PEPTIDE FIELD OF THE INVENTION The present invention relates to a peptide. In particular, it
relates to peptides at least the core sequence of which is derivable from factor VIII (FVIII). The
peptides can be used to reduce or prevent factor VIl inhibitor antibody formation, for example in
haemophilia A treatment and acquired haemophilia. BACKGROUND TO THE INVENTION
HAEMOPHILIA Haemophilia belongs to a group of inheritable blood disorders that includes
haemophilia A, haemophilia B (Christmas disease) and Von Willebrand's disease. In haemophilia, the
blood's ability to clot is severely reduced because an essential clotting factor is partly or completely
missing, resulting in increased bleeding tinfEPHB#Mophilia A is a deficiency of the clotting factor VIII,
whereas Haemophilia B is a deficiency of clotting factor LX. In both diseases, the faulty gene is found
on the X chromosome, so the conditions are X-linked. Haemophilia A is five times more common than
haemophiFAEE DI FBRRIYERTA M Iong inherited genetic condition, which affects females as carriers
and males who inherit the condition. About a third of new diagnoses are where there is no previous

family history. It appears world:wide and occurs,in all.racial. . About 6,000 neople are affected
with haem %ﬁfgslgr)]ﬁtﬁlgﬂ{%’.%gigrﬁsop ?Ilg%sg% é:’é P%%%é%%%%% %ﬁg%g%gﬁﬁ§%jury. External

injuries sutiy asrcetguang of shichds deoivabladigrp fstos ¥ilib (B b | It Prplidetieat Possible to stop
bleeding by.applyinga (e PReAl RIassUERRheavernghie abiesissharon (ummitina plaster). 2 The

main problem is internal bleeding jnto join ﬁlﬁemus lgs and soft tissues, which can occur spontaneously.
Internal bIS&EMAghLiach THAIFRLAT ﬁﬁ%‘ﬁ% 3R Pain, is very difficult to manage and can be fatal.

Repeated bleeding in the joints causes acute pain and can cause arthritis and/or long-term joint
damage I@Q@géﬁ%ﬁ@gi%ﬁ@mﬁ%mophilia 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 injections are given to help
the blood tg gloliiepgminimise the likelihood of long term joint damage. A potentially serious

complicatiop of ccgll graulgtilon facftc_)r Je lacem nt r&@%@% f%fo'&%??i%@@é@ Als thesdgvelopment of
antibodies RSP ARUIAIZE R p?ocoa%ﬂl’g’nt unction of factor VIII. Factor VIl inhibitors occur in
approximabeym2phiiofihesaapithis B Errismandisam mddipedMibahsand siifreSngenital haemophilia A
can be genetically deficient in FWII, the synthesis of inhibitors is an alloimmune response to the
foreign prolginsasopiisietind Slpde wiiligr iy edbtie sekaglgpisbded. edadse Brcelisgialy a central role in
the immune, res e to FVIII. After bei -anfigen- | (APCs), FVIII
'undergoesglp?%‘t‘{céo%%%%rés arnaiagttlgﬁr?ﬁ?gec ‘g éﬁ(ﬁ%&gﬁgﬁrﬁﬂ%‘?&%ﬁg&% ﬁe%ﬁgt% %J)Ef-'laemophilia 12(supp 6)
30-36). Thekemmmbilited isre 4%@%@#@&&%‘%%?}%@ pibrseaPtasariybeiBis A with MHC class Il

molecules.gLhiseaaMiplesimihapeunisashiydisastcailbracaptosefia Hhioactspecific for FVIIL In

the presence of the appropriate costimulatqry.signals,this recognjtion ultimately cayses the CD4+ cell
to direct thE"ESRETE &7 a&ﬁitﬁgg ALy Aee 2 E ' iiglagrenr?g%e“g?i%fﬁ)itﬂgﬁ(}%&gﬂgﬂ%itialIy increases

with the nueohercofthactoedittigainents, but appears to plateau after 50-100 exposure days. Inhibitor
formation is much more common in severe haemophilia than in moderate or mild disease and some
molecular defects, s Al ae Aslelons AnMARSeRRs MlalenRJabedagiar VIl ot chain
appear to 8dflsrgose { dnhiiter ormatlo%. arameters such as the concentration, type (purified or
recombinaatidafizisp leloe inkarit thetermdition: Aaavienthind el gem dipgness apre e MEfifbod of antibody
production , Thenaragamenti-harnagpiiliawetiensasvit isbibitors inlapgaggingchallenge. Immune
tolerance inductigon (TTI) usliﬂrll{g a desgnsi ization ti%a?hmiqge‘_iﬁéuccessful in some patients with
alloantibodi%g"abﬁct &WB Iﬁffeflcltﬁ t i‘ﬁ%rﬂﬁ% 5‘ oach réquires ongoing exposure to factor

replacement therapy, so is a long-term strategy. Although ITI can be successful, a significant
proportion (about 30%) of patients fail to respond to M. Patients with high inhibitor titres are much less

ikely to resgond. g keaimentspaolhet unileesenliRuling, aelgElnrgn.Atag Rart of commencing

ITI, with greazﬁ“y creased success rates when the patient’is older than 20 (Hay et al (2005) Seminars
in Thrombosits sand EraraD S st 3BUpbl) PRsw/BEFPRF| RIRAEHY i¥ jhofcecresiP't & iffRlbitor generally
persists for jifeamachPepain sustsRatEikaindmbivbipy-hspiaded sriaitneoessary to treat
episodes o;gbalgémg with FVIR bypassing products, such as activated prothombin complex
concentrat BATM), and recombinant-activated EVIL 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). Immunosuppressive therapy is sometimes used for patients
who fail to response to ITI. 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.
There is renewed interest on selective B cell depletion using RituximabTm, a humanised monoclonal
antibody to B cell CD20 antigen. However, infusion reactions, serum sickness and opportunistic

infections have occurred in some children treated with this drug (DiMichele (2007) J Thromb Haemost
E-1A2_-EMN ACOIIIRED HAEMOPHII IA develon antibodiee anainet one nf the clottinAa factare cr1irch ac




Acquired haemophiliac patients have a mortality rate that approaches 25%, partly because of the
association of acquired inhibitors with severe bleeding complications. The therapy of acquired
autoantibody inhibitors is based primarily on the need to control or prevent acute hemorrhagic
complications, which frequently are life and limb threatening and secondarily to eradicate the
autoantibody to restore normal coagulation. Some bleeds associated with low titre autoantibody

inhibitors (< 5 Bethesda Units) m e treated effectively with EVIIl concentrates administered at high
doses. Po ﬁ&%ﬂ@fﬁ%éﬁ%ﬁéﬁ%‘%%%%é‘ﬁ? %%%tssi‘cféu%ﬂ% %?ﬂi(s:%# g‘?ssﬂ‘?f‘né’" ﬁ%&%‘)} for acquired
hemophiliaasiatpdrdessity Siteslthizaditge unly arediaveendagthdrapiperurin 0viges an opportunity to
actually meggiie BQEL}&Q%Q%&%&VAJ:' goroRlgian asidinlexelsbihe lakhetalan: ghe product was

removed from the marketplace in 2004 because of contamination, of the porcine plasma pools by
porcine paAREHLERUREATITI sadergrestsan o R SaBes LEHREIRISRER but potential risks of

thrombogenicity exist and there is only about 80% efficacy for each product. Plasma exchange via

plasmaphefesis.ande HasesRarsa WY B AesRERHRA BRt O MRasE SERRkEoaBPararily reduce the
inhibitor titer enough for bypassing agents or FVII] replacem ntt,to pr%)/i%f adgg gltlg hemostasis. -
Eradicatiofdf Sﬂfﬁ%\‘?ﬁ?%gﬁﬁﬂm B PP R BRSPS SVE e XU uch as: (1)
administradiananl catipgstaiowtsaiih 86%eS0¥mefiiiticyegnBroowpkieste)nissioicywtoxic and
myelosupRiessis, cSIANEIAPENAGRRLR:S the REIRRDPSPRATILE: PIFioRALEC. -
2-ch|orodegoxya enosine; (3) immunomodulation with intravenous immunoglobulin; and (4) selective
B-lymphocyte depletjon with rituxima, .Ritgf(igg% MJES gggﬁg_g DAY JEAURE %n%llrrent use of
steroids aﬁ% F8 gﬁéaeﬂ n%%rf/o}l,és%%nrf] 0 roentreatmeg{l. _SE%ave S orf(;:%mings. Theré is therefore a need for
improved hestheplslio Adérehe deselopmenst ofautibodian thb sutinliss dhsopIRtREAIARY acquired
haemophilig,dhga Bresant Mueniaksdaarg: fomms dhabiids R apitaiaarsVestRf Hhéshibitor antibody
formation by pre-tolerjsing the patient.with FVIll-deriyed peptides. SUMMARY OF ASPECTS OF THE
INVENTIO‘N@WEVW& &EP%‘F& ;gg’ggrﬁﬁtﬁ%tﬁt%ﬁ} tﬁc’egt%%)lﬁae?,%%?ﬁ%%%daa peplide, at least part of the
sequence ginatitetly sicfeian e VO ta/Ayhthasisoidnddpitinid sofrndoimeoe ressioradotolerance to FVIIL.
In a first epbogimens e RIESERLIBYENIRVAIQYides BIRARINS SaMprising one of the following
EVIlI-derived sequences: GTLMVFFGNVDSSGI TQTLHKFILLFAVFD SLYISQFIIMYSLDG
PPIIARYTRLHPTHY PPLLI RYLREEINSW MHTVNGYVNRSLPGL LGQFLLFCHISSHQH:
DTLLIFKNOASRPY, PRCLTRYYSSEVNIVEE TENIQREIRNPARY QARMIMYTRRNQASRPY
RYLRIHP%%\%/%/T—IS'E %ﬁha gﬁé%fxﬁl%re of the fO||0WiI’% modifications: (i _gremoval of one or more
hydophobiBFahYlﬁﬁtwmgy?enﬁng cells (APCs), FVIII undergoes proteolytic degradation into

peptide fragments (Reding et al (2006) Haemophilia 12(supp 6) 30-36). These
peptides are then presented on the surface of the APC in association with MHC class II

molecules. This complex is then recognised by the T cell receptor of a CD4+ cell
specific for FVIIL In the presence of the appropriate costimulatory signals, this
recognition ultimately causes the CD4+ cell to direct the synthesis of antibodies by B

cells.

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

history may also affect the likelihood of antibody production.



(ii) replacement of one or more hydrophobic amino acid(s) with charged hydrophilic amino acid(s); and
(ii) insertion of a charged amino acid at one or both terminus(i) which modified peptide is capable of
binding to an MEC class Il molecule without further antigen processing and being recognised by a
factor VIl specific T cell. 6 In a second embodingent the present invention provides a peptide
comprising the sequence X(aalccore sequence -(aa)m wherein X is a charged hydrophilic residue; aa

S an aming, aGit DS AN PAELRAIMECA AR YRR 905h REARN Ad,e; and the ‘core
sequence" is selected from the following group of FVIlI-derived peptides: LY T son 14 FIIMYSLDG
IARY IRLRPmyne tRisrenasipdrrtior SEDWNN T Aot Ao seIapy is sugasRsfithéptide is capable of
binding to @md piGealassith raniasiivddNQuidurtheoamigen mesessiag:and heirgaecognised by a
factor VIl specific T cell. For exatmple,;, the gegtid%@a_ compris? thetese ence XDNIINTFRNQAS. In
a third emBOHIFTREINE FFREERT IRVERIdF pTovides & peptide comprising L%’é &quence: Y(aa)core

sequence-0.0.Z wherein Y and Z are charged amino acids having reverse polarity; aa is an amino

acid; nis %&I&@%&J@M@@&Q@&ﬁéamﬁlﬁmiﬁgﬁﬂeﬁ%@&&w &hzﬂagn{b?aimre sequence"” is
selected from the following group of FVIil-derived peptides: LYISQFI IM FIIMYSLDG IARYIRLHP LI |
FKNQAS feppopsy todiEly @WWPW@A@}I inhibitor titres are much less likely to respond to

treatment. Another significant contributing factor is age at the start of commencing

ITI, with greatly decreased success rates when the patient is older than 20 (Hay et al
(2005) Seminars in Thrombosis and Hemostasis 32:15-21) .

When ITI thcrﬁpy is unsuccessful, the inhibitor generally persists for life, and because
such patients are usually high-responders, it is necessary to treat episodes of bleeding
with FVIII bypassing products, such as activated prothombin complex concentrates
(FEIBA™), 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).

Immunosuppressive therapy is sometimes used for patients who fail to response to ITL
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.

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

ACQUIRED HAEMOPHILIA

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

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



7 LRIHPOSWV 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. For example, the peptide may
comprise the sequence: YDNIMVTFRNQASZ In the third embodiment, for example, Y may be a
positively charged amino acid and Zmay be a negatively charged amino acid. Alternatively, Y may be
a negatively charged amino acid and Z may be a positively charged amino acid. A charged, hydrophilic
amino acid may, for.example be D. E..K. H.or.R. itively. gediam Id may, for example be
K, Hor n.%‘?ﬁ"@éﬁ%ﬁ?&% éﬁfr%aéncfet a%i?nog g‘éié‘?ﬁ%“ ! oc?(grga?}yn%lgg b%%f:) or Eﬂrﬂ% %%‘g Ide of the first aspect
of the invehtiopragrepcioméentaprenas disaesssoreb isisrampfeid sl and DIIVIFYRNQASR. In a

second aspechstEPHRRRIINESHIRNN RESERBrtsyRTRS IO hoRYE thes arplammaseytical composition
comprising one or moyre peptide(s) of the first allsgﬁ,ct of th inventi?nf.Thetﬁoq%og;}ion may comprise a
plurality ofhePEiEESTRBIR, BPBEDE, TRIADEBTE SRR/ WhTEh BPS S8 A0 RS Ratfing or restoring
tolerance teafifestetonposttidly Haynbibiortherfotmed! ankitespomttickotireqgitlatiity Gfotaptides are provided
separat('alx_g{gfa Y %@@%@m%@gg&g@ﬂ%mgﬂ%&;ﬂﬁ adminigtration. The peptide or a
composition of the Invention may be for use in suppressing, reducing, or preventing the development
of factor VAL M RLANIRAE S FUSPRERC AU YBIRO AL I AER: Hie 484, Ohatigh a pepride or
composition i the manuractire of a medicament to Suppress, réduce or prevent the development of
factor V111 apaisseorlathe soeieiation Phacarired irhiRitationthisey problerding rRewlisatieRtsuppressing,
preventingrge regucinafhepave epmanbaly-asierl i bislopantiEod s die anssthject, which

comprises the step of administ%lation gf such a peptide Of & rﬁgﬁsé}_j%latr% m,ﬁeasn 'e%t. The subject may
be deficierfPT AR PTRVS AP TR LS. P MR Ve Raemopitia A, And may be, or be about to,
undergo fabtenaritigreplacemdailitie eaplicad thertoufihdy sobssioremayriaheeagslabanat risk from
contracting, acquired haemophilia. Factor VIII inhibitors are found more frequently in individuals
expressingshoblidd askha setbject loedtiod dyotnipndytivbibfahé<imBattisdaraysthnegfore be HLA-DR2
positive. HE ' 5 I bympode cells (LNC)
from FVII%%%& En%%%‘r%?e‘g with &ﬁ%/%%g%%%ng@%i%ﬁa%ion t§§ Fﬁ\?IFEGI pepj[igies 1-6 b) LNC
proliferatiofPreerpatt peptidsmedy CPrtestofiefHisH t dpiarss fors appyinet Figure 2:
Representpdiyephiamries oideNihi slido B Fhskiretihy hitiesmeaiohespg pedifieofaded Mi_|-derived peptides

Figure 3: ReCal IeRPRNRERlR SRS Fv R RR #MSSHRRE WD VU G e

laboratory. The product was removed from the marketplace in 2004 because of .

contamination of the porcine plasma pools by porcine parvovirus. Now, "bypassing”
.agents are most commonly used, but potentiél risks of thrombogenicity exist and there
is only about 80% efficacy for each product. Plasma exchange via plasmapheresis and
extracorporeal immunoadsorption may be necessary to temporarily reduce the inhibitor

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

Eradication of autcantibody inhibitofé depends on immunosuppressiye measures, such
-as: (1) administration of corticosteroids with 30%—50% efficacy in 3-6 weeks; (2) use
of cytotoxic and myelosuppressive chemotherapeutic agents, e.g., cyclophosphamide,
cyclosporine, 2-chlorodeoxyadenosine; (3) immunomodulation with intravenous
immunoglobulin; and (4) selective B-lymphocyte depletion with- rituximab.
Rim?cimabm responders may require concurrent use of steroids and relapses may

respond to retreatment.

Thus, al! currently available methods for reducing alloantibody production associated

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



Figure 4: Representative examples of FVIII-DR2+ T cell hydridoma clones specific for FVIlI-derived
peptides 9 Figure 6: Recall responses for LNC to FVIII for FVIII+DR2+ mice treated 3x i.p. with
peptide prior to priming with diFV111/CFA. Figure 7: Determination of the range of peptide epitopes
capable of functions as apitopes using FVIII-DR2+ T cell hydridoma clones specific for FVIII-derived
overlapping peptides. The original peptide is termed 0. One amino acid shift towards the N-terminal is

-1, two amino acid, shits tow the\- inal.is:- ' rminal is +1 etc.
Figure 8: E@‘Fﬁgﬁong g%gﬁ |§ﬁ‘%§°agn%%’£g§£%§?g%§ﬁ %%%B%%ggs %ég\%ﬁgc:%g/}ﬁ?gﬂé§+ mice treated with
FVIII-derivessqripntidd BRotirodm ivivesophiliz dd pepir g haseeshititure 9: Responses from naive
or tolerised mice stimulated with either EDNIMVTFRNQASR (EDNIIVIV) or a control peptide (DNIMV).
DETAILED,DESCRIPTION PEPTIDE, The .present.invention r t eptide. The term "peptide” is
used in thENOBTETSENEEE H?gartfogn%etﬁaets} of Pé’gfg#éé? %Yggﬁy -ar‘r%ir%ggga gl,%gg??nected one to the
other typidattyatiprpeppicedenis it neenttviheE Xilirdsmired pepbdseyl groups of adjacent amino acids.
The term includes modified peptides and synthetic peptide analogues. The peptide of the present
‘invention may be made using chemical methods (Peptide Chemistry, A practical Textbook. IVlikos
Bodanslcﬁ Y-Q@ﬁd’,gﬁ?&ﬁﬁﬁéﬁm ~Peptides can be synthesized by solid phase
techniques (Roberge N et al (1995) Science 269: 202-204), cleaved from the resin, and purified by
prepara“vfgl@'%?s&esg%ﬁ%?@ce il g gﬁﬁ&ﬁf‘%ﬂé@?&}& (Rifkesh0IFRIRAL LR G2 FIQIGIRS Structures And

Molecular Principles, reeman an Co, New York NY). Automated synthesis may 10 be
achieved, thsr esauampte ofisthisknis Agivable Koo BiYal. syhitedszerrablerah BIVRIRE iffaccordance with
the instrucligBs frevicadday thamanufacturer. The peptide may alternatively be made by recombinant
means, or by cleavage of ta peptide from factor Vill followed by modification of one or both ends. The
composition of a peptide may be confirmed by amino acid analysis or sequencing (e.g., the Edman
degradatidn pifosecnbofifart paqresin inpotis, proidesre neptide sathesies anRgceHstics which the

peptide mﬁ;{ﬁ@g}g.ﬁﬁ%ﬁm@%gﬁc@portant that the peptide is sufficiently stable in vivo to be

therapeutically useful. The half-l be at least 10 minutes, 30 minutes, 4
hours, or 24 hours. The peptide ALV _..v..§§@¥e good-Bioavailability in vivo. The peptide may
maintain a conformation in vivo Méﬁ?@f bt & ,“{ff tre-teo-an-MIIC molecule at the cell surface without
due hindrance. CORE RESIDUESHHIRRE \HS] e response, T lymphocytes are capable of
recognising internal epitopes of "P;’EL A e ' senting cells (APC) take up protein
antigens and degrade them intorsH PRENARIRE . iptide may bind to a major

histocompatability complex (MH ST t’,‘fi];s‘éﬁtﬁsi“'e imsida the cell and be carried to the cell
surface. When presented at the Lﬁqupgg@wncﬂon with an MHC molecule, the peptide may be
recognised by a T cell (via the T GRICERPPEH LR N WHICh case the peptide is a T cell epitope. An
epitope is thus a peptide derivatm@mthlch IS capable of binding to the peptide-binding
groove of a MHC class | or Il mdigguierandroeygsagnised by a T cell. The minimal epitope is the
shortest fragment derivable fron] aiyERIiomes WNHQIA, capablejof binding to the peptide-binding groove
of a MEC class | or Il molecule and being recognised by a T cell. For a given immunogenic region, it is

typlcally pOSSIblewith one or more of the following modifications:

(i) removal of one or more hydophobic amino acid(s);
(ii) replacement of one or more hydrophobic amino acid(s) with charged
- hydrophilic amino acid(s); and
(iif) insertion of a charged amino acid at one or both terminus(i)
which modified peptide is capable of binding to an MHC class II molecule without
further antigen processing and being recognised by a factor VIII specific T cell.

The ‘“parent" (unmodified) peptide may be PRCLTRYYSSFVNME or
DNIMVTFRNQASRYY



11 to generate a "nested set" of overlapping peptides which act as epitopes, all of which contain the
minimal epitope but differ in their flanking regions. By the same token, it is possible to identify the
minimal epitope for a particular WIC molecule:T cell combination by measuring the response to
‘truncated peptides. For 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 etc.) can be used to identify the minimal epitope. The present invention provides peptides
comprising a "core residue" sequence of FVIII which selected from the following list: LY | SQFI IM
FIIMYSLDIB pARNIR [erbodimeRK MO ASSET RS SSFYraT TR eptide | @S \We These core
residue sé&HQg}Egs were predicted using HLA-DR2 binding algorithms to represent or comprise the
minimal epitope for .each region, as shown in the Examples. APITOPES The present inventors have
previously deterMiieFIRAT e%?%ﬁa%a)éf link between the capacity of a peptide to bind to ari MEC class |
or Il molecule anghseeipr¥denrbarashbydsephilirtRiifiRirther antigen processing, and the peptide's
capacity to inducg, telgrangs iuivo (WO 02/16410). If a peptide is too long to bind the peptide binding
groove of an IVIHC maqlecule without fur %e_:r processing (e.g. trimming), or binds in-an inappropriate
conformation theﬁ‘ﬁ%ﬂtﬁ%?%’g%ﬁg? gaélléi in vivo. If, on the other hand, the peptide is of an
appropriate size arislaponfgemiatierdoland dieedtly to the MHC peptide binding groove and be -
presented to a T gell thenthisperide.can.be:predictes g Ussiy frteinrangednduction. 12 Itis
thus possible to investigate the tolerogenic capacity of a peptide by investigating whether it can bind to
an MI-IC chegidesr WHieTeBlle and be presented to a T cell without further antigen processing in vitro.
The peptides of thepresent invention are apitopes (Antigen Processing-Indepent epiTOPES) in that
they are capable@kbirding to an MHC class Il molecule and stimulating a response from factor VIl
specific T cells withaufdrgther antigen processing. Such apitopes can be predicted to cause tolerance
to FVIII, following fhe, tule-based method described in WO 02/16410. A peptide of the present
invention may be ghw;{ !%Qgth that is capable of.binding to an AEIC class | or Il molecule without further
processing. Typically, the peptide of the present invention is capable of binding MEIC class Il.
Peptides that bin&Rttg{W class | molecules are typically 7 to 13, more usually 8 to 10 amino acids in

length. The bindimgie pretisiepisdearsiesiiisinding ite AFEREsI o EelEWs RN Y oms in the main

chain of thg,Reptidg-andripvaianimitesds e peptide-biadinovanapye s AlkaVIC class | molecules.
There are invariant sites at both 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 giycinempisidheespist alkyedmprienibiedifiknebility. Peptides whieh bind to MHC class |
molecules are tme%ﬁsgnd 20 amino acids in length, more usually between 10 and 17
amino acids in length, and can be longer (for example up to 40 amino acids). These peptides lie in an
extended conformation along the MEC Il peptide-binding groove which (unlike the MHC class |
peptide-birging fi@ovabidiapearn akdbgiesendnvEipeptiddds hejdptidelavenpaingy by main-chain atom
contacts with conserved residues that line the peptide-binding groove. PEP 1 WE SEQUENCES The -
first embodintent of the invention relates to a peptide comprising one of the following FVIlI-derived
sequences: GTLMUHRGNDSSEA2EE TQTLHKFILLFAVFD SLYISQFIIMYSLDG PPHARYIRLEIPTHY

PPLLTRYLRIFING\V- YT M @\Qéuﬁt%eﬁ’ Grhino acids having reverse polarity;
aa is an amino acid;
n is an integer between 0 and 5;
m is an integer between 0 and 5; and

the “core sequence” is selected from the following group of FVIII-derived peptides:

LYISQFIIM
FIIMYSLDG
IARYIRLEP
LIIFENQRS
LTRYYSSFV
MVTERNQAS



LGQFLLFCHISSHQH DTLLEFICNQASRPY PRCLTRYYSSFVNME TENIQRFLPNPAGVQ
DNIMVTFRNQASRPY RYLRIIPQSWVHQ1A with one or more of the following modifications: 0]
removal of one or more hydophobic amino acid(s); (i) replacement of one or more hydrophobic
amino acid(s) with charged hydrophilic amino acigd(s); and (Hi) insertion of a charged amino acid at
one or both terminus(i) which modified peptide is capable of binding to an MHC class Il molecule
without further antigenprpcessing and being recognised by a factor VI specific T cell. A list of

standard amino acids, together with their side.chain o&%%%, charge and hydropathy index is given in
Table 1. Table 1 WPIoR FRBOA R/ EPHAR G PIIGRE S SHe AR fagfﬁym ecife withont
further antigen processing and being recognised by a factor VIII specific T cell. -

For example, the peptide may comprise the sequence:
YDNIMVTFRNQASZ

In the third embodiment, for example, Y may be a positively charged amino acid and Z
may be a negatively charged amino acid. Alternatively, Y may be a negatively charged

amino acid and Z may be a positively charged amino acid.

A charged, hydrophilic amino acid may, for example be D, E, K, H or R. A positively
charged amino acid may, for example be K, H or R. A negatively charged amino acid

may, for example be D or E.

The peptide of the first aspect of the invention may, for example, comprise or consist
of the sequence EDNIMVTFRNQASR.

In a second aspect, the present invention provides a composition, such as a
pharmaceutical composition comprising one or more peptide(s) of the first aspect of the
invention. The composition may comprise a plurality of peptides wholly or partly

derivable from FVIII which are capable of inducing or restoring tolerance to FVIIL

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 peptide or a composition of the invention may be for use in suppressing, reducing,

or preventing the development of factor VIII inhibitor antibodies.

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



Side chain charge (pH 7) Hydropathy index Alanine Ala A nonpolar neutral 1.8 Arginine Mg polar
positive -4.5 Asparagine Asn polar neutral -3.5 Aspartic acid Asp

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

step of administration of such a peptide or composition to the subject.

The subject may be deficient in FVIIL In particular the subject may have haemophilia
A, and may be, or be about to, undergo factor VIII replacement therapy.

Alternatively the subject may have, or be at risk from contracting, acquired

haemophilia.

Factor VIII inhibitors are found more frequently in individuals expressing HLA-DRZ.
The subject treated by the method of the invention may therefore be HLA-DR2

positive.

DESCRIPTION OF THE FIGURES
Figure 1: Recall responses for lymph node cells (LNC) from FVﬁH—DRZ—i— mice primed
with thFVIII/CFA
' 2) LNC proliferation to FVIII peptides 1-6
b) LNC proliferation to FVIII peptides 7-12
) LNC proliferation to FVIII peptides 1, 3 and 11

Figure 2: Representativé examples of FVII+DR2+ T cell Hybridoma clones specific
for FVIli-derived peptides

'Figure 3: Recall responses for LNC from FVIII-DR2+ mice primed with thEVIII/CFA

Figure 4: Representative examples of FVIII-DR2+ T cell hydridoma clones specific for
FVIII-derived peptides

Figure 5: FVIII-/- clones specific for a) DNIMV and b) PRCLT



polar negative -3.5 Cysteine Cys nonpolar neutral 2.5 Glutamic acid Glu polar negative -3.5
Glutamine Gin polar neutral -3.5 Glycine Gly nonpolar '

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

Figure 7: Determination of the range of peptide epitopes capéblc of functions as ... .-
apitopes using FVII-DR2+ T cell hydridoma clones. speciﬁc for FVII-derived
overlapping peptides. The original peptide is termed 0. One amino acid shift fowards
the N-terﬁinal is -1, two amino acid shits towards the N-terminal is -2 etc. One shift
towards the C-terminal is +1 etc.

Figure 8: Lymph node cell [FN-gamma production in response to FVIH for FVIII-
'DR2+ mice treated with FVIII-derived peptides PRCLT, DNIMV or a mixture of both
of these.

Figure 9: Responses from naive or tolerised mice stimulated with either
EDNIMVTFRNQASR (EDNIMV) or a control peptide (DNIMV).

DETAILED DESCRIPTION
PEPTIDE
The present invention relates to a peptide.

The term “peptide” is used in the normal sense to mean a series of residues, typically
L-amino dcids, connected one to the other typically by peptide bonds between the a-
amino and carboxy! groups of adjacent amino acids. The term includes modified

peptides and synthetic peptide analogues.

The peptide of the present invention may be made using chemical methods @eptidc
.Chemistry, A practical Textbook. Mikos Bodansky, Springer-Verlag, Berlin.). For
example, peptides can be synthesized by solid phase techniques (Roberge JY ef al
(1995) Science 269: 202-204), cleaved from the resin, and purified by preparative high
performance liquid chromatography (e.g., Creighton (1983) Proteins Structures And
Molecular Principles, WH Freeman and Co, New York NY). Automated synthesis may



neutral -0.4 Histidine His polar positive -3.2 Isoleucine lle nonpolar neutral 4.5 Leucine Lett nonpolar
neutral 3.8 Lysine Lys polar positive

10

be achieved, for example, using the ABI 43 1 A Peptide Synthesizer (Perkin Elmer) in

accordance with the instructions provided by the manufacturer.

The peptide may alternatively be made by recombinant means, or by cleavage of ta
peptide from factor VII followed by modification of one or both ends. The
composition of a peptide may be confirmed by amino acid analysis or sequencing (¢.g-,

the Edman degradation procedure).

For practical purposes, there are various other characteristics which the peptide may
show. For example, it is important that the peptide is sufficiently stable in vivo to be
therapeutically useful. The half-life of the peptide in vivo may be at least 10 minutes,

30 minutes, 4 hours, or 24 hours.

The peptide may also demonstrate good bioavailability irn vive. The peptide may
maintain a conformation in vive which enables it to bind to an MHC molecule at the

- cell surface without due hindrance.
CORE RESIDUES

In an adaptive immune response, T Iymphocytes 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 2 major
histocompatability complex (MHC) class I or Il molecule inside the cell and be carried |
to the cell surface. When presented at the cell surface in conjunction with an MHC

| molecule, the peptide may 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 capable of binding to
the peptide-binding groove of a MHC class I or I molecule and be recognised by a T '

cell.

The minimal epitope is the shortest ffagment derivable from an epitope, which is
capable of binding to the peptide-binding groove of a MHC class I or II molecule and

being recognised by a T cell. For a given immunogenic region, it is typically possible



-3.9 14 Methionine MetMnonpolarneutrall.9 Phenylalanine PheFnonpolarneutral2.8
ProlineProPnonpolarneutral-1.6 SerineSerSpolarneutral-0.8 ThreonineThrTpolarneutral-0.7
TryptophanTrpWnonpolarneutral-0.9 TyrosineTyrYpolarneutral-1.3 ValineValVnonpolarneutral4.2
Hydrophobic amino acids include: G, C, M, A, P44, L, V and the aromatic amino acids F and W.
Hydrophobic amino acids may be removed from the ends of the sequence or within the sequence.

Charged hydrophilic amino.acids jinclude: K. R. [ inR-acids may be
exchange \ﬁ?ﬁ]g%%a?ggc Qﬁ? Fépﬂﬁ?%vgrr%f’ﬁéng&?f ctiﬁg gﬁigg%ﬁgggggé;%h%g %}:%v@ﬁ?lﬁn the sequence.
One or mexateidhgatrimdheriiend eyt disyrie thesciraliag EM%erminus of the sequence.
Advantageously, a positively charged amino acid is inserted or substituted at one.terminus and a
negatively charged amino acjd is inserted/substjtuted at the other terminus in qrder to create a charge
dipole. Madhs feRedPHTE JoirpRssiblfi8rHRE 8R! Fd“ﬁlgt“glgﬁﬁ%?ﬁtéri%ﬁaaﬁ% ulkrr;\{jclir%%f the peptide to the
peptide bindilkguizrbosd] abarbivii@ rhylecaseriits tapesityrs e mosarbedpbiges Ferll, or its capacity to

2ct a5 an aplige (P04 ECUIRcys A o e senisifadaalibor gher aniger

processin s may be readily tested using known antigen presentation assays %:m T-cell

hybridoma¥eTirrpige dtrmive ASSoHIATA BroFiRtiFA A Rash 55 d & th K pkpfiok YoffpA¥ing the sequence
X(aa)-coreySBOreRce Har),) «iiter eiadfd sdenthatigadihyiogliitiseresidue; aa is an amino acid; n is an
integer between 0 and 5; m is an integer between 0 and 5; and 15 the "core sequence" is selected
from the following group of FVIlI-derived peptides: LY | SQFI IM FIIMYSLDG IARYIRLHP LI |
FKNQAS [TR¥2SERvenivT PRI A S PIRRS FOBiive 2 "wdpsiplisasnca BB binding to an
MHC class,}hqolaciie sithad durtheramtigen processing and being recognised by a factor VIII specific

T cell.
LYISQFIIM

FIIMYSLDG
IARYIRLHP
LIIFKNQAS
- LTRYYSSEV
MVTFRNQAS
LRIRPQSWV

These core residue sequences were predicted using HLA-DR2 binding algorithms to

represent or comprise the minimal epitope for each region, as shown in the Examples.
APITOPES

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 aﬂd be presented toa T
cell without further antigen processing, and the peptide's capacity to induce tolerance in
vivo (WO 02/16410). If a peptide is too long to bind the peptide binding groove of an
MHC molecule without further processing (e.g. trimming), or binds in an inappropriate
conformation then it will not be tolerogenic in vivo. If, on the other hand, the peptide is
o;f an appropriate size and conformation to bind directly to the MHC peptide binding
groove and be presented to a T cell, then this peptide can be predicted to be useful for

tolerance induction.



The sequence (aa),1 or (aa)m can be any sequence of between 4 and 5 amino acids. For example,
the peptide may have the sequence: XDNIMVTFRNQAS in which case, n=3 and mql. The third
embodiment of the present invention relates to a peptide comprising the sequence: Y(aa)ecore
sequence-(aa)mZ wherein Y and Z are charged gmino acids having reverse polarity; aa is an amino
acid; n is an integer between 0 and 5; m is an integer between 0 and 5; and the "core sequence” is

selected from the follo fF erlved pe tldes YIS EIME L G IARYIRLHP LI
IFKNQAS 4ISF%}‘? E@%ﬁ%ﬁ%@ﬁg I&I%—fﬁ% anpp%ptldey is" ggspg%?%%f binding to an
MHC classhetheldcote hiitthdotatu NG aim@éwpibe@ésm&aﬂé beiprgsratasitiged BSlla factor VIII specific
T cell. 16 Yk b —gmgégguzg-,;,g,,,;rme peptide may comprise the core residue sequence,

together with additional flanklng sequences at the N and/or C terminal end ((aa)r, and (aa)m
respectively), provided that the resulting peptide is capable of binding to an MFIC class H molecule
~without further miptigen ¢fr cloe gsinent Theditinking Nagingior (Areigen8tsegienbekpmy be derivable from .

the sequencas o ie §0j°Jeiie 3<01aRSED TUMARE Uk P Hshatiaue oniger

processmgl ependent presentation’systems (APIPS) are known, including: a) fixed APC (Wlt-h or

without ansiisouisizgoeCreTRNs) fromidtastomBdhescitamifel e i A gt ules (with or

without anfiiaeeigsclo SublPabiae @Qnmérﬁteamedubadmée@lemﬁwwamaanqﬂmtgﬁeund form (with or
without antlli |es to gﬁl lLe &g%%s are capable of presenting antigen in conjunction with
an MHC niBi& EITS Bitae |r?8apa rocessmg 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 MHGdass . UrhplasriaRealibe REgIniag igad walliydthent furthsaiaptigen processing:
MHC class I or II molecule without further processing. Typically, the peptide of the

present invention is capable of binding MHC class II.

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 claés I moleciles. There are invariant sites at both
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 II molecules are typically between 8- and 20 amino
acids in leﬁgth,‘ more usually between 10 and 17 amino acids in length, and can be
longer (for example up to 40 amino acids). These peptides lie in an extended
conformation along the MHC II peptide-binding groove which (unlike the MHC class I
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.
PEPTIDE SEQUENCES

The first embodiment of the invention relates to a peptide comprising one of the
following FVIiI-derived sequences:
| GTLMVFFGNVDSSGI |




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. 17 8:1035-1043). APC may be fixed using, for example
formaldehyde (usually paraformaldehyde) or glutgraldehyde. Lipid membranes (which may be planar
membranes or liposomes) may be prepared using artificial lipids or may be plasma

membrane/microsomal fractions :Irc i

culture plate. Peptide antigens J\'"§L'
APIPS is detected by addition o

H[Eﬁ E‘Eﬁf? the-APrPS may be applied to the wells of a tissue
£

bindingofjthe peptide to the /s/IHC portion of the

HPTH®

sorclon

s. Activation of the T cell line or clone

may be measured by any of the
or cytokine secretion. FACTOR
factor VIII. One or both flanking
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example via 3Hthymidine incorporation
ptide of the invention is derivable from
may also be derivable from factor VIII.

Factor VIII participates in the intrig$ic pRWAX SR BIo0d coagylation; factor VIl is a cofactor for factor

IXa which, in the presence of Ca$RE @nNTRONOSIINVRRES, convelts factor X to the activated form Xa. The

factor VIII gene produces two alfguRRiyRBLSpirgaGM@NsCcripts, Transcript variant 1 encodes a large

glycoprotein, isoform a, which clron@esTRRIEMSR BV assoclates with von Willebrand factor in a

noncovalent complex. This proté RYIRBIPQEWNIHQIzle cleavage events. Transcript variant 2 encodes a

putative small protein, isoform b, which consists primarily of the phospholipid binding domain of factor

VIM. This binding’vﬂgg}@Qri&gé%@hjﬁ&g&g%@g&gg&i}{ggy. The complete 186,000 base-pair

sequence of the human factor VIII gene was elucidated in the mid 1980s (Gitschier et al (1984) Nature

312 326-330). Atlthemarakofians ooRerciderhehicsmng s mplete 2351 amino acid sequence were

used to produce kiplagiaadiaactve dacter Wtdinhgditptedinamimnaliaiiepllsi(/deeet al (1984) Nature

312:330-3%7 . TH.? comlg)leted%t .51aamino acid sequence for human factor VIl is given in SEQ ID No.
e’o CDIIC &I

1. 18 The rasffias o

pe d&%f the present invention are derivable from factor VIII. Optionally

the flanking sequiéiidesitienasf alckntsedrmivaisridrs antsstentviertimetiare the same as the sequences
flanking thgaeRe-seeteNsE-iidhe Stive BY Hinaslyre RidaEThigseqraRtamay R abtainable or

obtained from cleavage of the factor V]Il se uenc%BSO UBI

of the inve & EHORIPRETIBRAPE PEINE BrHsRYE

g Pl

Y Th%}%&%}ge of the first embodiment
FGNVDSSGI

TQTLBICFELLFAVFD SLYISQFIIMYSLDG PPRARYIRLEIPTHY PPLLTRYLRIHPQSW

MHTVNGYVNR 3k EiGhAé Qxﬁh&r%&k&ﬁ%&'@&' with their side chain polarity, charge and

hydropathy index is given in Table 1.

Table 1

3- 1i-

Amino Acid Letter ILetfer

Alanine Ala A
Arginine Arg R-
Asparagine  Asn N
" Asparticacid  Asp D
Cysteine Cys C
Glutamic acid Glu E
 Glutamine  Gin Q
Glycine Gly G
Histidine His H
Isoleucine lie I
Leucine Leu L

K

Lysine Lys

Side chain
polarity
nonpolar

polar
polar
polar
nonpolar
polar
polar
nonpolar
polar
nonpolar
nonpolar
polar

Side chain Hydropathy
charge (pH 7) index
neutral 1.8
positive -4.5
neutral -3.5
negative -3.5
neutral 2.5
negative -3.5
neutral -3.5
neutral -0.4
positive -3.2
neutral | | 4.5
neutral 3.8
positive . -39



DTLLIIFKNQASRPY PRCLTRYYSSFVNME TENIQRFLPNPAGVQ DNIMVTFRNQASRPY
RYLRIFIPQSWVHQIA These peptides have already been shown to act as apitopes and be
tolerogenic in vivo (See examples and Intenational patent application No PCT/GB20081003996). It
has since come to light that solubility is an imporfant consideration in peptide-mediated tolerance
induction. Solubility may be improved by one or more of the following: (O removal of one or more
hydrophobic residues; (ii addition/substitutionéo add one or more charge tydrophilic residues (iii)
placing postARENPERE nedfEively Marged 2R Acids at BfH&F end to create’a charge dipole. 19 The
modified pEperaiasipse Risre solfible thatareolrent (unPf8iMed) peptideZfhe modified peptide may
have 2, 3, 4, dn&ifeld grediter solulility thawthelgarent pemtiteal The peptidel hay be soluble at
concentrationsgfnsp to 0.§emg/ml, s mg/ml gt mg/ml. TRLERANCE T celf@pitopes play a central
role in the aqgpfiye immuipg respofse to anygantigen, wheifigraself or foreigp,7The central role played
by T cell epifgf&ggén%ype{srgnsitivw diseansoe éyglhich incl%&%lergy, autoiq&:gune diseases and

transplant re N) has been demonstrated through the use o experimentzillgnc')dels. It is possible to
induce infla‘mLF?ﬂ%le or aII@Fbic dis€ases byHR&ction of sﬁﬁﬂ% ¢ peptides (based on the structure of T
cell epitopes) Yebombinatha with YjuvantosgolBntrast, it14EBeen shown Tefbe possible to induce
immunological tolerance 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 autoimmune en ephﬁl %Ii is %{EAE - a model for multiple sclerosis
(MS)) (Met?¥raiabit AmRC e iitdeiTh n o é’%’éﬁ) ’&néyg & RENFARHAEYS) Int. Immunol.
7:1255-1263nArikle Hdraphd biy emiting 268 Jriay he ketnonedricin?8e1083 4284 jequvdoexperimental models
of arthritis,‘%@l&e&%s%@%?&yeoretinitis (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). Tolerance is the failure to respond to an antigen. Tolerance to self antigens is an

essential feafateOfepmipumiths weieMnsbRNRDIE, 5, BsindBioHpascRHisaake eedsresult. The
adaptive inunune system must maintain the acity to respand tq an-enoymous. variety of infectious
agents whﬁtéaé\%i %g a%etoiwrﬁir}hﬁrﬂnaérgg aﬂgﬁfgp ecsaé?gxg)n @éér)\g)?:gﬁ%#e %%g%gﬁéseg\lfrvn tissues. This is
controlled wwithirmereseaant.by the 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 thyrnocytes remains incomplete. There aée trg_%]sNalso _neckg@s&ms bX \évhich tolerance
may be acEUife BYFAGRe IR AE60Y PR HEEEEIAHE SERPRE & "0 tRE1E% (peripheral
tolerance). Adverigoofithe medielysniergétdemtind sl peripirerdl tolerbadaizigvendn Anderton et al
(1999) ('m?%]}&ﬁ&'&%%%%' QUBNR O dasal Aflndn RRFRRNisIAPRtiGRIS howR adafect in the factor
VIII gene. This means that factor VIII is not recognised as a "self" antigen by the immune system.
When factdFVmiis ia aFish it d SHrgCBRG Station factor replacement therapy, therefore, an
alloimmune response is generated to the foreign protein, leading to the production of FVILE inhibitor
antibodies., The peptides of the present inventioyy ar le of il}gﬁﬁn&r‘iﬁfﬁ ancg o factor VIII such
that when gﬂﬁﬁ%aﬁ Irlnf)r?is &réd %te?% eutical f/mﬁl ‘ 8%68%%%%%‘1 ute an immungaéresponse and FVIII
inhibitors dpepdel évehsppantideifindinge sropyiliafisarMittoimalsarie. disesaesisnvifichF tolerance to factor

VIII breaks gdoyn Hhis $oss:, BERIdEsefiihe Ripsent MpRpUQBIMaY be REfTinsiaRd to reinstate
tolerance to this self protein and curtail the pathogenic immune response. Tglerar&cie may result from
or be charZAREEFHFHI IRl AL EPARSIGI T HHBLPRSSHS oi;?tsdﬂ? Cefis In order to activate
a T cell, a peptithesing isicassotipte préde@dtpnofessipmal TARIChybpddrisof delivering two signals to T
cells. The first signal (signal 1) is delivered by the MHC-peptide complex on the cell surface of the
ARC and is received by the T cell via the TCR. The second signal (signal 2) is delivered by
costimulatoRpesenerd febestinsat sfitha davarting BIRes QucReREE BUTPHI I E8 UM received by CD28
on the surface of theajl-eelk4héscth@aght that when a T cell receives signal 1 in the absence of signal 2,
itis not activated gpd,.tn $agt, R %%&%ﬁﬁ%ﬁ-r@ﬁlﬁ[é]ic 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 riHigtirgFoifiolerance.

n is an integer between 0 and 5;

mis an integer between 0 and 5; and



Without wishing to be bound by theory, the present inventors predict that peptides which require
processing before they can be presented in conjunction with MHC molecules do not induce tolerance
because they have to be handled by mature antigen presenting cells. Mature antigen presenting cells
(such as macrophages, B cells and dendritic cellg) are capable of antigen processing, but also of.
delivering both signals 1 21 and 2to a T cell, leading to T cell activation. Apitopes, on the other hand,

will be able to bind glass 11 WIC gn.immature APC Tr% th \g} [ cells without
costimulation, Ie%‘&inaofs ‘Te%‘éﬁp‘éﬂnellggfl%ﬁ%@@ggntgg. %%%yl% ,Lé itﬁgﬁﬁa@eﬂ garlié?gac-:apable of binding
to WIC moletides attbertadl surface of mature APC. However, the immune system contains a greater
abundance of inyaaiwesthan mature APC (it has been suggested that less than 10% of dendritic cells
are activated, Sugypars;st al. (2001) Am. J. Pathol. 159: 285-295). The default position to an apitope
will therefore be ﬁg@ gétg)lerance, rather than activation. The induction of tolerance to FVIIl can be
monitored in vivg ooking for a reduction in the level of: (i) FVIII inhibitory antibodies: (ii)) CD4+ T
cells specific forﬁ%Ts(“Ti}f)VB cells capable of secreting FVIII inhibitory antibodies by techniques known
in the art. It has BE&R & iwn that, when tolerance is induced by peptide administration, the capacity of
antigen-specific ED#RFCells to proliferate is reduced. Also, the production of 1-2, IFN-y and IL-4
production by thestchepeirielosverpeigelafddnding produdvbitofiiss 10 imdleepéasddoneutralisation of
1L-101n mice In 3 slals ol pepiidsdagged iplatanss Masbeomauns septore completely
susceptibility to ISE€ase. It hasbeen proposed that a population of regulatory cells persist in the
tolerant state which produce 1-10 and mediate immune regulation (Burkhart et al (1999) Int. Immunol.
11:1625- 168 flRBciNdus N 25 | T spaaycaqihereiliealsenbeantonitaied doidvafious techniques
including: (a)the in%mtion of an%r%%g %é:Dg+ ;I’e_ce_lls (which can be detected by subsequent challenge
with FVIII ?(‘5’7; )%‘W&Haé“gf% X o pric i o population, including (i) reduction in proliferation; (ii)
down-regulation KDXINEWYddBdASf 1-2, IFN-y and 1-4; and (iii) increase in the production of 1-10. 22
As used hereip the derms'iplepgenic” means capable of inducing tolerance. COMPOSITION The
present invention also relates to a composition, such as a pharmaceutical composition comprising one
or more peptide(s) according to the invention. The peptide may comprise a plurality of peptides, for
example, tyi@, thirde:ribodifise of she peptatesvTiteuorigesition pémigsesanrisiveriion may be for
prophylact;gq% I’g@éa:rapeutic use.

Y (aa),-core sequence-(aa)ms

wherein Y and Z are charged amino acids having reverse polarity;
aa is an amino acid;

n is an integer between 0 and 5;

m is an infegcr between 0 and 5; and

the "core sequence"” is selected from the following group of FVIll-derived peptides:

LYISQFIIM
FIIMYSLDG
TARYIRLEP
LIIFKNQAS
LTRYYSSFV
MVTFRNOAS
LRIHPQSWV
which peptide is capable of binding to an MHC class II molecule without

further antigen processing and being recognised by a factor VHI specific T cell,

For example, for the peptide EDNIMVTFRNQASR,



When administered for prophylactic use, the composition may reduce or prevent the generation of an
immune response to FVIII. The level of immune response is less than would have been obtained in the
patient had not been treated with the composition. 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 %%2 untreated patient over the same time-frame). The term "prevent” indicates that no
appreciable imimune response to FVIII is observed. When administered for therapeutic use, the
compositigeeimapdUppress an already ongoing immune response to FVIII. The term "suppress”
indicates qnlgg%gon in the level of an on-going immune response, compared to the level before
peptide treatment, or the level which would have been observed at the same time point had the
treatment fotbeen given. Treatment with the composition of the present invention may cause a
reduction in levels of any or all of the following: (i) FVIII inhibitory antibodies: (ii) CD4+ T cells specific

for PVI (i cella scete(ng. £ il ensa andies. 23 D srlian gl esafgciors can be

carried out f’/?g% niquées wn In the art, such as ELIS CS etc. Treatment with the composition

of the presemudnsasiidhe MNeApdieo oieamiaah sad élieatid @Hertyprrevelih Breddeddbetitic for FVIIL.
Anergy cagbe-datasteshine Rrcammpplbadbsequarieiainegl wiladnly Withéanikchett is important to
bear in mind that not all immune responses to FVIII are pathogenic. Non-inhibitory anti-FVIII antibodies
may be fodPtEf REERISPRilia patients without inhibitors (Moreau et a/ (2000) Blood 95:343541) and
approximately 15% of healthy blood donors (Algiman eta! (1992) 89:3795-9). FVIII inhibitors may be
detected bythe, Niiiesen medifcation af hp.&lalingperhassaaesayminne highdheability of the
patient's plasma to inactivate FVIII in normal plasma is tested. A Bethesda unit is defmed as the
amount of%ﬂﬁﬂ%‘?iﬁﬁﬁf@ﬂﬂ%ﬂi?@g%%PMﬁhH activity, and titres of 0.6BU or greater suggest
the presence of antibody. Inhibitors are generally classified as low titre if the level is:<5 BU and high
titreif >5 %ﬁé ‘Ehe level of circulating FVIII inhibitory antibodies may be reduced to 90%, 75%, 50%,
20%, 10% }g?of the level of antibodiet which would have been observed had the patient not received
treatment. The level of circulating FVIII inhibitory antibodies may be reduced to 5, 4, 3, 2, 1 or 0.5 BU.
The peptidgsfd eRmpRRSHRRsehthadsyaniinn prayintiensethesapaBIRS) cirpriopostion of
therapeutiqa&y dministered FVIII which is available to aid clotting in a patient. This is due to the
reduction iff \lfﬁilgnhibitors which may effectively remove a proportion of FVIII from exerting its
therapeutic function. The peptide or composition 24 of the invention may increase the amount of

available Fz})"ﬂ){@!ﬂf’é SithOXoard i QYA 0r 100%. The peptides and composition of the
invention may thus reduce the amaount of FVH Whiﬁ‘u g&fgds to1 beiad irtl'ster‘ed.hg) agd clotting in a
patient. FORNHPEATETRTHS EORTHBLEIOY ?’?f’agl 5% prepatedBE GH fjetable: either as liquid solution or
suspensionngbtididoterCRigadadior solution in, or suspension in, liquid prior to injection may also be
prepared. The RieRAAUARITAY AISRARER AR D e RERHIRHRNGAIR U BB Posomes. The
active ingre iénts may be mixed with excipients which are pharmaceutically acceptable and
compatibleafitpdins Bc&Pddhgredient. 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 ili es such as
wetting or Lﬂfi%?ﬁ% Sgétgﬂltgs aéﬁ&f@?%ﬁcg eésr?%n gagnéé%lﬁ#g?&%@%ﬁﬁ%lu ep E‘(%Csphate, citrate,
acetate. Hydoletidribetcic: amvafoblodiprockspity eritisrm Ay SbthefeYSppHRRIPIREATEAE For stabilisation,

disaccharidgg may:De:tsedrsuabAgi S serat thelalosgolithe eompesiienapmprises a plurality of
peptides, the relative ratio of tfésq%&ptides may b%a@gro??ate?l)g/ etg‘gfal. A[lterﬁatiﬁgalxtthe relative ratios
of each pepiBadmeA? Bind e padFlr Basil Sl IBISELS M8 PSIRFSGRRI PdspSREE BRS particular sub-set
of autoreactivgher-agtllgopibdtisifigund that one peptide works better than the others in 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 4C, or it may be freeze-dried.
The use of fixed APC to investigate T cell responses is well known m the art, for

example in studies to investigate the minimal epitope within a polypeptide, by

measuring the response to truncated peptides (Fairchild ef al (1996) Int. Immunol.



25 proceduresarewellknownintheart,seeforexample
http.//lwww.devicelink.conilivdt/archive/97/01/006.html.Bulking agents are 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, intravengus (where water soluble), intramuscular, _
subcutaneous, sublingual, intranasal, intradermal or suppository routes or implanting (e.g. using slow
release mql he positiqn dvantageously be administered vja intranasal,
subcutane%géig%?%ﬁgdeér?g rou eg?&rnghizigpiﬁfﬁ'crfg’a%g c%xr%%l %tig%ng?%?ey%r?ve%ﬁ%aéf%ay be used to
treat a hupeafsubidehidepaghjtctidehydnave haemolphilia A, in particular severe haemophilia A. The
subject may be genetically deficient in FVHI. The subject may have acquired haemophilia. The subject
may have inhibitory anti-FVPLI| antibodies. The subject may, be undergoing or about to undergo
coagulant it RemRRREH SRR T BS/RienRh SSTSBEE 5, BaSOMEY GBI §OPEBTER to undergo gene
therapy widlsigy kaNilfic e Rpidd bensiytije plasnaynizenbrahdrAidregpiob) faaihicHrisrasB6Ciated with a :
predisposition to develop inhibitory anti-FVIII alloantibodies or autoantibodies. The subject may
express HLA-DR2. Methods for determining the HLA haplotype of an individual are known in the art.
Typically, B prpsibiad RS awt hmerahiediube By e fnh Ui R 883uiBédfor an individual
subject anghitoaill ¥arkeitadhe.ag8inuaiobt M ddnaROBIRAUINE patiipllamrARIS lp a preferred

embodiment a "dqse escalatipn” profqocol. may be fqllowed, where a plurality of.doses is given to the
patient in %@@ﬁg%ﬁ%&;ﬁ%‘gﬁ% |Ioe?1;tse.& uclpz!llrrl}éesip%rcggg ThaSheen use ??ér&/%gglrl}? ?(5, for phospholipase
A2 peptidedoire may baotesnapd byl anp @Sihplivetiods lagaimdn theare tonsxamgyvidMdlter et al (1998) J.

Allergy CIi&#@mg%ﬁ&&%ﬂ%&@@mﬁﬁ%@ﬁ@l (1998) J. Clin. Invest. 102:98-106). KITS
Y,

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 circumstances in which it is
preferablera@rofdéihe peptides separately in the 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 :

subcutanebissApre saarenet abanngyleThdheiirrentiané dsHphleinaiaeisnd¥or (88 9The pharmaceutical

compositiap@ristichihedmrentionau baysedialiest anaierlprieMootieanse. In particular, the
composition/kit may be used to treat and/or prevent haemophilia A or acquired haemophilia.

HAEMOPHILIA A Hemophilia A (classic hemophilia), is caused by the deficiency of Factor VIII.
Factor VIII participates in the intrinsic pathway of blood coagulation; factor VIII is a

cofactor for factor [Xa which, in the presence of Ca+2 and phospholipids, converts
factor X to the activated form Xa. A

The factor VIII gene produces two alternatively spliced transcripts. Transcript variant 1
.encodes a large glycoprotein, isoform a, which circulates in plasma and associates with
von Wiliebrand factor in a noncovalent complex. This protein undergoes multiple
cleavage eveﬁts. Transcript variant 2 encodes a putative small protein, isoform b,
which consists primarily of the phospholipid binding domain of factor VIllc. This

binding domain is essential for coagulant activity.

The t::ompiete 186,000 base-pair sequence of the human factor VII gene was
elucidated in the mid 1980s (Gitschier ct al (1984) Nature 312 326-330). At the same
time, DNA clones encoding the complete 2351 amino acid sequence were used to
produce biologically active factor VIII in cultured mammalian cells (Wood et al (1934)
Nature 312:330-337). The complete 2,351 amino acid sequence for human factor Vil
is given in SEQ ID No. 1.



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 {ge blood. In severe hemophilia, there is less than |
percent of normal clotting factor. The degree of severity tends to be consistent from generation to
generation. 27 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 mayiesiitdRRaits HERESSHEMRE c%?ém&?'iﬁwdﬂ&biﬂ%’d&mv@ fhe afiastedtarea. Haemophilia A
is usually diagnosed with a_blood test {0 etegr’ni}le %eﬁ:fcegyen SS O tm%and to investigate
whether tHePRRREIY SPCISHHIHBE SE98FOSRY) ABNAHRAT THE HES 8511?%%?% putified dotting factors in the
1970s, isothéaarisam o naseddetofahksigrificeot ydmpnow ddtheenktivg Fa1 peliipaiider hemophiliacs Mild
to moderaig hagmaphiiges GandissIEATE LI WA ABARALH A bisis Whereas severe
haemophiliacs m%ly requiré regular, indefinite treatment. Previously, patients were given factor VIII
concentratggysatsied from thousands of plasma donations. This lead to significant problems of
contamination with viral pathogens, particularly the human immunodeficiency virus and the hepatitis
viruses. Mgﬁg&gﬁl@ntibody purification techniques, heat inactivation, and virucidal detergent
treatments ndered plasma-derived concentrates relatively safe. Recombinant DNA technology
has now provided a series of synthetic products,such as Recombinaterm and Kogenatelm. Kogenate
is made usifg haby.hamsterkidasyiaals: Sxae siagbnmRaniastesdbimléroresitnrg factor is highly -
purified, eliminating any possibility of transmission of virus from plasma. The peptide or composition of
the presen@#ﬂ)@ﬁﬁﬁf’?ﬁ‘iiﬁﬁ;r’ be administered before and/or during factor VIl replacement therapy.
Hemophilia A is an ideal diseas¢ GIOMVBFGERN®#8€HRpyY since i) it is caused by a mutations in a single
identified gene, ii) a slight incregsEQRIGKEHILREWDevels in Vivo can convert severe hemophilia into
milder disease, and iii) current reSla¥EREHMNSIdpes are considered suboptimal. Also, there is a wide
range of safety if there is an "ove FSHBORYSREEEFEY level of copgulation activity. 28 Unfortunately, to
date the promise of gene therap ilia_has not been realized, primarily because
of difficulties in finding a gene d ently non-immunogenic to allow for long
term expression of the clotting fa egent invention would also be suitable for
tolerising a subject prior to gene " managing FVRI inhibitor formation in a
patient following gene therapy. A cquired haemophilia is characterised by
the presence of autoantibody ink theltvieitrals with previously normal coagulation. It
is a rare condition, with an estimgag AATAIR P! mittion population per year. The mortality
rate associated with acquired autoar ts-approaches 25% versus the substantially lower
risk of death in those with alloantibodies. Compared to alloantibody inhibitor patients, acquired
hemophiliaTkeshepiidesibave islreadyabrearheny doee| 8 aRYGRSAMBAPY S FRAFBICIHE Fi¥hce in older
populationy§3) AGeMIKIRER RGNt ieRwishikeninkl ecTdBRogm@aIsNMUNe diseases,
lymphoproliferative or solid tumor malignancies, pregnancy, and use of certain antibiotics such as
penicillin and sulfonamides in approximately 50% of cases; and (4) in vitro inhibitor activity that follow
a type |l phiarimacolcnetimep astdightvitiatinelhilitets meUmpizanb sosidratioydrepreplising factor activity
by the autogpibgy.fuRira!aesHIANI sisaidH Allr s iaidtbiRues IGRIBGRRIEERe2%-18% in patient
plasma. The peptide or composition of the present invention may be administered to a patient with
acquired EC Bplia, or to a patient believed to be at risk of developing acquired haemophilia due to,
for exampley)ipetvminent eataeenhydibpticicraiipie penicillin or a sulfornamide ii) progession of a

tumour or ofher,malignancy, A MTIASRE 8 SR RISIR 8D pIf: residues

(iif) placing positively and negatively charged amino acids at either end to create a

charge dipole.



The invention will now be further described by way of Examples, which are meant to 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 Example 1: Selection of 111A-DR2 Factor VIl peptides A series of
FDVIII 15mer peptides were compared using thgge FILA-DR binding algorithms: SYFPEITHI
(http://wwvv.syfpeithi.de/home.htm) ProPred (http://wwvvimtech.res.in/raghava/propred/) and and

1EDB (http;// I ' . | f?e%e& ich-were predicted to be
HLA-DRZL%}%%%éj ﬁ%ﬁeﬁg;%g %%lg{ gﬁﬁ@%g%gﬁﬁnggg%%tg ‘f%a%nc&ﬁl sequﬁgr?lgégﬂﬁere designed for the

predicted woffiedneptids ranibayy. 2r Ask or 3 -Hld geratricenhilioe fhanhe 8uENE 845 single amino acid

code Alsorigigepiddemieseidmasle 2 eitiaibrE5aPDS Sephfa TL My, 0208nEQT.LHKF1LLFAVFD
TQTLH 3 2114 SLY1SQFIIMYSLDG SLY1S ‘

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
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
-towards particular antigens by administration of peptide epitopes in soluble form.
Administration of soluble peptide anﬁgens has been demonstrated as an effective
means of inhibiting disease in experimental autoimmune encepbalomyelitis (EAE ~ a
model for multiple sclerosis (MS)) (Metzler and Wraith (1993) Int. Immunol. 5:1159-
1165; Lin and Wraith (1995) Int. Immunol. 7:1255-1263; Anderton and Wraith (1998)
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).

Tolerance is the failure to respond to an antigen. Tolerance to self antigens is an
ess*;cntial feature of the immune system, when this is Jost, autoimmune 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
sensitivity of immature T lymphocytes to apopiotic cell deatﬁ 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



4 2161 PPLEARYIRLHPTHY PPIIA 5 2318 PPLLTRYLRIHPQSW PPLLT 6 250
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tissues (peripheral tolerance). A review of the mechanisms of central and peripheral

tolerance is given in Anderton ef al (1999) (fmmunological Reviews 169:123-137).

In haemophilia A, patic_nts have a defect in the factor VII gene. This means that factor
VIII is not recognised as a "self" antigen by the immune system. When factor VIII is
administered during coagulation factor replacement therapy, therefore, an alloimmune
response is generated to the foreign protein, leading to the production of FVII inhibitor

antibodies.

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

response and FVIIL inhibitors do not develop.

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

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

Tolerance may result from or be chara;::terised 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 ‘
“proféssiona » APC capable of delivering two signals to T cells. The first signal -
(signal 1) is delivered by the MHC-péptide complex on the cell surface of the APC and

is received by the T cell via the TCR. 'fhe second signal (signal 2) is delivered by
costimulatory molecules on the surface of the APC, such as CD80 and CD86, 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.
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.

Without wishing to be bound by theory, the present inventors predict that peptides
which require processing before they can be presented in conjunction with MHC
molecules do not induce tolerance because they have to be handled by mature antigen
lﬁrcsenting cells. Mature antigen presenting cells (such as macrophages, B cells and

dendritic cells) are capable of antigen processing, but also of delivering both signals 1



607 TEN1QRFLPNPAGVQ TENIQ 11 1788 DNIMVTFRNQASRPY DN1MV 12 2322
RYLRIETPQSWVHQIA RYLRI Example 2: Investigating the response of HLA-DR2 restricted cells
from factor VIII immunised mice to peptides 30 HIA-DR2 transgenic mice were immunised with
human factor VIl in adjuvant. Draining lymph noge cells were collected and restimulated in vitro with
different concentrations of the 12 peptides from tabl'e 2. The results are shown in Figure 1. HLA-DR2

restricted ce i{roni"fa‘flt%a 1l |{’nqnlgé] edr I% ég%ggqﬁqﬂg &H%Wdt%ﬂFQQ'QﬁeDN'MV (1 amino

acid 1788 THere aré also responses to pept| LT (545) and PPIIA (2161). Example 3:
InvestigatitegpthdclessgbNBECoTiremiE ot H Lﬂ“@‘{@ebh%’é‘ b peptrtedtrLAsBreathiate were first

immunised uihfagtar M;{hlnll% Rai¢paheaR asd BRISEOM immune mice were restimulated in vitro with
factor VIl and the resulting lymphoblasts were fused with the BW5147 thymoma using polyethylene

glycol. T-cell hybridomas were selected in HAT medium and the hybridomas cloned and tested for
their resp@Beteséantuopes|ardiie kymittooi hndiagdt M Gorelenides iothhellregfsasé to the 12 predicted

peptides. ﬁ%&%&% 2y RdomAsSGHaaRR sk reshended R AR PRmkdand 3 to PPIIA,

although the response to PPECA was weaker and less specific, The response of two hybridomas
specific fotBNmAWAEEHE b1siSshoWRg et the 2% Hpld " o1 et response of lymph
node Cellsatr@mtﬁvﬁha&%lemceaomepﬂdwm [R22A85:19G e nithenleultgresiciassed with factor VIII

deficient mice to crea |'of hae ?Qh,!l&% g;mgc% man HLA class Il MHC molecule.
These FViti: anlmt}é%en}\?%g(ra%e%ler r@ée!r Wlth?%%ctor VIITin adjuvant Draining lymph nodes were

isolated and tested for their response to the peptide panel. As shown in Figure 3, these cells

respondedpyyell i ARt brRNLNIMMITERR R W@ﬁ@:\é@ﬁkvm’ﬁﬁpnﬁﬁﬁ@ &7 b M¥uansh significant

response to RYLRI, 31
in the level oft

(1) FVIII inhibitory antibodies:

(i) CD4+ T cells specific for FVIIL

(iii) B cells capable of secreting FVIII 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
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 regulatofy cells persist in the tolerant state which
produce IL-10 and mediate immune regulation (Burkhart ef o/ (1999) Int. Immunol.
11:1625-1634).

The induction of tolerance can therefore also be monitored by various techniques
including: -
(a) the induction of anergy in CD4+ T cells (which can be detected
by subsequent challenge with FVIIL in vitro); '
{(b) changes in the CD4+ T cell population, inclading
(i) reduction in proliferation; '
(i)  down-regulation in the production of IL-2, IFN-y and IL-4; and

(iii)  increase in the production of IL-10.



Factor VIl deficient mice expressing FILA-DR2 were immunised with factor VIII in adjuvant. Spleen
cells from the immunised mice were restimulated in vitro with factor VIl and the resulting lymphoblasts
were fined with BW5147, as described above. Teel] hybridomas were screened 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 VIIl, 10 responded to DNIMV, 6 to PRCLT, 1 to PPIIA, | to
SLYIS and 1 to DTLLI. Examples of responses by these hybridomas are shown in Figure 4. Based on
these experiments it is clear that two peptides DNIMV (first amino acid number 1788) and PRCLT (first
amino acih&us) doreinittietens iiteleweenichmaamtcipeble epimemgialsenseA-DR2 restricted T-cell
response to human factor VIIl. 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 | or Il molecule without further antigen
processin§ €. W%) and be presented to a T cell. In the present case, the capacity of peptides to
be presented by fixed APC was investigated. Mgar cells were either fresh or fixed with 1%. '
paraform h I re.tes rantigeni ificity.py.culturing 100a:1. of hybridoma cells
with 5x10 gé%%%?s%’%tﬁtewgrggegnégegg%)dtgbgseﬁég{eﬁ)gg Zﬁgg’g/%igr.hagvkltﬁﬁor pepg'gﬂegae%itopes overnight.
SupernatAMERISHONTERPHHBE R AHASS SeR IS Rording S RetIBYEBNPELISA. The fact that rhFVLII
must be presented by live Mgar cells demonstrates that the intact protein requires antigen processing

to be presgnted..Peptides DNIMV and PRCLT the other hand, are presented by both live and fixed
Mgar ce||s‘?iﬁ%?€§ﬁf‘%p’¥ﬁ§t°ﬂ¥é%’és%%§ﬁ‘ eﬁs) L?ngﬁg{r%}%sé i%i%ﬁlgg%%ﬁfégg%’%gm&% - Determination of

the range gk pegiiitte. epitopes capable of functioning as apitones 32 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 T-cell hybridomas using the same method as Example 5 (Figure 7).
Example SThédyiidbsizind HRE bieiadinetdtter angdtdw haighfdstte Mthqepteir HieA-DR2 transgenic
mice were treated with either of the two soluble peptides, or PBS as a control, prior ta immunisation
with factor VIII in adjuvant. Draining lymph nodes were isolated and the cells restimulated in vitro with
factor VIII Hﬁﬁ@iﬁﬂm@ﬁéﬁ?‘ﬂ(ﬁﬁé&ﬁ?{:ﬁ%ﬁmﬁ& SRIROBHRSIRIEINE SREWHER Elgure 6, treatment of
mice with gifhes NIV ahiRIRE kehjaddeoa TulstaRtiRhalIpPiEassie rabtas: ety tRaresponse to factor
VIII. Example 9 - Investigation of, whether DNI1V1V and PRCLT. ab induce tolerance in the factor
VIII knockcﬁglﬁ’t“}sf%iohli%%%ﬁevg\flzi)té)?ﬁlr)‘iig\slvr11n frgéwgggm%%lgo&%ctefhggéﬁvgl [l)geﬁ?dceqsm Pélg?)xf'e to prevent the
immune reBpotesa {oethcrdrivditatenihet erpriad Shriysingogenoumsdetsre s ohecBRderiment was

repeated with, BY WI4aR2y@0in@s Lo sicrainemhatie thesaLaniidesuidsRpEes@At the immune
response to factor VII| in factor VIl deficient mi%%(ﬁ)r(]%rgple 10 ; Jnv?stggaéion of whether DNIMV and

PRCLT in RRiHIadhera sm&a8 TRhORE (Brat SRS RAECKSUERBYS e The two
peptides witigiveakrie sinowitréatdddpaittnalbyvee dicedhe immimaedspbmseetm faporeMll] in factor VI
deficient n]'}lqﬁcmcgﬁ@mlg %r\%%ﬁl&%ﬂﬁlﬂ&%&%éﬁ@#ﬁﬁ Eigpue 8, treatment of mice with both DNIMV
and PRCLT led to a subst%mtial suppression of the immune response to factor VIII, as shown by the
decrease in IFN-gamma production. IFN-gamma is the major class switch lympholcine required for
neutralisingvasiikadinssisrdhersrabiaepditie afisoheamapsitaiadnuassgspaierdharéady observed using
either peptide alone. 33 Example 11. Hbe induction, of toleranc in ified peptide The peptide
DNIMV is ngﬁilg}goil%%?ecroeﬁ? ngfe}?/ EB;FL 'Iﬁ#grrlgers%%ﬁsgrol\%ﬁ t uéss%fggﬁlk%/%éf%teeepeptide, a modified
version walswtésfpneugitingimfoitsvisarpag cemperet PNIRE Palioosrtidy Fepigentiended at the
N-terminus,fqradela GhasaeshdiarhilicrepicHed iitmalsmme i eatachal the tedaierinus to remove the
proline and tyrosine residues. Furthermore by placing positively and negatively charged amino acids at
either end BYPEDEBERe a charge dipole is created reported to increase solubility. The modified
peptide is more soluble than DNIMV and sufficiently soluble to allow intranasal peptide delivery. In
order to a [ ' leranc | | | ' VIl deficient mice were taken
and half t§§§y£|th%ﬁgﬁ%%%{é{&%§g%| ﬁv@?&%@ﬁgﬁgﬁy g(}sp%&%riiég"ﬂi%? ﬁghﬂ 9). The mice
were then igveitipfeas e piRfRLiANETEA and 10 days later draining lymph nodes were collected and
stimulated in vitropitir githaRHMMiBEdEINIMV. Figure 9 shows the results for responses from either
naive or tolerised mic _terlgul [ed witp %ithlg{[ﬁNIMV or EDNIMV in vitro. The results demonstrate that
EDNIMV is able t8'7ecall'an fmtne fgs%ronse from mice immunised with DNIMV. Furthermore, they
demonstrate very(Gi@8rhelih atamides OV HZahibioy BORIeEfail to mount an immune response to
DNIMV in vivo as revealed by the lack of response to either DNIMV or EDNIMV in vitro after priming
‘with DNIMV in CFA. Example 12: EDNEVIV induces tolerance to whole factor VIII protein The
experiment described in Example 8 is repeated for the modified peptide EDNIMV to demonstrate that
EDNIMYV is able to suppress the immune response to the whole factor VIII protein.



34 Methods Recall responses for DR2+ mice primed with rhFV111:1 HLA-DR2+ murine MHC class |l
null mice were immunised with 40pg rhFVIII emulsified in Complete Freunds Adjuvant supplemented
with 400ng heat-killed M. tuberculosis H37Ra, subcutaneously at the base of the tail. 10 days later the
mice were sacrificed and the draining lymph nodgs removed. Single cell suspensions were prepared
and lymphocytes incubated at 4-5x105 cells per well in 96-well flat bottomed plates for' 72 hours with
the indicated concentrations of peptide or control antigens before pulsing with 0.5pEilwell tritiated
thymidine for a further 16 hours. Plates were then frozen before cells were harvested onto glass filter
mats and Rattotatiobaihtunsdratisnoancestarsed msiney dehuirse imemai sy iesgonsbers i) F Vil peptide
specificity gf 1§ £ethlpdbgidomas generated from OR2+ mice HLA-DR2+ murine MHC 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 20pg/m1 rhF VIII for 3 days. Following
this stimulatianndytmpttio cltesomprsitiosmfetiedpraashdovemtibiusesl with FCRat8HBW fusion partner
cells at a ratio of 4 BW cells,to 4 | , 44Si ly I ' iged by Nelson et al
(1980) PN?&%S%%%S%EBI&%}%&% %’ﬂﬁ%ﬁgﬁiﬁﬁgﬁg ar%%%g?li ﬁ%ﬁ%tﬁ% flat bottomed 96
well platestemplyspsagasatshiicngsatit ST Piffedium to select for T cell hybridomas. Cells were
monitored for growth and approximately 10 days after fusions were performed, individual clones were
selected and transferred o 24 well plates in HAT medium. Clone intai in HAT medium for
at least Zajsé%%%%Fé%%ﬁg%@é%%@%ﬁ?gpﬁﬁ mediim and %Flsetr? ?c%%%%n% |%§r1ng Clones were
tested for Mtigernnitenesificky BY outhodissy mep beifens, bribermantdlia paferss P0RMygar cells in the

presence %@Lﬁ&%‘?}g&&% 2P (b BVl overniohi) SupsspRIaRkasNerssthamentigcted and assessed
for IL-2 production by ELISA, with cloneSé)roggl%}?g IL-2 in response to rhFVIII being considered

positive foPieRA Aogpedifisirars4Al Estigale & répertoire of predicted FVIII peptides FVIII-specific
clones were again tested for 1L-2 production, following overnight incubation with 204ml of each of the
12 peptidebsmﬁS. ii)-Recall regpogses for VL ) ice primed:pithh Y Bl Thgesame method was
followed as for (i), égicgtffot_%tlﬁg r%?cegévgwré F@III-defimqr%HLADll?% ando_mur?ne' MI—?g]class Il null. (iv)
FVDI peptRrshspiacrreny ¢t Thish HyprbBinaef Jhadasien 1o ey iR-meriva fe’ Thife method was
followed agdekAipiRxeentdhednioe Baiad:\Ghit-tefidient anthk ke 2F arfiolgldrisation of

FVIli-specific responses in DR2+ mice by pre-tregtment iéhsg@jn O%a [ %:\QLI peptides
HLA-DRZﬂ?ﬁﬁ%h%slr\ﬁé#%%s ahug |Il imﬁigéﬁl\))’vl re” raealtméc §\Q{irﬁes w?ltér%i %ué}%? NIMV, PRCLT or
PPIIA disspieedcinoP88beithe equivalent volume of PBS alone. Peptides were administered
intraperitoneally, with 3-4 days between each dose. Following the final administration, mice were

primed with rhEVIII emulsified in complete, Freunds adjuvant as far (i)..10 s lateg, draining lymph
nodes werEHRSTAEY %‘?ﬂ%ﬁﬁ%@?élsa%%gﬁﬁ ‘ﬁ)e/ t:éﬁ%ulrsef?i%)g/i%rplg :l:v'vl E%%rﬁ\lﬁ%,gor each of the
tolerising m@ptides as well as control antigens, for 72 hours before the addition of tritiated thymidine as
for (i). (vi) Tolerisation of FVTU-specific responses in 0R2+ mice by pre-treatment with a combination
immunodominant FVII| peptides HLA-DR2+ murine MHC class Il null mice were treated 3 times with
DNIMV, PRt kveraf @&ﬂ%ﬁwgflbiﬂﬂﬂtwmmﬂ_ BRCE et 0l 1 PES 38%he equivalent
volume of PBS aienesoPepiikie e lss adbiuiRkieidddntrapglitene ditgn atser8edayst Hellowing the final
administration, mice were {li_mgg with rhFVIII emulsified in complete Freunds adjuvant as for (i). 10
days Iater,‘??}%il°‘?1tifjfg’;t Fﬁﬁ‘?b"ﬁ nodes were-recovered and lymphocytes subsequently re-stimulated in vitro
with rhFV11.1. The supernatants were then collected and IFN-gamma was measured. All publications
mentioned j hg Ahp\e-SReGHcRUAN Arfhsseindecarnaraiestbyaaiar enses ariousmodifications and
variations of the described methods and system of the invention will be apparent to those skilled in the
art without Qjéﬁéﬁing from the scope and spirit of the invention. Although the invention has been
described in 36 connection with specific preferred embodiments, it should be understood that the

invention st NRMIC BELASHUY limilekiGaych-Raceile sRRRCIBRIR-RACed, various

modifications of escri odes for carrﬁligg out the invention which are obvious to those skilled

in moleculaitherrpretisalyordminiaeret KNH MR At @¥eiiste WigithdeliRedpe BRHSE ollowing claims.
37 SEQ EDrhe & Latndislsheffhalidgbsaitl ryyigRwenisialymandl gelp\didpenrpiatyin 61 tsvvykklif
veitdhlfni allgpmr oetvi\ém%lf %{H%%We%gr\églgkﬂmh%%h at\.llgcl‘,%\r{ction. The peptide or composition
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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.

If the composition comprises a plurality of peptides, the relative ratio of the peptides
may be appx;oximate}y equal. Alternatively the relative ratios of each peptide may be
altered, for example, to focus the tolerogenic response on a particular sub-set of
autoreactive T-cells or if it is found that one peptide works better than the others in

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.

Conveniéntly the composition is prepared as a lyophilized (freeze dried) powder.

Lyophilisation permits long-term storage in a stabilised form. Lyophilisation



477-492 GDTLLIEFICNQASRP 6. 478-493 DTLLLIFICNQASRPY 7. 479-494 TLLIEFKNQASRPYN
8. 480-495 LLILFICNQASRPYN1 9. 481-496 LLEFKNQASRPYNIY 10. 482-497
IFICNQASRPYNTYP 11. 483-498 IFICNQASRPYN1YPH Overlapping set for
PRCLTRYYSSFVNME I. 540-554 PTKSDPRCLER.YYSS

pfocedures are  well known in  the - art, see for  example

http ://WWW.deviceiink.com/ivdf]archivdﬂ/()1f 006.html. Bulking agents are

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), intframuscular, subcutaneous, sublingual, intranasal,

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

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.
The subject may have haemolphilia A, in particular severe haemophilia A. The subject
may be genetically deficient in FVIIL 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
with FVIIL |

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

The subject may be an HLA-haplotype which' is associated with a predisposition fo
develop inhibitory anti-FVIII alloantibodies or autoantibodies. The subject may
express HLA-DR2, Methods for detemining the HLA haplotype of an individual are
known in the art. *

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.

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



2. 541-555 TKSDPRCLTRYYSSF 3. 542-556 KSDPRCLTRYYSSFV 4. 543-557
SDPRCLTRYYSSFVN 5. 544-558 DPRCLTRYYSSFVNN1 6. 545-559 PRCLTRYYSSFVNME 7.
546-560 RCLTRYYSSFVNMER 8. 547-561 CLTRYYSSFVNMERD 9. 548-562

LTRYYSSFVNMERDL 10. 2%

applications against bee venom allergy (Miiller et al (1998) J. Allergy Clin Immunol.
101:747-754 and Akdis et al (1998) J. Clin. Invest. 102:98-106).

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 circumstances in which it is preferable to provide the peptides separately in the

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

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

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

acquiréd haemophilia.

HAEMOPHILIA A

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 hemophiliz 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 1
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



549-563 TRYYSSFVNMERDLA 11. 550-564 RYYSSFVNMERDLAS Overlapping set for
DNIMVTFRNQASRPY |. 1783-1797RAEVEDNIMVTFRNQ 2. 1784-1798AEVEDNIMVTFRNQA 3.
1785-1799E'VEDNLMVTFRNQAS 4. 1786-1800VEDNIMVTFRNQASR 5.
1787-1801EDNLMVTFRNQASRP 6. 1788-1802LNINIVTFRNQASRPY 7.
1789-1803NIMVTFRNQASRPYS 8. 1790-1804IMVTFRNQASRPYSF 9.

1791-1805MVTFR§§§§5PY%Y 0.1792-1806V.TEFRNQASRPYSFY.S 11
1793-18075HRR¢ mpsples; T ZRoSt Prons, i o PUHIISE Y0y & 3R erowth,
1.2109-2 12 8RQK FSSicy IBCEHNIT S 21 I 244 QKFSSLYISQFILMY 39° -
3.2111-2125KFSSLYISQFMVIYS 4. 2112-2126FSSLYISQFIIMYSL

Repeated spontaneous bleeding in joints may cause arthritis, and adjacent muscles

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

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

Haemophilia A is usually diagnosed with a blood test to determine the effectiveness of

clotting and to investigate whether the levels of clotting factors are abnormal.

The development of purified 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 FVII on an ad hoc basis, whereas severe

haemophiliacs may require regular, indefinite treatment.

Previously, patients were given factor VII 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 viruseé._
Monoclonal antibody purification techniques, heat inactivation, and virucidal detergent

treatments have rendered plasma-derived concentrates relatively safe.

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

poésibiiity of transmission of virus from plasma.

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

during factor VHI replacement therapy.

Hemophilia A is an ideal disease target for gene therapy since i) it is caused by a
mutations in a single identified gene, ii) a slight increase in clotting factor levels in vive
‘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.



5.2113-2127SSLYISQFMMYSLD 6.2114-2128SLYISQPIIWYSLDG 7.2115-2129LYISQFLIMYSLDGK
8.2116-2130YISQFIEMYSLDGICK 9.2117-2131ISQFIIMYSLDGKKW 10.
2118-2132SQFIIMYSLDGKKWQ 11.2119-2133QFLIMYSLDGICKWQT Overlapping set for
PPIIARYIRLHPTHY 1.2156-2170HNIFNPPHARYIRL 2. 2157-2171INEFNPPHARYIRLH
3.2158-2172IFNPPHARYIRLHP 4. 2159- 2173FNPPIIARYLRLHPT 5.2160- 2174NITHARYIRLHPTH 6.

2161-217 IARYIRLHPTHY, 7. 2162-217 RYIRLHPTHY 2163 RtYIRLHPTHYSI
gﬁ_ul_e] as no

9.2164-21 7BIREDHR ST SRPIIST & B%?ﬁﬁﬁ"l‘m?é Ee§‘°ph‘
11.2166-2480R¥IREA Priphyily Reae v ddbpiitisint fod Ryt RInEEI B BIenA which
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2321- 233§ﬁié’FLR|HPQSV\NHQ|
The peptides of the present invention would also be suitable for tolerising a subject
priof to gene therapy with factor VIII and/or managing FVIII inhibitor formation in a
patient following gene therapy. '

ACQUIRED HAEMOPHILIA

Acquired haemophilia is characterised by the presence of autoantibody inhibitors
against FVIII in individuals with previously normal coagulation. It is a rare condition,
with an estiméted incidence of 1-3 per million population per year. The mortality rate
associated with acquired = éutoantibody inhibitors approaches 25% ver_sizs the
substantially lower risk of death in those with alloantibodies.

Compared to alloantibody inhibitor patients, acquired hemophilia is characterized by:
(1) a more severe bleeding pattern; (2) higher incidence in older population; (3)
occurrence in conjunction with identifiable underlying autoimmune diseases,
lymphoproliferative or solid tumor malignancies, pregnancy, and use of certain
antibiotics such as penicilliﬁ and sulfonamides in approximately 50% of cases; and (4)
in vitro inhibitor activity that follow a type II pharmacokinetic pattern with incomplete
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 to a patient
with acquired haemophilia, or to a patient believed to be at risk of developing acquired

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

iii) imminent or early pregnancy.



6.2322-2336RYLRIHPQSWVHQIA 7. 2323-2337YLRIFIPQSWVHQIAL
8.2324-2338LR1IHPQSWV1-1Q1ALR 9. 2325-2339R1HPQSWVHQIALRM 10.
2326-2340IHPQSWVHQ1ALRME 11.2327-2341HPQSWVHQIALRMEV 40 CLAIMS A peptide

comprising one of the following FVIlI-derived seggiences: GTLMVFFGNVDSSGI TQTLHICFILLFAVFD
SLYISQFIIMYSLDG PPIIARYIRLFIPTHY PPLLTRYLRLFINSW MHTVNGYVNRSLPGL

LGQFLLFCHISSHOH D.‘I&_}I:IIFIC AS\(}?PY P§§HI Y¥%§§;{ MELENIQRELPNPAGVQ

- g-f%;q w Pﬁ:%%\? , ) t
DNIMVTFRIGA F If\; Ri ' r ﬁfﬂ?f Wffh 0 e(_)or more of thé_followiﬁg modifications: (i)
removal ofametorssistereyafcntiont skitlifioteratdy, carrying out the invention and are not

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

EXAMPLES

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

A series of FDVII 15mer peptides were compared using three HLA-DR binding
algorithms: ' '

SYFPEITHI (http://www.syfpeithi.de/home.htm)

ProPred (http:f/www.imtech.rcs.infraghavafpropred/) 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
residues (table 2}. '

TABLE 2 :
Peptide | FVIII Sequence in single Also referred to herein
No First AA | amine acid code as; ‘
1 2140 GTLMVFFGNVDSSGI 1 GTLMV

2 0208 TQTLHKFILLFAVFD TQTLH

3 2114 SLYISQFIIMYSLDG SLYIS

4 2161 PPOARYIRLHPTHY PPIIA

5 2318 PPLLTRYLRIHPQSW PPLLT

6 250 MHTVNGYVNRSLPGL MHTVN

7 322 LGQFLLFCHISSHQH LGQFL

8 478 DTLLIFKNQASRPY DTLLI

5 545 PRCLTRYYSSFVYNME PRCLT

10 607 TENIQRFLPNPAGVQ TENIQ

11 1788 DNIMVTFRNQASRPY DNIMV

12 2322 RYLRIHPQSWVHQIA RYLRI

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

VIIl immunised mice to peptides




(ii) replacement of one or more hydrophobic amino acid(s) with charged hydrophilic amino acid(s); and
(ii) insertion of a charged amino acid at one or both terminus(i) which modified peptide is capable of
binding to an MHC class H molecule without further antigen processing and being recognised by a
factor VIII specific T cell. 2.A peptide comprisingghe sequence X(aa)ccore sequence -Oak wherein X
is a charged hydrophilic residue; aa is an amino acid; n is an integer between 0 and 5; m is an integer
between d.5;.and the ".core sequence’ | h 79:Qr Fderived peptides:
LY|SQF||%&%’WST’B%BI‘K‘I‘QW*|WSL iﬂ’%ﬁ’ﬁ%ﬁ%@%@%g‘é@ﬁwpg@ Evs% LRIHPQSWY 41
which pepBadniog: et ipriin gveeaspipied ardsattimgladidwifsuriththiérsatigen processing
and-being Jecognisee by faciRpiiit saribslcl2cathedeAlpeptidroasdaEingeto.claim |, which comprises
the sequence XDNIIVIVTFRNQAS. 4. A peptide comprising the sequence: Y(aa)n-core
sequence-(aa),2 wherein Y and Z are charged amino acids having reverse polarity; aa is an amino
acid; n is SiLinORe rdeivieboeDsdroSpomisVal inteyssddanirseiear irTesBensirenElY édre sequence” is
selected f@%@;@é@ﬂ&wa@ GrouHp afE Y sslenved RentideRbYiSOR MpRUVMBIRG IARYIRLHP L | |
FKNQAS FV MVTFRNQAS LRIHEQSWV  which peptide Is capable of binding to an
METC cla$24)ane BRI @ifHaut further antigen processing and being recognised by a factor Vii|

specific T cell. 5. A pepide according to claim 4, which comprises the sequence: YDN1IMVTFRNQASZ

Example 3: Investigating the response of T cells from HLA-DR2 mice to peptides

. 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.

T-cell hybridomas were 'selécted 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
less spéciﬁc. 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 FVHI-DR2+

mice to peptides

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

model of haemophilia expressing the human HLA class Il MFIC molecule.

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

Exampie 5 - Investigatinﬂ the response of T cells from HLA-DR2 mice to peptides




6. A peptide according to claim 4 or 5, wherein Y is a positively charged amino acid and Z is a
negatively charged amino acid. 7. A peptide according to claim 4, 5 or 6, wherein Zis K or R. 8. A
peptide according to any of claims 2 to 7, wherein X or Y is D or E. 9. A peptide according to any
preceding claim, which comprises the sequencesllz_DNTMV,TFRNQASR. 42 10. A peptide according to
any preceding claim which consists of the sequence EDN1IMVTFRNQASR. 11. A composition

o A pop e UG EALAY 51 GRS HA0080 2 Eoh BB e BrRg (S 12, for uss in
suppressirmgjmgnre@hﬁngeﬁheqmoeﬂnﬂ:ﬁmmmﬂnicémbﬁqk_ﬁhﬁmmamit.mdies mighi\fmtoil?,. The use of a
peptide aceopding 4o AR CIAIMEGbIRH el AEITRATNPS 270 AINGIR £ RINL Iy.in the manufacture

of a medicament to suppress or prevent the production of factor VIII inhibitor antibodies in vivo. 14. A

method fofatippredems srepracertrfaicisibawensit d¢ thetd? wrdibreptidstootfts in a subject,
which comgisesthaasiep of adbridisiiatiapatiadne pigedaconming iadrRauficlapgsd to 10, or a
compositiqn.according to.claim. 11, ubject . od. f ing h ophilia in a subject
which corr%ﬁ'riféléfsq, Sesgfé’bﬁ%?oar arﬁ%ﬂfs ra %ﬁrg#%) Ibdeef)}t? ég‘g&%é?dﬁ% é{ ?ﬁa;’grgtglgl?n@l to 10, or a
compositiontaStai8iagitd tolIFLILL , Exameles dfjcasponss Ayrthetiadabaisionrei age shetaim 14 or 15, wherein
the subjecf;{éggeaaemophilia A, and is undergoing, or is about to undergo, factor VIII replacement
therapy. 17. A method according to claim 14 or 15, wherein the subject has, or is at risk from
contracting, acquired haemophilia. 18. A method according to any of claims 14 to 17, wherein the

subject is BisADRP thesdEi3BARPNMS Bégubacenlisting SepGidE REBM St Grsiftd Gzid\pitope Technology

(Brsto) Linjied <A PEBIIRG T30z RASOAT NG hohzCROPATKILRL.2009-05-18 <160>
83 <170> Patentin Version 3.5 <210> 1 <211> 2351
cell epitopes in the HLA-DR2 restricted T-cell response to human factor VIIL

Exambole 6 - DNIMV and PRCLT behave as apitopes

In order to be an apitope, a peptide must be capable of binding to an MHC class L or I
molecule without further antigen pro_cessing (i.e. trimming) and be presented to a T
cell. In the present case, the capacity of peptides to be presented by fixed APC was

investigated.

~Mgar cells were either fresh or fixed with 1% paraformaldehyde. Clones were tested.
for antigenic specificity by culturing 100yl of hybridoma cells with 5x10* Mgar cells in
the presence and absence of 20pg/ml rhFVIH or peptide epitopes overnight.
Suﬁcmatants were then collected and’ asscsseci 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. Peptides DNIMV and PRCLT, on the
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
as apifopes '



<212> PRT <213> Homo sapiens <400> 1 Met Gin lle Gin Len Ser Thr Cys Pile Phe Leu Cys Len Leu
Arg Phe 151015 ' Cys Phe Set Ala ,Thr Arg Arg Tyr Tyr Len Gly Ala Val Gin Len Set 202530 Trp Asp
Tyr Met Gin Ser Asp Len Gly Gin Len Pro Val Asp Ala Arg 354045 Pile Pro Pro Arg Val Pro Lys Ser
Pile Pro Phe Asn Thr Set Val Val 505560 Tyr Lys,Lys Thr Leu Pile Val Glu Phe Tilt Asp His Leu Pile
Asn lle 65707580 Ala Lys Pro Arg Pro Pro Trp Met Gly Len Len Gly Pro Thr lle Gin 859095 Ala Gin

Val Tyr Asp Tilt Val Val ||6£I|'[ Leu Lys A% %1 la Set 100105110 His Pro Val Set Leu His Ala Val
Gly Val SettfyFargs PHERILSEPIOPEY SBAZHS S IR A FPIRES Rsé:‘) TRHPSEr Gin Arg Gin Lys
Glu Asp 13@d-3mbiy ANSIMG \PRICRIIE b iy oBilyr Peptidis TwesT ydevifisd (bGpragatiheu 145150155160

Lys Gin A3n. Gl PQME1AMB SSLASREAI SR fuss iRt LdY IR g the

T-cell hybridomas using the same method as Example 5 (Figure 7).

Example 8 - DNIMV and PRCLT induce tolerance to whole factor VHI protein

HLA-DR2 transgenic mice were treated with either of the two soluble peptides, or PBS
as a control, priot to immunisation with factor VIII in adjuvant. Draining lymph nodes
were isolated and the cells restimulated in vifro with factor VIII protein in order to
assess the immune status of the mice. As shown in Figure 6, treatxﬁent of mice with
either DNIMV or PRCLT led to a substantial suppression of the imm{me response to
factor VIIL |

Fxample 9 - Investication of whether DNIMV and PRCLT able to induce

tolerance in the factor VIX knockout mouse

It was known from Example 8 that these two peptides are able to prevent the immune
response to factor VIII in mice expressing endogenous factor VIII. The experiment
was repeated with FVIII-DR2+ animals to determine whether these peptides also

prevent the immune response to factor VI 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
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 VII, as shown by the decrease in
[FN-gamma production. IFN-gamma is the major class switch lymphokine required
for neutralising antibodies in the mouse, The effect demonstrated was greater than

that observed using either peptide alone.



Pagel P036475W0 Sequence listing Tyr Leu Set His Val Asp Len Val Lys Asp Len Asn Ser Gly Len
lle 180185190 Gly Ala Len Len Val Cys Arg Gin Gly Ser Len Ala Lys Gin Lys Thr 195200205 Gin Thr
Len His Lys Phe lle Len Len Phe Ala Val Phe Asp Gin Gly 210215220 Lys Set Trp His Set Gin Thr Lys
Asn Set Len Met Gin Asp Arg Asp 22523023524( Ala Ala Set Ala Arg Ala Trp Pro Lys Met His Thr Val
Asn Gly Tyr 245250255 Val Asn Arg Set Lea Pro Gly Len lle Gly Cys His Arg Lys Set Val 260265270
Tyr Trp His VaI IIe Gly Met GIy Thr Thr Pro G|n VaI HIS Set lle - 275280285 Phe Leu Gin Gly His Thr
Phe Len \Exampl 2 > ek B0 ehpeplides | Tin- Phe Len Thr Ala Gin
Thr Len Len Met 305310315320 Asp Len GIy Gin Phe Lea -Len the Cys His lle Set Set His Gin His

32533033 /059 I MRIGHD &80, Vol YL e, SIS Rl §preipg4ssso0
solubility of the peptide, a modified version was designed with the following
sequence: EDNIMVTFRNQASR.

This is extended at the N-terminus to acid a charged hydrophilic residue. It is also a
truncated at the C-terminus to remove the proline and tyrosine residues.
Furthermore by placing positively and negatively charged amino acids at either end
of the peptide a charge dipole is created reported to increase solubility.

The modified peptide is more soluble than DNIMV and sufficiently soluble to
allow intranasal peptide delivery. In order to assess the induction of tolerance using

-this peptide epitope, FVIII deficient mice were taken and half treated with the
modified EDNIMV peptide (referred to as ‘tolerised’ in Figure 9). The mice were
then immunised with DNIMV in CFA and 10 days later draining lymph nodes were
collected and stimulated in vitro with either DNIMV or EDNIMV. Figure 9 shows
the results for responses from either naive or tolerised mice stimulated with either
DNIMV or EDNIMV in vitro.

The results demonstrate that EDNIMV is able to recall an immune response from
mice immunised with DNIMV. Furthermore, they demonstrate Qery clearly that
mice tolerized with EDNIMV fail to mount an immune response to DNIMYV in vivo
as revealed by the lack ef response to either DNIMV or EDNIMV in vitro after
priming with DNIMV in CFA.

Example 12: EDNIMV indoces tolerance to whole factor VIII protein-

The experiment described in Example 8 is repeated for the modified peptide
EDNIMYV to demonstrate that EDNIMYV is able to suppress the immune response to
the whole factor VIII protein.



Gin Len Arg Met Lys Asn Asn Gin Gin Ala Gin Asp Tyr Asp Asp Asp 355360365 Len Thr Asp Set Gin
Met Asp Val Val Arg Phe Asp Asp Asp Asn Ser 370375380 Pro Ser Phe lle Gin lle Arg Set Val Ala Lys
Lys His Pro Lys Thr 385390395400 Trp Val His Tyr lle Ala Ala Gin Gin Gin Asp Trp Asp Tyr Ala Pro
405410415 Len Val Len Ala Pro Asp Asp Arg Sgf Tyr Lys Set Gin Tyr Len Asn 420425430 Page 2
P036475W0 Sequence listing Asn Gly Pro Gin Arg lle Gly Arg Lys Tyr Lys Lys Val Arg Phe Met
435440445 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 Lev 465470475480 Leu lle lle Phe Lys Asn Gin Ala
Ser Arg Pidelysddsn lle Tyr Pro 485490495 His Gly Ile Thr Asp Val Arg Pro Leu Tyr Ser Arg Arg Leu
Pro Lys 500505510 Gly Val Lys His Leu Lys Asp Phe Pro lle Leu Pro Gly Glu lle Phe

()  Recall responses for DR2+ mice primed with rhFVIII

HILA-DR2+ murine MHC class I null mice were immunised with 40pg rhFVIII

emulsifiecd 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 4-5%10° cells per well in 96-well flat bottomed -

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 liquid scintillation B-counter

(i)  FVII peptide specificity of T cell hybridomas genemted from DR2+ mice
HLA-DR2+ murine MHC class II nuil mice were immunised as above. On day 10
draining lymph nodes were remaved and lymphocytes cultured at 2.5x10° celis/ml,
Iml/well in 24 well plates in the presence of 20ug/ml thFVII for 3 days. Following
this stimulation, lymphocytes were recovered, washed and fused with TCRa'B” BW
fusion partr—l—et 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
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 |
100jul of hybridoma cells with 5x10° Mgar cells in the presence and absence of
20ug/ml thFVHI ovemight' Supematants were then collected and assessed for IL-2
production by ELISA, with clones producing IL-2 in response to rhFVII being
considered positive for FVIII-speciﬁcity. To investigate the repertoire of predicted
FVIII peptides FVIII-specific clones were again tested for IL-2 production, following
overnight incubation with 20pg/ml of each of the 12 peptides.



515520525 Lys Tyr Lys Trp Thr Val Thr Val Glu Asp GIY Pro Thr Lys Ser Asp 530535540 Pro Arg Cys
Leu Thr Arg Tyr Tyr Ser Ser Phe Val Asn Met Gin Arg 545550555560 Asp Leu Ala Ser Gly Len 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 Len Phe Ser Val Phe As 5Glu Asn Arg Ser Trp Tyr Len Thr Gin 595600605
Asn lle Gin Arg Phe Leu Pro Asn Pro Ala Gly Val Gin Len Gin Asp 610615620 PTO Gin Phe Gin Ala

Ser Asn lle Met His Ser lle Asn Gly Tyr Val 625630635640 p Ser Len Gin Len Ser Val Cys Len
His Glu VAiiRia Bretrupaawss sesi s 1is BaPf &%ﬂ?ﬁ%ﬁmr Asp Phe Len Ser Val Phe Phe

66066567 ItBeufyisyind IaPhuldwes! HSrys, MerEpth® yricimves F YH-idisitts 828680685 Page 3
P036475V}§g{§4§m&§£§{3@&l¢%£{1&ﬁr0 Phe Set Gly Glu Thr Val Phe Met Set met Glu Asn Pro

(iv) FVII pepftide specificity of T cell ﬁybridoma_s generated from FVII-/-
mice _

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

v) Tolerisation of FVII-specific responses in DR2+ mice by pre-treatment
with immunodominant ¥ VHI peptides -

HLA-DR2+ murine MHC class I null mice were treated 3 times with 100pg of
DNIMV, PRCLT or PPIIA dissolved in PBS, or the equivalent volume of PBS aione.
Peptides. were administered . intraperitoneally, with 3-4 days betwecn‘eéch dose.
Following the final administration, mice were primed with rhFVII emulsified in
complete Freunds adjux;ant as for (i). 10 days later, draining lymph nodes were
recovered and lymphocytes subsequently culfured in vitro with thF VI, or each of the
tolerising peptides as well as contro! antigens, for 72 hours before the addition of
sritiated thymidine as for (i). |

(vi)  Tolerisation of FVIII-specific responses in DR2+ mice by pre-treatment
with a combination immuncdominant FVIII peptides

HLA-DR2+ murine MHC class 1 null mice were treated 3 times with DNIMV,
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 thFVIII emulsified in
complete Freunds adjuvant as for (i). 10 days later, draining lymph nodes were
recovered and Iymphocytes subsequently re-stimulated in virro with thFVIIL.  The

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
of the invention will be apparent to those skilled in the art without departing from the

scope and spirit of the invention. Althongh the invention has been described in



690695700 Gly Leu Trp lle Leu Gly Cys His Asn Ser Asp Phe Arg Asn Arg Gly 705710715720 Met Thr
Ala Leu Leu Lys Val Ser Set Cys Asp Lys Asn Thr Gly Asp 725730735 Tyr Tyr Glu Asp Set Tyr Glu
Asp lle Set Ala Tyr Leu Leu Ser Lys 740745750 Asn Asn Ala lle Glu Pro Arg Ser Phe Set Gin Asn Ser
Arg His Pro 755760765 Set Thr Arg Gin Lys GingPhe Asn Ala Thr Thr Ile Pro Glu Asn Asp 770775780
lle Glu Lys Thr Asp Pro Trp Phe Ala His Arg Thr Pro Met Pro Lys 785790795800 Ile Gin Asn Val Ser
Ser Ser Asp Leu.Leu Met Leu-leu Arg Gi . 1 hr. B ] Set Leu Ser Asp
Leu Gin G‘fg é& E}f}s “f%i} @%@55%6(% é??%?%iﬁ%%gg? g\ti%?%%?é%o@%?ﬁ?G yIAL%gIIe Asp Ser Asn
Asn 835840885 ets| daised erpidiact e pnsidrdimitybie eehLwsdfis prbsiman-850855860 Asp

Met Val Pligidedd Rigot indeiiiciliohe WfGHa heudrival s iASR:GlaS6h8#R8%S8BRdtiem Leu Gly Thr Thr
Ala Ala Th&fﬁéﬂ‘léguolﬁxzsoky %OFSIlgS? %Eiiﬁgeirlf){r?o?g:gﬁagou%%?unology or related fields are

intended to be within the scops of the following claims.



Val Ser Ser Thr Set Asn Asn Leu lle Ser Thr lle Pro Set 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 Set Gin Leu Asp Thr Thr
Leu Phe Gly Lys Lys 930935940 Page 4 P036475W0 Sequence listing Set Ser Pro Leu Thr Gin Set
Gly Gly Pro Len Set Leu Set Glu Gin 945950953960 Asn Asn Asp Set Lys Leu Len Gin Set Gly Len
Net Asn Set Gin Gin 965970975 Set Set Trp Gly Lys Asn Val Set Set Thr Gin Set Gly Arg Len Phe
980985990 Lys Gly Lys Arg Ala His Gly Pro Ala Len Len Thr Lys Asp Asn Ala 99510001005 Leu The
Lys Val Set Tie Set Len Len Lys Thr Asn Lys Thr Set 101010151020 Asn Asn Set Ala Thr Asn Arg Lys
Thr His lle Asp Gly Pro Set 102510301035 Len Leu lle Gin Asn Set Pro Ser Val Trp Gin Asn lle Len
Glu 104010451050 Set Asp Thr Gin Phe Lys Lys Val Thr Pro Leu lle His Asp Arg 105510601065

SEQ ID No.1

1 maielsteff iclirfcfsa trryylgave Iswdymasdl gelpvdarfp prvpksfpfn
61 tsvvykktif veftdhifni akprppwmg! igptigaevy dtvvitlknm ashpvsihav
121 gvsywkaseg aeyddaqtsqr ekeddkvipg gshtyvwaqvl kengpmasdp icltysylsh
181 vdivkdinsg ligallvere gslakekiat Ihkfilifav fdegkswhse tknsimadrd
241 aasarawpkm htvngyvnrs Ipgligchrk svywhvigmg tipevhsift eghtfivemnh
301 rqasleispi thtaqtiim dlgqgfiifich isshgqhdgme ayvkvdscpe epalrmknne
. 361 eaedydddit dsemdvvrid ddnspsfigi rsvakkhpkt wvhyiaaeee dwdyapivla
421 pddrsyksqy Inngpqrigr kykkvrimay tdetfkirea ighesgilgp llygevgdtl
481 liifkngasr pyniyphgit dvrplysrri pkgvihlkdf pilpgeifky kwivtvedgp
541 tksdprcitr yyssfvnmer dlasgligp! licykesvdq rgnqimsdkr nvilfsvide
601 nrswylteni griipnpagv qledpefqas nimhsingyv fdslaisvel hevaywyils
661 igaqidfisv flsgytfichk mvyedtitif pfsgetvims menpgiwilg chnsdfrnrg
721 mtalikvssc dkntgdyyed syedisayil sknnaieprs fsqnsrhpst rgkgfnatti
781 pendiektdp wfahrtpmpk ignvsssdil mlirgsptph glsisdigea kyetfsddps
841 pgaidsnns! semthfrpgl hhsgdmvfip esglairine kigttaatel kkidfkvsst
901 snnlistips dnlaagtdnt sslgppsmpv hydsqldtt fgkksspite sggpisisee
861 nndskllesg Imnsqgesswg knvsstesgr fkgkrahgp alltkdnaif kvsistikin.
1021 ktshnsatnr kthidgpsll ienspsvwan ilesdtefick viplihdrml mdknatalri
1081 nhmsnkttss knmemvaggkk egpippdagn pdmsffkmif ipesarwiqr thgknsinsg
1141 qgpspkalvs Igpeksvegq nfiseknkvv vgkgeftkdv glkemvipss rifitnidn
1201 Ihennthnge kkigeeiekk etiiqenvwl paihtvigtk nfmkniftis trqnvegsyd
1261 gayapviqdf rsindsinrt kkhtahfskk geeenleglg ngtkgiveky acttrispnt
1321 sagnfvigrs kralkgfrip leetelekri ivddtstqws knmkhitpst ltiqidyneke
1381 kgaitgspls deltrshsip ganrsplpia kvssfpsirp iyltrvifad nsshipaasy
1441 rkkdsgvges shfiggakkn nislailtie migdgrevgs Igtsatnsvt ykkventvip
1501 kpdipkisgk velipkvhiy gkdifpiets ngspghidiv egsliqgteg aikwneanrp
1561 gkvpfirvat essakipsk! idplawdnhy gtaipkeewk sgekspekta fickkdtilsl
1621 nacesnhaia ainegqnkpe ieviwakagr tericsqnpp vikrhgreit ritigsdgee
1681 idyddtisve mkkedfdiyd edengsprsf qkkirhyfia averlwdygm sssphvimr
1741 agsgsvpafk kwvfgeftdg sftaplyrge inehigiigp yiraevedni mvtfrngasr
1801 pysfysslis yeedqrqgae prknfvkpne tktyfwkvgh hmaptkdefd ckawayfsdv
1861 diekdvhsgl igplivehin tinpahgrgv tvgefalfft ifdetkswyf tenmerncra
1821 penigmedpt fkenyrfhai ngyimdtipg lvmaadqrir wyllsmgsne nihsihfsgh
1981 vitvrkkeey kmalynlypg vfetvemips kagiwrvecl igehthagms tiflvysnke
2041 gtpigmasgh irdfgitasg qygqwapkia rihysgsina wstkepfswi kvdilapmii
2101 hgikiggarq kfsslyisgf imysidgkk watyrgnstg timvfignvd ssgikhnifn
2161 ppiiaryirl hpthysirst irmawmged! nscsmplgme skaisdagit assyftnmfa
2221 twspskarih Iggrsnawrp qunnpkewlq vdfgktmkvt gvttagvksl lismyvkefi '
2281 isssqdghqw tifigngkvk viqgnadsft pvvnsldppl Hrylrihpg swvhagialrm
2341 evigeeaad! y ' :



Met Leu Met Asp Lys Asn Ala Thr Ala Len Arg Len Asn His Met 107010751080 Set Asn Lys Thr Thr
Set Set Lys Asn Met Gin Met Val Gin Gin 1085.10901095 Lys Lys Gin Gly Pro lle PrO Pro Asp Ala Gin
Asn Pro Asp Met 110011051110 Set The Phe Lys Met Leu Phe Len Pro Gin Set Ala Arg Trp lle
111511201125 Gin Arg Thr His Gly Lys Asn Set;ken Asn Set Gly Gin Gly Pro 113011351140 Ser Pro
Lys Gin Len Val Set Len fly Pro Gin Lys Set Val Gin 114511501155 Gly Gin Asn Phe Leu Set Gin Lys

Asn Lys Val Val Val Gly |Lys 116011651170 Gly Glu Phe Thr Lys Asp Val Gly Len-Lys Gin Net Val Phe
Pro 117$.91§%’ff§‘§'5%’3éé3’35 BZP ’ggﬁ%% geJIDIisting Set Ser Arg Asn Leu Phe Len Thr Ann Len

Asp Asn L@%ﬁﬂ%ﬁé‘é&%@%& RRFANN Thr His Ann Gin Glu Lys Lys lle Gin Glu Glu lle Glu

120512101215 Lys Lys Gin Thr Len Ile Gin Glu Ann Val Val Len Pro Gin lle 122012251230
I 473-488 YGEVGDTLLIFKNQ
2, 474-489 GEVGDTLLIFENQA
3. 475-490 EVGDTLLIOFKNQAS
4. 476-491 - VGDTLLIOFKNQASR
5. 477-492 GDTLLIFKNQASRP
-6 478-493 - DTLLIFENQASRPY
7. 479494 : TLLIFKNQASRPYN
8. 480-495 . LLIOFENQASRPYNI
5. 481-496 LIFEKNGQASRPYNIY
10, 482-497 IHFENQASRPYNIYP
1.

483498 IFKNQASRPYNIYPH

Overlapping set for PRCLTRYYSSFVNME

1. 540-554 PTKSDPRCLTIRYYSS

2. 543-555 TKSDPRCLTRY Y SSF

3. 542-556 KSDPRCLTRYYSSFV

4, 543-557 SDPRCLTRYYSSFVN

5. 344-558 DPRCLTRYYSSFVNM

6. 545-559 PRCLTRYYSSFVNME

7. 546-560 RCLTRYYSSFVNMER

8. 547-561 CLTRYYSSFVNMERD

9. 548-562 LTRYYSSFVNMERDL
10. 549-563 TRYYSSFVNMERDLA -
11. 550-564 RYYSSFVNMERDLAS

Overlapping set for DNIMVTFRNQASRPY

. 1783-1797 RAEVEDNIMVTFRNQ

1

2.1784-1798 AEVEDNIMVTFRNQA
3.1785-1799 ~ EVEDNIMVTFRNQAS

4, 1786-1800 VEDNIMVTFRNQASR
5.1787-1801 EDNIMVTFRNQASRP

6. 1788-1802 DNIMVTFRNQASRPY

7. 1789-1803 NIMVTEFRNQASRFPYS
8.1790-1804 IMVTFRNQASRPYSF

9. 1791-1805 ' . MVTFRNQASRPYSFY
10. 17521806 ‘ VTFRNQASRPYSFYS
"11. 1793-1807 TFRNQASRPYSFYSS

Overlapping set for SLYISQFIIMY SLDG

1.2109-2123 . RQKFSSLYISQFIM
2.2110-2124 QKFSSLYISQFIIMY



His Thr Val Thr Gly Thr Lys Ann Phe Met Lys Ann Len Phe Len 123512401245 Len Ser ,Thr Arg Gin
Ann Val Gin Gly Set Tyr Asp Gly Ala Tyr 125012551260 Ala Pro Val Len Gin Asp Phe Arg Set Len
Ann Asp Set Thr Asn 126512701275 Arg Thr Lys Lys His Thr Ala His Phe Set Lys Lys Gly Gin Gin
128012851290 % Gin Ann Len Gin Gly Len Gly #4nn Gin Thr Lys GIn lle Val Gin 1295 13001305 Lys
Tyr Ala Cys Thr Thr Arg lle Ser Pro Ann Thr Set Gin Gin 131013151320 Ann Phe Val Thr Gin Arg Set
Lys Arg Ala Leu%y i_g g?e- Arg 1325%5&]?}%@@@ Leu Glu Gin Thr Glu Len Gin Lys Arg lle lle
Val Asp 134013 ﬂ%%ﬁp Thr Set Thrgedp. Shviy$ Ann Met Lys His Len Thr Pro 135513601365
Set Thr Len Thr Gigy ke Asp Tyr Ann Gin kysYasnErs @ty Ala 137013751380 lle Thr Gin Set Pro Len
Set Asp Cys LensThriAmg fiet His Set 13854B93{#9BieSPD:Gin Ala Asn Arg Set Pro Leu Pro lle Ala

Lys Val Set 1400140532100 LYISQFIIMYSLDGK
' 8.216-2130 YISQFIIMYSLDGKK
9, 2117-2131 ISQFIIMYSLDGKKW
10.2118-2132 SQFIMYSLDGKEWQ
QFIIMYSLDGKKWQT

11.2119-2133

" Overlapping set for PPIARYIRLHPTHY

1.2156-2170 HNIFNPPIIARYIRI.
2.2157-2171 NIFNPPIARYIRLH
 3.2158-2172 IFNPPIARYIRLHP
4.2159-2173 FNPPOARYIRLHPT
5.2160-2174 NPPIHARYIRLHPTH
6.2161-2175 PPIARYIRLHPTHY
7.2162-2176 PIARYIRLHPTHYS
8.2163-2177 NARYIRLHPTHYSI
9.2164-2178 IARYIRLHPTHYSIR
10. 2165-2179 ARYIRLHPTHYSIRS
11.2166-2180 RYIRLHPTHYSIRST

Overlapping set for RYLRIHPQSWVHQIA

1.2317-2331 PPLLTRYLRIHPQSW

2.2318-2332 PLLTRYLRIHPQSWV

3.2319-2333 LLTRYLRIHPQSWVH

4, 2320-2334 LTRYLRIHPQSWVHQ
5.2321-2335 TRYLRIHPQSWVHQI
6.2322-2336 RYLRHPQSWVHQIA
7.2323-2337 YLRIFPQSWVHQIAL
8.2324-2338 - LRIHPQSWVHQIALR
9.2325-2339 RIHPQSWVHQIALRM
10. 2326-2340 THPQSWVHQIALRME

11.2327-2341

HPQSWVHQIALRMEV



Set Phe Pro Set lle Arg Pro lle Tyr Len Thr Arg Val Len Phe 141514201425 Page 6 P036475W0
Sequence listing Gin Asp Asn Ser Ser His Leu Pro Ala Ala Ser Tyr Arg Lys Lys 143014351440 Asp
Ser Gly Val Gin Gin Ser Ser His Phe Leu Gin GlysAla Lys , 144514501455 Lys Asn Asn Len Ser Len
Ala lle Leu Thr Len Gin Met Thr Gly 146014651470 Asp Gin 'Arg Gin Val Gly Ser Len Gly Thr Ser Ala
Thr Asn Sepd4 144801485 Val Thr Tyr Lys Lys Val Gin Asn Thr Val Len Pro Lys Pro Asp
149014951500 Len Pro Lys Thr Ser Gly Lys Val 'flu Len Leu Pro Lys Val is 150515101515 lle Tyr Gin
Lys Asp Leu Phe Pro Thr Gin Thr Ser Asn Gly Ser 152015251530 Pro Gly His Leu Asp Len Val Gin
Gly Ser LentLen/GiepBily Phapi §@5aE40 1840lIGHnGRV Nladtiaved/sequgngsn Gin Ala Asn Arg Pro Gly Lys
Val 155015551560 Pro Phe LenZm Valehanhisdgii Ser Sen Ala Lys Thr Pro Ser 156515701575

TQTLHKFILLFAVFD
SLYISQFIIMYSLDG
PPIIARYIRLHPTHY
PPLLTRYLRIHPQSW
MHTVNGYVNRSLPGL
L GQFLLFCHISSHOH
DTLLIFKNQASRPY
PRCLTRY YSSFVNME
TENIQRFLPNPAGVQ
DNIMVTFRNQASRPY
RYLRIHPQSWVHQIA

with one or more of the following modifications:
(i) removal of one or more hydophobic amino acid(s);
'(ii) replacement of one or more hydrophobic amino acid(s) with charged
hydrophilic amino acid(s}; and
(iii) insertion of a charged amino acid at one or both terminus(i)
‘which modified peptide is capable of binding to an MHC class II molecule without
further antigen processing and being recognised by a factor VIII specific T cell.

2. A peptide comprising the sequence
X(aa),-core sequence -(aa),
wherein X is a charged hydrophilic residue;
aa is an amino acid;
n is an integer between 0 and 5;
m is an integer between 0 and 5; and
the "core sequence” is selected from the following group of FVIII-derived
peptides: LYISQFIIM
FIIMYSLDG
IARYIRLHP
LITFENQAS
LTRYYSSFV

MVTEFRNQAS
LRIHPQSWV



Lys Leu Len Asp Pro Len Ala Trp Asp Asn His Tyr Gly Thr Gin 158015851590 lle Pro Lys Gin Gin Trp
Lys Ser Gin Gin Lys Set Pro Gin Lys 159516001605 Thr Ala Phe Lys Lys Lys Asp Thr lle Len Ser Len
Asn Ala Cys 161016151620 Gin Ser Asn His Alg{le Ala Ala lle Asn G u Gly Gin Mn Lys
162516301635 Pro Gin lle Gin Val Thr Trp Ala Lys Gin Gly Arg Thr Gin Arg 1640.16451650 Len Cys

Ser Gin Asn Pro Ryg;ialLaie s &1@&%{%&%&59}& \ane L8R IPAR EaGe fifofi364 7SWO Sequence
|

listing lle Thr Arg Thr Thr Leu Gin Ser Asp Gin_Glu Glu lle A\?&Tyr 167016751680 Asp Asp Thr lle Set
Val Glu Met %1 SRR PRSF BN NG [anitabeyi b B8tery §Beﬁéﬂﬁ A&glGIu Asn Gin Ser Pro Arg
Ser Phe Gin Lys Lys 170017051710 Thr Arg His Tyr Phe lle Ala Ala Val Glu Arg Len Trp Asp Tyr

171517201325 Glx MekRebSehSab BrmHis.¥akem AgAsAie-Ala Gin Set 173017351740
XDNIMYTERNQAS. '

4. A peptide comprising the sequence:
Y(aa),-core sequence-(aa)ms,
wherein Y and Z are charged amino acids having reverse poiarity;
aa is an amino acid; ‘
n is an integer between 0 and 5;
m is an integer between (-and 5; and -

the "core sequence” is selected from the following group of FVIll-derived peptides:
LYISQFIIM
FIIMYSLDG
IARYIRLHP
LIIFKNQRS
LTRYYSSFV
MVTFRNQAS
LRIHPOSWV

which peptide is capable of binding to an MHC class II molecule without
further antigen processing and being recognised by a factor VIII specific T cell.

5. A pepide according to claim 4, which comprises the sequence:
YDNIMVTFRNQASZ
6. A peptide according to claim 4 or 5, wherein Y is a positively charged amino

acid and Z is a negatively charged amino acid.

7. A peptide according to claim 4, 5 or 6, wherein Z is K or R.
8. A pe:ptide'according to any of claims 2 to 7, wherein X or YisDor E.
9. A peptide according to any preceding claim, which comprises the sequence

EDNIMVTERNQASR.



Gly Set Val Pro Gin Phe Lys Lys Val Val Phe Gin Gin Phe Thr 174517501755 Asp Gly Set Phe Thr
Gin Pro Len Tyr Arg Gly Gin Len Asn Glu 176017651770 His Leu Gly Len Len Gly Pro Tyr lle Arg Ala
Gin val Gin Asp 177517801785 Asn lle Met Val JThr Phe Arg Asn Gin Ala Ser Arg Pro Tyr Set
179017951800 Phe Tyr Set Set Len lle Set Tyr Gin Gin Asp Gin Arg Gin Gly 180518101815 Ala Gin
Pro Arg Lys Asn Phe Val Lys Pro Asn Gin Thr Lys Thr 182018251830 Tyr Phe Trp Lys Val Gin His His
Met Ala Pro_Thr Lys Asp Gin 183518401845 Phe Asp Cys Lys Ala Trp Ala Tyr Phe Ser Asp Val Asp
Leu Gin 1850185531 8BS & ARAREIHAY SErcesiy damEishisrnity aidhe\aIesre His 186518701875
Thr Asn ThrHIBAMERERMNOAIBRHIs Gly Arg Gin Val Thr Val Gin 188018851890 Gin Phe Ala Leu Phe
Phe Thr lle Phe Asp Gin Thr Lys Set Trp 18951900.1905 Page 8 P036475W0 Sequence listing

11. A composition comprising a plurality of peptides, including one or more

peptide(s) according to any preceding claim.

12. A peptide according to any of claims 1 to 10, or a composition according to
claim 11, for use in suppressing or preventing the production of factor VIIE inhibitor

antibodies in vivo.

13.  The use of a peptide according to any of claims 1 to 10, or a composition
according to claim 11, in the manufacture of a medicament to suppress or prevent the

production of factor VIII inhibitor antibodies ir vivo.

14. A method for suppressing or preventing the production of factor VIII inhibitor
antibodies in a subject, which comprises. the step of administration of a peptide
according to any of claims 1 to 10, or a composition according to claim 11, to the

subject.

15. A method for treating haemophilia in a subject which comprises the stepr of
administration of a peptide according to any of claims 1 to 10, or a composition

according to claim 11, to the subject.

'16. A method according to claim 14 or 15, wherein the subject has haemophilia A,

and is undergoing, or is about to undergo, factor VIII replacement therapy.

17. A method according to claim 14 or 15, wherein the subject has, or is at risk

from contracting, acquired haemophilia.

18. A method according to any of claims 14 to 17, wherein the subject is HLA-
DR2. ‘



t Tyr Phe Thr Gin Asn Met Glu Arg Asn Cys Arg Ala Pro Cys Asn 191019151920 lle Gin Met Gin Asp

. Pro Thr Phe Lys Gin Asa Tyr Arg Phe His 192519301935 Ala lle Asn Sly Tyr lle Met Asp Thr Leu Pro
Gly Leu Val Met 194019451950 Ala Gin Asp Gin Arg lle Arg Trp Tyr Leu Leu Set Met Gly Set
195519601965 Asn Gin Asn lle His Set lle His Phe Set Sly His Val Phe Thr 197019751980 Val Arg
Lys Lys Gin Glu Tyr Lys Met Ala LerPT344A8h0. eealsu k08549811995 Pro Sly Val Phe Gin Thr Val Gin
Met Len Pro Ser Lys Ala Gly 200 JEAGHEFFHP Arg Val Gin Cys Len lle Gly Gin His Len His Ala
Sly 20%520202026-MetrSatnbhbdenithedeen YahikgaSet Asia Lys Cys Gin Thr Pro 203020352040 Leu
Gly Met Al)a S%EQX Iills lle Arg Asp Phe Gin lle Thr Ala 204520502055 Set Sly 'Gin Tyr Gly Gin Trp
Ala Pro Lys Leu Ala. Arg Len His 206020652070 Tyr Set Gly Set lle Asn Ala Trp Set Thr Lys Gin Pro
Phe Set20752080208% Trp lle Lys Val Asp Leu Leu Ala Pro Met lle lle His Sly lle

'<150> GB 0%08515.0
<151> 2005-05-18

«<1l66G> B3

<170>  PatentIn version 3.5
«210» 1

<211 2351

<212> PRT

<213> Homo sapiens

<400> 1

" Met Gln Ile Glu Leu Ser Thr Cys Phe Phe Leu Cys Leu Leu Brg Phe .
1 5 10 is

* Cys Phe Ser Ala Thr Arg Arg Tyr Tyr Leu Gly Ala Vval Glu Leu Ser
20 . 25 30

Trp Asp Tyr Met Gln Ser Asp Leu Gly Glu Leu Pro Val Asp Ala Arg
35 ’ 40 45

Phe Pro Pro Arg Val Pro Lys Ser Phe Pro Phe Asn Thr Ser Val Val
50 55 60

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

Ala Lys Pro Arg Pro Pro Trp Met Gly Leu Leu Gly Pro Thr Ile Gin
85 : 206 g5

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

His Pro Val Ser Leu His Ala Val Gly Val Ser Tyr Trp Lys Ala Ser
1is 120 125

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

Asp Lys Val Phe Pro Gly Gly Ser His Thr Tyr Val Trp Gln Val Leu
145 : 150 155 - 160

Lys Glu Asn Gly Pro Met Ala Ser Asp Pro Leu Cys Leu Thr Tyr Ser
165 170 175
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| 209020952100 Lys Thr Gin Gly Ala Arg Gin Lys Phe Ser Set Leu Tyr lle Set 210521102115 Gin Phe

E lle lle Met Tyr Set Len Asp Sly Lys Lys Trp Gin Thr 212021252130 Tyr Arg Gly A_S|_a Set Thr Sly Thr
 Leu Met Val Phe Phe Sly Asn 213521402145 Page 9 _P036475WO0 Sequence listing \{al 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 Thedsenwg Metéalts Trpaviei;Gly Cys_Asp Len Asn Ser Cys
218021852190 Ser Met Pro Leu Gly Met Glu Zer LysAaleSer .Asp Ala Gin 219522002205 IIe_ Thr Ala
Ser ServyrPhesdFhmAsrviehhe Alaydhrl e Ser gg;ggglggg%%gig uSg&[g.ys Ala Arg Len Hls LeluA |
Gin Gly Arg Ser Asn*Ata Tip 222522302238%Arg Pro Gin Val Asn sn Pro Lys Glu Tip Leu Gin Val Asp
Phe 224022452250 Gin Lys Thr Met Lys Val Thr Gly Val Thr Thr Gin Gly Val Lys

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

Gln Thr Leu His Lys Phe Ile Leu Leu Phe Ala Val Phe Asp Glu Gly
2@0 215 220

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

Ala Ala Ser Ala Arg Ala Trp Pro Lys Met His Thr Val Asn Gly Tyr
245 250 285

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

Tyr ‘Trp His Val Ile Gly Met Gly Thr Thr Pro Glu Val His Ser Ile
- 275 280 285

Phe Leu Glu Gly His Thr Phe Leu Val Arg Asn His Arg Gln Ala Ser
280 295 300

Leu Glu Ile Ser Pro Ile Thr Phe Leu Thr Ala Gln Thr Leu Leu Met
205 _310 315 320

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

Asp Gly Met Glu Ala Tyr Val Lyé Val Asp Ser Cys Pro Glu Glu Pro
340 345 350

Gln Leu Arg Met Lys Asn Asn Glu Glu Ala Glu Asp Tyr Asp Asp Asp
358 360 365

. Leu Thr Asp Ser Glu Met Asp Val Vval Arg Phe Asp Asp Asp Asn Ser
370 375 . 380

Pro Ser Phe Ile Gln Ile Arg Ser Val Ala Lys Lys His Pro Lys Thr
385 . - 350 385 400

Trp Val His Tyr Ile Ala Ala Glu Glu Glu Asp Trp Asp Tjr Ala Pro -
- 405 410 ' 415

Leu Val Leu Ala Pro Asp Asp Arg Ser Tyr Lys Ser Gln Tyr Leu Asn
- 420 425 430 :
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225522602265 Ser Len Leu Thr Ser Met Tyr Val Lys Glu Phe Len lle Ser Ser 227022752_280 Ser Gin

| Asp Gly His Gin Trp Thr Leu Phe Phe Gin Asn Gly Lys 228522902295 Val Lys Val Phe Gin Gly Asn

l Gin Asp Ser Phe Thr Pro Val Val 230023052310 Asn Ser Len Asp Pro Pro Leu Len Thr Arg Tér?,lf;ezgm
" Arg lle His 231523202325 Pro Gin Ser Tip Val His Gin lle Ala Leu Arg Met Glu Val Leu 23302

i 12> PRT <213> Homo sapiens
Gly Cys Glu Ala Gin Asp Leu Tyr 23483330573 1829521 13 19 5212 :
<4)(/)O>yZ Page 10 P036475140 Sequence listing Thr Gin Thr Lieu His Lys Phe lle Leu Lieu Phe Ala

Val Ph&ﬁﬁ@ﬂﬂ-@lé é@ﬁ-%é}’ fgél-%iylérg lys Tyr Lys Lys Val Arg E;he Met

435 ) 440 445

Ala‘Tyr Thr Asp Glu Thr Phe Lys Thr Arg Glu Ala TIle Gln His Glu
450 455 460

Ser Gly Ile Leu Gly Pro Leu Leu Tyr Gly Glu Val Gly Asp Thr Leu
465 . 476 475 480

Leu Ile Ile Phe Lys Asn Gln Ala Ser Arg Pro Tyr Asn Ile'TYr Pro
485 480 : 455

His Gly Ile Thr Asp Val Arg Pro Leu Tyr Ser Arg Arg Leu Pro Lys
500 505 5iQ

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

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

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

Asp Leu Ala Ser Gly Leu Ile Gly Pro Leu Leu Ile Cys Tyr Lys Glu
‘565 570 575

"Ser Val Asp Glu Arg Gly Asn Gln Ile Met Ser Asp Lys Arg Asn Val
580 585 ) 550

Ile Leu Phe Ser Val Phe Asp Glu Asn Arg Ser Trp Tyr Leu Thr Glu
595 600 605

Asn Ile ¢ln Arg Phe Leu Pro Zsn Pro Ala Gly Val Gln Leu Glu Asp
610 615 6820

Pro Glu Phe Gln Ala Ser Asn Ile Met His Ser Tle Asn Gly Tyr Val
6258 630 635 €40

Phe Asp Ser Lew Gln Leu Ser Val Cys Leu His Glu Val Ala Tyr Trp
645 ] 650 655

Tyr Ile Leu Ser Ile Gly Ala Gln Thr Asp Phe Leu Ser Val Phe Phe
660 665 670

Ser Gly Tyr Thr Phe Lys His Lys Met val Tyr Glu Asp Thr Leu Thr
. B75 680 685
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| . <212> PRT <213> Homo sapiens <400> 3 Ser Leu Tyr lle Set Gin Phe lle lle Met 1510 Tyr Set Leu
| <400> 4 Pro Pro lle lle Ala Arg Tyf
- Asp Gly 15, <210> 4 <211> 15 <212> PRT <213> Homo sapiens
lle Arg Lleu His Pro Thr His Tyr 151015 <210> 5 <211> 15 <212> PRT <213> Homo sapiens <400> 5
Pro Pro Lieu Lev Thr Arg Tyr Lieu Arg lle His Pro Gin Set Trp 151015 <210> 6 <211> 15

PO36475W0 Sequence listing

Leu Phe Pro Phe Ser Gly Glu Thr Val Phe Met Ser Met Glu Asn Pro
690 €95 700

Gly Leu Trp Ile Ley Gly Cys His Asn Ser Asp Phe Arg Asn Arg Gly
705 710 715 720

Met Thr Ala Leu Leu Lys val Ser Ser Cys Asp Lys Asn Thr Gly Asp
28 . ‘ 730 735

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

Asn Asn Ala Ile Glu Pro Arg Ser Phe Ser Gin Asn Ser Arg His Pro
755 760 . 765

Ser Thr Arg Gln Lys Gln Phe Asn Ala Thr Thr Ile Pro Glu Asn Asp
770 715 780

Ile Glu Lys Thr Asp Pro Trp Phe Ala His Arg Thr Pro Met Pro Lys
785 . 790 795 : 800

Ile Gln Asn Val Ser Ser Ser Asp Leu Leu Met Leu Leu Arg Gln Ser
-805 810 g8l5

Pro Thr Pro His Gly Leu Ser Leu Ser Asp Leu Gln Glu Ala Lys Tyr
: - 8207 ’ 825 830

Glu Thr Phe Ser Asp Asp Pro Ser Pro Gly Ala Ile Asp Ser Asn Asn
B35 840 845

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

Asp Met Val Phe Thr Pro Glu Ser Gly Leu Gln Leu Arg Leu Asn Glu
BE5S 870 2 880

Lys Leu Gly Thr Thr Ala Ala Thr Glu Leu Lys Lys Leu Asp Phe Lys
885 890 855

. Val Ser Ser Thr Ber Aen Asn Leu Yle Ser Thr Ile Pro Ser Asp Asn .
o206 205 910

Leu Ala Ala Gly Thr Asp Asn Thr Ser Ser Leu Gly Pro Pro Ser Met
91s 920 925

Pro Val His Tyr Asp Ser Gln Leu Asp Thr Thr Leu Phe Gly Lys Lys
530 835 940
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<212> PRT <213> Homo sapiens <400> 6 Met His Thr Val Asn 1 Gly Tyr Val Asn Arg Ser Leu Pro Gly |
1' Lieu 1015.<210> 7 <211> 15 <212> PRT <213> Homo sapiens ' <400> 7 Leu Gly Gin Phe L!eu Leu
Phe Cys I—fis lle Ser Set His Gin His 151015 <210> 8 <211> 15 <212> PRT <213> Hom_o se}plgns A
Page 11 P036475W0 Sequence listing <400> 8 Asp Thr Leu Leu lle lle Phe Lys Asn Gin Ala Ser Arg

Pro mot PO36475WO Sequence listing

Ser Ser Pro Leu Thr Glu Ser Gly Gly Pro Leu Ser Leu Ser Glu Glu
848 950 : 855 260

Asn Asn Asp Ser Lys Leu Leu Glu Ser Gly Leu Met Asn Ser Glm Glu
965 8970 875

Ber Ser Trp Gly Lys Asn Val Ser Ser Thr Glu Ser Gly Arg Leu Phe
280 S85 ‘ . 2590

Lys Gly Lys Arg Ala His Gly'Pro Ala Leu Leu Thr Lys &sp Asn Ala
485 ‘ 1000 1005

Leu Phe Lys Val Ser Ile Ser Leu Leu Lys Thr Asn Lys Thr Ser
1010 101s - 16020

Asn Asn  Ser Ala Thr Asn Arg Lys Thr His Ile Asp Gly Pro Ser
1028 10390 1035

Lew Leu TIle Glu Asn Ser Pro Ser val Trp Gln Asn Ile Leu Qlu
1040 1045 1050

Ser Asp Thr Glu Phe Lys Lys Val Thr Pro Leu Ile Hisg Asp Arg
1085 . 1060 1065

Met Leu WMet Asp Lys Asn Ala Thr Ala Leu Arg Leu Asn His Met
10670 1675 1080

Ser Asn Lys Thr Thr Ser Ser Lys Asn Met Glu Met Val Gin Gln
ic85 . 1080 10885

Lys Lys Glu Gly Pro Ile Prd Pro Asp Ala Glm Asn  pro Asp Met
1100 ) 1105 . 1iio

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

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

Ser Pro Lys Gln Leu Val Ser Leu Gly Pro Glu Lys Ser Val Glu
1145 1150 1158 :

Gly Gln Asn Phe Leu Ser Glu Lys Asn Lys Val val vVal Gly Lys
1160 1165 L1170

Gly Glu Phe Thr Lys Asp Val @Gly Leu Lys Glu Met Val Phe Pro
1175 - 1180 . 11B5S
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151015 <210>9 <211> 15 <212> PRT <213> Homo sapiens <400>9  <210> 10 <211> 15 <212>
PRT <213§ Homo sapiens <400> 10 Thr Glu Asn lie Gin Arg Phe Leu Pro Asn Pro Ala Gly Val Gin
151015 <210> 11 <211> 15 <212> PRT <213> Homo sapiens <400> 11 Asp Asn lle Met Val Thr Phe
Arg Asn Gin Ala Ser Arg Pro Tyr 151015 <210> 12 <211> 15 <212> PRT <213> Homo sapiens <400>

12 Arg Tyr Leu Arg lle His Pro Gin Sgg:Eip ¥al Hig Gindlg Ala 151015 <210> 13 <211> 15 <212> F_>RT
<213> Homo sapiens <400> 13 Gly.Thr Leu Met Val Phe Phe GC‘Iy Asn Val Asp Ser Ser Gly lle

Ser Ser Arg Asn Leu Fhe Leu Thr Asn Ley Asp Asn  Leu His Glu
11s0 11985 1200

Asn Asn  Thr His Zsn Gln Glu Lys Lys Ile Gln Glu Glu Ile Glu
1205 1210 1215

Lys Lys Glu Thr Leu Ile Gln Glu Asn Val val Leu Pro Gln Ile
1220 1225 1230

His Thr Val Thr Gly Thr Lys Asn Phe Met Lys Asn Leu Phe Leu
1235 1240 1245

Leu Ser Thr Arg Gla Asn Val Glu Gly Ser Tyr Asp Gly Rla Tyr
1250 | 1255 ‘ ize0

Ala Pro WVal Leu Glm Asp Phe Arg Ser Leu Asn Asp Ser Thr Asn
1265 1270 1275

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

Glu Asn Leu Glu Gly Leu Gly Asn Gln Thr Lys Gln Ile val Glu
1235 . - 1300 . 1305

Lys Tyr Ala Cys Thr Thr Arg Ile Ser Pro Asn Thr Ser Gln Gln
1310 1318 . 1320

Asn Phe Val Thr Gln Arg Ser Lys Arg Ala Leu Lys Gln Phe Arg
1325 1330 1338

Leu Pro Leu Glu Glu Thr Glu Leu Glu Lys Arg Ile Ile Val Asp
1240 _ 1345 : 1350

Asp Thr Ser Thr Gln Trp Ser Lys Asn Met Lys His Leu Thr Pro
1355 1360 : i3e5

Ser Thrxr Leu Thr Gln Ile Asp Tyr Asn Glu Lys Glu Lys Gly ala
1370 ' 1375 13BO

Ile Thr Gln Ser Pro Leu Ser Asp Cys Leu Thr Arg Ser Hig Ser
1385 1390 1385

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

Ser Phe Pro Ser Ile Arg Pro Ile Tyr Leu Thr Arg Val Leu Phe
1415 1420 1425
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. 151015 <210> 14 <211> 9 Page 12 <212> PRT <213> Homo sapiens <400> 14 P036475W0
Sequence.listing Leu Tyr lle Set Gin Phe lle lle Met 15 <210> 15 <211> 9 <212> PET <213> Homo
sapiens <400> 15 Phe lle lle Met Tyr Set Leu Asp Gly 15 <210> 16 <211> 9 <212> PET <213> Homo
sapiens <400> 16 lle Ala Arg Tyr lle Arg Leu His Pro

PO36475W0 Sequence listing

Gln Asp Asn Ser Ser His Leu Pro Ala Ala Ser Tyr Arg Lys Lys
1436 1435 © 31440

Asp Ser Gly val Glmn Glu Ser Ser His Phe Leu Gln Gly ala Lys
1445 1450 1455 '

Lys Asn Asn Leu Ser Leu Ala Ile Leu Thr Leu Glu Mst Thr Gly
1460 _ 1465 1470 :

Asp Gln 'Arg Glu Val Gly Ser Leu Gly Thr Ser Ala Thr Asn Ser
1475 1480 1485

“Val Thr Tyr Lyé'Lys Val Glu Asn Thr Val Leu Pro Lys Bro Asp
14580 N 1495 : 1500

Leu Pro Lys Thr Ser Gly Lys Val Glu Leu Leu Pro Lys Val His
1505 1510 1515

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

Pro Gly His Leu Asp Leu Val Glu Gly Ser Leu Leu Gln Gly Thr
18535 1540 1545

Glu Gly Ala Ile Lys Trp Asn Glu Ala Asn Arg Pro Gly Lys Val
‘ 1850 1555 1560

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

Lys Leu Leu Asp Pro Leu Ala Trp Asp Asn His Tyr @Gly Thr Gin
1580 1585 15906

Ile Pro Lys Glu Glu Trp Lys Ser Gln Glu Lys Ser Pro Glu Lys
15385 1600 ‘ 1605

Thr Ala Phe Lys Lys Lys Asp Thr Ile Leu Ser Leu Asa Ala Cya
1610 lels 1620

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

Pro Glu 1Ile Glu Val Thr Trp Ala Lys Gln Gly Arg Thr Glu Arg
1640 . 1645 1650

Leu Cys Ser Gln Asn Pro Pro Val Leu Lys Arg His @Gln Arg Glu
L6535 16606 1665
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15 <210> 17 <211> 9 <212> PET <213> Homo sapiens <400> 17 Leu lle lle Phe Lys Asn Gin Ala Set
15 <210> 18 <211> 9 <212> PET <213> Homo sapiens <400> 18 Leu Thr Arg Tyr Tyr Set Set Phe
Val 115 <210> 19 <211> 9 <212> PET <213> Homo sapiens <400> 19 Met Val Thr Phe Arg Asn Gin

Ala Set 15 Page 13
P036475W0 Sequence listing

Ile Thr Arg Thr Thr Leu Gln Ser Asp Gla Giu Glu Ile asp Tyr
1670 1675 - 1680

Bap Asp ‘Thr Ile Ser Val Glu Met Lys Lys Glu Asp Phe ksp Ile
1685 . 1650 1685 s

Tyr Asp Glu Asp Glu Asn Gln Ser Pro Arg Ser Phe Gln Lys Lys
1700 - 1705 1730

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

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

Gly Ser Val Pro Gln Phe Lys Lys Val Val Phe Gln Glu Phe Thr
1745 1759 1755

ASp Gly Ser Phe Thr Gln Pro Leu Tyr Arg Gly Glu Leu Asn Glu
1760 1765 1770

His Leu Gly Leu Leu Gly Pro Tyr Ile Arg Ala Glu vVal Glu Asp
1778 1780 1785

Asn Ile Met Val Thr Phe Arg 2Asn Gln Ala Ser Arg Pro Tyr Ser
1789 1795 1800

Phe Tyr Ser Ser Leu Ile Ser Tyr Glu Glu Asp Gln Arg Gln Gly
1805 . 1810 1815 ;

Ala Giu Pro Arg Lys Asn Phe Val Lys Pro Asn Glu Thr Lys Thr
1820 . 1825 ‘ 1830

Tyxr Phe Trp Lys Val Gln His His Met Ala Pro Thr Lys Asp Glu
1835 1840 1845

Phe Asp Cys Lys Ala Trp Ala Tyr Phe Ser Asp Val Asp Leu Gluy
1850 1855 1860

Lys Asp Val His Ser Gly Leu Iie Gly Pro Leu Leu - Val Cys His
1865 1870 1875

Thr Asn Thr Leu Asn Pro Ala His Gly Arg Gln Val Thr val Gin
1880 1885 iggoQ

Glu Phe Ala Leu Phe Phe Thr Ile Phe Asp Glu Thr Lys Ser Trp
1895 1500 1805
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<Z210> 20 <211> 9 <212> PET <213> Homo sapiens <400> 20 P036475W0 Sequence listing Lau Arg
lie His Pro Gin Set Trp Val 15 <210> 21 <211> 13 <212> PAT <2.1.3> Hpmo sapiens <220> <221>
MISC_FEATURE <222>(1)..(1) <223> Xaa is a charged hydrophilic amino acid residue <400> 21 Xaa
Asp Asn lle Met Val Thr Phe Arg.Asn Gin Ala Set 1510 <210> 2_2 <211> 24 <212> PA'_I' <2_13> He_mo
sapiens <220> <221> MIS FEATUR@ﬁ%g;&g).sgq)ugg&%iéggnlgs a charged amino acid with position
14 e polarity to Xaa at :

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

Ile Gln Met Glu Asp Pro Thr Phe Lys Glu Asn Tyr Arg Phe His
1s8zs 13930 1838

Ala Ile Asn Gly Tyr Ile Met Asp Thr Leu Pro Gly Leu Val Met
1540 1945 1950

Ala Gln Asp Gla Arg Ile Arg Trp Tyr Leu Leu Ser Met Gly Ser
19585 1860 1965

Asn Glu Asn Ile His Ser Ile Hig Phe Ser Gly His Val Phe Thr
1870 1975 - 1980

Val Arg Lys Lys Glu Glu Tyr Lys Met Ala Leu Tyr Asn Leu Tfr
1985 1930 1385

Pro Gly Val Phe Glu Thr Val Glu Met Leu Pro Ser Lys Ala Gly
2000 2005 2010

Ile Trp Arg val Glu Cys Leu Ile Gly Glu His Leu His Ala Gly
2015 ) 2020 2025 '

Met Ser Thr Leu Phe Leu Val Tyr Ser Asn Lys Cys @Gln Thr Pro |
2030 2035 . 2040 :

Leu Gly Met Ala Ser Gly His Ile Arg Asp Phe Gln Ile Thr Ala
2045 2050 2055

Ser Gly 'Gln Tyr Gly Gln Trp Ala Pro Lys Leu Ala Arg Leu His
2060 2065 : 2070

Tyr Ser Gly Ser Ile Asn Ala Trp Ser Thr Lys Glu Pro Phe Ser
2075 2080 _ 2088

Trp Ile Lys Val Agp Leu Leu Ala Pro Met Ile Ile His Gly Ile
2080 2095 2100

Lys Thr €ln Gly Ala Arg Gln Lys Phe Ser Ser Leu Tyr lle Ser
2105 2110 ' 2118

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

Tyr Arg Gly Asn Ser Thr Gly Thr Leu Met Val Phe Phe Gly Asn
2133 2140 2145
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[ [ id with reverse"
<220> <221> MISC_FEATURE <222>(14)..(14) <223> Xaa is a charged amino aci
| polarity to Xaa at pS(:)sition 1 <400> 22 Xaa Asp Asn lle Met Val Thr.Phe Arg Asn Gin Ala Set Xaa 1510
<210> 23 211> 14 <212> PET <213> Homo sapiens <400> 23 Glu Asp Asn lle Met \(al Thr Phe Arg
Asn Gin Ala Set Arg 1510 <210> 24 Page 14 <211> 15 <212> PRT <213> Homo sapiens

P036475W0 Sequence listing <4004 Hg& ¥ GliLYal @i%é%@, Thr Leu Leu lle lle Phe‘Lys Asn Gin
151015 <210> 25 <211> 15 <212> PRT <213> Homo sapiens <400> 25

Val Asp Ser Ser Gly Ile Lys His Asn Ile Phe Asn Pro Pro Ile
2150 2155 - <2l60

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

Ser Thr Leu A&g Met Glu Trp Met Gly Cys Asp Leu Asn Ser Cys
2180 2185 - 2150

Ser Met Pro Leu Gly Met Glu -Ser Lys Ala Ile Ser .Asp Ala Gln
2195 22060 2208

Ile Thr Ala Ser Ser Tyr Phe Thr Asn Met Phe Ala Thr Trp Ser
2210 : 2215 : 2220

Pro Ser Lys Ala Arg Leu His Leu Gln Gly Arg Ser B&sn Ala Trp
2225. 2230 2235

Axg Pro Gln Val Asn Asn Pro Lys Glu Trp Leu Gln Val'Asp Phe
2240 . 2245 2250

Gln Lys Thr Met Lys Val Thr Gly Val Thr Thr Gln Gly Val Lys
2255 2260 2265

Ser Leu Leu Thr Ser Met Tyr val Lys Glu Phe Leu 1Ile Ser Ser
2270 ' 2275 22B0

Ser Gln Asp Gly His Gln Trp Thr Leu Phe Phe Gln Asn Gly Lys
2285. 22580 2295 .

val Lys Val Phe Gln Gly Asn Gln Asp Ser Phe Thr Pro Val Val
2300 2305 2310 ) -

Asn Ser Leu Asp Pro Pro Leu Leu Thr Arg Tyr Leu Arg Ile His
2315 2320 : -2325

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

Gly Cys Glu aAla Gln Asp Leu Tyr

2345 2350 :
<210> 2
<211l> 15
<212> PRT

<213> Homo sapiens

<400 2
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Gly Glu Val Gly Asp Thr L.eu Leu lle lle Phe Lys Asn Gin Ala 151015 <210> 26 <211> 15 <212> PRT
P <213> Homo sapiens <400> 26 Glu Val Gly Asp Thr Leu Leu lle lle Phe Lys Asn Gin Ala Ser 151015
<210> 27 <211> 15 <212> PRT <213> Homo sapiens <400> 27 Val Gly Asp Thr Le;u Leu lle lle Phe

Lys Asn GIn Ala Ser Arg 151015 <210> 28 <211> 15 <212> PRT <213> Homo sapiens <400> 28 Gly

211> 15<212> PRT
Asp Thr Leu Leu lle lle Phe Lys Asn GifeAa,3et At Bro }51915 <210>29 <
<213> Homo saglens <400> 29 Thr Leu Leu lle lle Phg LysgAsn Gin Ala Ser Arg Pro Tyr Asn 151015

Page 15" ‘Séﬂ]ﬁeﬁ’é’e ﬁ’%&tﬁg}%?mﬂ@@ Phe 2la Val Phe Asp

<210> 3

<211> 15

«212> PRT

<213> Howmo sapiens

<400> 3

Ser Leu Tyr Ile Ser Gln Phe Ile Ile Met Tyr Ser Leu Asp Gly
1 5 10 15

<210> 4

<211> 15

<212> - PRT

<213» Homo sapiens

<400> 4

Pro Pro Ile Ile Ala Arg Tyr Ile Arg Leu His Pro Thr His Tyxr
1 5 10 i5

210> .5

«21l> 15

<212 PRT

<213> Homo sapiens

<400> §

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

<210> '8

<211l> 15

<212> PRT

<213> Homo sapiens .

<400> &
Met His Thr Val Asn Gly Tyr Val Asn Arg Ser Leu Pro Gly Leu
1 5 10 i35

<210> 7

<211l> 15

<212 PRT

€213> Homo sapiens

" <400 7

Leu Gly Gln Phe Leu Leu Phe Cys His Ile Ser Ser His Gln His
1 . 5 10 15

<210> 8
<211l» 15
<212 PRT

«213> Homo sapiens
Page 11




—, <211> 15 <212> PRT <213> Homo sapiens <400> 30 Leu Leu lle lle Phe Lys Asn Gin Ala Ser Arg Pro
i Tyr Asn lle, 151015 <210> 31 <211> 15 <212> PRT <213> Homo sapiens <400> 31 Leu lle lle Phe
| Lys Asn Gin Ala Set Arg Pro Tyr Asn lle Tyr 151015 <210> 32 <211> 15 <212> PRT <213> Homo
sapiens <400> 32 lle lle Phe Lys Asn Gin Ala Ser Arg Pro Tyr Asn lle Tyr Pro 151015 <210> 33 <211>
15 <212> PRT <213> Homo sapiensps4997x,33 He qzﬁggcgyﬁAgth Ala Set Arg Pro Tyr Asn lle Tyr
Pro His 151015 <210> 34 <211> 15 <212> PRT <213> Homo sapiens <400> 34 Pro Thr Lys Set Asp
Pro Arg %f)ys Lt Thr Arg Tyr Tyr Ser Ser 151015 <210> 35 <211> 15 <212> PRT <213> Homo

saplens&.sgdf(m:f 3bu reu Ile Ile Phe Lys Asn Gln Ala Ser Arg Pro Tyr
. 10 15

<210> B8

<211l> 15

<212> PRT

<213>- Homo gapiens

<400s 9 ' 5

Ero Arg Cys Leu Thr Arg Tyr Tyr Ser Ser Phe Val Asn Met Glu
5 10 i5

<210> 10

«213i> 15

<212s PRT

<213> Homo sapiens

<400> 10

ghr Glu Asn Ile Gln Arg Phe Leu Prc Asn Pro Ala @ly Val Gln
5 10 15

<210> 11

<211i> 15

<212> ., PRT

«213> Homo sapiens

<400> 11

Asp Asn Ile Met Val Thr Phe Arg Asn Gln Ala Ser Axrg Pro Tyr
1 5 10
. 15

<2i0> 12

<211l> 15

<212» PRT

<213> Homo sapiens

<400> 12

Arg Tyr Leu Arg Ile His Pro Gln Ser Trp Val His Gln Ile Ala
1 5 10
15

<210> 13

<Z21l> 1%

<212> PRT

<213> Homo sapieuns

<400> 13
Gly.Thr Leu Met Val Phe Phe Gly Asn Val Asp Ser Ser Gly Ile
1 5 : 10

15

<210 14
<21i>= 9

Page 12




|
|
E
]

5P036475WO0 Sequence listing 1015 <210> 36 <211> 15 <212> PRT <213> Homo sapiens <400> 36
Lys Ser Asp Pro Arg Cys Leu Thr Arg Tyr Tyr Ser Set Phe Val 151015 <210> 37 <211> 15 <212>

PRT <2135 Homo sapiens <400> 37 Set Asp Pro Arg Cys Len Thr Arg Tyr Tyr Set Set Phe Val Asn
151015 <210> 38 <211> 15 <212> PRT <213> Homo sapiens <400> 38 Asp Pro Arg Cys Len Thr Arg
Tyr Tyr Set Ser Phe Val Asn Met 153318:5219% 35211712 5412> PRT <213> Homo sapiens <400>
39 Arg ¥ j_e REi-it Arg Tyr Tyr Set Ser Phe Val Asn Met Gin Arg 151015 <210> 40 <211> 15 <212>
PRT <213> Hor%%ossaapﬁeﬁ%s<400> 40 Cys Len Thr Arg Tyr Tyr Ser Set Phe Val Asn Met Gin Arg Asp

151015400> 11

Leu Tyr Ile Ser Gln Phe Ile Ile Met
I 5

«<210> 15

<21i> 9

<212> PRT

<213> Homo sapiens

<£00> 18

Phe Ile Ile Met Tyr Ser Leu Asp Gly
1 s

<210> 16

<211> 9

<212> PRT :
<213> Homo sapiens -

| <400> 16

Ile Ala Arg Tyr Ile Arg Leu His Pro
1 5

<210> 17

211> &

«212> PRT

<213> Homo sapiens

<400> 17

Leu Ile Ile Phe Lys Asn Gln Ala Ser
1 s :

«210> 18
, «211> 9
<212» PRT
<213> Homo sapiens

<400> 18
Leu Thr Arg Tyr Tyr Ser Ser Phe Val
1 g

<210> 19

<21l> 8

<212> PRT

<213> Homo sapiens

<400> 1D

Met Val Thr Phe Arg Asn Gln Ala Ser
1 5 '

Page 13



<210> 41 <211> 15 <212> PRT <213> Homo sapiens <400> 41 Page 17 P036475W0 Sequence

listing Leu-Thr Arg Tyr Tyr Set Set Phe Val Asn Met Glu Arg Asp Leu 151015 <210> 42 <211> 15
<212> PE'IJ <213> Homo sapiens <400> 42 Thr Arg Tyr 1 Tyr Set Set Phe Val Asn Met Glu Axg Asp

" Leu Ala 55,1015 <210> 43 <211> 15 <212> PRT <213> Homo sapiens <400> 42 Arg Tyr Tyr Set Set

Phe Val Asn Met Glu Arg Asp Lea Ala,$ei-k3d0d5,523Q> A4 sl 1> 15 <212> PET <213> Homo

sapiens €400>244 Arg Ala Glu Val Glu Asp Asn lle Met Val Thr Phe Arg Asn Gin 1510.15 <210> 45 -

<211> iﬁ%iléﬂ?ET <213> Homo sapiens <400> 45 Ala Glu Val Glu Asp A;nlle Met Val Thr Phe Arg

Asn Gir2Al: EHomo sapiens ‘
<400> 20

Leu Arg Ile His Pro Gln Ser Trp Val
1 5 .

<21C> 21

«2il> 13

«212» PRT

<213> Homo sapiens

<220
<221> MISC_FEATURE
<222>  {1}).. (1}

<223> Xaa is a charged hydrophilic amino acid residue
<400> 21

Xaa Asp Asn Ile Met Val Thr Phe Arg Asn Gln Ala Ser
1 5 ’ 10

<210> 22
22Xl 14
«<212> PRT
<213> Homo sapiens

<220> )

<221» MISC_FEATURE

<222> (1)..{1}

<223> Xaa ig a charged aminoc acid with reverse pelarity to Xaa at
. position 14

<220>

<221> MISC_FEATURE

<222> {14)..(14)} . :

<223> Xaa is a charged amino acid with reverse polarity to Xaa at
position 1 : .

<460> 22
Xaa Asp Asn Ile Met Val Thr Phe Arg ZAsn Gln Ala Ser Xaa
1 5 10

«210> 23

<211l> 14

«212» PRT

<213> Homo sapiens

<400> 23
Glu Asp Asn Ile Met Val Thr Phe Arg Asn Gln Ala Ser Arg
1 ‘ 5 10

<210> 24
Page 14



|

151015 <210> 46 <211> /5 <212> PET <213> Homo sapiens '<400> 46 Glu Val Glu Asp Asn lle et
Val Thr Phe Arg Asn Gin AlaSer 151015 <210> 47 <211> 15 <212> PET <213> Homo sapiens Page
18 P036475W0 Sequence listing <4'00> 47 Val Glu Asp Asn lle Met Val Thr Phe Arg Asn Gin Ala Ser
Arg 1510,15 <210> 48 <211> 15 <212> PRT <213> Homo sapiens <400> 48 Glu Asp Asn lle Met Val
Thr phe Arg Asn Gin Ala Ser Arg Progb3¢Pisns 2z 42521 12 1 <212> PRT <213> Homo <400> 49
sapiens ZAsn liget Val Thr Phe Arg Asn Gin Ala Ser Arg Pro Tyr Set

<213> Homo sapiens

<400>

24

Tyr Gly Glu
1

<210>
<211>
«212>
<213>

<400>

25 -
15

PRT
Homo

25

Gly Glu val

1

<210>
<211>
<212>
<2313 >

<400>

2€
1s
BRT
Homo

26

Glu val Gly

1

<210>
<2ilx>
212>
<213

<400>

C 27

15
PRT
Homo

27

Val Gly Asp

1

<21 0>
<21l>
<Z212>
<213>

<400>

1

<210>
«211»
«212>
«213>

<400>

1

28
1is
PRT
Homo

28

Gly Asp Thr

29
i5
PRT
Homo

29

Thr Leu Leu

Val Gly Asp ?hr_Leu Leu Ile Ile Phe Lys Asn Gln

5

sapiens

10 ‘ 15

Gly Asp Thr Leu Leu Ile Ile Phe Lys Asn Gln Ala
' 10 15

5

sapiens

Asp Thr Leu Leu Ile Ile Phe Lys Asn Gln Ala Ser
10 15

5

sapiens

Thr Leu Leu Ile Ile Phe Lys Asn Gln Ala Ser Arg
: 10 t15

5

sapiens

L.eu Leu Ile Ile Phe Lys Asn Gln Ala Sér Arg Pro

5

sapiens

10 : 15

Ile Ile Phe Lys BAsn Gln Ala Ser Arg Pro Tyr Asn

5

10 : 15
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. 151015 <210> 50 <211> 15 <212> PRT <213> Homo sapiens <400> 50 Ile Met Val Thr Phe Arg Asn
l Gin Ala Ser Arg Pro Tyr Set Phe 151015 <210> 51 <211> 15 <212> PRT <213> Homo sapiens

f <400> 51 Met Val Thr Phe Arg Asn Gin Ala Set Arg Pro Tyr Set Phe Tyr 151015 <210> 52 <211> 15

i <212> PRT <213> Homo sapiens <400> 52 Val Thr Phe Arg Asn Gin Ala Set Arg Pro Tyr Set Phe Tyr

Set 11015 <210> 53 <211> 15 Pagepiag54sgg,g sERdns 135 Homo sapiens P036475W0 Sequence
Ilstlng <§9§)> 53

<2i1> 15
<212> PRT
<213> Homo sapiens

<400> 30

Leu Leu Ile Ile Phe Lys Asn Gln Ala Ser Arg Pro Tyr Asn Ile
1 . 5 i@ 15

<210> 31

<21l> 15

<232> PRT

<213> Homo sapiens

<400> 31

Leu Ile Ile Phe Lys Asn Gln Ala Ser Arg Pro Tyr Asn Ile Tyr
1 5 10 15

<210> 32

<211i> 15

<212> PRT

<213> Homo sapiens

<400> 32
Ile Ile Phe Lys Asn Gln Ala Ser Arg Pro Tyr Asn Ile Tyr Pro
1 ‘ 5 10 is

<210> 33

<2131s> 15

<212> PRT .
<213> Homo sapiens

<400> 33

Ile Phe Lys Asn Gln Ala Ser Arg Pro Tyr Asn Ile Tyr Pro His
L 5 : 10 15

<210> 34
<211> 15
<212> PRT

<213> Homo sapiens
<400> 34

- Pro Thr Lys Ser Asp Pro Arg Cys Leu Thr Arg Tyr Tyr Ser Ser

1 5 1G 15
«<210> 35

<211l= 15

<212> PRT

<213> Homo sapiens
<400> 35

Thr Lys Ser Asp Pro Arg Cys Leu Thr Axg Tyr Tyr Ser Ser Phe
Page 16




' Thr Phe Arg Asn Gin Ala Set Arg Pro Tyr Set Phe Tyr Ser Ser 151015 <210> 54 <211> 15 <212> PRT
1 <213> Homo sapiens <400> 54 Arg Gin Lys Phe Set Set Leu Tyr lie Set Gin Phe lle lle Met 151015

| <210> 55 <211> 15 <212> PRT <213> Homo sapiens <400> 55 Gin Lys Phe Set Set Len Tyr lle Set

. Gin Phe lle lle Met Tyr 151015 <210> 56 <211> 15 <212> PRT <213> Homo sapiens <400> 56 Lys

~ Phe Set Set Leu Tyr lle Set Gin Phe HesHe-Met TyhRetd51Q13,5210> 57 <211> 15 <212> PRT
<213> Homo sapjens <490> 57 Phe Set Set Lew Tyr lle Ser Gin Phedle lle Met Tyr Set Leu 151015
<210> 58 <211> 15 <212> PRT <213> Homo sapiens <400> 58 Set Set Leu Tyr lle Ser Gin Phe lle lle

Met TyrSet-Lexs Asp 151015 Page 20
<211l> 15
<212> .PRT
<213> Homo Sapiens

<400> 386

iys Ser Asp Pro Arg Cys Leu Thr Arg Tyr Tyr Ser Ser Phe Val
5 10 i5

<210> 37

«<211> 15

<212> PRT

<213> Homo sapiens

<400> 37

?er ASp Pro Arg Cys Leu Thr Arg Tyr Tyr Ser Ser Phe Val Asn
5 10 15

«<210> 38

<21i> 15

212> PRT

<213»> Homo sapiens

<400> 38

?Sp Pro Arg Cys Leu Thr Arg Tyr Tyr Ser Ser Phe Val Asp Met
5 7 10 15

<210> 39

«<211> 15

<212> PRT

<213> Homo sapiens

<400> 38

?rg Cys Leu Thr Arg 'Tyr Tyr Ser Ser Phe Val Asn Met Glu Arg
5 10 © 1B

<210> 40
<211> 15

<212> PRT

«213> Homo saplens

<400> 40

Cys Leu Thr Arg Tyr Tyr Ser Ser Phe Val Asn Met Glu Arg Asp
1 5 1.0 15

<210> 41

<211> 15

<212> PRT

<213> Homo sapiens ~

<400> 41
Page 17




<210> 59 <211> 15 <212> PRT <213> Homo sapiens <400> 59 P036475W0 Sequence listing Leu
. Tyr lle Set: Gln The lle Tie Met Tyr Set Leu Asp Gly Lys 151015 <210> 60 <211> 15 <212> PRT
<213> Homo sapiens <400> 60 ,Tyr lle Ser Gin Phe lle lle Met Tyr Set Leu Asp Gly Lys Lys 151015
<210> 61 <211> 15 <212> PRT <213> Homo <400> 61 sapiens lle Set Gin Phe lle lle Met Tyr Set

Leu Asp Gly Lys Lys Trp 151015 <2142 s%d1d=:18.52125%PRT <213> Homo sapiens <400> 62, Set

Tip Gin 151015 <210> 63 <211> 15 <212> PRT
Gin Ph% ”e':H'Le I\Aet T'%[ Set L%Assp GP%eLXszA{_yP?snlﬁet Glu Arg Asp Leu
<213> IHomo saplens < > 10 15

<210> 42

<21i>" 15

<212> PRT

<213> Homo sapiens

<400> 42

Thr Arg Tyr Tyr Ser Ser Phe Val Asn Met Glu Arg Asp Leu Ala : /
1 5 . 10 15

<210> 432

«211l> 15

.<212> . PRT

<213> Homo sapiens

<400> 43

Arg Tyr-Tyr Ser Ser Phe Val Asn Met Glu Arg Asp Leu Ala Ser
1 5 , 10 15 f

<210> 44

<211> 15

<212>  PRT

<213> Homo sapiens

<400> 44
Arg Ala Glu Val Glu Asp Asn Ile Met Val Thr Phe Arg Resn Gln
1 5 10 .15

«210> 45

«211> 18

<212> PRT

<213> Homo sapiens

<400> 45

Ala Glu Val Glu Asp Asn Ile Met Val Thr Phe Arg Asn Gln Ala

1 ‘ 5 10 15
" <210> 48

«211> 15

<212> PRT

<213> Homo sapiens
<400> 46

Glu Val Glu Asp Asn Ile Met Val Thr Phe Arg Asn Gln Ala Ser

1 s 10 15
<210= 4

<211> 15

<212> PRT

<213> Homo gapiens
Page 18



Gin Phe lle lle Met Tyr Set Leu Asp Gly Lys Lys Tip Gin Thr 51015 <210> 64 <211> 15 <212> PRT
<213> Homo sapiens <400> 64 His Asn lle Pile Asn Pro Pro lle lle Ala Arg Tyr lle Arg Leu.151015
Page 21 P036475W0 Sequence listing <210> 65 <211> 15 <212> PRT <213> Homo sapiens <400>
65 Asn lle Phe Asn Pro Pro lle lle Ala Arg Tyr lle Arg Leu His 151015 <210> 66 <21_1> 15<212> PRT
<213> Homo sapiens <400> 66 lle Phg;AsnRyosEiR.lledle Alpi4rg Tyr lle Arg Leu His Pro 151015
<210> 67.<211> 15 <212> PRT <213> Homo sapiens <400> 67 Phe Asn Pro I?ro lle lle Ala Arg Tyr lle
Arg Leu<l4;|0ig>Pro“rhr 151015 <210> 68 <211> 15 <212> PRT <213> Homo sapiens <400> 68 Asn Pro
Pro lle F{elAiH»AﬂQSﬁ'wsHerAégr\ts&VHiB Pre Phe Hig 1810880 a1a ser arg

5 10+

15

<210> 48

<211l> 15

<212> PRT

<213> Homo sapiens

<400> 48

Glu Asp Asn Ile Met Val Thr Phe Arg Asn Gln Ala Ser Arg Pro
1 ‘ 5 10 ' 15

<210> 43

<211s> 15

<212> PRT

<213> Homo sapiens

<400> 49

Asn Ile Met Val Thr Phe Arg Asn @ln Rla Ser Arg Pro Tyr Ser
1 5 10 15

<210> 50
<211> 15
<212> PRT
" «21i3> Homo sapiens

<400> 5’0
Ile Met Val Thr Phe Arg Asn Gln Ala Ser Arg Pro Tyr Ser Phe
1 5 | 10 15

<210> 51

<211> 18

<212 PRT

<213> Homo gapiens

<400> 51
Mett Val Thr Phe Arg Asn Gln Ala Ser Arg Pro Tyr Ser Phe Tyr
1 5 . io 15

<210> 52

<211> 15

<212> PRT

<213> Homo sapiens

<400> 52

Val Thr Phe Arg Asn Gin Ala Ser Arg Pro Tyr Ser Phe Tyr Ser

1 5 i0 15
<210> 53
<21l> 15
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<210> 69 .<211> 15 <212> PRT <213> Homo sapiens <400> 69 Pro lle lle Ala Arg Tyr lle Arg Leu His
Pro Thr Hi~§ Tyr Ser 151015 <210> 70 <211> 15 <212> PRT <213> Homo sapiens <400> 70 Page 22
P036475W0 Sequence listing lle lle Ala Arg Tyr lle Arg Leu His Pro Thr His Tyr Ser lle 1510- ‘15 :
<210> 71 <211> 15 <212> PRT <213> Homo sapiens <400> 71 lle Ala Arg Tyr lle Arg Leu His Pro

Thr His Tyr Ser lle Arg 151015 <2103 032 s> k55242~ PRT,5213> Homo sapiens <400> 72 Ala

<212> ~PRT
Arg Tyr<2 13> Homo
<4D0> 53
Thr Phe Arg
1
<210> 54
<21l> 15
<212» PRT
<213> Homo
<400> 54
Arg Gln Lys
1
<210> &5
«21l> 15
<21Z2> PRT
<213> Homo
<400> 55
Gln Lys Phe
1
<210> B5é&
<21Ll> 158
<212» PRT
<213> Homo
<400> B&

Lys Phe Ser

i

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

<400>

57
15
PRT
Homo

57

Phe Ser Ser

1

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

<4G0>

58
15
PRT
Homo

58

Ser Ser Leu

1

‘ser Ser

sapiens

Asn Gln Ala Ser Arg Pro
5

sapiens

Phe Ser Ser Leu Tyr Ile

8

sapiens

Leu Tyr . Ile Ser
5

sapiens

Ser Leu Tyr Ile Ser Gln

sapiens

Leu Tyr Ile Ser Gln Phe

sapiens

Tyr Ile Ser Gln Phe Ile
5

Tyr Ser Phe Tyr Ser'Ser
18 15

Ser Gln Phe Ile Ile Met -
10 1s

Gln Phe Ile Ile Met Tyr
10 15

Phe Ile Ile Met Tyr Ser
10 15

Ile Ile Met Tyr Ser Leu
10 15

Ile Mst Tyr Ser Leu Asp
10 15
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'~ lle Arg Leu His Pro Thr His Tyr Ser lle Arg Set 1 5 1015 <210>73 <211>15 <212>PRT

<213>Horr}1'o sapiens <400>73 Arg Tyr lle

PO36475W0 Sequence listing

<23i0> 59
<21}> 158
<212 PRT

«213> Homo sapiens
<400> 58

Leu Tyr Ile Ser Gin Phe Ile Iie Met Tyxr Ser Leu Asp Gly Lys

1 5 10 15
<2310> 60
<21lls> 15

<212> PRT
<213> Homo sapiens

<400> 60

-Tyr Ile Ser Gln Phe Ile Ile Met Tyr Ser Leu Asp Gly Lys Lys
1 5 10 ‘ 15
<210> 61

<211l> 18

<212> PRT

<213> Homo sapiens

<400> &1

Ile Ser Gln Phe Ile Ile Met Tyr Ser Leu Agp Gly Lys Lys Trp
1 5 1o 15
<210> 62

<211> 15

<212> PRT

<213> Homo sapiens
<400> &2, .

Ser Gln Phe Ile Ile Met Tyr Ser Leu Asp Gly Lys Lys Trp Gln

i 5 - 10 15
<210> 63

<21ll> 15

<212> PRT

<213> Homo sapiens
<400> &3

Gln Phe Ile Ile Met Tyr Ser Leu Asp Gly Lys Lys Trp Gln Thr
i . 5 16 15

<210> 64

<211> 15

<212> PRT

<213> Homo sapiens

<400> 64

His Asn Ile Phe Asn Pro Pro Ile Ile Ala Arg Tyr Ile Arg Leu
1 5 10 ) 15
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<210s
<21lls

<213>

<400>

i

<210
<21l>
<212>
213>

<400>

1

210>
<211
<212>
<213>

<400>

1

<210>
<2il>
212>
<213>

<400>

3

<210>
<211
<212
<213>

<400

1

<21C>
<211l>
<212>
<2313>

<4 00>

<212

65
15
PRT
Homo

€5

Asn Ile Phe

66
15
PRT
Homo

&6

Ile Phe Asn

67
is
PRT
Homo

67

Phe Asn Pro’

&8
15
PRT
Homo

68

Asn Pro Pro

69
1s
PRT
Homo

69

. Pro Ile_Ile.

70
15
PRT
Homo

70

sapiens

Asn Pro

sapiens

Pro Pro
5

sapieng

Pro Ile
s

sapiens

Ile Ile
5

sapiens

. Arg Leu His Pro Thr His Tyr Ser lle Arg Ser Thr 1 51015 <210>74 <211>15 <212>PRT
| <213>Horqo sapiens <400>74 Pro Pro Leu Leu Thr Arg Tyr Leu Arg lle His Pro Gin Ser Trp

P036475W0 Seguence listing

Pro Ile Ile Ala Arg Tyr Ile Arg Leu His
ip i5

Ile Ile Ala Arg Tyr Ile Arg Leu His Pro
10 15

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

Ala Arg Tyr Ile &Arg Leu His Pro Thr His
10 15

Ala Arg Tyr Ile Arg Leu His Pro Thr His Tyr Ser

5

sapiens

10 15
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151015 <210> 75 <211> 15 <212> PRT <213> Homo sapiens <400> 75 Pro Leu Leu Thr Arg Tyr Leu

Arg lle His\Pro Gin Ser Tip Val 151015 <210> 76 <211> 15 <212> PRT <21_3> Homo sapiens Page.23
<400> 76 P036475W0 Sequence listing Lea Lea Thr Arg Tyr Lea Arg lle His Pro Gin Ser Trp Val His
51015 <210> 77 <211> 15 <212> PRT <213> Homo sapiens <400> 77 Lea Thr Arg Tyr Let_;l Arg lle
His Pro Gin Ser Trp Val His Gin 151046 s£2:0>s28wed>115:524 2> PRT <213> Homo sapiens <400>
78 Thr Arg TyP If&é&’@ll?ﬂ@lprd*@ir?@eﬁﬁp?gfalﬁis BiR e 50156210> 79 <211> 15 <212> PRT

«210> 71
<211> 15
<212> PRT

<2i3> Homo sapiens
<400> 71

Ile Ala Arg Tyr Ile Arg Leu His Pro Thr His Tyr Ser Ile Arg
. 5

1 i0 is
oL

<210> 72

<2il> 158

<212> PRT

<213> - Home sapiens
<400> 72

Ala Arg Tyxr Ile Arg Leu His Pro Thr His Tyr Ser Ile Arg Ser
1 5 ' 1in - 15

<210> 73
<211l> 15
<212> PRT

"<213> Homo sapiens
<&00»> 73

Arg Tyr Ile Arg Leu His Pro Thr His Tyr Ser Ile Arg Ser Thr
1

<210> 74
<211> 15
<212 PRT

<213> Homo sapiens
<400> 74

Pro Pro Leu Leu Thr Arg Tyr Leu Arg Ile His Pro Gln Ser Trp

1 5 S 10 15
<210> 175

<211l>» 15

<212 PRT

<213> Homo sapiens
<400s> 75

Pro Leu Leu Thr Arg Tyr Leu Arg Ile His Pro Gln Ser Trp Val

1 5 10 _ 15
<210> 76

<211> 18

<212> PRT

<213> Homo sapiens
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<210> 77
<211> 15
<212>  PBRT
<213> Homo

<400= 77

Leu Thr Arg
1 .

<210> 78
<21l> 15
<212> PRT
<213> Homo

<£00> 78

Thr Arg Tyr
1

<210 79
<21l> 185
<212> PRT
<213> Homo

<400> 79

Tyr Leu Arg
1

<210> BOD
«211» 15
<212> PRT
<213> Homo

<400> 80

Leu Arg Tle
1

<210>' 81
<219> 15
<212> PRT
<213> Homo:

<400> 81
Arg Ile His
1

<210> B2
<211l> 15
<212s PRT

sapiens

Tyr Leu

sapieng

Leu Arg
5

sapiens

Ile His
5

sapiens

His Pro
5

sapiens

Pro Gln
5

Arg Ile His Pro

Ile His Pro Glo

Pro Gin Ser Trp

Gln Ser Trp Val

Ser Trp Val His

Gln Ser Trp Val His
10

Ser Trp Vval His Gln
10 i

Val His Gln Ile Ala
10

His Gln Ile Ala Leu
i0

Gln Ile Ala Leu Arg
10
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"<213> Homo sapiens <400> 79 Tyr Lea Arg lle His Pro Gin Ser Trp Val His Gin lle Ala Lea 151015

<210> 80 211> 15 <212> PRT <213> Homo sapiens <400> 80 Lea Arg lle His Pro Gin Ser Trp Val
His Gin lle’Ala Lea Arg 151015 <210>i 81 <211> 15 <212> PRT <213> Homo sapiens <400> 81 Arg

" lle His Pro Gin Ser Trp Val His Gin Ile Ala Lea Arg Met 151015 <210> 82 <211> 15 <212> PRT Page

24 <213> Homo sapiensp036475WeSGequensedighing.s40Qz 82 lle His PrO Gin Ser Trp Val His Gin
lle Ala E&8°Arg™flet Glu 151015 <210> 83 <211> 15 <212> PRT <213> Homo sapiens <400> 83 His

Pro GinsetFepval Hig Gjn e AlaLew Arg.Met Gly.Val 15 3915,
1 5 10

Hig
is

Gln
15

Ile
15

Leu

15

Arg
15

Met
15
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<400> B2

Ile His Pro

1

<210> 83
<211l> 15
<212> PRT

213> Homo
<400> 83

Hig Pro Gln
1

Gip Ser Trp Val His Glin Ile Ala Le

5

-PO36475W0 Sequence listing

<213> Homo sapiens

10

sapiens

u Arg Met Glu

15

Ser Trp Val His Gln Ile Ala Leu Arg Met Glu Val

5

10
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