WO 2009/0568331PCT/GB2008/003673 COMPOSITION The present invention relates to a
composition which comprises myelin basic protein peptides. The composition may be used for the
treatment of ww ipkessesasosis. INTRODUCTION, MULTIPLE SCLEROSIS Mutiiglgaatanasis (MS) is
the most common disabling neurological condition affecting young adults. Around 85,000 people in the

UK have MS. In multiple sclerosis (MS), intaw@EignaN nervous tissue causes loss of myelin, a fatty
material that acts as a protective insulation for nerve fibres in the brain and the spinal cord. This loss of
myelin, or demyelination, leaves multiple areas of scar tissue, or sclerosis, along nerve cells.

Consequenilypibesceresinpresiisdnmulipipandomriaithevrpegieatsighs badegymipioms, usually
with repeated relapse and remission. C§mm0é1 sglﬁ;gigms of ItVI in%&d{s recijlégseg or loss of vision,
stumblingPSRE4F e R GRTPSRITRYBALEEHSEE {7 B RSR R BIERRY R iheontinence. In addition,
MS can cause mood changes and depression, muscle spasms and severe paralysis. It is now
generally accepted that ?ng is an autoimmune disease mediated by autoreactive T-cells. Current

treatmentg\fgmgggﬁé y suppress the immune system. For example, one treatment includes
transplantation of bone marrow along with administration of cytostatics and immunosupressive drugs.

This treatment is effect §§ r e patients, but it is expensive and relatively high-risk. Additionally,
the adminmﬁﬁeloﬁgg ]Et?c‘%?[ considered controversial in treating MS because its effects are
unclear and potential side-effects are severe. Treatment with interferon-beta (11-N[3) reduces the
symptoms fMiin me patients and,is therefore widely ysed. Howey 5 h@af“@&ﬁkﬁﬂlﬁ{n of action of
interferonﬁélﬂgl? eﬁ%geﬁé%/ 333‘%%%”&%%08%%7 Sasoqmg BEGlo '

affecting young adults. Around 85,000 people in the UK have MS.

In multiple sclerosis (MS), inflammation of nervous tissue causes loss of myelin, a
fatty material that acts as a protective insulation for nerve fibres in the brain and the
spinal cord. This loss of myelin, or demyelination, leaves multiple areas of scar tissue,
or sclerosis, along nerve cells. Consequently, the sclerosis results in multiple and

varied neurological signs and symptoms, usually with repeated relapse and remission.

Common symptoms of MS include reduced or loss of vision, stumbling and uneven
gait, slurred‘speech, as well as urinary frequency and incontinence. In addition, MS

can cause mood changes and depression, muscle spasms and severe paralysis.

It is now generally accepted that MS is- an autoimmune disease mediated by

autoreactive T-cells.

Current treatments for MS generally suppress the immune system. For example, one
treatment includes transplantation of bone marrow along with administration of
cytostatics and immunosupressive drugs. This treatment is effective for some patients,
but it is expensive and relatively high-risk. Additionally, the administration of
cytostatics is considered confroversial in treating MS because its effects are unclear

and potential side-effects are severe.

Treatment with interferon-beta (TFNP) reduces the symptoms of MS in some patients

and is therefore widely used. However, the mechanism of action of interferon-beta is



unclear and IFNP treatment is ineffective for many patients. Furthermore, treatment with IENf3 is
compounded by the development of anti-IFNP antibodies in most patients Giovannoni, G.,
Munschauerk fmosafghsand Deisenhammer, F. (2002). Neutralising antibodigsyig gatesiesssypeta
during the treatment of multiple sclerosis. J Neurol Neurosurg Psychiatry 73, 465-469. Currently, an
effective fratmemdarNPasnetxstitrRalmeRids; pauses ofumBeahoregdteingdts symptoms,
usually by general suppression of the immune syste Thimthu an acute neted for a therapy
which spaaficHiR RdrgemmouaranBiuile AsypnriBei oL 5ok it SBEEREgression of the
disease. SYNHHETICRERT B ESHMeiziaraT! W3kl 4 Deguheinbk] BOI0EH.(1993)) were the first

researchérs to describe the use of synthetic peptides to induce suppression of an autojmmune
responsewwmﬁ%%ﬁﬁgﬁ%?rgﬂﬁﬁﬁ%R@E&@ﬁﬁﬁ?&%@%ﬁg ’Eﬁ’i & seftrgsts )

81
moc?e‘f’, a commonly used

in vivo meglglgf Ner§ P sivrisuReptidess agved from MBP were administered by the intranasal

route, and it was found that the level of disease suppression correlated with the antigenic strength of
the peptide used. Later, in 1995, Liu and Wraith (Int. Inununol. 7:1255-1263) showed that it was also
possible to indiee SHPRIESSIRE fRARHN MICRISy dbesinisapsiitorBakadeninistiiosedf soluble

MBP-derived peptides. In, this study, suppression of both Thl and Th2 responses chieved, and it
was showRHAY éﬁ?ﬁﬁﬂ‘ﬁﬁéﬁi%ﬁ’ftﬁ@ﬁtiﬂﬁ%ﬁﬁ}ryﬁg% tsgpgrnesl%orﬁuor%eﬁ}%%%%ﬁe ead to

suppressippeé themis geINg e myae feaatitrripgwelieh itweisitalipddwndtal paptides capable of
acting as T-cell epitopes, are capable of inducing talerance. The myelin basic protein (MBP) peptide
89-101 is %ﬁﬂ%ﬁﬁéﬁﬂﬁ%ﬁﬁ”ﬁhﬂﬁ%ﬂ ﬂ%%ﬁﬁ%%ﬁ%%ﬁggés i€ Sae)I/so a very effective immunogen both
in terms of priming for T cell reactivity and induction of EAR. However, this peptide has been shown to

be ineffective at indukc(é E%il{ﬁ e when administered in solution (Anderton and Wraith (1998) But J.
Immunol. 2&X35E 1 ?;b present inventors have previously shown that there is a link between
the capacity of a peptide to bind to an .MHC class | or || molecule and be presented to a T cell without

further antigen processi nd its capacity to.ingdui I in.vive, Pentides which. gge antigen
processin ﬁ@@ﬁ&?&ﬁ?@@ @B{n reuqlllﬁ?eggalr?ﬁgﬁgéﬁggn pé?c%%%r%ﬁoﬁﬁfnﬁEp) can be predicted
to be tolerggaiiba Nivivasd hefseypeptite pdptideb denitdime dtippitogies, FOBAngeNMREERSSINg
Independent epiTOPES. WO 02/16410 describes the followyi ] sidr eliphasic protein
(MBP): 30°389%5.42, 5@?%1%%?‘@%?8?%’?%%?%%%@, 3%-1544,13 “145, 132-146 and
133-147. \Akh03/054464 identifiesdeb dONSiry MBRtpeptictides seiived SirupddBI3nans;
administered by the intranasal route, and it was found that the level of disease

suppression correlated with the antigenic strength of the peptide used.

Later, in 1995, Liu and Wraith (Int. Immunol. 7:1255-1263) showed that it was also
possible to induce suppression of EAE in mice by the intraperitoneal administration of
soluble MBP-derived peptides. In this study, suppression of both Thl and Th2
responses was achieved, and it was shown that administration of peptides after the
start of an immune response could lead to suppression of the on-going immune

reaction.

| However, it was found that not all peptides capable of acting as T-cell epitopes are
capable of inducing tolerance. The myelin basic protein (MBP) peptide 89-101 is an
impumodominant antigen after immunisation and is also a very effective immunogen
both in terms of priming for T cell reactivity and induction of EAE. However, this
peptide has been shown to be ineffective at inducing tolerance when administered in

solution (Anderton and Wraith (1998) Eur. J. Immunol. 28:1251-1261).



135-149; 136-150; 137451; 138-152 and 140-154. SUMMARY The present inventors have now found
that a "cocktail" of four MBP peptides, all of which are apitopes, is particularly effective in treating MS.
It is thought that the four peptides may exert a synergistic effect when in combination. In a first aspect,
therefore, the present disclosure relates to .a composition which comprises the, following myelin basic

protein pq@&qﬁsgéﬂﬂBR@@thMBI?ISSi@@W@PVR@M@%%FI@WﬁF&ﬁ%% B8 &38R Bosition may
consist es ergg%%g%%@g%%iﬁﬁ%&%&-%@ AR 406104 T e eqmiesitionomay belised for
ga di

treating of ISease, In particular multiple sclerosis. 3a In a second agpect, there is
provided &igamip aitiber amtlefinepratisvingo End At Fepasity At RFEGiSOARERE, 4thitiCspect, there is

provided a composition as defined a ' pPrexentingimeiple selaepsisigern fourth
aspect, t&%ﬁi@ r?fbfﬁgc?rg %n%gs? %%ggssgg e%%%gagg%%etror trea}ting%i.r preventing optjc neuritis. In a

fifth aspegkohaEmis proiidadEie) wse beprdisstidrr48lgETBrEICHO/EIN esHdTERtUre of a
med'camigz,éogetég %égge? “AERL%%&'?%SP 'ﬁntigen Processing Independent epiTOPES.

WO 02/16410 describes the following apitopes from myelin basic protein (MBP): 30-
44, 80-94, 83-99, 81-95, 82-96, 83-97, 84-98, 110-124, 130-144, 131-145, 132-146

and 133-147.

WO 03/064464 identifies the following MBP peptides as. being apitopes: 134-148;
135-149; 136-150; 137-151; 138-152 and 140-154.

SUMMARY

The present inventors have now found that a "cocktail” of four MBP peptides, all of
which are .apitopes, is particularly effective in treating MS. It is thought that the four

peptides may exert a synergistic effect when in combination.

Tn a first aspect, therefore, the present disclosure relates to a composition which
cdmprises thé following myelin basic protein peptides:

MBP 30-44;

MBP 83-99;

MBP 131-145; and

MBP 140-154,

The composition may consist essentially of MBP 30-44, 83-99, 131-145 and 140-154.

The cornposition may be used for trgaﬁng or preventing a disease, in particular

multiple sclerosis.

The composition may be used for treating or preventing optic neuritis, in particular

optic neuritis associated with multiple sclerosis.



In a sixth aspect, there is provided the use of a composition as defined above in the manufacture of a
medicament for treating optic neuritis. In an embodiment, the present disclosure relates to a method
of treating or preventing multiple sclerosis and/or optic neuritis by administering a composition _
according to the first aspect of the disclosure to a subject. In the method of the above embodiment of -
the disclosure the composition may be administersed following a dose-escalation protocol. It has been
found that two of the peptides in the cocktail are HEA-DQG binding (MB? 30-44 and 131-145) and two
are HLA-DR2 binding (YPE3P 140-154 and 83-99). The combined use of these apitopes provides
more widespead cover of the differepn jor I- iRUHY MelEGhRaplotypes seen in
MS patientiﬁtﬁgﬁcﬂ?eraésﬁ)ﬁ%tviﬁ%egesllsrpgrfévliéegg%e@%%Qr%}gt%o%g%%{?gggbgfvﬁéembod?ment of the
disclosure prayeinugsedaiastnistration of the composition to a BLA-DQ6 or BLA-DR2 positive subject.
In a seventh aspect, the present disclosure provides a kit which comprises the following myelin basic
protein peptides: MEP 30-44; MB? 83-99; MBP 131-145; and IVE3P 140-154 for simultaneous,
separate ofseduiedtiapatithieisiniordel T RODOTHTON feefnbpiedor reating or

preventing multiple sclerosis.

In a fourth aspect, there is provided a composition as defined above for treating or

preventing optic neuritis. -

Tn a fifth aspect, there is provided the use of a composition as defined above i the

manufacture of a medicament for treating multiple scleross.

In a sixth aspect, there is provided the use of a composition as defined above in the

manufacture of a medicament for treating optic neuritis.



Figure 1: Presentation of MEP 30 41 by 1-11-A-DQ6 to T-cell clone MS 49:D3 Figure 2: Presentation
of MBP 130-144 by BLA-DQ6 to T-cell clone MS 17:A2 WO 2009/0568335PCT/GB2008/003673
Figure 3: Presentation of MBP 139-153 by HLA-HPR2a and HLA-DR2b transfeeted L-cells to T-cell
clone N5:19 Figure 4: Proliferative response of lymph node cells following tolerisation with Apitope
MS6 Figure 5: Proliferation of splenocytes in response to Apitope MS7. Splenocytes obtained from -

mice treated by INFAAASA W@Hﬁ@l@i&ﬁb&aﬂ@Bﬁ ordeitabhel MSTYSIOTEFEEHRAE 6: Proliferation

of splenocytes.in response to Apitope MS7. Splenogcytes obtained from mice treat%nb '
subcutanenutfittresienosial AuenieRit SF BN RE AEBESFARRD SHFPP TS/ ST -‘f—%uréy ¥ Production of
IFNy and 1L- bly S Ienotcl\%tgﬁ.oi}}aine%fg%%géﬁe treated by subcutaneous/intradermal administration
of either of &ﬂ%&ﬁg B30 Figure™8: Example of Snellens chart Figure 9: Patient PBMC
responses to human myelin basic protein (MBP) Figure 10: Patient PBMC responses to ATX-MS-1467

Figure 11: Comparison of the. T cell proliferatjv | IS nd following (visit
e AP AL oA MER R e
administered following a dose-escalation protocol. : :

Tt has been found that two of the peptides in the cocktail are HLA-DQ6 binding (MBP
30-44 and 131-145) and two are HLA-DR2 binding (MBP 140-154 and 83-99). The
combined use of these apitopes provides more widespead cover of the different Major

- His"coconipaﬁbﬂity Complex (MHC) haplotypes seen in MS patients than therapy with
a single peptide. |

The method of the above embodiment of the disclosure may involve administration of the

composition to 2 FLA-DQ6 or HLA-DR?2 positive subject.

“In a seventh aspect, the present disclosure provides & kit which comprises the following
myelin basic protein peptides:

MBP 30-44;

MBP 83-99;

MBP 131-145; and

MBP 140-154
for simultaneous, separate or sequeﬂﬁal administration.

INTRODUCTION TO FIGURES

Figure 1: Presentation of MBP 30-44 by HLA-DQ6 to T-cell clone MS 45:D3

Figure 2: Presentation of MBP 130-144 by HLA-DQ6 to T-cell clone MS 17:A2



The first aspect of the invention relates to a composition which comprises a plurality of peptides from
myelin basic protein. WO 200910568336PCT/GB2008/003673 MYELIN BASIC PROTEIN Myelin

basic proteinyMBf) jgsaf3118.5 kDa protein isolatable from human brain whitg maites,khgsmpature

protein has 170 amino acids and the sequence iS widely available in the literature (see for example:

Chou <1 FRLCLPNSHBERE Mo AREY Db Fiauks Litsemioi ek (1R0pk AR 342021066,
Figure 2; atent No. , 7 85 , D NO: 1; Roth et al (1987), J. Neurosci. Res. 17:321-328,
Figure 4; MedByécdleebeain@D06)PFEBS Letters 580:545-552, Figure 3B). MBP PEPTIDES The term
"peptide" is used in the nomial 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 acigs, The ierpinelidesmediliscbpeptiganansbayntaetcrarplisasanstetunsn Twaipeptides used
in the composition and kit of the present invention may be made using chemical methods (Peptide
ChemistrypiterechE Textbook. Mikos Bodanslcy, Springer-Verlag, Berlin.). For example, peptides
can be synthesized by solid phase techniques (Roberge JY et al (1995) Science 269: 202-204),
cleaved from the resin, and purified by preparative high performance liquid chromatography (e.g.,

Creightoni283) Froteins:StisicturespRaddylele gulasspsingiplesapiidperadstan Spkiddoyiew York NY).
Automated synthesis may be achieved, for example, using the ABJ 4 Peptide S sizer (Perkin
Elmer) in §WWH%EQ?§§@&F&F@?&%E€W‘WW§%@§%§P§% ﬁ%'eR Bétﬁﬁ e mzy alternatively

be made ge;g;mbinant means or by cleavage from a longer polypeptide. For example, the peptide
may be obtained by cleavage from full length MBP. The composition of a peptide may be confirmed by
amino acid analysis or sequencing (e.g., the Edman degradation procedure). The peptides used in the
compositions and kits of the present invention are as follows: WO 2009/0568337PCT/GB2008/003673
MEP 30-4%igure 6: Proliferation of splenocytes in response to Apitope MST. Splenocytes

obtained from mice treated by subcutaneous/intradermal administration of either PBS
or Apitope MS7 (83-99)

Figure 7: Production of IFNy and IL-2 by splenocytes obtained from mice treated by
subcutaneous/intradermal administration of either PBS or Apitope MS7 (83-99)

Figure 8: Example of Snellens chart

Figure 9: Patient PBMC responses to human myelin basic protein MBP)

Figure 10: Patient PBMC responses to ATX-MS-1467

Figure 11: Comparison of the T cell proliferative response to MBP prior to (visit 1)
and following (visit 8) treatment with ATX-MS-1467

DETAILED DESCRIPTION

The first aspect of the invention relates to a composition which comprises a plurality

of peptides from myelin basic protein,



H-Pro-Arg-His-Arg-Asp-Thr-Gly-lle-Leu-AsP-Ser-lle-Gly-Arg-Phe-NH2 MBP 83-99:
[I-Glu-Asn-Pro-Val-Val-His-Phe-Phe-Lys-Asn-lle-Val-Thr-Pro-Arg-Thr-Pro-NH2 MB? 131-145:
11-Ala-Ser-Ager Tao k¥ er-Ala-His-Lys-Gly-Phe-Lys-ely-Val-AsP-NH2 MB3A0dads/003673
H-Gly-Phe-Lys-Gly-Val-Asp-Ala-GM-Gly-Thr-Leu-Ser-Lys-llle-Phe-NH2 The terms "MBP 30-44", "MBP
83-99", "MBP 131-145" and "MBP 140-154" encompasses modified peptides. For example the
peptides may be mutated, by amino acid insertion, deletion or substitution, so long as the MHC
binding-specificity of the unmodified peptide is retained, together with its capacity to be presented to a

T cell. Thm@@?%@qﬁ@q@ﬁ@, have 5, 4, 3, 2, 1 or 0 mutations from the unmodified sequence.
Alternatively (or in addition) modifications malg be made without changing the amijno acid sequence of

the peptiddyEidn bssimpretam: MR e s 6 RRotGi. e At R SFRAE R RIGRY, the normal

amide bogg ggn %é%ﬂﬁ&%ip?at&%é@m%ﬁépma@mﬂ%d&u@ﬁ&ﬁM@@oaﬂﬁﬂbﬁte, side chain
modifications, and constraints such as disulphide bridges and side chain an '2e5§r§ster linkages can
be includéd ts btsrrusgssaiay Feaorlf Ghonel ﬂ&ﬁ&@a&ﬁiﬁ%f’?h@%e%% T2and #10hger biological

lifetime. Modification of epitepss)Mmav A perigsmaddeaseses pyesicianadoionsel aféziknt T- cell
induction derived using the program "Peptide Binding Predicti ns"ggym Parker, (NIH) which
may be oS a%ttﬁ.%n&w-ﬁﬁ&aseiﬁdﬁ{ i dbichi- 58086833 @68?10%3673
bin/molbig/ken Rasker umbaioli (ses SiserBarken: 553 ep Figae43ymmunol. 152:163). 1VD3P
peptides may be formulated into the composition as neutral or salt forms. Pharmaceutically acceptable
salts include the acid addition salts (formed with free amino groups of the peptide) and which are
formed with inorganic acids such as, for example, hydrochloric or phosphoric acids, or such organic
acids such as acetic, oxalic, tartaric and maleic. Salts formed with the free carboxyl groups may also

be derivedMBBIPIRBIFEXIS bases such as, for example, sodium, potassium, ammonium, calcium, or
ferric hydroxides, and such organic bases as isopropylamine, trimethylamine, 2-ethylamino ethanol,

histidine apgRRGANEptide” is used in the normal sense to mean a series of residues, typically
I-amino acids, connected one to the other typically by peptide bonds between the «-
amino and carboxyl groups of adjacent amino acids The term includes modified

peptides and synthetic peptide analogues.

The peptides used in the composition and kit of the present invention may be made
using chemical methods (Peptide Chemistry, A practical Textbook. Mikos Bodansky,
Springer-Verlag, Berlin.). For example, peptides can be synthesized by solid phase
techniques (Roberge JY et 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 be achieved, for example, using the ABI 43 1 A
Peptide Synthesizer (Perkin Elmer) in accordance with the instructions provided by
the manufacturer.

The peptide may alternatively be made by recombinant means or by cleavage from a
longer polypeptide. For example, the peptide may be obtained by cleavage from full
length MBP. The composition of a peptide may be confirmed by amino acid analysis
or sequencing (e.g., the Edman degradation procedure).

The peptides used in the compositions and kits of the present invention are as follows:



COMPOSITION The composition of the present invention may be for prophylactic or therapeutic use.
The composition may by prepared as an injectable, either as liquid solution or suspension; solid form
suitable for sglytighbjisegssuspension in, liquid prior to injection may also begrgRasamfs g Rreparation
may also be emulsified, or the peptides encapsulated in liposomes. The active ingredients may be
mixed Wit%% which are pharmaceutically acceptable and compatible with the active
ingredient St xcipients are, for example, water, saline (for example, phosphate-buffered
saline), dextrose, glycerol, ethanol, or the like and combinations thereof In addition, if desired, the
compositipnpax COfain Inan, ameunts At Aldliasy-SuRSIaTnss SUChRSNEELting or emulsifying agents
and/or pH butfering 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 sucrosggaitkehadose. In the composition, the relative ratio of the peptides (MBP 30-44:MBP
83-99:MBP I3I-T45"MBP 140-154) may be approximately 1:1:1:1. Alternatively the relative ratios of
each peptide may be altered, for example, to focus the tolerogenic response WO

2009/056§329P & H{GR2Q0S/0QBEF 3 PRecPRaTigH ARSUR-SAll Of laurateActVELT-ReHSIHS if it is found that
one peptide works better than the others in particular MA types. After foimulation, the composition may
be incorporated into a sterile container which is then sealed and stored at a low temperature, for
example 4Gppris{opysbe freeze-dried. Conveniently the composition is prepared as a lyophilized
(freeze dried) powder. Lyophilisation permits long-term storage in a stabilised fouu. Lyophilisation

H-Ala-Ser-Asp-Tyr-Lys-Ser-Ala-His-Lys-Gly-Phe-Lys-Gly-Val-Asp-NH;

MBP 140-154:

H~Gly~Phe—Lys~G1y-Val—Asp~A1a~Gln—Gly—Thr-Leu-Ser—Lys-]Ie—Ph&NHz

The terms "MBP 30-44", "MBP 83-99", "MBP 131-145" and "MBP 140-154"
encompasses modified peptides. Por example the peptides may be mutated, by amino
acid insertion, deletion or substitution, so long as the MHC binding-specificity of the
unmodified peptide is retained, together with its capacity to be presented to a T cell.
The peptide may, for example, have 5, 4, 3, 2, 1 or 0 mutations from the unmodified

sequernce.

Aliernatively (or in addition) modifications may be made without changing the amino
acid sequence of the peptide. For example, D-amino acids or other unnatural amino
acids can be included, the normal amide bond can be replaced by ester or alkyl
backbone bonds, N-or C-alkyl substituents, side chain modifications, and constraints
such as disulphide bridges and side chain amide or ester linkages can be included.
Such changes may result in greater in vivo stability of the peptide, and a longer

biological lifetime.

Modification of epitopes may be performed based on predictions for more efficient T-
cell induction derived using the program “Peptide Binding Predictions” devised by K.
Parker (NIH) which may be found at httpy//www-bimas.dertnib. sov/cgi~




proceduresarewellknownintheart,seeforexample
http://lwww.devicelink.com/ivdtiarchive/97/01/006.html.Bulking agents are commonly used prior to

freeze-dryingggiieldAssEgannitol, dextran or glycine. The composition may be,adrigisieradin a

convenient manner such as by the oral, intravendus (where water soluble), intramuscular,

subcutangole SHRIRGHALIRUANRSA IOAIRIBALO! SHPROSIRIVOM G OF SBPIRTiRRABLO. USing slow
release . it y advantageously be administered via intranasal,
subcutands&@sléBintradermal routes. The method and pharmaceutical composition of the invention
may be used to treat a human subject. 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 NEBR meptidepraterrbd dpmpoditadninio dbacenpstion” #ragesth Rty B ii¥ed, where a

plurality o fases5,ain '@ RERACYR BRARACIR caneaRliaans. B dbaapRiangadas been

used, for example, for phospholipase A2 peptides in immunotherapeutic applications against bee

venom allergpgngierpserfabe1oasids) anérsichaiemfeimmest, ik ineveonis SRYSIRAR &% 4PY1098) J. din.
Invest. 102,98 %Q%J%W@@MQTJQ&QQB&QE%&WM@Wr&héhtfa@ fuerib)BP peptides

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

circumstanselidntartils Aud praificabfalis Hrovier THE PRp e SEE R EPIPHRIB AT Kit, for
simultanequs. S§RAIASnSRANERN AL SRRbIneR AdMIBIIE LMo LHBUARINE, Saendhiagy comprise the

four peptides in separate containers, or two containers, each comprising two peptides, The contents of

the contaifelguray 6F nfBfifotEesHBmedsHoFishadtHEHEH IS THE kiSRRI Rinprise mixing

and/or ad%iﬂéﬂ%@%ﬁé?é%&%%@ﬂ%ymﬁa@ﬂﬂmsal administration; or a syringe and
needle for subcutaneous/intradermal dosing) The kit may also comprise instructions for use. The
pharmaceutical composition or kit of the invention may be used to treat and/or prevent a disease.

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

The composition may by prepared as an injectable, either as liquid solution or
suspension; solid form suitable for selution in, or suspension in, liquid prior to
injection may also be prepared. The preparation may also be emulsified, or the
peptides encapsulated in liposomes. The active ingredients may be mixed with
excipients which are pharmaceutically acceptable and compatible with the active
ingredient.  Suitable excipients are, for example, water, saline (for cxample,
phosphate-buffered saline), dextrose, glycerol, ethanol, or the like and combinations
thereof.

In addition, if desired, the composition may contain minor amounts of auxiliary
substances such as 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.

In the composition, the relative ratio of the peptides (MBP 30-44:MBP 83-99:MBP
131-145:MBP 140-154) may be approximately 1:1:1:1. Alternatively the relative

ratios of each peptide may be altered, for example, to focus ﬂ%e tolerogenic response



In particular, the composition/kit may be used to treat and/or prevent multiple sclerosis and/or optical
neuritis. MULTIPLE SCLEROSIS Multiple Sclerosis (MS) is the most common neurological disorder

among young.adiilts,§2 19 40 years old) affecting around 385,000 people in&&tyeg%og%ﬂg»&)ﬁ,ooo in
a

the USA. It is a chronic degenerative disease of the central nervous system in which gradu

destruction,of FYSDRECYS o BPIENGSAIRUINOUILE hAandhensRBRL FRIGidBIRARLNG with neural

connectivity and causing muscular weakness, loss of coordination and speéch and visual
disturbanbetienthen titeyahess tbpartipalltdfitife iRgkviduals who are initially diagnosed with
Relapsing-Remitting MS (RRMS) find that the frequency of relapses decreases but disability
increases. This is known as Secondary Progressive MS (SPMS). Some WO

2009/056838P GFrad2008/ o TaestivaEEYaRs iRaeHRMIFS SR ArdCEERAYHIS OV PBple with
RRMS willningressdd A SeeeRdemBORISSSMARD o SUMIDIRAM Sy SesoniBiiEopressive MS

can vary widely. For some patients, the increase or progression of disability is very gradual, and for
others it cdifedecur more quickly. In general, however, recovery from attacks become less and less
complete, and symptoms tend to increase and disability grows. Clinical attacks become less
pronounced and remissions tend to disappear, but more CNS tissue has now been destroyed and the

cumulativEeryraigetly s cempariinroi MrRPaed S GiienalisRcfHre7m EIRBNEMEY Be used to treat
a patient with [e6ent:0nseLMSs RRMS-phSEMS:cThe cornesitien abtie presephinvension may reduce

or ameliorate ‘one or more of the symptoms of MS, which include reduced qr loss of vision, stumbling

and uneveregaRIEEITe &b eechiclirindf)aratuen®y antifncorfhencé®mootPEhanGBY R depression.

SPMS can e /s aisedini b mvesie srasme s Severe BarRiisisadnparticulabieadmposition may
ameliorate optical neuritis. OPTICAL NEURITIS Optic Neuritis (ON) is an inflammation, with
accompariiie RIS Je KFrsreir s S whes merail e e §%¥the eye. It is a variable condition

and can present with any of the following symptoms: blurring of vision, loss of visual acuity, loss of

some or all colour vision, complete ar partial blindness and pain behind t eaesyg.
The composition may be administered in a convenicnt manner suc y the oral,

intravenous (where water soluble), intramuscular, subcutaneous, sublingual, intranasal,

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

The conposition may advantageously be administered via intranasal, subcutaneous or

intradermal routes.

The method and pharmaceutical composition of the invention may be used to treat a
human subject. 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 applications against bee venom allergy (Miller ef al (1998) I.
Allergy Clin Immunel. 101:747-754 and Akdis et al (1998) J. Clin. Invest. 102:98-
106).

KITS



Optic Neuritis is one of the most frequently presenting symptoms of multiple sclerosis and is the most
porrr:mon symptom at onset of MS. ON can, however, be attributable to causes other than MS, such as
ischemic optig;geiepatey; ON presents unilaterally (in one eye only) in 70%,pfiéasemsMpgtiypically,
_Opf[ic Neuritis first affects people aged between 1% and 50 years of age. In this age group, studies
indicate that more than 50% of patients will convert to Multiple Sclerosis within 15 years. As with MS,
women are about twice as likely as WO 2009/056833 12PCT/GB2008/003673 men to present with
ON and the preyalance:in GaucRRiaNReaRIeS s ighatihaninahedmeiahgroumBrdiRg main

symptoms of Optic Neuritis are: Loss of visual acuity (blurring of vision). E in. chromatopsi
(reduced colved Wiﬁon or cocktail. However, the);e( may bg circumste%ncesy 1enpw 'ch[ity 155 psia

preferable to provide the peptides separately in the form of a kit, for simultaneous,

separate, sequential or combined administration.

For example, the kit may comprise the four peptides in separate containers, or two
containers, each comprising two peptides. The contents of the containers may or may

not be combined prior to administration. ®

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

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

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

prevent a disease.

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

sclerosis and/or optical neuritis.
MULTIPLE SCLEROSIS

Multiple Sclerosis (MS) is the most common neurological disorder among young
adults (20 to 40 years old) affecting around 385,000 people in Europe and 300,000 in
the USA. Tt is a chronic degenerative disease of the central nervous system in which
gradual destruction of myelin occurs in patches throughout the brain and/ or spinal
cord, interfering with neural connectivity and causing muscular weakness, loss of

coordination and speech and visual disturbances.

After 10 years, about half of the individuals who are initially diagnosed with
Relapsing-Remitting MS (RRMS) find that the frequency of relapses decreases but
disability increases. This is known as Secondary Progressive MS (SPMS). Some



Movement and sound phosphenes (visual flashing sensations brought about by side-to-side eye
movement or sound). Uhthoffs symptom, the worsening of symptoms with heat or exhaustion.

Treatment ofy N uing£aMPosition according to the present invention may prevessedies:0r
ameliorate any of these symptoms. In order to mdnitor progression of ON, visual accuity may

conveniently he: measured aing SsSpallensshasher SAMBLES Hhelpwina pamelesserve to
-

illustrate the present invention, but should not be construed as a limitation thereof. The invention

particuIar@?@@ﬁé@m‘ﬁéﬁi@m&m@%%&éﬁb@%ﬁ?ﬁ%}ég EFRHES MR R Pipose of the
Examp'eswihaf"%fm;ﬂe&&m@m@ erddorihe MRRpaptdenMER Rertde Mameln Examples
(interchangeable) 30-44 A -MS-01 Apitope MS1'83-99 NIX-MS-07

and for others it can occur more quickly. In general, however, recovery from attacks

become less and less complete, and symptoms tend to increase and disability grows.

Clinical attacks become less pronounced and remissions tend to disappear, but more

CNS tissue has now been destroyed and the cumulative damage is more apparent on

MRTs.

The composition of the invention may be used to treat a patient with recent-onset MS,
RRMS or SPMS.

The composition of the present invention may reduce or ameliorate one or more of the
symptoms of MS, which include reduced or loss of vision, stumbling and uneven gait,
shurred speech, urinary frequency and incontinence, mood changes and depression.

SPMS can be associated with muscle spasms and severe paralysis.
In particular the composition may ameliorate optical neuritis.

OPTICAL NEURITIS

Optic Neuritis (ON) is an inflammation, with accompanying demyelination, of the
optic nerve serving the retina of the eye. It is a variable condition and can present with
any of the following symptoms: blurring of vision, loss of visual acuity, loss of some

or all colour vision, complete or partial blindness and pain behind the eye.

Optic Neuritis is one of the most frequently presenting symptoms of multiple sclerosis
and is the most common symptom at onset of MS. ON can, howeves, be attributable

to causes other than MS, such as ischemic optic neuropathy.
ON presents unilaterally (in one eye only) in 70% of cases.

Most typically, Optic Neuritis first affects people aged between 15 and 50 years of
age. In this age group, studies indicate that more than 50% of patients will convert to
Multiple Sclerosis within 15 years, As with MS, women are about twice as likely as



Apitope MS7 31-145 ATX-MS-04 Apitope MS4 140-154 ATX-MS-06 Apitope MS6 WO
2009/05683313PCT/G132008/003673 The composition of four peptides is termed ATX-MS-1467

Example 1ldgriifigatignrg@kHLA-DOG restricted myelin basic protein T-cell epgprase Nladsdass |l
genes confer susceptibility to multiple sclerosis I’<1epom and Ehrlich (1991) Ann Rev. Immunol. 9:

495-525), Jihin Seusesiane SNNGRNeR Bock Caniral Ruianei-Aysisalie andbcier America the
association is linked to the MEC moleculé HLA-DR2 (DR2a [DRB5*0101] and DR2b [DRB1*15011,

Haines epﬁ%&%&lfgmﬁ Mol. Genet. 7: 1229-1234). Although the DR2 and DQ6 alleles of MHC are
found at different loci, there is significant linkage disequilibrimn between the two alleles. The

concordaggg Q@Mgﬁﬁ%ﬁwﬁ@ﬁlﬁ%ﬁgﬁf@m@uch greater than expected if the alleles were randomly
re-associated. Therefore the possibility arises that certain T-cell epitopes associated with MS may be
HLA-DQ6 restricted rather than HLA-DR2 restricted.

s Loss of visual acuity (blurring of vision).

» Eye pain.
= Dyschromatopsia (reduced colour vision).

¢ Movement and sound phosphenes (visual flashing sensations brought about by

side-to-side eye movement or sound).
"« UhthofFs symptom, the worsening of symptoms with heat or exhaustion.

Treatment of ON with a composition according to the present invention may prevent,
reduce or ameliorate any of these symptoms. In order to monitor progression of ON,

visual accuity may conveniently be measured using a Snellens chart.

EXAMPLES

The following examples serve to illustrate the present invention, but should not be
construed as a limitation thereof. The invention particularly relates to the specific

embodiments described in these examples.

For the purpose of the Examples, the following names may be used for the MBP

peptides:

MBP peptide Name in Examples (interchangeable)
30-44 ATX-MS-01 Apitope MS1
83-99 ATX-MS-07 Apitope MS7
131-145 ATX-MS-04 Apitope MS4
140-154 ATX-MS-06 Apitope MS6




The aim of this study was to identify whether human MBP T-cell epitopes are presented by the
HLA-DQG6 molecule to T-cell clones isolated from I-MA-DR2 positive MS patients. T-cell activation was
measured bywkreatopeglifgration using [31-]-Thytnidine incorporation. Peptidg@ntigensMBE&peptides
30-44, 130-144 and 139-153 were synthesized h%lng L-amino acids and standard F-moc chemistry on
an AbimeghA #géﬁgﬂlgpgﬁﬁmg@mgg%mm@ennng cells L-cells transfected with
either HLA-DQG6, 1ILA-DR2a DR2b, or Mgar cells (EACC, Porton Down, UK) which express
HLA-DQ, DP and DR were used as APCs. T-cell clones WO 2009/056833 14PCT/GB20081003673

T-cell clongs Mip-49: D3 & Bk A% Wera ge0eratee fram MSdbatidnakiantoutmeTlddl19 was

generated from a'normal individual. All three clones were isolated from DR2 positive individuals.
Antigen peBEERgation assay Antigen presenting cells were incubated with the various concentrations of
peptide and the appropriate T-cells. Proliferation, and therefore activation, of the T-cells was measured
by [3141-TimMidias: incespesatinifeandsexmibitedasmtidstnclaticmns ifNa?@(SI&ﬂtt&réiftbd counts per

minuite (CoRER) S SESM NG HEBHGGASRE. CYfitiR: WHIRH RSP IIP R RR Uid Central
Furope, Australia and Northern America the association is linked to the MHC
molecule HLA-DR2 (DR2a [DRB5*0101] and DR2b [DRB1¥1501], Haines et al
(1998) Human Mol. Genet. 7: 1229-1234). Although the DR2 and DQ6 alleles of
MIHC are found at different loci, there is significant li'mkage disequilibrium between

the two alleles. The concordance between the two alleles is 99%, much greater than
expected if the alleles were randomly re-associated. Thercfore the possibility arises
that certain T-cell epitopes associated with MS may be HLA-DQ6 restricted rather
than HLA-DR2 restricted.

The aim of this study was to identify whether human MBP T-cell epitopes are
presented by the HLA-DQ6 molecule to T-cell clones isolated from HLA-DR2Z
positive MS patients. T-cell activation was measured by T-cell proliferation using

PH]-Thymidine incorporation.

Pentide antigens

MBP peptides 30-44, 130-144 and 139-153 were synthesized using L-amino acids and
standard F-moc chemistry on an Abimed AMS 422 multiple peptide synthesiser.

Antigen presenting cells

I-cells transfected with either HLA-DQ6, HLA-DR2a or HLA-DR2b, or Mgar cells
(EACC, Porton Down, UK) which express HLA-DQ, DP and DR were used as APCs.

T-cell clones



When peptide MBP 30-44 was presented by L cells transfected with HLA-DQG6, T-cell clone MS 49:D3
gave a very strong proliferative response (1.5 fold greater than to Mgar control cells) at the highest

peptide concgigraiionsdsigure 1). When MBP 130- 144 was presented by L geipdgnsiesisdyvith
HLA-DQG6 an even stronger response was induckl in MS 17:A2 T-cells (3.24 fold increase in

proliferatiqn camparachit MeasCanraisels Abigue 2ind-dhinditreellsiqneiiselated fope a DR2
individual N5:19 responded to the major epitope MBP 140-154 and to a series of overlapping 15mer

peptides 3pEARiNgHIevagieh froos a neympbintisidey. 1 A4 ISR IR AR AIREING: 19 T-cell
clone whegpreseniedityHkfdoR2a transfected L-cells, but not HLA-DR?2b transfected L-cells (Figure
3). ConclusionT-cell clones isolated from HLA-DR2 positive individuals respond to HLA-]3Q6

restricted MBP T-cell epitopes. This implies that the association of HLA-DR2 with multiple sclerosis is

not confinggﬁ%éaggegggﬂg}p&g)‘%MBP T-cell cpitopes but may also be DQG6 restricted. WO

2009/056 PCT/GB2008/003673 In the MBP composition of the present invention, two of the
peptides are HLA-DQ6 binding (MBP 30-44 and 131-145) and two are HLA-DR2 binding (MBP

140-154 angiB:08)Fhareicaidarlideihsrany with theseapiiopeadaaydiediretiegtdeither
HLA-DR2 or 1-ILA-DQ6 individuals. Example, 2 - Induction,of tolerance wi{.h Apitopg MS6 in a
ITLA:OR2 %Pén@‘?éﬁﬁ%@ﬁ@eﬁ?ﬁg%ﬂ?@%%%é‘ﬁ%%ﬁ%gﬁ88@?1%&8%8 gf?%ﬁ%%e“@\spitope MS6),
when presgpiegkly @ F’lﬁ@l@iﬁﬁﬁﬂb%@ﬁiﬁ&tﬁﬁﬂ indusepierednelagicatiinideioaeiidachumanized
mouse model of multiple sclerosis. Api_topes%/ISG is an apitope selected fro(gllwithin Eﬁﬁg epitopes of
MBP corréShondRigetier BB FHoPEs A i ‘iﬁ%‘?irﬁ % KRR B S ge f presenting cells,
and can stipulatepbrtridy. without being processed (see WO 03/064464). The mouse model used was
transgenic for the human MHC molecule HLA:DR2 (DRB1*1501) (Madsen et al(1999) Nature Genetics
23:343-347). The induction of anergy or changes in the CD4+ T-cell population in a mouse after
administratigg;af an apitope may be monitored by a reduction in T-cell proliferation when challenged
with the antigen in vivo. Peptide synthesis Apitope MS6 (MBP peptide 140-154) was synthesised using

L-amino acids and standard F-moc chemistry on an Abimed AMS 422 multiple peptide synthesiser.
Mice and tofaeansepttdiIMIBR 30-44 was presented by L cells transfected with HLA-DQS, T-

cell clone MS 49:D3 gave a very strong proliferative response (1.5 fold greater than to
Mgar control cells) at the highest peptide concentration (Figure 1), When MBP 130-
144 was presented by L cells transfected with HLA-DQ6 an even stronger response
was induced in MS 17:A2 T-cells (3.24 fold increase in proliferation compared to

Mgar control cells - Figure 2).

A third T-cell clone isolated from a DR2 individual N5:19 responded to the major
epitope MBP 140-154 and to a series of overlapping 15mer peptides spanning this
region (138-156). Peptide 139-153 stimulated proliferation of the N5:19 T-cell clone
when presented by HLA-DR2a transfected L-cells, but not HLA-DR2b transfected L-
cells (Figure 3).

Conclusion

T-cell clones isolated from HLA-DR2 positive individuals respond to HLA-DQ6
restricted MBP T-cell epitopes. This implies that the association of HLA-DR2 with
multiple sclerosis is not confined to DR2 restriction of MBP T-cell epitopes but may
also be DQ6 restricted.



HLA:DR2 transgenic mice aged 8-12 weeks were used in the study The mice were tolerised by
pre-treatment with 100p.g of Apitope MS6 in 25 pl of phosphate buffered saline (PBS) or 25)..1 PBS

alone, by intrgpsabadegiaistration on days -8, -6 and -4 prior to immunisatiGi @i gayeQeo¥¥a
2009/056833IbPCT/G82008/003673 Following tl)?erisation, mice were immunised subcutaneously with

10091 of gn,emwisien.GRNAIRING @ﬁtﬁ&f?és\éﬁkuﬁi‘@eﬁﬁ&e%%e&@ eyt AdiENIAQFAY and PBS
containing 200pg of Apiggg MS6 and 400utg heat-killed Mycobactei%ﬁ{rﬁ t% I&Eés ?control group
of mice, pravisMBBrEedhardrBs-MipaadaiyoiEs e mitiiee SRS %':i “At10 days post
subcutanggus NYBYNisALiR, Al iiRaLeRIGY ARd insuwnRilypashagdrsdivesedemeitbdrand T-cell
activation was assessed by assaying the proliferation of T-cells in response to various concentrations
of ApitopdiBeDBrRRIHHOIRESHBARSd by [31-1]-Thymidine incorporation, and expressed as the
stimulation index (Sl = corrected counts per minute (ccpm) culture containing peptide/ccpm culture
without peptide). Results Group A mice that were tolerised with PBS and then immunised with Apitope
MS6 resppraeshio antigenistsimatinrantieivithchaltepgad SdthnApitdina MR8 inansiesécdependent
manner (Figure 4). With increasing concentration of peptide the Sl increased from a median of 2.5 to
10. All the®Ri&€in this group demonstrated that PBS administered intra_nasally could not induce
tolerance to Apitope MS6. In contrast, intranasal pre-treatment with Apitope MS6 had a profound effect
on the prolifdsatielye spondestfiydnphobytesstintel set! wvitrepfiense piaBops MERdEyEEROM Group B
mice were unable 1q res signifigant deqree, iah; | ation of 150
p.g/ml (SPFﬁ%%’lfﬁf %),YFlagBure ?@%gegdrgt@%%ug%’e%ﬁh%%%t%éﬂ %1@!68 %ﬁsﬁ%ﬁ%ﬁgnce in
lymphocy tesfiratizédLeDR2nmits dfymptipley teteeodinctbaitamm Mk i A AR L 8EAGHE -treated and

immunised with PBS (Groyp ¢) faile %Qﬁéﬁﬁ& enpAkePEsM S8 {Figieadhed his lack of
response %)Ofﬁewﬁfe%ﬁﬁég%ﬂhﬁﬁ%%%@ggﬁ%:?ms at thgjg;oliterative resbonsé seen in Group A was
indeed a rbgpdike @dsHunisatizenpthsepiep ealis 6nd epe tiiaip -cells without being

2009/05683317PCT/G J HRRRIthe hypathesisthatambkBiapeptide
(Apitope M’é‘lﬁﬁ%% @355%%%@%%%%%@55%%{%% binds to HLA:DRZ IVITIC Class Il molecules, can
induce tolévEfiCe mvbientdeltThistBIRA iHBBRAZANP1) (Madsen et al(1999) Nature Genetics

23:343-347).
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The induction of anergy or changes in the CD4+ T-cell population in a mouse after
administration of an apitope may be monitored by a reduction in T-cell proliferation

when challenged with the antigen in vivo.

Peptide synthesis

Apitope MS6 (MBP peptide 140-154) was synthesised using L-amino acids and
standard F-moc chemistry on an Abimed AMS 422 multiple peptide synthesiser.

Mice and tolerance induction

HLA:DR?2 transgenic mice aged 8-12 weeks were used in the study. The mice were
tolerised by pre-treatment with 100ug of Apitope MS6 in 25! of phosphate buffered
saline (PBS) or 25u1 PBS alone, by intranasal administration on days -8, -6 and -4

prior to immunisation on day 0.



Exam le 3Induction of tolerance with Asitose MS7 MBP 83-99 in HLA:DR2 and T-cell rece tor MBP
82-100 double- transenic mice This study investigates the ability of Apitope MS7 (MBP peptide 83-99)

to induce tolgygngadnsgsble transgenic mice expressing HLA:DR2 togethepwith-Wekngsdhseceptor
for the HU: DR2 bound myelin basic protein (M lg) 82-100 peptide. Splenocytes from these double

transgenigANwals RENIRLAIEIN iR ilviesnansadrRAPigRaMRbuRedustion op@beyation of the in
vitro splenocyte response to an apitope following its repeated administration i

vivo.indicates that a
state of toteralsi KAEBEEREAHRIVEHY TTRFA MR JiT Fad bt AN L%‘i'ﬂé; ﬂ h the

intranasal gpgsheatangossAniage ViKY reutespianiteneRANRistRileitbe Rignegdsduction Groups

of 6 or 7 age (8-12 weeks) and sex matched double transgenic mice were used. In the first experiment
one grou PR ATRES Pﬁ?&%&lli‘f’sﬁﬁﬁ Wé%%@ﬁ?%ﬁ?@i’ﬁ%%ﬁe gular

intervals qygr&uPgeiadief three weeks. The control group received PBS alone. In the second
experiment the same amount of peptide was given by subcutaneous/intradermal administration in
100[11 of PBS. The control group received the same volume of PBS. Proliferation assay Three days

after the lagt aglppiskatiosBtpeptise amRRSisHiR spRensiyarephisswestediandetibgushensions
prepared. The splenocytes were incubation with 0.5 or 5 Fi /#c? A%to?gego%w a?eg aa%%ssed for
proliferatiGi¥5F [HELa LFROHSHAREiNcS &%{YSH%&%@?%% SRS FERREHEE s are
expressehAT JHM katliaRi0giees (Srivaounisperntuns el (apmnyef MAiirefeolifataing avtigen/counts

per minute without antigen), Cy tokine measurement In the second experiment, where,tolerance
induction W5&SHEACEY sﬂlﬂ:ﬂg@a‘b H&P&}%‘?ﬁ%}%e%ﬂaFmP ,S%%I?‘%Eﬁe Wiaon

ure supernatlann rom the
splenocytgsiwereseiestechahéSpandnlZuby Y @fptuijteidtaadassayied foettideprgsenadtofdFN-y and

interleuldn-2 (IL-2) using an enzyme linked immunosorbant assay (ELISA).
W%ﬂ:(iout ept{gg). y y( )

Results

Group A mice that were tolerised with PBS and then immunised with Apitope MS6
responded to antigenic stimulation when re-challenged with Apitope MS6 in a dose
dependent manner (Figure 4). With increasing concentration of peptide the SI
increased from a median of 2.5 to 10. All the mice in this group demonstrated that
PBS administered intranasally could not induce tolerance to Apitope MS6.

In contrast, intranasal pre-treatment with Apitope MS6 had a profound effect on the
proliferative response of lymphocytes stimulated with this peptide. Lymphocytes
from Group B mice were unable to respond to any significant degree, even at the high
peptide concentration of 150 pg/ml (ST median 3, Figure 4). These data suggest that
Apitope MS6 has induced tolerance in lymphocytes from HLA-DR2 mice.

Lymphocytes extracted from mice which had been pre-treated and immunised with
PBS (Group C) failed to show any response to Apitope MS6 (Figure 4). This Jack of
response to the peptide within Group C confirms that the proliferative response seen

in Group A was indeed a response to immunisation with Apitope MS6.

Conclusion



Results At all three time points investigated, splenocytes from mice treated with PBS via both the
intranasal and subcutaneous/intradellual route showed strong proliferation to Apitope MS7, the
magnitude ofsthedesp@lse increasing with peptide concentration. A striking peduciosmsngatiferation
was observed in splenocyte cultures from mice treated with Apitope MS7 by both routes of

administrgg. AssLeNRINHHON Sl tar Ars BRI (Ahseyed st tutdres containing
5pg,/m1 Apitope MS7 was 17 in mice treated i.ntranﬁﬂlé %lth Apjtope MS7. In the. cgrresponding
cultures fFEAVEBRFOPFRRESEMIBfith tPEE 4 tHaxh Wﬁsﬁ)ﬁg‘%ﬁfg siffiarly, as shown in
Figure 6 agininistration aliApitore:iadiudhgysubcutaneous/intradermal route resulted in a decrease
in mean Sl from 124 in the PBS treated animals to 49 in animals treated with Apitope MS7. The levels
of 1FNy and IL-2 detected in culture supematants from 48hr cultures are shown in Figure 7. The
repeated treatment with peptide jn VL sean o bring, ak ﬂ)ﬁﬁi@ﬁr%{ el 19N, i secretion of
both cytol@ﬁé@m 3 o the - protiferative response. GOonciusio ese results
indicate thptttlesansetVMBItYp2-MBdoahl besnsgessiullgénduced in a mouse model designed to
mimic the human system and supports its potential for use in multiple sclerosis therapy. Furthermore
its efficacy is retained when administered by the subcutaneous/intraderrnal route, the route of choice
for humans Although the in vivo efficacy of Apitopes MS6 and MS7 has been demonstrated it is not at

present passible | damansiiale thedpilieer ol eanashl Bl iade Boiog keeause of the lack of

transgenic mice expressing the HLA-DQB molecule, Mice expressing the molecule have been created,
but it has b8emnmfet el d@&bihéﬁ%@@l@éﬁ%ﬁéﬁmmc@ﬁiﬁﬁ% tRERRRRT aRtPdBhdr thigfefore mount
an imm“”?eé@%&?@é?ﬁ% aRtigep b hs.aanR Al a0 R08nExmP]ie 10D geptidscalation studa
com.osiuon 0'burMBP sea des The combination of four peptides (MBP 30-44, 131-145, 140-154 and
83-99) was used in an open-label, dose-escalation study of ATX-MS-1467 in patients with secondary
progressivg, iliiRle SHlstsisL AlgRIs walGmaniareristieurwesks anddhireesponibsafter the fmal
study dose for visual acuitg gi.e. reduction in optic neuritis), immun?logical parameters and

inflammatiépifapENs. e a8 aResrtih gL ibGaaxifig spiendcyte response to an

apitope following its repeated administration in vivo indicates that a state of tolerance

has been achieved.

Tolerance induction has been attempted using both the intranasal and

subcutaneous/intradermal routes of apitope administration.

Tolerance induction

Groups of 6 or 7 age (8-12 weeks) and sex matched double transgenic mice were used.
In the first experiment one group was treated ten times intranasally with 100ug
Apitope MS7 in 25ul PBS at regular intervals over a period of three weeks. The
control group received PBS alone. In the second experiment the same amount of
‘peptide was given by subcutaneous/intradermal administration in 100ul of PBS. The

control group received the same volume of PBS.

Proliferation assay

Three days after the last administration of peptide or PBS, the spleens were barvested

and cell suspensions prepared. The splenocytes were incubation with 0.5 or 5 pg/ml



Optic Neuritis (ON) is an inflammation, with accompanying demyelination, of the Optic Nerve serving
the retina of the eye. ON is one of the most frequently presenting symptoms of multiple sclerosis, and

is the most GRRNRHREAARtom at onset of MS. Tf/g)ical symptoms of ON inclygg;dlsningdsatysion, loss
of visual acuity, loss of some or all colour vision, tomplete or partial blindness and pain behind the

eye. The gff t ' -M3: 8464 Rnuontianeuytissesuliingdsemdhamaurginflammatory
process |§\Pc?f\§ g%ﬁS%%%\%%ﬁ%t%%@%T%MS-%Zmpwas?giﬁven following the dose-escalation

protocol GiamdPatsves plesubine mderplibRsnsgTesathre et R REaf AcE Fas tested
using a standa rfiju“%r[% womg[%ig&%@ng\/ggi QQ@&Q@MEQ{E/@@%Q@W}S The results

show a clinically significant improvement in visual acuity one month post treatment. This was
demonstrated in analysis of the initial visual acuity examination at screening compared to the one
month fO'E{%&I&f@ﬂeWemng sight measurements of 6/24 and 6/9 (in right and left eyes
respectively) improved to right eye) and 6/6 (left eye) post treatment. The patient's eyesight had
previously been unchanged for the past two years. Exam e 4B - Monitoininiunolo ical ameters As
explainedrabeye, the sfflect:ol-partise thatapy withacodkaikaontaining fetlicapitopentigeptides from
myelin basic protein (ATX-MS-1467) has been investigated on % paggfentsl. Each patient was
screened SbeHIApSALS B IRRIAh 1QEs. SRl SPIBCSPRMFCHHEORE FPITIETIE 8858 of 25 jig of
ATX-MS-14R7.aS8iVeNAA Yisin 50 BaerVishB 10040 7 Visitihe4AR4iePMRANS ar@nd 800 jig on
both visits 6 and 7 Further examinations were conducted at one month and three month follow-ups
(visits 8 &islerikitofolling) tABRE SUAMAERSIIR ArasEMSRRrRhEtRRY e mber of visits to the
clinical made by each patient along with the dose of peptide and blood sampling. VISIT NUMBER

DOSE OF ATX-MS-1467 010 COMMENT 1
Results

At all three time points investigated, splenocytes from mice treated with PBS via both
the intranasal and subcutaneous/intradermal route showed strong proliferation to
Apitope MS7, the magpitude of the response increasing with peptide concentration.
A striking reduction in proliferation was observed in splenocyte cultures from mice
treated with Apitope MS7 by both routes of administration. As shown in Figure 5,
after 72hrs the mean SI observed with cultutes containing Spg/mi Apitope MS7 was
17 in mice treated intranasally with Apitope MS7. In the corresponding cultures
from control mice treated with PBS a mean SI of 89 was observed. Similarly, as
shown in Figure 6 administration of Apitope MS7 by the subcutaneous/intradermal
route resulted in a decrease in mean SI from 124 in the PBS treated animals to 49 in

animals treated with Apitope MS7.

The levels of IFNy and IL-2 detecied in culture supernatants from 48hr cultures are
shown in Figure 7. The repeated treatment with peptide in vivo is seen to bring about
an impressive reduction in secretion of both cytokines, paralleling the reduction in the

proliferative response.

Conclusion

These results indicate that tolerance to Apitope MS7 can be successfully induced in a

mouse mode] designed to mimic the human system and supports ifs potential for use



- Pre-screening visit. 50 ml blood sample collected for ~ immunology No immunology sample
collected 25 50 50 ml blood sample for immunology

WO 2089/056833 1y PCT/GB2608/003673

in multiple sclerosis therapy. Furthermore its efficacy is retained when administered

by the subcutaneous/intradermal route, the route of choice for humans.

Although the in vivo efficacy of Apitopes MS6 and MS7 has been demonstrated it is
not at present possible to demonstrate the efficacy of Apitopes MST and MS4. This is
because of the lack of transgenic mice expressing the HLA-DQ6 molecule. Mice
expressing the molecule have been created, but it has been found that they fail to
generate CD4 T-cells in the thymus and do not therefore mount an immune response
{0 antigen in the context of HLA-DQ6. |

Example 4 - Dose Escaiation study with, a composition of four MBP peptides

The combination of four peptides (MBP 30-44, 131-145, 140-154 and 83-99) was
used in an open-label, dose-escalation study of ATX-MS-1467 in patients with

secondary progressive multiple sclerosis.
Patients were monitored at four weeks and three months after the final study dose for
visual acuity (ie. reduction in optic neuritis), immunological parameters and

inflammation in the CNS.

Example 4A_- Monitoring visual acuity

Optic Neuritis (ON) is an inflammation, with accompanying demyelination, of the
Optic Nerve serving the retina of the eye. ON is one of the most frequently presenting

symptoms of multiple sclerosis, and is the most common symptom at onset of MS.

Typical symptoms of ON include: blurring of vision, loss of visual acuity, loss of

some or all colour vision, complete or partial blindness and pain behind the eye.

The effect of treatment with ATX-MS-1467 on optic neuritis resulting from the
neuroinflammatory process involved in MS was investigated. ATX-MS-1467 was
given following the dose-escalation protocol outlined above, then one month
following treatment the patient's visual acuity was tested using a standard Snellens

chart (Figure 8).



100 50 ml blood sample for immunology 50 ml blood sample for immunology 5 400 800 50 ml blood
sample for immunology

WO 2009/056833 20 PCT/GB2008/003673

The results show a clinically significant improvement in visual acuity one month post
treatment. This was demonstrated in analysis of the initial visual acuity examination
at screening compared to the one month follow up test. Initial screening sight
measurements of 6/24 and 6/9 (in right and left eyes respectively) improved to 6/9
(right eye) and 6/6 (left eye) post treatment. The patient’s eyesight had previously

been unchanged for the past two years.

Example 4B - Monitoring immunological parameters

As explained above, the effect of peptide therapy with a cocktail containing four
apitope™ peptides from myelin basic protein (ATX-MS-1467) has been investigated
on MS patients. Each patient was screened at entry into the trial, up to 14 days prior
to the first dose (visit 1). The first dose of 25 pg of ATX-MS-1467 was given on visit
2, 50 pug on visit 3, 100 pg on visit 4, 400 ug on visit 5 and 800 pg on both visits 6
and 7. Further examinations were conducted at one month and three month follow-
ups (visits 8 & 9). The following table summarises the protocol and shows the

number of visits to the clinical made by each patient along with the dose of peptide

and blood sampling.
TABLE 1
VISIT NUMBER DOSE OF ATX-MS-1467 COMMENT
(1g)
1 -- Pre-screening visit. 50 ml
blood sample collected for
immunology
2 23 No immunology sample
collected
3 50 50 ml blood sample for
immunology
4 100 50 ml blood sample for
immunology
5 400 50 ml blood sample for
immumology
6 800 50 ml blood sample for
immunology
7 800 50 ml blood sample for
immunology
8 - 50 ml blood sample for
immunology taken four |




800 50 ml blood sample for immunology - 50 ml blood sample for immunology taken four WO
2_()9913056833261PCTlGBZOO81003673 weeks post visit 7 Blood samples were collected at visits 1 and
Visits 3 to 9 3pd 1Rk immune responses to various antigens includin ifi ' rivative
(PPD) of Mycobacte?%gngjtéubercuIosis, as a postfive control, purified huma% %ﬂﬁgﬂg}@gﬂiin (MBP)
and ATX-MS-1467-The-immuneresponses to be measured ir]lciudqggeggtigbgfqgﬁ@roh’reration,
secretio ' i i utturesupernatantsand generation of cyiolcine RNA Results A
S|gn|f|cant response to MBP was seen, with a peak in proliferation at visit 3 (Figure 9). This correlated
with a.peak in secretion of interferon gamma. Importantly, however, the level of interferon gamma
secretion gl AL e (A VSt A5 3 BACKOIRUNIRYe) by s krd levalilghgot change
significantly QRGT VISt 7 at Whic point there was a significant increase in secretion of this cytokine.
Levels ofisghrite$ dnd viMwphetigere dlodedingapkyfinsh iR pdrasas mBBER A% me points.

Mycobacterium tuberculosis, as a positive control, purified human myelin basic

protein (MBP) and ATX-MS-1467. The immune responses to be measured include in
vitro T-cell proliferation, secretion of cytokines into tissue culture supernatants and

generation of cytokine RNA.

Results

A significant response to MBP was seen, with a peak in proliferation at visit 3 (Figure
9)., This comelated with a peak in secretion of interferon gamma. Importantly,
however, the level of interferon gamma secretion fell after the third visit and was at
background level by visit 8. IL-10 levels did not change significantly until visit 7 at
which point there was a significant increase in secretion of this cytokine. Levels of
TL-4, [L.-5 and TNF alpha were close to background in response to MBP at all time

points.

No proliferative response or increased cytokine response was observed to ATX-MS-
1467 (Figure 10).

Conclusion
A response to MBP was observed at visit three demonstrating a heightened secretion
of TL-2 and interferon gamma, correlating with a peak in proliferation at this time

point. This increase in response is thought to be attributable to the administration of
peptides.

fmportantly, however, the transient increase in cytokine secretion was followed by a
return to baseline levels of interferon gamma. There was also a significant increase in
I1-10 secretion following the second administration of ATX-MS-1467 at the highest
dose. It has previously been reported that, in animal models, specific immunotherapy
with synthetic peptides is effective and results in the induction of IL-10 secreting

regulatory T cells. The induction of IL-10 secreting regulatory T cells in mice



No proliferative response or increased cytoldne response was observed to ATX-MS1467 (Figure 10).
Conclusion A response to MBP was observed at visit three demonstrating a heightened secretion of

IL-2 and intei{gsamgagagaa, correlating with a peak in proliferation at this timgpemkddiiggncsease in
response is thought to be athibutable to the adrfifhistration of peptides. Importantly, however, the

transient {perease N Syiplaine Seerelien wasdelleuadsbyraaiurniadasstinedsyalanidnterferon
gamma. There was also a significant increase in IL-10 r %%n'gglflf%n th? ngfgc?hag&a ministration of
ATX-MS-Exels {Bwkgnestioode Hak Iﬁ?@%‘ﬂg@lbe]e%ﬁ%éi fa K Rintlt models, specific
immunothgrapyvith ynteticsssptides is pifecivenns desuisdinthednduntioamit «48 secreting
regulatory T cells. The induction of IL-10 secretjng r gulig%% T cegs in mi?Fe \C/lvgl

2009/05683E2RPEYEEI5e8/6d86 1S invEIFRC U ShSERIFAS TSR Hephie

ides W&vaélgretion of
interferon.gaming akitaualexelas Burkhaftceti odlyhR9ththicknmhenetitin d6RGetE4Barvddtedt et al.,

2003 J Immune! 170:1240-1248). This is followg ecrease in. interfe amma.and a
concomitdhtTHRSEESIRA | PYES: ‘Fﬂ%gﬁﬁq'élﬁcg%? &%%%%&Z%Wd%%%ﬁegﬁ% I%o&ﬁ%rge%{lrlegatment with
ATX-MS-;@Zagﬂgcﬁ\églyS_reproduces the pattern previously observed in experimental mice, suggesting
that ATX-MS-1467 may induce IL-10 secreting regulatory T cells. Example 4C - Response to MBP is
significantly dovmregulated by treatment with ATX-MS-1467 Six patients with secondary progressive
multiple sgletesik (5 M Revriee RsoNERIiINto samifoamplefedracRtiatel | ia ghsirmntrinifollowing the
dose-escalation protocol given in Example 4B. HLA-genotyping showed that the six patients enrolled
in the tria%@éza wide range of HLA haplotypes, including the MS associated HLA-DR15
haplotype. The broad HLA-DRBL1 distribution represented by patients enrolled in this trial implies that

ATX-MS-1467 will be safe and well tolerated in M. patients irre e of thei -HDR genotype.
Treatmenttf B%H@ﬁ?s"ﬁnsicfgﬁal\éﬁgﬂg? FdHo @eﬁ%r%?%@ﬁ%ﬁm g%ﬁ%% |glg.ET is indicates that
the use ofAd ¥oMSIctdE ibIsatel Ahdctinivelates Witlvthiedabk dbsnjestidetistetdmplevms or allergic
manifestatioEs ass&c_;%%ed with the trial. A thorough analysis of T cell responses showed that: a)

Treatmen 1467 did not have a non-specific, immunosuppressive effect. This is clearly
shown by the fact that the immune response to purified protein derivative, an antigen from

myCObaCtiﬂyglgth%etg%fE)gsg owad %%%%i gg{dp %é%gl 8&%@%% the trial represented a wide
range of HLA haplotypes, including the MS associated HLA-DR15 haplotype. The
broad HLA-DRB1 distribution represented by patients envolled in this trial implies

that ATX-MS-1467 will be safe and well tolerated in MS patients irrespective of their
HI.A-DR genotype.

Treatment of patients with ATX-MS-1467 did not generate anti-peptide antibodies.
This indicates that the use of ATX-MS-1467 is safe and correlates with the lack of

injection site complications or allergic manifestations associated with the trial.

A thorough analysis of T cell responses showed that:

a) Treatment with ATX-MS-1467 did not have a non-specific,
immunosuppressive effect. This is clearly shown by the fact that the
immune response to purified protein derivative, an antigen from
mycobacterium tuberculosis, was maintained (data not shown).

b) Treatment with ATX-MS-1467, using this protocol, did not lead to an
aggressive immune response either to ATX-MS-1467 or myelin basic

protein (data not shown).



b) Treatment with ATX-MS-1467, using this protocol, did not lead to an aggressive immune response
either to ATX-MS-1467 or myelin basic protein (data not shown). WO

2009/056833¢:3R6,5/624:4530081003673 c) Comparison of the T cell proliferatiye regpaiasf fHer to (Visit
1) and following (Visit 8) treatment with ATX-MS4467 revealed a significant reduction in the response

to myelin basic pptelgblgis 1) dheruae fdivdualy WagiRsRopdac 6 WRkah\ihall showed a
reduction in the résponse to the protein by V8. Taking all of the patients together there is evidence for

a significant reductidelipving ré¥pine Tsamm BRthvAd XaviP-16 05 12y ks drisigtiitrfiethods

Formulations and dgsggatRCHhokU (4 aRYeRs inmaiagierindengndaiinkecter contract
using solid phase peptide synthesis, and purified using HPLC. They are stored |yophilised

ATX-MS-1467 is a inpividyalx e crapsmsisdsa B R a4 Mab shay sy IRPHEpHEE Suffered saline

for intradermal admigigtration, o, syof ATMSalTiasiane hATXMEA467A and
ATX-MS-1467B containing 4 mg/ml and 0.5 mg/ml of peptide, respectiveléwere§{e§§5 d to allow
4

dose escalation. Thevisgner fermrigaificantirsiicionigdhg rmRersho OB saomy d 800 Fig
total dose) given 7 t .ggy@apart. The patients then receive a second 8001.1g dose 7 to 14 days
following the first 800 jig dose. After receiving all six doses of study medication, the patient is assessed
at four-weeks and at 3 months after the final study dose. Visual accuity test A standard size Snellens
chart for tqgtipg-AiL e HES i gsed, with back light illumination and patient sitting at 6 metres distance
(Figure 8)"Each eye is examined separately for the lowest line on the chart that the patient is able to
read. This is then denoted as Visual acuity = 6 / (the line which the patient has read)

Formulations and dosages

Each of the four peptides is manufactured independently under contract using solid

phase peptide synthesis, and purified using HPLC. They are stored lyophilised.

ATX-MS-1467 is a 1:1:1:1 mixture of Apitopes MS1, MS4, MS6 and MS7 in
phosphate buffered saline for intradermal administration.

Two strengths of ATX-MS-1467, designated ATX-MS-1467A and ATX-MS-14678
containing 4 mg/ml and 0.5 mg/ml of peptide, respectively were prepared to allow
dose escalation. The regime employs five dose-escalating injections (25, 50, 100, 400
and 800 g total dose) given 7 to 14 days apart. The patients then receive a second
800ng dose 7 to 14 days following the first 800 pg dose.

After receiving all six doses of study medication, the patient is assessed at four-weeks

and at 3 months after the final study dose.

Visual aecuitv rest

A standard size Snellens chart for testing at 6 metres is used, with back
light illumination and patient sitting at 6 metres distance (Figure 8).

Bach eye is examined separately for the lowest line on the chart that the patient is
able to read. This is then denoted as Visual acuity = 6 / (the line which the patient has
read).



WO 2009/056833PCT/G132008/003673 Immunoassays T-Cell Proliferation: Cryopreserved PBMC
are set up in linl cultures containing 1.5x106 cells in a-MEM in 48 well tissue culture plates (Nine
InternationalsPs§adins@H3ing Inc. New York USA). Responses to MBP and peplide, atigsps at
various concentrations are monitored over a perfGd of 10 days. Control wells contain no antigen. After
20 hrs or %; 4! gbgsggtgj 10 days of culture, duplicate 100 IlI aliquots of cell suspension are removed
from each Iml culture o measure proliferation in response to antigen by uptake of [3FI] thymidine.
ilMeasurement of secreted cytokines (IL-2 and IL-4, IL-5, IL-10, TNF-a and IFN): Cytometric Bead
Array AsMM’tam cytolcirte levels are determined using the Cytometric Bead Assay
(Becton %@%&%@W&mﬂ@u@m&m&ﬁ@m&n@r@e manbfagisrer's-vsthdictions.
Following acquisition of sample data usin he&gﬁ?}gﬁsélgf%je ﬁﬂ%BD Oselenﬂ%g )Prrequts gre generated
in graphicHt 4R dMelh (U FHTUS R 85 % AU AR SIS T8VAI86F cytokine are
as followsp A3 angdkph2 & ngrrmgg |bn@2p@mgi@1aﬁt1@nslatanﬂi6h§:ﬁ)ﬁ08mmﬂﬁi AEN-y 7.1
pgm1-1 Quantitative real time P, easu RNA of toklnes IL-2, IL- 10 EN- d TNF-a) For
analysis ofRLBOjEd 1@’9‘?‘?%@*%0%‘11&3@% Pé]ga]ro"ﬁ BARRP STHRES id Voél?ﬁ?l% of 20111
containingoeDNA, 53(2&Qpﬂerd@gﬁmmwaapﬂoémMOONJII%ImuotﬁooWaeﬁ angheev@rseprimers
(forward primer c ncentratl ns: |L-2,.300nM, IL-10 600 I 600nM, TNE-a 600nM, reverse primer
concentrafiSheYadoHE0 T&) %BHmf@o‘ﬁﬁﬁﬁanﬁfgl}%‘éib“ %66?!9?1 Ig—%fﬂ ﬁ%’ robe and
0.05Val-1piatewn ﬁ@p&g&hydﬁlﬁase (Invitrogen). The cycling condltlons are as follows: an initial
denaturation step at 94C for 30s, followed by 35 cycles with 15s at 94C and 1min at 60C. For 13-2
microglobulin, the PCR mix described above is supplemented with 0.1uM forward and reverse primers,
3mM MgCi A rashaumptitaif sewithe S YR bk Bee gl -INmle dlildr FrdbdéAhe. TRF000Mdillitidh of stock).
Following g Imin den ) urgtlnst {9) at 95C, amplification continues with 35 cycles of 15s at 94C, 1 min
at 610C afrx i i Feactions and fluorescence detection of WO

2009/056&33&&%@I¢&B§ﬁﬁ8¢@@i%&7&81mm|eméegm1mtédsmgd&ﬁ)@mmmmarﬁ@§hé@ﬁax system (MJ
Research, g é&?ﬁ%f %}r{g% %%%%%?gnrécgl esi{abh%wﬁetdrr1 fﬂ#ni%@%%? gm e 1to 10. Ct

values are’ erminig the POt at orescen e exceeds 8-10 tlmes the
standard deyiatiaivad.th&dasetine aGpnsfiles are ssspigeddft duplgdte M@B@aﬁ@mbéfﬁ@alculated

from a standard cuvg far.each(araet DNy RITRIenoes LN AN LGORY MIBDATAREEONA
synthesis are correc d’f)y hormali Ing cytoldneexpression to the expression of 3-2 microglobulin.
software. The minimum quantifiable levels of cytokine are as follows: IL-2 and IL-4

2.6 pgml-1, IL-5 2.4 pgml-1, IL-10 and TNF- 2.8 pgml-1, IFN-y 7.1 pgmi-1.

Quantitative real time PCR to measure RNA of cytokines (IL-2, IL-10, IFN-y and
INF-¢,

For analysis of IL-2, TL.-10, IFN-y and TNF-o, PCR reactions are carried out in a
final volume of 20pl containing ¢cDNA, PCR buffer, 6.25mM MgCly, 0.4mM dNTP
mix, forward and reverse primers (forward primer concentrations: IL-2 300nM, IL-10
600nM, IFN-v 600nM, TNF-¢. 600nM, reverse primer concentrations: IL-2 600nM,
IL-10 900nM IFN-y 900nM, TNF-o. 600nM), 200oM FAM-TAMRA probe and

0.05Uul-1 Platinum Taq polymerase (Invitrogen). The cycling conditions are as
follows: an initial denaturation step at 94°C for 30s, foilowed by 35 cycles with 15s at
94°C and lmin at 60°C. For B-2 microglobulin, the PCR mix described above is
supplemented with 0.1uM forward and reverse primers, 3mM MgCl2 and quantitated
with SYBR Green I (Molecular Probes Inc., X30000 dilution of stock). Following a
1min denaturation step at 95°C, amplification continues with 35 cycles of 15s at 94°C,

1 min at 610C and lmin at 72°C. The PCR reactions and fluorescence detection of



BLA Typing Analysis of DIA gene expression is perfonned by a standard single-strand conformation
polymorphism, polymerase chain reaction technique on DNA extracted from peripheral blood
leukocytes. kg HbfobRe;of each patient is used for interpretation of the resuhs @k imsielagical
assays. Serum Antistick Antibod Ass 96 well pla%%s are coated with 1-10 jig/m1 of each apitope MS1,

MS4, MS@.001MSs ?}ééﬂé‘rgbéioiée ghtaldt & RiaBstRim Washeefourinesithphisphate-buffered
saline, pH 7.2, 0.05% Tween (PBS-Tween) and the wells blocked with 5%%%0 inll138 gor 1 h at room
temperatdpeselarathrereinsess 15 tehHspaidyy W%Wﬁ%a%%ﬁﬁ t& el t

one hour at

room temparaluifg. é&l@ﬁlﬂt@@ﬁdheﬁtéﬁﬁﬁﬁﬁ@ﬁ:@@maﬂal@%ima@éaﬁia&mmidmwﬂmgate (Sigma)
diluted 1: 12 000 in PBS is added to each V\{’elilifgnd the plates incubated far (%%% ho%lr at room
temperatdigcafer stopsland doveting el Brotp e P &GRS ERETh B TP SR E Dlus 30%
hydrogen &%@ﬁﬁgﬂé@@ﬁ@ﬂ@e@ nsdhates@i-oemve foperattarfar IN20 riff€ealoes development is
stopped with 2.0 M H2S04 (50 ul) and gptical density values (O measuyed at 49Q ma with an
ELISA plafdNredaert R%%YlFt%“&@"r@ﬁeﬁ?ﬁés%‘ﬁ%ﬁﬁ‘ﬁ%riﬁﬁmgdﬂge@w&?@&ﬁaﬁﬁ?nmation in the
CNSis in\égﬁ}ggggg W&g@gggﬁigﬂpmggmm_scan. The volume and number of enhancing
lesions is examined and compared with the baseline scan. WO 2009/0568332bPCT/OB20081003673

Various modifications and variations of the described methods and system of the invention will be

apparent m__@ﬁg_ﬁlled in the art without departing from the scope and spirit-of the invention Although
the invention has been described in connection with specific preferred embodiments, it should be

understood that the invention as claimed should not be unduly limited to ifi bodiments.
Indeed, va(??éﬂ%sr’ﬁod’i ic%ﬂd%s &1 FREEF S8 hoBEsTor %%rr%?ngaoﬁat%de%lﬁcv%h Eﬁ %}v%%g are obvious
to those skibgldimahemisiphairplding)polyretaied delisrasetiote gbdiquhencoVebeckirpdied present
invention. All publication ntioned in the abgye ification are herein | Ry reference.
27 CLAIMg%?APSHg%S ti@ﬁ’ﬁ%ié%%%%%ﬁées?%eesﬁ)ﬁc%w em?/fglfl:r"l1 %a %:Bé#}optglgﬁ%gegg%es:

interpretation of the results of immunological assays.

Serum Anti-peptide Antibody Assays

96 well plates are coated with 1-10 pg/ml of each apitope MS1, MS4, MS6 or M7 at
pH 9.6 overnight at 4 °C. Plates are washed four times with phosphate-buffered saline,
pH 72, 0.05% Tween (PBS-Tween) and the wells blocked with 5% FCS in PBS for
1 h at room temperature. Sera are diluted 1:100 in PBS-Tween and incubated in
duplicate wells for one hour at room temperature. After 4 washes, Goat anti-human
IgG—horseradish peroxidase conjugate (Sigma) diluted 1 :12 000 in PBS is added to
each well and the plates incubated for one hour at room temperature, After 4 washes
0.4 mg/ml of o-phenylenediamine dihydrochloride (Sigma) plus 30% hydrogen
peroxide is added and incubated at room temperature for 15-20 min. Colour
development is stopped with 2.0 M H2804 (50 pl) and optical density values (ODs)
measured at 490 nm with an ELISA plate reader., Results are reported as OD for
1 : 100 diluted sera.

MR] scan :
Inflammation in the CNS is investigated using a gadolinium-enhanced MRI scan.
The volume and number of enhancing lesions is examined and compared with the

baseline scan.



MBP 30-44; MBP 83-99; MBP 131-145; and MBP 140-154. 2. A composition according to claim 1,
consisting essentially of the following myelin basic protein peptides: MBP 30-44; MBP 83-99; MBP

131-145; angy BRolekds3 4. 3. A composition according to claim 1 or 2 for tgeglinga5x%exesting a
disease. 4. A composition according to claim 1 67 2 for treating or preventing multiple sclerosis. 5. A

composition according to claim 1 or 2 for treating or preventing optic neuritis. 6. ' The use of a
composition according to claim 1 or 2 in the manufacture of a medic megt for treatig multiple

sclerosis. Varipe treddications padisrriationiaighs deriacdr 2% SEE S bF Fmedicament
for treating Qplie NGHIItS BBarent to those skilled in the art without departing from the scope

and spirit of the invention. Although the invention has been described in connection
with specific preferred embodiments, it should be understood that the invention as
claimed should not be unduly limited to such specific embodiments. Indeed, various
modifications of the described modes for carrying out the invention which are obvious
to those skilled in chemistry or biclogy or related fields are intended to be covered by
the present invention. All publications mentioned in the above specification are herein

incorporated by reference.



8. A composition according to claim 4 or 5, in which the composition is to be administered following a
dose-escalation protocol. 9. A composition according to any of claims 4, 5, or 8, wherein the
composition is to be administered to an HLA-DQ6 or HLA-DR2 positive subject. 10. A kit which
comprises the following myelin basic protein peptides: MBP 30-44; MBP 83-99; MBP 131-145; and
MBP 140-154 for simultaneous, separate or sequential administration.  P031697SG Sequence
listing SEQUENCE LISTING <110> Apitope Technology (Bristol) Limited <120> Composition <130>
P0316978& k40> PCT/GB2008/003673 <141> 2008-10-30 <150> GB 0721430.7

1. A composition which comprises the following myelin basic protein peptides:
MBP 30-44;
MBP 83-99;
MBP 131-145; and
MBP 140-154.

2. A composition according to claim 1, consisting essentially of the following myelin

basic protein peptides:

MBP 30-44;
MRBP 83-99;
MBP 131-145; and
MBP 140-154.
3. A composition according to claim 1 or 2 for treating or preventing a disease.
4. A composition according to claim 1 or 2 for treating or preventing multiple sclerosis.
5. A composition according to claim 1 or 2 for treating or preventing optic neuritis.
6. ~ The use of a composition according to claim 1 or 2 in the manufacture of a

medicament for treating multiple sclerosis.

7. The use of a composition according to claim 1 or 2 in the manufacture of a

medicament for treating optic neuritis.



<151> 2007-10-31 <150> GB 0800962.3 <151> 2008-01-18 <160> 4 <170> Patentin version 3.5
<210> 1 <211> 15 <212> PRT <213> Homo sapiens <400> 1 Pro Arg His Arg Asp Thr Gly lle Leu Asp
Ser lle Gly Arg Phe 151015 <210> 2

28

8. A composition according to claim 4 or 5, in which the composition is to be

administered following a dose-escalation protocol.

9. A composition according to any of claims 4, 5, or 8, wherein the composition is 1o be

administered to an HLA-DQ6 or HLA-DR2 positive subject.

10. A kit which comprises the following myelin basic protein peptides:
MBP 30-44;
MBP 83-99;
MBP 131-145; and
MBP 140-154

for simultaneous, separate or sequential administration.



<211> 17 <212> PRT <213> Homo sapiens <400> 2 Glu Asn Pro Val Val His Phe Phe Lys Asn lle Val
Thr Pro Arg Thr 151015 Pro <210> 3 <211> 15 <212> PRT <213> Homo sapiens <400> 3 Ala Ser
Asp Tyr Lys Ser Ala His Lys Gly Phe Lys Gly Val Asp

P0316978G Sequence Tisting
SEQUENCE LISTING

<110> Apitope Technology (Bristol) Limited
<120> Composition
<130> PO031697sG

<140> PCT/GBZ008/003673
<141> 2008-10-30

<150> GB 0721430.7
<151> 2007-10-31

<150> GB 0800962.3
<151> 2008-01-18

<160> 4
<170> PatentIn version 3.5

<210> 1

<211> 15

<212> PRT

<213> Homo sapiens

<400 1

Pro Arg His Arg Asp Thr Gly Ile Leu Asp Ser Ile Gly Arg Phe
1 5 10 15

<210> 2

<211> 17

<212> PRT

<213> Homo sapiens

<400> 2
Glu Asn Pro val val His Phe Phe Lys Asn Ile val Thr Pro Arg Thr
1 5 10 13

Pro

<210> 3

<211> 15

<212> PRT

<213> Homo sapiens

<400> 3
Ala ser Asp Tyr Lys ser Ala His Lys Gly Phe Lys Gly val Asp
1 5 10 15

<210> 4

<211> 15

<212> PRT

<213> Homo sapiens
<400> 4

Gly pPhe Lys Gly val Asp Ala GlIn Gly Thr Leu Ser Lys Ile Phe
1 5 10 15
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151015 <210> 4 <211> 15 <212> PRT <213> Homo sapiens <400> 4 Gly Phe Lys Gly Val Asp Ala
GIn Gly Thr Leu Ser Lys lle Phe 151015 P031697SG Sequence listing
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