PEPTI DE FI ELD OF THE | NVENTI ON The present invention relates to a peptide.
In particular, it relates to peptides at |east the core sequence of which
i s derivapbeofosssfiactor VIII (FVII1). The peptides canpbe/gret/domworeduce
or prevent factor VIII inhibitor antibody formation, for exanple in
haenmophilia A treatnment and acquired haenophilia. BACKGROUND TO THE

| NVENTI ON HAEMOPHI LI A Haenophilia belongs to a group of inheritable blood
di sorders that includes haenophilia A haenmophilia B (Christnmas disease)
and Von Wl ebrand' s di sease. | nPReEIDIhilia, the blood' s ability to clot
is severely reduced because an essential clotting factor is partly or
conpletely mssing, resulting in increased bleeding tinme. Haenophilia Ais

a defi cranqyoffTHIENCERTIONG factor VIII, whereas Haenophilia Bis a
deficiency of clotting factor DC. In both diseases, the faulty gene is

found on the X chronobsone, so the conditions are X-linked. Haenophilia Ais
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injuries such as cuts and grazes do not usually pose serious problens: it
is often possible to stop bl eeding by applying a degree of pressure and

coveri ngAdxGROURT 20 TRIEERNVENUION th a plaster). The nain problemis
internal bleeding into joints, nuscles and soft tissues, which can occur

spont aneously. Internal bl eeding, such are haenorrhages into the brain, is
very di {fdfdbbuiigamanage and can be fatal. Repeated bleeding in the joints
causes acute paln and can cause arthritis and/or |ong-termjoint danage

| eadi ngHaemophslichitelongs 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 time.

Haemophilia A is a deficiency of the clotting factor VIII, whereas Haemophilia B is a
deficiency of clotting factor IX. 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 haemophilia B.

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

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

Haemophiliacs bleed for a prolonged period following injury. External injuries such as
cuts and grazes do not usually pose serious problems: it is often possible to stop
bleeding by applying a degree of pressure and covering the affected area (e.g with a
plaster).



Treatment for haenophilia is usually by replacement of the mssing clotting
factor. In mld or noderate haenophilia injections my be given at the tine

a bl eed ogouvs/Gegsdenand t herapy). However, in severe haerygyroio@mogoegul ar
prophylactic injections are given to help the blood to clot and m nim se
the |ikelihood of | ong term j oi nt damage. A potent lally serious
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- CD4+ T cells play a central role in the immune response to FVIIL. After being taken
up by antigen-presenting 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 fhe 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.



requi res ongoi ng exposure to factor replacenent therapy, so is a long-term
strategy. Al though ITI can be successful, a significant proportion (about
30% of pwbizenys3dsail to respond to I TI. Patients with IpcglcB20idobdoor
titres are much less likely to responsl to treatnent. Another significant
contributing factor is age at the start of commencing ITlI, with greatly
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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 million. In this condition, subjects who are not born with haemophilia



in the underlying i mmune nmechani sns | eading to their production, the
clinical manifestations of FVIII inhibitors produced in response to
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I mmunosuppr essi ve neasures, such as: (1) adm nistration of corticosteroids
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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 to provide adequate hemostasis.

Eradication of autoantibody inhibitors depends on immunosuppressive 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.
Ritu?(imabTM responders may require concurrent use of steroids and relapses may

respond to retreatment.

Thus, all currently available methods for reducing alloantibody production associated

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



wi th haenophilia A treatnent, and autoantibody production in acquired
haenophi | i a, have shortcom ngs. There is therefore a need for inproved
met hods twoaddyssssst he i ssue of anti-FVIII antibodi es i mchhamropiiobdsa A and
acqui red haenophilia. The present inventors have found that it is possible
to prevent FVIII inhibitor antibody formation by pre-tolerising the patient

with FV I I erived pepiides M\/ARY ASPECT ENTI,ON The first
aspect srg“értcpres 5 %"r‘ﬁésn{he STo e réereé]:f ol gnprov eth&go a[}%{ép Ithe at | east

part of 1s§d¢&)faﬂm4ﬁ&’mﬁanﬁﬁodvd§ |ucliaemphiiﬁa |Ava1ldlaeq1i1redma6ﬂd>pli1ha whi ch is capabl e of
I nducing or restoring tolerance to FVII1. In a first enbodi nent, the
present invention provides a peptide conprising one of the follow ng

FVITI - dmlly_' 1@§knb RNBRDEMave folhdMarohpaasitle td ?&Hﬁ@\nnﬁmmﬂnﬁb&}l | MYSLDG
PPI | ARY| RLHPTHY PPLLTRYLRI HPQSW NGYVNRSL PGL LGQ:LLFCHI SSHQH

DTLLI | FiReuaEreby prrtlaringdbepagent withF BREdFird@oidon M/ TFRNQASRPY
RYLRI HPQSW/HQ A with one or nore of the follow ng nodifications: (i)
renmoval of one or nore hydophobic am no acid(s); (ii) replacenent of one or

nmor e hySUWbBYcOﬁmSBECéfSlQF(H)IEWEI‘Hﬁ@Nged hydr ophi li c anmino acid(s); and
(tii) insertion of a charged amino acid at one or both term nus(i)

The first aspect of the pfesent invention, therefore, relates to a peptide, at least part of
the sequence of which is derivable from FVIII, which is capable of inducing or

restoring tolerance to FVIIL.

In a first embodiment, the present invention provides a peptide comprising one of the
following FVIII-derived sequences:

GTLMVFFGNVDSSGI
TQTLHKFILLFAVFD
SLYISQFIIMYSLDG
PPIIARYIRLHPTHY
PPLLTRYLRIHPQSW
MHTVNGYVNRSLPGL
LGQFLLFCHISSHQH
DTLLIIFKNQASRPY
PRCLTRYYSSFVNME
TENIQRFLPNPAGVQ
DNIMVTFRNQASRPY
RYLRIHPQSWVHQIA

with one or more of the following modifications:

(i) removal of one or more hydophobic amino acid(s);

(i) 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 én 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
DNIMVTFRNQASRPY



whi ch nodified peptide is capable of binding to an MHC class Il nol ecul e

w t hout further antigen processing and being recogni sed by a factor VIII
speci fi c woeeldn133sBhe "parent” (unnodified) peptide nmay lpeTRRZLIRGYBIFVNVE
or DNI WTFRNQASRPYI n a second enbodi nent the present invention provides a
pepti de conprising the sequence X(aa)n-core sequence -(aa)mwherein Xis a
charged hydrophilic residue; aa is an amno acid; n is an integer between 0O
and 5; mis an integer between 0 and 5; and the "core sequence" is selected
from t htn holetonti agbglimen be grdfehd irdetionepropips iadgeptide XbmphsihdMthd | MYSLDG

| ARYI RLHP LI | FKNQAS LTRYYSSFV MWTFRNQAS LRI HPQSW/ whi ch peptide is capable
of bi ndf#YeRE an MHC class Il nol ecul e without further antigen processing
and bei ng regpgpt&edqlicea@i)gctor VI specific T cell. For. exanple, the
pepti de may c ri e nce,.XDN M/TFRNQAS In a third enbodi ment, the
present inve?ﬁ"?‘F %I‘SCR/‘;]—B ﬁgy QRS i si ng the sequence: Y(aa)n-core
sequence- (aahﬂgaﬂ@ﬁmﬁ“ﬁuy and Z are charged am no acids haV|ng reverse
polarity; aa iis an am no 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
LIIFKNQAS
LTRYYSSFV
MVTFRNQAS
LRIHPQSWV

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.

For example, the peptide may comprise the sequence

XDNIMVTFRNQAS.

In a third embodiment, the present invention provides a peptide comprising the
sequence:

Y(aa),-core sequence-(aa)mZ.

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 integer between 0 and 5; and

the "core sequence" is selected from the following group of FVIII-derived peptides:
LYISQFIIM
FIIMYSLDG
IARYIRLHP
LIIFKNQAS
LTRYYSSFV
MVTFRNQAS



nis an integer between 0 and 5; mis an integer between 0 and 5; and the
"core sequence" is selected fromthe follow ng group of FVIII-derived

pepti des:wbh{dkdsW FI | MYSLDG | ARYI RLHP LI I FKNQAS LTRYYS88FN;B2010/000997
MVTFRNQASLRI HPQSW whi ch peptide is capable of binding to an MHC cl ass 11
nol ecul e wi thout further antigen processing and being recognised by a
factor VIl speebddwc T cell. For exanple, the peptide may conprise the
sequence: YDNI MVTFRNQASZ 1 n the third enbodi nent, for exanple, Y may be a
positively cWhichereptda iocapable of hindingndg ap MHChelgsst Ilvaplgce avidhedt ami no aci d.

Al t er nag|l . , ﬁ%g@gt ! L d Z may be a
positive }/ggﬂc%ggéle ger?‘lgﬁ%e%m : H/iygﬁﬂés?gggwﬁ%?\gg%‘?ﬁé gr‘ﬁ ?1'0 acid may, for
exanple be D, E, KL Hor R A positively charged ami no acid nay, for
exanple be K, Hor R A negatively charged am no acid may, for exanple be D
or E. The peptide of the first aspect of the invention may, for exanple,
conpr i sPorexamplesths peppide ifag comgristhe sdgubidV TFRNQASR. I n a second aspect, the

present inve i a conposition, such as a pharnaceuti cal
conposi tion %M%@gézor nore peptide(s) of the first aspect of the
i nvention. The conposition may conprise a plurality of peptides wholly or

partly derivable fromFVIIl which are capabl e of inducing or restoring
t ol er anBighe ghind\gmbodimenp, forgrpmple: Y apayrkea pasitivglyichergedamingfacid apdZ i n whi ch

the pl upg) bE ¥ ng aﬁpflgtch&géd Ahifio REQVAREHBRBANEEY Ye £ REaBPRPERIEed SUPSEqUeNt
sequential or sTnultaneous
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 FVIIIL.

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 suppress, reduce or prevent the development of factor

VIII inhibitor antibodies.



adm ni stration. The peptide or a conposition of the invention may be for
use in suppressing, reducing, or preventing the devel opnent of factor VIII

i nhi bi t orwenbionagsses. The present invention al so provi desTidBol@od such a
pepti de or conmposition in the manufacgure of a nedi canent to suppress,
reduce or prevent the devel opnent of factor VIII inhibitor antibodies. The
present invention also provides a nethod for suppressing, preventing or
reduci ng the devel opnent of Factor VIII inhibitor antibodies in a subject,
whi ch cOhgpiesens ivhstict :ﬂfb providelma ﬂieﬂioﬂéfbti Qipprksing) pheventieNéri rdéuciig conposi tion
to the ub

e The .subj e be deficient in FVI articular the
subj ectt ﬁ%RPé %Qgﬁﬁ {ﬁﬁ ﬂléﬁ}/b‘tﬁﬁﬂm iefy&n a Spbiggt, ‘é{h‘ﬁﬁt"o ise§ ffer go fact or
VI reﬁé@smlsﬁdiﬁh%pyuch@ﬁeﬁﬁ&a&lc@sﬁbasxﬁ&iﬂo&mus E;t may have or be at risk
fromcontracting, acquired haenophilia. Factor VI i nhibitors are found

nore frequently in individuals expressing FlLA- DR2 The subject treated by

the met fpda@fect fgy bOYSTHidPh ﬁ?}?ﬂ  ASaficalae esut_*e ha%%hérh i1iaDESCRI PTI ON
OF THE FIGURES Figure 1: Rec responses node ce s (LNC) from

FVTO+DRAsand rozy e, priechabaist th, ldeMblfadt@mHa')EpII@N@qnt tinlerabxar ation to FVI 1|
peptides 1-6 b) LNC proliferation to FVIII1 peptides 7-12 c) LNC
proliferation to FVII1 peptides 1, 3 and 11 Figure 2: Representative

exanpl ealtehatily |thdRAbjedt eedyl himehr ord bewatc kisk effors pewitfatting] cicqéivéd | - der i ved
peptide&v cﬁﬁre 3: Recall responses for LNC fromFVIII-DR2+ mce prined
with rh e Figure 4. Representative exanples of FVIII-DR2+ T cel

hydri doma cl ones specific for FVIII-derived peptides Figure 5: FVIII-/-
clones specific for a) DNl W and _b) PRCLTFi gure 6: Recall resESnses for LNC
to Fwi | Fades VIEinhibitpxyare fauad mr%&f%wnéx in m&m@ua{swxpresmg HLA-D

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 FVIH+DR2+ mice primed
with thFVIII/CFA
' a) 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 FVIII+DR2+ T cell hybridoma clones specific
for FVIII-derived peptides

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



peptide prior to primng with rhFVTII/CFA. Figure 7: Determ nation of the
range of peptide epitopes capable of functions as apitopes using FVIII-DR2+

T cell hywoi2dmmgsszhones specific for FVIII-derived over lpap@srgionepiordes.
The original peptide is termed 0. Onewamino acid shift towards the
Ntermnal is -1, two amno acid shits towards the N-termnal is -2 etc.

One shift to ds, the C-term | i Ei.qur e, 8: h ngde cell
e enmiputs e Siontes BLEN R PV i DR miised HER BES: 6 wi ¢
FVI | | - dpépitide grigprap prithixsy WIRGHHFVIINRA/ or a mi xture of both of these. Figure

9: Responses fromnaive or tolerised mce stinulated with either
EDNI WTFRNQASR (EDNI M) or a control peptide (DNIW). DETAI LED DESCRI PTI ON

PEPTI DEFiEhe Pr BeRfthinhtioteBE kRN ranBé HrGeplide Spikpld alible] BE filRfidAs Mept i de” is
used in the normal _sense to nean a series of residues, typically L-am no
aci ds, enitenes usiag oRCIEBRZHeT oedhle hydridameag clopesh ppesalin ifere FydHsrived ween t he a-
am no a : : ] 1 | ds: i udes

ol 1 o apTE LR T b ina? PHARER BRI, G Bine B o R  he

pr esent therN«amminah isrrdy tieeamimd ecidsshitg taoveeds thaN-tephinalis -2 RepUOndeshiBheni stry, A

practical Textbaok. .M ko odansky, Springer-Verlag, Berlin.). For exanple,
pepti deg)wc?é(%)%ﬁeeege"rﬂ“haéésl@ee c'by solid phase techni ques (Roberge JY et al
(1995) Science 269: 202-204), cleaved fromthe resin, and purified by

preparafj ve high performn | i qui d chr omat ogr aphy  ( , i ghton (1983)
B ot 6! nE1ekier ol s R o AR PRHET e et o SV BREVED,  New Yor k

NY) . . Auproatygde ﬁé’dﬂéd"@ﬁh FVMHQﬁveﬂ%bﬁ&’e@d’,Rdlm, DMMVOb?a nﬂﬁthfbgoftbbﬁl AB! 43 1 A
Pepti de Synthesizer (Perkin Elmer) in accordance with the instructions

provi dedf ¥t he manuf acturer. The peptide nmay alternatively be nade by
reconbi nant neans, or by cl eavage of ta peptide fromfactor VIII followed

by nodification of one or both ends. The
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 acids, connected one to the other typically by peptide bonds between the a-
amino and carboxyl 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 @eptide
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



conposition of a peptide nmay be confirnmed by am no acid anal ysis or
sequencing (e.g., the Edman degradati on procedure). For practical purposes,
t here ar ewoaniopsssat her characteristics which the pepti ¢erraseosinow7 For
exanple, it is inportant that the pepbide is sufficiently stable in vivo to
be therapeutically useful. The half-life of the peptide in vivo may be at

| east 10 m, Ay I Nut. 4 A 24 . . tide may al so
denonst g% cél leﬁ%%’ﬁb%%%én\%’ ﬁ%ﬁ?ﬁetﬁﬁ f/fkvlge.p t‘?f‘?%?“gfé‘%fﬁe H@éﬁn‘é‘gﬁﬁ%‘ffﬁ%“ ain a

conf or naicomianderwith the insfructione pabides by thetmmarnfaeciréro an MHC nol ecul e at t he
cell surface wi thout due hindrance. CORE RESIDUES In an adaptive immune
response, T |ynphocytes are capabl e of recognising internal epitopes of a
pr ot ei NTRObéRIe - maYNAlictRifively & ahidentsy RLbMBindMRRdant, adttbyufledagd 6f th anti gens
and degrade theminto short peptide fraﬁgrrents. A peptide may bind to a

maj or hPeptide ofiprat Eastor i VIIL delipved by Mmeylifieptians of o o1 beiy eedi- eThensi de the
cel I ang,hsshidhiof & e%tgieNH Ye Rbh i A Ghind Y&D iR sEflieling 5. C€! | surface

in conjunction wt IC nol ecul e, "the peptide nay be recognised by a T
cel | (vihg Bdmanfegraddtionpoaspduse). (TCR)), in which case the peptide is a T cell
epitope. An epitope is thus a peptide derivable froman antigen which is
capabl e of binding to the peptide-binding groove of a MHC class | or 11

nol ecul Boraprdctival papogki therd aby variolis oter charhaenistios whichethe pepileimayt he short est

f t derjvabl it whi ch .i I f . bi.ndj toth
et Gk R By S pherRicnn e Bt RyEBRBCTE arhPeley 1 ecogni sed

by a T @hetapeutically @se@ilVeThé RTERRAE MeCpepli@d fivivd thay Be dt)HsCE) injhupessi bl et o
generate a_"nested set” of overlapping peptides which act as epitopes, all
of whi cBO Bétes hhewe A2AhAvE- epitope but differ in their flanking regions.
By the sane token, it is possible to identify the mninmal epitope for a
particul ar MHC nol ecul e: T cell conbination by neasuring the response to -
t r uncat &be pepidedmay alserdemenstpate gpgd hiopwajlabihibe in ¥vept Bienpeptide maye pepti de

conpri spghdif S AHBEmdtioh%in! ol Wiich enables it to bind to an MHC molecule at the

~ cell surface without due hindrance.

CORE RESIDUES

In an adaptive immune response, T lymphocytes are capable of recognising internal
epitopes of a protein antigen. Antigen presenting cells (APC) take up protein antigens
and degrade them into short peptide fragments. A peptide may bind to a major
histocompatability complex (MHC) class I or II 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 II molecule and be recognised by a T |

cell.

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

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



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

m ni mal ewodt20peL33sBe present invention provides pepti depct@mmoiczion®ra "core
resi due" sequence of FVIII which selaeted fromthe following list:

LYI SQFI I M FI | MYSLDG | ARYl RLHP LI | FKNQAS LTRYYSSFV MVTFRNQAS LRI HPQSW These

core resi due _segu we edlcte bi ndj Lgorithnms to
represe tgene:ra&: a n%gk&?%?t f eDfa 1ngp[H e ?:hl_ilcfa‘a togesI 81r1] Ogagl dhown in the

Exanpl eSOnta%IPthEmmlapratqpeeaﬁﬁffen mvleﬁﬁﬂnnkmga@orpr evi ousl y determ ned that
there is alink between the capacity of a peptide to bind to an MHC cl ass |
or nol ecul e and be presented to a T cell without further antigen

pr oces SB?@IG e toieR, RePHdseibleSto GddRES/ th nlifimal epice tf6r £patiéi@ariMHECI VO (WO
02/ 16410 If a eptlde is too long to bind the peptide blndlng groove of

an MHC meleeeles ITeceNi eqrBRipation: by Breapiring e rergonse. 1g. runcatedingpfdesofobi nds in an
| nappr opg, hﬁ;ﬁ f&@%@&ﬁ@t s tatd%%ﬁtd Ehe% hdé‘QBmPHs1ﬁé)|r@§id?ﬂ§rl' B el vo. If, on

t he ot her pept i e I s of ppro riate size and conformation to
bi nd di omltapmng bbmtyesqmpbptqtdmcmmhbo@lgﬂ@m1a1r4d1+:1é pl2semandd to a T

cell, t??@ %? 5gﬁ*%qb?Pﬁf&%?ﬁbéé?ﬁg%@gaﬁﬁ geful for tol erance

|nduct|on 1 0SSi ‘tol erogenic capacity of a
pepti de by |nvest|gat|ng whether it can bind to an VHC class | or ||

nol ecul g, and be. sented,to a. T cell .wthput further anti rocessing in
Vitro. TPt HEUoOnPrOes FPOLERFOTIIAT GHrAPEOD PRRBE SN Toen

Pr ocessihgh kéle@aemém & (IR listh that they are capable of binding to an MHC

class Il nol ecul e and
LYTSQFIIM

FIIMYSLDG
IARYIRLHP
LIIFKNQAS
- LTRYYSSFV
MVTERNQAS
LRIHPQSWV

These core residue sequences were predicted using HLLA-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 aﬁd be presented to a 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
of 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.



stinmulating a response fromfactor VIII specific T cells w thout further
antigen processing. Such apitopes can be predicted to cause tolerance to
FVI11, fowbamongsgshe rul e-based nmet hod described in WO @efridBralhoodyopepti de
of the present invention nay be any hength that is capable of binding to an
MHC class | or Il nolecule without further processing. Typically, the
pepti de.of .t he pr.es I nventi on,i s capabl e of. binding MAC class I1.

Pept i delt 't HYP pBFSrlltg %gﬁtféfé E’Iler%elngc‘m’%céty O R"?ﬁ?‘%@( [yesHepP8 3 nore
usual | ywaether it @am indotoadhi MIFIG blabsengt I1. mdleeulbiandlibe pr&stnttdio peptdltle is
stablllseg Its two ends by contacts between atons in the main chain of
t he pepPtt %Utmqrﬁwpgfﬂce%s}“ﬁé’évﬁ”ﬁ t he peptide-binding groove of all MC .
class | nolecules. There are invariant sites at both ends of the groove
whi ch bind the am no and carboxy term ni of the peptide., Variations is
pept i deThemgptidesrof thecpivesahtieveniign £réapioney (Antigere Prrogesingelndenekrbone, of ten
at prolj I ty

Pept i desIgl \m?g tl)llyn(fg%gyel\ﬁ%%? aslilaiitbnﬁllll+ ecu%ﬁgg\ﬂggg&%s%/g?(%}l%@gé%\een 8 and
20 ani nstiraglptig |anreb1mmg¢ fﬁonrrcfaceomyﬂlﬁl $p5zc1ﬁet1i\seﬂs Mitheut! fmﬁleamnngeram ds in

l'ength, and can or_e These '
pepti degrolcfsémfgh Sgﬁ %&lpog o1 becD Y &é‘?tgk fo‘i)er%ncf ﬁ“@&a‘ﬂ‘ tﬂllede bi ndi ng
groove mm-biise(lufekholdeleﬁdmeed\ddwol(H$1354I10.pept i de- bi ndi ng groove) is open at
both ends. The peptide is held in place nainly by main-chain atomcontacts
wi th conserved residues that |ine the peptide-binding groove. PEPTIDE

SEQJENCE%,C]SB&: bf he tre3Blr RV BT nﬁg be Rty iI¢hgRNMhLOR chiibR SShihd@n@tddaPt i de
conprising one of the follown VI'l | -derived sequences:

GTLMVFF skes oyl padequlerwighopy émhesemcr:m DEypelly.aths prptidetivhe
PPLLTRYLRL PRV Y DML TREHng MHC class I1.

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 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 glycine residues that allow the required flexibility.

Peptides which bind to MHC class IT molecules are typically between 8 and 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 MHC II peptide-binding groove which (unlike the MHC class I
peptide-binding groove) is open at both ends. The peptide is held in placeé 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 |




LGQFLLFCHI SSHOQH DTLLI I FKNQASRPY PRCLTRYYSSFVNVE TEN QRFLPNPAGVQ

DNI WTFRNQASRPY RYLRI HPQSWHQ A with one or nore of the follow ng

nmodi f i catwonsio1Gsg34r enoval of one or nore hydophobi ¢ anmpow/aotimdge7(ii)
repl acenent of one or nore hydrophobiie am no acid(s) with charged
hydrophilic amno acid(s); and (iii) insertion of a charged am no acid at
one or both term nus(i) £h di-ted—pepti+de i s capable of binding to an
MHC class Il nol ecul e Wl)'fw&jt\s;IIL ::ﬁlI‘:Eé'wLﬁt Hgen—pr ocessi ng and bei ng

recogni sed by a factor \!S.]i S 5 WYS"L]A_(’}‘C%! | —Allist of standard am no

aci ds, together with thdiEPIARMRIUERTHY o) arity| charge and hydropat hy index
is given in Table 1. TafIRPLLTRYLRIHBOSW chain §i de chain Hydropathy Letter
Letter polarity charge ((QMHTVNGYENRBLBGLne Al & A nonpol ar neutral 1.8
Arginine Arg R pol ar podiiGQELELECHISSHA agi ne Asn N pol ar neutral -3.5
Aspartic acid Asp D pol grDNEJg@#KNOASRPY Cystei pe Cys C nonpol ar neutral 2.5
Autamc acid Gu E pol JrpREJHATYYSSFBNMEG ut amjne G n Q polar neutral -3.5
A ycine Gy G nonpol ar rerENT@RFLPNPAIVG ! dine Hi s H polar positive -3.2
DNIMVTFRNQASRPY
RYLRIHPQSWVHQIA

~
g
~
(e,

with one or more of the following modifications:
1) 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.

A list of standard amino acids, together with their side chain polarity, charge and

hydropathy index is given in Table 1.

Table1
Amino Acid Lefter Le:ter S[l)((l)‘laacrlil:;l i chgz‘; t:::lu;) Hyi(:ll:t;athy
Alanine Ala A nonpolar neutral 1.8
Arginine Arg R polar positive -4.5
Asparagine  Asn N polar neutral -3.5
" Asparticacid  Asp D polar negative -3.5
Cysteine Cys C nonpolar neutral : 2.5
Glutamic acid Glu E polar negative -3.5
~ Glutamine Gln Q polar neutral -3.5
Glycine Gly G nonpolar neutral -0.4
Histidine His H polar positive -3.2
Isoleucine Ile I nonpolar neutral | 4.5
Leucine Leu L nonpolar neutral 3.8
Lysine Lys K polar positive . -3.9



| sol eucine He | nonpol ar neutral 4.5 Leucine Leu L nonpol ar neutral 3.8
Lysi ne Lys K pol ar positive -3.9Methi oni ne Met M nonpol ar neutral 1.9
Phenyl al awbneioAssssk nonpol ar neutral 2.8 Proline Pro P pommB2810/00699br al
-1.6 Serine Ser S polar neutral -0.81¥hreonine Thr T polar neutral -0.7
Trypt ophan Trp Wnonpol ar neutral -0.9 Tyrosine Tyr Y polar neutral -1.3
Val i ne Val NV nonpol neu r drophobic amino acids, include: G C M
A P, |, Methigningy (Mt 5 OM'[I c é‘ﬁf‘ll;l%araci ds Iﬂe%ﬁ‘g]W Hydrolphobi c amino acids
may be Phegldanihe onfliche enlds of mbhpolsequenceaeutralwi t hin t k8sequence.

Char ged hydppphi || cpgm no mci ds jopghimde: K, fByydd H and Eq gHydrophobi c

am no aci dg may be gxchanged with harged hydr hilic amg aci ds the ends

of the seq e or WthinThe sedifefice. One 5 Hpre char ged am no aci d(s)
may be irldeedndat at Thre N-tBrm nuspoddr t he segeetde. Advant-8geously, a

posi tivetp hged i no agid | %ohﬁgg[rted Olhegiflsti tuted _glg one term nus
and a neg tively c ged no acid Is inserted/ substitut ?g at the other
t er m nus W S8er tcreat® a ch di pol e "W fi cati onldf the parent

sequence sWaided not Vsl gni fVcant Inpnpotpai r bi méitng] of the pkPtide to the
pepti de binding groove of an MHC nol ecule, its capacity to be recogni sed by
a Tcell, or its capacity to act as an apitope (bind to an IHC nol cul e and
be presented to a T cell without further antigen processing). Thi s may be

readi | yﬁgﬁﬁﬁpﬁ&&é’ 2hi0 K0 WMIRBL GI€ “MPJ&QP NEaYin8 ﬂﬁ:sa'ié’ﬁ{&lcazﬂﬁna_ a8l

hybri do The second enbodi nent fhe’invention relates to a pept| de
conpr i sFragd tVﬁeHsdnqglecrb@(eamaaylds owy be seropysd dom the sds of the sequence or

within the sequence.

Charged hydrophilic amino acids include: K, R, D, H and E. Hydrophobic amino acids
may be exchanged with charged hydrophilic amino acids the ends of the sequence or

within the sequence.

One or more charged amino acid(s) may be inserted at the N-terminus of the sequence.
Advantageously, a posifively charged amino acid is inserted or substituted at one
terminus and a negatively charged amino acid is inserted/substituted at the other

terminus in order to create a charge dipole.

Modification of the parent sequence should not significantly impair binding of the
peptide to the peptide binding groove of an MHC molecule, its capacity to be
recognised by a T cell, or its capacity to act as an apitope (bind to an MHC molcule
and be presented to a T cell without further antigen processing). This may be readily

tested using known antigen presentation assays and T-cell hybridomas.

The second embodiment of the invention relates to a peptide comprising the sequence -
X(aa),-core sequence -(aa)y, |
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



wherein X is a charged hydrophilic residue; aa is an amno acid; n is an

i nteger between 0 and 5; mis an integer between 0 and 5; andthe "core
sequence"wD=0ski3sssted fromthe foll owi ng group of FVII I PderdBeeth/qoeri des:
LYI SQFI I M FI I MYSLDG | ARYlI RLHP LI | FKN@AS LTRYYSSFV MVTFRNQAS LRI HPQSW/ whi ch
peptide is capable of binding to an MHC class Il nolecule w thout further

antigen procgssing and bhei ng re I a.fac Vi ecific T cell.
The sequencet%f ags’% Sgﬂue(ng%)%%&ﬁ%ggﬁgrﬁf}g%te}él&%wﬁgg g(%&pb%tt \i/:\gleli'%ﬁmgr(%d 5 am no
aci ds. peptidexaspiggrnt he peptide nmay have the sequence: XDNI MWTFRNQAS in
whi ch case, ﬁzxﬁyf’ﬂ% m=0. The third enbodi ment of the present invention
relates to a peptide conprising the sequence: Y(aa)n-core sequence-(aa)nZ
wherein Y antPRZIBHE charged amino acids having reverse polarity; aa is an
am no aci d; mrIFsNan i nteger between 0 and 5; mis an integer between 0 and
5, and the "gkessequence” is selected fromthe foll ow ng group of
FVI11-deri Ve»?w%%%z\isde& LYl SQFI I M FI | MYSLDG

- LRIHPQSWV
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.

The sequence (aa), or (aa), 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 m=0.

The third embodiment of the presént invention relates to a peptide comprising the
sequence:

Y(aa),-core sequence-(aa);,Z

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 infeger between 0 and 5; and

the "core sequence” is selected from the following group of FVIII-derived peptides:
LYISQFIIM
FIIMYSLDG
IARYIRLHP
LIIFKNQAS
LTRYYSSEV
MVTFRNQAS
LRIHPQSWV

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.

For example, for the peptide EDNIMVTFRNQASR,



| ARYlI RLHP LI | FKNQAS LTRYYSSFV MWWTFRNQAS LRI HPQSW whi ch peptide is capable
of binding to an WVHC class Il nolecule without further antigen processing
and bei ngwoeongnsssed by a factor VIII specific T cell. Ppor/asearmoeyy7for the
pepti de EDNI WTFRNQASR, Y=E; (aa)n = Dbl nm=0; and Z=R The pepti de may
conprise the core residue sequence, together with additional flanking
sequencgs at the N and/or Ctermnal end ((aa)n and (aa)mrespectively),
provi de Fhat the resulting peptide is capable of binding to an MHC cl ass
'l nol eqabe= NI hout further antigen processing. The flanking N and/or C
term nal ze%gﬁnces may be derivable fromthe sequences flanking the core
resi due™s ces in human FVI1I1. APIPS Various antigen processing
mdepenQeRt presentation systens (APEPS) are known, including: a) fixed APC
(with or -without antibodies to CD28); b) Lipid nenbranes containing C ass |
or Il MHC nolecules (with or without antibodies to CD28); and c) purified

nat Ur a1 TRE R0 Rl READrl e LiteRba e DAUAL, LB Wih R hRtg ant i odi es

to CD28) systens are ca of presenting anti en in
conj uncséquencgs atthaN atd®rd teeminabendy(faa)aans (ameappottivebd, providedsthiahg ant i gen.

In all Tthrc]aergs%lt? SpteStri"aSG il Qgpagfe%?%%%&n%qo an MHC class II molecule without further

antigen processing.

The flanking N and/or C terminal sequences may be derivable from the sequences

flanking the core residue sequences in human FVIIL
APIPS

Various antigen processing independent presentation systems (APIPS) are known,

including:

a) fixed APC (with or without antibodies to CD28); ,

b) Lipid membranes containing Class I or I MHC molecules (with or without
antibodies to CD28); and

¢) purified natural or recombinant MHC in plate-bound form (with or without

antibodies to CD28).

All of these systems are capable' of presenting antigen in conjunction with an MHC
molecule, but are incapable of processing antigen. In all these systems the processing
function is either absent or disabled. This makes it possible to investigate whether a
peptide can bind to an MHC class I or I molecule and be presented to a T cell without

further antigen processing.

The use of fixed APC to investigate T cell responses is well known in the art, for
example in studies to investigate the minimal epitope within a polypeptide, by

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



function is either absent or disabled. This makes it possible to
i nvestigate whether a peptide can bind to an MHC class | or Il nolecule and

be presemnwedotomsass¥ cell without further antigen processcngBitvaouse of
fixed APC to investigate T cell respamses is well known in the art, for
exanple in studies to investigate the mninmal epitope within a pol ypepti de,

by nmeasyn} r e tq truncated peptid i ild et al (1996)
Int. | n?’r&%?lgﬁiwgﬁ;l%g%y bﬂPEx?rd;yusﬁlg’ ftlgrxee arﬁggng{r&?%g}é&fa D aelgﬁ‘ or mal dehyde
(usual | yarpfarmildehydé)te lpjudealdettydgl ut ar al dehyde. Li pi d nmenbranes (which may be

pl anar nmenbranes or |iposonmes) may be prepared using artificial |ipids or
may be plasma nenbrane/ m crosonal fractions fromAPC. In use, the APIPS nmay

be appl L. hRmibRmeyvekhich ﬂfayaoetﬂlm%&ﬁﬂrﬁdﬂ’s%rRm§&aesfﬁﬁ§itfé%réﬁhfrécgens are
t hen added and bi nding of the peptide to the C portion of the APIPS is
det ect etsingartifieipt lirids Gsmaydiebasmg menebspne/micrpsemal fractiepidiom ARG vat i on of the
T cell line or clone may be nmeasured by any of the nethods known in the

art, for exanple via 3H hym dine incorporation or cytokine secretion.
FACTORVIN hseTlthe ABIRS sapuenanpliod tpdhr wels of at tissué wylture ipdate.i Pedidd vabl e from

factor V]I r th.fl i ) e may al so be
deri vabi"%adgf3 ?So%ﬁ‘ zfgtag(?e%\ﬂgfi Ib.madlggc(?glrw Sﬁ%ﬁﬁgf%?l? %?%?P%@H%ﬁ}%ﬂ%@%ﬁ i nsic

pat hwaydeéctdd ioatdittmmgafisaliected T deHdines onlbesi Actvatvhaditlor T telt lifi@ot or | Xa

whi ch, in the presence, pof Ca+2.and ph hol i.pi.ds, converts fagtor X to the
act i vat 8609 BRxPSCaned Py, aiiop! OF metpliR ARG dh e, i SAPRENE Nel y spl i ced
transcr{mﬁﬁdina'rnmsfaﬁm ovatdkaidtsedregsicodes a | arge gl ycoprotein, isoform a,
which circulates in plasnma and associates with von Wllebrand factor in a

noncoval ent conplex. This protein undergoes nultiple cleavage events.
Transcr fFRETHR VANt 2 encodes a putative snmall protein, isoformb, which
consists primarily of the phospholipid binding domain of factor VIlIc. This
bi nding domain is essential for coagulant activity. The conpl ete 186, 000

base- pail'fxe o6t Lé@(ﬂﬁ:ﬁceogf ]Séﬂﬁdp Y e 111@(3?1{18}1 isddrlvaBE HomBitor VIIL One or

both flanking sequences ((aa), and (aa),,) may also be derivable from 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.

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

binding domain is essential for coagulant activity.

The c;omplete 186,000 base-pair sequence of the human factor VIII gene was
elucidated in the mid 1980s (Gitschier et al (1984) Nature 312 326-330). At the same
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 (1984)
Nature 312:330-337). The complete 2,351 amino acid sequence for human factor VIII
is given in SEQ ID No. 1.



elucidated in the md 1980s (Gtschier et al (1984) Nature 312 326-330). At
the sanme tine, DNA cl ones encoding the conplete 2351 am no acid sequence

wer e usedwbeopwsksee bi ol ogically active factor VIII i npcwldB2osehosmnmal i an
cells (Wod et al (1984) Nature 312: 380-337). The conplete 2,351 am no acid
sequence for human factor VIII is given in SEQID No. 1. The core residues

of peptide of the present invention are derivable fromfactor VIII.
Optionally the flanking sequence(s) nay al so be derivable fromfactor V11
if they are the sane as the sequences flanking the core sequence in the
native EVIII polypeptide, This sequence nmay be, obt ab or ohtained from
cl eavagdh Br«orterrsﬂa Oérpemqew Eﬁlﬁéeﬁ% 1“@3.@%? e dpyv %% Faf’@é VBH- the first

enmbodi ho&Jn ttﬁheﬂb:ﬂc‘ﬁg‘kh% )ﬁa bt aehivaBlcMidth rRAG \qh 1Tf|fH°e?'faPeJ | owi ng

pept i des FFGNVDSSG™ T LLFAVFD SLYI SQFI I MYSLDG PPI | ARYl RLHPTHY
PPLLTRYQRISP-PQB wq@wn\mm @.WEQ@@QCSSI‘E-F@YEIEIVII&IRNQRW

PRCL TRYX§ E&%‘B’é QNMMSBFXVJ;XL@ tﬁPC@ These
peptl des al rea been own to act as apl t opes an tol er ogenl cin

Vi vo (S&ﬂw@manples and Intenatlonal pat ent application No
PCT/ GB2008/ 003996) . It has since cone to light that solubility is an
i nportant consideration in peptidenedi at ed

SOLUBILITY

The peptide of the first embodiment of the invention is a modified form of one of the

following peptides:

GTLMVFFGNVDSSGI
TQTLHKFILLFAVFD
SLYISQFIIMYSLDG
PPIIARYIRLHPTHY
PPLLTRYLRIHPQSW
MHTVNGYVNRSLPGL
LGQFLLFCHISSHQH
DTLLIIFKNQASRPY
PRCLTRYYSSFVNME
TENIQRFLPNPAGVQ_
DNIMVTFRNQASRPY
RYLRIHPQSWVHQIA

These peptides have already been shown to act as apitopes and be tolerogenic in vivo

(See examples and Intenational patent application No PCT/GB2008/003996).

It has since come to light that solubility is an important consideration in peptide-
mediated tolerance induction. Solubility‘may be improved by one or more of the
following:

(i) removal of one or more hyﬂrophobic residues; _

(ii) addition/substitution to add one or more charged hydrophilic residues

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

charge dipole.



tol erance induction. Solubility may be inproved by one or nore of the
followng: (i) renoval of one or nore hydrophobic residues; (ii)

addi t i on/wohsio/tssgsuon to add one or nore charged hydr oplecirigB208giotkses (iii)
pl aci ng positively and negatively chasged am no acids at either end to
create a charge dipole. The nodified peptide may be nore soluble that the
par ent n ep, tide. The J e hav 3, 4, or
5-fold é;ﬂirileelrlqt%grf]c ehg)?%tbd% %ybetrﬁgrr? e epar etﬁ? P %‘8@ ug& @%@ B 68 e?dﬁléhdmay be

sol ubl ematified pegtide rmadyi hms 203, 4jjor 5dold. goeandy/solubility thgh die, papent peptiglent .

! s pons 5% BEPARy Ak bF OIS afRspiarGarrr gp 4 G SRl LRALERD Mol o pl ayed

by T cell epitopes in hypersensitivity dlseases (mhlch i nclude all ergy,
aut oi nmune_di seases and transplant rejection) has been denonstrated through
the useTOLERRANGE mental nodels. It is possible to induce inflanmatory or
allergic diseases by injection of synthetic peptides (based on the
structure of T cell epitopes) in conbination with adjuvant. By contrast, it
has beeh esHowitopes My pesuiabireletin thmadaptivé immied wgpaaé ta emeraetigge, t owar ds

particu e Lt ope ubl e form
i i PR rsibt, 38 cBh L pRPe by 2Rk Bl BN i 2
ef fecti dieeawsa(»ﬂndf mclhhllemlkrgyg adiobease: dmeampemd premspéaint a¢jéadion)rhase

encephal onyel i tis E - nodel . for .nmul ti er osi NB Met zl er and
o Th b mopiadd e tnd B ot Pl RIS o liSGpRihe 1T

| munol infléinindedzy Joz Gallergt dREdsed baridjeW¥a bh s{rki3) pdptites @)asddnﬁﬂlmlibl
28:1251-1261); and experinental npdels of arthritis, diabetes, and

uveor et thcmrgoff?ée)lmaesbwmaﬁ@ﬂwaﬁh&dwwtth (1998) as above). This has
al so been denpbnstrated as a means of treating an ongoing disease in EAE
(Anderton and Waith (1998) as above). Tolerance is the failure to respond
to an aByienastTH| hes dieee shown &0 fbeappssiblents induceninumenslegicsl tolemnesr e of t he

| mune m}(ﬁnbamﬂ Jirﬁ'l'g nsI §y a%ﬁnxstﬁﬂgglomgﬁded 5}? ﬁ)?)%? i Bluble form.

Administration of soluble peptide antigens has been demonstrated as an effective

means of inhibiting disease in experimental autoimmune encephalomyelitis (EAE — a
model for multiple sclerosis (MS)) (Metzler and Wraith (1993) Int. Immunol. 5:1159-
1165; Liu 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
eséential feature of the immune system, when this is lost, 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 apoptotic cell death in the thymus (central
tolerance). However, not all self antigens are detected in the thymus, so death of self-
reactive thymocytes remains incomplete. There are thus also mechanisms by which

tolerance may be acquired by mature self-reactive T lymphocytes in the peripheral



result. The adaptive i mune system nust maintain the capacity to respond to
an enornous variety of infectious agents while avoi di ng aut oi mune attack
of the sekbantizgsas contained within its own tissues. PahirsB2810000d9r70! | ed
to a large extent by the sensitivity2of inmmture T |ynphocytes to apoptotic
cell death in the thynus (central tolerance). However, not all self

antigen he hynocyt es
"0t 9 URB b5 WYY 3SR e BB SRR oY £
be acqutdlaahcbys gredninArslettdn ¢red COPNA Imunatpdiod \Reeisws 116<,{ H8-189).i pheral ti ssues
(peri pheral tolerance). A review of the nechanisns of central and

peri pheral tolerance is given in Anderton et al (1999) {Imunol ogi cal

Revi ews Inlié@imbgfatid A/ patichts HAdCaBETBAtlih the Aact@NTMBEEhS. TR theandiBhtefBdtod N t he
factor VIII gene. This means that factor VIIl is nQt recognised as a "self

ant i gen VB is Bt recogpised asatsely anhigem by She igimupe;syste. WhanrfeetPe VBl ur i ng
coagul ahddisfersd a{rmrgeo@!a@ﬁﬁ{m%ct&mf)ﬁ@eﬁaent BRES %@pefcﬂ'@ Al JIBiHRe response

is generated to the forei %n protein, |eading t he productlon of FVIII

i nhi bi tmsmm istggngrated torthe fqseign pragein,deadirigeto pheemetmctlpmvfelﬁ‘t’ilbmh@rt@r capabl e of

i nduci ”91% fance to factor VIIl such that when FVIII is adm nistered

t her apeu i cal y, It does not induce an i nmune response and FVIII inhibitors

do not devel op. Acquired haenophilia is an autoi mune di sease in which

tol eran to fact VII1 breaks down. .In this.c ti.d t he present
vent 1 o ReRyeBEtn e b ton SPePh ot Mpfies BieaRElb s O ¢ o b er
and cur fwthl thithehdpaf VDD Bnddénihisieted ahérepeitdl, it Tddee hanihdud®yn mdduhd from or be
characteri sed b the induction of anergy in at |least a portion of CD4+ T
celI's. TgsPdiseiand § %Illal‘ék‘ib%}%‘tsé'oé‘o °P. a peptide nust associate with a

" prof essi onal " - APC capabl e of delivering two signals to T cells. The first
signal (signal 1) is delivered by the MHC peptide conplex on the cell

sur f aceAGﬂUIteﬁehaAPeP@h@I i$ gn rautoanIpape (giseasgain TWhigh [tolgsagee F%faP@R VHhe second

si gnal Sr%hlgsn %\/F%Eg% gegygrg,g&?ﬁ @égg s‘?é?e& he surface of

the APC, suc ecel e surface of the

T cel . rdlmstate;toidmugmthtsrsatpren alad duradlithe pa&ugamegnmumbpollsa n the absence
of signal 2, it is not activated and, in fact, beconmes anergic.

Tolerance may result from or be characterised by the induction of anergy in at least a

portion of CD4+ T cells. In order to activate a T cell, a peptide must associate with a

“professional” APC capable of delivering two signals to T cells. The first signal -

(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. The 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
presenting 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



Anergic T cells are refractory to subsequent antigenic chall enge, and may
be capabl e of suppressing other imune responses. Anergic T cells are

t hought twoheilomnssgshved in nmediating T cell tol erance. Weth@msow/mhong to be
bound by theory, the present inventors predict that peptides which require
processi ng before they can be presented in conjunction with MHC nol ecul es

or eoont PE 0 84 AARER S TP aSalaliu AR e ndfs SEPEHAER R0 R prges B

cells at’tbeiﬁthflﬁksIII MEIC &l inﬁ'hatﬁﬂempﬂhiseh@fwﬂﬂj‘elpmantﬁd Ceedismdtholmut al so of

del i veri ng sla%nals lapd 2 tocf)l T cell, leading to T cell activation.
Api t ope$os ‘B’Haf‘ﬂ’é’ Mgrto H6qH ancrey pngy@lesance ¢ o bind class || MHC on i nmat ur e
APC. Thus they will be presented to T cells without costinulation, |eading

to T cell anergy and tol erance. Of course, api to%gs are al so cggabl e of
bi ndi ngOf ecunscapitopecaie akso gapablgeof émdmg%hﬂé‘é@l%?cu aithe colbsurfagplever , t he

APC
| mune Y&t ERPEO Weﬂe;rfﬁal oz tﬁ@ ysEmI g gxfgate% ¢ o AfimARUr € (it

has been suggested t an 10% o ritic I S are activated,
Sunmer sthet mature(mj()t hambedn sizgebtod .that5ess m&S-IQ%))f dél'rtdeltldsa‘eau late position to

o o0 RS DS B! ol A0 BYALLSE 2R S0 SRR NS L=t Lon, The

i nducti on rance t can e-m)nl i Vivo D OOXi ng for a
reduct i amapitopé WHI thedefdre bé anetgy)tofevdnke, rathlsnthaxtmlyatmntl bodies: (ii) CD4+ T
cells specific for FVI1I (iii) B cells capable of secreting FVIII

i nhi bitory antibodi es by techniques known in the art. It has been shown

that, WIRNindGdtRH N Eerhrice it BVHE Barbbe MBRtdréiEin3EFI by 16dKiRY foP R reduborcapaci ty of
antlgen specific CD4+ T cells to prollferate is reduced. Al so, the

product indhe veliaf- 2. | FN-g and 1L-4 production by these cells is

down-r egul at GﬂFVﬁP&hMt@@l’ﬁ tibellef IL-101is increased. Neutralisation of
IL-10 in mce In a stat t peptidei nduced tol erance has been shown to

restore conpligt@4; Eendlsepecifin for Fyllio di sease. It has been proposed that a
popul ation oy §IMALSINe Sl tRSFVIIPhnlbioly WbOdi&r ant state which

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 shbwn to restore completely susceptibility to disease. It has
been proposed that a population of regulatory cells persist in the tolerant state which
produce IL-10 and mediate immune regulation (Burkhart et a/ (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 FVIII in vitro);
(b) changes in the CD4+ T cell population, including
@) reduction in proliferation; ‘
(ii) down-regulation in the production of IL-2, IFN-y and IL.-4; and

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



produce |IL-10 and nedi ate i nmune regul ation (Burkhart et al (1999) Int.
| mmunol . 11:1625-1634). The induction of tolerance can therefore also be
noni t or edwbyowasssays t echni ques including: (a) the i nduetr@B20fo/@e®rgy in
CD4+ T cells (which can be detected kg subsequent challenge with FVIII1 in
vitro); (b) changes in the CD4+ T cell population, including (i) reduction
in proliferation; (ii) down-regulation in the production of IL-2, IFN-g and
|L-4; and (iii) increase in the production of IL- 10.As used herein, the
t erm "t akasciderdin, thewean Stotsaghic mehns dagable ofinthwligy dlzesce. COVPOSI TI ON The
present invention also relates to a conposition, such as a pharnaceuti cal
conposition conprising one or nore peptide(s) according to the invention.
The peptodgeosrionnprise a plurality of peptides, for exanple, two, three,
four, five or six peptides. The conposition of the present invention may be
for prophylactic or therapeutic use. Wen adm nistered for prophylactic
use, tNehe GRS ihRRHSP NI RIS B aPbsnfslidnl SubP ! &l drafndbudtly | MTUNE
response to FVIII. l'eve I mrune tresponse 1S an woul d have
been obctanmdlanwommsmmneemmmgdepttdb(Sbwnrdmgatatﬂ&jmwmlhnt he conposi tion. The
term"reduce" indicates that a partial reduction in inmune response is
observed, such as a 50% 70% 80% or 90% reduction in the response that
woul d hihepémﬂn napemyeist 4 plutatiey (faieprids, foaexangtle, beethice fatug fivevot h t he -
COHpOSItI?Qp&%@ in the response observed in an untreated patient over the

) -

sane ti g The term "prevent” indicates that no appreciabl e i nmune
response to FVIII is observed. Wien adm ni stered for therapeutic use, the
conposition nmay suppress an already ongoi ng i nmune response to FVIII. -The

term "suppress” indicates a reduction in the |evel of an on-going i Mmune

I eSponsgpe ERARALRE of thelpi&ehtGYRhtiEMEY Be REBEIpHSIat EEH B eutic use.

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

indicates that no appreciable immune response to FVIII is observed.

When administered for therapeutic use, the composition rhay suppress an already
ongoing immune response to FVIIL. The term "suppress” indicates a reduction 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

not been 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:

(i) CD4+ T cells specific for FVIII

(iii) B cells secreting FVIII inhibitory antibodies.



or the | evel which woul d have been observed at the sane tine point had the
treatnent not been given. Treatnent with the conposition of the present

i nventi onwoRy1eB8s38 a reduction in levels of any or all pofiydererdimbdoowi ng:
(i) FVI11l inhibitory antibodies: (ii)3CD4+ T cells specific for FVIII (iii)
B cells secreting FVIII inhibitory antibodies. Detection of all these
factors can be carried out by techniques known in the art, such as ELI SA,
FACS etc. Treatnent with the conposition of the present invention nmay al so
or al t eDemtticnadf\allakess Eacanecgybel carrfebut By rehrdiques Reewi inthé arft, sudd 4d .  Aner gy

can be gﬁ%%ﬁgﬂ% for exanpl e subsequent challenge with FVIIl in vitro. It
i's iInpo ’ Gr in nind that not all immune responses to FVI11 are

pat hogenic. Non-inhibitory anti-FVIII antibodies nay be found in
haenophilia patients w thout inhibitors (Mreau et al (2000) _ Bl ood

95: 3435 Tratmegh Withpthe sompasitipy of dhe presens dnveniion mayaley Abakerpalvglyman et al
(1992) . = LI 4 dnkiplE e C |, jregen

nodi fi cg%s%%géo?? %%%ﬂo#téerﬁllg Sgéec%%regoégwagfs?aﬁ @{gﬁ %ﬁﬁ%eﬁa?tiéggdaﬁ I,ﬂ:ﬂ?y of the
pat i ent exanplasipsequentichallenge wite FMUL i vitrn. normal pl asma is tested. A Bet hesda
unit is defined as the anmount of antibody that neutralizes 50% of plasma
FVI11 activity, and titres of 0.6BU or greater suggest the presence of
ant i bodyt.is inypurfant orkeamihanigd niedt abi 311 thrask kespedsea o FWlll tatd pahdgeniche | evel is
<5 BU apd high titre_if > 5 Bl. The_ level, K of circulating FVIII inhibitory
Aot 1 bod B R L PG R P By S5, O BEIOPEUG, OREP Wil cvel of

ant i bodirhshineh Mbr¥¥ildr &/ (006) BRI %Qa%-uepbnaa;%pﬁoaﬁna@ayilsm ofRhltyecei ved
treatment. The level of circulating FVIIT inhibitory antibodies my be

r educedblogd donozs (Adgimpn ef alf1 992) §98{7P5-9)-

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

presence of antibody.

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

The level of circulating FVIII inhibitory antibodies may be reduced to 90%, 75%, 50%,
20%, 10% 5% of the level of antibodies which would have been observed had the

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 peptides and composition of the invention may increase the amount or proportion
of therapeutically administered FVIII which is available to aid clotting. in a patient.
This is due to the reduction in FVIII inhibitors which may effectively remove a

proportion of FVIII from exerting its therapeutic function. The peptide or composition



The peptides and conposition of the invention may increase the anount or

proportion of therapeutically adm nistered FVIII which is available to aid
clotting wo2a10p@dé3@nt . This is due to the reduction in P¥ridB2mniobiotor s
which may effectively renove a proporttion of FVIII fromexerting its

t herapeutic function. The peptide or conpositionof the invention may

i ncrease,.,he anpunt of. avail.able FVIIJ by, .f anpl e, 10% % 50% 75%
or 10008" R BIRPT el ¥R o aomtorf plnie VISR Robenags 102 educe the
anmount 2§%FA0% 75%turab0%eeds to be admnistered to aid clotting in a
patient. FORMJULATI ON The conposition may by prepared as an injectable,

either as liquid solution or suspension; solid formsuitable for solution

in, or $HSpeIRIe®Rnd Eompositich f el Bieritioni ndyethlid RiduEPhe AdantsT IVEPar ed. The
preparation rrg}/ al so be enul sified, or the peptides encapsulated in

| i poson®¥ichmgedsde be gdminisigresdp aiskcdothipg inaepaiited with exci pi ents which are
phar maceutical ly acceptabl e and conpatible with the active ingredient.

Sui tabl e excipients are, for exanple, water, saline (for exanple,
phosphaFOBMUIleAEONal i ne), dextrose, glycerol, ethanol, or the like and
conmbi nations thereof. In addition, if desired, the conposition may contain
m nor anmounts of auxiliary substances such as wetting or enmul sifying agents
and/ or {ht wofpesitiory ntayeby pref@rddf ey iangingatable, icithéruake lintidsghation, oci t r at e,

acet at e. dochl or.i c. aci d. and/.or sodi um hydryoxi de may. be used for pH
S vt rPESRE: SO, P it T QR b | Ho oA et g HRGT 1£5 Subr ose or

t rehal Ogfectibh rhd}eal® HROSEpAr@) TBRDresstion Rhyfalol b/ eRllsiRA! bfele t he
relative ratio of the peptides nmay_ be approximately equal. Alternatively
t he rel BeAtides eneapsated i dipeserasst i dde naglive dngipdiepte dnayt Be maixedpYith to focus

the tol grHaeni Guifigs Q&”Eﬁarﬂiﬁc@ti@ﬁfyt h&p@ble SHR- ShpafibleaicRT RaGkiive T-cells or
if it is found that one peptide works better than the others in particular
HLA t ypingredixint.cBuitablereytiptentsare, fdrexemoplgowated, salinmifpr praniple; phesphateed into a
sterile i j i I red. af. enperature, for
) oL D 5oLt 5l ko RS

In addition, if desired, the composition may contain minor amounts of auxiliary

substances such as wetting or emulsifying agents and/or pH buffering agents.

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 approximately 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.

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

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



Conveniently the conposition is prepared as a |yophilized (freeze dried)
powder. Lyophilisation permts long-termstorage in a stabilised form
Lyophi | i sebizonpiseszedures are well known in the art, seepto/GER¥BNPHB®7

htt p://ww. devi cel i nk. conti vdt/archiws/ 97/ 01/006. ht M . Bul king agents are
commonly used prior to freeze-drying, such as mannitol, dextran or glycine.
The conﬁgﬁghﬁgn‘nﬁ. be gfim pi.sier €q,i N fe CORKENI gQt nppner i, as by the
oral, intravenous (where water squ%Ie), i ntramuscul ar, subcutaneous,

subl i ngttph://wimmt.dexitabol.con/ivdt/ardbive/87/00006bodosi t aBylkingut egentr  iargpl ant i ng

(e.g. usin | ow rel easg nol.ecul es). The osi tion may advant ageously be
adm ni s bRy sed mir K ectfdnatn St rstiettel Doten S out es. The

pepti de and conposition of the invention may be used to treat a human

subj ect,_ The subj ect y have haenol philia A, in particylar severe
haenophilff §APO @agj%emvets@_vger@fwawyn@@ﬁ dearis Pntherl . The
subj ect ifiRVedday BviREWhice IO R nki@ilar, FIBciHRLES SubTRY¥udl BYiGadadll bi tory
anti-FVII11 antibodies. The subLect may be undergoi ng or about to undergo
coagul aktradesplabersppasiteryapetpyoninplanting (eig. usingslewiglease medgeulss). under goi ng or
about to undergo gene therapy with the FVIII gene. The subject may be an
HLA- hapl ot ype which is associated with a predisposition to devel op

i nhi bi t @hy campasitiéulrhdy alvamagdonkly e @dmaoristerad saninfripadil csubcithreosuty) ect nmay
express. HLA- . Epthods for determning the HLA hapl otype of an individual
are knoWHBASFMBLIOWESy Typical Iy, a physician will determ ne the actual
dosage which will be nost suitable . for an individual subject and it wll
vary with the age, weight and response of the particular patient. In a
preferr ee%@ai%ﬁpmagm%@d @selwea??rbwwm*ﬁ%&ﬂ trgah g tymaR SbigShed, wher e a

plural i trje afbjd0R@RF hhve 1BeMBIPhiIR A, e pRAtUIS Yevdrd hashtdPhfliag TRNGBRET at i ons.
Such an approach has been used, for exanple, for phospholipase A2 peptides

i n i nmumey rheraspetitelly dpfisientdn FoY. akhwi sbiechmay havforradired hapmophiliper et al
(1998) ﬁaﬁt@%f%%%JerlnﬁiW%ﬁ-FWﬁZtﬂ%a@A and Akdis et al -(1998) J. din.

| nvest

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 FVIII gene.

The subject may be an HLA-haplotype which is associated 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, 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



KITS Conveniently, if the conposition conprises a plurality of peptides,
they nmay be adm nistered together, in the formof a m xed conposition or
cockt ai | .wblewmyvBBss34t here may be circunstances i n whi ch iptTicB2proafoeseabl e to
provi de the peptides separately in the formof a kit, for sinultaneous,
separate, sequential or conbined adm nistration. The kit may al so conpri se

m xi ng and/ or adm.ni.stration ans (for e e apouti ser fqgr intranasal
i s e iae? 4Gt T FoicBlaRE Rlicter B SRR ARG FRbwader

dosi ng) 101EM7-R34tandeykdizl es al (¢998) 7] Ckn.ilimakt. 102:9®BM86)f or use. The pharnaceuti cal
conposition or kit of the invention nay be used to treat and/or prevent a
di sease. In particular, the conposition/kit may be used to treat and/or
prevent gippgenophilia A or acquired haenophilia. HAEMOPHI LI A A Henophilia A
(classic hemophilia), is caused by the deficiency of Factor VIII.
Henophilia A has an estimated incidence of 1 in 10,000 nales, while

henmophi R LS est . L I s I ‘ Ximately 1
wonan i Ebg‘,’egbelgﬁ?”sﬁaﬂhgg{orl é’r‘g?fgﬁgﬁ‘@ﬁ%%h?{b{?‘ghlﬁ,y 4(%}@4} %dlgg; ﬂz%, Bégpl?é; a carrier
of henopdministerd] togkthaypinith¢ formofaymixedédmpodition dedodktailo Hdwewer, tersses:

severe, noderate and mil d. . based on | evel . 0 l,ot r in the

bl ood. TRY SEvere" ?%nﬁ%splﬁi |“§1, 1??5 é?fgralbfscq 505'1 r%lé%f’ ?%Sgsrsgé%?te@ﬁﬁtﬁ%r mal

cl ot t i nfprinadiadit, fof Bienudtegtoas separse\seduehtialtoe nokabihed dakminationt ent from
generation to generation. Contrary to popul ar belief, mnor cuts and wounds
do not usually present a threat to henophiliacs. Rather, the greatest

danger TREMBSt iiad alSP @BinpAKO HixikE em@/on adnlifibtrdiRYOMEals (for jeRdmple and nuscl es.
This is nost prone to occur during years of rapid growmh, typically between
t he age¥aRQUIisErafgr 1intjanasal  ad@idsfabigns pBht anedti8enl aadii Mgedd 85 nts may

cause atigdliahdchs/iftfAdermidl &% TSk fay RRE Qéﬁ?x’t{!%%‘s@rﬂ@t%ns FgQRsuUr € on nerves

caused by the accumul ation o6f bl ood nay resu i n pain, nunbness, and
tenporary inability to nove the affected area.

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

prevent a disease.

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

acquire~d haemophilia.

HAEMOPFHILIA A

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

Hemophilia A has an estimated incidence of 1 in 10,000 males, while hemophilia B is
estimated to occur in one in 40,000 males. Approximately 1 woman in 5,000 is a .

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

'Hemophilia is typically divided into three classes: severe, moderate and mild, based on
the level of clotting factor in the blood. In severe hemophilia, there is less than 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



Haermophilia A is usually diagnosed with a blood test to determ ne the

ef fectiveness of clotting and to investigate whether the levels of clotting
factors awe2atwmesssal . The devel opment of purified clottipag/dezotomososirn t he
1970s, isolated from donated bl ood, @vgnificantly inproved the |ong-term
out | ook for henophil i acs. MId to noderate haenophiliacs can use treatnent
W th FVIII on. an ad S sever ha aennp require
Fequl ar O4cendhieT B8 PREIEREHS ts BRLpRORLS Fosh Spas FBR R et i actior Vi 11
concent t;@ioeﬂybawbadthéagmdfband;aﬁg&rgf pl asma donations. This lead to

si gni fi cant pr obI ens of contami nation with viral pathogens, particularly
the hu I US. e ocl onal

ant i bog;g urlf a f‘%’%gt?o ec m%qléggl,n%ﬂglg%tk?%%c%{t{s &“a&af ?/lhlru%g?sdal

det er gehécotneoatakEet sSPriassuee arerethess eauspd by ﬂw—a&emmnvlembmmfnﬂmdtm@t esult el atively

saf e. Reconbi nant DNA .t echnol o lhas now ? d a series of synthetic
pr oduct & &L AR neﬁ%c?Bﬂ‘B‘?W%'(f‘%}/’l e %‘6& A ogenate is made using
baby hanster kidney cells expressing human factor VIIIl. The resulting

factor is highly purified, elimnating any possibility of transm ssion of
virus fromplasm. The peptide or conposition of the present invention may
be admi Heemnephdlih Ads uuellpddgursediwith adpldcddessto dsterminethe affectiveness blr apy.

('jgggggl lglloﬁmg an aiplvésggﬁe w(i‘]nlet%gr%ﬁ levgl gF %10{08& 53%?0@? artquﬁ 6}9%141 2: P;ﬁtl I) n::: e;:e i n
clotting factor I evel s in vr vo can convert severe hermphr lia i.nto m | der

di sease, and iii) current replacenent therapies are considered suboptimal.
Al so, t ke deviebpment afgurifind eloting Safta@s yn thé 19T0sp isoliaeda‘nmni'dnmtedrbhmﬂ" of desired

| evel of. cQ a ation i vjty, Unfor at el t 0..dat e of gene
t her apy {Xr ) h&‘@n‘?ﬂ%ﬁ@aoﬁﬁ’é’ﬂ {9{ %@8894‘%% :Micg?o I y because
of diff hé‘dﬂdphﬂficd Barf B itRgmRNONE B barah ay Foehbash] metesS Suvfefd ciently-

non- i nogenrcto all ow for | on termexpressmn of the clotting factor.
The pmr%@ Blﬁcvﬁeyr?ﬂé%wsulfdhm%ﬁrl%r M- al so be suitable for tolerising
a subject prior to gene therapy with factor VII1 and/or managing FVI I

i nhi bi t Brevicuslygppatientsi were given factor VIII concentrates pooled from thousands of
plasma donations. This lead to significant problems of contamination with viral
pathogens, particularly the human immunodeficiency virus and the hepatitis 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 VIII. The resulting factor is highly purified, eliminating any

possibility of transmission of virus from plasma.

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

during factor VIII replacement therapy.

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

"overshoot" of desired level of coagulation activity.



patient follow ng gene therapy. ACQU RED HAEMOPHI LI A Acqui red haenophilia
is characterised by the presence of autoantibody inhibitors against FVIII

i n indi visoabs/ssgsa previously normal coagulation. It i eca/graoe/@e9di tion,
with an estimated incidence of 1-3 pes mllion popul ation per year. The
nortality rate associ at ed ‘Wi th acqui red autoantibody inhibitors approaches
25% ver ia risk of ho

al | oant ?ﬁﬁ) gtel%’(%n%gepgeh OIX‘S Po§ S “SV %% |{}8}fﬂa E-l}()pﬁl%tavﬂas(r;l“():tqw red
henophi béea reaixzed]@rmh@rbezaﬁe bydlfﬁdu)lna uirﬁnang e\gemeeddmﬂva@dyngnpaﬁcﬂer n; (2)

hi gher | ncigdence in ol der mon occurrence | tﬁ unction with

i dent i f ISaBitRCIemt e?‘?'&%“‘ﬁ’&?‘&i? Wdf°§ ermy SXSESIOR Al P CR% or sol i d

t unmor ngetggnanci es, pregnancy, and use of certain antibiotics such as
penicillin and sul fonam' des in appr oxi mately 50% of cases; and (4) inwvitro

i nhi bit activity that foll ow ki net.i.c ern W th

| nconpl She B oY merseh iR vopg alse RERUTRE Y PREEGE RN ' by ¢ he
aut oant bnb@dtys gehd/ el Withr fasist VIID @nd/6r ﬁl@ﬁdgdigaFVIﬁBihhlbﬁtoNfdnhaﬂuﬁl\/ﬁhﬁ rangi ng
between 2% 18% i n patient plasma. The peptide or conposition of the present
i nvent i BiieRbipl B\é‘l"é@ﬁi‘%ﬁle‘grtaéfed to a patient with acquired haenophilia, or to
a patient believed to be at risk of devel opi ng acquired haenophilia due to,
for exanple: i) inmnent treatnent with, for exanple penicillin or a

sul f or nABAARED HRENEHSHLEN of a turmour or other nmalignancy iii) inmm nent
or early pregnancy. The invention will now be farther described by way of
Exanpl es, which are neant to serve to assist one of ordinary skill in the
art in carryln out the invention and are not |ntended inany way to limt

t he scop&ayredt haemophiliatis sharapterisgd) b ths, gresence 10f agoantibody, “Bll*blﬁqESA DR2 Fact or

\I-/|:_/IA\I DEEQ dn?ls?ﬁgﬁéﬁgiglplﬁlﬁiugfs wWith\Brbviodsh RSrmBERIabHigGon el & £RMPEMAMiHS| Ng three
with an estimated incidence of 1-3 per million population per year. The mortallty rate

associated with acquired autoantibody inhibitors approaches 25% versus the

substantially lower risk of death in those with alloantibodies.

Compared to alloantibody inhibitor patients, acquired hemophilia is characterized by:
(1) a more severe bleeding pattern; (2) higher incidence in older population; (3)
occurrence in conjunction with identiﬁable‘ underlying autoimmune diseases,
lymphoproliferative or solid tumor malignancies, pregnancy, and use of certain
antibiotics such as penicillih 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.



SYFPEI THI (http://ww. syfpeithi.de/hone.htm ProPred

(http://ww. i ntech.res.in/raghaval/ propred/) and and | EDB

(htt p:// wap.201om3pssepi t ope. or g/ hone. do). Peptides were seceatsdiodosh were
predi cted to be HLA-DR2-bi nding by nawe than one of the progranmes and

fl anki ng sequences were designed for the predicted core residues (table 2).

TABLE 2 ample 2 - lnvestigating.t res e of HLA- restricted cells
from faﬁ%?‘q%ftﬂn will Remy Eee@“ﬂfrc‘ksabbegz’ﬁtwaé'gcgﬁxﬂgﬁﬁ’ ‘P’@ﬁﬁg%éﬂ?aé& ce were

i mruni s eglvenot A3sibioni rof fobdiiaey sl lih tHerar@id damt@ing .oubDih@iifiventon Mitodte node cel l's
were col | ect(g_d and resh'imtrul at ed (léfn vitro,wth different concentrations of
the 12 phmany pespnte Hmitdhescongof themyeqtiongr ¢ shown in Figure 1. HLA- DR2
restricted cells fromfactor VIII inmunised nmce clearly respond strongly
to peptide DNIMW ( 1st amino acid 1788). There are al so responses to

pept i deEXAMELES 545) and PPII A (2161). Exanple 3: Investigating the

response of T cells fromHLA-DR2 mce to peptides HLA-DR2 mce were first

i mruni SEQa_r\ifg feN : 'Sefel@én O HILALDREAFLHYAVTH pﬁg{ié&n cells fromimune mce vere
restinufated in vitro w actor an e resulting | ynphobl asts were
fused with the BW147 t hynmoma usi ng pol yet hyl ene glycol. T-cell hybridomas

were sele ﬂ—{é” I | : Hh test for their
responsé %gl%ggg&or b ?FQE#Hée&ﬁg%H%%o?%@ﬁ%g?@ﬁghgg%%% b?%&r“?%jhei r
responsalgomthinise 12 predicted peptides. O the 27 hybri donmas screened, 11
respond, I 310 T, and to PPII A although the response to

PPI I A mgglrm#}%@“|"3‘$S§§’s%é%lcqez}oge§’ﬁ¥2 response of two hybridomas specific
f or DNI MéPasddhfeiRClivw. Bntedhresiniteghav@piopred/) amdanpl e 4 - I nvestigating the

response of | h node.cells fromFVIII - + mce to peptides HLA-DR2
transgeﬁ%%@%é@%%@%ﬂﬁ?ﬁewr%@?%po 11l deficient nmice to create a

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 | amino acid code as: '
1 2140 GTLMVFFGNVDSSGI | GTLMV

2 0208 TQTLHKFILLFAVFD TQTLH

3 2114 SLYISQFIIMYSLDG SLYIS

4 2161 PPIIARYIRLHPTHY PPIIA

5 2318 PPLLTRYLRIHPQSW PPLLT

6 250 MHTVNGYVNRSLPGL MHTVN

7 322 LGQFLLFCHISSHQH LGQFL

8 478 DTLLIIFKNQASRPY DTLLI

9 545 PRCLTRYYSSFVNME PRCLT

10 607 TENIQRFLPNPAGVQ TENIQ

11 1788 DNIMVTFRNQASRPY DNIMV

12 2322 RYLRIHPQSWVHQIA RYLRI

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

VIII immunised mice to peptides



nodel of haenophilia expressing the human HLA class Il MHC nol ecul e. These
FVII1-DR2+ animals were immunised with factor VIII in adjuvant. Draining

| ynph noowe 208v334380l at ed and tested for their responsePCo/GHe1008M197de
panel. As shown in Figure 3, these ceaebls responded well to PRCLT and DN M.
There was a weak response to GILM and significant response to RYLRI.

Exanpl e - vestigating the response of I cells fr HLA-.-DR2 mce to

pept i degﬁ“gépokra t{ﬂlﬁsg&éceml% ete rlrﬁnglgn'&‘ﬁpv eltfgslllunrﬁanl—ika : wer e@dluﬁ?ﬂ}hi sed with
fact or Wirdihing Nyaph usdd icellsSplee tolizele sanfl rrestinilligted rmnivr-¢ edthnditerener e
restimulated in vifrowth factor VIlI_and the resulti | ynphobl asts were
f used mﬁ?‘}?e%‘fﬁﬁ?gté%l%\ﬂ%?@fi?ﬁﬂ“%&.ThFc,rgT“Itlts P%H‘h’gl‘ e screened for
their response to the 12 predicted peptides. Yet again, the mpjority of
hybri domas responded to peptides DNl W and PRCLT. O 19 hybri domas specific
for factdA-DRRrestrigted eedlp fameldcton VBNinypunigedimicpriepr]y regpand sprppglnto 1 to SLYI' S
and 1t }g)@( s n I own in

Fi gure ?ﬂa-ggslﬂe on%?ﬁéerggmce%geﬁ%@ 'n?fgéf 'lta %i %Qﬁﬁg%grm%}htgﬂﬂ p@mﬁsm@ges DNI W
(first &¥iShandRRIEA @lGber 1788) and PRCLT (first amino acid 545) constitute
t he i munodom nant Tcell epitopes in the HLA-DR2 restricted T-cell response
to human factor VIII. Exanple 6 - DNl W and PRCLT behave as apitopes In
order t ExhmpRiB: divdstigetingathp e@poe ofTSdelld froanIBA-DRAmibé toopeptideo an MHC
class I or Il molecule wthout further antigen processing (i.e. trinmmng)
and be presented to a T cell. In the present case, the capacity of peptides

to be pHEAEDREGnibY weieX@dt iMthuid withvRstol YA @ladjMamt. SHkébcalf@nei t her fresh

or fixed with 1% paraf ormal dehyde. Cl ones were tested for antigenic
speci f i &pmyneypice yeremeptigulpiedynt vigp withdngteroYil e theregyliing mhgbiaa%a; ar cells in
the presRACHRANHIARS BWES 49 hyafUFH Wing fpMiylen@'zlye6Rt | de epi topes overni ght .
Supernatants were then coll ected and assessed for |L-2 production by ELISA
The fact that rhFVII1 nust be presented by |ive Mjar cells denonstrates
that the i ntact. tej i €S i P ‘ t ed.
Pept | degr Jﬁp" @i’ghg%éﬁ)spgé};éé?%#dt ﬁeﬁi‘ﬁ 98P LRC R SthybiabRad EloREL TR

tested for their response to factor VIII. The hybridomas were then screened for their

response to the 12 predicted peptides. Of the 27 hybfidomas screened, 11 responded to
DNIMYV, 3 to PRCLT and 3 to PPIIA, although the response to PPIIA was weaker and
less specific. The response of two hybridomas specific for DNIMV and PRCLT is

shown in Figure 2.

- Example 4 - Investigating the response of lymph node cells from FVIII-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 II MHC molecule.

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

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




ot her hand, are presented by both |live and fixed Mgar cells indicating that
t hese peptides function as apitopes (Figure 5). Exanple 7 - Determ nation
of the rangeonii3pspti de epi topes capabl e of functi oni ngras/GRoioape®ihe
range of peptide epitopes capable of siunctioning as apitopes in the
sequences surroundi ng DNI M/, PRCLT and the other peptides was identified by

I i h d
Cer oont hir gL efHenfice BRI, PADLDRGSHEE RS0 RAR S Yl o s
Exanpl eadju¥ant.gSplecn7oells frmrthe imrﬁunisdBMWweftdeEtﬁiﬁlﬂfed nohige withl fectance to whol e

factor V el n, HLA- sge ated with ei.ther of the
two sol Mﬁ:lég‘i)&‘ﬁtrF%‘gg’g 18’?%%%3 % E‘Eﬁ‘ti ?”tﬁeB‘&? ‘@r eSERRRGAPSYE i Gh wi t h
factor il hybridomd} WeaNicreeRbdidt théir |réé ert@deew\@waldtapb@msk aget the cells
restimulated in vitrowth factor Vi protein_in order to assess the

i mrune g4 dae BRiokiyof ybrdomeas respepnged .tﬂ peptisigs PNEMY andaRBela. S W ce with
either Il (2B Forl ftlof Vma 184S DNIMAR 645 PRERLTOT 1 PAITUNe
response to factor - Investigation of whet DNl W and
PRCLT abkeSE¥IS amddcte H’Hﬂér Enveplpmofimamhmtbwhesﬁ: hybridovek engtsherpuine 1t was
known f g eﬁganple 8 that these two peptides are able to prevent the i mune
response-to factor VIII in mce expressing endogenous factor VIII. The
experiment was repeated with FVIII-DR2+ aninals to determ ne whether these

pepti de also revent .t he i sponse in factor VII

or ot cRpstHh e therm, Smsito i Hioa bRy Gwige ANGYetironsho A PrOLT | n
conbi najurAber ar788PdHdEPROLT (fitdCanind| RiBSUSF cofstitite tHetigiminolbrhinakifTpckout nouse
The two pe pti des which were shown to_ individually reduce the imune

r espons &k Pitppssip theiA-DR? resteietgd Typell respense do Bumpanfaeter VHLExanpl e 9 were
conbi ned. As shown in Figure 8, treatnment of mce with both DNl W and PRCLT
led to a substantlal suppreSS|on of the |nnune response to factor VIII, as
shown bExamplefecdNEMY and BRCL'E hehavensapitopéson. | FN-gammma i s the maj or cl ass
swi tch | ynphoki ne reqU|red

In order to be an apitope, a peptide must be capable of binding to an MHC class I or II
molecule without further antigen process'ing (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 100ul of hybridoma cells with 5x10* Mgar cells in
the presence and absence of 20upg/ml rhFVIII or peptide epitopes overnight.
Supematants were then collected and assessed for IL-2 production by ELISA. The fact
that rhFVIII 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 apitopes



for neutralising antibodies in the nouse. The effect denonstrated was
greater than that observed using either peptide al one. Exanple 11: The

i nduct i onwofwiopizegzance using a nodified peptide The peptricasHEIMN 0993
partly, but not conpletely soluble. I3@ order to inprove the solubility of

t he pepti de, a nodi fied version was designed with the fol |l ow ng sequence:
EDNI WT xtende at. th m n dd a charg

hydroph:f I C gsolf Qgtsdﬁ ?p ifope gle fr%ﬁlﬁgté({nm& 4t ! oé’e%"l g}erﬁeﬂﬂ?cf rem)ve t he
proli nesmﬂﬁinﬂmg NV @Rl(llﬂesnd Iﬂu:r viher peptiiedywas| identifizd PBS piepiéigy and

negativel d am no _.acids at eithe d of the. peptide a charge dipole
i s creaPdls %&gﬁ@glqgopqp Ut pasce 5?‘59) Q’fﬁiescﬁe(?&}nglt e yeineithee i s nore
sol ubl eTidank BNoWs%ﬁﬂgﬁiéfsﬁﬂn@hﬁﬂfold)és oAl 8 (FiRuRlhow i ntranasal pepti de
delivery. In order to assess the induction of tolerance using this peptide

epitope, FVIII deficient mce were taken and half treated with the nodified

EDNI W peRhbi® { DRIRIV 86l tﬁci%_i.@gkee{oiég%'e th WholedEor Y phBfeid" C& Were then
i muni se n CFA and rarnrng 1y T nodes were

collected and stinmulated in vitro with either DNl W or EDN M. Figure 9

shows t r t toI |se

sti nmul apz‘c‘? 'l\%ﬁ? Ir%”“iﬁ '€ ml%\l%%ﬂﬁ%%%ﬁ%@ﬁﬁh‘%rﬁ?%ew 8. so%le R eBsu S’t%r nst rate

t hat EDad dbnitrsl, phibetotimmuaisation with facton VEILie sgjonae Dramngﬂmhlmsﬂbml sed with
DNI W. Furth the den trate very. clearl hat .m.ce tolerized with
EDNI My P SRR A el R EE oHEE Vot BRIV ThPHe/D e debisonl od by t he
| ack of adses AR EEmbk ﬁambMth@Mhlw Ak sk MVFilgtire\d, dettnitht 6f miveiviting Wi t h
DNl W in CFA. Exanple 12: EDNI MV i nduces tolerance to:whole factor VIII

pr ot ei netthea DANINEY PﬁBBFLEelgfé F9 BétpsiantisheappPBian ofshe pErCEsREe the nodi fi ed
pepti deglINKMY to denonstrate that EDNIMW is able to suppress the inmune

response to the whole factor VIII protein. Methods (i) Recall responses for
DR2+ mice primed with rhFVIII

Example 9 - Investigation of whether DNIMV and PRCLT able to induce

’1

tolerance in the factor VIII 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 VIII 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 léd to a substantial
- suppression of the immune response to factor VIII, as shown by the decrease in
IFN-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.



HLA- DR2+ murine MHC class Il null mce were inmunised with 40ng rhFVI ||

emul sified in Conplete Freunds Adjuvant supplenented with 400ng heat-killed
M t uber cuwo0R)/18388Ra, subcut aneously at the base of theptaidB2oidoodys | ater
the mce were sacrificed and the draising | ynph nodes renoved. Single cell
suspensi ons were prepared and | ynphocytes incubated at 4-5x1 05 cells per
wel | in_96- Sl at. 2 hours with the indicated
concent EAA0HL1 o MCIREUCIONH 20 EAn e 23! BRI ul sing with
0.5nCi/well tritiated thymdine for a further 16 hours. Plates were then
frozen before cells were harvested onto glass filter mats and radi oactive

i ncor pot he peptidedNIM¥ds parthygbut not gaingletely selubleatln ondeste suprowe thei i ) FVI | |

pepti de iWfieity of . T cell ri domas_gener.ated ftro + m ce HLA- DR2+
v ne WREEEPLSE A e B od e VTR s Q88 b e oy e o & i ng
| ynph nes@endke EBNIMWPERNQAGR. ynphocytes cul tured at 2.5x1G6 cells/n, -
Im/well I1n 24 well plates in the presence of 20ng/m rhFVIII for 3 days.
Following this stinulation, |ynphocytes were recovered, washed and fused
wi th TCRa. [ I I ' . ] 1

'y rphocy s 1o ERERE ATl ool ByboBllicteMERIRISA |, 10ag)
PNAS 77{rincaflictt thds€dtetminus toerremoes ethal pyolinas el tgrudideheesighleat ed out in

flat bottoned 96 wel |, plat.es for 2 days, before the addition of HAT nmedi um
to sel gﬁtmlr%moqe Beplacing prrifyshy snd Bgetlclycsiaresd) e @ﬁags #eGFHEHRh and
appr oxi H%@é%;[)é& adﬁl\éf%eaéif)(ﬁé if 4SAte FepBRESIPBERNTBIbiliggdi vi dual clones were
sel ected an ransferred to 24 well "plates in HAT nedium C ones were
mai ntai ned in HAT nedium for at |east 2 weeks before being weaned into HT

medi um apd th onpl ete nedi u Cl one re test for antigepic

Speci 11 41t ot RGeS Peiamiote P TOURY i witrenty SO b Wyar cells in
the pregeRe entAndsal eIt leR{ers ORDEratr tbaksékd the GHAIcHbLA BF tol FURRT BR@igant s wer e
then col |l ected and assessed for |L-2 production by ELISA w th clones

produci Has Peptie; epitopepBNEE deficientwice wseg taken candi kpdf &rgated swith e f or
FVI'11-spegid .Gl M}',oi gate the repent oi . of o\p icted FVIII
pepti degm‘é\ﬁeldfé s%%aci PP %?Z‘Iﬁ!é%%\%/e? easahoé?r%%fleglt %lgu%ogr)' IFFEQ v 1%)9? Oduct | on,
f ol | oW &ign 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

DNIMY or EDNIMY in vitro.

The results demonstrate that EDNIMYV is able to recall an immune response from
mice immunised with DNIMV. Furthermore, they demonstrate very clearly that
mice tolerized with EDNIMV fail to mount an immune response to DNIMYV in vivo
as revealed by the lack 6f response to either DNIMV or EDNIMV in vitro after
priming with DNIMV in CFA.

Example 12: EDNIMY induces 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.



overni ght incubation with 20ng/m of each of the 12 peptides.(iii) Recall
responses for FVIII-/- mce primed wwth rhFVi p The sane net hod was

fol | oned we 200w136883%, except the mce were FVIII-defici eptr/di2dldddooand
murine WHC class Il null. (iv) FVi p3peptide specificity of T cell

hybri domas generated from FVH -/- m ce The same nethod was foll owed as for
(ii), except the nice were FVIII-deficient and HLA-DR2+. (v) Tolerisation
of FVII11-specific responses in DR2+ nmice by pre-treatnment with

I munodpretlivalet FVI 11 peptides HLA-DR2+ nmurine MHC class Il null mce were
treated 3 tinmes with | OOmg of DNI W, PRCLT or PPIIA dissolved in PBS, or

t he equival ent vol une of PBS al one. Peptides were adm ni stered

intfape{ijtohﬁaédlb’nesﬂﬂnk& 3r BRI RicO prinRawifpAFvi@se. Fol | owing the final
adm nistration, mce were prined wth rhFVII1 enmulsified in conplete

Fr eundsHEATRB&h tmyginer MHQ jclass 1l nylhymice gyese imgpuaised ygth Joen Hod8s wer e
recover : | 2 ; I: | LB hFVIEL L, or
each of &?ﬂglﬁtggl ﬁe‘???@ﬁ?i?ﬁ%ﬁ%ﬁs gs &/{el)érﬂe{és&%%rv%fh gg?ﬁ‘%?ﬁ%@%ﬁ 72 hours
bef or e Myebeaddosis 63784, subsutangousty atitherbatiernd thestaflor10(days latarithe Mideer i sat i on of

FVIII-specifi res ses . n + ni b re-&r nt. with a conbination
munoaBee asTTiced 2B B drain e Thrh RS rio RS S8 RIP Qlsocttols RO "ol O

t r eat edprapdredsi Miviphod s NbEubRRCA{T4-6x 108 celisnpeir matliio 06 ofellifbit bothhddy and PRCLT
di ssol ved i P or- t.he . equi.val ent vol une of PBS al one. Peptides were
adm ni SEBEOR 1 P TTOHE AP G Braiays of PB IS g Hlo R

adm ni skdfarei palsingWigle 0 WRCBwEI tritRebdWhyrhidine M 4 fur@Bt] Ghdure dPlates Gerp! et e
Freunds adjuvant as for (i). 10 days later, draining | ynph nodes were

r ecover &En ofieren ybafers c gallss Wetsh Saryentask 1optor glass iffier spaty ad Adf9eEtNG th rhFVI I .
The supﬁ_@g&ﬁsa%ﬁmye@guﬁedtdgﬁ@ 2Rl Bfladip-Lédhegamma was nmeasured. Al

Eubl i cations nmentioned i nthe above specification are herein incorporated

y
(ii) FVIII peptide specificity of T cell hybridomas generated from DR2+ mice
HLA-DR2+ murine MHC class II null mice were immunised as above. On day 10
draining lymph nodes were removed and lymphocytes cultured at 2.5x10° cells/ml,
Iml/well in 24 well plates in the presence of 20pg/ml rhFVIII for 3 days. Following
this stimulation, lymphocytes were recovered, washed and fused with TCRo'3” BW
fusion partﬁef cells at a ratio of 4 BW ceils 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° Megar cells in the presence and absence of
20pg/ml rhFVIII ovemight.A Supernatants were then collected and assessed for IL-2
production by ELISA, with clones producing IL-2 in response to rhFVIII 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.



reference. Various nodifications and variations of the described nethods
and system of the invention will be apparent to those skilled in the art
wi t hout owpanto/rsgssfirom the scope and spirit of the invemrCir@B20@/mbagh t he
i nventi on has been described i nconnegsion with specific preferred

enbodi nents, it should be understood that the invention as clainmed should
not be undul y |iJmted ecific e i . I ndeed, various

nmodi fi cglf'?on?e% l@eﬁéonaésgfg?F‘mﬁﬁndceesprf%ngggﬁr'ﬁlﬁ%ﬁout t he i nvention which
ar e obvirbeisanteomethod was fillovedi as for ifX)) exceplt ghe mivevecd BGI-deficienk, A fi el ds are
i nt ende be wi.t hi e scope of the following clains.SEQID No. 1 1
nqieIstgpkgﬁﬁgFPFB?gﬁﬂ%&F?@iﬁ@ﬁe | swdyngsdl gel pvdarfp ‘prvpksfpfn 6 1

t swykktlf veftdhl fni akprppwngl 1gptiqgaevy dtw tl knm ashpvsl hav 121
gvsywkaseg aeyddqt sqr. ekeddkvfp sht yvwgvl kengpmasdp | cltysyl sh 181

vdl vkdl (gl | FY3H| peptide speeifieity er? T|gﬁ¢<l¥ %ybwlﬁwms@gmgefrwng d 241
aasar awgim htvngyvnrs | pgligchrk svywhvigng ttpevhsifl eghtflvrnh 301
rqasleisgl tfltagtl I mdlgqgfllfch i sshghdgme ayvkvdscpe epgl rnknne 361
eaedydda‘QS@menﬂﬁmddwﬁdh@vgﬁuwﬁbrﬁﬁaﬁkhﬁwbewmﬁyW@@éﬁéﬁﬂﬁﬂvﬁptwub 421
pddrsyk§ﬂ%bbﬂggpqrigr kykkvrfmay tdetfktrea ighesgilgp |lygevgdtl 481
l'iifkngasr pyniyphgit dvrplysrrl pkgvkhl kdf pilpgeifky kwvtvedgp 541
tksdprcltr yyssfvnmer dlasgligpl |icykesvdg rgngi nsdkr nvil fsvfde 601
nrswyl teni qrf| pnpagv ef gas ni mhsi nqyv, | gl sycl hevaywil]s 661
lgaayr (9 ¢ AelspRREmof b SAfirrdre Fraar D RER siier o PEHPFR o o1

mt al | kvssth ifein@dynrhnt FOIISRptides knnai eprs fsqnsrhpst rgkgfnatti 781
pendi ekt dp wf ahrt pnpk_ignvsssdl | | rgspt ph gl sl sdl gea ky sddps 841
pgai dsnhHA-DBAT HRYG seam it pu s*@&calvvqfﬁéfek‘ieét% é‘aleélwékm%/g t 901

snnl i st ipRgvAn pREEtTISE PISA ARBSIVERY in DSk QO i dquivaleks $allime of @BBlatdnsee 961

nndskl | esg | nmsgesswg knvsstesgr |fk krahgp al | tkdnal f kvsi sl | ktn 1021
kt snnsaPeptides hyede msiminiptered pintrapgitericalliy t withk k3-9 t days Heptweenngdchadeser | 1081

aopspkal s ORar Joal «BRPLERNGE mEF B fivied RERDREVEN il gE° 14

complete Freunds adjuvant as for (i). 10 days later, draining lymph nodes were

recovered and lymphocytes subsequently cultured in vitro with rhFVIII, or each of the
tolerising peptides as well as control antigens, for 72 hours before the addition of

tritiated thymidine as for (i).

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

HLA-DR2+ murine MHC class II null mice were treated 3 times with DNIMYV,
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 lymphocytes subsequently re-stimulated in vitro 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. Although the invention has been described in



1201 | hennt hnge kki geei ekk etligenw pqihtvtgtk nfrknlflls trgnvegsyd 1261
gayapvl qdf rslndstnrt kkhtahfskk geeenl egl g ngt kgi veky acttrispnt 1321
sqqnf vt grwokoaltesdsal p | eet el ekri ivddt st gws knnkhlt pst praiachroskeod381
kgai tqspl s dcltrshsip ganrspl pia kvssbpsirp iyltrvlfqgd nsshl paasy 1441
rkkdsgvges shflqgakkn nlslailtle ntgdgrevgs |gtsatnsvt ykkventvlp 1501

kpdlpkt k vell kdlf | dl.v I nrp 1561
gkvpflrv e%§§aﬁf %“ﬁdﬁf ﬁ%ﬁmg q|pngﬁkggg@kspgﬁsgﬁ?%ﬁﬁ%f%? 1621
naces nhmvantmnnmgqlainmﬂ sheuldnadqery uhdily dmdted povduksh hgeseéﬁct embbdxqedqee 1681

i dyddti kedf.di edenqs rsf trh verlmd hvi.rnr 1741
L gsvpitEed tpt e TUCISETER 51 5% JSAEmied TS 7or UM PiRribs ARARET 1801
pysf ysswﬁhyﬁ@dmmqa@o Riids fskiied an trkd ¥ Euds Vigrin kHoRIRY Kstefethtdak Avvay fafedv 1861
dl ekdvhs | I vehtn tInpah rqv tvgefal fft ifdetkswf tenmerncra 1921
pcni qne Ing rikhin the §oapsof thsdolleming algims: wyl | sngsne ni hsi hf sgh 1981
vfitvrkkeey kmal ynl ypg vfetven ps kagi wvecl igehlhagns tlflvysnkc 2041
gt pl gmasgh irdf gi tasg gyggwapkl a rl hysgsi na wst kepfswi kvdl lapm i 2101
hgi kt qgar q kfsslyisqgf iinmysldgkk wgtyrgnstg tl mvffgnvd ssgi khnifn 2161
ppiiaryirl hpthysirst Irmewngcdl nscsnpl gne skai sdaqgit assyftnnfa 2221
twspskarl h I qgrsnaw p gvnnpkew g vdf gkt nkvt gvttqgvksl Itsnmyvkefl 2281
i sssqdghgw t1 ffqgngkvk vfqggnqdsft pwnsldppl Itrylrihpg swhqgial rm 2341
evl gceaqdl yOverl appi ng peptide panels prepared in Exanple 7 CNerIapplng
set for DTLLII FKNQASRPY 1. 473-488 YGEVGDTLLI | FKNQ 2. 474-489
GEVGDTLLI | FKNQA 3. 475-490 EVCGDTLLPFKNQAS 4. 476-491 VGDTLLPFKNCASR 5.
477-492 GDTLLPFKNQASRP 6. 478-493 DTLLI | FKNQASRPY



7. 479-494 TLLPFKNQASRPYN 8. 480-495 LLPFKNQASRPYNI 9. 481-496
LPFKNQASRPYNI Y 10. 482-497 |1 FKNQASRPYNI YP 11. 483-498 | FKNQASRPYNGYPH
Over | appiwg 288138838 PRCLTRYYS SFVNMVE 1. 540- 554 PTKSDPRECTIRBESMH/00099541- 555
TKSDPRCLTRYYSSF 3. 542-556 KSDPRCLTRYYSSFV 4. 543-557 SDPRCLTRYYSSFVN 5.
544-558 DPRCLTRYYSSFVNM 6. 545-559 PRCLTRYYSSFVNME 7. 546- 560 _
RCLTRYYSSFVNMVER 8. 547-561 CLTRY3/4SSFVNVERD 9. 548-562 LTRYYSSFVNMERDL 10.
549-563 TRYYSSFVNMVERDLA 11. 550-564 RYYSSFVNMERDLAS Overl appi ng set for
DNI WWTFRNQASRPY 1. 1783-1797 RAEVEDNI WTFRNQ 2. 1784-1798 AEVEDN MVTFRNQA
3. 1785-1799 EVEDN M\/TFRNQAS 4. 1786-1800 VEDNI WTFRNQASR 5. 1787-1801
EDNTMVTFRNQASRP 6. 1788-1802 DNI MWTFRNQASRPY 7. 1789- 1803 N MVTFRNQASRPYS
8. 1790-1804 | WTFRNQASRPYSF 9. 1791-1805 MVTFRNQASRPYSFY

SEQ ID No.1

1 mqielstcff Iclirfcfsa trryylgave Iswdymqsdl gelpvdarfp. prvpksfpfn

61 tsvvykktif veftdhifni akprppwmgl Igptiqaevy dtvvitlknm ashpvsihav
121 gvsywkaseg aeyddqtsqr ekeddkvfpg gshtyvwqvl kengpmasdp Icltysyish
181 vdivkdinsg ligallvcre gslakektqt Ihkfilifav fdegkswhse tknsimgdrd
241 aasarawpkm htvngyvnrs Ipgligchrk svywhvigmg ttpevhsifl eghtflvrnh
301 rqasleispi tiitaqtlim diggflifch isshghdgme ayvkvdscpe epqirmknne

- 361 eaedydddit dsemdvvrfd ddnspsfigi rsvakkhpkt wvhyiaaeee dwdyaplvia
421 pddrsyksqy Inngpgrigr kykkvrfmay tdetfktrea ighesgilgp llygevadtl
481 liifkngasr pyniyphgit dvrplysrri pkgvkhlkdf pilpgeifky kwtvtvedgp
541 tksdprcltr yyssfvnmer dlasgligpl licykesvdq rgngimsdkr nvilfsvfde
601 nrswylteni grflpnpagv gledpefqas nimhsingyv fdslglsvcl hevaywyils
661 igaqgtdflsv ffsgytfkhk mvyedtltif pfsgetvfms menpgiwilg chnsdfrnrg
721 mtallkvssc dkntgdyyed syedisayll sknnaieprs fsqnsrhpst rgkgfnatti
781 pendiektdp wfahrtpmpk ignvsssdil mlirgsptph glsisdiqea kyetfsddps
841 pgaidsnnsl semthfrpgl hhsgdmvftp esglqlrine kigttaatel kkidfkvsst
901 snnlistips dnlaagtdnt ssigppsmpv hydsqldttl fgkkssplte sggpisisee
961 nndskllesg Imnsqesswg knvsstesgr Ifkgkrahgp alitkdnalf kvsisltiktn
1021 ktsnnsatnr kthidgpsll ienspsvwan ilesdtefkk viplihdrml mdknatalri
1081 nhmsnkttss knmemvqqgkk egpippdagn pdmsffkmif Ipesarwiqr thgknsinsg
1141 qgpspkqlvs Igpeksvegq nflseknkvv vgkgeftkdv glkemvfpss rnlifitnidn
1201 thennthnge kkigeeiekk etliqenvvl pgihtvtgtk nfmknifils trqnvegsyd
1261 gayapvlqdf rsindstnrt kkhtahfskk geeenleglg ngtkqiveky acttrispnt
1321 sqqnfvtqrs kralkqfrip leetelekri ivddtstqws knmkhltpst ltqidyneke
1381 kgaitgspls dcltrshsip qanrsplpia kvssfpsirp iyltrvifqd nsshipaasy
1441 rkkdsgvqges shflqgakkn nislailtle mtgdgrevgs Igtsatnsvt ykkventvip
1501 kpdipktsgk vellpkvhiy gkdlfptets ngspghldiv egsliqgteg aikwneanrp
1561 gkvpfirvat essaktpskl Idplawdnhy gtgipkeewk sqekspekta fkkkdtilsl
1621 nacesnhaia aineggqnkpe ievtwakaqgr terlcsqnpp vikrhqreit rttlgsdgee
1681 idyddtisve mkkedfdiyd edengsprsf gkktrhyfia averlwdygm sssphvirnr
1741 agsgsvpafk kvvfqeftdg sftqplyrge Inehigligp yiraevedni mvifrnqasr
1801 pysfysslis yeedqrqgae prknfvkpne tktyfwkvgh hmaptkdefd ckawayfsdv
1861 dlekdvhsgl igplivchtn tinpahgrqv tvqefalfft ifdetkswyf tenmerncra
1921 pcnigmedpt fkenyrfhai ngyimdtipg lvmaqdgrir wyllsmgsne nihsihfsgh
1981 vftvrkkeey kmalynlypg vfetvemips kagiwrvecl igehihagms tiflvysnkc
2041 gtplgmasgh irdfgitasg qygqwapkla rihysgsina wstkepfswi kvdllapmii
2101 hgiktqgarq kfsslyisqf iimysldgkk wqtyrgnstg timvffgnvd ssgikhnifn
2161 ppiiaryirl hpthysirst Irmewmgcdl nscsmplgme skaisdagit assyftnmfa
2221 twspskarlh lqggrsnawrp qvnnpkewlq vdfgktmkvt gvttqgvksl itsmyvkefl
2281 isssqdghqw tiffgngkvk vfagnadsft pvvnsidppl Itrylrinpg swvhqlalrm
2341 evigceaqd! y _



10. 1792- 1806 VTFRNQASRPYSFYS 11. 1793- 1807 TFRNQASRPYSFYSS Over | appi ng set
for SLYI SQFI | MYSLDG 1. 2109-2123 RQKFSSLYI SQFI I M 2. 2110-2124

QKFSSLY!I S@Bl2biMri33832111- 2125 KFSSLYI SQFI | MYS 4. 2112- 2126 RS2Vl o®@hdol MYSL 5.
2113-2127 SSLYI SQFI | MYSLD 6. 2114-2128 SLYI SQFI EVYSLDG 7. 2115- 2129

LYl SQFI | MYSLDGK 8. 2116-2130 YI SQFI | MVSLDGKK 9. 2117-2131 | SQFI | MYSLDGKKW

10. 211821329 133 QFI | MYSLDGKKWOT Over | appi ng
set forgﬁﬁﬂpw%f%w%%%‘}?‘%? FNPPI | ARYI RL 2. 2157-2171

NI FNPPI éAR}(I RLH ﬁ% WIIARYI RLHP 4. 2 159-2 173 FNPPI | ARYl RLHPT
5. 2 16 ‘i‘afl?‘ﬂg B 2161- 2175 PPI | ARYI RLHPTHY 7. 2 162-2 176

PEARY!I RLHPT - 2177 ﬂﬁ‘h | 9. 2164-2178 | ARYI RLHPTHYSI R
10. 2165-2179 AR STHYS| AEINB0 RYI RLHPTHYSI RST Over | appi ng set
for RYLRI HP 23 17 = Q?QA Rl HPQBW

I

. 476-491 . VGDTLLIIFKNQASR
s. 477-492 GDTLLIIFKNQASRP
. 6. 478-493 - DTLLIFKNQASRPY
7. 479-494 TLLIIFKNQASRPYN
8. 480-495 : 'LLIIFKNQASRPYNI
9. 481-496 LIIFKNQASRPYNIY
10.  482-497 IIFKNQASRPYNIYP
11.  483-498 IFKNQASRPYNIYPH

Overlapping set for PRCLTRYYSSFVNME

1. 540-554 PTKSDPRCLTRYYSS

2. 541-555 TKSDPRCLTRYYSSF

3. 542-556 KSDPRCLTRYYSSFV

4. 543-557 SDPRCLTRYYSSFVN

5. 544-558 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 NIMVTFRNQASRPYS

8. 1790-1804 IMVTFRNQASRPYSF

9.1791-1805 ' , MVTFRNQASRPYSFY

10. 1792-1806 ' VTFRNQASRPYSFYS
'11. 1793-1807 TFRNQASRPYSFYSS

Overlapping set for SLYISQFIIMYSLDG

1.2109-2123 RQKFSSLYISQFIIM
2.2110-2124 QKFSSLYISQFIIMY



2. 2318-2332 PLLTRYLRI HPQSW 3. 2319-2333 LLTRYLRI HPQSW/H 4. 2320- 2334
LTRYLREHPQSW/HQ 5. 2321- 2335 TRYLRffl PQSWHQ 6. 2322-2336 RYLRI HPQSWHQ A
7. 2323- 288 0103k QSVWHQ AL 8. 2324- 2338 LRI HPQSWHQ ART:B28130930339
Rl HPQSW/HQ ALRM 10. 2326- 2340 | HPQSWGHQ ALRME 11. 2327- 2341
HPQSW/HQ ALRMEVCLAI MS 1. A peptide conprising one of the follow ng
FVI11-deri velg_lw'zslg es: GIL LHKFI LLFAVFD SLYI SQFI | MYSLDG
PPPARY! RLHPT 75 YLRI HPstﬁ PG LGQFLLFCHI SSHQH
DTLLI I FKNQASER) 1%_ RYYSSFVNMEg S Q DNI M\WTFRNQASRPY
RYLRI HPQSW/I i one or norecp : IM‘QIE i ng modi fications: (i)
renoval of or)'enqg_z%e hydophobi pl_%_r[fé lgmg&lé . (11) replacenent of one or
t

L

% philic am no acid(s); and

nor e hydrophgpil%_alﬁdﬁo acid(s) w

9.2117-2131 ISQFIIMY SLDGKKW

10.2118-2132 SQFIIMYSLDGKKWQ

11.2119-2133 QFIIMYSLDGKKWQT
Overlapping set for PPIARYIRLHPTHY

1.2156-2170 HNIFNPPIIARYIRL

2.2157-2171 NIFNPPIIARYIRLH

3.2158-2172 IFNPPIIARYIRLHP

4.2159-2173 FNPPIIARYIRLHPT

5.2160-2174 NPPIIARYIRLHPTH

6.2161-2175 PPIIARYIRLHPTHY

7.2162-2176 PIIARYIRLHPTHYS

8.2163-2177 TARYIRLHPTHY SI

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 RYLRIHPQSWVHQIA

7.2323-2337 YLRIHPQSWVHQIAL

8.2324-2338 - LRIHPQSWVHQIALR

9.2325-2339 RIHPQSWVHQIALRM

10. 2326-2340 [HPQSWVHQIALRME

11.2327-2341

HPQSWVHQIALRMEV



(tii1) insertion of a charged am no acid at one or both term nus(i) which
nodi fi ed peptide is capable of binding to an WHC class Il nol ecul e wi t hout
further awmbigem3pg3eacessi ng and bei ng recogni sed by a faeterceébiodoospecific T
cell. 2. A peptide conprising the segquence X(aa) n-core sequence -(aa)m
wherein X is a charged hydrophilic residue; aa is an amno acid; n is an

i nt egerCB en 0 and 5; mis an integer between 0 and 5; and the "core
sequenceé” 1S selected fromthe follow ng group of FVIII-derived peptides:
LYI SQFI I M FI I MYSLDG | ARYI RLHP LI I FKNQAS LTRYYSSFV MVTFRNQAS LRI HPQSW/whi ch

pept i de is e of .hindin \g@la nol ecul e wi t hout further
ant i genlpro é’géﬂ‘{?QCOH‘HHSIB%PWg&‘E%@S'ﬂW%% %“F’g FGPRGFY 1 specific T cell.
3. A peptide accordi ng {{ggEMverdNVWINSEY conprises t he sequence

XDNI WTFRNQAS. 4. A peptiRerIePILLFANGD e sequence: Y(aa)n-core

ol ar Ly aa 15 an am nqosRarS g o o e ween 0 and 5 m s an

i nt eger bet ween 0 and 5;_11:%1?;1"Bﬁ{iR 3 “equenuF"' is selected fromthe

followi ng group of FVIII R VSRET BEE
LGQFLLFCHISSHQH
DTLLIIFKNQASRPY
PRCLTRYYSSFVNME
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 fnore 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 aci(i; -
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
LIIFKNQAS
LTRYYSSFV
MVTFRNQAS
LRIHPQSWV



LYI SQFI I M FI I MYSLDG | ARYI RLHP LI | FKNQAS LTRYYSSFV MVTFRNQAS LRI HPQSW whi ch
peptide is capable of binding to an MHC class Il nol ecul e without further
anti gen pwocesgisgg+and bei ng recogni sed by a factor VII kcsmmofimosdrcel | .

5. A pepide according to claim4, whisch conprises the sequence:

YDNI WTFRNQASZ 6. A peptide according to claim4 or 5 wherein Yis a

positively c e 1 RO i d i a'}@[ﬁ%}i har ged .am no acid. 7.
A pepti de acglggcgi %&ﬁ?‘l‘o lscfa}l%lr)#f%(ﬁ?g ZO Aheérei rcll\é ?isr% e‘(:)1%13 WI%PP‘A pepti de
accor di figthtoangigyn ploceskiag and Beiiredognided bg afacoroVIINpedfiOTeellLE. 9. A pepti de
according to any preceding claim which conprises the sequence

EDNI M\WTFRNQASR. 10. A peptide according to any preceding clai mwhich

consi sts, of WhiRpa@uiesamgEONaMYT RN Rprists thd s€ueResi tion conprising a
plurality of _peptides, including one or nore peptide(s) according to any

pr ecedi ng C|MWTFH‘N%§H de according to any of claims 1 to 10, or a
conposition according to claim1l, for use in suppressing or preventing the
production of factor VIII inhibitor antibodies in vivo. 13. The use of a
pept i dedaccoAdieptide eomprigingftheciequemse:1 to 10, or a conposition according to
claim1l, in [h)e manuf act(éjﬁr)e of a medi canment to suppress or prevent the
producti on of P EFErRAEI@afi bit or anti bodies in vivo. 14. A method for
suppr essi ng oheRireY and Zag: dhbged athocicide havihg feaedsopoldiity] i nhi bi t or

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
LIIFKNQAS
LTRYYSSFV
MVTFRNQAS
LRIHPQSWV

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 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 sequence

EDNIMVTFRNQASR.



anti bodies in a subject, which conprises the step of administration of a
peptide according to any of clainms 1 to 10, or a conposition according to
cl ai m 11,woeotons3ssubj ect . 15. A nethod for treating haewrophiB20r/domea

subj ect which conprises the step of adm nistration of a peptide according
to any of claims 1 to 10, or a conposition according to claim1l, to the
subject. 16. A nethod according to claim 14 or 15, wherein the subject has
haermophilia A, and is undergoing, or is about to undergo, factor VIiII

repl acem@nt Ahpapéy accbrdind toreh pebcediag climgvlich corsista dfdtherseduencesher ei n t he

subj ect ' risk fromcontracting, acquired haenophilia. 18. A
nmet hod EBME&W%E%\/ of clains 14 to 17, wherein the subject is HLADR2.

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 VIII 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 in vivo.

14. A method for suppressing or preventing the production of factor VIII inhibitor
antibodies in a subject, which comprisesl 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 step- 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 undefgo, 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. '



