated thymidine as
for (i). WO 2888R571886PCT/GB2008/003996 34 (vi)Tolerisation of FVIlI-specific responses in DR2+
mice by pre-treatment with a combinatiék® ifphtitderainant F'VIII peptides BLA-DR2+ murine MHC
class It null mice were treated 3 times|wittsBINIMMsEBRCLT| or a combination of both DNIMV and
PRCLT dissolved in PBS, or the equiviaisrts@iaE o BS alone. Peptides were administered
intraperitoneally, over 8 days. Followir f a0 ton, mice were primed with rliFvV111
emulsified in complete Freunds adjuva ter, draining lymph nodes were recovered
and lymphocytes subsequently re-stin VIIl. The 10 supernatants were then
collected and 1FN-gamma was meast entioned in the above specification are
herein incorporated by reference. Varipts mdeificatio’s and Variations of the described methods and
system 15 of the invention will he appafeifFigiheesskilled in the art without departing from the scope

and spirit of the invention. Although thgiawenties basdeen described in connection with specific
Wtion as claimed should not be unduly

preferred embodiments, it should be u
limited to such specific embodiments. fgeagvatiggsmotifigations of the described modes for
j } in cellular studies using flow eytouteny

carrying out the invention 20which are
¥l . .
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lerlapping peptide panels prepared in

Example 7 Overlapping set for DTLU
474489GEVGDTLLIIFICNQA 3. 4754

ClOMNOACD D\ L4 4729
FICINYUASRFE T J1L.4705

90EVGDTLLIPKNQA

88YGEVGDTLLIIFKNQ 2.
4. 476-491VGDTLLIIFICNQASR 5.

477-492GDTLLIIFICNQASRP 106.47

S AGSOTEL DIKNQASR

PY 7. 479-494TLLIEFKNQASRPYN 8.

480-495LLLIFICNQASRPYNI 9. 481-

AIGERAHENGASRPYNI

 10. 482-497LIFICNQASRPYNPIP .

1511.483-498IFICNQASRPYNTYPH

Ovetiappimgsatdor PR

CLTRYYSSFVNME

201.540-554PTKSDPRCLTRYYSS 2
542-556KSDPRCL1IRYYSSFY 4. 543
256.545-559PRCLTRYYSSFVNME 7
547-561CLTRYYSSFVNMERD 9. 54

PrE ARy s RCL

-546-560RCLTRYY-

RYYSSF 3.
VN 5. 544-558DPRCLTRYYSSF'VNM
FVNMER 8.

X T 17O

6
CLTRYYS

(;gm
&
2

3-562L TRYY.SSEVNME

'RDL 10. 549-563TRYYSSFVNMEFtDLA

3011.550-564RYYSSFVNMERDLAS

CSTRY SSEVNMERDT
verlapping set for D

PVIVTFRNQASRPY 351.

1783-1797RAEVEDNIMVTFRNQ 2. 1784-1798AEVEDNIMVTFRNQA 3.

1785-1799EVEDNLMVTFRNQAS 4.

700 10N

FEokral ol VDN TM VT

NQASR 5.

1787-1801EDNIMVTFRNQASRP 406
1789-1803NIMVTFRNQASRPYS 8. 1

kLR DTS BAN VIV TFE

,70ﬂ 120A4IM\/T RN

RNQASRPY 7.
SRPYSF 9.

EDN IMVYTEFRNQASRE ' ¥

OA
R4

1791-1805MVTFRNQASRPYSFY 10

1792-1306VTERNQA
DNIMVTFRNQASRPY — ~

SRF'YSFYS

NIMVTFRNQASRPYS

IMVTFRNQASRPYSE

MVTFRNQASRPYSFY

LRIHPQSWVHOQIALR

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 length.

10
APIPS



4511. 1793-1807TFRNQASRPYSFYSS 50 Overlapping set for SLYISQFIEMYSLDG
1.2109-2123RQICFSSLYISQFLIM 2.2110-2124QICFSSLYISQFLIMY WO 2009/071886PC
T/GB2008/003996 37 3.2111-21251CFSSLYISQFLIMYS 4,2112-2126FSSLYISQFILMYSL 5.
2113-2127S%EPVIBBEBRIYSLD 6.2114-2128SLYISQPIIMYSLDG 57.21 P5BEBHNIEHBTIMY SLDGK
8.2116-2130YISQFLIMYSLDGICK 9.2117-2131ISQHMYSLDGICKW
10.2118-2132SQPIIMYSLDGICKWQ 11. 2119-2133QPIPAYSLDGICKWQT 10 Overlapping set for
PPHARYIRLHPTHY 1. 2156-2170HNIFNPPHARYIRL 152. 2157-2171NIFNPPIIAR'YTRLH
3.2158-2172IFNPPIIARYIRLHP 4. 2159-2173FNPPICARYIRLRPT 5.2160-2174NPPIIARYIRLHPTH
6. 2161-2175ereun ROFEF PPRRFng (rdepasiz IrePriiRY (Y HADT GYSPS) are known,

8.2163-217 THARNMIRLITPTHYSI 9.2164-2178IARYIRLHPTHYSIR 10.
2165-2179ARYIRLHPTHYSLRS 11.2166-2180RYIRLHPTHYSIRST 25 Overlapping set for
RYLRIRPQSWV1-1Q1A 1.2317-2331PPLLTRYLRIHPQSW 302.2318-2332PLLTRYLRIHPQSWV
3.2319-23334) LIRRYA P A StWitkbut, 280334 ICTRYE RIHPQSWVHQ 5.

2321-2335TRY{ RIJ IRQmME Qb B2 A3ROR W1 RILUBRSWMEQIA (with or without
357.2323-2337YLRIHPQSWVHQIAL 87 2324-2338LRIHPQSWVHQIALR

9.2325-233911bsEss Y 10. 2326-234011-1PQSWVIIQIALRME 11.
2327-23411-PgaiSidy Hhadhd! Rivi edd obthidBtCMAIVI SnApbepiidendafing dwittofahevfiitotving sequences:
antibodies to CD28). )

10
All of these systems are capable of presenting antigen in conjunction with an MHC
molecule, but are incapable of processing antigen. In all these systems the processing
function is either absent or disabled. This makes it possible to investigate whether a
peptide can bind to an MHC class I or Il molecule and be presented to a T cell without
15 further antigen processing.

The use of fixed APC to investigate 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



VEDNIMVTFRNQASR DNIMVTFRNQASRPY IMVTFRNQASRPYSF MITTFRNQASRPYSFY
VTFRKQASRPYSFYS TKSDPRCLTRYYSSF KSDPRCLTRYYSSFV SDPRCLTRYYSSFVN
DPRCLTRYYSSFVNM PRCLTRYYSSFVNME RCLTRYYSSFVNMER CLTRYYSSFVNMERD

which pepti&%‘%&“@%%ﬁé of binding to an MHC c@ss I molecule without ?ﬁf@?zﬂ%&‘gﬂgﬁrocessing
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. 39
5.A peptide according to any of claims 1 to 3, or a composition according to claim 4, for use in
suppressingRacioreVBhrgicinetes drl thetiotringisapatysan pinbipstbscasmstene £a10iYaI88 2rhe use of a
peptide accqigipentorani @b CiRimsHita, 3n A GRS az cad g dshelpids Acdfivire manufacture of
a medicament to press or pr entghe production of factor VIII inhibitor antibodies in vivo. 7. Use
of a peptide %‘ég’dﬁéﬁgtﬁgagﬂvgﬁd?é{% ¥ to 3, or a composition according to claim 4 in the
Manufacture of a medicament for suppressing or preventing the production of factor VIII inhibitor

antibodies inp},09, SPieRt o B 861012 RRAHASACAANNG 0 AN RIATR i 2fafk GOmpOSition

according to claim 4 in the manufacture of a medicament for treating haemophilia in a subject. 159.The
use accordir@%%féiﬁ“r’?%ﬁ@%@f@iﬁsﬂﬁ‘@'@%j‘ﬁh‘[chéé“‘ﬁ’é%?ﬁb‘bﬂ*ﬁﬁ“ﬂ\,aﬁgasf HELPIBing, or is about to
undergo, facten Wil kbpiad et #haerapycd@ldiecusglaccdhiingrdeiolaindecrgoeSmwhiptein the subject
has, or is at risk from contragtin 1 il] T cOreli ny of claims 7 to
10, wherein tlﬁ"ea‘éa@gj&‘:’te?%sﬁfﬁ%%?%ggﬁlrﬁ%ﬁg%%eﬁﬁéﬁgﬁigfi\‘r%f&?%%? %%%@E?’LISTING <110>
Apitope!T ecistBgsPrEFEtBTrariietf ropbombpipip pinding dormsins of fprtes ¥ilhyThis
PCT/GB2008{0839 96wl k220051 ker Oshmll 2 aatdip 723712.6 <151> 2007-12-04 <160> 96 <170>
Patentin version 3.5 <210> 1 <211> 2351 <212> PRT <213> Homo sapiens <400> 1 Met Gin 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 Ghe LeunSlete2 086,800 Thpsasp TsravearGIof She Aspanedactty QL etneryayal Asp Ala Arg

354045 Phe BroRrasALan iR rosns SakRbe-PsoRimendhn Serdahvpl R0BRGATYT Lys Lys Thr

e e e Dy Clones cheoding the complets 2351 arir abid Seioene ek 1888 TrP Met Gl Leu

produce biologically active factor VIII in cultured mammalian cells (Wood et af (1984)
Nature 312:330-337). The complete 2,351 amino acid sequence for human factor VIII
is given in SEQ ID No. 1.

The peptide of the present invention may be derivable from factor VIII. The peptide

&)
<

rhay, for example, consist of a contignous sequence of amino acids from the factor VIII
sequence. The peptide may be obtainable or obtained from cleavage of the factor VIII

sequence.

25  The peptide may have one or more mutations, such as aﬂditior_xs, substitutions 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.



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 Val Gly Val Ser Tyr Trp Lys Ala Ser 115120125 Glu Gly Ala Glu Tyr Asp Asp GIn Thr Ser
GIn Arg Glu Lys Glu Asp 130135140 Asp Lys val Phe Pro Gly Gly Ser His Thr Tyr Val Trp GIn Val Leu
1451501551“éé 193 Clii*Asn Gly Pro Met Ala Ser, Asp Pro Leu Cys Leu THF ¥ F’i‘t%igons
P031150SG Sequence listing.txt Tyr Leu Ser His i/al 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 225230235240 Ala Ala ser Ala Arg Ala Trp Pro Lys Met His Thr val Asn
Gly Tyr 245250588t %ﬁ%@@éﬂ%ﬂ%@f%%@lﬁ@giﬁé% Kbl dielont 260265270 Tyr
Trp His Val ljgnGy Mt $ahd bndd B150i6he et dHiscoRmbie 2T bR =85 inhe: lsew Gk Gly His Thr Phe
Leu val Arg Asn Hi Gin A sef %%02 300 eghG_Iu lle ser Pro lle Thr Phe Leu Thr Ala Gin Thr
Leu Leu mett%ﬁ)tgg G X 5%&51 lff/ ThBiie Tl Leu Pile Cys His lle Ser Ser His Gin His
325330335 Asp Gly met Glu Ala Tyr Val Lys Val Asp Ser Cys Pro Glu Glu Pro 340345350 Gin Leu Arg
Met Lys Asn Asn Glu Glu Ala Glu Asp Tyr Asp Asp Asp 355360365 Leu Thr Asp Ser Glu met Asp val
val Arg Pile Asp Asp Asp Asn ser 370375380 Pro Ser Pile lle Gin lle Arg Ser Val Ala Lys Lys His Pro
Lys Thr 385390395400 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 lle Gin His Glu
450455460 Ser Gly lle Leu Gly Pro Leu Leu Tyr Gly Glu Val Gly Asp Thr Leu 465470475480 Leu lle
lle Phe Lys Asn GIn Ala Ser Arg Pro Tyr Asn lle Tyr Pro 485490495 His Gly Ile Thr Asp Val Arg Pro
Leu Tyr Ser‘%\?gz%?éol}éﬁ%ro Lys SO0O505510 G& val Lys His Leu Lys Agﬁ'ﬁf’ﬁgzm{’ﬂég?feu Pro Gly
Glu lle Phe 515520525 Lys Tyr Lys Trp Thr Val Thr Val Glu Asp Gly Pro Thr Lys Ser Asp 530535540
Pro Arg Cys Leu Thr Arg Tyr Tyr Ser Ser Phe Val Asn Met Glu Arg 545550555560 Asp Leu Ala Ser
Gly Leu lle Gly Pro Leu Leu lle Cys Tyr Lys Glu 565570575 Ser val Asp GIn Arg Gly Asn Gin lle Met
Ser Asp Lys Arg Asn Val 580585590 lle | eu Phe Ser Val Phe Asp Glu Asn Arg.Ser Trp Tyr Leu Thr
Glu 595600605 AsAHRIGHTIrg Phel éanpedeAsn Pro Ala Gly Val G Eeu Glu Asp 610615620 Pro Glu
Phe GIn Ala Ser fsn lle Met His Sef lle Asn Gly Tyr Val 6256306356¢0 Phe Asp per Leu Gin Leu Ser
Val Cys Leu His Glu Val Ala Tyr Trp.645650655 Tyr lle L eu Ser Jle Gly Ala Gin. T r Asp Phe Leu Ser
Val Phe Phe 660665670 Ser Gly Tyt Tpipprsadpeeds Lys Met ValcT§|T(Mu Asp Thr Leu Thr 675680685
Leu Phe Pro Phe|Ser Gly Glu Thr Val Phe Met Ser Met Glu ASrl Ry@690695 700 <: ly Leu Trp lle Leu
Gly Cys His Asn per Asp Phe Arg ASg-Arg-Gly705710715720-P031150S6-Sealience listing.txt Met
Thr Ala Leu Leu liys Val Ser Ser Cyps Ef&’g?f L%&&gﬁ Thr Gly Asp "2@?30735 Tyr Tylr Glu Asp Ser Tyr
Glu Asp lle Ser Ala Tyr Leu Leu SerjLys 740745750 Asn Asn Ala K&RGlu Pro Arg Ber Phe Ser GIn Asn
Ser Arg His Pro ﬁ""""? o ThrrArg-Gintys-GinPheAsn Aa};pr\{ykg e ProGlu Asn Asp
770775780 lle Gl Lv%i p Pro{Trp Phe Ala His Arg Thr ProiMet Pro Lys 785[F90795800

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.



lle Gin Asn Val Ser Ser Ser Asp Leu Leu Met Leu Leu Arg Gin Ser 805810815 Pro Thr Pro His Gly
Leu Ser Leu Ser Asp Leu Gin Glu Ala Lys Tyr 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 R<pHM&P V& Phe Thr Pro Glu Ser Gly Leu Gin Leu Arg Leu AT ERFEE4839875880 Lys
Leu Gly Thr Thr Ala Ala Thr Glu Leu Lys Lys Leu i\sp Phe Lys 885890895 Val Ser Ser Thr Ser Asn
Asn Leu lle Ser Thr lle Pro Ser Asp 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 Ser Leu Ser Glu Glu 945950955960 Asn
ASn Asp Ser Byt foon SluaSeioBljnveuehibe fAseter € mGINMe5IN0aT SBaedies rp Gly Lys Asn

Val Ser Ser Thr Gl SREF WA g bt Bhe2R0387980RRBLd 0BG Requpatelstingetxt Lys Gly Lys
Arg Ala His Gly Pro Ala Leu Leu Thr Lys Asp Ash Ala 99510001005 Leu PI%_%@%I\P/ | Ser lle Ser Leu

Leu Lys Thr A3Py8ls “Fisrrspieifypit 0 FRrab i ACH AR H R ARIPPHFRIRSARS fs Ile Asp Gly Pro
Ser 10251038tador aibstituediarfolip Assn Serividusariialgtnnatcim diiarlteahehe@haatiid010451050 Ser

Asp Thr Glu Phe Lys Lys Val Thr Pro Leu lle His Asp.Arg 105510601065 t Asp Lys Asn
Ala Thr Ala L%ﬁ" Srégéi%fﬁes"na‘ﬁ% ﬁ\ﬁ%%‘;fﬁ%%%ﬁ@é‘g@%’? sn °M%h%%%§é%@% ASn Met Glu
Met Val Gin &mop0R510d0RESS (W9IROEH. B39 FP87iam Hens INBE Al whBigrchtel-Asp Met
11001105113@59r1Bfas, Peibys 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
10  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



114511501155 Gly Gin Asn Phe Leu Ser Glu Lys Asn Lys Val Val Val Gly Lys 116011651170 Gly Glu
Phe Thr Lys Asp Val Gly Leu Lys Glu Met Val Phe Pro 117511801185 Ser Ser Arg ASn Leu Phe Leu
Thr Asn Ley Asp ASn Leu His Glu 119011951200 Asn Asn Thr His Asn G S Y5 lle Gin Glu
Glu lle Glu PDRNSTGIBts Lys Lys Glu Thr Leu Ijg Gin Glu Asn Val Val g @}g‘}?f‘ 122012251230
His Thr Val Thr Gly Thr Lys Asn Phe Met Lys Asn Leu Phe Leu 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@ &:@%ﬁ%ﬁ%@é@f 1S%e%r Th[lw S01128p12 /R 3 %g%gg&&tys Lys His Thr

Ala His Phe S&V'1Y Asn Leu GIu Gly'Leu Asn Gin Thr Lys
Gin lle Val GMemﬁlmea@s nyisattyelf raidapasTane deipcdindhs duprs.A et BeF'Ein Gin

131013151320 AaniRhsoMadsTRiEin &rgmfﬁsreieysmge&ka kel hu;s GirRhsMY 8yl #8E43301335 Leu Pro

Leu Glu Glu Thr Glu Leu Glu lle lle VaI 1340 45 sp Thr Sek T in Trp Ser Lys
Asn Met Lys'f&P%UHr ‘,%ﬁ&“fég%g’ d’f@%@e§%r SF6u ?h'“@ V{A VrPASh Eﬁf Lys Glu Lys Gly

Ala 137061375880 pleifteraGinlSarcPro AgavBer meawhwmhmﬂﬁgngé’r HF&R@@P}!PB’SSBQOBQS lle

Pro Gin Ala fg1./tg 1§gfv5{919&u4?&91 e Madoy ;gﬁﬁ%&ﬁ@&)%&é&él@ﬁ@@ﬂbﬁ) Pro Ser lle Arg Pro
lle Tyr Leu Thr Arg Val Leu Phe 141514201425 Gin Asp Asn Ser Ser HiS Leu Pro Ala Ala Ser Tyr Arg

Lys Lys 143014351440 Asp Ser Gly Val Gin Glu Ser Ser His Phe Leu Gin Gly Ala Lys 144514501455
Lys Asn ASrideisfiahliausAatitetk @avd hrdefeot Gilthd/fe¢tdhy 1Bl gehd 6 01466647 i $pe@in Arg Glu Val

Gly Ser Leu % y}{o x%géb‘glr%s-fl;hgzsAas nsé?'r é&%&%ﬁ? g?e“iﬁ‘énune system. When factor VII is
10 administered during coagulation factor replacement therapy, therefore, an alloimmune
response is generated to the foreign protein, leading to the production of FVIII inhibitor

antibodies,

The peptides of the present invention are capable of inducing tolerance to factor VIII
15  such that when FVII is administered therapeutically, it does not induce an immune

response and FVIH inhibitors do not develop.

Acquired haemophilia is an autoimmune disease in which tolerance to factor VIII
breaks down. In this case, peptides of the present invention may be administered to

20 reinstate tolerance to this self protein and curtail the pathogenic iminune response.

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.



Val Thr Tyr Lys Lys Val Glu Asn Thr Val Leu Pro Lys Pro Asp 149014951500 P031150SG Sequence
listing.txt Leu Pro Lys Thr Ser Gly Lys Val Glu Leu Leu Pro Lys Val His 150515101515 lle Tyr Gin Lys
Asp Leu Phe Pro Thr Glu Thr Ser Asn Gly Ser 152015251530 Pro Gly His Leu Asp Leu Val Glu Gly
Ser Leu Led*SiA' ) i 153515401545 Glu Gly,Ala lle Lys Trp Asn Glu%ﬁ’%‘é’fﬁ“ﬁi‘&‘%‘r’fﬁ 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 158015851590 lle Pro Lys Glu Glu Trp Lys Ser

Gin Glu Ly S5 1o Gl SEPSAGAPIOURTLY Al Ebelos a5 80 T eghguSer Leu A Ala

Cys 161016151 u Ser Asn His Ala’lle Ala’Ala Ife Asn Glu Gly Gin Asn Lys 162516301635 Pro
Glu lle Glu VabiFhrrrapinsIRRssEIn bsiprarioh e barjerered énseesectien #i8 88{Ein Asn Pro Pro
Val Leu Lys Avgertises3ip Avididaiide6REH6 B2 &5l el had @ Hemiinddeby Ginnge aiipiGin Glu Glu lle

Asp Tyr 167016751680 Asp, Asp Thr lle Ser Val.Glu met Lys Lys Glu Asp Phe Asp lle, 168516901695
Tyr Asp Glu B\rgf)eg’lnug&gfr?staihnﬂgg? ﬁ?g%ngP éeé?’fi’ﬂé Ef??‘ls Lri/us\é%_)?g T?E)r(ﬁt}a(%i?f(f ?ﬁrgra}@g His Tyr Phe lle
Ala Ala \fal GlendviticlsslisT ap: Asprbity of ZitiEn 200G PuasSel diygiae bethigngalleu Arg Asn Arg

Ala Gin Ser 173014 35 /401GNnae6 YalHR & NiBheAn R pedS o the/@h& MG b ime Thr
174517501755 P031150SG Sequence listing.txt Asp Gl ﬁr r Phe Thr Guilcgrl? Le T}/r Arg Gly Glu
LeU Asn GIuid VB FRSS TSRS YRR Lt ALPIgee PETTGR RERI Rt Gt Sar A Asp

1775178017 8&sibksuldtedyiebding DT eliankrgyisd Gleradtg.-Ser Arg Pro Tyr Ser 179017951800 Phe Tyr
Ser Ser Leu lle Ser Tyr Glu Glu Asp Gin Arg Gin Gly

10 Of course, apitopes are also capable of binding to MHC molecules at the cell surface of
mature APC. However, the immune system contains 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. I. Pathol. 159: 285»295j. The default position to
an apitope will therefore be anergy/tolerance, rather than activation.

15 '

The induction of tolerance to FVII can be menitored in vivo by looking for a reduction
rin the level of:

(i) FVII inhibitory antibodies:

(i) CD4+ T cells specific for FVIII

b
<

(iii) B cells capable of secreting FVI inhibitory antibodies

by techniques known in the art.

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:



180518101815 Ala Glu Pro Arg Lys Asn Phe Val Lys Pro Asn Glu Thr Lys Thr 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 18&?§?Mg'?§sﬁ'hr Asn Thr Leu Asn Prg Ala His Gly Arg Gin Val %P@%ﬁ%%‘fﬂﬁ%sowsswgo
Glu Phe Ala Leu Phe Phe Thr lle Phe Asp Glu Thr Lys Ser Trp 189519001905 Tyr Phe Thr Glu Asn
met Glu Arg Asn Cys Arg Ala Pro Cys Asn 191019151920 lle Gin Met Glu Asp Pro Thr Phe Lys Glu

Asn Tyr Arg Phe His 192 é 35%3;5#3% Ile{?sn %?/L )érdjgl\fl%gﬁé i[lgﬁ %Pr&&%d_eu Val Met
[ Gin Ar

194019451950 Ala Gin A g eu Leu Ser t Gly Ser 195519601965 Asn Glu
Asn lle His %ﬁﬂ@ﬂ@ﬂﬁé&@@m}yﬁﬁ@%l@w@%r 197019751980 Val Arg Lys Lys Glu Glu Tyr Lys

Met Ala Leu Tyr AS(B Leu Méég%&g@j&% &%[pp@ma{@hﬂﬂelﬁmghr Val Glu Met Leu Pro Ser Lys Ala
Gly 200020052010 P0311505G % c%uence Llﬁg txt lle Trp Arg Val Glu Cys Leulle-Gly,Glu His Leu
His Ala Gly 2015202020 Met SRITHY PRIPHETEY val Tyr Ser ASn Lys Cys Gin Thr Pro

203020352040 Leu Gly Mg} AladSen-@guldiztiénAlig phsiniioe Gilikk [Fhi-yadd045208602055 Ser Gly

Gin Tyr Gly Gin Trp Ala Px Lysdr&gaélgl%{ ﬁ&ﬁl&%@@@%@GSZO?O Tyr Ser Gly Ser lle Asn Ala Trp
Ser Thr Lys Glu Pro Phe er 207520802085 Trp lle Lys Val Asp Leu Leu Ala Pro Met lle lle His Gly lle

209020952100 Lys Thr Gin Gly Ala Arg Gin Lys Phe Ser Ser Leu Tyr lle Ser 210521102115 Gin Phe

lle lle met Ty sSeEd IotleS thé&ibih Yioleysediir Gidahi tapa RO 2T 2613 tbidréuwg.Gly Asn Ser Thr Gly Thr
Leu Met Val Phe Phe Gly Asn 213521402145

10  COMPOSITION

The present invention also relates to a composition, such as a pharmaceutical

composition comprising a peptide according to the invention.

15  The peptide may comprise a plurality of peptides, for example, two, threq four, five or

six peptides of the invention.

‘The peptides of the composition may each comprise a different minimal epitope. For
example, the peptides may each comprise a minimal epitope from the peptides given in

20  Table 1.

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.



Val Asp Ser Ser Gly lle Lys His Asn lle Phe Asn Pro Pro lle 215021552160 lle Ala Arg Tyr lle Arg Leu
His Pro Thr His Tyr Ser lle Arg 216521702175 Ser Thr Leu Arg met Glu Trp Met Gly Cys Asp Leu Asn
Ser Cys 218021852190 Ser Met Pro Leu Gly met Glu Ser Lys Ala lle Ser Ala Gin 219522002205
lle Thr Ala SEP S #YF¥he Thr Asn Met Phe Ala Thr Trp Ser 221022152‘%32?&%31%)@@’{9;‘7’& Ala Arg Leu
His Leu Gin Gly Arg Ser ASI1 Ala Trp 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 Leu Phe Phe Gin Asn Gly Lys 228522902295
val Lys Val PMeew i#rwiyistemdGher Akgregeitip riseT R rT0pesitie 350230853 a'agheadk Leu Asp Pro

Pro Leu LeuohBsiRgAnIMbAER: Eﬂsﬂ&d‘hﬁﬁlﬁﬂéz&ﬁﬁ%ﬁf&ﬁlmcE@EeIWrMBichlbﬁ Girh#e Ala Leu Arg
Met Glu val Leu, 23302335234 s Glu Ala Gin A e 4523 <210> 2 <211> 9 <212>
PRT <213> A ?aﬂ“é%b%%‘ﬁ%é [y B3 g’rﬁ?ﬁmtlc%%éﬁt% §8ﬂ jfarnﬁleli“er Gin Phe lle lle
Met 15 <2100z ﬂmmmmmnmml@ﬁawmsﬁmmmanmm& k@zse»t@;ﬁm@nc peptide <400>
3 Phe lle lle mekLyroRehLeu Asp Gly 15 <210> 4 <211> 9 <212> PRT <213> Artificial Sequence
<220> <223> Synthetic peptide

Treatment with the composition of the present invention may cause a reduction in
levels of any or all of the following:
10 (i) FVIII inhibitory antibodies:
(ii) CD4+ T cells specific for FVII
(ii1) B cells secreting FVIII inhibitory antibodies.

Detection of all these factors can be carried out by techniques known in the art, such as
15 ELISA, FACS etc. '

Treatment with the composition of the present invention may also or alternatively
cause anergy in CD4+ T cells specific for FVIIL -Anergy can be detected by for
example subsequent challenge with EVII in vitro.

o]
o=t}

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.



<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> Artificial sequence <220> <223> Synthetic peptide <400> 6 Leu Thr Arg
Tyr Tyr Ser Ser Phe val 15 <210> 7 <211> 9 <212> PRT <213> Attificial seguence <220> <223>

Synthetic pe‘ﬁﬁ&@"éf%@%ﬁ? met val Thr Phe Arg $h GIn Ala Ser 15 <210%4'¢5148¢¥39 > pRrT
<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> Atrtificial Sequence <220> <223> Synthetic peptide <400> 9

Pro Arg Cys.L.eu Thr Arg Tyr .Tyr. Ser.Phe Val.Asn Met Glu 1510 056, Sequence
listing.txt <2 é%&‘?lc%g%fué@iﬁﬁ@lm&% @R?ﬁ{f’éig?aggaﬁ%ﬁg@{%g@%jﬁ’g?@%thetic peptide

<400> 10 As¥%shlle Metofderlevemnd mrdbadiasaihigiavaeld Awryphseryebiered badohe> 11 <211> 15
<212> PRT paiarndfiticatoacuppre <220>

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

e ma?

The composition may by prepared as an imjectable, cither as liquid solution or

b
il

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.



<223> synthetic peptide <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> Artificial Sequence <220> <223> Synthetic peptide <400> 12
Pro Pro lle lie Ala Arg Tglr lle Arg Leu HiS Pro Thr His Tyr 151015 <210> 13 <211> 15 <212> PRT
<213> Artifitld SEGUERCe <220> <223> Synthetig peptide <400> 13 Asp”FAFTEUEELNE 1le Phe Lys
Asn Gin Ala ser Arg Pro Tyr 151015 <210> 14 <211> 15 <212> PRT <213> Atrtificial Sequence <220>
<223> Synthetic peptide <400> 14 1 <210> <211> <212> <213> <220> <223> <400> 5 15 16 PRT

Artificialseqyence Synthetic peptide 15 PO31150SG u IStng.L Lyr lle Ser GIn

Phe lle lle nﬁgtr{hrﬁgf) éj)?%ﬁ_‘ieornL%)ﬁg %SpeSG%)P iu)%ﬁ%S%%?§§§iO§§ C{%Gl{azflgi %5@%%55;&?%% <213> Artificial
sequence <Zrysbezpsxinaiaheaauskpidenativoly tw KlgtiesTatips piredareriide By B Ile ser GIn Phe
lle lle met 1546148, fo218ankfiesAd ocke tldrREchic Hgohetifisial pagusiacebed»f223> synthetic
peptide <4Og§t&re73gi¢le —geﬁ? %rsﬁ‘ritslesr #aﬁthTtXQt' lgnes Sép% e Evg&él%étlt%rr%?a!:n-r%g 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.



151015 <210> 18 <211> 15 <212> PRT <213> Artificial Sequence <220> <223> synthetic peptide
<400> 18 Lys Phe ser ser Leu Tyr lle Ser Gin Phe lle lle met Tyr Ser 151015 <210> 19 <211> 15
<212> PRT <213> Artificial sequence <220> <223> Synthetic peptide <400> 19 Page 13 P0311505G
Sequence li8HG R ser ser Leu Tyr lle Ser Gin Phe lle lle Met Tyr SEr TEG#e988°¢210> 20
<211> 15 <212> PRT <213> Artificial 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 Seguence <220> <223> Synthetic.peptide <400> 21 Tyr lle Ser Gj lle.lle met Tyr Ser
Leu Asp Glﬁsse%:cfﬂﬁl il >5§‘a &0&%@ ggfifsﬁ(ﬁlﬁtz ivé% :&I‘ﬁl];fé{l%{% SL}eg(ﬁ)éetéce <220> <223>
Synthetic pefitkitor dobibiey)|entdr\Eih Pleanibadicmet pyFosetodissaspltslyseliedt y@app 151015
<210> 23 <24}rsF i ALBR P Rletals fofdiifisitneane meaizaiype 38 mSymihatis peptide <400> 23

ser Gin Phe Jle lle met Tyr Ser Leu Asp Gly Lys Lys Trp Gin 151015 <210> 24 <211> 15 <212> PRT
<213> ArtifictiPSBYLEREE-
5

Typically, a physician will determine the actual dosage which will be most suitable for
an individual 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

may be circurnstances in which it is preferable to

]
=

~ 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.



<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> Artificial

Sequence <220> <223> synthetic peptide <400> 25 Phe lle lle Met Tyr Ser Leu A
Gin Thr Tyr Y8101%8%2886> 26 <211> 15 <212> PRT <213> Artificial Seqbieht&¥)
peptide <400> 26 lle Ala Arg Tyr lle Arg Leu His

sp Gly Lys Lys Trp
%&3@%239 Synthetic
ro Thr His Tyr Ser lle Arg 151015 <210> 27 <211>

15 <212> PRT <213> Atrtificial Sequence <220> <223> Synthetic peptide <400> 27 lle lle Ala Arg Tyr
lle Arg Leu %@8%%@5 Tyr Ser lle 1015 <210>28 <211>15 <212>PRT

Sequence

io

15

20

25

Hemophilia A (classic hemophilia), is caused by the deficiency of Factor VIIL

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

carrier for hemophilia A, and 1 in 20,000 is a carrier of hemophilia B.

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 |

<213>Artificial

percent of normal clotting factor. The degree of severity tends to be consistent from )

generation to generation.

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
become weakened. Pressure on nerves caused by the accumulation of blood may resuit

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.

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.

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.



<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 P031150SG

Sequence Iisting.txt <220> <223> Synthetic peptide <400> 29 Asn Pro Pro lle lle Ala Arg Tyr lle Arg
Leu His ProRFHIE'TIE210> <211> <212> <2133 <220> <223> <400> 5'SF FBIRPO39%
ArtificialSequence Synthetic peptide 30 10 15

Recombinant DNA technology has now provided a series of synthetic products,such as
Recombinate™ and Kogenate™. Kogenate is made using baby hamster kidney cells
expressing human factor VIIL The resulting factor is highly purified, eliminating any

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
10  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
15  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
20  patient following gene therapy.

ACQUIRED HAEMOPHILIA

25 Acquired hacmophilia 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.

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

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



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 Synthetic peptide 31 10 15 lle 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

Artificial Seq/E8°8VHtffetic peptide 32 10 15 Ley lle lle Phe Lys Asn GREREERUPARIF Bro Tyr Asn lle
Tyr 1 <210> <211> <212> <213> <220> <223> <400> 5 33 15 PRT 10 15 ArtificialSequence
Synthetic peptide 33 Leu Leu lle lle Phe Lys Asn Gin Ala Ser Arg Pro Tyr Asn lle 151015

occurrence in conjunction with identifiable underlying autoimmune diseases,
lymphoproliferative or solid tumor malignancies, pregnancy, and use of certain
antibiotics such as peniciilin and sulfonamides in approximately 50% of cases; and (4)
in vitro inhibitor activity that follow a type 11 pharmacokinetic pattern 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).



<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> Atrtificial Sequence <220> <223>
Synthetic pepHFIZ461§3535 Gly Asp Thr Leu Ley Leu lle Ile Phe Lys Asﬂ’%‘iﬁﬁ\%ﬁ%%?@ Pro 151015
<210> 36 <211> 16 <212> PRT <213> Artificial Sequence <220> <223> Synthetic peptide <400> 36
Val Gly Asp Thr Leu Leu Leu lle lle Phe Lys Asn Gin Ala Ser Arg 151015 <210> 37 <211> 16 <212>
PRT <213> %ﬂ%}fﬁa 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> <22BBesiidehpHY Béptide| S4@eenagn singder Asp Pro Arg &ye relgrret ARy Ser Ser Phe
Val 151015 N210> JFisdddsp | id,e0de ) Thr Arg \ASSar Ser Phe Val-Asn{151015 <210>

40 <211> 15212518840 <2134 EHAMFEGNVDSSGL 550 <02 ST BM b otic neptide <400> 40 Asp Pro
Arg cys Lel?FhrArg PIPEr sol LRTHY AWED- ¢ 151095 [ JOHHY 0145 15 0105 PRT <2135
Artificial Selghience <226 <2355 TISQEIM g 400>41 \E’?’ Ss teu-Thr-Arg-—TFyr Tyr Ser Ser

t

Fa X ot
2161 | PPAARYIRUAPTHY

Phe Val Aspgmet Gltraig PPLLTRYLRIHPOQSW PPLLT
6 250 MHTVNGYVNRSLPGL MHTVN
7 322 LGQFLLFCHISSHOH LGQFL
g 478 DTLLIFKNQASRPY DTLLI
9 545 PRCLTRYYSSEVNME PRCLT
10 607 TENIQRELPNPAGVQ TENIQ
11 1788 DNIMVTFRNQASRPY DNIMV
12 2322 RYI RIHPQSWVHQIA 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



151015 <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 151015 <210> 43 <211> 15
<212> PRT <213> Atrtificial Sequence <220> <223> Synthetic peptide <400> 43 Leu Thr Arg Tyr Tyr
Ser Ser Phé VAP REE RS Glu Arg Asp Leu 151015 Page 18 P031150SG SEJUENCE listing.txt <210>
44 <211> 15 <212> PRT <213> Atrtificial Sequence <220> <223> synthetic peptide <400> 44 Glu Val
Glu Asp Asn lle Met Val Thr Phe Arg Asn Gin Ala Ser 151015 <210> 45 <211> 15 <212> PRT <213>
Artificial seqyence <220>£223> synthetic pﬁjﬁﬂﬂﬁ <400= 45 Vial BlwdsP AspRemetVal Thr Phe Arg
Asn Gin Ala Sésrsfffj':éll‘Slols <2S?LO> 46 <211> 15 3?[2%%?? <213> Artificial sequence <220> <223>
Synthetic peftiid &bEs@56-Glu Asp Asn lle Met Val Thr Phe Arg Asn Gin Ala Ser Arg Pro 151015
<210> 47 <211> 15 <212> PRT <213> Avrtificial Sequence <220> <223> Synthetic peptide <400> 47

Asn lle met \al 1oy Phe Alg ASAGID Ble Se1A9 BIGRERSLAZ 1080 a0 ik 15 <212> PRT

<213> Artifi
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



<220> <223> Synthetic peptide <400> 48 P031150SG Sequence listing.txt 151015 <210> 49 <211>
15 <212> PRT <213> Atrtificial Sequence <220> <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 <YOHIIIEI6Synthetic peptide <4003 50 Leu Arg lle His Pro TiHSEO4RP3P His Gin Ile
Ala Leu Arg 151015 <210> 51 <211> 15 <212> I%JRT <213> Artificial Sequence <220> <223>
Synthetic peptide <400> 51 Tyr Leu Arg lle His Pro Gin Ser Trp Val His Gin lle Ala Leu 151015 <210>

52 <211> 15 <212> PRT <2353> ArH}‘icial yence. 220> <223> g%;&@%@@@gom 52 Thr Arg
Tyr Leo Arg ﬁge&Hi?é“ 0 %??16 ecraigr’p &aﬁaﬁ%ﬁgin r#es1151015 < 10§n53 <211> 15 <212a> PRT <213>
Artificial SeqiepgiEagh0> <223> Synthetic peptide <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
<2L2> PRT SeLa- Ao Soquenge <2207 S22, SUHISISARPICREAR0 24 hss-ou Thr Ava T
5 for antigenic specificity by culturing 100yl 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

b
f=
17

~all < b SRR SN Ry Mg SN, u SIS
T-cell hybridomas using the same method as Example

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

HELA-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




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 Pro Gin Ser Trp Val 151015 <210> 56 <211> 15
<212> PRT <213> Artificial Sequence <220> <223> Synthetic peptide <400> 56 Gly Thr Leu met Val
Phe Phe Gl RSANATRED Ser Ser Gly lle 15101532<2102 57 <2101>ID 15 <2‘?L%§"ffpﬁ‘1°8<’é’i§9>ﬁ 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> Atrtificial Sequence <220> <223>
Synihetic pepide Rads Fhat PRIA 3 B SENss SRRSO BEIAMNE hthhey Th ArO Tyr
Leu Arg lle His Bro'Gin Ser rp 13015 <216>50 <f§ >15 <212>PRT <213>Artificial Sequence
<220> <223sspensreticiprpriValk romicsoexpressing TegIns ety FHval MsFrRFISSE Leu Pro Gly Leu

1 was repeated with FVIII-DR2+ animals to determine whether these peptides also

prevent the immune response to factor VII in factor VIII deficient mice.

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



<210> <211> <212> <213> <220> <223> <400> 5 60 15 PRT ArtificialSequence 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 Thr Glu Asn lle Gin
Arg Phe Lea Pr8"A8H '#810 <210>62 <211>5 <212>PRT <213>Artificial $EqUEHEELIHYL
<223>Synthetic peptide <400>62 Pro Ala Gly val GIn 15 Gly Thr Leu Met Val 15 <210> 63 <211> 5
<212> PRT <213> Atrtificial Sequence P031150SG Sequence listing.txt <220>

fusion partner cells at a ratio of 4 BW cells to 1 lymphocyte, using polyethylene glycol
as described by Nelson et al (1980) PNAS 77(5):2866. Fused cells were carefully
washed 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
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 specificity by culturing
100ul of hybridoma cells with 5%x10* Mgar cells in the presence and absence of
10 20pg/ml thFVII 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.
15
(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.

20 (iv) FVIIl pepiide specificity of T ceil hybridomas generated f;:“om FVIH-/-
mice
The same method was followed as for (ii), except the mice were FVIIl-deficient and
HLA-DR2+. | |

25 (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.

30  Following the final administration, mice were primed with rhFVIII emnlsified 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).



<223> Synthetic peptide <400> 63 Thr Gin Thr Leu His 15 <210> 64 <211> 5 <212> PRT <213>
Artificial Sequence <220> <223> Synthetic peptide <400> 64 Ser Leu Tyr lle Ser 15 <210> 65 <211>
5 <212> PRT <213> Artificial Sequence <220> <223> Synthetic peptide <400> 65 Pro Pro lle lle Ala
15 <210> 60MANY 1855 2> PRT <213> Artificial Sequence <220> <22 PLEHRHEEEEStide <400> 66
Pro Pro Leu Leu Thr 15 <210> 67 <211> 5 <212¥PRT <213> Artificial Sequence <220> <223>
Synthetic peptide <400> 67 Met His Thr Val Asn 15 <210> 68 <211> 5 <212> PRT <213> Artificial
Sequence P031150SG Sequence listing.txt <220> <223> Synthetic peptide

{vi) Tolerisatioﬁ of FVII-specific responses in DR2+ mice by pre-treatment
with a combination immunodominant FVIII peptides
HLA-DR2+ murine MHC class 1 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.



<400> 68 Leu Gly Gin Phe Leu 15 <210> 69 <211> 5 <212> PRT <213> Artificial Sequence <220>
<223> Synthetic peptide <400> 69 Asp Thr Leu Leu lle 15 <210> 70 <211> 5 <212> PRT <213>
Artificial Sequence <220> <223> Synthetic peptide <400> 70 Pro Arg Cys Leu Thr 15 <210> 71 <211>
5 <212> PRY Q243474 ficial Sequence <220> <223> synthetic peptide ZHBEBTLH B Asn Ile Gin
15 <210> 72 <211> 5 <212> PRT <213> Artificial Sequence <220> <223> Synthetic peptide <400> 72
Asp Asn lle met val 15 <210> 73 Page 24 P031150SG Sequence listing.txt <211> 5 <212> PRT

<213> Artificgaééﬁg%qce <220>

1 maielstcff Iclirfcfsa trryyigave [swdymgsdl getpvdarfp prvpksipfn
61 tsvvykktif vefidhifni akprppwmagt Igptiqaevy dtwvitliknm ashpvsihav
) 121 gvsywkaseg aeyddatsqr ekeddkvipy gshtyvwavl kengpmasdp Icitysylsh
s 181 vdivkdinsg ligallvcre gslakekigt 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



<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 pepid@tegussFs Gly Glu Val Gly Asp Thr Leu Leu lle lle Phe LYSTASH2G®08126451015
<210> 76 <211> 15 <212> PRT <213> Artificial S¥quence <220> <223> Synthetic 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 <220> <223> Synthetic peptide <400> 77 Val Gly Asp Thr Leu Leu lle lle
Phe Lys Asn BYf RppEg paptide 22pYs PEBRFIABEAABRY fence listing.txt <210> 78 <211> 15 <212>

PRT <213> Aé@@ﬁ@b&gg&?mgﬁg 23rpeynthetic 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> Artificial Sequence

<220> <&23> Synthetic peptadess400> YoHYEpRNEERS@sn Gin Ala Ser Arg Pro Tyr Asn lle Tyr Pro

151015 2. 474-489 GEVGDTLLITFENCA
3. 475-490 EVGDTLLHFKNQAS
4, 476-491 VGDTLLIFKNQASR
5. 477-492 GDTLLIIFKNQASRP
10 6. 478-493 DTLLEFENQASRPY
7. 479-494 TLLOFKNQASRPYN
8. 480-495 LLOFKNQASRPYNI
9. 481-496 LIFKNQASRPYNEY
10. 482-497 HFKNQASRPYNIYP
15 11. 483-498 IFKNQASRPYNIYPH
Overlapping set for PRCLTRYYSSFVNME
20 1. 540-554 PTKSDPRCLTRYYSS
2. 541-555 - TKSDPRCLTRYYSSF
3. 542-556 KSDPRCLTRYYSSEV
4. 543-557 SDPRCLTRYYSSFVN
5. 544-558 DPRCLTRYYSSFVNM
25 6. 545-559 PRCLTRYYSSFVNME
7. 546-560 RCLTRYYSSFVNMER
8. 547-561 CLTRYYSSFVYNMERD
9. 548-562 LTRYYSSFVNMERDL
10. 549-563 TRYYSSFVNMERDLA
30 11. 550-564 ' RYYSSFVNMERDLAS
Overlapping set for DNIMVTFRNQASRPY
35 1.1783-1797 RAEVEDNIMVTEFRNQ
2. 1784-1798 AEVEDNIMVTFRNQA
3. 1785-1799 EVEDNIMVTFRNQAS
4. 1786-1800 VEDNIMVTFRNQASR
5.1787-1801 EDNIMVTFRNQASRP
40 6.1788-1802 DNIMVTFRNQASRPY
7. 1789-1803 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



<210> 80 <211> 15 <212> PRT <213> Atrtificial Sequence <220> <223> Synthetic peptide <400> 80
lle Phe Lys Asn Gin Ala Ser Arg Pro Tyr Asn lle Tyr Pro His 151015 <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¥f{r48188#Ger 151015 <210> 82 <211> 15 <212> PRT <2 P83/&AHii4198¥uence <220>
<223> Synthetic peptide <400> 82 1 <210> <211> <2125 <213> <220> <223> <400> 5 83 15 PRT
ArtificialSequence Synthetic peptide 83 P031150SG Sequence listing.txt 10 15 Thr Arg Tyr Tyr Ser
Ser Phe Val Asn I\/Iée Asp Leu 4 <211> 15 <212> PRT <213> Attificial
Sequence <220> <g2§f2 ykghetic peptldﬂﬁ%&mﬁr Tyr Ser Ser Phe Val Asn Met Glu Arg

Asp Leu Ala Ser 15101f5.5230> 85 <211> I&srRisbriRRAYs1dl 3> Artificial Sequence <220> <223>

Synthetic peptide <#1Q08%28 SLYISQFIMYSLDG
5 7.2115-2129 LYISQFOIMYSLDGK
8.2116-2130 YISQFIMYSLDGKK
9. 21172131 ISQFIMYSLDGKKW
10.2118-2132 SQFOMY SLDGKK WO
11.2119-2133 : QFIIMYSLDGKKWQT

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



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> Synthetiggpeptide <400> 86 Ala Glu val Glu Asp Asn lle met
Val Thr Phe Arg Asn Gin Ala 151015 <210> 87 <211> 15 <212> PRT <213> Atrtificial Sequence
<220> <2ar3§§\§¥nthetic peptide <400> 87 Page 27 P031150SG Sequence listing.txt Val Thr Phe Arg
Asn Gin Ala Ser Arg Pro Tyr Ser Phe Tyr Ser 151015 <210> 88 <211> 15 <212> PRT <213> Atrtificial
Sequence <220> <223> synthetic peptide <400> 88 Thr Phe Arg Asn Gin Ala Ser Arg Pro Tyr Ser Phe
- Tyr Ser Ser 151816p&@1Q»18P=e2f The hBox@b2eqRRTs<213> Artificial Sequence <220> <223> Synthetic
peptide <400> &8oxeu xndiesser Gin Phe lle lle Met Tyr Ser Leu Asp Gly Lys 151015 <210> 90
<211> 15 <2125N§M§§%@&rtificial Sequence <220> <223> Synthetic peptide <400> 90 His Asn lle
Phe Asn Pro Pro lle Ile Ala Arg Tyr lle Arg Leu 151015 <210> 91 <211> 15 <212> PRT <213> Atrtificial
Sequence <220%"Z5338 8V Rhetic peptide <400> 91 Asn lle Phe Asn Pro Pro lle lle Ala Arg Tyr lle Arg
Leu His 151015RFROSAEGEEEFY] > 15 <212> PRT <213> Artificial Sequence <220> <223> Synthetic
peptide VTFRKQBSREYSFYS

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.



Page 28 P0311505G Sequence listing.txt <400> 92 Ala Arg Tyr lle Arg Leu His Pro Thr His Tyr Ser 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> Atrtificial Sequence <220> <223> Synthetic peptide <400> 94 Arg lle His Pro Gin
Ser Trp Val His Gin lle Ala Leu Arg Met 151015 <239> 95 <211> 15 <212> PRT <213> Atrtificial
Sequence <220> <223> Synthetic peptide <400> 95 lle His Pro Gin Ser Trp Val His Gin lle Ala Leu
Arg Met Glu 15181Bpad @6r¢2d koyld <212> PRT. <@ : SsmifidialSemienieeckzpd>fappgsin
%/nthetic REPE 400796 His Rraucish SencdspvMalis: indlieddaik ewArg Met Glu Val 151015 Page

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,



