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Vaccination with a peptide designed as an antigen receptor
30 mimetic (ARM) for the major antigens of autoimmunity has shown
remarkable clinical efficacy against animal autoimmune disease models,
see US Patent No. 5 212 072.



maj or i mmunogen regi on of the receptor AChR has been
found to be the residues 61 to 76 of the a-chain of
the receptor AChR. The conpl ementary peptide was
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immunity towards the pathogenic antibodies by vaccinating with a peptide
20 complementary to the major immunogen region (MIR) of the AChR. The
major immunogen region of the receptor AChR has been found to be the
residues 61 to 76 of the a-chain of the receptor AChR. The complementary
peptide was called RhCA 67-16. The rats were vaccinated with the
complementary peptide RhCA 67-16 which was conjugated to keyhole
25 fimpet hemocyanin (KLH). Both serum and monoclonal anti-bodies
preparations from animals vaccinated with the complementary peptide
were shown to bind the pathogenic antibodies, and the incidence of the
disease in those rats was greatly diminished in vaccinated animals (25%)
compared to KLH immunized as well as untreated controls (90%), while
30 the clinical severity scoring in animals with disease averaged 1.0 in
vaccinated animals compared to 3.5 in positive controls. Moreover, passive



It is an object of the invention to provide a peptide
havi ng 20 an anti geni ¢ behavior which may be useful in
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peptide having at least a sequence complementary to the major
30 immunogenic region (MIR) of receptor AChR is the peptide RhCA 67-16.
This complementary peptide comprises a tryptophan in position 8. It was,



providing a peptide conplenentary to this MR, it
shoul d be possible to i nduce anti bodi es
(anti-idiotypic antibodies) directed towards the
conpl enmentary peptide. The anti-idiotypic antibodies
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simlar to the MR of the AChR as the peptide is
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pathogenic antibodies are targeted towards the MIR of the AChR. By
providing a peptide complementary to this Mlﬁ, it should be possible to
induce antibodies (anti-idiotypic antibodies) directed towards the
complementary peptide. The anti-idiotypic antibodies will have an antigenic
binding site which would be similar to the MIR of the AChR as the peptide
is complementary to this binding site. Therefore, the anti-idiotypic
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i nt ended t 1.0i mul | ‘
sequent | al 1975 RESEHY e&%iﬁ?'w%ﬁ"ﬁe Bt o lgtemine the
c opqtestist i afna i therapeuticl@dcding  cbmpobition mﬂumnnsmg tie peptide

Sl 5B LS T L SEBR0 S o ©
pr ow des a tteiae digenrfolsnd thee iR o I@nfehmrﬁgapﬁc@‘lmr@éﬁ

20 b BoTiiEa SPeTiie MRS Tl IO e e ARG e deiPb aiteyapputc
tr@ﬂmg;tronlfammgogem c 20region of nyasthenia gravis.
Hence, it has been thought that a combination of the
complementary B-peptide RhCA 67-16 and a peptide complementary to a
T-cell recognition site can result in a reduced incidence of EAMG in rats.
25 Unfortunately, (see comparative example 3) the incidence
and the severity of EAMG in rats were not reduced by the combination of
both peptides (either sequentially or simuitaneously).
When both peptides were administered together, in rats, the
average severity and the % mortality were similar to the values observed
30 with the peptide having at least the sequence SEQ ID NO2 suggesting that
there was no synergic effect of both peptides in rats.



The peptide having at |east the sequence SEQ ID NOL is
advantageously in the state of a peptide conplex for
bei ng used as coating conplex in an Elsa test, for the

V%%’&H&;sﬁg anti-idiotypic antibodies in serac@fusbftoios9
dogs or human, inmunized with the conposition

according to the 25 invention. A phosphatase al kaline
| abel ed human or dog anti | @G should be added to the

wel I's of an filch@nthéhenids HitfAborsBRiell difthg Bvailitbn and

therefore detect “anti bodi es ant’i - h a Chronobgen
s uladthoughethe AT-calr imanunity|is;, ont itsetuem vErY| pecieaiependeqhb d wap

with a j r oxi : ha
pesiraigaly” G, fistPE fhgekafen, SBprigng MLalimbidRentary
comeplids havinmableastthadequrncp il 2 N@vanythapeptidashaving

se nce,SEQ | D t he. ot [

- BRsh e rRs AL 882 Uficfsgfterle cBmpRfiEhian kF
f ora Dekhgecpition sie dfl the acdykholite feceptovvast welhadlabieast
for the detectjon of anti:idi otypi<. j.bodi es.

| t 9N§ CA[TEH PEH! jaéb?“*@f‘c?%%ﬁ?%m#%%d& provi de a

met hod for npagédct synerfic effext wp Beotenplemgntprypiaptide and of

havi ng at | east the sequence. 5 SEQ ID NO1, conprising
t hd -eqnaplemgntary p%ﬁﬁ’@i’(&% OGN he conpl enent ary

1dﬁe gt i de EaV! s &ésdl’ﬁ@%/etr\] igors euHe g &ﬁ@dbgmg\m faghithat

ydrocarboning a tryptophan re ted i

o3 pepics havins eatEn seneros s B N s FampRmentay of
an Pl eftrebgridth Sl BNACAR inOraly. OTHed®-cail fatriaiy, fahough
manuf acturing a nmedi canent to_be applied | ast heni
gr AGRR isdHighly sprreryaskdusing syolytion, -°U§§HPE)@§‘%’% IR fats an
conp §§gsjnt ary peptide having at | east the sequence SEQ
I D :

and 15- coupling of the conplenentary peptide
1%havi ng at | eAdyantageossljuetied %@‘Wﬂ?ﬁ\l@?ﬁ@tﬂﬁat st'S

one. EMideintary. to residues 1b§i {031%i+1f| 3ﬁ‘ §BhdiRess 8kl etkel
of § "IV enti on to provide a nethod for manufacturing
a nechgnitiverdite tod tHeca@siyidhiobne iatepipast heni a gravi s
conprising the steps.of . - €heloed by T-
conpl enent arth%gtﬂ?%%&ﬁgfvﬁ%go azt{dq%ggzétr&lk E%eésgquee%ece y
cells, specific to residues 100-116 of the a-chain of the receptor AChR.

20 Advantageously, the vaccine composition comprises from
750 to 25 micrograms, preferably from 500 to 50 micrograms,
advantageously from 100 to 50 micrograms of each peptide having at least
the sequence SEQ ID NO1 and/or SEQ ID NO2, respectively, in 0,5 mi of
phosphate buffer saline with at least one adjuvant.

25 Preferably both peptides are coupled with a peptide carrier

[6)]

being the same or different.

According to a variant embodiment of the invention, the
composition comprising both peptides comprises a first and a second
formulation.

30 The first formulation comprises the peptide having at least
the sequence SEQ ID NO1 according to the invention and the second



SEQ I D NO1, - synthesizing the conplenentary peptide
havi ng at | east the sequence SEQ ID NO 2, and -
coupling of both conplenentary peptide with at | east
one carder. 25 1In a valiant enbodi nent, the invention
WO 297/t8s8a nmet hod for manufacturing a nmedi cROBUS2006@010896
applied in nyasthenia gravis conprising the steps of:

- manufacturing a first fornulation by synthesi zi ng
the conpl enentary peptide h&ving at | east the sequence
SE@rimDlalNOd. ,compdsdyy theopgptidechavingnatt ka0t seqaerice0BEQ ID
cagrler, and - manufacturing a second fornul ati on by
sy sizing the conpl enentary peptide having at | east

the sequencadShitayddbuseR, <l bfrstowpli Ngecohd Wifbim@htion
| east one _c(gezﬂ%er. Advant a eousl|y it is
al SYMBIRESHRdRREndeNtyHET F9RAR REMERIrRIs PeTeEhY $ALRGE
5 f OmidrBaMRCt WdvattagedRY CHERNT 100t ededof omicrograms . of
t herapeutic or prophylactic application in nyasthenia
gr SUTRIEREHEAY BeRfigetin .5 M phogthate bulfaisaling withat lepat one
coggjb%m_nt ary peptide of SEQ ID NOL - synthesis of the
conpl enment ar tpepti de of SEQ ID NO2 - coupling of the
conpl enent aFiée peEptyi the peptidenobeashrfpineylatiop-shepildi hegcasfpled
bo tides coupled to the carder with
a gvgﬂ-' %%gwétg?ﬁtgét?ﬁycang an adj uvant. O her
10 enbodi nent s Thec oompasjtiero cdreprising rihe ofirshr and utheheecond

F Tl 'S Al o e Dok eyt BB Jor°the
gr therapeutic mapnophyacticrimmaitreenigpftMé imdamals regchdomailation

t her. ' it i, Sl th . t
poge B3 BB R TRl eRel St AR "anc”
ogt ionally lmg%m%mnngw?ﬁpmbdm{dp@siﬁgg i?irb]rok/idastfor
t sequence NC2. af or ntion .

15 ¢ o) SHURPALS) SDEVALE Tl Foll edi=Bes Memgns depediingenit 8
SE&hd DIiyNighdcgtesonpl enentary to the nmj or i nmunogenic

i M R). of the i d .61-76, of the_ a-chaj f

O g i Peh SR SR s
( Ms3mplementary peptidd MfaviR0WeNESstothe ReqUikizEdBER 63- N1

of the a-chain of he acetyl choline receptor (AChR a .
6 1pry>g|jjeqi dor, grtesting, mlﬁﬁa_typlc antibodies of the major immunogenic

20  region of myasthenia gravis.

The peptide having at least the sequence SEQ ID NO1 is
advantageously in the state of a peptide complex for being used as coating
complex in an Elisa test, for the binding of anti-idiotypic antibodies in sera
of pet dogs or human, immunized with the composition according to the

25 invention. A phosphatase alkaline labeled human or dog anti IgG should
be added to the wells of an Elisa plate to reveal the binding and therefore
detect antibodies anti-Id with a chromogen substrate.

Alternatively, the anti IgG can be labeled with a horseradish
peroxidase.

30 In a variant the peptide is directly in the state of a peptidic
complex comprising on one hand the peptide having at least the sequence
SEQ ID NO1 and on the other hand a label like a phosphatase alkaline



25Nl -1rl | e-Asp-Val - Arg- Leu- Arg- Tr p- Asn- Pro- Al a- Asp- Tyr

-Ady-dy-lle-Lys The pepti de conpl enentary

to the AChR a 61-76 has the foll owi ng sequence and was

f@'zbtﬁﬂo 67-16 PCT/US2006/010896
n-11e-H s-Pro-Lys-Ala-Pro-1fe-Trp-Ay-lle-1le-Thr-Se

r- Asn- Phe- NH2 Therefore, SEQ ID NOL is the foll ow ng:
30 12 The peptidg having at |east the

Seq%‘c?ég oF a J(la)a%bé‘%r §¥|ﬂg hesiig ef KH8a T8 QS8 WRstern

nt hesi zer, 0, using f-noc chem stry
and)latdsr the dietsction agrantecd@ty@@qmag@em gh performance

| quid chr oﬁgé’gfs@p%%gbjéét% the %ﬁﬂa%(toc%r%vﬁgoa IR B

154 col um and gr adi 90% H20
( 0.masufadtbifing mo acreplemeatsny peptidychayivg oati least! die( sequemce

tr| t 0% H20 (0.1% trifluoroacetic
a(:l%%#?fgggfac8&8ﬁ bglqe 3?%5 q_/%/o trifluoroacetic acid)
ov ersyfifhesizingt eftha complehemara peptidebhavingmtrieast e sequence
ret "g (qure bei ng 39-42 m nutes and the nol ecul ar
1N ﬂepti de wth a 2,4, 6-trinethoxybenzyl
}NaS Hlﬁéchﬁ&arﬂaﬁﬁ" ihe &hﬁ}ﬁtcﬁ)ﬁa%restduehldcateﬂﬂia PB3liqe B¢ iinlesaid
or AChR -7 onprises a tryptophan in position 8
V\his@ﬂu?%c%[géd@ah?%ﬁnat ed, preferably alkylated or
10aryl ated. Thg @y;dlr a6 abiEen oglthwmvsuﬂldmhl prof/ide asmethoanfor

hy droc rbonati on n be eI e P?EFE ou . .
coeRRHtpetIg, AnmeataBRa | ISPy 9rar
- an Qpigrikmglthy sepbst:i t ut ed aI kyl gr oup, 15

particularly an optionally substituted %nz% gr oup,

pr ef ersypingsigingdhs ypmate Y, pepide hNY FlirRst the sequpnce
one HHQXY NGJOP4Rd nore preferably a 2,4, 6-

trimet hox benz%]e group. Prefer abI y the hiqﬂr?ocar bon

1%r oupi r‘@ua GomRiEDARYRAPEGE haviba Pt dRst {lifesequence
chemigiah fﬂ?aﬂ éaétlaﬁefcamepvw ng it cmthr, ''r HO
20The B-cel pept | e was synt hesi zed and a 2, 4, 6-

It IS stlll a further ob]ect of the invention to provide a method
for manufacturing a medicament to be applied in myasthenia gravis
comprising the steps of:

20 - synthesizing the complementary peptide having at least the sequence

SEQ ID NOf1,

- synthesizing the complementary peptide having at least the sequence
SEQ ID NO 2, and

- coupling of both complementary peptide with at least one carrier.

25 In a variant embodiment, the invention provides a method for
manufacturing a medicament to be applied in myasthenia gravis
comprising the steps of:

- manufacturing a first formulation by synthesizing the compiementary
peptide having at least the sequence SEQ ID NO1, and by coupling it with

30 atleast one carrier, and



tri met hoxybenzyl group was added to the tryptophan in
position 8 by adding T nob when cl eaving the peptide
fromthe solid support under acidic condition (for
exanpl e during elution with trtfluoroacetic acid). 13
RGeS ar bonat i on, particularly the aryl CTH§2096/010896
the peptide occurs during the cleavage of the peptide
fromthe solid support under acidic condition in the
presence of Tnob. The peptidel RhCA 57-16 was coupl ed
to kEPRYiEsiUringFetearaadeyriation kL $INthesizingtherdosiplementary
pro i : e -
Coup e Bving It P BupREESERRR NO2Car i etlng v

conpligeit 0Ba camiebr der to ' preserve the chenical,

hysi | dahi i . : th KLH d
ohysrcal g1l agly |20 8 ol BeSH AT ot
5 KL®I 3 metkodatdd evanufacturirigus anedichemsrd éntended fopnherdpeutic or
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prtimnmeﬁisgﬂtﬁgzﬁmahthw@ﬂaaeﬁfSEQ IDNO1  The )
gl ut ar gl de oes not react wit roteins or the
15 pep b@gg'gﬁﬁ%rcqmﬂem?@éwﬁﬁp S D%E@Bd\io%nsatur at ed
pol y nrouphisgi of thegtoraplemashtpy peptidss shitald ddrggd by

1Cf°nj ugat i on According to the invention,

he caPKINGrof ol sPmplemeniRly PretidsosHaRf ivinedcarian witha

it haslitosdetiohdiey $t 8d@vdripat ot her carrier proteins
can be used, such as, for exanple, diphtheria toxold

or Tetanus t 8 Eehodiments aaspiing fe dug dnvention ere further

natdéseriddagh tiRCéifcigsedaigmeport for the peptide so that
the peptide is not alone and too small. Hence, the

pepti de wit hTehdnyantipn ealsgrelatasn tania Imetbed bef treatment of

j i r he . nol j : nd;i s
19 Dy asuchicaly Gians” B Shabhelsl soroiing B opTbaRlACEr 'S
undBerapeiig Gampasiigngfomptisingsha fcompieementanyezbptita hatiog it
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P onead Phe | Secifehbo RER] HIE 1961 41 BRtiohf g Lo RmeRtary
carfeptigde pavingatrieadi diegpqpiencal8BQ IDaNO2r di f f er ent
nat ur e. t,h resent st.ud t.he ,
clinical trif§ s?f%?”gﬁﬁo"r?é" ﬁ’ﬁgfg’é?'erﬁg’étg%P%Pflﬁ%s'éa"éﬂg at
20\?/’8deﬂﬂhetheomuels'\gd S&@ nDc Nyt aiqzod:mpl@rrfen;dr{ gfm&?ﬁiﬁ&hﬁjor
. ed sal.in t ept ) de - 10- -
ointikbsasie Sbd vy bh e ERISS STard ek ites or st of the
ad jammholimrreémmhg‘)beﬁ&ﬁﬁéﬁié)gra'Wé W@prt (Tit er Max

USA, Inc., I cross, ) he pepti de
havi ng the sdWuERRUSNSEQT |te KeSiduasst t-8amfehe m-ehrajn 0O the
th j ' 100- .of the a-chain
of %tc %‘gﬁﬁé’c'h‘ﬁmr‘%@&g‘éghﬁdégﬁ§) égﬁ? fwcég‘i)"zngd on a
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chem stry and was purified by reverse-phase high

per f or nanceq?\eq’ﬂﬁﬂiﬁaﬁogh‘g?’ﬂ?ﬁta%g? thei Aghbsy r@d‘% has the

Dy fllowingGbGusit sagsid @aled RhCA 67-66! umm (19 x 300 mm)

and M@gﬁﬁm of 90% H20 (0.1%trifl uoroacetic acid)/
[

10% Ehrpdye-dlabsa-He-TmuGlydlecka-Thr-SetAyn-Poe-Noto

H20 (0. 1%t i o8aea!(i [ O gcetonitrile

(0.2%trifl Lﬁgrgtégg{eet ?géalgﬁ\é?ﬂc?\%é f@@wﬁm jutes at a flow
30t at e NHPha-Ani-Ser-Thella-tie-Giy-TipAlletBro-AlaelyisPrirdHi20e-Asn

thinutes and the MWis 2036. The

conpl ementary peptide having SEQ ID NO 2 has the

fol |l owi ng sequence:



NHz- Tyr - Phe- Ser-Arg-1 le-1 le-GlIn-Lys-d n-Phe-dy-H
is-Va | -Asn-Asn-d y-Lys As previously described, the
pepti de RhCA 67-16 al so called 15 herein 8-peptide and
hde RnCA 611-001 al so referred herei 06/010896
#Bgoedp%fl?%ggv\ere tested alone on rats. The resPB:ITt[Us320 /
i ndi cated that either B-peptide alone or T-peptide
al one give a significant decrease in the pathogenic
anti bodi es | gyghe W@Ha\hﬁ@fa?léasﬂhe%eq@atwelsE@thmoams
on rats, Band{2 peptides to ther di&@g |ve better
reswrﬁliﬁsiaﬁdm@ B@ﬁﬁ@r@érﬁqpt@e ﬂfhfaﬁé%n Og Ugifig, fymoc
S eRigh T; maf&d! likGid
h d| el g@p%ﬁ téigcﬂf?mé@ bR Sl esprik of DS i

was no synergic effect in rats

\Ahemrumlamgrthan'@aHawamax C18 300 anggtrem phdpseaigmn (19 x

o e

pephd:eim'itnkﬁ(we%etnfh;tecbacatlcdmgs! e!ot*rﬂ% HA0 6. t%ntrifluemacaiis
vestel g aoryRer 8 PRUMakABHL 8 over g0 ripyiss AL fow

nonrdid B g mnguremrmterstnonmméuﬁg 339-423@mh|te(5rarml &leammiecular
Met hod Twent in la 0sS i mmune MG
it HOBbors Beiehat 2 Pratbar e Sbies FiE by an 15
1§stabl i shed GhiRHEA 6720 FhiBRPRSARY pedtide ifori ACKHR lay61-
enrolled in the study. Five anjnals é 70/?9 ﬁ% &P
aspvé aaneniisgh eaniyataPhan dn pesitaned whish ygerryRenaged.
s B%’é%(lra%@ 1§1atdty BP BRyIREH OThd ﬁyd‘r@éa%cﬁ{ gro\aacsultaablf@rnsuch

rate 1n the present stud ¥ is conparable to

theaa/ mBirgcaTognatinn ¢an be( sepgted elfo @"?HPe\‘FPB%Et!rSQ iM an

h

o PR A QTSR g Tiies BT URELs e oo
1ﬁonpempwlamnele optiemalia subktithied henzylr sth@r@‘?@éiv awqw
r e o ugesfuggtﬁ%ltﬁa e eéﬁe??tc&{ené}ﬁdﬁﬁ Qﬁp t v éfe?’abﬁké D 4.6-

e SI i mmuni z ani mal s
spontﬂraetbmybéryzyignwpt ed after di agnosi s but before the

initiation of s 5 gal

and 5 femal eg &%%63}:10 year rcpégb%corr&r%t&gd fghe st 863’/6
and trimethoxybetdybgmuprEindethe cherdicallsgnuenne is theieliaving
corticosteroids or other imunosuppressants. The tine
fromonset of clinical synptons to confirmed diagnosis
wi th AChR antibody asgdy for these aninals was 2 to 4
weeks. Remi ssion is fined as long termreturn 15 of
the AChR anti bodi iter to the normal range (<0.6
nM with cli H’FE%F% iA~t he absence of

acetyl chol i nest er ase \j nhiNi . Transient rem ssion
refers to one or nore‘geasurenents of AChR anti body
titers below 0.0 nM prior ?'E"o conpl ete resol ution of M5

and | ret ur ASBtooH
val uegﬁ%'gte A;‘gém%zkfrge"gav& nflb e %ﬁgﬁég{?—t Sgl%d 20 the
study was approved by the Instltutl onal Animal Care
2@nd Use Committee of the University of Florida. The

ari ous vacciyg NS jdpRds hiss! jninsiabl Gkl VET @.46-
used in the trials.
trimethoxybenzyl group was added to the tryptophan in position 8 by
adding T mob when cleaving the peptide from the solid support under

acidic condition (for example during elution with trifluoroacetic acid).



Table 1 Dog trial conpositions No. conposition

peptide of "SER ID i NOL (m crograns) peptide of SER ID
NC2 (m crograns) carrieEf phosphate saline buffer

adj uvant 2 500 0 KLHJO,5nl Titer Max (r) O
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The hydrocarbonation, particularly the arylation of the peptide

occurs during the cleavage of the peptide from the solid support under
acidic condition in the presence of Tmob. The peptide RhCA 67-16 was
coupled to keyhole limpet hemacyanin (KLH) as a carrier protein as
previously described. The KLH was coupled to the B-cell peptide using a
glutaraldehyde conjugation in order to preserve the chemical, physical and
biological features of both KLH and peptide. The B-cell peptide and the
carrier protein (KLH) are added to a glutaraldehyde solution. The reaction
is shown hereunder:
H\ /H

B-cell peptide-NH, + O=CCH,CH,CH,C=0 + ;HN-KLH >

i
B-cell peptide-N=CCH2CH,CH,C=N-KLH + 2H,0

The glutaraldehyde does not react with the proteins or the
peptides under its free form, but as an unsaturated polymer, which gives
imino bonds stabilized by conjugation.

According to the invention, the carrier protein can be the
aforementioned KLH, buf it has to be understood that other carrier proteins
can be used, such as, for example, diphtheria toxoid or Tetanus toxoid or
any big molecule of protein nature that acts as a support for the peptide
so that the peptide is not alone and too small. Hence, the peptide with
the carrier protein will not be immediately destroyed by the immunologic
system and is more imunogenic. '

One skilled in the art should also understand in view of the
aforementioned that both peptides (B-cell peptide and T-cell peptide) can
be coupled to the same carrier protein or to different carrier protein,
being of identical or different nature.

For the present study, the clinical trials were done in dogs. A
single dose of vaccine comprised 500 micrograms in 0.5 ml phosphate
buffered saline of the peptide RhCA 67-16—KLH conjugate, emulsified in
0.5 ml of an water-in-oil adjuvant, preferably TiterMax® adjuvant (TiterMax
USA, Inc., Norcross, GA).



500 KLH 0,5 m Titer Max (r) 500 500 KLH 0,5 m Titer
Max O In the clinical trials on dogs, the
conmpositions were 5 adm ni stered subcutaneously at a

?jﬁ%(g%msgg four sites. Vaccinations were inijd s%imﬂios%
e tine

of confirmed diagnosis up to four nonths post
di agnosis for certain animals. Aninmals were i muni zed
and boosted at 2 week interv]ai s. The purpose of the

present inve 0 t t 0 ;

af orement | ongﬁd"bT ﬁ@&B va%c?e%%ﬁ?elors?ﬁe bHOIt%/ S

to cbmplen‘@htaﬁctd?tfmwﬁcbbépltdw\/(eessdm D) exd theo a-chain of
n a clinical

hi trol ial in .

Dol AR, IR Bt vt svitnEdeed o 2 Bipsesg Peptide

(Shsyﬁthéeuﬁb alloddl! . gsoueumgogmoaoaemus@?)and \aas'se)uaﬂeoea)oy
contr ol ast heni.c ze

S oy PVeiepries Rl paa el B e e oo ol 4 e

WaSDWHmé)DGHQ@Qd aagsﬁdmaswcee hgeu&amhni) Rad M@E@ibhﬁbf

| a of benefit based on rat EA st udi es

al . 90%sz9a60r1°/ertnfbmageﬁc AFidHoR% @estpnitrde é‘b?ﬁﬁ @ﬁ\éw@@we;trc

Pep&én&’)eté M dd%s SH5Y (@W@Zﬁﬁ@?@éa@h@tﬁé / 9% 'Jb%thtﬁlB (0.1%
J uvan statl st C anal yses wer

perﬂ”ﬂWféGCQI@laﬂ?gi) lower 8@ rrm%ei afta ﬂ@W cajescﬁ tnMa’ﬂre the retention
16 O @gphRagks. Q?B.L,\ﬂggg ﬁﬁmg For 20 conparison
ues an

of serum an tlrresto rem ssi on
bet ween groupbe cmmmeata&t eentideiavinguSEQ BXNEPE halsethe
fo'llé\ﬂﬂhg%g@%ﬁt of the dataset indicated the use of
t . .

the unparre est with Welch correction or the
ManNHYVii-Phepet-asd lIe—tlérélmuys-Ghth&-GasHis-\vmshm Gly-Lys

vaccinat | on, AeAbsiriEes AT AR oh b e
1mnalherainsB<pbp8cmf and aimd ipbptitle RhCAré! 1Ie@ﬁ1oaleo aefgrrall therein T-
VaCCI %e were tested alone on rats. The results indicated that either B-
pept(de alone or T-peptide alone give a significant decrease in the
pathogenic antibodies level. When tested in non published trials on rats, B
and T-peptides together did not give better results in the pathogenic
20 antibodies levels than when T-peptide alone was administrated. These
results indicated that there was no synergic effect in rats when using both
peptides.
The present invention provides results in dogs which
indicates that there is an unexpected synergic effect when both peptides
25 were used in dogs either in a simultaneous or in a sequentially
administration.
The invention wiil be further detailed in the following non
limiting examples.
EXAMPLE 1.-
30 _ Materials and Methods. Twenty nine dogs diagnosed with
autoimmune MG with positive AChR antibody titers (>0.6 nM) by an



17 For endpoint eval uations such as rem ssion
statistics, contingency table analysis was perforned
with Fisher's exact test. Results. Prospective

out cones. The prospectively studi ed

WO 2109188l control group consisted of 40 ny&STHEWPE010896
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dogs of both sexes of whom 35 were followed |ong-term
and outcones were known. These aninmals were identified
as AChR anti body positive i#%a cohort of 152 dogs with
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normality in the absence of acetylcholinesterase inhibitors. Transient
remission refers to one or more measurements of AChR antibody titers
below 0.6 nM prior to complete resolution of MG and long term return of
AChR antibody to normal values. Pet owners gave informed consent and
the study was approved by the Institutional Animal Care and Use
Committee of the University of Florida.

The various vaccine compositions listed in table 1 were used

in the trials.
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statistical difference in A ChR antibody | evels

bet ween t he vacci nated group (n=5) and histori cal
controls (n=40). However, the vaccinated group showed
an accelerated rate of decline in AChR anti body
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A: p<0.0001, B: p=0.0044, C: p=0.0022, and D: p=0.504, all by Fisher's
exact test. Each comparison considers dogs with indicated outcomes
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against all other dogs in the group.
Table 2 shows that there was no significant difference
20 between the number of animals that died of aspiration pneumonia or
choking in our population as compared to the historical controls (25% vs.
17%, respectively). Five of 20 dogs in our study spontaneously remitted to
long-term AChR antibody levels in the normal range (<0.6 nM) after
diagnosis but before vaccination. Thus, there was also no difference in the
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Conmbi ned adm ni stration of T and B-cell vaccines is
superior to their sequential adm nistration. 20The
vacci nation protocol was performed in one of tt4V0
ways. The T and B-cell vaccines were given at the sane
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initial AChR antibody titers (nM + SEM) were not significantly different
between the vaccinated dogs (5.98 + 2.33) and historical controls (4.54 +
1.4), there appeared to be a marked diminution in the overall amplitude of
the fluctuations for the vaccinated dogs at times post diagnosis. In
30  contrast, the mean time to long term remission was the same for the two
groups. Thus it seems that while the duration of the disease is the same in

the two groups, vaccinated dogs may spend more time in remission during



20 M5 in dogs it effectively takes a conbination of B
and T-cell vaccine to bring the fast rem ssion we
observe. The average tine at which 50% of
WwBSANhds s remtted was 2 nonths. This avernegris2006/01089
remssion tine is 3.2 tinmes faster than the historical
controls (6.4 nonths). 25EXAMPLE 2 : COVPARATI VE
EXAMPLE IN LEWS RATS.- Leg s rats were inmunized
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aut oi m nune nyast heni ravi s M5 than either B
wi t dvailable blood samples (not simply the 3 month intervals), four of five
20 vaccinated dogs with oscillating levels of AChR antibodies showed more
than one episode of transient remission (2 animals with 3 episodes and 2

animals with 2 episodes, total of 10) which corresponded to the initiation of

a course of vaccination.
Figure 3 (upper panel) shows a highly signiﬁcgnt correlation
25 (r=0.955, p<0.0001) between the time of initiation of a vaccine course and
the time of the beginning of the subsequent period of remission. Thus
temporally, vaccination is very strongly assaciated with transient remission
and is independent of when the vaccination is initiated relative to
diagnosis. Importantly, the Y intercept for this relationship is 2.4 months
30  which corresponds very closely to the mean time to remission (2.35 + 0.96
months) of vaccinated dogs showing a monophasic decline in AChR
antibody titers (Fig. 1, lower panel). When this data is analyzed as the



hydr ocar bon group and T-peptide al one and separately,
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an hydrocarbon group coupled to KLH either alone or in
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Table 4 Va cine Severityl 01234 Average Severity

Mortality 1 H&@Was alsppgjqyantiative relationship between single
vaccination events and a reduction of AChR antibody levels at the next

sampling time (2 to 4 weeks) that was observed in all 5 dogs with
fluctuating AChR antibody titers. Of 35 vaccination events, 28 (80%)
resulted in a diminution in AChR antibody titer (Fig. 3, lower panel). The 7
vaccination events that did not lower AChR antibody levels were
distributed among the 5 animals with one being observed for each of 3
dogs and 2 for each of 2. Overall, the mean AChR antibody levels
declined from 1.63 + 0.21 before fo 1.14 + 0.17 nM after vaccination
(P=0.0015, two-tailed Paired t Test).

Combined administration of T and B-cell vaccines is superior
to their sequential administration.

The vaccination protocol was performed in one of two ways.
The T and B-cell vaccines were given at the same time or a course of 3 T-
cell vaccine doses at 2 week intervals was followed by 3 B-cell vaccine
doses at 2 week intervais. Since the mean time between vaccination and
long-term remission for dogs showing a monophasic decline (2.35 months,
Fig. 1) was not different than the mean time between initiation of a
vaccination course and subsequent transient remission for dogs with
fluctuating AChR antibody levels (2.4 months, Fig. 3) and in this later group
was independent of the time of vaccination post diagnosis, comparisons
were possible for the efficacy of the two vaccination protocols regardless of
the pattern of AChR antibody levels. Figure 4's upper panel shows that
the mean time to the first remission (either long term or transient) following
the initiation of vaccination approached significance (p=0.0639, unpaired t-
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test with Welch correction) and was 2.7 times faster when the T and B-cell

vaccines were administered simultaneously rather than sequentially.
Furthermore, when vaccines were administered sequentially only 4 of 7
animals showed a remission following T-cell vaccination alone. Also, on
average, more vaccinations per animal were required when the T and B-
cell vaccines were given sequentially (3.86 + 1.06) as opposed to
simultaneously (2.67 + 0.333) to achieve a remission. When we factor in
the number of T and/or B ARM vaccine doses to achieve a remission,
together with the time to remission, there is a significant decrease
(p=0.0167, two-tailed Mann-Whitney test) in the time to remission per dose
when the vaccines are administered simultaneously rather than
sequentially (Fig. 4, lower panel). Thus, optimal efficacy appears to
require that both vaccines be administered together. Since the same
adjuvant (TiterMax®) and carrier protein (KLH) were used in both
vaccination protocols, it is unlikely that they were responsible for the effect.
If so, one would have expected to observe similar mean times to first
remission following the same amount of vaccines for the two protocols.
Consequently, the vaccine effect is dependent on the T and B ARM
peptides and independent of the adjuvant and carrier and in spontaneous
MG in dogs it effectively takes a combination of B and T-cell vaccine to
bring the fast remission we observe.

The average time at which 50% of the animals remitted was
2 months. This average remission time is 3.2 times faster than the
historical controls (6.4 months).

EXAMPLE 2 : COMPARATIVE EXAMPLE IN LEWIS

RATS.-

Lewis rats were immunized with purified AChR in order to
develop an experimental autoimmune M.G. Then Lewis rats were treated
with B and T-peptides conjugated to keyhole limpet hemocyanin (KLH).
Both serum and preparations from animals vaccinated with the
complementary peptide were shown to bind the pathogenic antibodies.
With B-peptide compaosition, the incidence of the disease was greatly

PCT/US2006/010896
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antibody to rats during the course of disease induction similarly reduced
EAMG incidence and severity (Araga et al, 1996). The results are shown in
Table 3.
Table 3. Collected results from the animal model trials for

ARM vaccine for EAMG

EAMG
Disease incidence Disease severity
controls (n) (treated (n) [controls (n) |treated (n)
B-peptide 90 % (39) 25 % (16) 1.3 (39) 0.25 (39)
composition
T-peptide 89 % (18) 55 % (18) 2.5(18) 1.2 (18)
composition

EXAMPLE 3.-: COMPARATIVE EXAMPLE ON LEWIS

RATS.

To evaluate whether vaccination with T-peptide together with
B-peptide with an hydrocarbon group causes a different effect on
experimental autoimmune myasthenia gravis (EAMG) than either B with an
hydrocarbon group and T-peptide alone and separately, Lewis rats were
immunized three times with keyhole limpet hemacyanin (KLH) or T-peptide
or B-peptide with an hydrocarbon group coupled to KLH either alone or in
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rats, are characterized as having an AChR antibody response that is

predominantly (68%) against the MIR. Furthermore, MIR-specific-

antibodies can passively transfer a myasthenic phenotype. Considering

this together with the ability of the B-cell vaccine to induce an anti-idiotypic

antibody response to MiR-specific-antibodies and B-cells in rat EAMG,

lowering AChR antibody levels and ameliorating disease, it does not seem

particularly surprising that this vaccine diminished AChR antibody levels in

dogs.

Such efficacy in rat EAMG, as well as spontaneously acquired

canine MG coupled with a predominant anti-MIR antibody response in

human MG, suggests a potential utility of the B-peptide vaccine in the

human disease.

Indeed, naturally occurring anti-idiotypic antibodies
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Alum 60 % (10) 0.90 (10) DT in CFA
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against AChR antibodies has been reported in 40% of human MG patients,

and its presence is associated with lower anti-AChR antibody titers and
clinical improvement.
Moreover, the vaccine designed against the dominant T-cell
5 epitope of the AChR for the Lewis rat is apparently effective in dogs. One
possible scenario is that anti-clonotypic antibodies against the T-cell
vaccine may induce or expand the newly described and naturally occurring
CD25+ CD4+ regulatory T-cells via an interaction with their T-cell receptor.
If this were the case, these cells would specifically react with AChR «.100-
10 116 but would nonspecifically suppress other autoreactive T-cells for more
dominant epitopes of the AChR at the neuromuscular junction. Such a
mechanism, if operational, would suggest that the vaccines may be
effective against human as well as canine MG.

These positive results in a second species raise hope for the
15 eventual application of these vaccines in humans with ad hoc
carrier/adjuvant. Should these yield the same results as the present study,
ARM vaccines may represent a new class of targeted therapies that can
drive autoimmune diseases into long-term remission.

For a prophylactic or a therapeutic treatment in humans, the
20  best carrier and adjuvant suitable for human use were determined.

All the animal experiments were carried out with the same
peptides that will be used in human and that are the subject of this
application.

During the experiments they were coupled to different
25 carriers and combined with different adjuvants. It is provén that the
carriers and adjuvant are necessary but that their real nature is not of
primary importance. Experiments were carried out to prove that a
combination to a carrier and an adjuvant suitable for human use was
working as well as or even better than carrier and adjuvant easy to

30 manage and use in labs with animal experiments (McAnally J.L. et al,
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2000). Table 5: Prevention of EAMG with B-cell Arm vaccine with different

combination of carrier protein and adjuvant

EAMG

Disease incidence Disease severity

controls (n) treated (n) controls (n) |treated (n)
KLH in CFA 40% (10) 0.50 (10)
KLH in IFA 86 % (7) 1.57 (7)
KLH in Alum 60 % (10) 0.90 (10)
DT in CFA 40 % (10) 0.60 (10)
DT in IFA 89 % (9) 1.33. (9)
DT in Alum 50 % (10) 0.50 (10)
PBS 100 % (10) 2.10 (10)

The combination DT/alum gave the faster peak respond than KLH/alum

and it was also slightly more effective against EAMG (McAnally et al,
5 2000).

Although the preferred embodiments of the invention have been disclosed

for illustrative purpose, those skilled in the art will appreciate that various

modifications, additions or substitutions are possible, without departing

from the scope and spirit of the invention as disclosed in the

10  accompanying claims.
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1. Conpl ement &y NSALHER i Rlvinfastt |cask eeﬂ Uﬁ&ﬁn@nce

COITp| enment ary to a maj or :%ﬁuno eni c regl on of
acet gpronlsimantary de e@troajow nmmum@qenm ragiant ¢fedn aacgtyéphohne

has’ SERPRCPFBUE O IvesBanle" Bigvis A R RS, 1 AR 1T

5i n posinpleoen&ry papiide nas at lehstas tsequencepSE@n. INO1 with a

subs %éﬁ%r yr}/%ﬁgg&( %0”03%&&% Hat. éeals% opp optI%Eally WﬁubStltUt&d

sal dhydrobaa'bem gane. optional |y substituted hydrocarbon
group is pr abl 10 an o onal | stituted aryl
group or anegog{ aguggstfc{eut @%co\éq'ﬁ%lo up? whersin
part s&idlzanéast ane @ptumrmnwsubstnuubd thytitwcarboherayy isgsrefepably
o cuseR Bk oy b
|45ulpmti‘ émwwz%fi dtioHaly substltuted beniyl3group, more
enen i de accordin claim erein
t he m@é%raeur%@e@%bgmn\m btigut %%Nﬁ‘?‘eﬂe'ﬁ?%fr?ﬁet B/oP¥s BERYes
61 t ﬁaoéé?:@teramly a2 &B@r'lrﬂetﬂfaxﬁﬁnﬂyl'@édb i nrunogeni c
region of the acetylcholine receptor.

Ther apeuti c %&ﬁﬁ'@ﬁ?ﬁ’%ﬁﬁ%@ﬁﬁi'ﬂ?ﬁcﬁ@’dtﬂgetoﬁﬁi‘ﬁl br\‘é}ﬁr%lwhe
1spept hg@e%s%@b 9 NP & dhiBiemaitdnab réﬁ@ﬁées &R FELF hfh:

apeutic conposition conpri'sing t )
c onpbbamn:f saig nZin pepunagenicoegiodiof thet acegyichiofing resedtoa

O e TNt a1l ThERlnelfe WBHRRBh RSk, BRIUGREERERRY

I D NO2, which sequence to a
r ecogepﬁde(nccelrding tofclairhd &mmtyéash ohe narrieecept or, as

'] t ier.. 6, Th i
\é\grrpog ft |aon 52?%8 Fag)%ﬁﬂ 'r"iﬂ%tﬁ'it'ﬂg5‘f°m\ﬂi{§%§$ﬁ‘telt %%mplementary
2025s egéﬁtmeeacsﬁfdnm@td\mlm st andal esrapiemeytary pepiided having @0
g]? t @sﬁ% é?&%ﬁ%% l[? &gz%tvgpgh geequlent[;cfz3 ?s &frllptﬂcl-:‘r%gntséry 10 a

Ther TpRMtreCoghRiBACHELdfARe 206QTcHbNG: teeplofiaB Wwell as at least
conprising a first and a second fornulation, the first

f or MAMQFRIGR™ conpri si ng said conpl ementary peptide
having at | eaghetdpRusCEoIRPEStioPESchFIMCD Wi s, %Qﬁireln the

| east one carrier, the second fornulation co

255 4j gsequence SEQ ID NO2 is complementary to residues 100nPo 116 ofg an
a~chain of said T-cell recognition site of the acetylcholine receptor.

7. Therapeutic composition according to claim 5 comprising

a first and a second formulation, the first formulation comprising said

complementary peptide having at least the sequence SEQ ID NO1 with

30 at least one carrier, the second formulation comprising said



28 conpl ementary peptide having at | east the sequence
SEQID N2 with at |east one carrier. 8.
Ther apeuti ¢ conposition according to claim4

\ggg&ﬁlﬂggsgg from 750 to 25 micrograns, prefergiinsdoba¥sos
to 50 mcrograns, 6 advantageously from 100 to 50

m crograns of said conplenentary peptide having at

| east the sequence SEQ ID N@8 in 0,5 m of phosphate
buf f lonfibrhBstal pdptiaé hh@iAg bt RAst 1hd]se4adice SEQ ID NO2 with
9. Therapeutic ‘conposition according to claim5
conpratdasyone 6aI¢H0 to 25 micrograns, preferably from
500 to 50 m groQLaps tic IabeamibALRRNRANG {or @A Qokpris
m crograns O eacrﬁ_ia%lolﬁpl ement ary peptni)gde in 0,5 n? o?g
phos e & 30utar 85 naigrograsnsyi RrATesably depst S9RAEtoa® teAgrams,

L0,, JEERGHb PR IRSRLES 0ok Soyfncnen

m cr qupptios , having et dédsy the ssadseoce cSEQ W MN@YrimdsS ml of
advang I ] of 15 the
conpl e@gﬁlﬁ%{gw g%%%ﬂhdégggéﬂﬁggaﬁe%@gaﬂﬁg sequence SEQ
I D NOL in O, 8. fherapeyticompipasitiob wictendirgatoi ¢laimwh chmatising
| east, on dj uyant. an he [ :
compiTB0e 5 bine 3 tiof et 3R st B! & mirpgrams,

10600 tapivattagecushy lfranBﬂO(?idcvaimt agEogIsiTs gf eﬁmmﬁmpbw@@tary
m crogr .of the.c ementar ept. ' .he
e qUAEIURIER) P REP BT RE S M2 Rl B L e B P
saline with ap. Tlﬁaéﬁeuﬂﬂe%lﬁﬁdasiﬁtaﬂéccording to claim 7 WHereiogiee

sjtion accordin

of the co . im4 f
manu G aRTater CueirRs oo a0 fen Mol TR PERSeral drom
pr oph?doat@tm Miér@@%ﬁ‘%ﬂbdﬁnté@é@&lz tsl?f‘fdrﬂ moagisn mftrograms of
manmal s. _ 12, e accordin
1813 ks SPPaRREN e FeRlS FALE! oM ISR A0 A
‘medi ah s B BhbpHEEPBIFr REliNwh l2Y Ned06N8 agjuvant and the
13. Use of the conposition according to claim5 f

, r
manufSeEPRA iforgUatipR caMREses el (3R dO @'q%?'ﬁﬁe‘éf??eéaw
pr Ophfrdn‘i‘%bb %o 56 RAE85RMsOhdvBABRIBASI Frof #00 © F0Micrograms
manmal s. 14. Use according to claim13,
wher edfihe pemplgaeniasy periide&gvisgdie sequapae S&R G Neea in 0.5

2dggdi ahest dnBEbtt YufSREMY With ANeft3nd afjvimphocytes.
11.Use of the composition according to claim 4 for
manufacturing a vaccine to be used in a therapeutic or prophylactic
treatment of myasthenia gravis in mammals.
12. Use according to claim 11 wherein the vaccine induces
25 an activation of cell mediated immunity depending on B lymphocytes.
13.Use of the composition according to claim 5 for
manufacturing a vaccine to be used in a therapeutic or prophylactic
treatment of myasthenia gravis in mammals.
- 14. Use according to claim 13, wherein the vaccine induces
30 an activation of cell mediated immunity depending on B and T

lymphocytes.



15. Use of the conmposition according to claim 7 for
manuf acturing a vaccine to be used in a therapeutic or
prophyl actic treatnent of myasthenia gravis in

manmal s, said first and 'second fornul ati ons being to
We 2¢0d198898st er ed si nul t aneousl y or sequent i alPACF[US2006/010896
16. Use according to claim 15, wherein the vaccine

i nduces an activation of cell nediated inmmunity
dependi ng on B and | |ynphog¥tes. 17.
Det ecti on kit5. Ueerpof sthag cotmpositionp| @srerdiag ytopejigiindg  for
accordin e n Wl ' .
ant i BoaNestBpS F e 15 hetnisy e e palft 8 Epefyacte
nyastrdaameatg:lfamyssthenla gravis in mam81a|s'.\/|esa‘|d>dirs£toand second

manuf act ng,_ sai g conpl enent ar ) i de havin
easoiHEEERERe b SEeTTBNo e abulBlbal o oy
SCOWDLi sing t1|$e%J§é:]a@&omfng to claim 15, wherein O'lthe r\]/a\ccme induces

synt hesi zi ng of the co nt ar epti avi at
2 TG o Bl SR TR dgperiding o1 ¥ & T
hydr gaheepas.i ng a tryptophan residue | ocated in

position 8, in _said sequence SEQ | D NO1. .
17. Detection kit comprising the complementary peptide

according to claim 1 for detecting anti-idiotypic antibodies of the major
.10 immunogenic region of myasthenia gravis.
18. Method for manufacturing said complementary peptide
having at least the sequence SEQ ID NO1 according to claim 1,
comprising the steps of:
- synthesizing of the complementary peptide having at least
15  the sequence SEQ ID NO1, and
- hydrocarbonating a tryptophan residue located in position 8,
in said sequence SEQ ID NO1.



