re3e. !$%P)X. 6.T."14 OCT 2003 1 METHOD FOR DOWN- REGULATI NG GDF- ST1ACOINVI 76713
* FIELD OF THE INVENTION 5 The present invention generally relates to the
fields of ani- mal and poultry husbandry as well as to human nedicine. Mre

specifically, the present invention pertai ns fo inprovenent sm i ng
and increasing nuscle growh, especially in farmanimls for M""ummﬂmmﬂ”" '
Thus, pr ofErded Far eDaweyBEGUrRt INCASDEOS ahar inemns for i ncreasi ng musglge.growt h
in animals for slaugh- ter. BACKGROUND OF THE | NVENTION 15 Currently, two

di fferent nedi cal approaches are used in order to increase t e
of farm gnigrd 5 Qud havwnertsnd the adm nistration to farm gﬁﬂ”ﬁ“ﬂ[ﬂwmmmﬂ
antibiotics or antibi- otic-like conpounds, and on the other the,. .

adm ni stration of 20 grow h hornones. The admi nistration of anti 6% cs and
anti biQtisg-1i .ggH_qﬁ_s.' i Vool gs) .4 . order. 1o

pr ormt'g tr[ﬁhee roev%%mr ate o lt%@ée%%%&lﬂ%sa(%g ?%% etr}péygfgj)reslcgseec%pparr%lven to
25 cause rgelverrad oyl mshusoredof  ddhesel Icanpaundsunedre nodwbim ioed | yWMetosel y
related to antjbiotics ysed for treatnent. of human di sease, and evi dence is
bui | di ng IREPHEC X ensiVe RIS Bt UL HorPbdtidst 311 drn A TR RS Hefices
Cross-r eSﬂrﬁtcamefcnolm;{ s Uy HE i Y Gl £81d Ny 1B 19, QF Fd SB) pathogeni ¢
in man. 30 Further, relatively lowincreases in gromh rates of 1-30 are

obt ai ned &4t arhiewel T offyo il IR s W, grevt i embrarshe™val meathedsd nal s

IS expens]\Ve, t tre g%g}-t ﬁpcﬁ?t : t r _

i nt er\li/)gl :alnéﬁén 14 it(%r JZHS%IB tno(j]?ﬁle&?le%gq% vely %ﬂoﬁlr%%%]-eﬁr?lfsggolo%u }}owt h
hor none. teawrt hernore, the presence of potential residual growh hornone in
meat produced fromtreated animals has created sonme concerns in European
consuners particularly. 5 GDF-8 GDF-8 or nyostatin was di scovered in My
1997 as a growth regul ating factor selectively down-regul ati ng skel et al
muscle 10 growh (McPherron et al., Nature, 387, 83-90, 1997). GDF-8 ex

pr essi on BACKGRAUNR 1@ BHE tINVENDOE@he conpartment of devel op i ng enbryonic
somteg, but it is also expressed in various nuscle tissues throughout the
body in the adult animal. 15 GDF-8 knock-out mce exhibit a strongly

i ncr easedwkedratlal, museldl s ntTheedina e agpioncgied etrad umest|in massemppear

to be Wdespread th hout the baody, i sol at | es f -
e S A Al QHANOUL 1T DO o AT ol e abog] a5 it T

"~ the administration to farm animals of antibiotics or antibi-

otic-like compounds, and on the other the administration of

20 growth hormones.

The administration of antibiocotics and antibiotic-like com-
pounds in farm animals (notably pigs) in order to promote the
growth rate of these animals has in later years been proven to
25 cause several problems. Some of these compounds are chemically
closely related to antibiotics used for treatment of human
disease, and evidence is building up that extensive use of
such compounds in farm animals induces cross-resistance to-
Wards human antibiotics in micro-organisms pathogenic in man.
30 Further, relatively low increases in growth rates of 1-3% are

. obtained with these compounds.

The use cf growth hormones in farm animals is expensive, and

the treatment has to be repeated at rather short intervals due



[

muscl es. The total body wei ghts of the knock-out mice are 20 about LgoflT 2093
hi gher than wild type mce and mce | acking the GDF-8 gene has nore than
800 nore muscle fibres conpared to nornal mce. The massive skel etal nuscle
enl argenment observed in the knock-out mce '%s; however, not nerely due to
an in crease in nuscle fibre nunbers but also to a significant nus- 25 cle
fibre hypes teraphye 1 aither €rpssheecthongdl ifis ol © ar@at o fh d treo EF - Bu kinteek- out
mce is increased by about 14 to 490 dependi hg on mnuscle type. ,

| nt er est iBRASy, tHerRr $3eFS P bR &h FERE- BIPRS00 e nass
I ncrease m&@%éddé@mg@&m Ce i £ E PR LIS 1o Aditd 5 - 4 SR SESRE &1 13 Ce.
Further, all -8 negative mce has been shown to be viable and fertile.
14 OCT 2008 BitgpdNoverdresun®oy pawet aenyorky who original ly di scovered GDF-8
publ i sged that two breeds of cattle that are characterized by strongly

i ncreased nuscl e nmass, Bel gi an Bl ue and Pi ednontese, have nutations in the
GDF- 8 codipErsequence and that this ac s counts for their |arge nuscles
(McPherron and Se-Jin Lee, 1997, PNAS 94, 12457-12461). This phenonenon of
"doubl e nuscling"” has been observed in many breeds of cattle for the past
190 year gpang w%ﬂdw@dﬁ; haye & @yeEAde i NQisasedn Jaisel erdpss of
20-250. They al so show an increased feed efficiency, 10 but they still
produce higgulpraing yEaearr 4l é el vy RS- femeke olng mdleel e holhwevescle he

Bel gi Bl ue cat al so exhjbit a duct i | N fmass, of t other,organs.
These%Bna‘ﬁﬁ%ﬁCh k%@@%ﬁo%oﬁé"a% ’soﬁagtu er r%’m E?%d%%’edl %ﬁn)al e(t’qg 8 4
fertilityprasesupedi yiabittiyted tof fops imgtand comted ayeeh sexfialle @t as-at i on.
The relative increase in nuscle nmass, in "knock-out cows” js not nearly as

pr onounc SN AT YHEET vt Fet hePknolk-bhtd e eeressed fietvayious
cor respongssd o thes &X' h ASudSE! e Ky Issdy ophycipbsedyed amidde. mce.

McPherron et al. specul ate that one reason could be that normal cattle may
be nearer than mce to a maxinumlimt of nuscle size (and hence to the

maxi 0 i habl e nunber of muscl.e. fibr r i O | ective
25 bpggdi%s_%%%?ﬁ-?%%a%?%ge lebln%n%egé%?r?i{gcjfrgg#?%%é hé;%eeir)%?igi a

versus hypesdTophyss N Tied t1ec yess puht | sherk tyl tihes@le .méddorsppdat baseed on
this assunption and the nuscle hypertrophy observed in the knock-out m ce,

it coul d 'WEIGTRESHE et R FRALIRPRL | TR RRWY 1 PlstT R #e’d BT b owt TP at e

observed 83 heddigi RO BELOI 8 Bl USHS@t 1163 1 8ihéd GRd Ve dtigark Ov MUSCE Poe
hypertrophy and to a | esser extent nuscl e hyperpl asi a. 14 OCT 2003 4

Physi ol ogiesdtle®! Tl GDRB Fqy aési Pt OGO S FRoGkpPy ReSeri€ted to
kel | | T i i Qn. i i i . but
oeol 228l B0 S N dnt 2 Brdf b LY oLy Sl BXRL 800 iy RELPORE Lhesue, D

no- €re i S No expression i eart nusc ysiol ogi cal role
of GDF-8 ¢orithegatkl has nadvé deledn | S0hotokaomsckd {Hough compeead that

GDF- 8 functi i fi i lator of skel etal |
o Oowt h - SR BT dDBR T He BhySfof O bl 701 @ TRt TeS tiion P AFOFTdnt

functions; i N eXekrodP-&ihSeni Aduced KasEhr NYReE troOphyy 0dus egengr athon af ter
muscl e crease in muscle fibre numbers but also to a significant mus-
25 cle fibre hypertrophy. The cross-sectional muscle area of the
GDF-8 knock-out mice is increased by about 14 to 49% depending

on muscle type.

*nterestingly, there is also observed an enhanced rate of mus-
30 cle mass increase in adult transgenic mice compared to adult
non-transgenic mice. Further, all GDF-8 negative mice has been

shown to be viable and fertile.



injury. GDF-8 may, however, also suppress adipose tissue growth. |74 §Cho2003
known whet her GDF-8 works locally or sys- temcally during the growth of

the animal. 15 Structure of GDF-8 . GDF-8 belongs to the transform ng

grow h factor (3 (TG~ ~3) super fam |y which enconpasses a group of
structurally-related pro teins involved in enbryoni c devel opnent. Human and
bovi ne 2Q Gfev@erareer praiucet: asat3dr samho adigisdlang dirscitrensd pFmE-es ns.  As

ther TGF-(3 fani t bab d
D1 o1 ol y I AT rhftch "SHRRA 10 10 otk T s e i 2014 A= S0P i o
aci ds \Ahlsctffcfrﬁ;[l ) disi i de i hkeed REImdigErsan e onpd e dmorrohabl y

the biologically active 25 formof GDF-8. The am no acid sequences of
muri ne, mhave mykatidngbdon, ths-GRATRe, cqsbimd rﬁ@qmiemp anghitdlegn tdnics tagkey

GDF-8 are, k . - C I i L Laserae ( Pherron and
Se- Ji n%&ouﬁ%‘g‘ %ﬁ@fﬁfﬁ%ﬁ 1@’5%% Te seqaﬁeélnecgjs E)/FL Srine, rat,
human, pd19c9i7ne PN?*H' cden 18 T-ulrddes il GDH‘Iﬁ:arpeldrﬁﬁ%ncderdﬂ -"dalblen ridee-

C-term nal Whl ch robabl contains the bio- t\%Olcal |y active part
of GDF- 8018& L @y PTG hyFatid anitio g past

resi dues ifgooRduyman acélac thd rhrmels LR A2 R de LigIdRdIAe TPIRNLcBOVI ne

GDF-8 has the sequence -Qu-dy- in stead of -Lys-A u- in positions
356- 357, marsd stfeeld @Fs- et m%rﬁmwam vigangestad fideshs f{fa odandyn

posi t& n %I t%'%' %OlA_trlg &Q#qloﬁil t| Q rs}éen%d of Leu and Lys,

respecti ve ne of teins include potenti al
N- gl ycosy Iatlon sites in thelr actlve C-term nal region. OBJECT OF THE
I NVENTION 10 It is an o f the resent i nvention to provi de a reconbi -

nant theP&gedts FhFaddin cIHG YEdwn-TFreg eI iah &t lifrowt h

di ff er entdaatd1@n daed Axf ik %)eo(xﬁét%%rl‘rlql"\”ﬂ\a%% ’B’f Qr%sact idhd N Hff(s
i ncrease the nuscle growh rate of farm 15 ani nal s. is a further Obj ect

to provi d‘él%ené'trtﬁdlr@fl \)thmqtng:oa«m"n@lbq rwfrf@exr ftr@m e tiemansscl e
growt her t t IOV ri |ch are
capa g? %te lrlea ng a cae[ ol erag);iclét galf(r)lst&gst?t 6} gous %F(%ﬁ%e;@

ual maturation.

The relative increase in muscle mass in "knock-out cows" is
not nearly as pronounced as is observed in the knock-out mice
20 - in fact, it corresponds to the extent of muscle hypertrophy
observed in the mice. McPherron et al. speculate that one rea-
son could be that normal cattle may be nearer than mice to a
maximum limit of muscle size (and hence to the maximum obtain-
able number of muscle fibres) after generations of selective
25 breeding. No data regarding the number of muscle fibre hyper-
. plasia versus hypertrophy in cattle was published by the au-
thors, but based on this assumption and the muscle hypertrophy
observed in the knock-out mice, it could be possible that the
increase in muscle mass and growth rate observed in e.g. the
30 Belgian Blue cattle is largely due to muscle hypertrophy and

to a lesser extent muscle hyperplasia.



further object is to provide nucleic acid fragnents, vectors 20 and, 0CT 2003
transforned cells which are all useful in the preparation of the vaccines
and GDF-8 variants. SUMMARY OF THE | NVENTI ON 25 Based on the
above-referenced findings in transgeenic GF-8 knock-out aninmals and in

Bel gi an Bl ue and Pi ednont ese, the present i‘wvent ors have devel oped t he

t heory t Ipdlysiilo1didilcalle naassidH enre-sdown-regul ate GDF-8 in ani mal s by

i nduci ng an ef- 30 fective and fine-tuned i mmune response agai nst GDF- 8.
Hence, what is basically provided by the present invention is a nmethod and
reans tOE'x’ES‘Pé%%'iQ)%' A loprdawn-4 egyate &8 derorderls kel ffheedys@n d ncrease
the nmuscl e nass in aninmals. 14 2003 6 The advantages of this approach
over knoViegreovitsh-ae ilvandienvg Ineses e eiss ifoar naridiplos earte ssager #lut Fia—st of
all, pgobl rel ating to cross-resistance in pathgl ogical m cr.o-organi sns
wi || nIEf)t Qﬁ?’lqglet fen us r?é)t o rﬁrsesslé)rﬂ lglp%regggh%%lfﬁgtehe#%%t I}'i)é1 et lv?n be no
pot ent i alcanesicdealo fexapgersous] y hadridulst eémed vdaatih iBomren & niownyeatl -f rom

ani mal s whi ch_have been subjected to the present treatnent. Finally, the

et hi cal [FhOMIgENd b BEGMPediat G 88 f§n&td 9Fr duét IS8R SO 1G9 qivige t he

Bel gi an Blue and t hg Riedmntiess dMRers SR, GRltes a8 n200Ln Ry means of 10
Caesarean' section and where other organs are of reduced size) can be

conpl et elphyaicildgd dayl postepersimg etshapdowi-npeqiaatti dmneft 1GDE- §ni exehe

ani na until .after birth.(e.. Q. in It 1if nl - infact, ani,nals
navi b0 afl e AESE bt P ersd et o veBsiPe e e

t r eat mentingait yi. h&mef-ar endig meslkée vear,ved sio sulppse saniadilps swhitdls safee
predestined to becone sl aughtered. Since the nunber and type of nuscle
fibres | 9r@ettdr-milted SUROh i EnBFdReE IGHe8 MeTks docaddry A% IBSy that an

anti - GDF1@AQ MaGLiNg (MUl hd NHRATE Q@ HAIRREMAAf, muscle fibres in adult
farmaninmals. It is therefore neither certain nor likely that an anti-CDF-8

vacci ne woul d be able to suppress GDF-8 to the sanme | evel as seen in GDF-8
knock: put, ani nal_s. i ey | d probably not be desirably either, since this
per haﬁg E:sci)ztflué’ en(?;g;tcl%vel y affect neat quality, breeding capability, and
fat . ' ratio. Nevertheless, an increase in growh rate and/or maxi num body
wei ght of 5-25 $ obtained in vaccinated animals due to post partum nuscl e

hyper t r oSF ~Ba Peilgmas rtengdantireth sfeadimst sfearhbufesiorsPi dFGRoB) d sspier be
[0t er oSt S Y SR OA0 9f PR (OSN30 AR ik The

teins involved in embryonic development. Human and bovine

20 GDF-8 are produced as 375 amino acids long precursor proteins.

As other TGF-P super family proteins GDF-8 is probably pro-

cessed proteolytically into a much shorter C-terminal fragment

of about 109 amino acids which form disulphide linked

homodimers. The homodimer is probably the biologically active

25 form of GDF-8.

The amino acid sequences ~f murine, rat, human, baboon, bo-
Jine, porcine, sheep, chicken and turkey GDF-8 are known and
the GDF-8 molecule is highly conserved (McPherron and Se-Jin
30 Lee, PNAS, 94, 12457-12461, 1997). The sequences of murine,
rat, human, porcine, chicken and turkey GDF-8 are 100% identi-
cal in the C-terminal region, which probably contains the bio-
logically active part of GDF-8. Both bovine and sheep GDF-8

only differ by two amino acid residues from human GDF-8 in the



the TGF-~3 famly is only 30-40 percent at the amino acid level. Thi$l 067 2003
sequence identity will in all likelihood not create 14 OCT 2003 problens

Wi th cross-reactivity of antibodies induced towards GPF-8. Thus, inits

br oadest and nost general scope, the present in- 5 vention relates to a

met hod for in vivo down-regul ation of growm™h differentiation factor 8

( GDF- 8) aetievintiyiailn rax iami . malo,v iinkc IGIdi-18g ha shuimen sleeiuegcet k& lmeGigd in-

conprising effecting presentation.tq the i mal' s i mmune sy of an
innunoloj%@é?l?fefﬁ éfﬁaé"aﬁﬁuﬁPséﬁlf@S-32%"gggsta&ﬁeséﬁﬁp8%%§F§pgﬁﬁide or
subsequeRgs Rekeek Miveh shias theen ifpsmilated s@ phat dismuninzatingn -0f the
animal with the GDF-8 pol ypepti de or subsequence thereof induces production
of anti bddiged nagaisisti onhe 3GDRNS tiggldy ofepeivd@ndahy/Sor rESPLCE Viedadt- one
GDF- 8 anal ogue mherein i s iRt od I t e i fi.cati [ he GDF-8
am no gc?&“%e%&e%@& %ﬁf@% ﬁggrgsgg%gggbftq?%éfggnﬁgﬁﬁggfi%nmggl e “ani mal
wi t h t helamabague tiesdices hpriadrcttiior ¢f-tantiibadi esgdgai.nst t he GDF- 8

pol ypeptide. 20 It is expected that 1-9 annual injections with an

i rmunogeni ¢ conposition according to the invention will be sufficient to
obtain the desired effect, whereas adm nistration of both growth hornones
and antibiotics require nuch nore frequent ad 25 mnistrations to the

ani mal i @BgBETt Odn THEhE NVIFRNEAONon al so rel ates to GDF-8 anal ogues as wel |
as to Sucleic acid fragnments encodi ng a subset of these. Also i munogenic
conpo%ltions conprising the anal ogues or the nucleic 30" acid fragnents are
part of ftrhe iisnwentbibgrctThe ithee pirearnal o veeltdtoes tioo paovetdeod afecombi-

i dentifying i muno genically effectiviianalo #&s of, CDF-8 as wel|

. as a
met hod f 8RN EPEFPRGUCIHPISCGERT COREAIS d BHid “EDRNY &Raiogaestat1P2 ocT
2003 8 LEBGENRSWER THE Rlrl@dRES t3 ol GackoMedalchref ) CRa18 cdhiowed aaut@macci ne
constructs. "Stretches indicated in dark grey are the stretches in which
subst i t uciséas it AnPRraed B30 incaspset ithe yusgle gropdsedats ofkdagimace .
15 animals. It is a further object to provide a method of vacci-
nating animals in order to increase the muscle growth rate. It
is also an object to provide variants of GDF-8 which are capa-
ble of breaking autotolerance against autologous GDF-8. Yet a
further object is to provide nucleic acid fragments, vectors

20 and transformed cells which are all useful in the preparation

of the vaccines and GDF-8 variants.

SUMMARY OF THE INVENTION
25
Based on the above-referenced findings in transgenic GDF-8
knock-out animals and in Belgian Blue and Piedmontese, the
present inventors have developed the theory that it will be
possible to down-regulate GDF-8 in animals by inducing an ef-
30 féctive and fine-tuned immune response against GDF-8. Hence,
what is basically provided by the present invention is a
method and means to immunologically down-regulate GDF-8 in or-

der to effect an increase the muscle mass in animals.



| .
A: Mononer construct with P2 epitope inserts. "1" indicates a 10 PR/ CCT 2003
substitution of am no acid residues 18-32 of the 109 as Cterm nal GDF-8
fragnent, "2" indicates a P2 substitution of amno acid residues 52-66 of
the 109 aa C-termnal GDF-8 fragnent, and "3" indicates a P2 substitution
of am no acid residues 83-97 of the 109 aa Ctermnal GDF-8 fragnent. 15 B:
Monomer Caestbdvet twigels B30 tdpist epe rioasér tyer" knowpdigeawes —gnpagcing
substitution of ami nq _acid resi.dues 21-41 of t 9 ~term nal -8
f r agment f“e“aﬁ'urleﬁdilé‘a%8§maaﬁéﬁ‘as}ﬁbs?triet Steivoﬁ%(%f' ragﬁir%g é’gﬁg(irlésip 3@3%9:329 of
the 109 as)1Gthiagmral G- dsiagamnte, iangatdolidgdicaat ed ca oRP3@ gauhistrst ut i on
of amno acid resi- 20 dues 79-99 or 84-104 of the 109 aa C-term nal GDF-8
fragnment Wigl BeteddddenthEie Sddds thgc PrRSER tP2PRE@AST0 SuBdtictut 4555t o
the 16 -termnal =8qf 1 Ry Qe t: Wit AR 4t nd
P30 oprt G3dd BB TSl Tyt ored Botacan 't 8 neas ot Mo s et B P o
frag 25 memrtonei gn 2ZeafEx feciedndbadtsr witighe hafvet e ehGsub3 egrtetdeite. thiee

nodel is based _on an anal ogqus main, (TGJ-1) fromthe TGE-(3,protein.

(3- sheet ?’rﬁrs§“§h5\ﬁr?a§§“eé’rtr'o&\§nﬁﬂgyheltihc(:eeggs%c@)}- p§8tqllieﬁn er's' .(Vollveoﬁi “ocT
2003 9 DERAl bERe[i G Q8ldRE rdd utHE onNENTa@N 1Befliikiet ittrs B2 ligl avhe@1fuel | owi ng,
a nunber of terns used in the present speci- fication and claims wll be
defined amnd &dg Hiesmontegst dhers sleder Bd VESaditey Rofd et 8€2R7d Mounds of

the i PUe'&raie Nrehn® iR’ -g'nldym@(}%yto%'he%ﬂ%fé&n%elalfé Wl |rel?i%c_lé%le@iizrét)er 10
changeably tor |ynphocytes of thymc origin which are responsible for
vari ous oeinl breedicatede tiehyu rey arigisigo trye $ osd pwesliinga s hfeo d ovel-prerg ud@ttiiint Wi n

t he hunoral_ i nmune respanse. Likew se, the . terns "B-1ynphocyte” .and

"BCcel | GHETE A i AR A b O PARCEbody St Sducr T b SriRocyt es.
15 A "GDrg yol-ypeptida’, iahikene mavingnded ine rdeneie melalreplastesideayi ng
the am no acid sequence of the above-di scussed GDF-8 proteins derived from

a nunber NOt Siiviealos qtdr atr @idat 881% e 5 et ety 2% HFSE& o8 Peddnt of
B- cel £56%:?Tr%%s o té?lc%sez%r'fl A T erB)ar PWr A3 1R RPIHARMNavi ng the

am no aci d sequence I1dentical to xeno-anal ogues of these two proteins

i sol at ed sflramrgphdtelrerd .speci es are enbraced by the term Wen using the term
is normally meant the biologically active form i.e. the Cterm nal peptide
which in humans is of 109 amino acids 25 in |length. Al so unglycosyl ated
forns of s@Aced tMY Glundyedr RITRI .ty & inugulek  ijpatdsc isy stetrararimddadurded

wi thin the boundaries of the termas are forms having varying . .

0- gl ycosylimg @mymandrhd idife tid tife Nrfe Y6 Ye g kSfea q”sator":motargﬂstrl'GDF—8

non- | |G EHY LSRN SNBSS Infustheuldp anaveraafia not ed
t hat ”gg%éﬁﬂ&gj@% lt erm"a GDF-8 pol ypepti due" it is int endgd that the

pol ypept iftherni rargureslts .orl i si sndrhresdd o neo me irario gt t@ h ayp Pridde@ited had t he
animal to be tr.e .o I.n other words, t -8 i i
sel f - pr ot r?“&rl'i%soefg' a4l 6"g°dleld(s)fbe PL%AE‘(%F&P 298.!8%}’:%35%&3%‘ a8ss’"gci 0% ot ein

which wi ldanot) svayimeld VeV 6 i iGDFL0 larbdkAaine argsgdns.e Tagai vetul@DE- 8 of
the animal in question. A "CGDF-8 anal ogue" is a %—8 ol ggpti d i ch has
been subPiRARBY e RGeS isrhi% Srilidry Sfetidre [%féﬁp ccﬁ)éﬁd% can
e.g. bg '(r{égték%_\féa{%mé)f‘fé}ts'n%tofq@al%,8 HRQlSHaR] i dr 18 SHi tatd eefwisi on
partner.(1.%e. a change in primary structure exclusively involving G and/or
N-t er i nalatbddi tNeorese fe @i hHo aviiharsdi fudd) HRNGr jateandDes Mahe Y dr m

of Inserﬂkgﬂ; weight of 5-25 % obtained in vaccinated animals due to
post partum muscle hypertrophy (a figure range which does not
seem unrealistic) would still be interesting in the production

30 of meat from cows, pigs and poultry.

The sequence identity of GDF-8 relative to other members of
the TGF-B family is only 30-40 percen. at the amino acid level.

This low sequence identity will in all likelihood not create



10 and/or deletions and/or substitutions in the GDF-8 polypeptide'§ hﬁ%ﬂbzmn
aci d sequence. Also derivatized GDF-8 nol ecul es are enconpassed by the term
a "GDF-8 anal ogue", cf. the dis- cussion bel ow which deals with

nodi fications of GDF-8. 15 It should be noged that the use as a vaccine in
a human of e.g. a canine anal ogue of human ‘GDF-8 can be inmagined to pro
duce thepdespilesd WiMhnictrysagaieast 1GDEy8ofSuak ibseiels anduerad analaegise for

i mruni zation is also considered to be an "GDF-8 anal ogue" as defined above.
20 The t EPAT8pol ypeptide” is in the present context intended to nean both
short peptides of from2 to 10 am no acid residues, oligopeptides of from
11 to 100 am no acid residues, and poly peptides of nore than 100 am no
aci d resTHues. 1Ruritlsebrorgde s25 anke mogitnoes egkdo sicppendédet ® riesentde n-

Prot ei s, o}y onf agtianal bLommlgell &% camPyina ah | 8ash 018 Palypepti de;
when com “prising at T"éast two polypéptides, 'these may Torm conpléexes, be
coval ent hyolithk ed f fefr ey alté onofacaval ent(GprisnkadtiThe ypahypeptinded), in a
protein can_be gl ycosylated and/or |ipi 30 dated and/.or caonprise prosthetic

np
groups. TRELHELRE" SuBIBGRe RN ImedhS TRy NOONSEERE L NGt FELER 3N %aPNSsast 3
am no acikdscQkioWhen kele%udntna10fls hmufasky3taHChbe0an IhnQeb124943a41 i des,
derived directly froma naturally occurring GDF-8 am no acid séquencé or
nucl ei ¢ afifdcseqeenseuntesfecti vely. The term"aninmal" is in the present
conte in general in 5 te d .t 0 _denate.an ani i referably
manre éan), sﬁghﬁggsﬁoﬁgesggﬁggsPoggﬁgg%&gﬁeg i%ggfggggp%%n&%ﬁgfc?ﬁst one
si ngl e ani mal whilewewar, beke tfermudlaseddenotesta ipopuliakbitamnof fsuelk an
ani mal species, since it is inportant that the individuals inmunized
according to BRéMRet WdF o PEnEDFRFe ROLYRREEAE0 FRarHEFE WEHSEartiSHISAf t he
sane CDF-8 al l;aw,Ra sf @ o nicAaLiFORn@f bblig e8NhGRlH W et RPFEAMR o1 y-
i munogen(s). If, for instance, genetic variants of GDF-8 exist in a
di fferent poppkatide i enddprbe necessary to use different inmunogens in
t hese differen opul.ati ans.J-n or.der b le tq_br utqtol e 15
rancel?oﬁ/ards‘E‘E;;DIFi-e SFnoggc%Dgggquggghgel?h%gﬁﬁnbgscﬁgggopg%Fﬁegs illed
person that aneasitnghe moldi€ipaeient iaonhex GDIFS 8a ahiiviongchel Bgqukkinete has an
i mune system It is preferred that the animal is a vertebrate, such as a
mammal.. 2' 0 BYPERE héem2si & Fedd ldolhatedliMrisn taPNGRE. §Dgc ANV i s
herein nmeant [eduCth@N anA1bR%e iiWalgear 3BusEebnt Be AWFERLQksi Nteractions
between GDF-8 and its receptors (or between GDF-8 and ot her possible
bi ol ogi cal | y egpdntsé&nthiei GDFT§ padtywepsitier this nol ecul e). The
down- ggulation can be obtai ned by neans 25 of several nechanisns: O
these,"sinple interference with the active site in GDF-8 by anti body
bi ndi ng s tiBeexpeicteidmhat 1-4 annual injections with an immunogenic

composition according to the invention will be sufficient to

obtain the desired effect, whereas administration of both

growth hormones and antibiotics require much more frequent ad-
25 ministrations to the animal in question.

The invention also relates to GDF—8_analogues as well as to

nucleic acid fragments encoding a subset of these. Also immu-

nogenic compositions comprising the analogues or the nucleic

30'aFid fragments are part of the invention.

The invention also relates to a method of identifying immuno-
genically effective analogues of GDF-8 as well as a method for

preparing composition comprising the GDF-8 analogues.
|



However, it is also within the scope of the present |nvent|on thaty £
antibody binding results in removal of GDF-8 by sca venger ceIIs (suc ag
macr ophages and ot her phagocytic cells). 30 The expression "effecting

presentation ... to the immune sys tenf is _intended to denote that the
animal's i mmune systemis subjected to an i"fnmunogeni c challenge in a
controlled manner. As will|l appear fromthe disclosure below, such challenge

of 14 OCT 2003 12 the immune system can be effected in a nunber of ways
of which the nost inportant are vaccination with pol ypepti de containing
"pharnachag§Ds(TOeTH§ ¥aegkpg Which is admnistered to treat or aneliorate
ongoi ng sease) nucl ei ¢ acid "pharnmaccine" 5 vaccination. The inportant
result to achieve is that inmmne conpetent cells in the aninal are
confronted w nt| en_in.a ologically effective nner, whereas
the precfig: n&de& éthv?RE @hggrﬁggglPuggvgfc ggscoﬁﬁ%F ag%e to the in
ventive ségétéﬂegrhMUﬁgataa phesark gregnbirenthéOstiretthem innwunegeni cal |y
effective anount” has its usual nmeaning in the art, i.e. an anDunt of an
|nnunogeﬁuhﬁtéﬁuﬁéoéépaBFé 6f PRAuESAy §ﬁspﬁﬁﬁh¥eﬂ¥spéﬁ%epﬁﬁPEﬁe
S|gn|f|c?ﬁkgy cgages pat hogeni c agents which share inmmunol ogi cal features
15 with nogen When using the expression that the GDF-8 has been
"nDdifieH" Msnbmeeinonsammca Mh@hl@@lenmdDPECans@ﬁtéf t'hé pokypepeisde which
const j t he ckbone dif i gation 2 a e
derlv%é t?B Sfé ﬁtlgpkﬁlaﬁﬁéﬁo 3 a FSﬁ USS_hEeE?f|CagP%n98§Cgf 6s

certain eakﬂenaﬁidbmesl&&@@Meﬁtthe2@DEn81&equenaeszHUbaslwukhoheof
appreciated fromthe disclosure be | ow, the preferred nodifications
conpr i seaBhBAgES il resh dagdi 22 0iPoRS ttb)% tlﬁé Bei raF§retpadt GPE~8f LRI GDF- 8

am no_acj,d,se %ﬁdq“%ncﬁndﬁcgte@DQ'%Qcéhbg@§tW@h%h BQSHhﬁﬁo'QcﬁﬁerE%ql's'on
of a GDF ahal'ogue ™where the primary am no aci d sequence has been

nDdlfleddu@he83d9§00§SKMQ 1A%t ekoCetampe nedwaPds 8GDEagMmens -under st ood 30
t hat S|nce GDF- 8

i s el f- prote| t he .popul atign.to he,v
nor mat> |ﬁd|vN888W§r ﬁopﬁérHS ul"at 5oﬁ%80eﬁ6t ﬁguﬁpsgﬁt%nnuﬁe ?égl%%kg%
agai nst §Dp38; subs%amﬂQhomeo&xghuaedachﬂough;dhhat2Qe@a3banahe|n@@vmduals
in an ani mal popul ati on m ght be able to produce antl od|% %alnst n%tlve
GDF- 8, ngtermlnal GDF-8 fragment, “2” indicates a stitution o
aplno acid residues 49-69 of the 109 aa C-terminal GDF-8 frag-
ment, and “3” indicates a P30 substitution of amino acid resi-
20 dues 79-99 or 84-104 of the 109 aa C-terminal GDF-8 fragment.
" C: Extended monomer construct with P2 and P30 substituted into
tpe 160 aa C-terminal GDF-8 fragment.
D: Dimer construct with the P2 and P30 epitopes serially
linked between two copies of the 109 C-terminal GDF-8 frag-

25 ment.

Fig. 2: Expected 3D structure of the TGF-f protein.
The model is based on an analogous domain (TGJ-1) from the

TGF-B protein. P-sheets are shown as arrows and helices as cy-

30 l}nders.



14 OCT 2003 13 as part of an autoi mune disorder. At any rate, an %ﬁiﬂ&ﬂ ¢G03
will normally only be autotolerant towards its own GDF-8, but it cannot be
excl uded that GDF-8 anal ogues derived from other animl species or froma
popul ati on haV|ng a different GF-8 5 phengtype woul d al so be tol erated by
sai d ani mal . "foreign T-cell epitope” foreign T-1ynphocyte
epitOpe"bETﬁIﬁEDeDthﬂowhhghoFSTaaleNVBNmuod to an MHC nol ecul e and which
stinmulates T-cells in an aninal species. Preferred 10 foreign T-cel
epitopes in the invention are "prom scuous” epitopes, i.e. epitopes which
bi nd to Bg%EH§E§BB%al fraction of a particular class of MHC nol ecules in an
ani mal speciresor population. Only a very limted nunber of such
pronlscuous Tcell epitopes are known, and they will be discussed in detai

15. bel ow. shoyld be noted t L f are
used é%c6Pth§ ?8Th95189é53npuln35n9?0§ % bggegfectlve %gg@ﬁfgggggl
fracti ongetadfoannal cpapwsaiviion as aQSSnbbeanutenpyabeene¢esaatyln01ﬁ)
insert several foreign T-cell epitopes in the sa GDF- 8 anal ogue or 2)
prepare stderako2gleptiy &R&l BghEs %ﬁ@rQPHnéécﬁfaHQFoéﬂgeHE%OE di fferent
prom scuous epitope inserted. It should be noted al so that the concept of
foreign T-cell epitopes al so enconpasses use of cryptic T-cell epitopes,

i .e. epi rhpesenhischTalgmpbricyed “f rom dTsekfllfr vidilnbandseli éntemty exerts
i muno c behavi ouyr en 25 existi 9 ol form u g part
of thk s@thBFBgXVn Of qYEENPEY R © orelgn%T %qun %ﬁlchéggt%egglgope
foreign I;B1epitbePehrisusd E@aelgﬁdIamebll@nmh@peewhbnhebladswamlNH@ Class

Il nole 30 cule and can be presented on the surface of an anti
presentlﬁgrcéﬁﬂpeAPQFtBU&ﬁd a9 the NHEOEPEsdMMHNFpEESEPEsep, L GH&FlOnaI
part" of (lel ?)ngvk%@il faphDcly? NG Nl a%e%lq@nnmtl bat arded iheemean the
part of t ecul e |¥ 14 OCT 2003 14 sponsible for at |east
one of tbhabgeabéwldak @mtpbp@wﬂnmgdwmln@fﬂ@@pgo@yéﬁﬁed by the nolecule. It
is well-known in the art that many enzynes and ot her effector nol ecul es
have &M active site which is responsi ble for the effects exerted by the
nol e- s ﬁUh@DTQSQ @F@@tl@bheﬁsp&bkélﬁf1hh%nmﬁbe¢@|Gem&yeS@bQQp&p—

bi

stabilizing or so enhanci ng purpose and ¢ erefore be left out

i f thesetpdﬁﬁo§é§l§9etﬁ@ta@ﬂ“@b@éﬂéh@@QWﬁnFﬁeoéo gbgrezddgrpgissd

embodi ne f e nt FRlurdest dFCAnials ROTSithuach@ dsse
certain g?ﬁgﬁ ?Q?§%|§§s%§§h§%?b§F?3§ﬁg fb noi ety Fﬁ éDF-g (cf. tﬁé detail ed
di scussi eahelrelodwshaarithg @ §w©htan¢a§é aWW@n¢s§@eBcﬁeéﬂaﬁﬂlﬁpPeﬁaylﬁé

irrel nt si nc couplin ;v des bi ry

The t ln&&ﬁﬁvgﬁ%h%ﬁas |tsaUSua qﬂ%ﬁ% |n t thg]%t%th fg% %?%gﬁ%%

t echnol og¥ienicee i d@ntukstlanee x@no&aemnaxgsjets @f athewet trero whictkeins H)sarot in
itself capable of nounting an inmmune response ggglnst t he |gﬁ%po en of t he

vacci ne, 1BHEAWitem icE B RRRGISTelddSs TR TRFAReL &hark&’

response (gQaiyRgh, - ﬁh%dﬁﬂ&%ﬂ%{ban@ .t H ARG 1wWands, a\l:&qﬁblen&tdr(ﬁﬂ wi teh the
adj u20 vant al one does not provide an inmmune response against the

i Munogenhev dedienatiingrd. wiet itdee Whirainm dgemuman sor smayf APY giMid iisd 4% an
!mmngarespgrnse 302150 WS IBNAG LG Bl € O e MAGE 1Y iAWt D

i mmuntger “and i'M mune response agai nst the i nmmunogen

whi ch is a&ré&qrﬂr@f@k%&y&imwggrsﬁdmmﬁmarnammmmmumahanhmug@rrma)ne
Targetln of a molecule is in tg} resent cont%ﬁ |nQ§nq_ to deqpte t he
si tuati o t'f&rr‘i‘blf"écUﬂré? FS MGty 119 (hed Wii9" dppear

pref er enteally du, Q8T LA ddSBIeD. O AN lob o dreaf efcﬁmnlaadnlammﬁcmj-at ed
with certain cells or cell types. e effect can be acconplished in a

nunber ofkamyes: licn ol i e oy AN SRS JFE (WSl e AR ST e RfpdQq o hat
facilLiat g WArget i Yedl VAU A Jdb iR Mol e & leriRURthat 14

the polypeptide in question is normally non-immunogenic when

presented to the animal to be treated. In other words, the

GDF-8 polypeptide is a self-protein or 1s a xe.i0-analogue of



15 which facilitates targeting. These issues will be discussed in détalCT 2003
below. "Stinulation of the i nmune systenmi neans that a substance or 5
conposition of matter exhibits a general, non-specific inmu nostinulatory
effect. A nunber of adjuvants and putative ﬁdj uvants (such as certain
cytokines) share the ability to stimlate the i mune system The result of
usi ng an sl RO te IMHpa-dtieig agdrth iws1dn niotc meased I'yalggnenesse afo tare | nmune
system 10. neani ng that simltaneous or su e uent i mmuni zation with an

i munoge AMTHdGC €8 SR SiSEniFAAY *ioide Odf f Matmdie F4 S&FGse conpar ed
to isolated use of the i munogen. Preferred enbodi ments of GDF-8 activity
down-regulation 15 It is preferred that the GDF-8 pol ypeptide used as an

i munogeRA i“|GDtEh@ ImtaH@d;txﬁ” tilse a BRFNS e livoep trivkd e hmilaesc ilee nisartei n - at

| east one cha resent, in.the e % i d ence ince. the
chanced df &ﬁt ai ng?lonﬁJ 2t iSortant O%tr?rru tﬁsﬁrg o%%%!’[rl1 hc-Tl%agnecec‘_’lt owar ds
GDF- 8 i s egigeatdey ifmaiHd tfaired dm&tuswmn dft asemH-a tp@lrypteeﬁltdaaattot hi s does
not exclude the possibility of u5|ng such a nodified GDF-8 in formulations

whi ch f uStHdR e ifuysiane R e dkify 6f SBERGoIL&y é’r‘?&é“aé@’alsrjfﬁucéﬂ*—f- , e.qg.
formul at i.9Rg (GARLA ﬂﬂid%ﬂﬂﬁﬁ @—thHM@ﬁt%—Qb%mu%%lc%%%%@ﬂdﬁéﬂgﬁ“émﬂﬁﬂ Oow.
It has been shown (in Daluml| et al., . I munol . 157: 4796- 4804)

t hat pot elm:tlldalrlqsmefsr@a‘a/lwelB—Iqarlﬂercyltneélhree(,f@gfm pfng@@lrfmmr@t eins are

physi ol ogi cal | oresent in in.,3 i.vidual s. ,Ho . rde_r for
thesei)é!- I%ynr?% c%y 5 e alnn(ft’?cre bStl tS:aIOI gro t?ge\@\r%e 8b3§qg SFeact i ve
W th the trielee-s \éaﬂtnosezld‘lwrs@tqejemﬁ;e asmse;t mewalmﬂ@bffmmodﬁcmMerse
producing T-hel per |ynphocytes (TH-cell s or TH-Iynphocytes). Nornally this
hel'p is A€ SGAHES S5k s & P 15EHIhGey 8 8 agéteIueis &EF 8B HE Tal do
not recogyszg ok cf)%llloxﬁmhtl(%ﬁe%e%qré VAd H mlsfg.l(;atgrd?ltSEIst amrerg presented by
antl gen presenting cells (APCs). However, by providing an el enent of
"foreignness" in a self proteln (i.e. by introducing an inmunol ogically
si gni nt ITDdI |cat|o Il s, Jecaani z e [forei | erent are
acti vi\%’ u&g‘r? rlecé)gnl Zl ngﬁpttﬁ1 -Ef gt(r%el glﬁo’eep?%t ope aor‘l“%la% hglr&h% JF

initially.qa rOrREMIGeanadeldue dolhuaomn@DrE4 wmhduéyhm(jl\ducbltoarp&cﬂ-l SO
speci al i sed APCs) capabl e of recognising self-epitopes on the nodified

sel - pr oO&iGe dih€o daftigigshlimeRinid % RARS &P T d SSediFédntdly a5y &&&fts t he
foreign -gn(éqlol W@Pirod ARBLS)i AM8IR0fis andd ke maldetaled ol Hey iphoeses

subsequently pr ovi de cytokine help to these self-reactive polycl onal

B- | ynphoeytad®guSi“nee tde iaved wddives produced by these pol ycl onal B

,Iyrrpg cytes are reactive with different epitopes on the nodi 15 fied

pol yp gtide, i ncl udi ng those which are also present in the native

pol ypept inde, tatmantddigghepaieRs- risadin whenipre sene momtedi flirersid -gur ot ei n
is induced. In concl usion, the T- éj;ro tes c be led tq act as,if the
popul at i 8%35F By ShaFH aﬁm Ve troeg[g)gl"i‘i“gé’d’ &% tﬁetséﬂfﬁsdr ei gn

anti 20 g@n, om%’t%%g Q)ff aecztonprllw ddhe donselitred Lpid opaligludss/ &y fgygi-gn to
t he host. In thi's way, antibodi es capabl e of cross-reactin

non- nodi frieed iskest -cfntriqyeng: hare 1408d weddio males\m@% rm”gil"feﬁ“mfea pepti de
sel f-a0tigen J.Prder 1o, %T%t%aaéa%%f%kam ot erance fdingun i n

t he af nce accor € 1 nvention i‘cat’ion can include
t hat at Ibdasio leres feqyr ejcgrrpr'ﬁsoeid apiltedzr iand mqwdezndimn atom-east one

first moiety is introduced which effect etlrilgfof t he m)ldlfled

mol ecul e PEdSdmd%afty d&d r éé”é’ntﬂ R&AG* Q{Se/fPC) OIM COMPLEXES,
be covalently linked, or may be non-covalently linked. The

" polypeptide(s) in a protein can be glycosylated and/or lipi-

30 dgted and/or comprise prosthetic groups.

The term “subsequence” means any consecutive stretch of at

least 3 amino acids or, when relevant, of at least 3 nucleo-



- at least one second noiety is introduced which stinmulates the i nné&CT 2003
system and/ or 14 OCT 2003 17 - at least one third noiety is introduced
whi ch optim ses presentation of the nodified GDF-8 pol ypeptide to the

i rmune system 5 However, all these nodifications should be carried out
whil e maintaining a substantial fraction oflthe ori gi nal B-lynpho cyte

epi t opes dikleatt idesr iGdt &1 rsddiiey tihenB-d ywathneile, recagnt inrcmf-4 haniad i ve
nol ecul e is thereby enhanced. 10 In one preferred enbodi nent, side groups
(in the P& FeFUHNSI P TR Y € i6hiaDisk S S INRE rad RSNt Y Oed first,
second and third noieties) are covalently or non-coval ently introduced.
This is intended to nean that stretches of am no acid residues derived from
GDF- 8 ar §hgertexat i"zedime t'hoilg ial ttdvd my asentprdontB®starin aggneoraki th-sequence,
or at |east w thout,introducing changes . n the ti.de bonds bet ween the
i vi Budenhd et A i SR i e S o B

enbodi mefudit ids FRsInABaAm s, d Cdh Sbidndsi i, arior el eldton v/ ee

i nsert.ion and/ or addition (which may be effected by reconbi nant nmeans or by
neans of SgSticdersyitredivevifddi fiRGatiedis AT SRRV & R 9 2k hes
of am no Acids, Cam gae ddexd dO fUHQ ROl Pemdd.dene (P asied Aty
preferred vVersion of thi's enbodi ment is 25 the techni que described in WO
95/ 05849,vivhiadls dirgmirgszasi & ametdtbichd dro ddwnregduddata g rsel fnyerdt iedmsa by

i mmuni si n i th anal Qques. of. t sel f - pr ins er.ein nunber .of .am no
acid %gq ﬁ‘%r{vcgé’sfﬁr hsé% QCg"‘enn lsa(t}blsyt iqt%u ed mvﬁp tcﬁ}Eg'Bgoarl\rlYgoswplonrﬁjitﬁogr AUTbEH G5 no
aci d sequanaes) amincil eachtcany issia ifbngicgyed L 30 nottom itesdanleceel |
epitope, while at the sanme tinme nmaintaining the overall tertiary structure
of the s&MMEHIG diaf iaf the aflifodue* i tthe FirifGeed oP IME Hriedentt

| NVenti Ofhay thd SiddueNaly S fusd &ilf ddrddie iMRiddfettd o (Hfedd &AL no
acid insertion, addition, deletion or substitution) gives rise to a 14
OCT 2003 rEd i gragiwgra th-coe |irepindspe tandeatabilite tsarhr ¢d ety esgraesl e

substapti al nunber of t -cel | epitopes in GDF-8. er, in order to
obt ai ﬁgn'é:)ﬁnrﬁfm é’f‘”ﬁrc‘jaf‘cyc’}b%‘-%[ he ierﬁ%ﬁ‘n dDélglﬁc;cnlsoen i nlBtduwggL\gf\if G frred
that the tpersyill ey tdesbrs tuHad Wre a0finda 1IGr & Hes pridurad neshtdkd hies a
nodi fi ed nol ecul e.. The follow ng fornula descri bes the GDF-8 constructs
gener al | yiddwer &858 (e Ghes i6h: 1mmune Mashems (teos fFpisargMityt s2

(CDF-8e2). i2-animal idMP¥e edd@¥e, S&0c s s W elfufdF- 8el- GDF- 8ex are X

B-cell epitope containing subse-

20 By the term “in vivo down-regulation of GDF-8 activity” is
herein meant reduction in the living organism of the number of
interactions between GDF-8 and its receptors (or between GDF-8
and other possible biologically important binding partners for
this molecule). The down-regulation can be obtained by means

25 of several mechanisms: Of these, simple interference with the
active site in GDF-8 by antibody binding is the most simple.
However, it is also within the scope of the present invention
that the antibody binding results in removal of GDF-8 by sca-
venger cells (such as macrophages and other phagocytic cells).

30
The expression “effecting presentation ... to the immune sys-
tem” is intended to denote that the animal’s immune system is
subjected to an immunogenic challenge in a controlled manner.

As will appear from the disclosure below, such challenge of



[

quences of GDF-8 which independently are identical or nonidentical, andr 2003
whi ch may contain or not contain foreign side 15 groups, X is an integer >_
3, nl-nx are x integers > 0 (at least one is > 1), MODl-MXDx are x

nodi fications introduced between the pr esey ed B-cell epitopes, and sl -sx
are x integers > 0 (at least oneis >_ 1 if no side groups are introduced
in the GCDRe8émseqeenyssem Tans begieddrcttiee dener aumbemrcioifomaly sr est maiintls on
20 the i nogeni gity (%f t he construycts, the . nvention %I,Iovvs for .all kinds
of per nut&fi BRS tof"PRE \6Mityidtal V@Sl’—;—lé‘azé&&eﬁ&é, R4 YREP WRidfaSog-aining

nodi f i cat\Ega§m§aI&%_ri%Ie%-~ Thus. ianGlaudade Antike iR WRRinQR taredd fded «GDF- 8
obt ai ned by om ssion of parts of the GDF-8 sequence which e.g. exhibit
adver se etf aped iogafieyengoing cisssisen o parcteighieeh dcowhd rFiags imsse to
undesi g ed,Lamngliagl cahd a3ghanse Yaiihenance al 3es skl ahyfyact i on of
B-cel |l eprtopes or even the overall tertiary structure of a protern which
i's sub 3@omeetedtt celidi fiincathicomndmadescel lced flrendiend ednhbehac ine\iekn n
several ways. One is sinply.to prepare a polyclonal antiserumdirected

agai not EDFOB (BTUROIZg LRl Ye R es B8 TR A PASEEEY ANT PRGAIRR o use
this ant hsgeudragchil®Shq eadeNtres®ltdis o4 1965 2R3 ri3nide aLametidive
ELI SA) against the nodified proteins which are produced. Mdified versions
(anal ogu&sntifiiec A dedadinded L@ ds &g Xessn twilhly e §é o&8nt i ser um as does GDF- 8
nmust p@ regarded as having the sane overall tertiary structure as GDF-8
whereas 5 anal ogues exhibiting a limted (but still significant and

speci f i crheeaetrhv iMiymuniolyesiicla ldly arftfieserive ameuhefahded ias haswalng

mai nt ai ned a substantial fraction of the original B-cell epi tf\?hp s.. 10

Al t er nat "¢8PY "9a 1868 A5y of! “fond& AP anfitb6di ¢S HERSEY & C?‘h # stinct
epi t opes caRaBE- & FCANRR IRERA Qthmdnd Ye8poAsed whath @a@elli-fiminsclg,pwrpach
has the advantage of allowing 1) an epitope mapping of GOF-8 and 2) a

mappi ng GRIelePahogsad c wgicatt savdigh shairsed oo ddrallodeed Wespar ed. 15
O copg se, i.r r h woul d be to resolve the 3-dinensional structure
of G]E—§8%%Fﬁo%ﬁ§ glmgﬁgglgoi%%a Iy active truncate thereof (cf. above) and
conpare this to the resolved three-di nensional structure of the anal ogues

prepared. Three-di mensional structure can be resolved by the aji.d .of X-ray
di f f r ac- "Bt MEANG: GdfiSe £ XBFE SRR pdety 2‘80%5?.F"§u}“laﬁepeleﬁ"f opﬁgﬁ%d'r?dr el ating
to the tekt hakist feGh¥ & C¢HRnli®a30MR IRk iBa ot ahkeeSr@aptideul ar

di chroi sm studi es whi ch have the advantage of merely requiring the

pol ypept Wié cihn cpmsé ittytms( Wher das kkongy O%i COFaét-i S cheguimosk fligd Y3r8Vvi si on
of crystallized pel . : r eqyi,k . ProNj1S| of Jsotopic
vari a%?s%8¥1 t‘ze Hg'pg)leyy%%%tllvge l%?lﬁq%?ldgrlge %6 %lric]f ?%gtl%gléf Sl(a\ql%ftgr% it ielos'rsl— about

t he terticary fdicatdion etaf. )a ofi vertabneamieo Howey er s iglueisndne ltheXIGBE - 8

diffraction and/ or NVR are .nec ssaf@% to .ozt ?ii g %on%lhusi ve data sei nce
ci r cul ar SGAERNGEs mPEEm a&n!"')}rl_g’r GEPT G Pet P3G e S8 o S8 &&
3-di mensiienal thier Welefed Neda modfi iRl @ sOfcoh@eaReaIh aBlgleldC lofl § odl esriil-s.
- tions to) the primary structure of the GDF-8 amino acid se-
25 guence, i.e. modifications which results in the provision of a
GDF-8 analogue where the primary amino acid sequence has been

modified.

When discussing “autotolerance towards GDF-8” 1is understood
30 that since GDF-8 is a self-protein in the population to be
vaccinated, normal individuals in the population do not mount
an immune response against GDF-8; it cannot be excluded,
though, that occasional individuals in an animal population

might be able to produce antibodies against native GDF-8, e.gq.
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One preferred enbodi nent of the invention utilises multiple presenfdtdérs 2603
of B-lynphocyte epitopes of GDF-8 (i.e. formula 14 OCT 2003 20 I wherein
at | east one B-cell epitope is present in tw posi tions). This effect can
be achieved in various ways, e.g. by S|npn¥ preparing fusion pol ypeptides
conprising the structure (GDF-8)m where Ps an integer >_ 2 and then

i ntroducast hard afodir iecatdiomsirdi stivssekherigl ranyn r&ttd,eam amianaf wiel

GDF- 8 se ences alternatively, inserted between at East two of the

GDF- 8 anm s ™&dily §éﬂ1}’er?§e§u’:|°t cilserpﬁné:f S PEF Thatt% H’é”}nﬁﬂ %q R onfs
i ntroduced sl udes at1 JRast ane gbipld Gatd 1y Rfs Il wmhaose anidope

and/or the introduction of a hapten. 10 As nentioned above, the
i nt r oductaingmagdf sa>efq1re@ @F Tt |2 esinuwope ican ftﬁenatgc@nmfsﬁmr‘dy GDF-8

introd C{p‘h%rr]loct):f %t wsast qhe ebrg nC laécg 0[1303{] %1%] abgq'itl on, deletion, or

substi HFCorse, e nor mal %e introduction of
nore 15 than one change in the am no aC| d sequence (e.g. insertion of or
substitution by a conplete T-cell epjtopeg)_ but the HT)})ortant goal, to reach

is that the fEHEiFMARISYde SRHEPHr o ssed 245 Hh T SR g cel |

(APC) , Wildpediyve J iS5 dpt e R d1oried b iidmanado Wtan-r'l\-ﬂﬁi Im&RidoRe being
presented in con20 text of an MCH Class Il nolecule on the surface of the
APC. Thugnd fwhtilgd GW—“BllaWﬁG(ﬂ) Tacied lsequeride qrhlrreadpramqleﬁt% pUsitatad

Corrpriée orelérrb larg oef:)c sd 1rnesél}cjau%5m}c’%“tq§ cana sp%ﬁﬁm K in a

foreign nt roducti on oreign pe can be
acconpl i sjpactdpxesproz\/lail ngaﬂﬂtf;)erﬂmlrrZB pirgl ard o saddsdsarafi dlhef faortei gn

epi t ope by means of am no acid insertio addi tion, deletion and .

stbst i t uGfort P GiREP WSfS s (4t |N§{Q16‘E°51?é7é’gﬁ%sarﬁf’ B AU S S Bt e

TH epi tog%p@ndtq%ﬁ{t i \Pra SHbst it dfddr icr Rngfie éfmnltsra;owernunber

of am no acid insertions, deletions, substitutions or ditions is at |east
2, such @eld, €pit®pes ae known, BNd Theyldvilly beigliskpisserd irg,dergipo,

and 2 |ns t|o , Su t tutio ns 1,QNS.. i t her nor e
pr ef e?? at t esﬁluﬁijedr bo acﬁer?oacg%tctj ?‘nserfc{erdfﬂo% t%r %‘Bﬁl%&ﬁ ons,
substi’ tutwhqraﬁq, aaddiddeansaadordblref itontHes pratsdnt exnmmfn 150, bes uehf exs- at
nost | 00, at nost 90, at m)st 80, and at nost, 70. It especi al |

pref errediMRati™t S iR Dt Askqn \f 6, ar}lrﬁ‘?értﬁoéﬁ’sla rbtalst)r%‘ys’s(fr_
addi ti ong,jdoes tNQfa L 4Eefbcessary to 1) insert several foreign T-cell

epitopes in the same GDF-8 analogue or 2) prepare several
20 GDF-8 analogues wherein each analogue has a different promis-
cuous epitope inserted. It should be noted also that the con-
cept of foreign T-cell epitopes also encompasses use of cryp-
tic T-cell epitopes, i.e. epitopes which are derived from a
self-protein and which only exerts immunogenic behaviour when
25 existing in isolated form without being part of the self-pro-

tein in question.

A “foreign T helper lymphocyte epitope” (a foreign Ty epitope)
is a foreign T cell epitope which binds an MHC Class II mole-
30 cule and can be presented on the surface of an antigen pre-

senting cell (APC) bound to the MHC Class II molecule.

A “functional part” of a (bio)molecule is in the present con-

text intended to mean the part of the molecule which is re-



5 60, and in particular the nunber should not exceed 50 or even 401 ‘VB&d 2003
preferred is a nunber of not nore than 30. Wth re spect to amno acid
additions, it should be noted that these, when the resulting construct is

in the formof a fusion poly peptide, is o? en consi derably higher than

150. 10 Preferred enbodi nents of the invention include nodification by

i nt r oducispgnati Hleastorore fleasitgenemaindderibiashend cadi tagp@hvsiadiddigad

under stood that the question.of i ne dom.nance Qqf TH epit qQpe ends on
the ani m&l f§5&S EFST e(ﬁfj%é’t :%(?r? mﬁ?%é@(f "1 elrseiwr?filt ﬁ(enotldenr %n U A

"I MunodemaRaReey SnFies effy S the repififeras iicdfe dul dshérawac cimated ve

i ndi vidual gives rise to a significant inmune response, but it is a

wel | - knovir tRacth ithatl sa TRIRORISTSPE i HNS Giififtousiiatdmd iy dle itriSi dual
IS nptSH%((ﬁ%sqrél' ¥l CdPHANt 1t AR hele indiad duainbf ddi S B ta-
speci es, even 20 ough 1t may be capable of binding MHC 11 nol ecules in
the | att éiliirding dualsolapdtlidry ieny@ancimg poinposes arte dags fdhegfe fiye be

restriction of TH.epi.topes. I n general nat ur.al c ri, epi.t.o are
MHC 25 r é?&rti G d,&o.t .elosae EREF HERS d’eoacc(S)nf;lt’!leﬁuetq'iaﬁlglér % l%?it-el;% tcgc;ﬁlet Wi T |
only bi ng refsf eetritvaly dnbotl isidhigeto Oft HHEG rdsass linwaniteei .eForThirsstiandeur n

has the effect that in nost cases the use of one specific TH epitope wll
resul t i rdta iva@eissd Benpenerfe WG ins et Re kNS A5d i"B’rﬁlthfYJtnrﬁé

popul gpi %i%@yy"nagfbl?s-% dependifig Ut dihefideQfsdiat Jd1aad)i ,0ind tifan be
necessary to i'ncl'ude nore TH epitopes in the sane nolecule, or
al t er nat iswedhy apreeysar,e tdoemil gsuvec arfparteriti Mdceineey Wverigine tdvardorfgarent s are

GDF-8 vari ants i.ch are distJ nqui shed fr.om h .ot.her by t ature of the
TH epi t of &S r‘ftoruc?mﬂ&cf’egd%o (’?df_gc'&fbvdﬁ%sz §fe tsﬁce eresnterc?/ec JI}% ‘of the

T-cells used is conpletely unknown (for instance in a situation where the
vacci nated ani mal has a poorly defined WMHC conposition), the fraction of

the 5 aniTi® GsaEul @IS Vet by- S Wi M detilfe 5 33N be
det er gin YA he; fol oW KEfLIEBIY D compditiont o tded | |
=1 181‘3-\%&@% pt 1s ltQ{%}}'frequency In the popul at%oc%ﬁ%ﬁ‘l rles.ponders to the
ith foreiwich ded |1)epidtopen prissent dapathee it i tcigrgpayl tingrineand®n i s t he
total nunber of foreign T-cell epitopes.i,n the vaccin onposi,ti.on., \Thus, a
vacci ne GBS 3B EontHHi g Cf%":‘rr{e)iogfn e ﬁccelprﬁ’o(gbeu(s;C %vllénhg lré;szp)onse

frequencirgs;drtnka dd it iad icn efhdhd@ind. the antnthed, rasgspend iamd ynstwoul d
give 1 - 0.2x0.3x0.4=0.976 -i.e. 97.6 percent of the popul até_on will
stati st ddi9 ViMNRITID SF VHO 19EhRHiwREP 1 s 1 3P1 HE- Wh e dthe

above,foryglia Aogs e ARANY dibwi ddaid Ogmer € ShdRNE Kal@ps tHecime MHC
restriction pattern of the peptides used is known. If, for instance a
certai n peptagksn ,0ntacddinrist arhe Hiumetrh 5L vMEL Gg e gt ase (7 e fadh dstfe 3 B3 HLA- DR

alleles DRL, DR3, DR5, and DR7, then_ the t hi i LW th
anot her geptd de Vil cwmb‘f%edsreﬁ%or}seerra‘?#&nrb I%/ECE% Imﬁﬁo‘fg"ecﬁl e’sd[gunéco edrkgym
HLA- DR aldigles whddiracciosmlvisth 1iienoompsragend ndhevgpopul reducss ian guest i on.
Li kewi se, if the second peptide only binds ) ,

mune response against the immunogen which is furthermore

25 stronger than that induced by the immunogen alone.

“Targeting” of a molecule is in the present context intended
to denote the situation where a molecule. upon introduction in
the animal will appear preferentially in certain tissue(s) or

30 will be preferentially associated with certain cells or cell
types. The effect can be accomplished in a number of ways in-
~cluding formulation of the molecule in composition facilita-

ting targeting or by introduction in the molecule of groups



30 and DRS, the addition of this peptide will not increase the covelageCatgn;

all. If one bases the calculation of popul ation response purely on MHC

restriction of T-cell epitopes in the vaccine, the fraction of the

popul ati on covered by a specific vaccine cg osition can be determ ned by

means of the follow 14 OCT 2003 23 ing fornmula: J poprlnnon = 1- ~ ~1-

~P, )~ ( whilch flagiil tateshdregigeting .s Tthes esumofed neigulensd esi scuddwd in

popul ati on of, allelic hapl otypes encodi ng MHC nol ecul es whi ch bind any one

of the T-C{ééﬂailleﬁe[ e€s in the vaccine and which belong to the j n of the 3

known HLA loci (DP, DR and DQ; in practice, it is first determ ned which

MHC nol ecules will recognize each T 10 cell epitope in the vaccine and

t her eaf t €/Sttiffada 90 Afl el g |Sysatenbynaanse YD DR ek aI@e -o1 hen,

t he indivj | .fr.equ [ ft qj.ffere |.,sfed elic :hapl otyvpes are

surmedgf c()zroq%%c ] l;e/ogle‘,aonftc rl{%rscet%yr yep(g\lgjllntgs 9, %Aéalﬁadl ’~.r%f+5 %dtecrrlaq'f/kéoclc%lﬁ{1 t hat

t he val uegaitiimu faorany & fiflecexceedsintdeer odf reel apandingidtdaortetdiosd ajuwe nf:

3 1~ 1~ (I 20 -wherein v~ is the sum of frequencies in the popul ation of

S eTi o aRtor YR e ARG W IR VIHACHF Biifd 2EHe 410 SOd Tt f ope

in the vaggicne rrnd miineh Halend tihd heddit &fr e ndy kP WinddAy d 10Ghu (PP, DR

and DQ . This neans that in 1-~i of the population there is a frequency of

r esponderts ngf aZRIfy dsy gp~-incregged ~aleptnespg™-@f )the Psputeorsystfesm nul a |

I I ¢ just as,t.a yield for I J: C =1- ~~1
(~ ?8)q%a%ﬁjgﬁfﬁgf§?”%ﬁpﬂ%g%%ﬁ%ﬁ %éziﬂgééﬁgeq§¢fﬁ§§n %ﬁﬂ} <3%E§r§%

1- fr esi duaimundgersdéindurezera difgmegatand.y Into rehafl fib dael veotiedhdrwatrd-or nul a Vv

requires that all epitopes have been hapl ot ype nmapped agai nst identi cal

sets of KRGSy GEEpar tﬁ:‘l”fﬁ@%eéﬁ L*Is'r‘?eroeff6?5153 Wﬁ‘g‘r?%qbcti ng T-cell

epitopes to be introduced in the IL5 analogue, it is inportant to include

all know edge of the epitopes which is available: 1) The frequency of

r espondeBsahenies somadkment s @ fe&A dpiadideri ) dgnrregyuliatiam 5 dat a,

and 315frequency in the popul ation of the rel evant hap- |otypes. There

exi sts a nunber of naturally occurring "prom scuous” T - cell epitopes

whi ch ar € tadts \prdfre rarddarnge tprudeo A8 gfoliypdiptli®ey ivheal sasofarant nami e

species or an animal popul ation and these are preferably introduced in the

Theci o OIReh oy SR R e U Gty B GO B St ier ent

GDF- 8 ang|Ha8s idt least one change is present in the GDF-8 amino acid

sequence, since the chances of obtaining the all-important
20 breaking of autotolerance towards GDF-8 is greatly facilitated
that way. It should be noted that this does not exclude the
possibility of using such a modified GDF-8 in formulations
~which further facilitate the breaking of autotolerance against
GDF-8, e.g. formulations containing certain adjuvants dis-

25 cussed in detail below.

It has been shown {(in Dalum I et al., 1996, J. Immunol. 157:
4796-4804) that potentially self-reactive B-lymphocytes recog-
nizing self-proteins are physiologically present in normal in-
30 dividuals. However, in order for these B-lymphocytes to be in-
duced to actually produce antibodies reactive with the rele-
vant self-proteins, assistance is needed from cytokine produ-
cing T-helper lymphocytes (Ty-cells or Ty-lymphocytes). Nor-

mally this help is not provided because T-lymphocytes in gene-



t he sane vaccine. 15 The prom scuous epitope can according to the inkdHiT 2603
be a naturally occurring human T-cell epitope such as epitopes fromtetanus
toxoid (e. g. the P2 and P30 epitopes), diphtheria toxoid, Influenza virus
hemagl uttinin (HA), and P. falciparum CS agéi gen. O course, when

vacci nating other aninmals than hu 20 mans re should be taken to utilise
nat ur al | yadc e miotg rEceldn i tTopes Iwkipdit cares  plegrivecuduni setife-rarmted i n
guesti-on., Over the years a nunber .of other pram scuaqys T- |, epjtopes |ave
been i dedtisf WO BIFEGHIAY bﬁ’eﬁt”itdegse”céjpraerﬁegltdf‘gbic gﬁﬁg (g‘%%)l'a%oew P
proporti @redf, HLADRVIRIeRUILS cangeded Iy “tieredigimersent il A- [R1admples have
been identified and these are all possible T-cell epitopes to be introduced
in the GbRi® dialoglys WP BTN iy YHuned qgicsddty ishedrtfiGpntomodiso

t he epit i.sgussed. | QWM f : i r all

i ncor -ES%HE%rtatoe ’b;s}fe %é%‘lg rste %%ego(ryé rl%}Mr?gg \}C\B%gg;o%% 5 \(ggreg%éfcr %I—Ilfégtae%?/l. ,

assi gned vat ethexpldm wercgidgni zofn Quden Soared)gn  SeuittopeodnS agt APLL, (sh898,a9),.

| rmunol . .160:, 63-3373; Sinigaglia.F.et al., .l 988, ture 33Q: 778-780;
Chi cz Rviddtdl ngé‘s,moﬂo%?pl.geﬁ%’fecfﬁlﬂé:' f%lé’f;lﬂMj’m& °a‘1y.6°,e51993, Cel |
74: 197- 2Q%i NG fald 46 &fpecikd idel 2003)2%ad)ablel ¥ rddvygiicgenst i cs 39:

230-242. The latter reference also deals with HLA-DQ and -DP |igands. All
epi t opes seildtepitenafesy Fhemaddfded Hed F@areFain 2 SCarditre Hataur al

epi t opgs 4 Q g USed, idhd Ney IR s A% AR RRIdroRes i o}, 5 share

common notifs V\nt%%these. Al'ternativel'y, the epitope can be any artificial
T-cel | epiogenms Whieatedfs caphbihe efctbivedieny Ta Uyanmde quteporsulme oferNHE d ass

Il nmolecules., In this .context the pan DR epitope.pep 10 .tides (;"PADRE")
descri beéfrioﬁ”\?% §5) B S he &S rsee%?porr?%“lcntgl v%a eorlyﬁqeoxnaanlde}gﬁ%r%t
al ., 1994nhddyady 1 s ikice’ Thre! Gh t{ibidi &¥ U RBIHRS M & He¥eorHuanyaileshdly B-
reference herein) are interesting candidates for epitopes to be used

accor di nd YPhasy tereseift Hapadnitio i th HHARLEPe SRittePahan thhe mrdieffec

15 tiye R i . (i sci Jn t r i F in the
- an\dlgl\l-%%e%r%Emp%fi%neq}g@éfegr’ tclorﬁislqrr%rlo e es?,it%;% P\?{l?h\?\ﬁcekny %rﬁ%n?{sgté(}%ergt.c lggwever,

t he preseame inaantd qroydamriidey, a@mmrdatibatyo rquorsst-inspathera edidarithepi t opes

as part of the ifjed -8 whi ch shoul d then subsequent | br oken down
20 enzynﬁ’ﬂnc"é‘}qc{;oﬁdlrﬁql &ee%%ﬁ%edgbﬁaﬁ ar mreirﬂ ot lotné tf;l{ief]eow
subsequert- 1RmIRIYAId P Bha bt ctofasan fVHGd Ipopilla taildre e diher ef or e
it is not expedient to incorporate D-amno acids in the epitopes used in

t he preseéronaly dithBmwhasy ok hesire a9 ivest &ty é‘d‘tliﬁlﬁilf_f’ pféﬁ%%‘ id%e one
havi ngot s MG AGI 4 SPOURICSORPARILINAA & i ddBBingl aad fald Yrox -
v thereof. THi

effec suUbsequence s, and other epitopes having the sane
| ack of M@ est rilst itorstar el prigfisr vy, T-aodl ibashiaop@pakhictPishoul d be

present in the GDF-8, anal ggues used.in the in 30 ventive ];Eet.r]‘oogl Sych
super - pr STASTEUTURE FpttDpes-wi' " a{‘f(Tdolw{llfeoc{r1 Stenlenf r?onsttl%nrrsplae erbodi Tent s of
the invention wherein only one single nodified GOF-8 is presented to the
vacci nated aninmal's i mune system 14 OCT 2003 ) .
Several ways of modifying a peptide self-antigen in order to
25 obtain breaking of autotolerance are known in the art. Hence,

according to the invention, the modification can include that

- at least one foreign T-cell epitope is introduced, and/or
- at least one first moiety is introduced which effects
30 targeting of the modified molecule to an antigen presen-
ting cell (APC), and/or
- at least one second moiety is introduced which stimulates

the immune system, and/or



26 As nentioned above, the nodification of GDF-8 can al so include tr'lnel’ ocT 2003
introduction of a first noiety which targets the nodified GOF-8 to an APC

or a B-lymphocyte. For instance, the first noiety can be a specific binding
partner for a B-lynphocyte 5 Specific surface antigen or for an APC

specific surface antigen. Many such specific surface antigens are known in
the art.-For Bnstlaace, onke timiret modant ybe sa icdrbdyedawé itchr opltiioti steflsere i s

a receptor on the B-lynphocyte or on.the A nnan or. _MAnos
AIternatlvelyprﬁﬁ§n§8¥dﬁ& ﬁ% g TR 5d o4 ﬁgﬁggnpgiép téggn aggpﬁbdﬁ?
fragment whi chuspeeifsiceal.l y recogni zes a surface nol ecule on APCs or

| ynphocytes can be used as a first noiety (the surface nolecule can e.g. be
an FCC receptor of macrophages and nonocytes, such as FC-Rl or,

alter naliuakyeany 19hneh SRRl ¢ 1oUiiace Tackll %@c%aa&lgafl%u@ Wkl 4) . It
15 shoul noted that all these exenplary targeting nol ecules can be used
as part nbhiataaddjingant sabstantfialbdlrowtifsn arf ahEepmagumeloﬁ-dupmﬂenent to

achiove S8 tAneBARSRERd Frmiid Febpinde. St cce PBs BIBEE IR CaBThe.

| evel of niespansifvenes nadfi viehadl@aune S..)éStt(ﬁ@rlé%yl Rehadicad .t he

above- nenti oned second noiety which stinulates the i nmune system Typi cal
exanpl es of such second noieties are cytokines, and heat-shock proteins, as
vell 26 eff 8ALT Ko RRALLS of RGHEim 2, Slé' b%b'g%o%tsolﬂ RES KO e riisgd @geor di ng
to the inventioh are those which w1l normal 'y al so function as adjuvants
in a vaCealgneTean:]idsetpu(t@pels er foe |arh>sxvaﬁoemtntoelletierfomsyt (IsEMoyd afFid 3L,

| MLer Uk d bhiebiesnE B bl R sk el LN 20 il

interl eukhl s19s( ilhtthhedand gleamultoeyt %mm@mlé&gafcahﬁm sidiaulatdirm dact or
(GWCSF): alternatively, the functional part of the cytokine nolecule may
suffice derived ECPmERT 57 atife SSEdaind Lside i th@bth arlééerféé‘tg fi&e e ivse of

such £yt ki, geima%oa%lc Lo WRRANCES 4 1CTe Jlte W AitRGUES AR R Accor di ng
to the invéntion, suita eat shock proteins used 5 as the second noiety
can be HSRA@geldSRA0 thidSCEPLiFePPONEE de theewn tas gp@@vwalv\@answh aPA et

al. 1998, | ochem stry 37: 5709-19), and CRT (calreticulin). Alternatively,
t he secoﬁc} h@ar?{]ﬁé“a toxin, such as lis- 10.teriolycin (LLO, lipid A
and heat - | abi I e ent erotoxin. Also, a nunber of nycobacterial derivatives
such as, MDP (nuranyl dipeptide) and the trehal ose diesters TDM and TDE are
i nt er .esPglsessiatiiveri afd PFefiedd ache PoOsiBiEntt Wt Lisgsy GG AL hi rd

i ety ng%g t?.@t&‘%Q%%s atnble/ o %%Q.%ttato' ¥/ 8 fRehiced .F7 B = d*-lh'ﬁ ddmune

systemi s an inp enbodi ment the invention. The art has shown

sever al emmlhema(yf btehl@ff@rqtred pvlye relémmbiim@tna;n@@amSt ars bynowanshaf t he

pal mtoyl |ipidation anchor arreli bur. fer tein GspA can
be utili SE848aS YOS GV’ dé“Odé1 lca? Tt |wnglc%oll§1|5'g>gt |e§eslo(n%;& WO

96/ 40718)+ refc chee® f hati e diidy dﬁtreeblpzreotrajsms tfoOI’frﬂilsli[a)nm;ﬁﬂlyip@-pH ke
structures with a core consisting of the |ipidation anchor parts of the

pol ypept itd6®sand Oife asBrsiifildy PRALS e W& T7di08c Aife THYict it s
t her efg oy, Jf g3 htn'féﬁ:el JBH IR E R GREYHII@D ,0fyHiRe N SIS a

determ nants. nce, the use of this and rel ated approaches using different
| i pi dat i ove taech dios (@wrgrea;uﬂgﬁmmgylseg-rfomﬁailmﬁr ibgt yimmnGpd N "flafrfhesyl
OIS v 190 200 ARIEAE gl agridle
gr oup) aP e e‘?%’cf %’r?g[(b)!eglpr?e sno% e S Ent ook - eshe AT 1Y Sihce t he
provi si o eRfuest@ 53 IHa¥ datdrosriafute a;mﬂﬁ@nbjdifmatdgomfm@crednber
of amino acid sequence(s) which each comprise a foreign immu-
30 nodominant T-cell epitope, while at the same time maintaining
the overall tertiary structure of the self-protein in the ana-
- logue. For the purposes of the present invention, it is how-

ever sufficient if the modification (be it an amino acid in-

sertion, addition, deletion or substitution) gives rise to a



protein is fairly straightforward and merely requires use of e.g. al4 GCT 2003
natural ly occurring signal sequence as a fusion partner for the nodified
GDF- 8 pol ypeptide. Another possibility is use 14 OCT 2003 28 of the C3d
fragment of conplenent factor C3 or C3 itsekf (cf. Denp Denpsey et al.,

1996, Science 271, 348-350 and Lou & Kohler, 1998, Nature Biotechnol ogy 16,
458- 462) foxcAgralTt-eraidt iepd teypsodinteritt dfhe @mnienveims gresgdcteamlasculesul ts

in the preferred presentati of, multiple. (e qg. .at 1S copi es of the

i mport antseégﬁittlc? i @“f“égﬁror?sf %%e(ﬂ: S et%letolpnﬁe%unlen séyl%?zgtm i%?so“ﬁeerc’ovlarf ent or
non- covalogidfe rc @uPldoiG ief nEHnEim SiSeqUeNce ahedlmnaiies ddy@nfe timcertain
carrier nolecules. 10 For_instance, polyners can be used, e.g.

car bohydPaCces! s ich iss RF&GsTed dihate i€ |8 lett et iaryg gt FURE e B 2
1160- 1366,pF-8eS Arli lainetP9R chd BN ied 41e3794,3600, but al so man
nose and mannan are useful alternatives. Integral menbrane .proteins from
e.g. E coli and other bacteria are also useful 15 conjugation partners.

The traditional .carrier. mol ecul es such as keyhol e, | t_henocyanin (KLH),
t et anus tTESB?oir}gD,l ld’lwd‘ﬁjt%efrolrén%el@x#ds,cral%c? snztvl}eneéﬁs%le%u rﬁogPsgzurrch 2 ééﬁ\)eraar]el%l SO
pr ef er r edcaRad <ds efyult eonjriigait igh partners. 20 Certain areas of native GDF-8
are believed to be superiorly suited for performng nodifications. It is
predi cted that nodifications in at |east one of the foll ow ng subsequences
of C1.gr nivia), ) D W r [ ugt abl e i nyipegen; egul esry Resi dues
18-41;£§49- 69,”%r 79- \1?621’ filrﬁﬁgEgﬁch@ﬁ*& %iz? “%i"zis 12‘?”95?‘§%??ée%‘33"ndfﬂg
subsequences from CGDF-8 pol ypeptides of different origin than human,

bovi ne, porcine,. chicken or turkey, Consjgderations under|ying these chosen
areas are "&F 15 é;sD(e%r\?éfi%%poz?exB?’éeeﬁ Lgé:g(f?%ge%?l ?p%r%%ré?‘?/%%{%%ﬁ %‘Fbss%condary,
tertiary qaiechc@Ualcd IGDFY- S tWwHitiHiriesietiehdet 13N\a eatitlerds ddilS 030 rdissed
herein, it is fairly easy to screen a set of nodified GDF-8 nol ecul es

(whi ch hdferdirade s ijicdt At CAMAITURE iTsH sFordatie daredsit 6els n

different_ | ti ) f.or i r£e Vi ty Wit ' ies raised jnst
2 nat oo SGHRTD " 14 % s J e, D S s Kk R a] oG ¢ v
perfornedny is 4 19CT MI3ME8, sabstk tidd NEi @4k A6 £0i REH shses epcev¥ef h at
| east one ani no acid sequence of equal or different | ength which contains a
forei gn TiHeepirtesea.vebhe+aatlilored iec dpeds nchrelich -epnst ¢ uxt sntsgatrscusgedat n
detail in the exanples. Also insertion (or 5.substitution) into any one of
t he | oop l&esds core titve 2f |lexithing® tSdide X qURSs iadife s ntrpziu do the GDF-dh- 86,
and 105-109) of tge ~term nal -8 fra nte i S A enf rrreeds.t__rlfaorrl SIac;tril on of
GDF- 8 an&'eﬁz?&nﬁees ‘GO p A5t e s en Sff ety Preséntati on of the
CDF- 82 poluypre ptninie Rfertita dp & f iterk GIrst ol ygiepihede dveradi anidmEl ows | fswine
system by nmeans of admi nistration thereof to the animl, the fornulation of
the pol ypept ikd@dsol9forse HHE i Rlfedhferdiiding laGhfok sEusaffed 3 t he
art. PrepgnatlioRyOf, & 36 Nas AL GO i Peffdde SRAURNGES AT HAC ve
ingredients is generally well understood in the art, as

vention are modified GDF-8 obtained by omission of parts of

the GDF-8 sequence which e.g. exhibit adverse effects in vivo
25 or, omission of parts which could give rise to undesired im-

munological reactions.

Maintenance of a substantial fraction of B-cell epitdpes or
even the overall tertiary structure of a protein which is sub-
30 jected to modification as described herein can be achieved in
several ways. One is simply to prepare a polyclonal antiserum
directed against GDF-8 (e.g. an antiserum prepared in a rab-

bit) and thereafter use this antiserum as a test reagent (e.qg.



exenplified by U S. Patents 4,608, 251; 4,601,903; 4,599, 231; 20 4, 599,(830:2003
4,596, 792; and 4,578,770, all incorporated herein by reference. Typically,
such vacci nes are prepared as injectables either as |iquid solutions or
suspensions; solid fornms suitable for soluhion in, or suspension in, liquid
prior to injection may al so be prepared. T E preparation may al so be 25

enul si fiech alhenasit el tamRITRENi sy d irgrtedi Fentmd dsi fofd e rp 1o teeeich sM it ch

exci pi'ents which are pQg&yagg&%ically acce tg@#e and cquatibIe with the
active i ifrfeditucast M B i Eht Y Sar ERFH RIS et /A Ct St i e
dextrose,sfle/ BIQnt &fhaNAhe Undinge ik s ansh £ aii Matd s ddher&pfradd

addition, if desired, 30 the vaccine may contain mnor anounts of auxiliary
subst ancess fuch res W t9anrge orvearall Isi e i mg et Ic i S IRBTP afesneas or

adj uvapt i C hanes, e, £f v S e Vvac.ci nes; e_ailed
di scusgi gar?vxrc}TOJa]fcﬁe&uvantcl gmb%enoﬁaf elclﬂll t% %30"8% %{}qfhgscl\;jar{(}?lslnceagtar%]& sdpé
convent i andlig) advadtistieredvipdr entadr &l yynthysd mirecdreoedaardeakaagplies - ei t her
subcut aneousl y, |intracutaneously, intradermally, suhdermally or

e s ST 7 A brin S AN e oS AT, 5 SR (R EToh BRoRHL modes
of adm nigydibgedJ on include suppositories and, in sone cases, oral,

buccal , sublinqual, intraperitoneal, intravaginal, anal, epidural, spinal,
and intracranial formulations. For suppositories, tra .ditional binders and
carri eps Y. : ., far qurcg!.e P e gl lLs or_triglycerides;
such ggp&% etrlor}%féels ﬁlﬁ?’y 10 sb%l or med %Qér %ﬁ?ngnrﬁk.aéx ét}{rsaels a\(;ngtn bacfér?llenstg I;[E%eé/talc‘fe? ve

i ngr edi entitdm dihee iredtgeepoift dhedro Gl¥48 preaf eraaldnepar9d dordaludaat M8 at i ons

i ncl ude such nornal ly enpl oyed excipients as, for exanple, pharmaceutical
gr ades ofterFanrﬂatrg%' I%r%saé%/p:ﬁ H{)asrmtgj}?esqq.}’rﬁ%ttaegeﬁ aﬂr%,a W scdari ne,
cel | ul 0Sep RGNEHAPPGR] RONA ISl RN )t he ddgifindT s & onasiddans take

the formof solutions, suspensions, tablets, pills, capsules, sustained
rel ease- fdvimll @ticomaigrt Povidkbrid! die cotlagieRD-rIBmadiect i ve i ngredi ent,

pref egblye 35/ Ror Al LU ans Goles S SO, [ Lt RLest i ng

fornmulation partnér n a possi bl'é conj uga I'on” partner). e

pol ypept isdesmainys taidtarrall e eah -8 oo hef \waddigle qisaldiyt raadt iore satindarars.
Phar maceuti cally acceptable salts include acid addition salts (fornmed with
the free QBRRPTgr Gifps GO MHe PEh BRI iy Wi eﬁeesqlo‘?er?idﬂbﬁ%' 1=

i nor gani Gedd idh SUGETE Aot fr EX AR @an DR g dga i phosihord ignaied ds, or
such organic acids as acetic, oxalic, tartaric, mandelic, and the |iKke.

Sal ts forsfehadi t9f nuRt Ureecataisodds griash Pyndinalasidl et derjaredfforc-

i nor ggpi ¢ .hase o f\RUp € ju i . ‘

cal ci gpn q;olro esfcrulsdéi%y%’%odxibggas, an Igjusc(ﬁo%gjr'g?rﬁc %:ésﬁ;gsn%g:olpr opyil;grg ne,
trimet hyltamoe,o et Mdmniany etthandyrdictn dicmesongr codiarg, enddteinadke.
14 OCT 2003 31 The vacccl_n s are adm isterhe.d i\rba ner_ conpatible with
t he dosadd ForTiviatidn, Q4P AR BAYe 08 REEBERIT A y

ef fecti venaand y rrAIBAENH S -t NS AUt O D el 15t efvath ependsron the
subject to be treated, including, e.g., 5 the capacity of the individual's
i mune sysitfdRads isurte @H T9inife REPorfsen afd 1S thdgrige dPPrmariidm
desired. it : r e .of t ; ; -

m cr ogrgar‘?‘l\s?1 laacb@fﬁvgre?ﬁéra%% etﬁ{ég er&{/lgsclgllrnn a({}fol%rﬁphlqa Vp%{r%}éTe‘JeﬂsgrSegyfr‘| %’gég from
about 0. balyreptA@3) ugq (endar ttiwoygto idghers esfmolunitrst amma thieorl akpultd e r ange
are contenplated), such as in the range from.abo 0.5 ug t.0.1000 .ug,

ot of r abIGPHCE b S Thro 5L g S Tast L iy ATy e Forte
from abouyts 1 Q4 ik A2 thiQth Wthd /4 INMA e deeGidmissd18f tididy@d i by sdd akd on
and booster shots are also variable but are typified by an initial |

admi ni st RGBS ¢ 1l by itiiddqiierftan el VR orindiyget evi-

adm nigt f&ﬁ&“%%ﬂgﬁm%ﬂmmcsw'&}J&M@_wiagli%ﬂfwndaedjyonw of the
conventional nethods for admnistration of a vaccine are applicable. These
i ncl ude oreadoredyy cettnwrtwre e lsoldand physi ol o 20 gical ly accept abl e base or
in a physiologically acceptabl e dispersion, parenterally, by injection or
the Iike. The dosage of the vaccine will depend on the route of

admi ni st rod Qv Mid lemb i maGOrat fthd O riven twigeh aft itThies eemaorn: 19l e

vacci nated and the fornul ati on of the antigen. 25 Sone of the polypeptides
of the vaALESR tarte WF 19 %ciBntIMPhafhfodat (CRGE L& e, (b fiiedife of
the others the i Mmune response will be enhanced if the vaccine further
conpri ses an adj uvant substance. 30 Various nethods of achieving adjuvant
effect for the vaccine are known. General principles and nethods are
detailed in "The Theory and Practical Application of Adjuvants", 1995,
Duncan E.S. Stewart-Tull (ed.), John Wley & Sons Ltd, |SBN 0-471 14 OCT
2003 32 95170-6, and also in "Vaccines: New Generation | nmunol ogi cal

. A NN N - - ~ 1 . 2



2
20 nutandis to their use in the adjuvant of a vaccine of the in venl i['ow.:T 2003
The application of adjuvants include use of agents such as al um ni um
hydr oxi de or phosphate (alum, conmonly used as 0.05 25 to 0.1 percent
solution in buffered saline, adm xture with,synthetic polyners of sugars
(e. g. Carbopol) used as 0.25 percent solufion,.aggregation of the protein
in the vaceiheediy heatl darsgatorentB-wiell tegripierrat use P nesegitng rbetwee @ siG- t o
101C for 30 sgcog%,to i Qute p%ri od .resegecti V%IIyioanSd wal SO aeg%(r%e 0 gation
by means '8 os SNiSIG TS Dy &iits s € PosIB ¢ AFFEYE %% by Tadt vat i on

Wi th pepslihplie @reehAntnd) adissr( bl yiged@TRISS Jo i ral 1Wg MuhdTstrifc udd h
bacterial cells such as C. parvum or endotoxins or |ipopolysaccharide
conponent(&DoT-8dnanmwbgaei veibaeneindegenuks?oanidnthapsiorogrhvael yhaccept abl e

oi | 4 . 2003 .33 vehicles such as manni_de .nonQ- ol eate. (Ara or
emul si. n“\%ﬁ%ﬁ? é’rnc,ser‘f{]lsscﬁslfte‘l o‘ri’eo':fela‘1 peY uc:}re&:s'%r 56YY (o% S AT)@ used as
a bl ock subgldniddss MY Altea ke 6|y aths AdEKX hdtivetint [ toileh sidvADE
squal ene and IFA is also preferred. 5 According to the jinvention DDA

(di met hyItdico GREGECAHMDATHA SRR S s Tdn isnPeedineg ddidh dédtse st -an
acl uvant 33.qes il A% d¥l it IRl 2130 1RAUNG R CQPI1iCLA B dmepl et e

adj u vants as as qui ] @ saponins such as Quil A"and Q521 are 10

i nt er est ilygnpdo dys Rl t daer tanet/ o gdicbiilnttricekicriemuorfophdsyetany] lipid A
(MPL), .the above nmentioned C3 and C3d, and nuranyl dipeptide (MDP).

Li posi‘apﬂa formul ations are also known to confer adjuvant ef 15 fects, and

t her ef or @ d ifeeamn adjdpeand,s e iprefeiied aced diftgdigd e-daiendgion.
Al so immunostinulating conplex matrix type (1SCOMO matrix) ad juvants are
pr ef er r edF OBIF0ISEES Pfc GHAMRY B ach ey ivERABIEtied B FdcikfasF Qifcefinthas

been shown, .t IS Jyp s A v ' C fi-irgulat | ng MHC
Class I \Mgfé]g?s%%nébég%A%@lt}giﬁs%%n%tﬁ'x%gg%ﬁsﬁltg%l( optionally
fract i onatced)s esaphenimesrn{alr isignparicindsdi iflr drm @Qhid |iajtar shyporiam apf more
chol esterol, and phosphol. pid. Wen adni.xed with the i mrunogeni.c protein,
t he Zigr 19§ pfgﬁrf)%l’a{{)etq'feoraﬂﬁrhot i SIS idhin largsearntﬁcgbd\ﬁe
particl e sshens ddie BERANIYY CONHniglEes 16&e10%ea W odd)e il wsd ampomnd

phosphol i pid 10-15a ww, and the protein 10-150 ww. Details relating to
conposi t item tarPals & vfraffuricstinal i FRok RS &NEP RFTRIRFEI n t he

above- nmentj ane : gghl%% .deal | i adjavantsivduti A s Myy@a{ iy B et
al ., 199%5} %r}ll ga&thry#?urg t ere.?fp%l?ﬁngle[l%?\é\mait)vvel | as z;’rr IlG and Mtchell GF,
| 996, | nmAsedigranonn@eldddiiglant7 4L-@125 gridtdpe fesdme ese e d dfrerearce

ih errrmej :,] gé t %tha ?qe% l;fasrg B‘ﬁ%—‘ LCS]Zatssr su Cltf ?nnosl ef cour 1 et rEaen %rheeD asru%c ai coen oog tci'loengi Ifé e
Thus, if the GDF-8 amino acid sequence in appropriate posi-
tions comprises a number of amino acid residues which can also
be found in a foreign Ty epitope then the introduction of a
foreign Ty epitope can be accomplished by providing the remain-

25 ing amino acids of the foreign epitope by means of amino acid
insertion, addition, deletion and substitution. In other

words, it is not necessary to introduce a complete Ty epitope

by insertion or substitution.

30 It is preferred that the number of amino acid insertions, de-
~letions, substitutions or additions is at least 2, such as 3,
4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20,
and 25 insertions, substitutions, additions or deletions. It

is furthermore preferred that the number of amino acid inser-



I B - e e T

14 OCT 2003 34 Another highly interesting (and thus, preferred) posgﬂbﬁﬁﬂtﬁmﬁ
of achi eving adjuvant effect is to enploy the techni que described in

CGosselin et al., 1992 (which is hereby incorporated 5 by reference herein).

In brief, the presentation of a relevant a ;igen such as an antigen of the
present invention can be enhanced by conjug ting the antigen to antibodies
(or anti gearors ,ndiuigs aintu thioshys f raatphienite)s agaidesite ttiken d-ciys meoepirorexcss s
nonocyt es/ macr.ophages. Especially congﬁﬁates bet ween antigen and 10

anti - FcyR e Ber tst‘??at‘itedlq(b éhhatfd |9rﬂmr‘?otgé‘fﬂ%ﬁ 99 F g9 1Rk

pur poses nfstvagri nat i :0N.e Fderapopsi i dd s dimol e theadese & dhssei-
targeting and i m nmune nodul ati ng substances (i.a. cytokines) nentioned
above as U8 icwrdi didtesr figmahedgligtsionthd Secoitt tisingt ideed mathee#arid i ed

versiogs qf, J o b I LONNRE Ao A S MR Gl e OF Lydpki nes
like poly 1 C are possibilities. Suitable nycobacterial derivatives are
sel ect ed 40r.oMddte mrefigr 2 cionsd Stunige ofo fimmrcmydord peein d . ¢oingh ete-
Freund's adjuvant, RIBlI, and a diester of trehal pse such as TDM and TDE.
Sui t abl eﬁH‘%’ﬁ}net‘% A9 r?g‘”af_gj Bt e el BRES HOMATRE ditstp sting
of CD40 lyjrgand rand LI¥0: iy ikaiesar sPe P Hd fiea 1oF ki ndidigf ragnent s
thereof (cf. the discussion above), mannose, a Fab fragnent, and CTLA-4.
Sui t abl e QeFIbidEs, ddj R eans igddiled Fiadhan Hévagy dpY -consis ting of a
car bohydrate such as dextran, PEG starch, mannan, 30 and nmannose; a

pl astic polymer such as; and | atex such as |a tex beads. Yet another

i nt er est ipg: fwayreaf amiehd iaddmigs arf | timalnien weasiaiTs € nd 181de0 niatil flices t ihen GBF- 8
i nmunogen (optjonally together wt 14 QCT 2003 35 adj uvants_ and

i Maoe A i Gt a5 s e dith Vi dut Ay 4 GPLEGRE 1 iiph

node" (Vi1 1 dePnaid eitod neh i alhdeyicR idey &l Opeshune IdBRitaes apy,a | nc.
360 Lexington Avenue, New York, NY 10017-6501). The VLN (a thin tubular

devi ce) M:5eRIESPEhECPENGEt GPe LA/ 2NGRSLi 6Re6f 8 EPnpHeRAbden-| ASetsiedh of a

VLN under, { skin cr S @ Si . sterid e .infil i i th . urge
of cy?gkihr?e%ela{lrfd C eerrtg%“ﬁeslwﬁogdnocd}{ -cngﬁ sesals M{P%é%&% ré}plﬁgi%/&fespond
to the dangerh Sirgndles,vdrmanmedteed hiendinfidaread sives anicseaaeurall saitom il fistader t he
porous matrix of 10 the VLN. It has been shown that the necessary antigen
dose requifPBES &FSARANSSan THmie ¥ T A af%ﬁtgéﬁﬁts arérduéédtﬂl?én

usi ng thepMldN and itrhalinddBRiE i Gl O N feaRfieff-ad iRy NACGidatd LY US) Ng a
VLN surpassed conventional inmunization using Ribi as an adjuvant. The
t echnol ogywmungdami rgexe rirhben s &7 i igtd iy jidpade|Hferthe &amg sperggs, even

"Eli chati f . tgHi; I : Wjegatl RUNSES; %’@I
Armun?é E)‘—Tlh%lrhr%%unl?gen l%célenégégaaa:{\}o%g% :\gggﬁ:la 9 Devi (r:ig E%)e% ghat ed ltqhe I rtual
Lynph Nodelttdm:iddEramudle. Laboratory to the Cinic, Book of Abstracts,

Oct ober 12th - 15th 1998, Seascape Resort, Aptos, Cali20 fornia". It is
expected that the vaccine should be adm nistered at . |east once a year,

such as aindt@rst ikpodtaht boint Gs amk Lxdid s MHEHes IR ispedf igal |y,
1-12 tinmes per year is ex25 pected, such as 1, 2, 3, 4, 5 6, 7, 8, 9, 10,
11, or 12RitaRess Vidurdae il i A tHEUdY i9FGeed thdme 6P tPPeRad rfr 8Cousl y

been shown fhat.dhe nenory, ity gégﬂeacoeed h 48 S8 Pla @ﬁgpe&%;%r red

aut ovaccines accordi ng to the inventi I'S not per manent, therefore
t he i Mmune& gy strdmg rigigds d ff doet iparliyodic 8 caldsetclvd] IMiligéd asist T eole-
analoque%ﬂles. This in turn has the effect that in most cases the use
of one specific Ty epitope will result in a vaccine component
which is effective in a fraction of the population only, and
30 depending on the size of that fraction, it can be necessary to
include more Ty epitopes in the same molecule, or alternatively
prepare a multi-component vaccine wherein the components are

GDF~d variants which are distinguished from each other by the

nature of the Ty epitope introduced.



Due to genetic variation, different individuals may react with iﬁﬁumgj‘gmn
responses of varying strength to the sane pol ypeptide. Therefore, the
vacci ne according to the invention may conprise 14 OCT 2003 36 several

di fferent polypeptides in order to increase the i mune response, cf. also

t he di scussi on above concerning the choice of foreign T-cell epitope

i ntroductions. The vaccine may com pri se 22w or nore pol ypepti des, where
all of the polypeptides 5 are as defined above. The vacci ne may
consequently conprise 3-20 different nodified or unnodified pol ypepti des,
such as Ff1¢hei MHEr sastptyigupfdébe Fogevks usnst sl komphetalwber of

POl ypept iygegmidebDendall K SRkube: g TN BRI ATt Fnina)

pol ypeptides. Nucleic acid vaccination an alternative to classic

adm ni st rrets enpebraypeefinkd PaKedonbogatiome, thee firechhohogy tWie nucl eic
aci d vaccj i,O . kno " nucl e L4 i isatjion”, .. genetic
innunighfkgﬁk} Eﬁé&igghégi%%ﬁﬁﬁék &o%"%§%$f%?§‘%H%ﬁh%egbggo%%%ﬁghtive fea
tures. 2@aA bst detarpomed dsyt nteantsheft thei fobimtingadormelappr oach, nucl eic
acid vacci nati on does not require resource consum ng |arge scale production
of the i mmunogenic agent (e.g. in the formof industrial scale fernmentation
of m cro-organisns produci ng nq@#hhgd]@Qﬁﬂ@}pJFurthernDre, there (Ig)no need
to device puri 25 fication and refol di ngsschenes for the inmunogen. And
finally, since nucleic acid vaccination relies on the biochem cal appa

rat us 16f -mwhereapeiimattde ifirdiquedonl in Ntloy epullatphondof erddpnederpr €6Si on
product qf the, nucleic acid, jntroduced, the optinum posttranslational
processiﬁﬁ“bﬁ t HETEXIFe §F8%ipﬁQﬁﬁﬁ§? P§eé§n§of%ég¥%dgF618écEP?P?Tﬁ3 i's
especi al lpfomppantant is ntidecorade nahbayt 6F abedtdiain TRcesl NELi t@se s dmt | oned
above, atéjgnificant fractiaon of ghe ori%inal GDFE-8 B.cell epitaopes should
be preserV¥d BFCtRE GUWRITHd Mol dRHFe, 2 aPFSitf SOBPREF F 1 ¢ B n

princi pl &ngan feredqmst T+edEd dpy tppek Shatiwd rdsponsaDEesghencidst i@CT 2003 37
(e. g..carbohydrate, lipj rtein _etc,), Therefore, native glycosylation
bt i, o BEPHIE ELPR b0 e O v ABOGRAS e Sy HEH - oG8 T ance

for the overall inmunogenicity and this is expected to be ensured by having
t he host producing 5 the immunogen nce, a pr rred enbodi nent of the
i nvention conprises ef feétfh&'%résgnsgfi%ﬁgGTQhéé%fied GDF-8 to the imune

system by introducing nucl eic acids) encoding the nodified GDF-8 into
-i.e. 97.6 percent of the population will statistically mount

20 an MHC-II mediated response to the vaccine.

The above formula does not apply in situations where a more or
less precise MHC restriction pattern of the peptides Q§ed is
known. If, for instance a certain peptide only binds the human

25 MHC-II molecules encoded by HLA-DR alleles DR1, DR3, DR5, and
DR7, then the use of this peptide together with another pep-
tide which binds the remaining MHC-II molecules encoded by
HLA-DR alleles will accomplish 100% coverage in the population
in question. Likewise, if the second peptide only binds DR3

30 and DR5, the addition of this peptide will not increase the
coverage at all. If one bases the calculation of population
response purely on MHC restriction of T-cell epitopes in the
vaccine, the fracticn of the population covered by a specific

vaccine composition can be determined by means of the follow-



10 the aninmal's cells and thereby obtaining in vivo expression by ‘¥he28® s
of the nucleic acids) introduced. In this enbodi nent, the introduced
nucleic acid is preferably DNA which can be in the form of naked DNA, DNA
formul ated with 15 charged or uncharged |ipids, DNA formul ated in

| i posonmes, DNA included in a viral vector, DNA fornulated with a transfec
tion-facilitating protein or polypeptide, 2BNA fornmulated with a targeting
protein or, polxgegiide, DNA fornmul ated with Cal ci um precipitating agents,
DNA coupl é8% §°5R%tA2rt carrier 20 nol ecule, and DNA formul ated with an
adjuvant. In this context it is noted that practically all considerations
pertaining to the use of adjuvants in trgditional vaccine fornulatign apply
for the formul ati on of DNA vacc?he®w:ibhfi§'d%iadisclosures hereﬁhI ich
relate to use of adjuvants in the context” of 25 pol ypeptide based vacci nes
apply mutatis nmutandis to their use in nucleic acid vaccination technol ogy.
As for Pouwbersinadnilgi Sheabi®rohnresengies: Ani bhe RIWHadien pbl ybepti de
pased vacaligs Wb EO:ove hteids! ahit oo ADAYs IRiLACHENA iR app | cable
for the nucleic acid Vaccines of "the invention ané all di scUssi ons above
pert ai ni ndcheo Troal bsepftontd rdinsthat veachmel anthiwhishr helong strhdres jf'or

pol ypepti dgs I i .andbs YN i hi . oul d be
added thagﬁnﬁgpe?cy%%%ﬁ&@%sqggh %ﬁi%lﬁyﬂ)ﬁquld §%Fs?ce%'ed&| %’Fra 14
OCT 2003 ZF8retndabéymiretl iwhtichaMHEr nal ¢guldsitiildr mecegnite ieaake|T- known in
Lhe 2ol MALINUELELS, A6l dneAGalasse a0y P AAIAVS! Rhede Bt SR 10k es

so-cal 'ed gene gun,” and hence also this and equi val ent nbdes 0

admi ni st r arieodiaredrizgaryied (®@F,paRt and Phle prigsent thei bndinidml Ereal |y,

al so the . VEN . : Lni t] f i i en
reported g%‘%i}lgéfe% %%owé{ér]é}slu teggggn?ﬁ%%%ri e%%%elqlch;ﬁéggg‘r:ﬁ%%l%fe %D%gue“ggf
adm ni str &@iroBats P@se ! ithdrablyy yaeedendeg, $0 Rud gernore, the nucleic

aci ds) used as an i mmuni zati on agent . can contain regions encoding the
1st, 2nd and/or 3rd noieties, e.g. in the formof the i mMmunonodul ati ng
subst angegtdasgr bb&er aMe theChadbet BL GV ifoknies €i SGHESRE BeUSSFH-

adj uvants. A preferred version of this enbodi nent enconpasses having the 15
codi ng regponding throngfdicgdu®adnd THe coding region for the

i mmunonodul ator in different reading franes or at | east under the contro

of different pronoters. Thereby it is avoided that the anal ogue or epitope
is produced as a fusion partner Uq=iheglﬁﬁuqohndulator. Al ternati &y, two
di stinct nucleotide frag 20 nments can used, but this is less preferred
because of the advantage of ensured co-expressi on when having both coding
re giond i-wbknded wnishehsasem M dxdgaenAdesr thh ey ,pddw aichgendf cait al so
relates t .conposition for 25 | in raduct i on _of , ant,i bodi.gs. agai nst
G- 5.t hae BRI P o f8eP B Rg e T LR HhAPRGRER O 4yt o of
the i nventiedd épitopdanditheusacobnefandciiich bellony, tantha Phagimageutical ly
and i mmunol ogi cally acceptabl e vehicle 30 and/or carrier and/or adjuvant as

di scussed3akBoen H loci (DP, DR and DQ). This means that in 1-n; of
the population there is a frequency of responders of
25 frestdual i = (pi—®;i)/(l-m;) . Therefore, formula III can be ad-

justed so as to yield formula V:

fpopuladon=1—U(1_¢j)2+(1_ﬁ(l—frmd’al_l)) (V)

i=1

30 ~-where the term l-fresiqual i 1S set to zero if negative. It
should be noted that formula V requires that all epitopes have

been haplotype mapped against identical sets of haplotypes.



Under normal circunstances, the GDF-8 variant-encoding nucl eic acidt £sOCT 2003
introduced in the formof a vector wherein expression is under control of a
viral- pronoter. For nore detailed dis 14 OCT 2003 39 cussions of vectors
and DNA fragnents according to the inven tzi on, cf. the discussion bel ow

Al so, detailed disclosures relating to the fornmul ati on and use of nucl eic
aci d vacghes e awltidrald e ecefinddanad 1y ebli tetped .to 1997 ntArvducdreVvin

| munol . 5 15: 617-698 and Donnelly JJ et al.,. 1997, Life Sciences 60:

QB3- 172. 1Bt HIot anfekqayef elr%rﬂcseslfé%oerﬁ%r%bﬂeﬁfédldfy Flek it Hs ¢,
Live vaccer{]bese.ﬁi%%}ééﬂmﬁa{ tiey nafd e eff egtd ng-pyesen ald o Qloqodi fi ed
GDF-8 to the Immune systemis the use of live vaccine techno- logy. In live
vacci nat idars piresdre giomnldtoiarhetd raaie epyistam i £ lefMiEctrabthyiction

adm ni stefring, to t:pe ni mal . a .non-pat hogeni.c. 15' m ¢r.0- or gani s i ch has
been t?’ariaftcﬁ%neadl% h aren%ucﬁdeﬁ% aci Jpef rFat rrgln tleonncoog';: ?ltghea o |‘?ain(ragd -8 or

W th a vadtpddcorpora- ing such a nucleic acid fragnent. The

non- pat hogeni ¢ m croorgani sm can be any suitable attenuated bacteri al
strain (attenuated by nmeans of passaging or by neans of renoval of 20

pat hogening, SXPrEssian Pragusds by H&Qﬁﬂl&ﬁ@c%ﬂr@hW&ﬁys)cu&&‘ T-
Mycobact eri um bovis BCG , non-pathogenic Streptococcus spp., E. coli,

Sal nonel lce lslpepi tided ovicidl evee,a@Bhivgelim,a dtay gaRavd v tdieatt iafg widir
prepatatian, of. state-of-the-art |live vaccines ¢ e. g. -be faund in Saliou
P, 19%@, BetHa i acfag. & A FRELSE Ad %Iﬂ(nelr“%gb,p et ancca}nndertl}tﬁse
977-990, Qs hprdmnrgratiat iydueierienathaeraidindathalaim) lseabnitg titee
nucleic acid fragments and vectors used in such |ive vaccines, cf. the
~di‘scussifitheiTw.a 3PHE Tar e tumRas W (b Hisatt 40F 19 hakRESResin t he
nucl ei ¢ agjf JJRONEBMU-9fc t he invention discussed bel ow can be incorporated
in a non-virulent viral vaccine vector such as a vaccinia strain or any

ot her suitable pox virus which will be infectious in the aninal to be

vacci nat ed. 14 OCT 2003 4 rmal ly. nan-.pat.hogeni ] .CL.O- ni sm or
Vir usTSs elglc?mgr THRBICH or l?/c oﬁec e@atrjlo éﬁ‘%&gdnllrh Iﬂ,ooabéthgﬁn%geer laclynn b?%gags it
may be nepessail yt @ Nirsd eruidre THoF10- ergiattpsm srte dhasp ionapee S f 1o
lifetime in order to maintain protective inmunity. It is . 'even,
cont enpl R Umtt S¥Rusthi &atd oﬁ%%ﬁ’dasp%%(f%l%@?ea?)l ed R

pol ypept igg Mafcingdl h i Ass useldg1vhemiusi h)l | ehPrp Vi FAIEC MaEEbMmeS .
10 Alternatively, live or virus vaccination is conbined with pre vious or
subsequer@tS poltyigept d¥f arwliore nudiedl vardihatioy ltheon . ardgra isistharediuit is
possi hl.e to effect pri i ni.za tiqn w [ Vi \ i ne
fol l ogxb,d T % fis5eq u%ncfu %)c/)bs ;@:&{? SHunl Za |l\c,)!ns¥sg] un%f éndgyﬂe%lg; poo# {}%)%pjtrl?%gf or
nucl ei ¢ ardld IdpiHpenothidihe s qmemirgamsimior the usnigenl bien tqwenst iovmed
wi th nucleic acid(s) containing regions encoding the 1st, 2nd and/or 3rd
noi eties, e.g. in the formof the inmmunonodul ati ng substances 20 descri bed
above sugl,@as e FadaKi Nasumhsc uss ast e ysedl s b Vsl 1 Agiredgsd ed
version of this enbodi nent enconpasses having the coding region for the

anal ogue hane theercoidient kigdn Bapeail I ynRADNOIRE a2k e R F fRmehing eadi ng

fr arre%SOrIaaiIge! epa}:%powgn t(&? Mlﬁflmcpfcecquésereer{god)é@'w Hife JIEFSWNET 1S
HLA-DR alleles have been identified and these are all possible
T-cell epitopes to be introduced in the GDF-8 analogues used
according to the present invention. Cf. also the epitopes dis-
éussed in the following references which are hereby all incor-

30 porated by reference herein: WO 98/23635 (Frazer IH et al.,

assigned to The University of Queensland); Southwood S et. al,
1998, J. Immunol. 160: 3363-3373; Sinigaglia F et al., 1988,
Nature 336: 778-780; Chicz RM et al., 1993, J. Exp. Med 178:
27-47: Hammer J et al., 1993, Cell 74: 197-203; and Falk K et



o orC
25 avoi ded that the anal ogue or epitopes are produced as fusion partTn[('arUsL’Ec?G03
t he i mmunonodul ator. Alternatively, two distinct nucleotide fragments can
be used as transform ng agents. O course, having the 1St and/or 2d and/or
3rd noieties in the sane reading frane can_provide as an expression
product, an 30 anal ogue of the invention, ﬁﬁd such an enbodi nent is espe
cially prsf.er nexd 4gc comndinugp droe tiles [BoesR0-+420entTiten. latteh QeFakall Use
of the method of the invention in peat production and in disease treatnent

As will Bessppeddisated it rofi iR ahs cidsitdidsovd P IHWRAS 51t ofn t he
net hod ofy & isnvetd hdy dawrdiegidmt ion AhddRd atdduwidy i awsed or

stimulation of the growh of skele tal nmuscle mass in animals. Hence, an
i mpor t anttcersodiseshtirofthcheo rasdndd igfvariied dmver iagie fapi tdmes mdgidhat i ng

GDF-8 actj,vity conprises. .ncr i t he skel etal nuscle mass of an ani mal,
| O thegrresthﬁc]f ggnn%??nsimnoatldtgsm@%}gu aetsi%n'g GDF-8 activity according to the
met hod of the invention to such an extent that the nmus cle mass i s

statistically significantly increased (at a confidence | evel of 95% and
with at PESEsRiviHen dHARIFRS GGt RA 2 s i (Tl sl

GDF- 8 actdofd Yeh ik The ddpdifas & BiSiGE dBss J@ Y% RIS Al %o Dt gher,
such as at | east 10, 15, 20, 25, 30, 35, 40, or even 450, cf. the increases
i n nuscl €lgmss Mhirgh dvavee hedm diisier vaahtiaxtt rtdres geani PRriard taark mrur al |y

occurrijng. - 8 defiLd.ent, aninals, .20 n).w:) Ss .can .be determ ned by
any cyr)\vgﬁ’lgé%rlz?t (rret doyg:“l nod\/\%clrﬁ%de lanr twq]ggr5 asseO?sirg%lgdstlo %hean%?%rre relative
muscl e masndhg\ipaaidd -Zfxdhdeacal net colul,d IPstd4entIimaddni tat slo Bk usedul  f or

treatnent of certain hunan di seases such as cancer cachexi a, Where nuscul ar
at rophy | (&% G ShetheMsin  RiFE 189 Y AiE T Easi B Hedt< of
treat mentihaneld Qriald Uhddy Qihes ffgx][ %(%Laoge@&wl&r WesfasesrdigrEnto reports

al so suggest that sup30 pression o woul d be beneficial in patients
suf f er i nghfer gmesscutte iamerdhirami d thedraulfdaideumeted 1haCThEo@® 92 effec-

P 80, A0 AR ISR N SOBNA e A SIEIIan b
i muni si p@iidydiid dirad T-agaidiN-ddwnini in order to improve stability
when administered. However, the present invention primarily
aims at incorporating the relevant epitopes as part of the
modified GDF-8 which should then subsequently be broken down
20 enzymatically inside the lysosomal compartment of APCs to al-
low subsequent presentation in the context of an MHC-II mole-

cule and therefore it is not expedient to incorporate D-amino

acids in the epitopes used in the present invention.

25 One especially preferred PADRE peptide is the one having the
" amino acid sequence AKFVAAWTLKAAA or an immunclogically effec-
tive subsequence thereof. This, and other epitopes having the
- same lack of MHC restriction are preferred T-cell epitopes
which should be present in the GDF-8 analogues used in the in-
30 ventive method. Such super—-promiscuous epitopes will allow for
the most simple embodiments of the invention wherein only one
single modified GDF-8 is presented to the vaccinated animal’s

immune system.



5 GDF-8 antigen in order to obtain an increase in nuscle grO\l/t'-'h idt @003The
preferred way of obtaining such an imuni zation is to use nodified versions
of GDF-8, thereby providing nol ecul es which have not previously been
disclosed in the art. 10 It is believed that the nodified GDF-8 nol ecul es
di scussed herein are inventive in their own right, and therefore an im
portant part of the invention pertains tozg GDF-8 anal ogue which is derived
froman apimal GDF-8 wherein_js introduced a LEigation which has as a
eoul ¢t hiE FRRGHISH g the ASALESR S el PRE it Rdgelde
product i oahef iattédattiies weEaat Engsspecidtycahliyhwtbhgébe trenmodidiifteédd GDF- 8
pol ypeptide. Preferahl the pature of the di.fi cati on confar with the
types of ﬁBﬁi’;i EAtFBAY W& Pi geiﬂ’@%&%”%’e di §83§‘§??@' vtgrﬁ §3§g§nbodi nent s
of the nmekbedtpfcdhad nvepeicani whemdiiqpamaieli €dr 2 BRmbhodgnee, any

di scl osure presented herein_pertai ni to dified, -8 | ecul es are

el evant FBPCLALC RS GREAESRCPT by AhATEDEPECARLT eSS SPhe™

i nventi ongeaNdvaRYy S s@hletslFO8 USEBE 20| ah tigleabi SraUkeswh sid ahehart.
description of these anal ogues, 25 It shoul d _be noted {hat I{),r ferred

modi fi ed EOF- BRHARRSI dLecBRPEFECHDERT 1T AFTEREYRRRER T ITRIEh fhere

pol ypepti dg Havdidtorsaueneenkdonbhdovtd t oheapt APPSO vé I @anndnor with a
subsequence thereof of at least 10 anmino acids in |ength. H gher 30
sequence PHSHEPRGEY afdLSTBREITRYY, etRe SAcong Bpiety, oin KRR EPEBASt 80%

or 85()/‘10Th.§s§e&‘1‘e£}9t§iﬂcﬁigﬂtfirﬁ?méﬂﬁ W 04181 e AR cRUCY et Ecdfl il sCan she-
cal cul ated as (Nref - if) 100/ Nrefr wherein Ndif is the total nunber of
non-i dent fegf Pekeiles otnAPRE PHio! FERRRGHES WRBNP Al PR P Sarid faféFei n Nr ef

is the nugbesry dhdOGShrde3 fA310Eul&St4lIes d.NpaNEN OFcHh hee afstibenees. Hence,
t he DNA sequence AGICAGIC wi |l have a sequence identity of 750 with the se

quence AATEARIRhAIHiameh ngppgyRpef =Sugh ass FERRI| ayend ! prndtdyeddr 88¥ns to

conposi ti gRReHSShalli i @XekaLe! RErkde JRUDQE ebabhsri @Menid)ontHence, the
invention also relates to an i nmunogeni ¢ conposition conprising an inmunoge

ni cal | 5 esheeld e afiad thptaalbbrtisesp|sHrmplagy GAFEACing FdE@ctlppotein in
an ani nal caﬁaliJQ ¥ %songa)fEeQE' g8 bejnehrdtorMeo10ck atigeh dypget her with an

i mrunol ogi cal Iy acceptabl e adj uvant so as to break the aninmal's
aut ot ol erance towards the GDF-8 poly peptide, the conposition further

COMPI i Si Nflo aR MY FBGEHTIGALY 58981 LT A GcablyngcanptaRlizuahi ¢l e and or

carrier. In other words, this part of the invention pertains to the fornu
15 | at i on§DBf8 reelwrentidecar fi agr GO 934! Fyept Lde’rdgy die kehéeBeen

descri bgdahne o iiﬁlﬁ’nu‘ﬂiet BeSPHALL MeY S DlAeHTET 90 R rddlae kRY¥ENt i on.
The invention also relates to an i nmunogeni ¢ conposi ti on com
level of responsiveness of the immune system by including the
above-mentioned second moiety which stimulates the immune sys-
tem. Typical examples of such second moieties are cytokines,
and heat-shock proteins, as well as effective parts thereof.
25
Suitable cytokines to be used according to the invention are

those which will normally also function as adjuvants in a vac-
cine composition, i.e. for instance interferon y (IFN-¥y),
FlfBL, interleukin 1 (IL-1), interleukin 2 (IL-2), interleukin
30 4 (IL-4), interleukin 6 (IL-6), interleukin 12 (IL-12), inter-
leukin 13 (IL-13), interleukin 15 (IL-15), and granulocyte-
macrophage colony stimulating factor (GM-CSF); alternatively,

the functional part of the cytokine molecule may suffice as



20 prising an i munol ogical ly effective amount of a GDF-8 anal ogueldgfT g3
above, said conposition further conprising a pharmaceutically and

i mrunol ogi cal |y acceptabl e diluent and/or ve hicle and/or carrier and/or
exci pient and optionally an adjuvant. In other words, this part of the

i nvention concerns for 25 mul ations of modéfied GDF-8, essentially as
descri bed nherseichnabeid e thhe wahoi ae sife adjtey aes useardfi efush andokghiad es s
accordingly in line with what has been di scussed above when referring to

f or nul at i26n 360 WS iSetP stid ARthodiffi & aH- ¥ Us €GP he i nventi ve

met hod for the down-regul ation of GDF-8. 30 The pol ypepti des are prepared
according to nethods well-known in the art. Longer pol ypeptides are

nor mal | y Agrcepalied by rdwenst rofe ntacmvbi seirftagen draage sl adg yp dated i ngged

i ntroduction.of a nu clei.c.acid s uenas; £n | t 7(83F | ogue into a
sui t glll?soé?ezﬁ’ﬁfoilfpgﬁléet\yecctaonr , %t ransfogr rra“%tidggf o%é%a s’uic%aqu o Qaglssto cel |

Wi th the pnesinOrns epIeesTifan Wefariduh RIC|et G acild B quEethentietaverd .of the
expression product fromthe host cells or their culture supernatant, and

subsequeRt’ 0Fari%)i-c &% ¢ Rdn o GptiedHddv it her 5 nodification, e.g. refol ding

or derivatization. Shorter peptides are preferably prepared by neans of the
wel | known techni ques of solid- or |iquid-phase peptide synthesis. However,
recent adidaeces tilvetlyi,s tthec meslang mvsis e ey df o oMl si Hueht Bes pricduct i on

of f uiéi {ﬁ%n Foﬁyfcﬁ.l g@ ?éqg]iﬁ%%dd FN Oa;[nea rflseaQ:y—]:[at 5% %%%p%srotaonxq.r{.ﬂg &f or & It

. Hso
is al i € present 1 hvention to prepare org

const r ucthsinipye rS W htdob amRans.a 1l adWicl i icreacish i agmMiips @nd ameclt ors of the
invention It will be aPpreci ated fromthe above disclosure that nodified

GDF- 8 poldjpemtiigies Bhprieptide sy estest TREGRA Tk afehe t&dinol ogy

but al Soe%i’ﬁ?ag;%s%f‘bcﬂﬁ@i%@. synthesis or 20 sem synthesis; the latter two
options are especi aIJ] y rel evant when the nodification consists in coupling

to protein carriers '(such as KLH, diphtheria toxoid, tetanus toxoid, and

BSA) d _I. non-protei naceays nol ecul es, such as ,garbphydrate pol yners and of
cour SZQ aPds T Bes Sr%%’&%ﬁ%é'aﬁ onln(L:JCor Ficdw aaldd:ﬁ}llroag % le%é’ s"ﬁ’cf‘e%c N4l ns or
side growpsided aHeDpre eoltaEpid der derd west itk d iahF-chaid.t Heorinmheepur pose
of recombi nant gene technol ogy, and of course al so for the purpose of

nucl ei ¢ &St TR AP fRId SMPSHREN Y 3 ddife ity SHESH nd o dA %5 ed
GDF- 8 ar @ Jd My dwNts SREEIC A x IMAAUCESE  HHBNEC & r 3L i JIROY tRYY iRAdarRie !t e

invention pertains to a nucleic acid fragment which encodes a GDF-8
anal ogue is keown GRS tder ipsddnigel wipelpitd idta tirare i g hde ri e gy | Brssr g -hiea

nat ur - 8 seguence t.o which h e lded. or J t 14 OCT 2003
45 fu bo%ﬂoﬁ o PSSt é%ipyA }Saél?—oeg %&ﬁ.ﬁ%eeéf péocr;slaggep%d(f% o\/\%lécﬁe ei n has
been i nt rseducedjavariaigpdl-yaadgtiepid ofpef bye npard df6 4415Era)i .onl tarxk ems
addition, preferably by means of substitution _and{ or d,eicl etion. The nucleic
aci d fra@ﬁ@ﬂt§nﬁ Lipd dafpsh proteins form up micelle-like structures

with a core consisting of the lipidation anchor parts of the
’polypeptides and the remaining parts of the molecule protru-
25 ding therefrom, resulting in multiple presentations of the an-
tigenic determinants. Hence, the use of this and related ap-
proaches using different lipidation anchors (e.g. a myristyl
group; a myristyl group, a farnesyl group, a geranyl-geranyl
group, a GPI-anchor, and an N-acyl diglyceride group) are pre-
30 ferred embodiments of the invention, especially since the pro-
vision of such a lipidation anchor in a recombinantly produced
protein is fairly straightforward and merely requires use of
e.g. a naturally occurring signal sequence as a fusion partner

for the modified GDF-8 polypeptide. Another possibility 1is use



5 tion are either DNA or RNA fragnents. The nucleic acid fragnentd offGThadl3
invention will normally be inserted in suitable vectors to formcloning or
expression vectors carrying the nucleic acid fragnents of the invention; 10
such novel vectors are also part of the in gntion. Detail s concerning the
construction of these vectors of the invention wll be discussed in context
of transbérnkd c8Hl $ragoenitcrd coganesrptbéhoworTRE wecClr stesadf degendi ng

on purpose and type qf appl.ication, be.in t fqrm of asnm_ds, .phsges, cos
15 gidg,DﬁWHF?Xh%EWBQOWEEgggr %Fﬁﬁ&?eb6?9a|§§SH§E§habﬁ2 iéh%9§88ﬁgy

expressedobpanghentkyBiBteehhalbggehles ussamepnportant vector. Preferred
cl oning and expression vectors of the inven- tion are capabl e of autononous
replication, thereby enabling high copy-nunbers for the purposes of

hi gh-1evg], s&eaﬁﬁakQOFOEm%Qd@5ght}%%ekh@eehwgakkeﬂ uqapﬁu@§%%U%@5ngghing-

The general outline of a vector of the invention conprises the follow ng

f eat ur esinnthhepbefdrrdior pceisentandonnodpamdbliplei rieage: a&d peasat @) f or
driving ex ressi?htgf t he ngclgic a%id.25 f ragnment O%D h %nv%gtionL

opt i onal F§PASRuBFelf@adlPgsEqRENER 8RS R T Pelde %e%ti&e fabfMng
secreti opuhkostiBeexticaggk- cbvhaenphagenoh-cohanenappbugabhng, ofNGOF-kg
periplasma of a bacterium) of or integration into the nenbrane of the
pol ypept PHBSEHEGREAt Ort Naragple haerd s tagrentash cherifvemcilesulasd 30
opt 1 onal by 3 AUELALE aphdyReguencs sacadhag 8. Ler mhagbayyMien apenating
Wi t h ‘expr ession vect or i producer strains or cell [ines it is for the
pur posesdektgenet c€ .stabi.| Legsof eleatlr andPOdnedacelinepl@f:eliéd-LA&H t he

vect,or en_introduged i a-hast cell Lgqi ntegra in_the host cell
genone. " PRes Bae8ct 5004558 Cana RS undASio Rodg " Ph Géet Gre0t 888 used
for effegbkB0ahA Mh¥AaBXRreSSkeRuilNadleaRbiBkeki.. @ntehenlusien@rhfhe vect or
in DNA vaccination) it is for security reasons preferred that the . .vector

i s not iREAPABRE &FOoBebng-i At e§Ptle@NPnOLREThBIFLEELR BL§eRFE; USPAdal |y,
naked,: . s .ot i Vinkal : QL he t heces 0f..whi ch
6w CpRiuhaPIbR BALEhbRd. (rhd) YGAL e BnALD cURRex! HE1ERAIEED sfn

i nvent i oasakeyiuséd fLlampeanstopnybosn d&LHS , l1@etenpsodoseithe diplithieed aGDF- 8

| ypeptide of the ipvention. Such.transf LI's, which | t
0 Lhei FUEALRon ol BaPEUPEaRESLEHRe o PUBY | SFPnad=s Bl F a7 SFroBagar i on

of the nygkeut ashguhhagemnpsrandryectors of the invention, or used for
reconbi nant production of the nodified GDF-8 pol ypepl5 tides of the
invention. Alternatively, the transforned cells can be suitable live

vaccizie shraLpy Whensi Bet R8cAvel 8b¢-8Chde believed to be superiorly

suited for performing modifications. It is predicted that
modifications in at least one of the following subsequences of
C-terminal GDF-8 will result in suitable immunogenic mole-
cules: Residues 18-41, 49-69, or 79-104 in SEQ ID NO: 11 or

25 12, or corresponding subsequences from GDF-8 polypeptides of
different origin than human, bovine, porcine, chicken or tur-
_key. Considerations underlying these chosen areas are a) pre-
servation of B-cell epitopes, b) preservation of secondary,
tertiary and quaternary structures etc. At any rate, as dis-

30 cussed herein, it is fairly easy to screen a set of modified
GDF-8 molecules (which have all been subjected to introduction
of a T-cell epitope in different locations) for immune reac-
tivity with antibodies raised against a native GDF-8. It is

especially preferred that the modification is performed by



fragnent (one single or nmultiple copies) have been inserted so as f)? emeﬁh
secretion or integration into the bacterial nenbrane or cell-wall t J
nodi fied GDF-8. 20 Preferred transfornmed cells of the invention are

m cro-organ i sns such as bacteria (such asgthe species Escherichia [e. g.
E. coli], Bacillus [e.g. Bacillus subtilis], Sal nonella, or Mycobacterium

[ pr ef er ablup stor-ysitrpgenianine geid draien@CEHth 285 ﬂ@@sﬁts et N %0
Saccharomyces cerevisi ae I ot oz It sf or med
cells ar éfrstfecﬂl‘?rrco P\ neucfltadl cel IOS f;fé%ér“t:mes SUC elac'}sh aé ‘Stni;glurg§1 1

i nsect ce_:ldﬁelajrpqu,ntepe_elolp,e Offha Famiwhiade (belhllndRedemt cmsmlrmth;a\ztes shown
great promise in the use of a commerci al Ifz/3 avai | abl e Drosophila

30. mel ancEsuEss kI in 9@ ¥k he S tRitP 2 g SAR 11 N9 5 (R tor system
avai | agl %JHSOJ%]HJEV'JI{ 098N0 fAHy e recor maip R M) ahofrldzble

anal ogues of e I nvention, and therefore this expression stemis

parti cul ardnmiprief eresiduesd S Jt&re3Q)ur432)s'i31s, 03‘21% p?l'e%eﬂrf{&rlﬂ/%ht(?%n

14 OCT 20 For t e cl onr n pt| m sed expression it
is pref ertlg"eedﬂtt]htaetr”tlﬁe P"L“a@n'?g?ff)rffrrea 2T 3% capa e o replicating the

nucl eic acid fragment of the invention. Cells expressing 5 the nucleic
fragnent are preferred useful enbodi ments of the |nvent| on, they can be
used for Eaw 32 pod i loch GREGh RAL i ed GDF-8 or,
in theycase of nonpat hogenr ¢ bacteri a, as vaccr ne constituents in a live
vac cine. 10 Wen producing the nodified GDF-8 of the invention by nmeans of
t ransf or ecerced fifssctiing spmﬁwretrﬂteimn <a¢t¢fm1d$13ﬂ"a9r Holirpexsede témlthe hat the

expression pr du t ted out | the e r

carri ed dﬁxf q‘éfi 3 hﬁﬁ’e ans "% aforrre Tl Cr%&erﬁé art’/n?% cn%'t?ve
producer e&ids ttaﬁ aktﬁﬁhi@lefﬁtimedtnére@f pref e exth ol £ hehdvas smi her 8o, t o
establish a stable cell line which carries the vector of the invention and
whi ch expriesdss pzr)lm%tmr%l%%l%?ﬁdt ¢ et RIED o TR T e Yot F1 8™ GDF- 8.
Pref epably,q4 (#H gﬁée? line secretes or carries the GDF-8 anal ogue of
thelnventlo t acrlrtatrng purification thereof. 25 In general,

pl asm d vectors cont aining replicon and control sequences V\/ni ch are deri ved
from specjes conpati bl W|ththe ost, ce re t he
host s. hé SRELDT VP P haf T 75 2%T ) ?(LerL erﬁcatﬁy% s %% a%m én%r ki ng
sequences wu cth@f@dﬁ@rpﬁblesojerpémiw ngaphanmde/mtm@celmttm ant, as

exemplified by U.S. Patents 4,608,251; 4,601,903; 4,599,231;

20 4,599,230; 4,596,792; and 4,578,770, all incorporated herein
by reference. Typically, such vaccines are prepared as in-
jectables either as liquid solutions or suspensions; solid
forms suitable for solution in, or suspension in, liquid prior
to injection may also be prepared. The preparation may also be

25 emulsified. The active immunogenic ingredient is often mixed
with excipients which are pharmaceutically acceptable and com-
patible with the active ingredient. Suitable eXcipients are,
for example, water, saline, dextrose, glycerol, ethanol, or
the like, and combinations thereof. In addition, if desired,

30 the vaccine may contain minor amounts of auxiliary substances

- such as wetting or emulsifying agents, pH buffering agents, or
adjuvants which enhance the effectiveness of the vaccines; cf.

the detailed discussion of adjuvants below.



30 transformed cells. For exanple, E. coli is typically trans forqeg(ngqgg3
pBR322, a plasm d derived froman E. coli species ( see, e.g. Bolivar et.
al., 1977 ) . The pBR322 plasm d contains genes for anpicillin and
tetracycline resistance and thus provides asy neans for identifying
transforned cells. The pBR 14 OCT 2003 48 plasm d, or other m crobial

pl asm d Dhephageinust agksaoaorhainnadlybednmditkedetiopaonhakmalpyombtyer s

whi ch can be usedngg t he prokaryotig m cr 0- or anisn&for,ex ression. 5 Those
pr onot er $MABSELEBMHBAFY SHEBR 1PN FEEBRDI AHRCUBRRSEYA L Lt r dBLFBRYFACPIYS t he
B'|aCta”§§? iﬁegbabkhhma?e)saaqe&aa&@§eoﬁr@H@&gﬁugxﬁnsgﬁy(Chaagt@bnah.,
1978; Itakura et al., 1977; Goeddel et al., 1979) and a tryptophan (trp)
pronot er feymueat i coedubicht age. suigableppPoa- otbss Mpdps WA Reminésé&rare t he
10 no . d . crabial, pt S b di red and
i 11 oot PERat Dot HRRC =uBRaSh sk nafh Nil ok e 2Es 8RR RESKSIEE,

publ i shedpbehablibhg anskbbkedtwoekér, totkbgayénbhemahabet epthdhbylwi th

pl asm d vectors (Siebwenlist et _al., 1380). Certain Eenes,fron1prokaryotes
may be eXPrBeied?B8 ePFFEFEATEGL fhOEMILBETL P Fom PRePPPBRALFPEGCer tX ™
sequenceg; + prrgh Udi RdetBe aREeEat Ok e2ddinki0Rnel uaROt ke BkARPLE!, by
artlfLC|af means. In addition to prokaryotes, eukaryotic m crobes, such as
yeast 20pelyealkesenaygalsolbeoustdigandenédest heuphofsbprepsshoulieshaaya

pabl & f dr yLAdXRLESSI; 00, SACENALATKERS CRLEXLS:E: 1AL CATIRR haker s
yeast 1s the°nbs connnnﬁy used anong eukaryoti ¢ mcro-organi sns, ~al t hough
a nunberthé othge sfrai.ns aveloenmprkyeawaillabl-es.Foraéxppessilanions

Saccharomyces, the plasm d 25 YRp7, for exanple, is co nly used

(501 nahookb e aPichs Bogmakt ugERR Ouedar s E898E STaEnORPEr SHETBLS, 1080)
This pl agphdmakbbgadyatogt-abes bremhhphiteene1vbieBepr a¥hees, amsghestiuan
marker for a mutant strain of yeast Iackln% the ability to growin
tryptophaheﬁQat@xaﬁpﬂéumTé@CNbar4ne7GC@ﬁlP_P&?l BOINSEREE, Caghpnatehe
presence g Lhe 15pL | #Rban 88.Bochataalerhali enal cbhe yeashihesbogel | -
genore t iEH provi des ‘an effective environment for detecting franstormation
by growt bukpehbgoabsenapletstrpplaphanapsulésOCiuzB83ndd Beilkabke fprenoti ng

sequences in yeast vectors include the pr rs for 3-phosphoglycerate

ki nase (PPL3hann&t °& POvAgsa) 2pF SPﬂéﬁlglgggbgfiefeﬁf§ﬁ§§ &ﬁ8§gdéﬁnév.,
1968; bekéﬂgrsblgl25-#%%8)Fo§ugBaasf@@ﬁhaaeioggycehaheeayd@xanph@saﬁate
dehydr o5 genase, hexoki nase, pyruvate decarboxyl ase, phosphofructo kinase,

gl ucose- Bnphosphane Essmutaséon3pphssphogkPeeprate AUPPASEP LBy FAPANEAKI nase,

triogﬁph?§ggaégrkgggzrase, phosphogl ucose i sonerase, and gl ucoki nase. In
constructing Suita “ex pression plasmds, the term nation sequences

associated with 10 these genes are also ligated into the expression vector
3" of the sequence desired to be _expressed to, provide_pol.yadenyl ati on . of
the nENATRAGSPSYRERAERGH. eYhbF 6P658§8?§g £BhCRgy dPRENGAGST PEHAT AL
advant aggr0fat EalRorks . SPhaRhheeue@rkn okl adcbytgbowt Bacesdiihconseake idhe
pronoter re gion for al cohol dehydrogenase 2, isocytochronme C, acid phos

phat ase, adegtadat peétendfrededsvathatee ®reR AMEPEgEXCOHBEaRS! L8R PERT t he
B B T B R S P A N e
cont ai ni agampyeashydoppatloblie pmopbpephomibghnidﬁrreblB@&bigmgandc a-
Lerm nat | on Sequences s 5uh a0l €. b0 3991 hhalel 9o GhA QR §L8, cultures

Salts formed with the free carboxyl groups may also be derived

from inorganic bases such as, for example, sodium, potassium,

30 ammonium, calcium, or ferric hydroxides, and such organic
bases as isopropylamine, trimethylamine, 2-ethylamino ethanol,

histidine, procaine, and the like.



25 nul ticellular organisnms may al so be used as hosts. In prin- &Mpﬁéi s
such cell culture is workable, whether fromvertebrate or invertebrate
culture. However, interest has been greatest in vertebrate cells, and
propagation of vertebrate in culture (tissue culture) has becone a routine
procedure in re 30 cent years (Tissue Culture, 1973). Exanples of such
useful host cell lines are VERO and HelLa @al |l s, Chinese hanster ovary (CHO
cell line and W38, BHK, ©0S-7,293, Drosophila nel anogaster, an

Spodopt or TP, JGFPETES T TS EERED 5 BRIy ta P PADF B S o et o

expr essi orlosygkeBriibMmiors. aBdoin 3d4ciOGEMAMS B0 whieil NbSCt Iegeasauti000
Research Par&mag Merij den, CT 06450, U. S A and f[on1lnvitr%g$q}, and MDCK
cel | 1ine€2lty BRESHI B MR HBERPIRNIBs pEts AYUARtHEHs EPrRY 2 4NHT nes are
S2 and SFZteava bapémdd raamdnavisbgged, tEFQBaxredtbd, IM0tudhdy Aigigen, The
5 Net herlands. Expression vectors for such cells ordinarily include (if ne-
cessaryy dnCoFPRPRiLY FleditccdPdNiddahrdnbiwing SYSEen Fh FOWHt ¥ e gene

to be exprrRssedespbesy, Wrd) thidy dB§EESSEF Yord thesar 40sbiadi L itiase RNA
splice sites, polyadenylation site, and transcriptional term nator
sequences 9988 uERN9SS Al dReceFfer PhesvrTdtorupdhed i BHEASTaMse ex

pressi on \RelQESiAGLedfdrith JarOvheedn by & Nl tHTet bbby r QT rfgel T r3HP! €,
commonl y used pronoters are derived from pol yoma, Adenovirus 2, and nost
frequent | PPSHH 8nl WF U® AP AOsva0) evenetreitghy hdgderapBoprbsiertheofl ~Sv40

Vi rus ape 1pagpyi eaﬂl?é {A%riééﬁc@ntﬂemgﬁgeeaﬁ, batdh &£ 19t abNeghSaStdom LBt he

virus as a fragnen al so” contains the SV40 viral origin of
replicati ®n5209(FPek@0Gktndg| preforgply Shmlthe rendgeafger SvaD o &§Pehys may

al so be used, eQ{aQé’iQﬁ.ﬁb thenfel $ahge! HAGH JN52RRN QY F?tffd)c}’ 0 SR sequence

extending fromthe HndlIl site toward the Bgll sife located in the viral
ori gi n of abdgl reginens My timdtiailt adsinisraidesi Bhd, bopst ot tsdhrtdgesirrabl e,

to utilizg BE00RELIL AN BR GRR! E9bi BEONNF e NAiTRL Y8R0l ala]d o th the
desired gene sequence, provided such control sequences are conpatible with

t he hodf dellowgdilyssubmeawengi Anetutaplonmdroethey ddninistindddoast her by
construc30 tion of the vector to include an exogenous origin, such as may
be derived from SvV40 or other viral (e. g., Polyoma, Adeno, VSVSV, BPV) or
may be pr@heduanpsr tdfe arpdiicasipnchaynes oreiedewptetut i & reeciaei sm I f the

vector 1S bRt Abeth lihode sBeShaBhls UMRsaER, LhELAl e bp-Of ten

sufficient.
plicable. These include oral application on a solid physiolo-

20 gically acceptable base or in a physiologically acceptable
dispersion, parenterally, by injection or the like. The dosage
of the vaccine will depend on the route of administration and
will vary according to the age of the person to be vaccinated
and the formulation of the antigen.

25
Some of the polypeptides of the vaccine are sufficiently immu-
nogenic in a vaccine, but for some of the others the immune
response wiii be enhanced if the vaccine further comprises an
adjuvant substance.

30
Various methods of achieving adjuvant effect for the vaccine
are known. General principles and methods are detailed in “The
Theory and Practical Application of Adjuvants”, 1995, Duncan
E.S. Stewart-Tull (ed.), John Wiley & Sons Ltd, ISBN 0-471-
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14 OCT 2003 51 Identification of useful GDF-8 analogues It will be clear to

the skilled person that not all variants 5 or nodifications of native CGDF-8
will have the ability to elicit antibodies in an aninmal which are
cross-reactive with the native form It is,_however, not difficult to set
up an effective standard screen for nndifiéa GDF- 8 nol ecul es which fulfil

t he m ni 9BM70eqyi Rerertlso dn i“Matdines :c dlew Satteinaittiynl Arthuseussad:aler ei n.
Hence, another part of the jnvention concerns a nmethod faqr the

i denti fi AHINIANGE "a Hodiri &F SEEIEPS Voéidt e WROH irs Pﬁ&ﬁélﬂ‘l &€I5FS'nduci ng
anti bodi ge.agaiist rerMDGI-fioed 46238 d, N LR AR iSPEGIrRS haheLs ik or-
unnodi fied GDF-8 pol ypeptide is a self-protein, the nethod conprising 15 -
pr epar i ngorbyededys reff epepcieddedmitthesi s or by genetic engi neering net hods,
a set of mutually distinct nodified GDF-8 pol ypeptides wherein am no acids
have been added to, inserted in, deleted from or substituted into the 20
am no acitd seqeepeeiafl ly EDefe reldypeptisde aof atdievamitnah ispecaes deher eby
giving rise to am no aci% seguences in &pe set_ whi ch conprise T-cel

epi t opes MRAPER ZPE FoltE §A Ctd 1R CalitF@k 1Fe Sfedhe. 2uéotodg I MSet® of the
set for thebhnabigehnly i@ ifAduce +23 sprieductscon iafi ant iddadisesnyet g -ani mal
speci es agai nst the unnodified GDF-8, and - isolating the nenbers) of the
set whi chogdiigaiet 62t-By lisndgess agnitihisody¢ tpved douired iggai ist tinenvditici-ed
GDF- 8, kN .ani myl . _speci. 30, 1.0 this Ct the " f tual |y

di st i hot V%%il?%ég%&?gﬁ‘ﬁgﬁ? e%t’ﬁag"é’s}g SO o LT S

nodi fi ed1ebke8 [Eabypepic desunhicohsiavrd ng. @f beedmaeinec tadgern ihle albigsi-s of

the criteria discyssed above %%" : in.conbinati%n wi th studies of 14 OCT
2003 52 ¢APEEl &R dIEHPS Snduy lg‘ﬁeépﬂé‘,"a&ﬁdﬁblrc X&Paf dCFfPacti & toat
terns). ThgeSehintBY: GRS tRlriaNl Yed ikAWiRRIDANS QUt fotrmud a&3BhenR! at ed
that the set may contain several hundred nenbers. 5 The set may be

" prepar egoliyreviive miseflde tfivamisge agipivieadtl @ sePonig spst dmmuaoss ipr epar e
nucl ej ¢ acid fraonents enading (hedummhers and Lhen Hsing ! bese nygleic
acid Tragnents i’n nu-cléic acid i mwnization as described Hereinh s as to
det er mi ngiwhekhadjLRAN®SH’ SN AR jRVAGHEGE!S yal ful THHNQHENLE . elleAESul hBendO0
test of nenbers of the set can be performed in vivo, but a nunber of in
vitro tesdiduyantbe Iapglened aihiich shavdewbgowe tekle thavbéheofl igsdiopugg s

mol ecul e ich,will r e of  _the i nt i 15 _Si t he goa
of intro%&?pﬁg pﬁghfgggﬁé% %gc§%#5§%§?8p3§%iggfg%gugﬁggPlt%S é&%gfy
Tesponseskyohdcand kaelipd acpeerieguiis tae snbhabuescelllsoprelfiefremattiagn s s

i nduced by the nodified CGDF-8. T-cell proliferation can,be tested h
stand%?d@fé&”ﬁ?&lFPeFEFF&n“&?s&FStSﬁ 9FQP8?nFn°§h8rW?C§l§§nﬁletgﬁrﬁ%ﬁed f or
T-cells 2@nkSopbtai ned froma subject and subsequently kept in culture. The
cultured T-cells are contacted with APCs of the subject which have
previously taken up the nodified nolecule and processed it to present its
T-cell epito Qs proliferati f . T-Gell.s ni c ared to
a suitab?ggcgﬁggéﬁg?égngPf2§d$¥g§ﬁfg ﬁﬁcgﬁﬁfuﬁg%cggtgg%éng%p%hA% whi ch
have proedssédiunm agiroxaddeve rGpRodphaklet dedati)velcpmmpndlyi usealt iasn Oc&® be
‘measyred b eterm nin he .congentration of rel evant, cyto kines.rel eased
by Ches T-té’e?grg Pﬁ%é‘ﬁa%?é“tt&of‘héi“r B Gt S8R 10F 11 8?8‘%5‘%‘1 SLERRE 30

Havi ng rgpdehediki ghlymeirebaldl eugaats gtk .leashreeporedi ised &8F0826f the set
i s capabl e of inducing antibody production against GDF-8, it is possible to
prepare BEICRRENEGANILE CBonposireiddieonpli $iheg PEetedas i Nokdenydctied &F- 8

p0|yp6pthggt treatment with temperatures ranging between 70 to 101°C
for 30 second to 2 minute periods respectively and also aggre-
30 - gation by means of cross-linking agents are possible. Aggrega-
" tion by reactivation with pepsin treated antibodies (Fab frag-
ments) to albumin, mixture with bacterial cells such as C.
parvum or endotoxins or lipopolysaccharide components of gram-

negative bacteria, emulsion in physiologically acceptable oil



G
14 OCT 2003 53 which is capable of inducing antibodi es agai nst un}réd%)?il eEPUJ
GDF-8 in an animal species where the unnodified GDF-8 pol ypeptide is a
self-protein, the nmethod conprising adm xi ng the nenber(s) of the set which
significantly induces production of 5 antihqgdies in the aninmal species
which are reactive with GDF-8 with a pharnmaCeutically and i nmunol ogical |y
accept ablvehdarlrgisers vanid/aor maghi iglee reomdy-orl edieueldtr aared/ dy) excigmudntion

optionally .in conbination with at |east o har maceuti cal | n

i mmunol oélylécé’I I2§P EESSHTHDISE élcﬁlL?\?arﬂf.e alé)e'lr%gugoﬁoo\%‘r soﬂbc(&g”églsotalh'gm})nventi on
are conveiyeentdsy Lardad s st iyh deNintayald 1y Prepamipie v umedi afu raut ual |y
di stinct nucleic acid sequences or vectors of the invention, inserting

t hese i ntd tapEridpT iSd SHrevA ey Setborid? thsaridfser AuRfesiad-15 abl e host
cells with the vectors, and expressing the nucleic acid sequences of the

i nvention. These steps can be followed by isolation of the expression

pr oduct s Addorids ngr eéfcertrhed itrtvaen ttilpe MPA elids medihy lsEquaracEs: ydraimem ivect or s
are prepared .by nethods .c ri si.ng exergi of . a nol ecul ar _anplif.icatjon
Lech 20 MEGTE ORI S Thd F By Rake TSRS GoF 201 ¢ ByHaTs %S REAVBLE
TO EXAVPLE] 95 ExpiasshaR afl sbherdQfqagi pempeiler 88HdYREnpeERENAL (2T ON
of CGDF-8 fused to an N-term nal His-tag has been obtained in E. COPI and

t he puri fviaedt sf wsi ore 1gr etseiqu hds jlee e pegdah sf ruahmasnisetlirornaf gSibidrse

Ful | -L@ngth GDF- 8 has beenﬁ%{)e ec% in CHO ¢ I.Ils tand shown to he secreted
as di her ¢ IGRirdesSed % gﬁltfcé?sreé’oéﬁr—l- S eSTe &N 819 jerron et
al ., Natwher387,1ipidB3 90ip1)99%he HMiSe MR nRiGRHRTE 38 EXI3RC 6hdinhf-
expression of the bel owdi scussed GDF-8 autovaccine constructs. The nost
li kel y eXpf¥dsiddpedfdidensMB )be used for production of the GDF-8 AutoVac
constructs are E. coli, the yeast P. pastoris 14 OCT 2003 54 and CHO

cells and insect cells such as the above nentioned Drosophila cells. 5
EXAMPLE Livacomee fdewiugr tiive s @reordlse elownd tohe oprfese mtd jiunwaertt iedir is to

subst i t ut 0 stretches am.no acid residues in the t et protein with
for el ORGP A S CFGar dORCAEEE &0g SVPRE PG SETaGE P2 QBRI t oxi n
T-cel | epiingpes RAcanhviestidir.ef erably these substitutions should only

mnimally disturb the authentic three dinensional structure of the target
protein. 15 The target protein here is the 109 am no acid residue

b1 of 091 Ca11y Sat TS armor G S TIG T aa i VEnsi A el FEtrurd o thi s
regi on ofju@BRts iag enptrefieawe dbwhobased ageo20 inige tt thet uneeoft itdmg es-
hO”D'?80%%CE§51§338%%%?EQ %g% %%%%ls%%wn that this type of adjuvants
. are capable of up-requlating MHC Class II expression by APCs.
An ISCOM® matrix consists of (optionally fractionated) sapo-
nins (triterpenoids) from Quillaja saponaria, cholesterol, and
phospholipid. When admixed with the immunogenic protein, the
25 resulting particulate formulation is what is known as an ISCOM
particle where the saponin constitutes 60-70% w/w, the choles-
terol and phospholipid 10-15% w/w, and the protein 10-15% w/w.
Details relating to composition and use of immunostimulating
complexes can e.g. be found in the above-mentioned text-books
30 dealing with adjuvants, but also Morein B et al., 1995, Clin.
Immunother. 3: 461-475 as well as Barr IG and Mitchell GF,
1996, Immunol. and Cell Biol. 74: 8-25 (both incorporated by

reference herein) provide useful instructions for the prepara-

“tion of complete immunostimulating complexes.



nmongoneric GDF-8 shown in Fig. 2 can be anticipated to be rea sonabl&ic@ggeam3
toreality. In this nodel of the wild type GDF-8 (wt) a-helices are shown

as cylinders and (3-sheets are shown as arrows. The cystei ne-resi dues and
thus the disul fide-bonds are 25 very cl ose positioned in the structure.

It should be borne in mnd that the presenCe of the relatively high nunber
cysteines (9) and thus disulfide- bonds in the 109 am no acid residue

Ctermn on .of, .GDF- Ilmtsth S| eret e. foreign
T-cel | egﬂ otggesr gqang}bley pog%e]ielsotnlenog 3&% brltegfepllr%e Ci ng StJhb h]130 am no
aci d residueadbiearimidial d yegiron «of £ - 385 vmct hﬂ_m{ﬂ@utt&tei tuddronisqd .de -

resi dues 267-375 14 OCT 2003 55 of SE NOs: 1-10), the follow ng GDF-8

Aut oVac sttt tid £ $ilogbstld. 2 aor-0 42- FW@QH%W‘E%)W‘?EWE&W

am no gcigl, residus, & hHdarinalry egl i of & s th @B A d 4 Bsi bues
18-32 Sub stituted by P2. GDF-8 P2-2 (SEQ ID NG 16) is the 109 am no acid

resi due @nterqﬁmauqmgammmfar@@eei wi it rtfmnmmtd Jrreeamem a6 s HN-10

stituted P2, GDF-8 P2-3 (SEQ,ID |st ellog oaC|dreS|dueC
t erm nal hr%lced b&f GF aamt aqnqenoa acj‘l reS| unlelzs y afm'uﬁ ed by P2.

15 GDF- 81:133{&11;14 SER 14 dNO £ Adimd it § )hey gl Ami e aefdydrre@ép%@s%w ohdl-
region of GOF-8 with amno acid reS|dues 21-41 sub stituted by P30. 20

GDF- 8 Psmyza(ﬁﬁtgqmmgelsg) Bapqdiea 109 camiivgadeisd edgiafure a(nte:rQﬁmaand egl on
of mIR aci d residues 4%— 6? sub sti ted bﬁlfnPBO GDF-,

( SEQ PB r@cfitlz‘o‘f1 TRE PRY 168 ARG G oSl 8ee 35CerHIHAC IPEGiCH yo oéDF 8
W th am.ngad f;@&cééj% v =99 suhystituted by P30. GDF-8 P30-3B (SEQ I D
NGO 21) is the I09 amino acid residue Cterm nal region of CGDF-8 with am no

aci'd residues 84-104 sub 30 stituted by P30.

Other possibilities involve the use of the targeting and im-

mune modulating substances (i.a. cytokines) mentioned above as
15 candidates for the first and second moieties in the modified

versions of GDF-8. In this connection, also synthetic inducers

of cytokines like poly I:C are possibilities.

Suitable mycobacterial derivatives are selected from the group
20 consisting of muramyl dipeptide, complete Freund’s adjuvant,

RIBI, and a diester of trehalose such as TDM and TDE.

Suitable immune targeting adjuvants are selected from the
.groﬁp consisting of CD40 ligand and CD40 antibodies or spe-
25 cifically binding fragments thereof (cf. the discussion

above), mannose, a Fab fragment, and CTLA-4.

Suitable polymer adjuvants are selected from the group consis-
ting of a carbohydrate such as dextran, PEG, starch, mannan,
30 and mannose; a plastic polymer such as; and latex such as la-

tex beads.

Yet another interesting way of modulating an immune response

is to include the GDF-8 immunogen (optionally together with



GDF-8 diner (SEQ ID NO 22) is two copies of the 109 anmino acid reshd4ugCT 2003
C-termnal region of GDF-8 coval ently connected through the P2 and P3C
epitopes. In other words the nol ecul e ~ ~o0cCr Zoos 56 is conprised of
two halves. The first half is the 109 am nggacid residue Ctermnal region
of GDF-8 having P2 fused to its . CtermnuS while the second half is the
109 ani nadgcivhrtesiahke @ammmiqéﬁimmqﬁeml& mnni@n%?,(hrfdjsaj- toits

N-t er m nys 8 ext | NG, 23), Gon t he C-t.erm nal 160
am no ac?‘cfcrlesq} ot éﬁliééJ MRl MRS 1@@@ sﬁabﬁ PRSE By P56
resi dues d#érizlke &iﬂlﬁéldp&cﬁda}bylnﬁ’rﬂmo'ﬁmérmswd&t |3%d he: iy woH roreatid,
resi due C-terninal -8 with an N 10 term nal extension

cont ai ni rﬁ&%d&%&fhé%%%ﬂﬁd”i%olﬁso B Wdhed tlh&naltilté%é’r?pldfr‘yi%nﬂjr‘uct s
except sf nomd g d alt@lcird tadd GANEDBY Aed LG YPPIER 2 I\f?srémtom e

Cys73 is substituted 15 with Ser to avoid di merisation through
di sul fi d@ BEN Urshamttirgn. sKim @R axta itities clormttanla eldlﬁl@npmtﬁmnn a

simlar titutionin th re ondln 0si 1.0 24) .
20 EXAI\/PIi"i‘:1 15 viTe odel S qéo 5% cocgtcglrrp hid: %%o i it %l/dZI]qz n| Se
mce Wt kyeauridd @CP@E‘&&)M}I a:ni§pcasd des aifiderhmfaav & i gifdley, encgne tdy ee

i muni sa tions antibodies wil|l be neasured in ELISA using the non-nodi fied

GDF- 8 noltulid Henad sifg gaerﬁi AHAHH e i TS0 i S P ARdse Madithg|of
exper i Fentrs ivin 0 GONf4d Mddatsidig AutaVage M3Q J86hNARgydrs al igabl e

for creating anti-CDF-8 cross reactive autoantibodies and, Tnportantly, to
identify qmerecmtthmriomlarrg Jam@nqnmmaa)rtQ@gx reert.igen W(ﬁjlldﬂ,dtlritméver, be

very surprl sin atrku CH gca}] nst, rﬁﬁcn 8 Werecncqtonr %Osnet%flﬁ&i# t he

pr esent teéﬂho o sSince amen oglcal 003 57
mechani Sﬁﬁacﬂlflrﬁmfbrﬁ dﬁsmprwallm esumﬁssled(eiqnvtamdlemaiermmﬁﬁi' idax itdrose
whi ch have al ready been observed for TNFa, cf. WO 98/ 96642 and V\D 95/ 05849.
5 EXAMPLES3ng Ribi as an adjuvant. The technology is i.a. described
15 -briefly in Gelber C et al., 1998, “Elicitation of Robust Cel-
lular and Humoral Immune Responses to Small Amounts of Immuno-
gens Using a Novel Medical Device Designated the Virtual Lymph
Node”, in: “From the Laboratory to the Clinic, Book of Ab-
.stracts, October 12" - 15' 1998, Seascape Resort, Aptos, Cali-

20 fornia”

It is expected that the vaccine should be administered at
least once a year, such as at least 1, 2, 3, 4, 5, 6, and 12
times a year. More specifically, 1-12 times per year is ex-

25 pected, such as 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, or 12 times
a year to an individual in need thereof. It has previously
been shown that the memory immunity induced by the use of the

.preferred autovaccines according to the invention is not per-
manent, and therefore the immune system needs to be periodi-

30 cally challenged with the analogues.

Due to genetic variation, different individuals may react with
immune responses of varying strength to the same polypeptide.

Therefore, the vaccine according to the invention may comprise



In vivo nodels 10 G oups of mce will be immunised with the vario%s T 2003
constructs described in Exanple 1. The mce will be inmmunised at th’e['a'cge 15?
about 4 weeks since they have to be i mmune conpetent in order to respond to
t he vaccine. Freund's Conpl ete adjuvant w ||l be used, but experinents wll
al so be perforned using an alum 15 adj uvant®such as Adj uphosT", which has
previ ouslgeaeil usett stoce SsE W popt Tdas Mk tar e i td i e A48 OMRLCCiiune
constructs. AdjuphosT" is accepted for both human and ani mal use. During
the enti re®SRARAR st orf Pt i GF tHieS Tt Bl O ARP ¥k Gt CO IanF-18¢ rehmised as
wel | as t 3 i 1A j 0, I %{hﬁﬂ 1.ce are
appr oxi naccggléﬂl%la%}{veg? séeol:‘,\"L aégpe%)‘ﬁ%ér;%;ﬂ r%/\At%r b%&%c% flrkg%d‘yaacn t erH;?z(gangf

t hei r nustiserdse wiit Imdpee detleypepieidde Duevhaxd el I ed fattiheel po Ingramowi de sndow
in ti mg ,wheer easm' e are [ rEQOS Jrune conpet ent but still not fully outgrown, it
may be; diFF <l fto monsttate an effect of anti-GDF-8 vaccination in
these animals. |If that proves to be the case, it is contemplated to
alternatively imunise rats or |larger animals such as pigs, cattle, etc. 30
The nodi fiR&d EHSI St f XS SR DU penirise i@ errntgmndif ket e of

t he ani BHNH P 5 I 4 a |y {@@fé i i
sel ect eg%frzr cl i%fclﬁwgédvggoéé)rfel%& S%ZCHO%% ;%?)13 CLAI ggc %g%préghod for
in vivo dowes.edidvetvecon oforgraih tid frermersy aifi g fygoetori B GDR-18)bactivity
in an,animal . .includi.ng a _human being, the nethopd conpri.si effecting
presefl atsioourg}}toqi ;£5togna} rIrnlatnlsrm‘}mrrrrsuuncg1 saysstelerﬁro;bo ik ntdj:ge%i cal |y
effective anount of at |east one CGDF-8 anal ogue wherein is introduced at

| east one nodification in the GDF-8 ami no acid sequence which has as

resul ts tialelq Afifd 28391 he animal with the anal ogue induces prol0
duction of antibodi es agai nst the GDF-8 pol ypeptide, and - a substanti al
fraction of GDF-8 B-cell epitopes are preserved, and - a foreign T hel per
epi t ope (AEH agpialoppe)na tsi venttra dulcesh icoradesiporedi nag: itan arfy 2o peepofi deediadiees

18-41, .49-69,. or 79 15 104 in SEQOID NQ .11 or. 12 by .means of addition,
del et i-3n,” 3555 J eo%escgﬁﬁjicﬁﬁ ?’o%,m’gérq?lnct raocdltf%evcf'%/%ﬂ%slﬁdhd(iaa’gsoto an
equi val endnseuancerddiema (dd & mpalnipeptige’ ,of* gl ddtare ntmnim i@ dt itdran,
human, bovine, porcine, chicken or turkey, or a foreign TH epitope is 20
i nsert ed B9 sEFNS BN iSRAGANY SHEGS theuhsF fledE ot s 1f8d1l e
termni inAtdhe GDF-8 pol ypeptide. 2. The nethod accoording to claiml,

whi ch further conprises that - at |east one first noiety is introduced
which effects 25. targeting of the nodified nolecule to an antigen presen

20 First, in contrast to the traditional vaccine approach, nucle-
ic acid vaccination does not require resource consuming large-
scale production of the immunogenic agent (e.g. in the form of
industrial scale fermentation of micro-organisms producing
modified GDF-8). Furthermore, there is no need to device puri-

25 fication and refolding schemes for the immunogen. And finally,
since nucleic acid vaccination relies on the biochemical appa-
ratus of the vaccinated individual in order to produce the ex-
pression product of the nucleic acid introduced, the optimum
posttranslational processing of the expression product is ex-

30 pected to occur; this is especially important in the case of
autovaccination, since, as mentioned above, a significant
'fraction of the original GDF-8 B-cell epitopes should be pre-
served in the modified molecule, and since B-cell epitopes in

principle can be constituted by parts of any (bio)molecule



ting cell (APC) or a B-l1ynphocyte, and/or 14 OCT 2003 59 - at I?eéspcgnénw
second noiety is introduced which stinulates the i mune system and/or - at
| east one third noiety is introduced which optim ses presentation of the
nodi fied GDF-8 pol ypeptide to the inb nune.,system . ' 3. The nethod
according to claim2, wherein the nodification includes introduction as

si de grou@s.g bycaowal yehtator, noipicby abyerdibiatd: Ng. tThes fatd e redteiveal
groups in GDF-8 or_a subsequence thereof, of the fqreign TH epitope and/ or
of the TIFSHCOYY AT B Che SO SRETT Y The (i TATHSEEY. "% The
net hod aceordivig I G&l @ MkbOF t dnchBs©ithd hevdmdi 1 | Gahi iy d iicd Ude sa ani no
acid substitution and/or deletion and/or insertion and/or addition. 5. The
net hod acddbrdiify PP RhaTWrahdehoth Hinatitivh 15t RA4Ecing t he
provi sko : i ol ypeptide. 6. The nethod according to claim4 or 5,
wher ei kl’jl rhn}ﬁ T uc"#;r%ogﬁlmjoﬁlco the am no acid substitution and/or deletion and/or
insertion and/or addition results in a substantial preservation of the
overall tertiary structure, of -8. 20 7. .The net hod according to any one
of “C i miERGS A HE T (U LT BT i LRI T BT Do hed oot
one GDF- &&iald Epidape vt asf inddiotiued icnrof e ha eflumdhe Thes tah hod
according to any one of clains 2-7, wherein the foreign TH epitope is

i mmunodoniarRdifi the uhiaved .25 68) BE R Hb o it cr i g d SRS ot of

cl ai 2- YT f i T i | S, ) , }&Hp& 4

nat u?gtlo pt§1oe %4’1%&# %0%%%%5%%0%%%&l?‘olg{ed)?n%waﬁr?i Tl m%lsorﬁ/l-kl)d [

bi ndi ng pEp idsl sequiendes M 1<he awidhod) actorafiuvgedo claim 9, wherein the
natural TH epitope is selected froma Tetanus toxoid epitope such as P2 5
or /P30, a diphtheria toxoid epitope, an influenza virus hemagluttinin

epi tope, BNGHL P erisdCi et tm e et opfucedd hudhel dreddiodl B gor &l évga b Dy any
one of clains 2-10, wherein the first npiety is a substantially specific

bi ndi ng pa¥A i ghrean B9 viibHots t e Thedt MakediritMee R i Gommbka§ef vahtarPC
spe 10Qcci fy f .Lgféh has ; - f i ch
t her eqfss Jaﬂfregscég{)t%f%r?\a% e B—I@%%’yt@%?ﬁlﬁ@%&gd gﬂi?\@lgégnﬁ\eﬁsa'nqmw
mannose. ikr:lukdesd niet hodviaccbrdiaipt o YWY DmenwifattddinstiR-d Ik ravefetn t he

second moi ety is selected froma cytokine, a horno d 1l heat - shock
pr ot ei n. ﬁ?ry_ﬁ?ec%%%tdl%%c%?%%’d‘ tY ﬁ%yrﬁﬁ&%léﬁfe@%a{%%m%%o%?n%l%
sel ected 4 riRgeing prvedfrecdt o pagdptofde | ronx f &5 mmya{ddFNy)th Rid BL,
interleukin 1 (IL-1), interleukin 2 (1L-2), interleukin 4 (I1L-4),

i nt er | eukG s RIS L3 hing | 3RG S 1 2PNA 1ICQuBLed g ARIANKAT FaRf4§L- 13),

i nter ‘Z%U‘ﬂ&e]éjié L-amd » prd O SFAm sy ter e RGP PIBEEy £ 0N SEH 81| @8 ket
factor (.GWCSF), and wherein the heat-shock protein is selected fromthe
group conist sits mptofd HIRMO, P IHBRYD; a HSO7L 1 GRRDY, deiral ke § RS A i Mi{CRIY, pr
an effectiyve part thereof. 25 19. The. ccor di . Qne | ai s
2-13, whetrl'é‘? nLP?%eO}t hallér}jmﬁaorllte ylrllstro%]& %%%ﬁa%u@%%%ﬁlg%@ba rﬁé)%l

group, a o ity f@fuist ol as NESNA Wi @tihes. Jesradwy) -ael adiydc growpss a
GPl - anchor, and an N-acyl diglyceride garecgqu‘g 14 OCT 2003 61 15._ The
met hod acdtFehhg R ke of° tHe il PSR, SRR Rt heP ooF- 8

Subse%egl@eﬁ@fd%a@e@%@@meé SapiSTy Vile & £ 08N hiea el £TH06 NAhe i ACi sy e
f orm of -8, such as subsequence or anal ogue derived from a bovine,
por ci ne, iumugleit ckerd Rehibeption kgl TF- 8 pol ypepti de.

As for routes of administration and administration schemes of
polypeptide based vaccines which have been detailed above,

30 these are also applicable for the nucleic acid vaccines of the
invention and all discussions above pertaining to routes of
administration and administration schemes for polypeptides ap-
ply mutatis mutandis to nucleic acids. To this should be added

"that nucleic acid vaccines can suitably be administered intra-



1,6. The nethod according to claim15, wherein the GDF-8 pol ypeptﬂd'eOI[TaT152003
been nodified by substituting at | east one am no acid sequence in SEQ ID
NO 11 or 12 with at | east one am no acid sequence of equal or different

| engt h which contains a 10 foreign TH epi tgge, wherein substituted am no
acid sequences are conprised in residues 112, 18-41, 43-48, 49-69, or

79- 104 | KPR NAd Lhtraak e rara Mher eiur theen@fe,8 ipoliypeptlildariam hieen
nodi fied by inserting at | east one am no acid sequence which contains a
forei gn THSepittofda MHBIEIS G it iVRTGiders Gody 5T A AT i%Y P8 ti ons
1-12, 18-30,; 452k 1 841 8RnAhinl 0909 ditSER P MY ThPleAvalientIhe

nmet hod according to any one of the preceding clainms, wherein presentation
to the | muges DfStaamiirsl effacitad dne hedanfest depart W ddye eragfertthe GDF- 8
pol ypepti.de, the suhse guence thereof or. th dified -.8 .pal ypepti de
coval egt Ilfv’@fntﬁoor{]-'c&s/laﬂaglﬁﬁ’y a\n‘LiSn ed' &8 & A glrLIIPer nect&eegc%gnplgbﬁsgt%%)

ef f ecti ng ipresemtratd 1 ©fadidd i€ oopi epefrtant igeniie ldetgyod nantisl t€1,8.
The net hod according to any one of the preceding clains, wherein an

ef f ect i veTEITGURE &fO ioh & a8 Lol SR Mot REBR IGsEad 19 icy R85 s
adm ni st gried, t0- e, aMd@leyia a route sel ected fromthe parenteral route
such as the intradermal, the subdernmal, the intracutaneous, the

subcut aneous, and the intramuscul ar routes; the peritoneal route; the oral

route; .t ccal route; the sublingual_.route; the epi \ te; 30
spi natOr gﬁ%r%?‘eﬁﬁ‘éoraer{alte“reourfuec;lealncd aicicwkeaa(isr?t glascerdarﬁsalanr %&?ﬁﬁz#}%&ﬂa%}) 62
19. The .meirhasbracoior diagi dris draddaitly oiherisin 2He aatifect BVe reontnited s
between 0.5 ug and 2, 000 ug of the GDF-8 pol ypeptide, the subsequence

t hereof & %-heimrfdlodRF™ e ddie mwomﬁ?gllr?ét% SR GTT (IS or
19, whi chydir! uWdes, als TSt A &AM N Sidld Ay fsdfig G B plypepti de
or anal ogue per year, such as at least 2, at least 3, at |east 4, at |east
6, and atpredEstrek? wird irstafattitois gurodigegnt ENcomia sfsshd \Wdtdridieg to

any o of ¢lains 18-20 rein t.he -8 | ypept.i de,  the ce
t her egg, 9 dc]trﬁ’e %oﬂof?% GEE ] W%;Eenﬁ &gjegocgﬁlong?glﬁeﬁlhoarg eeﬂ“li%]

f or mul at g@umirtdincd yihad g ciautd icf d wereth d- d adiump | foginesd lor acc eptaady] exrcdar i er
and/ or vehicle and has been fornmulated with a ad%gyva,nt whi ch ,fdacciel itates
br eaki ng tdfe &AM ereh e ZRR o RERIYSS - gﬂbent arf adf Wt ¥ ed

fromthe tQ{eO%aCmfdétéfl%ﬁt@gb e diled S ped i N ad ParineAnd NAMe
modul ating adj uvant such as a toxin, a cytokine and a nycobacteri al
deri vat i vieymuaroroidu fagranut il torenat gt Avertwan i el et frotah et e e~ a

saponin; _an .imunostinul ati c | ex. trd SAM X)) ; ticle;
DDA; Zﬁurﬁﬁﬂtlﬁncaa}ﬁ ari/eanlfsse;éD@ ta%lvsaﬁt{?le{égl(réﬁaélkn% and t%%é%dng%n%igpsu ating
adj uvant .add#antHee ret hats woadrab rexdoe sayoronehef e aime HeelR Igoddrey efer t he
GDF- 8 pol ypeptide or analogue is contained in a virtual |ynph node (VLN)
devi ce. ZBOTFhel et a’d?:ot'r%b‘? mf 1o ’%981]3/5 ®of clains 1-17, wherein 25
presentation of nodified GDF-8 to the i mune systemis ef fected by

i ntroduci ng nucleic acids) encoding the nodified GDOF-8 into the animal's
cel | s andadmrdigyg bt ik ngnVen i alsxprelstich 1Y & HOMRPF SN ther

nucl e'2§3,1cri1 lfélﬁ%ntéxggé{?g on df %Egt?c?c%%sgg‘agoéinéwebmﬁo%ﬁ&%rﬁg%ilo

claim erei e nucl el ¢ aci uced 1s/are selected from naked
DNA, DNA ffisrmd e sinidn charged or uncharged |ipids, DNA formulated in

| i posonmes, DNA included in, iral vector for mul at ed. wi

transf ectT on- fACtYFESEF LI ot RHGIT ot yfbe‘f[)%tN?fAtaoer, %%%rﬂ%&%% {5t s
targeting protgid @f sPesypeptdeeve NN S asenbwat ecawdt h Cal ci um preci pitating
agents, DNA coupled to an inert carrier nolecule, DNA fornul a%ed ith
chitin or~ chi tdsaa reaer WNCE bl ynd Be eHMHRE ML Ot GRff LY aHT SR BR12ES %%M%l%?hod
accordiyng to claim 23 of 24, YEJ &L Mad NSy AWE! £4 Cq ACEESs &d Ca98pa Ni st er ed
intraarterially, intravenously, or by The routes defined in claim18. 26.
The nmethod according to claim?24 or 25, wherein the nucleic acids) is/are
contained in a VLN device and/or are for ated. as_def | i n m 21.
27" The. iR AEUBT B iy TOBHS R of 61 S e S o Ty ¢ b UAS6 B

| east oney@d nd sifatb@dicOd ihecmeicteif @i dsvperoyediersucheasrassieast 2,
at least 3, at least 4, at least 6, and at |least 12 adm nistrati ons per
year 20 285 VNGeE hern F6l i aEreasi Pyl tIHECTRISRT e Mol sMofe afe bat haf, 4t fie

met hod conprising down-regul ating GDF-8 activity according to the nethod of
any one of clains 1-27 to such an extent such that the nuscle nmass is

i ncreased at | east 5% when conpared to animals which exhibit nornmal GDF-8
activity, such as at least 25 1.0, 15, 20, 25, 30, 35, 40, and 450. 29. A
GDF- 8 anal ogue which is derived froman animal GDF-8 pol ypeptide wherein is
i ntroduced a nodification as defined in any one of clains 1-17.



14 OCT 2003 64 30. An imrunogeni c conposition conprising an imrun?geﬁ't‘(':aljl
ef fective anount of an GDF-8 anal ogue according to claim?29, the 200
conposition further conprising a pharmaceutically and i munol ogically
acceptabl e carrier and/or vehicle and opti Q ally 5 an adjuvant. 31. An

i munogeni ¢ conposition according to clai m30, wherein the adjuvant is

sel ect ed dusonm drhe gf oupctonsi and NPNAT £t dgnead) sivardsrafng | @d miZ2d. i B2enA

nucl eic -acid fragnent whi ch encodes GDF-8 anal oque 1 ccording to claim
20. 33 A VAo 'caqﬂ‘i/i‘ﬁbsf‘h%sh%%ﬁ%‘?ﬁ%ci‘alﬁ?'ag%fétgﬂl]a%‘go‘fﬁ%oi eF af 1 32,
such as a Mecidresapadl eoohuPalt DHONDUS EEPldCali @i S cilde Vet s are
according to claim33 which is selected fromthe group consisting of a

pl asni d, WPhetelea cosmPennal by nfdseem bnosbht! ditha: \BeUs. IgBindhe

vect or sacepr Bg- 43 Cld M OT1 P43y COIPE] S Mo N 1111 B A4 €6¢1 0N and
in operable I1nkage, a pronoter Tor dri ving expression of the nucl eic acid
fragment ctorth n@Baetth cbhi th8Pe opfemaratdsy areuiol @ pac tkd eguencede-encodi ng
a | eader 20 é)eq;ti de. enabling secretion of or integration into the menbrane
of the pdi§peptide Fagnent, the nucleic acid fragnent according to claim
32, and optionally a termnator. 36. The vector according to any one of
clainms 33-35 which, when introduced into a host cell, is either capabl e of
bei ng 25 3MegiagenNes the host cell genone or which is not capable of

bei ngipntegrated in the host cell genone. 14 OCT 2003 65 37. The vector
accoréi ng to claim35 or 36 when dependent on claim 35, wherein the

pr onot er Adrtihiesd exipreassa oive nf er evfkeotoing medderdratdirdny est expiieSisedn in a
pr okar yot | 1. 38. Atransformed cell carrying the vector of any one of
5 &l ai e FEF7 P HTIITE R e G194 G IS R e FeE®aLi ng
the nucl aiggyacith fragerd cAEOf tBg gresdridlidh 39 thhe s f oy desh cel |
according to claim38, which is a mcro-organismselected froma bacterium

such as aH&HATRAR Y tagehtie HERdreri T HiNE (PHdtadrai B -ragihggenic
Sact | § 45 sl Lk 8 Ay Al MEORARLET AR ARSI Aftloh & oNRatDogen) ©
Mycobact eri um ce such as M bovis , a yeast, a protozoan, or a cell
derived firmagreenuldnasding ar rordjiafi esin G -6 taed Wirtdmaa feuntgus, i redp nprsiect
cell such .as an S2 or an SF cel ) | ant, . cell, and mamal i an cell. 15
40, The (7AI OIS CBITL S oFehhd TP m 8 g1om32 A Ak ST es { he
nucl ei ¢ agighrfirsagmRm e i g tdb)d aitieidia il bas e itd1ansfrired oel |

whi ch secretes or carries on its surface, the GDF-8 anal ogue according to
cl ai m 29.tepuatat RetMRAPSRbRATFIFBRE e a9 ahereroral vifer ein

20 pathogenic expression products by recombinant DNA technology),

e.g. Mycobacterium bovis BCG., non-pathogenic Streptococcus
spp., E. coli, Salmonella spp., Vibrio cholerae, Shigella,
etc. Reviews dealing with preparation of state-of-the-art live
vaccines can e.g. be found in Saliou P, 1995, Rev. Prat. 45:
25 1492-1496 and Walker PD, 1992, Vaccine 10: 977-9350, both in-
corporated by reference herein. For details about the nucleic
acid fragments and vectors used in such live vaccines, cf. the

.discussion below.

30 As an alternative to bacterial live vaccines, the nucleic acid
fragment of the invention discussed below can be incorporated
in a non-virulent viral vaccine vector such as a vaccinia
strain or any other suitable pox virus whicli will be infec-

tious in the animal to be vaccinated.



20 presentation to the imune systemis effected by adm nistering 3L 00T
non- pat hogeni ¢ m cro-organismor virus which is carrying a nucleic aci& 2003
fragnent which encodes and expresses the GDF-8 pol ypeptide or anal ogue.

42. The nmethod according to claim4l, wherein the virus is a 25-

non-virul ent pox virus such as a vaccinia VAi%us or wherein the

m cro-organismis a bacteriumsuch as the bacteriumdefined in claim 39.

14 OCT 2003 66_43. The method according to any claim4l or 42, wherein the
non- pat hodernel k¥ cr Bb®r BARrBATBPIGNE GsMi SraURT BRBE &R e@r ONEr 85 nhs eadinire to
the animal; ¢4re 8952335&1@.0@& She! BAYGLNY Bhpdg!LOP: Q1L a01LD00| €53,

agai nst GDF-8, the composition conprising - a nuclerc acid fragment
accordi ngo¢ onetassa B bep admenisteactbednngroconnynise wbrel ahas 33«87, and

- a pharnaceutj cal and_i nol ogically acceptabl e carrier and/or vehicle
and or Saclivhnt S F16788 St BB O8) T7 LAY AR of B HEEEOE) WTAALY ahbF of ¢ he
nucl ei ¢ agvéhfeagoenp lasefiot HEt al @duACESt dbNOsERekré Al 8% 20hO8e 28t 461 cd
stable cel|l line which carries the vector according to any one of clains
33-37 anPhRvenhfexpPesieePthdentiefeieahéPd FihhneatuaeEet ditgntwsErai m 32,
and which; pptigpal | y,sechetesedd or carries the GDF-8 anal ogue according
to claim?29 on its surface . 47. A nethod for the preparation of the cel

according to any one of clainms 38-40, the method conprising transformng a
host 1 with the nucleic _acid fragment according.to claim32 or. 20 with
the vadt LEEER LI rEL Fo hhySone 81 T0r af Aosas oom o1& Cedmblied % PEn e et

. AU. Asn. Agi A9s A6r Abuhe fudfe Aodl YRep AYe AaAd/ S nucleic acid vaccina-

. A?. A5. AH AY. An. A5. A. A@ An. A?. A9, A& AA Ale. Al . F. A . AL . A{. An_. A A . A{. AU. A{.

A 2. A3y. A IQUF. FORoipgtancasRI A {5 ApOoRpiabe. o abtect Aoridpaing . @uniza-
Y.A . Anl. Wy - AYSe I + A a%f@g cajcajcalc
a]ca]ca]ca.%éhc%f%a cgiggﬁggagg%éé]tﬁﬁggf%a %g}%@%%:%%a caf@%f@ga]La!L,-L

b<STy" d Wodster immunizations using the polypeptide or nucleic acid
| wr mh AY]c%%cq%ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]caLﬂca]ca]ca]ca]ca]c*a]ca]c
a] ca] ¢a] BR8] ta] ca] ca] ca] ca] cal

The micro-organism or virus can be transformed with nucleic
acid(s) containing regions encoding the 1%%, 2™ and/or 3*¢
"moieties, e.g. in the form of the immunomodulating substances
20 described above such as the cytokines discussed as useful ad-
juvants. A preferred version of this embodiment encompasses
having the coding region for the analogue and the coding re-
gion for the immunomodulator in different reading frames or at
least under the control of different promoters. Thereby it is
25 avoided that the analogue or epitopes are produced as fusion
partners to the immunomodulator. Alternatively, two distinct
nucleotide fragments can be used as transforming agents. Of
course, having the 1°% and/or 2" and/or 3 moieties in the
same reading frame can provide as an expression product, an
30 analogue of the invention, and such an embodiment is espe-

cially preferred according to the present invention.
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'However, recent advances in this technology has rendered pos-—
10 sible the production of full-length polypeptides and proteins
by these means, and therefore it is also within the scope of
(_ \ the present invention to prepare the long constructs by syn-

thetic means.

15 Nucleic acid fragments and vectors of the invention

It will be appreciated from the above disclosure that modified
GDF-8 polypeptides can be prepared by means of recombinant
gene technology but also by means of chemical synthesis or

20 semisynthesis; the latter two options are especially relevant
when the modification consists in coupling to protein carriers
* (such as KLH, diphtheria toxoid, tetanus toxoid, and BSA) and
non-proteinaceous molecules such as carbohydrate polymers and
of course also when the modification comprises addition of

25 side chains or side groups to a GDF-8 polypeptide-derived pep-

tide chain.

For the purpose of recombinant gene technology, and of course
also for the purpose of nucleic acid immunization, nucleic

30 acid fragments encoding modified GDF-8 are important chemical
products. Hence, an important part of the invention pertains
to a nucleic acid fragment which encodes a GDF-8 analogue,
i.e. a GDF-8 derived polypeptide which either comprises the

natural GDF-8 sequence to which has been added or inserted a
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vectors carrying the nucleic acid fragments of the invention;
10 such novel vectors are also part of the invention. Details
concerning the construction of these vectors of the invention
) will be discussed in context of transformed cells and micro-
"organisms below. The vectors can, depending on purpose and
type of application, be in the form of plasmids, phages, cos-
15 mids, mini-chromosomes, or virus, but also naked DNA which is
only expressed transiently in certain cells is an important
vector. Preferred cloning and expression vectors of the inven-
tion are capable of autonomous replication, thereby enabling
high copy-numbers for the purposes of high-level expression or

20 high-level replication for subsequent cloning.

The general outline of a vector of the invention comprises the
following features in the 5'—33' direction and in operable
linkage: a promoter for driving expression of the nucleic acid
25 fragment of the invention, optionally a nucleic acid sequence
‘encoding a leader peptide enabling secretion (to the extracel-
lular phase or, where applicable, into the periplasma of a
bacterium) of or integration into the membrane of the polypep-
tide fragment, the nucleic acid fragment of the invention, and
30 optionally a nucleic acid sequence encoding a terminator. When
operating with expression vectors in producer strains or cell-
lines it is for the purposes of genetic stability of the
transformed cell preferred that the vector when introduced

into a host cell is integrated in the host cell genome. In
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' fragment (one single or multiple copies) have been inserted so
as to effect secretion or integration into the bacterial mem-
brane or cell-wall of the modified GDF-8.

20 |
Preferred transformed cells of the invention are micro-organ-
isms such as bacteria (such as the species Escherichia [e.qg.
E. coli), Bacillus [e.g. Bacillus subtilis], Salmonella, or
Mycobacterium [preferably non-pathogenic, e.g. M. bovis BCG]),

25 yeasts (such as Saccharomyces cerevisiae), and protozoans. Al-
ternatively, the transformed cells are derived from a multi-
cellular organism such as a fungus, an insect cell, a plant
cell, or a mammalian cell. Recent results have shown great
promise in the use of a commercially available Drosophila

30 . melanogaster cell line (the Schneider 2 (S;) cell line and vec-
tor system available from Invitrogen) for the recombinant pro-
duction of IL-5 analogues of the invention, and therefore this
expression system is particularly preferred, also for the pur-

poses of the present invention.
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When an effective producer cell has been identified it is pre-
ferred, on the basis thereof, to establish a stable cell line
which carries the vector of the invention and which expresses
20 . the nucleic acid fragment encoding the modified GDF-8. Pre-
ferably, this stable cell line secretes or carries the GDF-8
analogue of the invention, thereby facilitating purification

thereof.

25 In general, plasmid vectors containing replicon and control
sequences which are derived from species compatible with the
host cell are used in connection with the hosts. The vector
ordinarily carries a replication site, as well as marking se-
quences which are capable of providing phenotypic selection in

30 transformed cells. For example, E. coli is typically trans-
formed using pBR322, a plasmid derived from an E. coli species
(see, e.g., Bolivar et al., 1977). The pBR322 plasmid contains
genes for ampicillin and tetracycline resistance and thus pro-

vides easy means for identifying transformed cells. The pBR
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covered and utlllzed and details concernlng their nucleotide
_sequences have been published, enabling a skilled worker to
ligate them functionally with plasmid vectors (Siebwenlist et
al., 1980). Certain genes from prokaryotes may be expressed

15 efficiently in E. coli from their own promoter sequences, pre-
cluding the need for addition of another promoter by artifi-

cial means.

In addition to prokaryotes, eukaryotic microbes, such as yeast

20 cultures may also be used, and here the promoter should be ca-
pable of driving expression. Saccharomyces cerevisiae, or com-
mon baker's yeast is the most commonly used among eukaryotic
micro-organisms, although a number of other strains are com-
monly available. For expression in Saccharomyces, the plasmid

25 YRp7, for example, is commonly used (Stinchcomb et al., 1979;
'Kingsman et al., 1979; Tschemper et al., 1980). This plasmid
already contains the trpl gene which provides a selection
marker for a mutant strain of yeast lacking the ability to
grow in tryptophan for example ATCC No. 44076 or PEP4-1

30 (Jones, 1977). The presence of the trpl lesion as a characte-
ristic of the yeast host cell genome then provides an effec-
tive environment for detecting transformation by growth in the

absence of tryptophan.
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égﬁate isomerase, phosphoglu-
cose isomerase, and glucckinase. In constructing suitable ex-
pression plasmids, the termination sequences associated with

10 these genes are also ligated into the expression vector 3' of
the sequence desired to be expressed to provide polyadenyla-

tion of the mRNA and termination.

Other promoters, which have the additional advantage of tran-
15 scription controlled by growth conditions are the promoter re-
"gion for alcohol dehydrogenase 2, isocytochrome C, acid phos-
phatase, degradative enzymes associated with nitrogen metabo-
lism, and the aforementioned glyceraldehyde-3-phosphate dehy-
drogenase, and enzymes responsible for maltose and galactose
20 utilization. Any plasmid vector containing a yeast-~compatible
promoter, origin of replication and termination sequences is

suitable.

In addition to micro-organisms, cultures of cells derived from
25 multicellular organisms may also be used as hosts. In prin-
ciple, any such cell culture is workable, whether from verte-
brate or invertebrate culture. However, interest has been
greatest in vertebrate cells, and propagation of vertebrate in
.culture (tissue culture) has become a routine procedure in re-
30 cent years (Tissue Culture, 1973). Examples of such useful
host cell lines are VERO and HelLa cells, Chinese hamster ovary
(CHO) cell lines, and W138, BHK, CO0S-7 293, Drosophila
melanogaster and Spodoptera frugiperda (SF) cells (commer-

cially available as complete expression systems from i.a. Pro-
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cessary) an origin of replication, a promoter located in front
of the gene to be expressed, along with any necessary ribosome
10 binding sites, RNA splice sites, polyadenylation site, and

transcriptional terminator sequences.

For use in mammalian cells, the control functions on the ex-
pression vectors are often provided by viral material. For ex-
15 ample, commonly used promoters are derived from polyoma, Ade-
novirus 2, and most frequently Simian Virus 40 (SV40). The
early and late promoters of SV40 virus are particularly useful
because both are obtained easily from the virus as a fragment
which also contains the SV40 viral origin of replication
20'(Fiers et al., 1978). Smaller or larger SV40 fragments may
also be used, provided there is included the approximately 250
bp sequence extending from the HindIII site toward the Bgll
site located in the viral origin of replication. Further, it -
is also possible, and often desirable, to utilize promoter or
25 control sequences normally associated with the desired gene
sequence, provided such control sequences are compatible with

the host cell systems.

An origin of replication may be provided either by construc-
30 tion of the vector to include an exogenous origin, such as may
be derived from SV40 or other viral (e.g., Polyoma, Adeno,
VSV, BPV) or may be provided by the host cell chromosomal re-
"plication mechanism. If the vector is integrated into the host

cell chromosome, the latter is often sufficient.
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he native is, however, not difficult to set up an

effective standard screen for modified GDF-8 molecules which
fulfil the minimum requirements for immunological reactivity
10 . discussed herein. Hence, another part of the invention con-
cerns a method for the identification of a modified GDF-8
polypeptide which is capable of inducing antibodies against
unmodified GDF-8 in an animal species where the unmodified
GDF-8 polypeptide is a self-protein, the method comprising
15
- preparing, by means of peptide synthesis or by genetic
engineering methods, a set of mutually distinct modified
GDF-8 polypeptides wherein amino acids have been added
to, inserted in, deleted from, or substituted into the
20 amino acid sequence of a GDF-8 polypeptide of the animal
species thereby giving rise to amino acid sequences in
the set which comprise T-cell epitopes which are foreign
to the animal species,
- testing members of the set for their ability to induce
25 production of antibodies by the animal species against
the unmodified GDF-8, and
- isolating the member(s) of the set which significantly
induces antibody production against unmodified GDF-8 in
the animal species.
30
In this context, the “set of mutually distinct modified GDF-8
polypeptides” is a collection of non-identical modified GDF-8
polypeptides which have e.g. been selected on the basis of the

criteria discussed above (e.g. in combination with studies of
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5 The set may be “prepared” in vivo insofar that one applicable
testing system is to prepare nucleic acid fragments encoding
the members and then using these nucleic acid fragments in nu-
cleic acid immunization as described herein so as to determine
whether the expression products are immunogenic. Hence, the
10 test of members of the set can be performed in vivo, but a
number of in vitro tests can be applied which narrow down the
number of modified molecules which will serve the purpose of

the invention.

15 Since the goal of introducing the foreign T-cell epitopes is
to support the B-cell response by T-cell help, a prerequisite
is that T-cell proliferation is induced by the modified GDF-8.
T-cell proliferation can be tested by standardized prolifera-
tion assays in vitro. In short, a sample enriched for T-cells

20 is obtained from a subject and subsequently kept in culture.
The cultured T-cells are contacted with APCs of the subject
which have previously taken up the modified molecule and pro-
cessed it to present its T-cell epitopes. The proliferation of
T-cells is monitored and compared to a suitable control (e.g.

25 T-cells in culture contacted with APCs which have processed
intact, native GDF-8). Alternatively, proliferation can be

‘measured by determining the concentration of relevant cyto-
kines-released by the T-cells in response to their recognition
of foreign T-cells.

30
Having rendered highly probable that at least one modified
GDF-8 of the set is capable of inducing antibody production
against GDF-8, it is possible to prepare an immunogenic compo-

sition comprising at least one modified GDF-8 polypeptide
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5 antibodies in the animal species which are reactive with GDF-8
with a pharmaceutically and immunologically acceptable carrier
and/or vehicle and/or diluent and/or excipient, optionally in
combination with atyleast one pharmaceutically and immunologi-
cally acceptable adjuvant.

10
The above aspects of the invention are conveniently carried
\ out by initially preparing a number of mutually distinct nu-
cleic acid sequences or vectors of the invention, inserting
these into appropriate expression vectors, transforming suit-
15 able host cells with the vectors, and expressing the nucleic
acid sequences of the invention. These steps can be followed
Lby isolation of the expression products. It 1is preferred that
the nucleic acid sequences and/or vectors are prepared by
methods comprising exercise of a molecular amplification tech-

20 nique such as PCR or by means of nucleic acid synthesis.

PREAMBLE TO EXAMPLES

25 Expression of the 109 amino acid residue C-terminal region of
GDF-8 fused to an N-terminal His-tag has been obtained in E.
coli and the purified fusion protein has been used for immuni-
sation of rabbits. Full-length GDF-8 has been expressed in CHO
cells and shown to be secreted as dimers of unprocessed and

30 processed GDF-8, respectively (McPherron et al., Nature 387,

’83—90, 1997). Thus, no problems are expected with expression
of the below-discussed GDF-8 autovaccine constructs. The most
likely expression systems to be used for production of the

GDF-8 AutoVac constructs are E. coli, the yeast P. pastoris
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and CHO cells and insect cells such as the above mentioned

Drosophila cells.

EXAMPLE 1

Vaccine design

The rationale behind the present invention is to substitute
stretches of amino acid residues in the target protein with
foreign or artificial T-cell epitopes e.g. the promiscuous
tetanus toxin T-cell epitopes P2 and P30. Preferably these
substitutions should only minimally disturb the authentic

three dimensional structure of the target protein.

-~ The target protein here is the 109 amino acid residue C-termi-

nal region of GDF-8, the homodimer of which is expected to be
the biologically active form of GDF-8. The three-dimensional

structure of this region of GDF-8 is not known but based on

the structure of the homologous TGF-f protein the model of

‘monomeric GDF-8 shown in Fig. 2 can be anticipated to be rea-

sonably close to reality. In this model of the wild type GDF-8
(wt) a-helices are shown as cylinders and B-sheets are shown as
arrows. The cysteine-residues and thus the disulfide-bonds are

very closely positioned in the structure.

It should be borne in mind that the presence of the relatively
high number cysteines (9) and thus disulfide-bonds in the 109
amino acid residue C-terminal region of GDF-8 limits the pos-
sible sites where the foreign T-cell epitopes can be posi-

tioned.

In addition to producing the 109 amino acid residue C-terminal

. region of GDF-8 without substitutions (i.e. residues 267-375

Luuy
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of SEQ ID NOs: 1-10), the following GDF-8 AutoVac constructs

are proposed.

GDF-8 P2-1 (SEQ ID NO: 15) is the 109 amino acid residue C-
5 terminal region of GDF-8 with amino acid residues 18-32 sub-

stituted by P2.

GDF-8 P2-2 (SEQ ID NO: 16) is the 109 amino acid residue C-
terminal region of GDF-8 with amino acid residues 52-66 sub-

10 stituted by P2.

GDF-8 P2-3 (SEQ ID NO: 17) is the 109 amino acid residue C-
terminal region of GDF-8 with amino acid residues 83-97 sub-
stituted by P2.

15
GDF-8 P30-1 (SEQ ID NO: 18) is the 109 amino acid residue C-
terminal region of GDF-8 with amino acid residues 21-41 sub-

stituted by P30.

20 GDF-8 P30-2 (SEQ ID NO: 19) is the 109 amino acid residue C-
terminal region of GDF-8 with amino acid residues 49-69 sub-

stituted by P30.

GDF-8 P30-3A (SEQ ID NO: 20) is the 109 amino acid residue C-
25 terminal region of GDF-8 with amino acid residues 79-99 sub-

stituted by P30.

GDF-8 P30-3B (SEQ ID NO: 21) is the 109 amino acid residue C-
terminal region of GDF-8 with amino acid residues 84-104 sub-

30 stituted by P30.

GDF-8 dimer (SEQ ID NO: 22) is two copies of the 109 amino
acid residue C-terminal region of GDF-8 covalently connected

through the P2 and P3C epitopes. In other words the molecule
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5
GDF-8 ext (SEQ ID NO: 23) consists of the C-terminal 160 amino
acid residue of GDF-8 with residues 16-36 substituted by P30
and residues 37-51 substituted by P2. This construct is the
109 amino acid residue C-terminal region of GDF-8 with an N-
10 terminal extension containing both the P2 and the P30 epi-

topes.

In all exemplary constructs except from the latter 2, it is
contemplated to produce a variant where Cys73 1is substituted
15 with Ser to avoid dimerisation through disulfide-bond forma-

_ tion. In GDF-8 ext it is contemplated to perform a similar
substitution in the corresponding position (i.e. Cysl24 —

Serl24).

20
EXAMPLE 2

In vitro models

25 It is contemplated to initially immunise mice with purified
GDF-8 variants as described above. After e.g. three immunisa-
tions antibodies will be measured in ELISA using the non-modi-
fied GDF-8 molecule as the antigen. The primary reason for
these initial experiments is to confirm that the AutoVac™

30 technology is applicable for creating anti-GDF-8 cross reac-
tive autoantibodies and, importantly, to identify the optimal
dosing and immunisation regimen. It would, however, be very
surprising if antibodies against GDF-8 were not raised using

the present technology, since the fundamental immunological
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to those which have already been observed for TNFo, cf. WO

98/46642 and WO 95/05849.

EXAMPLE 3
In vivo models

10 Groups of mice will be immunised with the various constructs
described in Example 1. The mice will be immunised at the age
of about 4 weeks since they have to be immune competent in or-
der to respond to the vaccine. Freund’s Complete adjuvant will
be used, but experiments will also be performed using an alum

15 adjuvant such as Adjuphos™, which has previously been used
successfully in admixture with TNF, autovaccine constructs.
Adjuphos™ is accepted for both human and animal use. During
the entire immunisation period the total body weight of GDF-8
immunised as well as control animals will be monitored regu-

20, larly. When the mice are approximately 16 weeks of age, they
will be sacrificed and the size of their muscle mass will be

determined.

Due to the relatively narrow window in time where mice are im-
25 mune competent but still not fully outgrown, it may be diffi-
cult to demonstrate an effect of anti-GDF-8 vaccination in
these animals. If that proves to be the case, it is contem-
plated to alternatively immunise rats or larger animals such
as pigs, cattle, etc.
30
The modified GDF-8 molecule, which superiorly increases the
growth rate of the animals and/or superiorly increases the

maximum muscle size, is selected for clinical development.
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5 animal’s immune system of an immunogenically effective amount
of at least one GDF-8 analogue wherein is introduced at least
one modification in the GDF-8 amino acid sequence which has as

results that

- immunization of the animal with the analogue induces pro-

10 duction of antibodies against the GDF-8 polypeptide, and

- a substantial fraction of GDF-8 B-cell epitopes are

preserved, and

- a foreign T helper epitope (Ty epitope) is introduced
corresponding to any one of residues 18-41, 49-69, or 79-
15 104 in SEQ ID NO: 11 or 12 by means of addition,
deletion, insertion or substitution, or introduced
corresponding to an equivalent sequence from a GDF-8
polypeptide of different origin than human, bovine,
porcine, chicken or turkey, or a foreign Ty epitope is
20 inserted or substituted into any one of the loop areas or

the flexible termini in the GDF-8 polypeptide.

2. The method according to claim 1, which further comprises

that

- at least one first moiety is introduced which effects
25. targeting of the modified molecule to an antigen presen-

ting cell (APC) or a B-lymphocyte, and/or
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presentation of the modified GDF-8 polypeptide to the im-

5 mune system.

' 3. The method according to claim 2, wherein the modification
includes introduction as side groups, by covalent or non-cova-
lent binding to suitable chemical groups in GDF-8 or a subse-
quence thereof, of the foreign Ty epitope and/or of the first

10 and/or of the second and/or of the third moiety.

4. The method according to claim 4 or 5, wherein the modifica-
tion includes amino acid substitution and/or deletion and/or

insertion and/or addition.

5. The method according to claim 4, wherein the modification

15.results in the provision of a fusion polypeptide.

6. The method according to claim 4 or 5, wherein introduction
of the amino acid substitution and/or deletion and/or inser-
tion and/or addition results in a substantial preservation of

the overall tertiary structure of GDF-8.

20 7. The method according to any one of claims 1-6, wherein the
modification includes duplication of at least one GDF-8 B-cell

epitope and/or introduction of a hapten.

8. The method according to any one of claims 2-7, wherein the

foreign Ty epitope is immunodominant in the animal.

25 9. The method according to any one of claims 2-8, wherein the

foreign Ty epitope is promiscuous, such as a natural pro-
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10. The method according to claim 9, wherein the natural Ty
epitope is selected from a Tetanus toxoid epitope such as P2
5 or P30, a diphtheria toxoid epitope, an influenza virus

hemagluttinin epitope, and a P. falciparum CS epitope.

11. The method according to any one of claims 2-10, wherein
the first moiety is a substantially specific binding partner
~ for a B-lymphocyte specific surface antigen or for an APC spe-
10 cific surface antigen, such as a hapten or a carbohydrate for
which there is a receptor on the B-lymphocyte or the APC, such

as mannan oOr mannose.

12. The method according to any one of claims 2~-11, wherein
the second moiety is selected from a cytokine, a hormone, and

15 a heat-shock protein.

13. The method according to claim 12, wherein the cytokine 1is

selected from, or is an effective part of, interferon y (IFN-

¥Y), F1t3L, interleukin 1 (IL-1), interleukin 2 (IL-2), inter-
leukin 4 (IL-4), interleukin 6 (IL-6), interleukin 12 (IL-12),
20 interleukin 13 (IL-13), interleukin 15 (IL-153), and granulo-
' cyte-macrophage colony stimulating factor (GM-CSF), and
wherein the heat-shock protein is selected from the group con-
sisting of HSP70, HSP90, HSC,U, GRP94, and calreticulin (CRT),

or an effective part thereof.

25 14. The method according to any one of claims 2-13, wherein
the third moiety is of lipid nature, such as a palmitoyl
group, a myristyl group, a farnesyl group, a geranyl-geranyl

group, a GPI-anchor, and an N-acyl diglyceride group.
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peptide has been modified by substituting at least one amino
acid sequence in SEQ ID NO: 11 or 12 with at least one amino
acid sequence of equal or different length which contains a

v~i 10 foreign Ty epitope, wherein substituted amino acid sequences
are comprised in residues 1-12, 18-41, 43-48, 49-69, or 79-104
in SEQ ID NO: 11 or 12, or wherein the GDF-8 polypeptide has
been modified by inserting at least one amino acid sequence

~ " which contains a foreign Ty epitope, wherein insertion is
15 performed anywhere in positions 1-12, 18-30, 42-51, 82-86, and
105-109 in SEQ ID NO: 11 or 12.

17. The method according to any one of the preceding claims,
wherein presentation to the immune system is effected by ha-
ving at least two coples of the GDF-8 polypeptide, the subse-
20 quence thereof or the modified GDF-8 polypeptide covalently of
non-covalently linked to a carrier molecule capable of effect-

ing presentation of multiple copies of antigenic determinants.

18. The method according to any one of the preceding claims,
wherein an effective amount of the GDF-8 polypeptide or the
25 GDF-8 analogue is adﬁinistered to the animal via a route se-
’ lected from the parenteral route such as the intradermal, the
subdermal, the intracutaneous, the subcutaneous, and the in-
tramuscular routes; the peritoneal route; the oral route; the
buccal route; the sublinqual route; the epidural route; the

30 spinal route; the anal route; and the intracranial route.
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39$109%/NV& ()-0 10%mg ()-y@" 10%& ()-s- MFL0%& () - IKWICVK@ 1! 1

N@ 109K UK { )Thd MOoheR FGCONBRRYLE P ) Chiipod Lg' (henvp Ugh¢ e Rieosive

' - N
U& () vafﬁoﬁﬁgqgg between 0.5 pg and 2,000 png of the GDF-8 polypep-

tide, the subsequence thereof or the analogue thereof.

- 20. The method according to claim 18 or 19, which includes at
5 least one administration of the GDF-8 polypeptide or analogue
per year, such as at least 2, at least 3, at least 4, at least

6, and at least 12 administrations per year.

21. The method according to any one of claims 18-20, wherein
the GDF-8 polypeptide, the subsequence thereof, or the modi-
10 fied GDF-8 polypeptide optionally has been formulated with a
pharmaceutically and immunologically acceptable carrier and/or
vehicle and has been formulated with an adjuvant which facili-
tates breaking of autotolerance to autoantigens, such as an
adjuvant selected from the group consisting of an immune tar-
15 geting adjuvant; an immune modulating adjuvant such as a
~ toxin, a cytokine and a mycobacterial derivative; an oil for-
mulation; a polymer; a micelle forming adjuvant; a saponin; an
immunostimulating complex matrix (an ISCOM matrix); a par-
ticle; DDA; aluminium adjuvants; DNA adjuvants; y-inulin; and

20 an encapsulating adjuvant.

22. The method according to any one of claims 19-21, wherein
the GDF-8 polypeptide or analogue is contained in a virtual

lymph node (VLN) device.

23. The method accordihg to any one of claims 1-17, wherein
25 presentation of modified GDF-8 to the immune system is ef-

fected by introducing nucleic acid(s) encoding the modified

GDF-8 into the animal’s cells and thereby obtaining in vivo

- expression by the cells of the nucleic acid(s) introduced.
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24, The method according to claim 23, wherein the nucleic

acid(s) introduced is/are selected from naked DNA, DNA formu-
lated with charged or uncharged lipids, DNA formulated in li-
posomes, DNA included in a viral vector, DNA formulated with a
5 transfection-facilitating protein or polypeptide, DNA formu-
lated with a targeting protein or polypeptide, DNA formulated
with Calcium precipitating agents, DNA coupled to an inert
] carrier molecule, DNA formulated with chitin or chitosan, and

DNA formulated with an adjuvant.

;, 10 25. The method according to claim 23 or 24, wherein the nu-
cleic acids are administered intraarterially, intravenously,

or by the routes defined in claim 18.

26. The method according to claim 24 or 25, wherein the nu-
cleic acid(s) is/are contained in a VLN device and/or are for-

15 mulated as defined in claim 21.

27. The method according to any one of claims 24-26, which in-
cludes at least one administration of the nucleic acids per
year, such as at least 2, at least 3, at least 4, at least 6,

~and at least 12 administrations per year

20 28. A method for increasing the muscle mass of an animal, the
method comprising down-regulating GDF-8 activity according to
the method of any one of claims 1-27 to such an extent such
that the muscle mass is increased at least 5% when compared to
animals which exhibit normal GDF-8 activity, such as at least

25 10, 15, 20, 25, 30, 35, 40, and 45%.

29. A GDF-8 analogue which is derived from an animal GDF-8
polypeptide wherein is introduced a modification as defined in

any one of claims 1-17.
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32. A nucleic acid fragment which encodes a GDF-8 analogue

10 according to claim 29.

33. A vector carrying the nucleic acid fragment according to

claim 32, such as a vector capable of autonomous replication.

34. The vector according to claim 33 which is selected from
the group consisting of a plasmid, a phage, a cosmid, a mini-

15 chromosome, and a virus.

35. The vector according to claim 33 or 34, comprising, in the
5'—53' direction and in operable linkage, a promoter for dri-
o ving expression of the nucleic acid fragment according to
claim 32, optionally a nucleic acid sequence encoding a leader
20 peptide enabling secretion of or integration into the membrane
. of the polypeptide fragment, the nucleic acid fragment accor-

ding to claim 32, and optionally a terminator.

36. The vector according to any one of claims 33-35 which,
when introduced into a host cell, is either capable of being
25 integrated in the host cell genome or which is not capable of

being integrated in the host cell genome.
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cell derived from a multicellular organism selected from a
fungus, an insect cell such as an S; or an SF cell, a plant

. cell, and a mammalian cell.

15 40. The transformed cell according to claim 38 or 39, which
expresses the nucleic acid fragment according to claim 32,
such as a transformed cell which secretes or carries on its

surface, the GDF-8 analogue according to claim 29.

41. The method according to any one of claims 1-17, wherein

20 presentation to the immune system is effected by administering
a non-pathogenic micro-organism or virus which is carrying a
nucleic acid fragment which encodes and expresses the GDF-8

polypeptide or analogue.

42. The method according to claim 41, wherein the virus is a
25 non-virulent pox virus such as a vaccinia virus or wherein the
micro-organism is a bacterium such as the bacterium defined in

claim 39.
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43. The method according to any claim 41 or 42, wherein the
non-pathogenic micro-organism or virus is administered one

single time to the animal.

44, A composition for inducing production of antibodies

against GDF-8, the composition comprising

- a nucleic acid fragment according to claim 32 or a vector

according to any one of claims 33-37, and

- a pharmaceutically and immunologically acceptable carrier

and/or vehicle and/or adjuvant.

45. The composition according to claim 44, wherein the nucleic

acid fragment is formulated according to claim 24 or 26.

46. A stable cell line which carries the vector according to
any one of claims 33-37 and which expresses the nucleic acid
fragment according to claim 32, and which optionally secretes
or carries the GDF-8 analogue according to claim 29 on its

surface.

47. A method for the preparation of the cell according to any
one of claims 38-40, the method comprising transforming a host

cell with the nucleic acid fragment according to claim 32 or

20 with the vector according to any one of claims 33-37.



