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GDF-8 ACTIVITY FIELD OF THE I NVENTION 5 The present invention geherally

relates to the fields of ani mal and poultry husbandry as well as to human
medi ci ne. More specifically, the present invention pertains to inprovenents
in controlling and increasing nuscle growth, especially in farmanimls for

sl aught @feradNbgr REPVRHSH,ANE §B%L AmL s 10 and means for increasing
nmuscle gromh in animals for slaughter. CKGROUND OF THE | NVENTI ON 15

Currently, two different nedical approaches are used in order to increase

the gro r | s: On the one hand the administration to farm
Wl R Ohed ARSI o0 O

ani mal s of anti1biot1cs or -li ke conpounds, and on the other the
adm ni stration of 20 growt h hornones. The adm nistration of antibiotics and
antibiotic-1ike compounds in farmaninmals (notably pigs) in order to

pr onote e PHFEGRYT AdVEerdr ahsa el Fedassisn Yoattdie Yeéadsshedn apioven to

25 causes8e Al RN L TR s 20R Ofa f heSe cmMmauRds, 5 r%e%Q%q%%alM%r%losely

related to antibiotics used for “treatment of human di sease, and evidence is
bui | di ngPgsitfhate ldwt-endieveonssendt isveh tdompeerds ing ftar Mmaricovelhsniceduces
Cross-resi st t.Q _wards, hunman anti biotics in m.cro-organi sns pathogenic
in nan. %zjo%ﬁgl&%%elrﬁnrgelaaq velV BP6wW 1o EPESSEs ST owWeR PR&EES 1af TB- 30 are
obt ai ned awint lartiede cerpeunrdshtBie Usesf pgoewdl dheEReS oi1N rhkakhkyani nal s
i's eigensive, and the treatnent has to be repeated at rather short

i nt er ValPSyfeansy for insraasizg miscd e ge opdhatiny ey meler € oralsilabishe of
growt h hemitone. Furthernore, the presence of potential residual growth
hormone in neat produced fromtreated aninmals has created some concerns in
Eur opean consuners particularly. 5 GDF-8 GDF-8 or nyostatin was di scovered
in May 1997 as a growth regul ating factor selectively down-regul ating
skel etal mnuscle

BACKGROUND OF THE INVENTION

15
Currently, two different medical approaches are used in order
to increase the growth rate of farm animals: On the one hand
- 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 antibiotics 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 severa; problems. Some of these compounds are chemically
cleosely 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 compcunds.

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

the treatment has to be repeated at rather short intervals due



10 growth (MCPherron et al., Nature, 387, 83-90, 1997). CDF-8 exprbés@@h‘gﬁg
restricted to the myotone conpartnent of devel opi ng enbryonic somtes, bu

it is also expressed in various nuscle tissues throughout the body in the
adult animal. 15 CGDF-8 knock-out mice exhibit a strongly increased skel et al
nmuscl e mass. The increase in skeletal nuscte nass appear to be wi despread

throughawd dihe hodys i -and, | sodat e@amtsﬁ%seéf Ogr%]o%%% %cfﬁfg;g-%_vegﬂ%fe wei gh

about 2-3 tines nore than wild type nus : e tota wel'g S of the
knock- oUto4f c et ec s erbrruto BE%tamghier] tivesidudd drypenitcerrand: nirce | acki ng

t he GDF- r 800 re scle fibres c ared to nornal
m ce. Tﬁgeagiggﬁg\}g?% eI%%“It‘]agr}:u%agﬁee eIy ehet® ocbrseeaﬁf'ég TR FEHGFIAE out

m ce i s,irhowenareamatommrmed e duerdiocdie #Ingr ease in nuscle fibre nunbers but
also to a significant nmus 25 cle fibre hypertrophy. The cross-sectional
nmuscl &€ area of the GDF-8 knock-out mice is increased by about 14 to 49s
dependi rgpmiB nuscl e type. Interestingly, there is also observed an enhanced
rate of mus30 cle mass increase in adult transgenic mce conpared to adult
non-transgenic mce. Further, all CGDF-8 negative m ce has been shown to be

vi abl e Jeertil ~~ 1. ZQA~3 3 .n v 1997 t he aauthors who
origi nz,alak‘jl'ﬂjE ﬁs%foﬂoescf%ﬁé‘f gapsub llss%ogc_?ﬁ%cgtlr} V\%Iloybﬁgg;;ceié GF THATIEN hat are
char act erdmadch thynstfangly ddlcreased usshe- 1aRas.a Belgian Blwg aitcle
Pi edomnt ese,. hay tations in the GDF-8 codi ng sequence and that this ac 5
counts fBrYHE] (rbfqp Y& st et -(MEBretaon e %@-ﬁﬂ 1S 7) 1.9 $DF BENES 94,
| 2457- 1246)9s 1 okhiss phanonenay ofs "dRubl e s dd "rtl?r@léj%q:]n ared in

mal s ha

many breeds of cattle for the past 190 years, and the ani ve "an

laver age L reddse G stlid afas W I20-I25R 1 sStheykradeseshdw arerinerseased f eed
ef ficiengy.110 buts t ' oduyce hi gh-.quality t. Unlike the GDF-8
knock- out ngl ce, osmé\}gﬁkgtildedrgg{tg%ﬁ é{bu _cla t hee é’ldsllgacefﬁjilﬁqatl ‘a reduction
in mass of nost other organs. These 'natural knock-out cows" al so suffer

fro e g, femal.e 15 fertility, reduced viability of offspring, and a
del ayed &stgx%uahnorﬁh ik e AR VE G R dasd P ARRst IS Shess i n
“"knock- elifsA@\snadss. Moie Neaidea RS i yeunged %écsleo%%l’sv%% At N8 pe
knock-out, mce 20 - in fact, it corresponds to the extent of muscle

hyper t r PP SBBSEY e irnairutritde hashheransh isolalteds pesdlatse firftat one
reason G- %éé@véggﬂﬂ Megtﬂt (;%thﬁ%t be nearer. than brﬂh%% tw%% maxi_mm

dimt of nuscle size enc maxi mim obt al' nabl € hdmer of fruscl e
fi bres) mfstcdresgeridreatticoimsl dfodseweditghies 28 biteedineg:k-Natdatia« egay di ng t he

nunb Qf, scl.e fi.bre hyperplasia versus hypertrophy in cattle was

publ ?éh@é’qg&; tcin% ahuj’[%hc")errs,&xﬁj{) “b@ég&y@r‘? F}ﬁc'fyﬁé'%{]ﬁﬁﬁeorjr%%&%scl e
hyper t r quiFy- sokgeieyethd Mdie RROCISIRUIndAL tuddl £ quld e Ragsille dhat the
increase in nuscle mass and growh rate observed in e.g. the 30 Bel gi an

Bl ue catt&4ls Haicge |l & e S0 ifu S SHyde muespify sarid nos e tesbere resacent
CHUSC|6 hoem asifk-out mice is, however, not merely due to an in-

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.

Interestingly, 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.



~ 4 0 ~ i zaaa 4 Physiological role of GDF-8 Expression of GDF-8 1 & (iighigys
restricted to skeletal nuscle. There is a |low | evel of expression in
adi pose tissue, but no 5 tably there is no expression in heart nuscle. The
physi otogical role of GDF-8 in the adult individual is not known, although
it seens that GDF-8 may function as a spedfic negative regul ator of

skel et alT iMkEGluH@OWdD7 SRR WLAHANS AROWr 1116 ARYSi0legieal 4 @ipg_gent res

upon inportant functions in exer 10 cise induced ruscle hypertrophy or
r egener &4ror sdracert s dwe ibjapde <R timy thiadwewrer chalrsc tsupprees dyadi pose

tissue %Er t: r -8 works locally or sys temcally
during t%{]e grolv‘\ét A %%%%ﬁ%l@%%%ﬁ% ré’o 5@3F-a§%65é-e§lm6’éll¥‘8ﬁ§s to the
t r ansf oy mgrtetilerfsadiror: He3 qOFER- (C3)d isupere duatidey andl ehaenepapasses a

gr oup5of structural ly-related pr ogﬁ%ns i nvol ved in enbryoni c_devel opnent .
Hurran® arird Bovi é’rz&héfﬁéa&rg@ Producsd ASEErsrom R dadicad Pokgepr ecur sor

protei nS.9%As ey 9UGH-103 ssupers 13N I R RNk G 81 ¥ RL@Rabhy,shr o
cessed proteol )%lﬁacally into a nuch shorter Gtermnal fragnent of about 109
ani no a&ild$%hi Peem dbsgprddd n insted rerodi wer satThe Honodibeepaiss

pr obabl ﬁ%h?/el%ir%l,o%in%altlkﬁé 3Gl 8 29 L @nOfa.vg%lé@gzh Ine amng acid sequences

of nurine, rat, Human, baboon, bovine, porCine, sheep, “EfiTcREN™NE Eur key
GDF- 8 amesienovin 24nd Stthe TERR- & 1wl etushve ains ihicglalays ceo Teerv ed £ MIRReK T on and
Se-Jﬁng %O,t Ifﬁle, PNA?, 94, 12457-1246l, _1997). The sequences of nurine, rat,
human® poYcing? Shildked ZoH Sy “EP-14 Tar 88500 i denti cal in the

C-term nal region, which probably contains the bio logically active part of
GDF-8. Both bovine and sheep GDF-8 only differ by two anino acid residues
f rom hu@d dsrtds FEhé knpck-ouy mizgg3 hevwevess nitheal Bedgiien. BBuei ne GDF- 8

has t he s8qyencs A1+ in o Lys: - e itions 356-357, and
sheep CGDF-8 has tsvcx)oeconsertvgt ?:%?%g:l}ggtnl 'Itlét fﬂ?ﬁ% f)éf 9%%% r?t%é?é-’i i'8f"816 and
an Arg iThesesi"niadmr333 kinnstkead: tofcowef and ol ys.f fees gfeot reky)redb fape cof t he

kno -8 .pr.oteins jinclude patential. NNglycqQsy lation sites in their
heLive Ceraimiaar regbnd R IY HECTRvRRIrGN 00 4 delayed sex”

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 musclie 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.



It is an object of the present invention to provide a reconbi naqtlt 60T 2003
t her apeuti-c- vacci ne capabl e of effecting down-regul ati on of growth '
differentiation factor 8 (GDF-8) (also known as nyostatin) in order to
increase the nuscle growth rate of farm15 animals. It is a further object
to provide a nethod of vaccinating aninmal stin order to increase the nuscle
grow h rP’Hfj,%idltodiS:a@.' S 1N SWj@Fi-g o provide variants of GDF-8 which are
capabl e of breaki ng autotol erance agai nst autol ogous GDF-8. Yet a further
object is to provide nucleic acid fragnents, vectors 20 and transforned

cells i | 1 il i.n, the preparati.on of the vaccines and GDF-8
var i an?@’%ﬁ%ﬁﬁ% alg‘j‘s‘i%&ulgl\l\}lfl\rﬁl 5%’535&0 4 e SESVE Pt BLSHdEd

fi ndi ngTHexe riansgdrivc @18 dMesipreutsian M S @R sin tBelsgiean LRltug and

Pi edngnt ese, the present inventors have devel oped the theory that it wll
be pogsittet & Iedil &PIEFIEN { lamiadd s Ty Gledudiheg Pay séf3@dtiect | ve

and fineziuned d MRUIRDH-BS RGNS LGNS fggiﬁigugan%’nWQakn%%nba%ﬁcally

provi ded by the present invention is a nethod and neans to | miunol ogically

down- r eddicacd GF-@ams driddr GLF-éf fregt famdtrionease at Bpemitdlce negss iive

ani mal s. Iy, he advant ages.of _this_approach over known

gr owt h- en é%&tr?éror(rggags%r%ése%% ?n élranl\iéanign%%har EPSEVSPA O g PEPUST TR,

pr obl enphyaliatliong dad 1SS deeiratsaneen Lrpairtenegifedlc tAiogik010r garisns ~w | |
not ﬁbl se when usi ng t he prgisent approach. Further, there 5 will be no

pot enti ﬁlsfeﬁn&]ﬁe )?B’ﬁé:ﬂr?u_ WP A dHOmnSt e d SGEORIR tHOPMBAE irn mwsatL of r om
ani mal s i%l&@.hm-@e%yzumo%tv%@,t Q1Re RERIRAL %’H@?:b@%ntt%is%h%al ly, the

ethical problens involved in the breeding and production of cattle like the
{Bel gi an 9BIoWé-Pand tt H& Picdd ieveves e/heihere GRging eainkes lace 1Bgr mrbypymeans of 10

Caesar ean Secti f r..organs are.of .reduced size) can be
conpl et gl y %%&l?;ﬁ%“y;gh%ogﬁg’%hhé’ dg\?l\ﬁ- raéldﬁlla ‘fon of GDF-8 in the
animals until afte r birth (e. g. in adult life only) - in fact, animals
havi i Ncrease l.e mass need not give birth at all, and the
trea?gre%{%rgg%"trﬁef%f gﬂ’?’@e re 15 served to those animals which are
predestined to becone slaughtered. Since the nunber and type of nuscle
fibres-is determ ned during enbryonic life, it is not very likely that an

ant i - GDRDE-20 bedeigse twolhe itmensdsenting wuokeh d&hcrwscPBe (FGP-A$ snpadul t

f arm-ani mal.i. I%‘Ié"%ﬂ therefore neither certain nor |likely that an anti-GDF-8
vacci ne \iBUrY BEISH ENCETEISSPEsE EBRY® OF theushivg alldvereastedemTon GOF- 8

knock- ogleiani Malve 1 vER S iwekind viheRabley N @bmae tdesiykal! ¥nel HRghinesi Nce this
per hags could 25 negatively affect meat quality, breeding capability, and
fat 2V, GPiriBo 2 Re e HsIess &5 8 5i reviaas @ Cildsgrewsh pratarand/ or orsstisum body

wei ght. gf. 5- S &l ned in_vaccinated ani ue to pos artum nuscl e
hypert r%ﬁhétf‘%rf i%%@ %é%ﬁ’ge_er KRS Yd8§8gﬁ6psg§§§fgn%éaPFggP%}E}mBaPa still be
i nt er estcieB@eidn pire cRNQAUCHI0R 30tef aMpRlH LA GeWs c-RiedmiaRd Rl LKt The
sequence identity of GDF-8 relative to other nmenbers of the TG~ (3 famly

i's only°d0akeugerldénemdnct Reiam mbigdi doraydisulihd deowiskgdence identity
will 'nh%%%dhhﬁ%gkh@%% %Q&w%ﬁ%%&eis %r%b%bgylt%gobiologically active

25 form of GDF-8.

-The amino acid sequences of murine, rat, human, baboon, bo-
_ﬁine, 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



problens-with cross-reactivity of antibodies induced towards CDF-8. 'Iih .
in its broadest and nost general scope, the present ins vention rel at'e Ut 02003
a method for in vivo down-regulation of growth differentiation factor 8
(CGDF-8) activity in an animal, including a human bei ng, the nethod

conprising effecting presentation to the a@ninmal's i Mmune system of an

i mmunol egiGald W £ef f 1M4E. M ---8 P yept i de or
subsequence t her eof idérﬁ has t%ee;g%%%nmag% eég%zggﬁcﬁ%?lﬁ%%@g%’gn 6f the

ani mal WiG9Rd el GRS Gloly plepth el tororsu B BTG e arfterstefed iFees hprsoduct i on

of anti | I . 1 he -.8 pol eptide, .and/or, 15 - at | east one

GDF- 8 al;%ﬂjog’ﬁoe %e‘{gglr?} 9 ss%%r?ﬁrlgad%cle%lsgt é}jfgt léhé’%&ilﬂ”cg’t%ﬁoﬁni% #he GDF-8
ani no adixly sequence i,ohiXis hasamd JeIWd dikatnidymiizatd-an«afy)t he ani nal
W th h& analc%%uerti nducesé&r oduction of antibodi es against the -8

pol ypBptiHE 0 Gl K BRpédtled Mratetns dmalalds mosenitdes With vaesy-

| Munogenia Semmesld 119N R UG e e Nt i,y W] | be sufficient to
obtain the desired effect, whereas adm nistration “of "ot h growt h hor nones
and antibiotics require nmuch nore frequent ad 25 mnistrations to the
animal in question. The invention also relates to GDF-8 anal ogues as wel |
as to nucleic acid fragnents encodi ng a subset of these. Al so inmmunogenic
conposi OB TC afpriss rMgivEe Tanal ogues or the nucleic 30° acid fragnents are
part 5f the invention. The invention also relates to a method of

i dent fying i munogenically effective anal ogues of GDF-8 as well as a

met hod frar iy epArdyIG GOMEOSHHd LI 5S4 ts - |_ogues. i.s ~C~
2033 8 LEGENDS 0 THE Fl s Sh 9. 1:l%l\‘%glgllg%o%%-08 S Pvas sPdvacci ne
Lconst r uédadit $hear@red lindiagmtioe iorpgdrle gifey fdeetting stomet-clegs lia iwhi ch
substi tyfd It by ;P 23Q,. respectively,. are proposed to take place. A
I\/bnorrer%(?o strﬁl?(?t rav%n%ﬁ%%gl éga?ctlgﬁle%]%ﬁséjrrt g(GP%r ;%r)ldi((f:’g‘ts sq(ﬁ‘of@ =4 -

subst i t wistertiof) dm rodes do dsicues <l &h32 mafsdlke gkQUtas rQeer wimals &DF- 8
fragggnt, 2" inﬁ cates P2 subsﬁé}bt ution of am no acid residues 52-66 of

t he 109 A4 BY%r hithdi® CORS sy MHECtan® PYOVIIRG @afed hedp2 fs yesGirut i on
of am neaaGing reskhdues 8336l dhe lieas enlertial GA1f ragment. 15 B:
Mononer construct with P30 epitope inserts. "1" indicates a P30

* substit dtS ¢ S6f a@niokd e&di ¢ egiagies Yhrdangss ofe GDOY 8asthCohe rmienalapGBF- 8

fragment,; o' 2 iJ1diGat R tituti f amng acid resi.dues 49-69 of
the 109 ase Cter m'arql(g] %seﬁl%-tg%%rlzeg%zlrﬁe, %glﬁgt@xs%. ai%lr?&rig oS aGDggg s%%gt it ution
of am ndvaditdr edij2® dwes o/ Pr¥Fiake 84cl@4 cofctibie FLOYmRS LGt &mithals GDF- 8

fragpent. C. Extended n r caonstruct wiith P2 and P30 substituted into
the 180 08 ETEAHIRICTGORIE T Pldiiner SDA LDy P Tednerr GRE WFERARG 1P2 ang
P30 epi toapeseseiacdingd iankeddreiswest itwe scopi es of the 109 C-termnal GDF-8
frag25- ment.

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
possibie to down-regulate GDF-8 in animals by inducing an ef-
30 fective 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.



Fig. 2: Expected 3D structure of the TG (3 protein. The nodel is Qaﬁgjng&g
an anal ogous domain (TGJ-1) fromthe TG~ (3 protein. (3-sheets aré 'S

arrows -and helices as cy30 |inders. ~~=0C ~ z~~~ 9 DETAI LED DI SCLOSURE
OF THE I NVENTION Definitions 5 In the follow ng, a nunber of terns used in
the present specification and clains will be defined and expl ained in
detai | iThorderadtagdaréf yeiie dpiesand-Rounds,of 08, dnventdon.,fhe terns
"T-1ynphocyte" and "T-ceII"‘mﬁfﬁgﬁe used inter 10 é%angeagﬁgﬁ?brng

| ynphocy RS BT hihi L2 161 i @ Hnawks craarse veasplonSiibi st faot addr,i qusokdednls

medi at ed-d jgpang; reSRoNSEes. ! f or | per_.activity in the hunora

i mune re_sponggg. Li kew se,P% J%ﬂtaler}ﬁ ;%-qg}ﬁjpcﬁlooﬁﬁceai érﬁdych-odfgaln'lwq | be
used i ntwrichargeabtysd orhemtuiody -treoduci sent \amhacydes . Fla hd v, g o
pol ypepti.de" .i s herein intended it enot e pol ypepti des having the am no

aci d geqdulgﬁlcebeofn? rPeOtaebnoR/]ea-%di% ERE PO idmigriister §% simcartiunber
of ani nlcxcare tiruneatiest ddiereofnSharnG.2 RS ARG Aypmoint af, Bygel |
epitopes with 20 intact GDF-8), but al so pol ypeptides having the amno acid
sequenc 5T ddeaErsteno-Hiik ldgire s e etthds It wor girletrsi nsivicsoleat ddh f rom

ot her s&q@%e@ﬁ@q&p t si:n he term.is normally
meant the biologically a%é\%uéft{}%n% %lrﬁnega\q}ﬁle% lé’-ltkee?n1_ﬁthr1eall‘3’e & ch in
humans iE bt P iadnmm tasidds(W2Eird mamgngtadlve socungicosy e far s of
GDF- ' repared in prokaryotic systemare included within the

boun g\r,\,ifaéﬂgé@&%r% Ag Steg‘_:r mas Are %c?rrr% HAATN PV 7g 0o Fessyest isdiFspat t er ns
due to tdan ise fmpadtelfeasics dd Mo SHYBHTHYTRINARY KK QLG 184Prgssi on
systens._ |t shoul d, however, be noted that SO%gEEn uéﬁng fﬁg'FgﬁgﬁhéﬁitF-S
'pol ypeptitde® it itdS fremfdd i 1t REYs8 Wiepti de -ion duestiudrt ilg fieor mal |y
non- i-nmgageni-c jwhen 4 esented o @ LN i mal e treated. |n other words,
t he GDF-8 poLypébpide i's a se|fipfbtgﬁﬁ@%fqﬁg&%aggﬁgFgﬁgﬁggﬁgsgfneef-4 oCT
2C03 t o NSic kg iy es Slifrtdr Gtteiad whiackdl wiblel tneta themnalday gihee efficse @ ak- mune
r espons i nst -8 of .the animal in questjon. A "CGDF-8 anal ogue” is a
GDF- ggpgleg:g%&isc e%séah DALY E (s 36 PEGIES LiRERGES PRCSOPE pri mary
struct usdauvSitk r&dchange can e.g. be in the formof fusion of a GDF-8

pol ypeptide to a suitable fusion partner (i.e. a change in prinmary
structure exclusively involving G and/or Nterm nal additions of am no

aci d resiidues)handi@bdr 6RN thed Bt b famat, insert ians 19 and/or

del etions and/or substitutions in the GDF-8 pol ypepti ge' s amno acid
sequencé&1ng sabdenigt ilZde G- 8 snologc ieey dridediyc ahpassed aby itt@rt-er m a
" GDF> 8§ anal e Gl i.scussion bel ow which deal.s with nodifications
of COE- §ALFaH el MR s T Hhrs e e A%y debrfe 1 8 Ndian. of

e.g. a Gammnendmallegud tofi shuimercEolre8neannbe cBRGLABANLE PRAQUCE thie
desired im’runi.t_% %g%i nst GDF-8. Such use of an xenoanal ogue for
i muni A0 SRS CAESE YBRSIAE ¥@ULE be aklechP- suaRAE6§UEDFaS def ithed above.

20 The bak@ 1RoLipep! isdah ks, bhrthe cesenl-canlext S ntgaded g rean bot h
short peptides of from2 to 10 am no acid residues, oligopeptides of from
11 to 100°BAPAY acitdbeedicgdesblandipbey, pepnicdeshots perbapBanotd ani no

aci dyt egidues- E rthermore, 25 the.termis also intended to include
proteins, Ej’i e. fanctional %bia%ngﬁlggﬁ}tgé 5%‘5?1%?%&&3?%92&5%oﬁ‘é‘dpgla%pepti de;
when -comptiisi. njeakericbadestswo apoliyipeptisdesn gResehmay +E0ERHY P heX8 Suim

body 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 produétion

30 of meat from cows, pigs and poultry.

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

This low sequence identity will in all likelihood not create




be covalently linked, or may be non-covalently |inked. The pol ypeqtngeév,s)zaua
in a protein can be glycosylated and/or |ipi 30 dated and/ or conprise
prosthetic groups. The term "subsequence" neans any consecutive stretch of
at least 3 amno acids or, when relevant, of at |east 3 nucleo 1: UCT
2003 11 tides, derived directly froma natlrally occurring GDF-8 am no acid
SequeNCe b Teied 6} Lt G b SEAUANHE: v 185 REEtIMelNLa  TE LI Da @Rl /ad S 10
the present context in general in 5 tended to é%note an ani mal specl es
(pref er &H5 %anmal i an), such as Honp Sapi ens, Canis donesticus, etc. and
not just one single animal. However, the term al so denotes a popul ati on of
such anm animal species, since it is inportant that the individuals
i mruni zdthusc orrd i nigs thor ddvie stetdrat] refs t hgeraneantg pegl ItHD Jrardeour -
substantjally the same (@fDF-B al I}%ﬂn for imrunization of the animals with
the sane i MiMogem(es 110 & dieh 1yefetq daparitesd agiicDRf8 exi st in
a_di ff ercandtw optil Bitd it 1a dilh b iRGeS AOhH- @ usedififer ant Jmynedens in
these different populations in order to be able to break the autotolé 15
- rance t owErdIESF-8 Hpaa&e ighultdts arethad widnip e icige art flewtiime $iidH ed
- person t gl I ontext. is li vi.ng bei.ng .whi.ch has an
i mmune -séﬁ{teaﬁ%qc%? ﬂl@g tﬁi regfagl}?ne ﬁg%ut%ﬁ:‘e SSlnsltne’}a olafs ey \}ér%kuélﬁrl gC h as a
mammal . X0 <Ryt itvee amerumt’ iaf vi vo down-regul ati on of GDF-8 activity" is
hereip meant reduction in fhe livi ri%&or ani smof the nunber of interactions
bet ween GDF- § and its Feceptors B t\%@@no@lﬁ-“@sﬁﬁﬁe&cﬁelthﬁé%fbl e
bi ol ogi cal | y wihmeor traryt Beididi g maldtRel $d ehathi:smiliecwieh e he
down-regul ati on can be obtained by nmeans 25 of several nechanisnms: O
't hese, si npl & Aer fertdnddanGT Bhecdomiond isiet eri 1w uBBRB ey camthicredy
bi ndi ng is thedJdmsis $ oy [ Y S I wi_thin th cope qf the
present invention tshyt@%té%r%\ggf%ltﬁ id'%g%rzd Gresh ﬁhﬁeﬁ&sl;"gtg gfﬂéjF-S by
sca venger c@epedidsuclengs’aracr ophages and ot her phagocytic cells). 30 The
expression "effecting pre ation.... to the imune systen is intended to
denoffg t hat tteEigtér‘?'isrtf‘aIO'I%S(,a i%ﬁ%%ea OGNS ¥PE0B B ted 1GTRRUCRRUASgeni ¢
chal | enge i nleasanivnel hed imaraeronAS tWichle appear 5k om Ta'&%ddis%%h%?‘éree bel ow,
such chal Il en 'gh 14 OCr 20i13 12 the inmmune system can be effected in a
nunber of vvag’zll WRiSc R St Re TRSSEL i ottt Ammuaiaataeni ndt tbe whtimapol ypept i de
- contal ni ng "ﬁﬁﬁﬁ”%%%!@%%io@beeinﬁu%%%cbquggkggnl%faggkgb%tﬁged to treat or
- anel i orate ongoi ng di sease) or nucl eic acid "pharnaccine g Vicci nati on,
The i nport anBdpédusitt the &PHT6vepoilypebatidienmune conpetent cells in the
aninph are confronted with the antigen in an immunol ogically effective
manner, whereas the precise node of achieving this result is of |ess
i npor t aliteitoekpecitekd that 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 reguire 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- acid 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,




ventive idea underlying the present invention. 10 The term' |nnunf9e£b§all
effective anount” has its usual neaning in the art, i.e. an anpunt*o n2043
i mmunogen which is capabl e of inducing an i mmune response which
significantly engages pathogenic agents whi ch share inmunol ogi cal features
15 with the immunogen. Wen using the expr&ssion that the GDF-8 has been
"nodified" is herein neant a chem cal nodification of the polypeptide which
constitutes the backbone of GDF-8. Such a nodification 20 can e.g. be
derivatization (e.g. alkylation, acylation, es terification etc.) of
certain i i thﬁﬁz' the GDF-8 sequence, but as wll be
apprecié?gﬁﬂgﬁﬁgrfﬁgﬁiisc oéﬁ?e be low, the preferred nodifications

conpri se changes of (or additions to) the primary structure of the CGDF-8

am no.aci.d se ce modi fications which results in the provision
of a g anal gaggggﬂtﬂteq'fe qﬁe B STErE h R Y YRGS e GRENEE USRS -been

modi fi edic Memed SiGuBSIANGd aul ofaheranse fnwands E8h dss ;yndersiood 30
that since GDF-8 is a self-protein in the population to be vaCC|nated

nor mal |%%ﬂ1&d’éﬁ§qsn Wi ﬁp@ptﬂf& i rd & aeete adwistl van ainempre possponse

agai nst Gk 8;1Jdd cannot be excluded, though, that occasional individuals
in an ani nmal population m ght be able to produce anti bodi es agai nst native
GDF- 8, . éngonqme¢ ©©n8ﬁﬁu€& &atasE@a@@uﬁbgﬁtumﬂéﬂthUHQ”dh&@h@%&esA% any

rate a ni mnll nor on be autotol erant towards its own GDF- 8,
but 1¢. ggﬁn@?ﬁgltu éludeggt Gﬁ%”éiéﬁﬁﬁ §y&és geritved themldthea &ni mal

SpeCIesthrﬂﬂHMDimﬂﬂﬂﬂﬂﬁﬂdgménthW@q @d@i%%%%%n% @QFs%bétBQ%%q p%fWOU|d
al so be tolerated by said animal. A "foreign T-cell epitope or: "foreign

'T-1 ynphG&YHE &f5iitopes) dussa %&G &S Whiec A 0%s 2ablCe teabinad GOTa MHag-

mol ecul ecand which st i;my;al 8% sT-Ccell § ) b%t%@u%qlogla S %?n%ln%s acheh el r ed 10
foreign T-cel | epitopes in the i"nvéntion are prom scuous gﬁﬁt 8 . e.

epi t opestuti EF Bne &t dhe JW9santCi-ale riactli GWFeB & rpatieineul ar class of MVHC

nol eyl @s | ni nal peC|es ulation. Only a very |imted nunber of
suchfgrontsghgﬁé C§PPS %érgg n&Wrt FORRd TPREY ti- Il%bel@@§€ﬁ§§éd in

detail &5 P3t®e|s®1WSt|lttu3:h.©lm| d;fbenﬂetoe@ctﬂatatrelsrid%@erz 1tan bhe thaminggeas whi ch
are use% accordlng to the present invention to be effective in as large a
fracti ol SFTERHE PRI SofdEsest - as 2hodedBrrateist angy Oheubstdssarpnt 011)

i nsert %QM%babcﬁ@r%b%ﬁdﬂe%eub—%@'BQD%%e'ﬂObhgas%n%e?BEngla%%%O%u%F%érg%t

prepare several 20 GDF-8 anal ogues wherei n each ana ue has a di
prom sci€ds -epindope”i Asdicedesl B §B@ubdbbelmotednab§oamhab blke dcerseept of

f Il t f t T-cel | t
e o R AR A0 RIS 881 T pRGTATA AR R AR CHoGRRY taxer | s

|nnunogénlExhehdeuombnwhem Z@n%&k&btngltﬂ P2OkaLe @300V ROYEDeLRG part
of the %ro tein in question. forel%n T hel per | ynphocyte epitope”
(a forei g 3 Oefft 6pérridngls GP& énf¥a8@FP epi t ope whi ch binds an MHC C ass

5|| mol €p: Dimer construct with the P2 and P30 epitopes serially

1 linked between two copies of the 109 C-terminal GDF-8 frag-
25 ment.

Fig. 2: Expected 3D structure of the TGF-B 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 linders.




30 cule and can be presented on the surface of an antigen presentﬁn@{b&mlaﬁ3

(APC) bound to the MHC Class Il nolecule. A "functional part" of a
(bio)nolecule is in the present con text intended to nean the part of the
nol ecul e which is re ~ 1. ocT 2cc~ 14 sponsible for at |east one of the

bi ochem cal or physiol ogical effects exert®d by the nolecule. It is
melI-knmmmAngﬁqug@L@gﬁﬁEr@mymgpqmvﬁﬁfﬁ§hcnher ef fector nol ecul es have
an active site which is responsible for the effects exerted by the nole s
cule in question. O her parts of the nolecule may serve a stabilizing or

sol ubi | idyegnNANGING purpose and can therefore be left out if these
purposes—are not—of relevance in the context of a certain enmbodi nent of the
present invention. For instance it is possible to use certain other

cyt okiin 10 nmoiety in GDF-8 (cf. the detail ed discussion
bel ow ?Jh?q é%g]ﬁ”éncog{séa PGS Qfe TGS atsiad tiyd e e Sisend] epant i nce
the COUMidigtiten GhR & roM ABSI Tt he HAbiddd Yo Re A Yed! 16, LRI jad)ivant”
has its usual meaning in the art of vac 15 cine t nol ogy, i.e€.

subst anFBT & T SHFosi iy dheoMmatms emdiicamdss off) tr}rrﬁ iinveirttseirf. capabl e of
mounting an i nMmune re sponse agai nst the i nmmunogen of the vaccine, but
which is 2) neverthel ess capabl e of enhancing the i nmune response agai nst -
the i mnmwgemern@r - yodrere wher d sandv adeideatii“om iwilt bt heseadjiwd@ mant al one
does rOVI e response a ai nst the i mMmunogen, vaccination with
the IHMRGY a?PE‘;Y % % CQP%S ﬂfs htyguén Frhtie HesFoRge &GEPOSC t he

i mrunogeﬂbl@tfdrhera&qr&usn%éMa@dédl%t’de‘%ﬂ iWrduthd PELRRGER and gdiyvant i nduces
an i mmune response agai nst the i mmunogen which is furthernDre S stronger
't han -t hdt°h hGddes %FWéﬁ%nmmdééhhﬂmﬂﬂﬁl'Immqyalnagpomkea iolkeenilse,is in
the pre X t th situ t| n mhere .a nDIecuIe upon
|ntrodu§?¥%ﬁgﬁﬁ&fh§ %?ﬁﬁﬁgakﬁ g%%ga% prg er&ﬁﬁ1a%1y Foéfta™n tissues)
or 30\Mdﬂadm?dwwwékenanﬁﬂbpdx&gnudﬂmﬂﬁqmﬂﬁmpﬂadyMe& cells or cell types.
The effect can be acconplished in a nunber of ways ineluding fornulation of
the ndl ecule in conposition facilita ting targeting or by introduction in

the nol ecuicerefs @eauyRSptidet’ 1%rbéﬁ@1%51WQ%%@eBaleHE%B%% % &@% 9 These

‘issues Wi Il be discussed in detail below "Stinmulation of

'syst ent ﬁ@&ﬁsh@W&PQat§ﬁb§F5W@ea@#dSS@@N§@§ﬁtp@nt@E @@DN@PdeﬁhMBBEQ a
gener al gppon- $p@GIIG IHITINQSY iflALOLY, e o TBer oof cadiingals and
-putative adjuvants (such as certaln cyto |ne§3 are the ab|I| 8 stinmu

| at e t h&hiemegrie sdystiom aTisebsésnitt 20f ansiung aif Bﬁmnnasbpﬂmb@benglagent is
an 'Eﬁrﬁ%%%%t"%b%r%qes%u.Of %%eﬁg?ﬂéepti%%s having the amino acid se-
quence identical to xeno-analogues of these two proteins iso-
& lated from other species are embraced by the term. When using
the term is normally meant the biologically active form, i.e.
the C-terminal peptide which in humans is of 109 amino acids
25:in length. Alsoc unglycosylated forms of GDF-8 which are pre-
7 pared in prokaryotic system are included within the boundaries
-0of the term as are forms having varying O-glycosylation pat-
terns due to the use of e.g. yeasts or other non-mammalian eu-
karyotic expression systems. It should, however, be noted that
30 when using the term “a GDF-8 polypeptide” it is intended that
- the polypeptide in question is normally non-immunogenic when
.'p:esented to the animal to be treated. In other words, the

. GDF-8 polypeptide is a self-protein or is a xeno—-analogue of




10. neani ng that sinultaneous or subsequent inmunization wth an ip@ug@ge?m3
i nduces "a significantly nore effective i nmune re sponse conpared to v
i sol ated use of the i mmunogen. Preferred enbodi nents of GDF-8 activity
down-re ulation 15 It is preferred that the GDF-8 pol ypepti de used as an

i mrmunogen in the method of the invention i8 a nodified nol ecul e wherein at

| east o han i t.J he, . -8.am i, d uence, .since the
chancesgg?%b%t%%%ﬁi fﬁ%ga ﬁ&?ﬁ%bS?gﬁfngﬁ %%ggfﬁgg gﬁ%éugéfglgPaﬁge t owar ds
GDF- 8 | smgraat Ing sfracise taatagch stth&DFadly ofl tthehawmlichalie inotedsthah .t hi s does
not exclude the possibility of using such a nodified GDF-8 in formul ations
which further facilitate the breaking of autotol erance against GDF-8, e.g.
for mul at 0D FEGNaAaNidighceeritsaian cﬁﬂj_@vgr&g,j?@ipgizi% cussednii detai ls.bel ow It
has been shown (in Daluml et al., 1996, J. Inmmnol. |57: 4796-4804) that
pot enPi AISGF Skt (CEFEGaTe 1B IfplEdyeey sécugHuzieng Ssehf apcdeaigns cane
physi ol Qgi.cal olg ted | «1 I w-dual s, F | rder for

t hese Bgﬁﬁﬁpﬁ%%§gég§%£i%gﬁ}% uggﬁlf@'g%t%aF?€u§r§3&§§Q§§§F§o§?e§ reactive
wi t h t heuidglélanttusdlon peotteiars, ( fassi st ahe@ges ime o hafryo m-aytakiree

producin - hel per |, ocytes, (TH-cell r TH- 1 ymphocytes). Normally this

hel p is%%gtuﬁﬁg%ﬁgé ¥%§Q§ﬁé@ ?-|¢NSH§6y®53%rWl&é eagd?¥fpnéc?f265}3016 ra

do not: medegnrieza dieeel larepidropes cder ibeed nf Ko Felrfr protieisRs tWhaer present ed

by antigen presenting cells (APCs). How ever, by providing an el enent of

"f or &Y gRRELST 97 18 TS Brst/sim sEosé Lt Lioner daudirg CRT Enpedobegcal | y

Si gni fi GaRfe mOni9 o lcald éBt%Qlhﬁs%eggngékqgeBh%DE%%?k%ﬂe%hﬁg%nt are
such "as,

acti vated upon recogni zing the forelgn epitope on an
finitial laye sneoneasclessak ycdlhe) teRol wel"Gmal- 8Banpiplhoeyt, es f(whiheh ddse al so

speci al i sed :AP capabl.e.of, recogni si ng sel.f-epitope n_the nodified
seIf-préi%ﬁﬁoaczglfntéﬁﬁéﬁﬁggaﬁﬁ fHe a %ngﬁcéﬁd°§&b§§q§85r|y presents the
foreign T-cell epitope(s) thereof, and the activated T-1ynphocytes

subs quentlggprovide cytokine help to these self-reactive polyclonal
B- | yﬁﬁh&éyts ulg hee e daitito dibes Uscoddc 8d VBY CiResénpdl hergnalt

Bl ynphogy, .Saak%nﬁ%ép%E%Qd@d%thi%E%%%nhD%p%t%@%Sb%ni%ggi%ghhtzs frl,ed
pol ypeptide, including those which are also present in the NativE
pol ypeptiuge, tie assiliedy lomyed-tyeagkive twicDi Bhe Smoh- wsdi bifedns elehopr ot ei n

is I ndu 4. n_c | ysion,. the T-l.ymphocytes can be |l ed. to _act, i.f the
populat%%%lg goﬁgglg%gﬁ%é?ﬁ}ﬁp oéétgssﬁéﬁgnﬁéﬁgéﬁ%séﬁ RS gﬁtiﬁiﬁyaforeign
anti 20 agendoguledr eas dat ifhael aohie.t he i nserted epitope(s) is/are for eign

to tgg host. In this way, antibodies capable of cross-reacting with
non-frodi fied sel f-antigens are induced. Several ways of nodifying a peptide

sel f - aniin@en drfh OLAAR e 14910041 A nDReRKING @f Al RLeker aRee ,ALE Kpown in
the art. Hence, according to the invention, the nodification can include
t hat at Meg@astodhe shordi grerticels odpifirope 2i $o A0r ethdoed acdddfresidues,
: -oligopeptides of from 11 to 100 amino acid residues, and poly-
- peptides of more than 100 amino acid residues. Furthermore,
25 the term is also intended to include proteins, i.e. functional
~biomolecules comprising at least one polypeptide; when com-
. prising at least two polypeptides, these may form complexes,
be covalently linked, or may be non-covalently linked. The
" polypeptide(s) in a protein can be glycosylated and/or lipi-

30 dated 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 first noiety is introduced which effects 30 targetr; g(jgfr ?"1"}‘3
nmodi fi ed nol ecute to an antigen presenting cell (APC), and/or - | ea

one second noiety is introduced which stinulates the inmune system and/or
1 roWUT 2 17 - at least one third noiety is introduced which optim ses
presentation of the nodified GDF-8 pol ypeptlide to the i mnune system 5
However .t @lds t hese i I out il nt ai_ni ng a
subst anti al Sfractl o‘;r?%gfé t%ﬂﬁp;%:ﬁ%ﬁ% iic tgj%ecﬁllrtrolﬁleqs Gﬁjgr%lctaln{}el

si nce t ciBl |3amivt e ey td aricf ddmmeamtd,ve amleetulve 1iys t her eby
enhanced. 10 In one preferred enbodi nent, side groups (in the form of
foreign T-cell epitopes or the above- rrenti oned first, second and third

noi et i esr)heart@mvwremtally Qs MON-toRY & v dnt ld&lrft%dd@%‘i'l gBNeS-4l)S silt ended to
nmean éh retches of am no acid residues derived from GDF-8 are
t

deriv St e e AT G ife o rspers afar (prafiorebdei esegudnecs,, or at
| east widdighitad MRAUCING MIANAESd Niddls AEAL de donds, petyesn Lhe

i ndi vi dual amino acids in the chain érnative, pr:’e]fsecr o
enmbodi nEtnits |ansies lanidwveasind  201es vlest tajisoomieamt/eer ad@lo@ﬁjl@ltlaﬁld/&‘r

i nserti n i-ti_on whlch ma effected b onbi nant, means or by
means o%npcgjp'?a{ deangs[%[ gje i gcnsls\/\ﬁnl?ﬁ’r \F Y &hgertnstiret ches

of am noriattiadss Gamugiived |aﬁﬁ:dx@1ﬁr1@slt(aﬂ el yReplddes) th@%n%&%%‘o%' )1
pr ef gé gﬁd er sion of this enbodiment is 25 the techni que described in WO
4

95/ 0 Uh ad’stéélaryrré*t%c‘ﬁaﬂ@r GREW- Pgrvaniond oFe Linpmnd zeitrionby
i uni sigig thd haRalegues o e S fi uﬁitogfe'?ls( Wﬂefx%' N {3, NYynher jof, am no

aci d sequences) has been substituted WI corr espondi ng numnber of am no
aci d se@feedds) Wl@ﬁlt@arﬂf EOp1l sximtf dreiagaliififeured@® pogoaiiandnt T+cel |

epi tope,, v¥mbI e Al & SATR, tuSrre drmflf%tr[aglé{,lcl n ‘ﬁg’%ﬁ%\ég‘;gl I ﬁcth.le%té,-' %ﬁ@%ﬁ{ ucture

of the self- proteln in *t he anal ogue

i nventi oenti todms leovceverins wifdeai ent b athe mRedifdeaat ko GhEJtlbian am no
aci d%%nsertlon ad%tlon del etion or substitution) gives rise to a 140

~ 76368 fSPERGE FREES iepicts e Papitlatione dampidilnbeprdservas a
subst antihal snimheld erlhe BrGRl larfRINLGRAS 1inn @QFR§§s@%ge%%5tex% qrder to
uce

obt ai n maxi mum ef fi cacy of the inmmune response i i'S preferred
t hat théigvédaleiner thaiapr Sasucnurienehes sgBEe8 .i § tmaisnpaiefed rien tthet -

modi fi ed ol he f f ormul a descrrbestheGDFBconstructs
gener al | yrggcgj\?lgdrljf!(é‘=1 } t%hg%gﬁ\%\gﬁ%%oh Sf(‘fh ﬁﬁDf (%DF 8el) nl (MODZ) s2

(GDF-8e2) n2 . . . (MADx) sx (GDF-Sex) nx (1) -where GDF-8el- GDF-Sex are X
B—ce%é) Epl %ﬁ)“p cont Q‘I n| n subse%uences of GDF-8 which independently are

i den VO 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-regulaticn 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



identical and which may contain or not contain foreign side 15 grou S: X IS
an integer > 3, nl-nx are x integers > 0 (at least one is > 1)4 G0 2003
MOD1- MODx are x nodifications introduced between the preserved B-cell
epitopes, and sl-sx are x integers > 0 (at least oneis >_ 1 if no side
groups are introduced in the GDF-8e sequeﬂlées) Thus, given the general
functi onale restdral Nws Qb 204 hes I JrNageni Gj q{m *}eogonstruct t;he
invention allows for all kinds of perrrutatlons of the origi YFal® Glffll;J
sequencé&hampst drpditeis ofr rotiddigattiions wiher gialypEusdd rentdad ing t he

in venti fi.2d, GDF-8 qbt ai.ned m .ssion ,of parts of the GDF-8
sequence%\/\}m%(r:“ﬁaé&q{eéexh b1 SHversa et gﬁtccscl irP \ﬂ‘{;&%t&m&n@slt&ﬁa&f parts
whi ch caul ingiMerdtse droydindesi et ddn BNl eAiGal JgactiPnRsnMinienance of
a substantial fraction of B-cell epitopes or even the overall tertiary

st r ucPuréd SHE Pt e W%W?@%EWH%&%@Q@WHﬁ @éktaltonﬂmn@escrl bed
herein camdea saghiqved i1 %\@rﬁlr&@y%xe%ﬂ(ﬁo%t% ¥Jltt?lt hePpal

pol ycl onal antiserumdirected agai nst an antiserum prgepar ed | n
a rabbiti @id inFermedfasicaisley teffi fe cinitvies @raumeas  ashteasita sr eageptrelcd.seg. 1

OCT POO i,ve ELI SA ain the nodified proteins which are
pr oduce%‘ojq%bﬁl ecgl \r;%?%l:géns Canal ogueg) \fﬁlt A Fed@PXEAHE LamEhexddmt with
t he ant ivsertimeas diee sir@eh-18; imis tt Hee gregamded rastavwnng the same overal |

tertillgry structure as CGDF-8 whereas 5 anal ogues exhibiting a limted (but
stilF significant and specific) reactivity with such an antiserumare

regar ded'ras vaawl NG riimRined 13 S WisRla hideloRof jhhe Qriginal B cell

epitopes. 10O Alternatively, a séelection of nonoclonal antibodies reactive
‘Wi th di SR %epin cté% 331t GOF-8  @¢an Abeuprtepdr et dmtunseenashd chedts panel .

This ap h faIIovmn 1 pito mappl of GDF-8
and 2) (%r %%%gengﬁo ?’he tagjggg%un\ﬁmres e)rrﬁr%ﬁ‘til @%lr#ltcﬁg‘tgrgfaleﬁgues
prepar edagks O tdause,c angtemtrsd mﬁmoa@ﬂ&x\&ouhﬂlubl%ﬂc@m%&mf\é‘éth&%s

3-di I’ISI%I’IEN structure of GDF-8 or of a biologically active truncate

t her eBf gﬁo&gﬁnué‘r?@e@drrpare this to the resol ved three-dinensional
structure of the anal ogues prepared. Three-di nensional structure can be
resolved by the aid of X-ray diffrac 20 tion studies and NVR-spectroscopy.
Fur t her "itffoifdeidort hee legieg stiont frdate thieaGP Fstir bietsuibe ecai mod ifomel “ext ent

be obtai;ned frqm | ar di.chrais 83 ;Whi ch he advant age of
nerel y- reqﬂller ing eg%%o%yﬁglgw &t Hﬂo@&&g rlr%n(\/\herg‘gsp? Ve él;&fsr action
requi reshiied poowvitsitoresf térey Staalkbioned ofolcprept.i deckS aanddi¥Rczequiir es the

provision of isotopic varlant .of the polypeptide) in order to provide
usef %ﬁ i o mdt| &lﬁ&d‘tv é’lotnl dfy Ist raty}é&tyl}la&l@'aa@y\;é‘ﬁlﬁ’ﬁlre@@l e.

However t elilltﬂlréattgloyl Xy, d'offf (Ret0n 3RAher JNYR L8 iRREESSAr X nk0 PRI N
concl usi ve data since ci rcuI ar dichroismcan only provide indirect evi 30

dence ofCC¥EPESr BVd FensiiddalbesBrpeegia teida firefrotimst ﬁgﬁCdbsge@o@@ary
structune,el eRRNLS.c NG RY E{O%r ;reqd. enhodi me E%} Qfs th [ nvgntl On utilJ
p

mul ti pI e presentations of nphocyte epi es “of” for Ia
ticns to) the primary structure of the GDF-8 amino ac1d se—

25 quence, 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” is 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.g.



1 4 OCT 2G3 20 | wherein at |east one B-cell epitope is present ithﬁ\f}' 2003
positions). This effect can be achieved in various ways, e.g. by sinply cus
preparing fusion polypeptides conprising the structure (GDF-8 m where mis
an integer > 2 and then introduce the 5 nodifications discussed herein in
at | east one of the GDF-8 sequences, or allBernatively, inserted between at

| east t - ] | d; es.. It Jjs preferred.that f.

nodi fi c\g%i (%;r?srt?ﬁat%u%e]‘?z}ilnc L% egjlzst?o egg't %(Scneatn(yuﬁ:lal G4t i"on agflmaﬁBlwﬁlrjrg‘hocyt e
epi t ope renyaadrl t e livhttreo dudtatar eofare Hapteenls 1@ sAswieGDFemsed hakhove, t he

i ntroduction.of a foreign T-cell i.tope can be acconplished b

i nt r oducti Y Tof At EAE do?@%m%??ﬁc@@@r?ﬁéﬁsl GRTiYE6 £T6R, °&&&tion, or
subst it uiienl CprertWsSer Hemer PRIpuidtdli eRwWiny 208 ithe Hontr egucii on of
nore |5 than one change in the am no acid sequence (e.g. insertion of or
subst Pt RO TP S WO étle oTRgeltolggiatese Py itdheniimsdr-t ant goal to reach
is that the GDF-8 anal ogue, when processed - by an antigen presenting cell
(APC), "will give rise to such a foreign i munodom nant T-cell epitope being
pr esent éd Vifrprecn20, Ttw@tl efoidepdCH (@ras S fddreivine CHlemphcichye eswifiace of t he

APC. Th i.f, t.the GDE-8 .am ng .acid sequence in appropriate positiaons
conpri sgszée Auiter” &f p%nl‘l%rr?o WA rléssiagﬂ?s%\ﬁnib&ﬁ%cgﬁ &Psgﬂﬁegpiﬁﬁ&lien a
forei gnafid epiitcdpe tihen ddee iMHdeqductinomofand rfar eipglk i TH  epird-gre an be
accompl i shed bygprovi ding the remain 25 ing am no acids of the foreign
epi tgﬁe LRF Shedn g -6 tdnicmd tadied itns &S dmveaddion gne deltenienuans”
substi t WdieRpeld) ot her I d LSk ssar i.atrqd .conpl ete
TH epi ,totgeJL bf/)eisns_erti oﬁ\ﬁoirtq%uebsti tlutbi oﬁ.an%%l t%1 isﬁb%%gbgﬁﬁgd%%%gt%lpﬁe nunber
‘of am nefa@ danmsetliconsladesl etfi M mallstiliest ionsnornaddilt ispes iies atr | east
2, such 1 4, 7,8 - 10, 11, 12, 13, 14, 15, 16, 17, 18, 19,
20, and” Uieir?lst(-iw-Lroélll"oir-lbsn,l sU svtelr"tyut%ilgiﬁs,eda(ﬁl' EonS TorUgl1 BEegHS UL -
further merld prdfteiead arkatkridie Nk hefy aTilnopaciyd siciseked il 4e@5E12Q03 21
dons 5S gﬁtitutions, additions or deletions is not in excess of 150, such
‘as at Qoo Itart et §& Natefbdthago inarddsr dest the. ipmunsoesseci al |y
preferr g ithat dhe ITRRIC 8 13UP Rl tild Y% s RS 8hLL0RS ondglehl.ons L
“addi tions does not “exceed 5 éLOtéband in %artsiecul ar the r?&n%gr%gh%%fg%not
‘exceed 30Ver lavers 4@rovbst fpesttdomedfi sna amimedr pobudet: iwor @st parss36. Wth
respect .tq ami.n Ci itiaons, it .shoul d be noted.that these, .when the
‘resul ti rkljé%éonqlstt ?nl? t b%s%%%letsﬁ%rs(ortr% (%f% a P&l Y pESETHE, %i_é:eﬁﬂt en
consi deratiltypphisgher thkamakl0 GDFO sPrefecyee exbodi peebs ref skhersnvention
i ncl ggeerﬁ%q_i fi caHi on by intraoducing at | east one foreign i munodom nant TH
e Tt

epi t o) SWEPP I8 NGTIENSEGod PR PRELGGESt NaR of dilfferendoRirarce of a
TH epi t cpRUACRPAGSRN iHRQ RAUJTRITtSREGHAS bR GUeSH AR s AR ndtednld fgrein,
the term"i mmunodom nance" sinply refers to epitopes which in the
vacci naté@ti wdi Vicdgdlongilvesidi s@ittors ssiagmiof eoanmpamsese uses pénseypbut it
is a well-known fact. . t..a TH epi whi ch.i s I nmmunodom nant in_one
e RO A (0Bt yl'iem"n?&fg%(;% R A
sane speeildspreveir?2@nchetdlh tonigy e raapdbirenokehiindizag aMiGul wilecul es
in t?g | at.t er. individual. Anather inportant point is the_ issue of MHC
rest f P cEFGIT &P%H%ﬁisﬁgﬁ&&d R JeerArUu thRedingl Pgréc&dr thsg ST fepittopes ar e
MHC 25 restriiet @fhedt-i®n.a certain peptide constituting a TH epitope wll
only bind effectively to a subset of MHC Cass Il nolecules. This in turn
has the effect that in nost cases the use of one specific TH epitope will
result inwa i.n e ich.is effective_in a fraction of th
populatﬁbn Sﬁ%§%haﬁa%ﬁﬂE%% ﬂ&ﬂg%d%yte e%lt%%e %a %orelgn.Eh eplgope?

- 1is 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-




30 depending on the size of that fraction, it can be necessary t oy |;n9tq1d§883
nore TH epitopes in the same nolecule, or alternatively prepare a

mul ti - component vacci ne wherein the conponents are GDF-8 variants which are
di stingui shed fromeach other by the - nature of the TH epitope introduced.
~ ~ccr ~~e~ 22 If the MHAC restriction of 1#he T-cells used is conpletely un

known (fiodighanced na siddatden whene the yagainat ed gﬁgﬁol %ﬁc% jpoor Iy

defi ned MAC conposition), the fraction of the 5 aninal tiom covered
by a spﬁﬁqcﬁwa@@ﬁ@%&ﬁpd@ﬁ |rfcmec:aﬂebe Idetier meﬁédldmpwma.ms tofe tahe
fol | owi ng f.ormyl fl fpo |on—1 10 .-where p-~

is the frequenc e popuq Q[l St Sf 0 écﬁ)&n&“@r]seciuoletsh@alvteh %raé-‘,tdﬁer cel |

epi t ope spres entidm ﬂm&emmmmmslﬁneor@f@&sn dx@ rithe) 1t ahenuher- of
forei gn T-cell epitopes in . the vacci ne corrp05|t| on. Thus, a vaccine

conpogi t30rF dEht ST iR 3 4t GRTET &l 5 Mspes Hay iy sespense sta-
f requen%lqslz‘l@lgl%ﬂ %m&m{ﬁtg %k&{ncq_r% _?eréos%n%n% ol €3REGCIHNE! ¥y Woul d

give'l - 0.2 x 0.3 percent of the population wll
stati st |1c€eﬁq Yutourft @@8@1 quaesrr@cheatrm rcecsp@dwaim;et He \rhecicoet ke

above fqr YA at| Qns er.e re or, | ess eci se MHC
restri ct ion pa%%:aﬁr? ge?nb%%eenp ?esLfl esenknd\me e orqunslflg%@élcf
certai nigepts (]!E)&Hl]kyl.d)ltrtds_lstd’l&:efnﬂmm Z&HﬂﬂCdyltdmlr@cwla%s aeneedet iby; HLA- DR
alleles DRI, DR3, DRS, a t hen the use of this peptide together with
ot B BRGS0 WATER by [ifs (5 (rdiirkoy TGS REY SR reAcoHed by

HLA- DR alcel es cadd, ageonmldish olfoos%a%q\aqrt%g@naﬂyn dhg el ation sip question.
Li kewi se, if the second pepti de only binds 30 and DRS, the addition of

‘this pepticdeWinLing dto iGREda g crtislesovdrea gd akdtl 1dly Ile€8845any ~r ;~t.L;
c;, 1 culation' of population -r*cspCnsC. La~Jyn ;.s 1~' [."": 1
i _c:N~t m~.". 1.nt~"le VaClny;. C. Y s..," " I' L~ t

~?' ¢’ ~-&'"®e Hejrvh C‘aSpjeﬂarfU”CﬂdaaC@‘d’seGﬁmﬁ)Slmeaﬁng in (ECBeZart o@ vad—~
~1’>nCOcthef0]l 140 CT 2003 23 ing formul a: Béﬁpopu ation
1-~12- Y TEMGTTRY 5 @ wheSdP telGes AThé SPES Lt &gu e PES HET t he
p?pul at v c0f jal 1l)eligx hapliatanes c%@ﬁ@ﬂlen%fiv%umh%%ma%s iwthGf Rind any one
(0}
- sponse against the immuncgen of the vaccine, but which is 2)
" nevertheless capable of enhancing the immune response against
- the immunogen. Or, in other words, vaccination with the adju-
20 vant alone does not provide an immune response against the im-
c-munogen, vaccination with the immunogen may or may not give
i rise to an immune response against the immuncgen, but the com-
bined vaccination with immunogen and adjuvant induces an im-

- 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



the T-cell epitopes in the vaccine and which belong to the jth of ?W
known. HLA loci (DP, DR and DQ; in practice, it is first determ ne r?f’ﬁd
IVHC nol ecul es will recognize each T 10 cell epitope in the vaccine and
thereafter these WMHC nol ecules are listed by type (DP, DR and DQ - then,
the individual frequencies of the differeat listed allelic hapl otypes are
sumed f I and ;33- 15 may, peeur

t hat thgg{/lacﬁﬁgﬁhp{mﬁﬁei‘%%ew@ lqi?gee Ahe c%rer eé“golndl ng dtlr?e%lrsetr cal” val ue
~c~: 3 detgil-(behow.Z (I1V) |m20 wherer n v~ is the sumof frequencies in

t he popul ation of allelic haplotypes encodi ng MHC nol ecul es which bind the
ith Tcell epitope in the vaccine and which belong to the jth of the 3 known

HLA | oci™ DR IRR iastd QtheThingaurRans dad” inbakrs~tHafe EheupepulRld o there
is a %re uency of responders of 25 fresiaum ~ (pi-~~) /I (1-~ci)

There MRSHRACE 199 e Sge sad)iditted asd:‘eé@rtaaryrf@mdsmcmﬂla: mman | ~

(-1 ~ ndfinfl I, ta s

i f negative. | tat;drfoyuIedﬂft;eeOtnotAeém?%aet%g %ijnl%e rec alIJlrIdr S Zth aldlju

epi topeefaﬂi‘et\ﬁe (Fowh h’ﬂeﬁplcmtlyr@elmam:te:dcm nsthairmenticc albiddtty afo rs&pmtypes -

Sate e Y e 4(|f|~24 Therefore when sel ecting

T-cel |l épitopes to be T nro uce n Y LS fargioguén A asigiiEnt t o

i ncI ude il knewitedge of m@mempeemmg's oAV &irlcalh@iunk) sThe dd equency
rg ponders in theaﬁ@pul ation to each epitope, 2) MHC restriction 5 data,

and § e&q%ﬁrofswquenévaﬁrnwmaeartewp@gthrme

exi st's q:r[mmw nof AR Y OEAUII0E 1P RRTES QUQUS: 1T oCally, BRI Lapes whi ch

are active in a large proportion of ual's of "an animal” "speci es or

‘an ani mEPQIGEUICRIIPGT sahd o Hesd adreal prsef erfaltlhy iimfuodgead i n the vacci ne

t hereby reducing the need for a very |large nunber of different GDF-8

anal ogues in the sane vaccine. 15 The prom scuous epitope can according to

t he i nveénteifonr el amatdimednty edc GOFE-8Y dwTen t1- eehh-eRighape isMch as

epitﬁges fromtetanus toxoid (e. g. the P2 and P30 epitopes), diphtheria

t oxoi I nfl uenza virus hemagluttinin (HA), and P. falciparum CS antigen.

O course, ihgroraceicnnling QbelrinigTlod \HaaR L 2A.Mmas Car 6xalloy. d be

taken to utilise naturally occurring Tcel I "epitopes wh are prom scuous

| n the &FPmen ithegmeshiosh Othélre tlhile’ey!earosl asn@rrbrerdldﬁedt hrerlepmdm scuous

cel | a e i f Es ecl a pti abl e of.
b| ndi ng a ;E%Hﬁararg%e\i%ra%%or&tnr on 6f g]I?ILiS rl?eseélcul ésggﬁcgﬁ‘za ﬁlé) dicifer ent
HLA- DR aehebeeehawenmeemhedemEmkeedo&n@b&heaen@rehelblp@&&pekeant

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 T et al., 1996, J. Tmmunol. 157:
_4796—4804) that potentially self-reactive B-lymphocytes recog-
nizing self-proteins are physiologically present in normal in-
3Q 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 Tyz-lymphocytes). Nor-
_mally this help is not provided because T-lymphocytes in gene-



T-cell epitopes to be introduced in the GDF-8 anal ogues used accor?djgr[};mtoz%3
the present invention. Cf. also the epitopes discussed in the followng

ref erences which are hereby all incor 30 porated by reference herein: w0

98/ 23635 (Frazer IH et al., assigned to The University of Queensl and);

Sout hwood S et. al, 1998, J. Immunol. 160163363-3373; Sinigaglia F et al.,

1 988, Natdlr ex33f5t 717&3&%29@%1@\/[%5 'Bi?c!pes Jc%z'%(ve% e@&?ﬁ j_é\éi%d]gﬁ%tez—?- ar,

Hammer J et al., 1993, Cell 74: 197-203; "and rco~ 25
al ., 19945 |hflndyeraliteyd 3 280.g2 prigwed e rcaldfser @rees Jal sowdeal s with

HLA- DQ -DR.Li S, epitopes listed in these ,5 references are

rel evan?é}gesr’cabr%izgat e dnlaﬁ:aar} éelpelr['il:)eor%esofo %eredsgé)d]qsr? t H&* gr ~HhR7ent i on,
as are epiiropes. avhilgh i tshades iconmam indhidfes o itda tiResa.grAl tierRat indeliy. the
epi toge an bedﬂny Tarti ficial T-cell epitope which is capable of binding a
| ar ge _pr%ﬁ:c?rttlio of L MG 1G dEE IR IRSRSE (NS Tane it € leamndx @ rehé gdm DR

epi t ope wafed Qddes o fPADREQ 1dRscid ' / i the
conespondi ng peﬁ)er Al exggﬁider % et ald.&cl%gﬂ%p\éﬂ%%%y%% @}g:l-(%élg}‘( 56th

di scl osured lgrle ¥ ncorpurated 4ar resfldrende lherleins)l @r-¢ vimpthercggteisng

candi dat f |t se rdin th resent, i.nvention. It
shoul d bgﬁlnlocﬁ{acfe%haat %?ﬁegpﬁeos%lgﬁegjc%t)i \}:ea%ﬁk%ﬁE ngegﬁc@é@lcﬁ% osed in

t hese paEeifs-agarbopds am nheacids fiird e 1G—pard Nt erEdNii ntk adarlsd o

i nprove .stability when adnm nistered. However, the present invention

or | &P} 5 AT ST 10t ORI R e FEISSRRTS &P dBES 148 Paeldr ophe

modi fi ed g3 Wictieastoudrh then ubsequentr-yi JagH, %Ql%e%%en 1
enzymatically inside the |ysosomal conpartnent of APCs to allo Sl}bgequent
.pr esent AGVH den @ Kig alroftarrhade Isle Liflreadite van ¢ dllyerleherle Bl vits not

expedi e iJicor. ] ids_in fhe i.topes used. in th resent
i nventi.(%h.gtcg,éd G%Cie %g%g:?ta ;afm p;cp %‘Ogcﬁre%d pﬁ,&glg-il‘::eﬁig%tyi %e S tpl?gy(?ﬁémﬁ‘gvi g the
am no adivthpheguerece aAKF\AAWTLIKAAAN ioth ali fifenenal egiicaldes eff edet imerli -

subs guence t her eof .t.T i s,. and ot her epitopes having the sane | ack of MHC
rest Frctiton are Yhretarted P9 i tte5as "Aticth 2RoGHE D@ THEESENED n t he

CDF- 8 analeogies wisedliybedia dd) 3@ wenrtibeeyMRiRed - SUch 1SPes: Rl @.Scuous
epitopes will allow for the nost sinple enbodi nents of the invention

wher ei n "G P BHE 1§ Jicd impiiedd doF-igdusegr-edentced ol stiva, vadei nat ed

ani mal ' s J)Re SHSE : ~~Q% ti bove, the.

nodi fi cati on of -Sg@ggnﬁzﬁ sloe%f-rlléc?l L?%et '%%e%n@%d@%?ﬁgﬁ%é rlaoffit Péatlyrmi ety
whi ch t arlgetad Brd ygdiddyea: sGhEE& tre caynAREdomna eB-tliyrplyo dytre.i gnoknicist ance,

the fjrst _noi ety can .be peci.fic_binding partner for, a B-lynphocyte 5
spec%?i S%ur glc‘%fea?r’?t ilé“erf‘lﬂ(’frsc foélrlya‘rifhﬁPénssﬁg(’fi EPLHPEIE ) arti/G&R. Ty such

speci fi @isw fracehanticgans @ e kiroOWa v, N ahie vt e sSFRL Ja3tange, the noiety
can be a carbohydrate for which there is a receptor on the B-1ynphocyte or
on the APCSEe IS Chfdithal By neanmese)fieq seddarinkdlognst keesdosigetbi ety can
be a hapten.
" 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 introducéd, 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



" ‘consi st i

|0 Also an antibody fragnent which specifically recognizes a surfadd 00T 20m
nmol ecul e on APCs or |ynphocytes can be used as a first noiety (the surface
nol ecul e can e.g, be an FC, receptor of macrophages and nonocytes, such as
FC,Rl or, alternatively any other specific surface marker such as CD40 or
CTLA-4). It 15 should be noted that all thAése exenplary targeting nol ecul es
can be used ag pardstoforan @iy aMi &l as Gine RELQW it Yhgrnative or
suppl ement to targeting the nodified GDF-8 pol ypeptide to a Feertain cell
type in or derpIt@t*ﬁeeﬂfh-?lfé\ﬁéq 20 diheemtrslicded @RS medpmese,idet tics thessinbl e to

i ncrease then{@v epgt £sponsi veness of the inmmne system by including the
above- nenti one noi ety which stinulates the immne system Typi cal
exanpl es of such second noieties are cytokines, and heat-shock proteins, as

wel | as ffectlve arts there Sui t abl e cytokl nes to be used according to
t he |§veHﬁ°I| O tar &t otg?%l"ﬁgoﬁﬂqatﬁm?alsﬂp%ds@ef FRCEieR sstadiddants in a

vacci ne reamesirien;a ls@sﬂ‘a@ftlldlstﬁ%f‘&lldﬁ ejff %%n % 1 'éIlyb—l'f)mtpﬂo—

interleukin .1 ;1?~1), S C~-. Ieualn ? (IL-2), inter~eul <in

\ . ~ acvtq pRiftopes in athﬂNGilF ., sinpe t@lfef Bed yBphocoyte m@-erogzo~~ 27
the second i el .+ tntgtrqu%o%)t lt he use Qf ., guch,cyt oki nes as adj uvant
subst ances, cf. the discussion ccor § 0 FHeS riventl on, suitable

heat shock proteins used 5 as the second noi ety can be HSP70, HSP90, HSC70,

GRP9 | so_known Wearsch PA et al. 1998, Biochem stry 37:
5709@963[ and &F%@ﬁ%pdzt |”8:’15ICIlrII)entAI SOFalInPERy, (e thec SR ™bifefiPIcan be a

t oxi n, Eﬂi@Im gs-ddis |pitteiged) Wi R bl i@ovd-mind :Anad sheat- | alid o%d and
ent er ot. OXI n. Al so, a nunber of mycobacterial derivatives such a

- (mur any IF0di5se OGN e d Atfe aveHENGde dﬁremomme@ﬁdwthWcmier esting
possi bi lnrfiices.s 13 AR he %IQ%IE‘%FgIté%EIO%%CE n3, %%thrgDI%I i ch

enhances the presentation of °8 o {'hé " Mimne syst Sis an
i npor t ante rdvissdifmemt G(ﬂF-tBh@nenW@lImvarmlehie wartholas a&lt@\minge\tﬁreabrexanpl es

of this princinle. Ié%rd i nstance, it novvn t hat the aI m toyl |ipidation
anchof I'h the B8 578 26 W §der Iogl’l @ltnwéé:I& Usark IIiéOéIIJICIlF’@ed so as to

provi de @alnfge&djlmv&mw@e@mlw@erbblnﬁ%s tethie c® @heV\@n36h4@01L8) anlithosgens that
t he Ilpqurgited proteins formup mcelle-like structures with a core

Soft ™t &S i9%addt-i on anchor parts of the pol ypeptides and the
remai ning parts of the nolecule protru25 ding therefrom resulting in
multiple presentations of the an tigenic determ nants. Hence, the use of
t hi s .anénr @Ilé}tegdlaat;ivmoaﬂde@r@femgedi ffe@b@IdthIeIn[IlI dgatilaseanehons @eidg, a

I tyl I I
oroun?” 5 Hs R o R SRy oGV B3y =G inpy “BRLHY el e oo

enbodi mgmths cof rrtalj,ekien\eefrfteldm,d eypeeicaiy nshiC sk RrOVkSheRnef o3uch a
| i pi dati on anchor | n a reconbinantly produced protein is fairly
st r ai ghPFENEEd SERdhvsia’y mosddilresigse ohighg inyodaesr dohgesccurri ng

si gnal $@QUEeRER 2% A AhH$IOR At REH fg%et Qﬁg@@'f'fﬁgﬁ]p g@eﬁpep“de

Anot her possibility is use ~ ~ acT ~aa~
conpl eméArlepact OneCesme cda liltys pirk feafre dDampsepneb falthisl 886odSmieancea s271,

348- 350 qnd chow & Kol g 1998, Nalyr & Biootgeinol ogy 16, 453.462). 5 An

al ternative enbo Nt of the i nventi Pt Re preferred

pr esent aﬂenthndofformldtdwml—&e(gell@tmtg lseast- prt@Qlﬂlse@yOEmhhﬂllsm@r tart, epitopic
regi ons of _GDF-8 to t he i mmune systemis the coval ent or non-coval ent
coupl i nGT8f-CEBESS O s S Frerc@ LG SF RS HRES S Re PeHNTPG Ie Ot A1V DEaRCiLEr

”DIECUI%%quence( ) has been substituted with a corresponding number
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



10 For instance, polynmers can be used, e.g. carbohydrates such as p%x@rgnzﬂa
cf. e.g. Lees A et al., 1994, Vaccine 12: 1160-1166; Lees A et al., 1990, 9
| munol . 145: 3594- 3600, but al so mannose and mannan are usef ul
alternatives. Integral nenbrane ,proteins frome.g. E. coli and other
bacteria are al so useful 15 conjugation paftners. The traditional carrier
mol ecul efowtichh as-deyhal ddgmelnheooyani dhfKlne LHIAMS, JOX0ILy,

di pht heria toxoi d, and bovine serum al bum n (BSA) are al so preferred and
usef ul  cOUdal st ek ssho@-oelhaiapidrass dfn fdiFBe GOm<Breare el | eved
to be s i,0F. ifs : f i jfications. It is predicted that
nodi f i c%énfs) tJicyn %Eéflggsr{aq{)lﬁgﬁ%feof:#eé%% Iogﬂwitr%lge SUbSEFUENCES ST &Yer ni nal
GDF- 8 widucadhsultt s mudfleabiead i tirath agenicyomd 16ac Weasi fResisdues tAd-Abrs 49- 69,
or 79zl in SEQ 1D NO:. 11 or 12, or_correspondi ng subsequences from
GDF- 85-poADyElpenapt31Sd@éal&t%nfefder:‘éhtzgﬁ i ftfeh lehovi ne, porcine, chicken
or turkey. Considerations underlying these chosen areas are a), prenervation
of B-cell epitopes, b) preservation of secondary, tertiary and quaternary
st ruct urd$ Lot nghyf atiea fesfiese ddus &P idr siomstinudts fosinenaldasy to
screen asRlrQf Ypdidd ed,&@¥i& Jol ecul es (which have all been subjected to
introduction of a T-cell epitope in different |ocations) for immune
reactivity with anti bodi es rai sed against a native GDF-8. It is especially

preferre t the npdjfi ion is_performed b 1t: OT 7Q-s~ 29

subs |6t u@fllotndé?é‘n(dg%' %l)la‘&i(g‘abéhﬁéﬁi)g_ Pt at - | @i\%@x)eﬂ@%%)aﬁi(&)sequence
of equal or different | ength which contains a foreign TH epitope. The
rational e behind such constructs is discussed in detail in the exanples:
Al'so i nS&SIE G SBrsePETfed Fory Breol hrgp Brrepofcene: inopy aswaseor t he
flexi bl eiBrd8Nic 1 BF-dues, ;1 112, - -pl, 82- .and 105-109) of the
Cterm (r;?gl GDF-8O f ragnent ils pré?]‘e reeg?;enéilrbﬁm]flrgt ﬁ(g%%gfl%é%ﬁog and nodi fi ed
GDF- 8 példgpaptdade i) Wiiarh efdfyectdmig ior esemtoat icom tefint e ré@ikn8 saeleypept i de
or tﬂg nmodi fied GDF-8 pg%ype ti%e to an animal's imune Séstem by neans of
adni n? stFEAPSH thered (8 € fam nal Pl RE PEen dtit6A<6F £hé peltypepsitde
foll ows e ipr knGi,pl e al kno 5 ledged in the art. Preparation
of vacc iotrlljgé s l%/h i_c% ¥ o%lt%z]ﬂjiq nﬂgg’bt AI éc/lee%g engou elnf(l:le%a talscgjas‘c ~JtI}nR/reocﬁtherC£d? T s

gener al lohewglde sendeisteeed 10 de ds  asexenplified, by 44 af ent

S Bon Dy e AR L S ey BT ASOr At e PR WL
al | incdepertated Her & 1 By mef ererRcerchypi aakl Yntswehcwdcshnesarerprepar ed

as injectables either as |iquid solutions or suspensions; solid forns

sui t abl TSNt dAYSh, Brvedudpendesenad, funglriengdi eestaaimtectdanon may
al 502 b€ HCRR@hoq Bl AGPYRALINN L ARA € A3 GISIIRd 1 TG AG Ve

i mmunogeni c ingredient i$ often m xed wth excipiénts which are

phar macedtli ddindg adc estrabite tame sc erfp dthieblogs iwiitla lt E®Fadt isweeuiengieediaent .

Sui t abl xci:pients are,. f.or .exanple, water, saline, dextragse, glycerol,

et hanol ,%lg“r iR efnoéjrﬁrlé: Nt 0TS Stfler 81571 rjrng&ﬂﬁdt)%doﬁ,n ety ed, 30
the vaceiene iRay a@n tridl A0 IG ERBU S aahe@UXy loafi ) sS RS ban RS t=S¥eh as
wetting or emulsifying agents, pH buffering agents, or adjuvants which
enhance eG@fFF%ctsie\ﬂélﬁé’@ oticke Sy decicddPidt adyive sgetedifiesd sdilst usisicon of
adj uyants beli@Wion b fares waizd Qulhe QMACCINER 2L L GRREALIO nally

adm ni stered parenterally, by injection, Tor exanple, either

subcut afgeedogidadt reewtawesus| y, intradernal |y, subdermally or
-intramuscul arly. Additional formulations which are suitable for other nodes
of admnistra 5 tion include suppositories and, in sonme cases, oral,

buccal , Maubltienguale, cfntar apérsitiondall, firalcravagiotalB-canal epapioaralor spi nal ,
and intracranial fornulations. For suppositories, traditional binders and
carri er §VRBy TcPUEE 3ol SdkaRpive S FMIGFAT aCEné HINPESRE ohich disysabides:
such3gugReSlORice Y 1 A thenf Almed AWl XlWe3 cant 3ning ;the Aqti ve
ingredient in the range of 0.5%to 10% preferably 1-20. Oral formulations
i ncl ude S€VEH 2Ro MRS -y Caigp Loy ed i picePirsrase fopodyatpnel phdrireceut i cal
grades qf: ital._ .l agt _oSt.arch, _nagnesi um st earate, sadi um sacchari ne,
cel | ul ogé,r%%r?e%gt?rﬁn%;tr %?%atge,(%Ié'ar%; %ﬁ%llsieﬁ: ™ TREEE *COnPdisitt iTGYS t ake
the forimich saldutthersafsespens ehss bablieksurpialsl 8. teaRS Welgentustaigned

rel ease formul ations or powders and contain 10-950 of active ingredient,
preferably 25-700. For oral fornmulations, cholera toxin is an interesting
~formul ation partner (and al so a possi ble conjuga20 tion partner). The

pol ypeptides nmay be fornmulated into the vaccine as neutral or salt forns.
Pharmaceutically acceptable salts include acid addition salts (formed with
the free am no groups of the pep 25 tide) and which are forned with



1t, O 1 2C3 31 The vaccines are adnministered in a manner conpatinbl ,.\zyith
t he dosage fornulation, and in such anmount as wll be therapeuti cal’ @L 203
ef fective and i mmunogeni c. The quantity to be adm ni stered depends on the
subject to be treated, including, e.g., 5 the capacity of the individual's

i mmune systemto nount an inmune responsel®nd the degree of protection
desired 15yl labhe.dosage dianges Aol Whe ofdar-l sevaral, Mupdrgd

m crograns active ingredient per vaccination wth a preferred range from
about 0.a@rfugaripood dpdiefied tyroumiord glveralampund)s Wi dhherebct0 tH0 ung r ange
are cont ! in the range froma 0.5 ug.to 1000 ug

pr ef er ably |ra1@t)§ﬁgentr 3‘?1&3%1 %ﬁloem U5 $9660 wyes %?P&t_égsﬁré’cﬁtalgey L593ES ange
from abeut HEGriugy ttthel Oameg. ovBui 4 1ab ] e e MENS: fRrt i tdAlgadn Rirstdatd on
and bgoster shots are also variable but are typified by an initial

adm nPstFRI S FEHRMERDy? SuBEddirentodth ol ldt isdr idi catteand spe-

adm ni stgiatii ONSeeakhe vBANGF af Apyl i&@téﬂéﬁ%np%r\éafﬂe%%e&eqﬁeg\@ ny of the
conventional nethods for adm nistration of a vaccine are applicabl'e. These
i ncl ude orel MEIgIGERE DR ks twoltiig psidlie2@ fiitda lop iadoedt alceldase or
in a phyeijghoggcfc.al | y acceptabl e dispersion, parenterally, by injection or
the |ike. osage of the vaccine will depend on the route of

adm nistration and will vary according to the age of the person to be

vacci pat and the formul ation of the antigen. 25 Some of the pol ypeptides
of th@\?;gcc%%tdr"eelsﬁ’uf A ALRIY A Spancd s La apdd&iosk e speaicdri veone of

t he ot herisH he'domAHE 4 %g%edﬂ I c i i f.urt.her
conpri ses an adj uvant lsl:ﬁLbst ai ace. dSDOFJ_%?.C%?p?é, %@éﬁaﬁ%‘ﬁ%ﬁ?g@% ag)SfVO- 6,
‘and al s&95% " }i -néi Napreaaatticon themasolaogiacal ofdjaiMantisty, 11995,

G egori.agi: e - )and Rr.ess, _New_Yor L. SBN Q- 306-45283- 9,
bot h of %\?ﬁﬁggeaﬁnﬁﬁér ;1&] nGcDoEIrD~8So%lrﬁar§e23 By "PEFErEn & &SR TOBEE i s

especi alWhyi qir efrer med rite iusel am adjeusarat]l oshieeh paapadieadenonstrated to

faci b{%t%ﬁtfe br eaki ng of 'thdﬁ aut otol erance to autoantigens; in fact, this is
essenti al™ iF7"¢dses AR IALY "EBR-98 es tis &8 Sad Vien & hee S-weMedgr edi ent
in the autmall swaceitige Nandosig igig o%x%”}i!:'i%ﬁ_o%fi&‘i'ltya,@c%i%%! WARLS & €
selected fromthe fgroup consi sting of an imune targéting adjuvant; an

i mune f@RSAS g fadjappat) such cospaneotids docyhekinesolasd & hmeeolkict eri al
derivat i V€« (P fi.on; I amcecelle formn djuvant; a
saponi n;m\éghs l%nggtlﬁf 1 %ulog?itr?\% (%glr?p%g?eﬁa E:ef at(‘E Iegm%/lhﬁaetegicﬁ)"!ené _
particl eicbBA; sdlnmativrieumaadjhgy aretsssl viBNA badjtineantisl of- MHaivn diaTdaa -
encapgul.ating agj[iuvant. In.general it shoul d be noted that the disclosures
above whiTSH retE S 676 TS AP SLGE s FULS G d& Tt 1oge d6id and
third nmoiiely es ivhd heranagouas lse o eher tilitdiies 2@ Mt drdics,t1q fhei r use
in the adjuvant of a vaccine of the in vention. The application of

adj uvantid T Qlgdet ke Grehagaris sdueh ess Wallehi iy Rydr edvde tegepleds phat e
(alum, q@m,nl 0 . r t |yt i i.n _huffered

sal i ne, IIfz;edn‘i Xt f%g@m%gﬁfg}ehg)toﬁgptggﬁtgﬁ%r g%o %sr}l?g?r%g%( e(%lg?.reégr ft%(oﬁ:gly) used
as 0. 25 didricentt isal utsopr,resgdgrheg atrcor sdfont ke progtseian liirctth@olaeeipta dey heat
trea%gerétndwiNtM}ﬂ{ tenperatures ran i.ng bet ween 70 t.o 101C for 30 second to 2
mi nufd Feri 0ds resPediVvery e aISd6 agdr é36 LGRS o 3y aRdan$ Toft e

cross- | iprKiyRgpagenr!)s iaf &fRsSidd @roAdeie@de fil0N nPh iR lnY Aot WiHd
pepsin treated antibodies (Fab frag nents) to albumn, mxture with
bact eri dTCAHYY WAL TE Parv ghven Endetcotions Howmeviegopalljsaediedni de
giolrrponeritaﬁz ofi fATERT 1481 RACKRIH LRI A1 (RNYH 209163l d1y, AGLept abl e
data since circular dichroism can only provide indirect evi-
30 dence of correct 3-dimensional structure via information of

secondary structure elements.

. One preferred embodiment of the invention utilises multiple

presentations of B—lymphocyte epitopes of GDF-8 (i.e. formula



1 4 OCT ?003 33 vehicles such as manni de nono-ol eate (Aracel A) orf énif §i 23
with 20 percent solution of a perfluorocarbon (Fluosol-DA) used as a bl ock
substitute may al so be enpl oyed. Adm xture with oils such as squal ene and
IFA is also preferred. 5 According to the invention DDA

(di met hyl di oct adecyl ammoni um brom de) is af interesting candidate for an
adj uvant .S 5 ol | n,_ but . reund' s conpl ete.,and i nconpl ete
adj uvantlsq‘gls(;J %%atgr%u% aij aé s%a%lnzép?&cqr%eag %Qﬁﬁeﬁeg%d l@sﬂ“ “afe 1o

i nt er estliirpsds ThiR BIffdair tdeer hpossithidvdd d aree immizophgspher.y. biypid A
(MPL), the above nent.ioned C3 and .C3d, and ruranyl di peptide (NDP).

Li posoms fBrulPRSESHS 5 & WSS IHrowWPSRF PR ETR TSRS HreGtdireand
ther ef or@dr-ROS9MenadUKARLS 2 Al €nPEGhEr bed aBgordLng; fo-Lhg-Lnygation. Also
i mrunostinul ating conplex matrix type (1 SCOM matri x) adjuvants are

pr ef ebr e diHdicedsl cact aliding steal theerdimy ent iadn,l eess 2@ npecifalthy sSoree it has

been shown that this type of ,adjuvantss are capabl e of up-regulating MHC
O ass | P eXpressi'on b l%ﬁ(g’.at&ﬁ} el%@(]@l”r‘?ﬁ%%ga%&ifﬂe@s adt Leapt el IoF
fractionateedprs@peniitm (ddid eyppRIIES). fToMQYAdrRAIrd SARGAY e modi-

chol esterol, and phospholipid. Wien adm xed with the i munogenic protein,
the 25 ESHATEWG particcincae iMerimsiedt icdn Leasthans supddwe tdeonamfl S8CEM

particl e whele - fhe SARUHND LN tife -7;.9& 1\, lL.esterol and
phosphol i'pid 1(#— 155e%\?\l// w, and the prot Zﬁnﬁc(}lo - 15\0%%/ v?/%h%e?l%%lt%%r'el ating to
conpd8ition and use of inmmunostinulating conpl exes can e.g. be found in the

above- mgnt i d text-bhooks deal,i ng, wi,t.h adjuvants, .but alsq_Mrein B et
al ., 133%, “%%%ﬁ.oqeér&n&vﬁér ?t%:? lﬁ’btf-o%?”ftdso fIu aa&%?ﬁrgnl é‘&ﬁglMe&’éﬁel | GF,
11996, | mmprolcanan@ GeldonBilalshef by8-120 (deRidt iidic I eratied kY onef engnee

herein) provide useful instructions for the prepara'tion of conplete
i munos@Gh? 155 WGl Sesdtiony dlelgtton,0Pr3suRedtifart ipnghiQf i nt er esti ng

(and t hys, el efed)o RRSSINIdIY f aGNhT e adj f.fect d enpl oy
t he techniuque descri lgjed in Goss?el In et gﬂ . Ir%gléeZq \L/%h\é?{:&h Ci%sloﬁleroéflb?/m&%

i ncot portdaed o ehyrhegfosr emcdhserailmo. aai dsiegfuenttke (pr.gs eritnateirand cof ce

rel evant _antj as.an antigen of, the.present inyention can be
enhancegrb%wg%ﬁ-‘qu}ggﬂ%ﬁlg%tyhg STFGETS & ~&Ttib S& ?p(e&r\é i®0én WErding

ant i body aftagrent so agaidhsti st e afC ¥ Hee GEE-Gr SineN oiRRQ  GYeeS PFai-erRages.
Especi a'llb?/ conj ugat es between anti gen and 10 anti-FcyRl have been
t

denonst Pat &§ P&ltgﬂﬁéh@éf%%ﬁﬂ}ﬁ@@em ilt VAESY rt Fid lguiddose 1Sk \FEC GUFAL ifon.

Q her' pessicdiigh tinsddieH e rihe 14s8 10fedihe, tea&;%%ign%%%%n't@d e Jpdul ating
substances (i.a. cytokines) nentioned abovg as 15 candidates for the first
and secdsa theifetsine$1GHh Glise snddi ficd@ordresiconghef s@GDEa8e lof ttihies ABGnnect i on,

al so sypthetig 4 nducers. of it okines, |ike poly.l:C are passibilities.
Sui t abl e mydobacter| g;lr dceér ia\%%%vgs%lgr S UIeglc?texe/&n‘f & rtoﬁélﬁr%guﬁ’ofd
consi st itignaf cwmamde sdispeypinibede, cFonrgplielice Jaieund s3 dadjsuvanicn RaBl ,alanrd a
di ester of trehal.ose such as TDM and TDE, , )
a be found in a foreign Ty epitope then the introduction of a

- foreign Ty epitope can be accomplished by providing the remain-

25 1ing 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, i1, 12, 13, 14, 15, 16, 17, 18, 19, 20,
cand 25 insertions, substitutions, additions or deletions. It

is furthermore preferred that the number of amino acid inser-



Suitabl e immne targeting adjuvants are selected fromthe group copgi ggifngm
of CD40 ligand and CD40 anti bodies or spe 25 cifically binding fragnents

t hereof (cf. the discussion above), mannose, a Fab fragnment, and CTLA-4.

Sui t abl e pol ymer adjuvants are selected fromthe group consis ting of a

car bohydrate such as dextran, PEG starchgzimannan, 30 and nmannose; a

pl astic r ;s I such as t.ex beads. Yet, anot her

i nt eresttrlgjgrygvfrlgys%fécér}o u :ﬁ?‘{éﬂg ag&na%i)%nlﬁunnse Orreéﬁgr?ézel 9 6 WS ddle S17ESEDF- 8

i munogerE (16t enadH yad egetdrert it atlér{bst6h9'D,IU&?a) 3o sadjsuy, anist iaﬁld )
phar maceuti.c y acceptable carriers and ve~hicles) in a "virtual |lynp
node" (VIR ?}zg ‘prlg“pﬁsgteagrfi}éqﬁgilcyalp%ﬁr&@ddé\b@ltoﬁ@@ BRI SETIRERERE~ | nc.
360 Lexitgiom oAV enis riNew sY0orde1 WY oHO! %650+ 1T3e M o & Jchidy duhul ar
device) m 5 mcs the structure and function of a |ynph node. Insertion of
a VLN°urfder ate igkiniidricatleyr £he trambferstséydulsl inoft] @mveeteidor Oniotrth earenupsur ge
of cytokimne i T I - | s.,as well .as ARCs r.apidly respond
to the gad}n'gzqroag}idéfr?;ﬁ s, égpnést-(% trﬁg&ler%f Foglnél(?tsi & Cark aélc?&ﬁulﬁétatgl ifTsi de t he
por ous raaedtx tof drindhedddN.addithasishedrn showld hat ntdtedecessamngsant i gen
dose req}.rlli red.to _nount .an i nmune response to an antigen i s reduced when

usi ng t K SN En & SHEC AR Getiort e MEd By Faddisden &9LYsi ng a
VLN sur@madieqomsemﬂﬂmalcdma@r@}ﬂfw%i%éig Rzl 129 an adj uvant. The
technology is i.a. described |I5~briefly in Gelber Cet al., 1998,
"EliéPtation of Robust Cel lular and Hunoral |nmune Responses to Smal |
Amount s gof, AJPANO Q8IS WS | .Medi cal i si gnat.ed the Virtual
Lynph _Nodee;', in: " Froml'ltn%erﬂ%ag)oflr\%;ﬁ%r ﬁl}és]%nt qémaﬁ:ﬁrﬁ(igl,d B(liﬂg%lgfglcﬁﬁ_‘étornagtys,

'Cct ober imtirpductifich at998a sSeaseafe Hédsor tindplooomiGanit 2Q épigapeltIts
expect ed .t.hat_t he vacci ne, shoul d,be adm ni stered at | east once a year, such
as at | e""alsJTrl t1b,e pnderspoad s%‘,aucag-'cﬁlﬁﬂjtelsﬁé?na Afe AMUPST SOLFEEEC QT ¢ 1- 12
tines pay y¢pacops aégénﬁngﬁdthéuﬁhiﬁﬁl1sp8ci§s #n Quebtidn.Bnsms48, 11,

or 12 times a year to an jndividual in need thereof. It has previously been
showh®t AGT St éPorh? Thmidiunadeaiceacsy shapdde reffetive tor ebdtopg s

aut ovacgjfnes, acced RG 0 the d nventi; o Jis per.manent ,. and t.herefore the
i mmune system needs to be npaeri og'l 30 lcglally ggﬁ;aelsl g:r%g%detvq\ln tah%tl éll%glaggues.
Due t o gawetniec neapicatsiecon budi fifterdenta iwedilwkedioains framy: téadt awThhepirtupe
responses .of varying strength ta the sane .pal ypeptide. Therefore,, .the

vacci ne%glcl(%lr di'ng or’t%dé)rqlg\?éhtt i"oh “ray l@éiﬁﬁ’ﬁdiléﬁ 1§ Dof pecespaigldever al

di f f er edturpolofeaptiades iim Qfdelert A idiGHieRsSe WiFe thRMdRge’ @$RNSR, Gferdl SO

t he gi s%ssi on aabove concerning the choice of foreign T-cell epitope

i nt r oductIBHS TFhE@Vals rERmky- S SfpRilee ingo M6 dr egsiopdest ddedhenher e all
of the pQlyREPLINES idual. |

Another important point is the issue of MHC restriction of Ty
epitopes. In general, naturally occurring Ty epitopes are MHC
25 restricted, i.e. a certain peptide constituting a Ty epitope
will only bind effectively to a subset of MHC Class TII mole-
cules. 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-8 variants which are distinguished from each other by the

nature of the Ty epitope introduced.



5-are as defined above. The vaccine may consequently conprise 3-201/ (T 2003
different nodified or unnodified pol ypeptides, such as 3-10 different ’
pol ypepti des. However, normally the nunber of polypeptides will be 10
sought _kept to a m ninum such as 1 or 2 polypeptides. Nucleic acid
vacci.nation As an alternative to classic adm nistration of a peptide-based
15 vaccine, the technology of nucleic acid vaccination (also known as
"nucleic acid i muni sation", "genetic immunisati-on", and "gene

i muni sdtfi dnite) M6FT erestar imimitrery of  tatet ITactd Mes fue@d Urse som efierist uni-n
contraskﬂg%&r1 Jrad%ﬁjonal.vaccin appr oach, nuc!eic aci d vaccination does
not require resourcd-Coisiii My 9 @ ST (iFEn Y CiLRE Hemiksgedi ¢
agent (@a d pddie f dgniefed niustddrdlossaaled )f erdmntati-en of J8 ¢H@- or gani sns
produging_nndified GDF-8). Furthernore, there is no need to device puri 25
fi cat PoRTaHd r S Hidtd e KT oo %t e SPRnifdgevacaddef iaeaibiop i tsiomce

nucl i ¢ A6 the QIR 1) s I Gian, aaly appanatus of the

vacci nat ed i ndividual 1n order to produce the ex pression product of the
nucl ei ¢ acid introduced, the optinum posttranslational processing of the
expressi-on product is ex 30 pected to ogﬁr' this is especially inportant
in the case of autovaccination, p@idqrméfl_ : fenPidoned above, a signi flilddnt -
.fraction of the original GDF-8 B-cell efitopes should be pre served in the
modi fi ed nol ecul e, and since B-cell epitopes in principle can be

constPt B¢ IS5y RsarfstBe gﬁ(j’qPBPﬁ)fnéPegHPepopulaFl9@~02098890{1@¢r§. to

car bohyanal & |+ bi dhgprotel i s dopd NSl le. 1Aty & lyGesvd ahlon and

| i pidati on patterns of the i mminogen nay very wel e of inportance for the
over al | tiimmunegehirciisy tdred ttatiad ingimbbepectfed cre g Erswildd elpy thapeisng it he

host pr ci t he i nnunogen. nce, a _pref.erred enbodi.nent of the
i nventi %gllécgrr%%rcﬁsnees%é)fmp ésé‘tocg‘r?éhpreé‘lés‘r‘it &t i'OF O S EFPCEd YR S VG ARE | mune

system biyg ¥t riedudigng THRI1EI epadics)s eREAMING duhenidisfrieet«GR=8 iRt o 10

t he igl |'s cells and thereby obtaini n% in vivo expression by the cells of
the nucltéitc PAEHAE 4 Cddicdd. A-r t Rirg dnPoditpemectine Livnt Meddced el ei ¢
acid is preferably DNA which can be in the form of naked DNA, DNA

formulated with
) 1 - 0.2 » 0.3 x 0.4 = 0.976

-i.e. 97.6 percent of the population will statistically mount

20 an MEC-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 used is
~ known. If, for instance a certain peptide only binds the human
25 MHC-II molecules encoded by HLA-DR alleles DR1, DR3, DR5, énd
} 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 gquestion. Likewise, if the second peptide only binds DR3
30 and DR5, the addition of this peptide will not increase the

coverage -at all. I opne bages the calculation of population

. respense gLl Tm choo of Thoalld epitooes in the

vaccine, the fraction Loen covered by a specific

vaccine composition can e cats

Goand by means of the follow-




15 charged or uncharged lipids, DNA forrmulated in |iposones, DNA included
inaviral vector, DNA fornmulated with a transfec tion-facilitatlagipt ctl8in
or polypeptide, DNA fornulated with a targeting protein or pol ypeptide, DNA
formul ated with Cal ciumprecipitating agents, DNA coupled to an inert
carrier 20 nol ecule, and DNA fornul ated weth an adjuvant. In this context

~it is riq.}qeq:cgm E_‘}o_r actically all considerations pertaining to the use of
adj uvant's 1n tradll ional vaccine fornulation apply for the fornul ati on of
DNA vacci nes. Hence, all disclosures herein which relate to use of
adjuvants in the context of 25 polypepti based vaccines apply nutatis
nutandis to their use in nucl efgmasi dlvdckilmtidon t echnol ogy. As fidlTloutes
of administration and admi ni stration schéhres of pol ypepti de based vacci nes
whi ch have been detail ed above, 30 these are al so applicable for the

nucl ebe adietaiacal;nés dhet hemi nfefitequneantlealin dt5eussponst aboVer peI L ai ni ng

0 routes .o m.nistration a adm ni stration schenes for po epti des
t t f%d trat d ad t.rat h f pol ypeptid

appl y mitatiS MRS IR 8% MG g9l er e &¥hdidulbd niske 2add et et

nucl ei ¢ e d\RaGH RS Gt Suid ahly e AN Rintt §HE¢H Me13ng 1d +1dCT;:RQO3 38
venously and intraarterially. Furthernore, it is well-known in theart that
nucl ei ¢ Sdcitd' s at Ry dEf HeHdnilR sth& ey Qlse iof prastical,l éd dgene gun,
and hen .S 4 [ IPFH&% f i.nistrati.on are.regarded as
part of @@%?&%@@%3@%@%_ iﬂr%%l%il,l%ﬁ g'gq; & S rloli”zeae\?LCll{i &% t he

adm hPsta=dtli gpidfopruclreitheaciadscimas dheen heaparitted ttoadeeMiicgand ecesWst S,
and t heref ore thi articul ar e of admnistration is par ticularly

pref err éd.° folslj—;l?rcff?pr ToRs @Fe’nﬁ]%bla@idc DR ds)Fheded B¢ dtdivsmicZatitéiT agent
. can corjudintikegicns rNeRdifg-ddte 1listte2aa 1aNA/O0M 231G 1Rt i:8% Qubhed N the
form of the i mmunonodul ati ng substances descri bed abové such as the

cyt oki ndordicscls detbeas tisefally adjeuivkmtes.g A @r,efeer ed. versi on of this

enbodi ment enconpasses having the 15 coding region for the anal ogue and the
coding region for the i munonodul ator in different reading franes or at

| east sundemayhe it nlatofeHll ffanents pLanebensia Ther eR¥eklisi snavebded_t hat

t he anal ogue or epitope is produced as a fusion partner to the

i mrunonGArstieyg thacaatdidadelwaluen®:di sti nct nucl eotide frag 20 nments can
be used, but this is less preferred because of the advantage of ensured

co- expressi on when having both coding e gions included in the sane

nmol ecul e. Accordingly, the invengi gq_aI,I;EQ_rve ates to a conposition f@n 25

i nduci ng production of antibodies’ again -8, the conposi tion

conpri sing

20 -wherein ¥; is the sum of frequencies in the population of al-
lelic haplotypes encoding MHC molecules which bind the i®™™ T-
cell epitope in the vaccine and which belong to the 7™ of the
3 known HLA lcci (DPF, DR and DQ). This means that in l-w; of

the population there is a frequency of responders of

25 Tresidqual i = {(pP:i~T:)/(1l-m;}. Therefore, formula III can be ad-

€, \] (v)

30 -where the term l-Fresjqua: : &% .38b t¢ z2ro if negative. It

justed so as tec yield formula V:

=

" should be noted that formula V requires that all epitopes have

been haplotype mapped against identical sets of haplotypes.



- a nucleic acid fragnent or a vector of the invention (cf. the difé Lo;ﬂm
of vectors below, and - a pharmaceutically and i munol ogically acc gf@ | g™
vehicle 30 and/or carrier and/or adjuvant as di scussed above. Under nornal

ci rcunst ances, the GDF-8 variant-encoding nucleic acid is introduced in the

formof a vector wherein expression is under control of a viral pronoter.

For nor i [ ~ c i ~ac3 39 cussions of vectors and DN

f ragmant?r sk%?ce?oci%d’nghfeon t%eeﬁ:icﬁcvlen . ~Ci6ilgin,ep€f R T @@uéﬁlitd:r‘?dgl@ 1TAl so,
det ai | ec:idh silSosuradsogued ating ¢ atgher formidatiny wrd ause wiowedd 6@aci d
vacci nes_,are avail abl ek} c}I Donnelly JJ et al., 1997, Annu. Rev. Immunol. 5
15: 617- Sid Brhe My e wildhloyy 1) The dgesmeasys@f 183002, Both
of theseidef arenags IRCGAPHALLLE DRI HIENGH hpfeinLijve ygcci nes 10
A third alternative Efijh(r)grQl effecting pr eser%{latcfi{)n' 8219 rm&iefgléesglfﬁ-%% o the

i muné siEsttemans! the Trausngy Vi Ve inweuledhingl ofy .thien deilweravac diapat i on,
present gt dp the immune systemis effected by adm nistering, to the

ani mal , "a. non- pat hogeni ¢ | 5~m cro- organi sm whi ch has been transformed with
a nucleic acid fragnent encoding a nodified GDF-8 or with a vector
incorporating such a nucleic acid fragment. The non-pat hogenic

m croor Jgkrﬁrsemeéqdﬁ’qb% aarﬂ}mg:lﬁrt & Settenat SFPEEET alP TR oUEt Euat ed
by means<afl RASSARGD WHidl JRansofyd ampval) 0f 2 9 G eXRIASSI on
products by reconbi nant DNA technol (;rgy), e. g.a I\gycg}ba terium bovis BCG ,
non- pat M 1e Sth et codards semsiesEorcdn arSalatppeidvd asppn, avidbrthe se

chol er ag,Shi.g&d .2, 161 G Vi gusy deald with preparation of .

stat e-of -t hé-art ]ﬁ v? \%Lélcé(:%f\ondes ca%%e.eghggﬁreacfcolﬁlned%l FIERY SE P iTGosPeRey..
Prat. 43ee2b {492 96 drdddairkeibeRDofl QX fvace MOFLE: a9&1-9@s ket h

i ncor por teed by refer.ence herein. For details about the nucleic acid

f r agments “arrd Vectrs sed in such |ive vaccines, cf. the -discussion

bel ow. 30 As an alternative to bacterial |ive vaccines, the nucleic acid
fragment of the invention discussed bel ow can be incorporated in a

non- vPr d1en P TATHA CUpAET |- BlGt 618 s et st i oy diec itiea igtvieaitid cor kenye ot her
sui t abl @ ox. Mirus, Wb 1 iff Gt in ni_mal_ t.0 be vacci nat ed.
~4 Gec ra za§3 A% Nornra%]]ny tuhr[%%ngﬂ-cgegtlh% érﬁogj eni%glrcgl- (%lrsgéla |%r%poers ViTus is
adm ni sttertediuenlbpxgnice {eo d.hehaniBfalandb 30 rpderdeais) ,cages tHe vy be
necessary tqQ adm ni.ster the mcro-organismmnore than once 5 in alifetine
in or _dertojtx(?lrf'gi ﬁn%lnue&z& &dtiia i : 'Utr)cf.lqltn iR &ngh FoorftFiRa™et t hat

i muni zats emtseRenevRsddiess detla et aboMa doh el Renti-de waes nati on

wi Il _be.useful when using live or virus vaccines. 10 Alternatively, live or
vi r usOvHEG T &AF 6 ﬁ@%‘gﬁ%é@k\ﬁﬂ I rigt Lo it tovr ad diys eqganitt ipel Vipept i de |

and/ or '&!é@leiéfbiacfa};ﬁéasv%ﬁ@d?@té@gz%%éé"u%tu%”%’ e i%ﬁﬁ%ﬁ“'%{)i‘gl}e &ldect
primary immunization with a live or virus vaccine £oI'T owed subsequent -
boost er i nmuni zati ons using the pol ypeptide or nucleic acid 15 approach.
The m crQ-Qrgani smor_ virus can transfornmed with nucleic acids

cont ai nio(r%{geqrr gcglleor'}/se 3ic St e qq‘;gto,thféa LR (1 e - rrrpﬁicéilese,plé:. SS9 n the

form of Hahe ivsamaredidiatiang sihsicnges, 20 dasd begdahave sushBsid he
.cytokines discussed as useful adjuvants. A preferred version of thi's

enbodr Mt ¥nEFRRISELhAA MFA AR etsdiary Lesgisar fied e tavalddiferamd t he
codi ng rRGI-ofk fan dies IHERNQERAULAO: 51 (Y T ef ele JefAdING, 5Tr YIRS 19 At
| east under the control of different pronoters. ereby 1t is
T-cell epitopes to be introduced in the GDF-8 analogues used
according to the present invention. Cf. also the epitopes dis-
cussed in the following references which are hereby all incor-
30 porated by reference herein: WO 98/23635 (Frazex IE 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



25 avoi ded that the anal ogue or epitopes are produced as fusion parthéld 7o03
t'he i mmunonodul ator. Alternatively, two distinct nucleotide fragnments can

be used as transform ng agents. O course, having the |Ist and/or tad and/or
3rd nofeties in the sanme reading frane can provide as an expression

product, an 30 anal ogue of the invention, 2and such an enbodi nent is

especi aldy pr rr i e 2sent  ivention. ~ ocT 2aa3 41
Use of térf)e/ 'malﬁl%d of tﬁe é|eﬁlﬂveg&l;ltcltsgn§di1n Zﬁr&reogt%%%r'o uct irigﬁc%%ﬁd rier%egieélé:éese

treat mertl sas deidlls be tapprldcita echd r-aR theadicscugsilorp :abes, 1tike cpr Qw 5

si on of tthhee et hod. of the inventi.on for down-regul ati on of GDF-8 activity

al | ows for st irmiSS R GE HE Frdvit iRt Sk S8 amhss drd urads opi tamesal s.
Hence, am inypardantireredipmideraf itthedmidhod of Jthe eifdl\é%@:feiso'ﬂrhfi%ﬁa
down-regul ating GDF-8 activity conprises increasing the skeletal nuscle
mass of S&fEEhiGrEmon MoftiHe etod-hesfpri si ng down-regul ating GDF-8 activity
according to the nethod of the invention to such an extent that the nuscle
mass is statistically significantly increased (at a confidence | evel of

950) and lviettmadtiviedast t59%% epherpeonpar e tan:ye anitridli carilmal-seaxhidhiiti ng a

nor mal -8 activity. 15 . The inhcrease in scle mass nmay preferably be
hi gher, C12'\£C)>|Igjceh wglslcéjt H%é:s Pafé,e gn%%s% Be2TYS, PFOPOGLLOPe R TAEHC cf . the

i ncreased ass MIS el smSS hiTeh thave erR xabseryedn DR LRN$YsRI ¢p-ce and
nat ur al Ir%@occur“ri ng GDF-8 deficient animals. 20 The nuscle mass can be
det et Hi By ampPIESnVeicemtt schdd Ko /i07 70He aaet inoithas seggieng t ot al

and/ o Ioaldivey Bugels® AeSEnay A ANUr GOS8 vacqing could pakentdally

‘al so be useful for treatnent of certain Human di Seases such as cancer
‘cachexi draiherdd salssuires atneo g dre car ajpreeh byn ced eplenemtrae,inand-dst is al so

a feasihl e nmeans of treatnent/ | i oration in other atrophic nuscul ar

di sea’selsl.necﬁéfges%tlnrgeﬁgﬁ@%%seos ?L;i%gee?tl WAt §8p%§0u6re SiCERTEE-PEDESS woul d
be benefting glrdserpatinerins: isw .f @y RGoully BB ackka and :Chnhenie shearttrdail ure.
~ ~ ~=~ 2CG0J 42 Peptides, po]ypeptides, and conpositions of the invention
As WP B SafpRFEn PR GMsthe ididnsed He phesenPapsFentciagrYi §Basae® on t he

concept @fi dsMNicFiN G REY Ayl $13gaisnst, 4he %oG?E{ 3 tisQ%%'ilrltSrr der to
obtain an increase in nuscle growth rate. The pre efre way “of “abtai ni ng
such an "heRu FFETIiGT sire .o Heste veadi ftibed pressinens nofen@hEns p rtivere By

provi di |.ecuyl i .hav ot__previ ousl v.been disclosed_in.the art. 10
It is beqln{eg\[/)é% t n%?)rﬁ%}é:%%ol %f &é% é%-e arrrlt%l SEUITEE i S§6uEEY Rdr &% are

i nvent i wedir itdueiGDFWN whiight shand d heveef @f® sarjuiemtper thant feadeh efowtnhe

i nve Bi on pertains _to.a GDF-8 anal ogue which is derived froman ani_nal
GDF-g Wﬁ@g&q@q%gq yfdﬁﬁ@&@ ghe lysosomal compartment of APCs to al-

low subsequent presentation in the context of an MHC-IT 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 wventive method. Such supér~promiscuous epitopes will allow for
the most‘simple embodiments of the invention wherein cnly one
single modified GDF-8 is presented to the vaccinated animal’s

immune system.



modi fijé:é'ti'(ﬁ)_h_ whi ch has as a result that inmmunization of the 15 ani frel O®ilt B)03
t he anal ogue i nduces production of antibodies reacting specifically with

t he unnodi fied GDF-8 pol ypeptide. Preferably, the nature of the

nodi fication conforms with the types of nodifications described above when
di scussi ng various enbodi mrents of the netBéd of the invention when using
modi £ ech? O dheNSOre Arbh Il Al OBULR. RIS hereln R aiingd o

nodi fi ed GDE-8lnDIeecu.I es eare rel evalnt forlt € purpose o0 (?ggsizor %ﬁ@n%q% e

GDF- 8 ardl®dgudsr afuathieori mier i Bing s taneh sty sudichditsolgesis esheappidf fstdat i S

mut andi ) 4 he i.ption of these anal ogues.. 25 It shqul d he noted that
pr ef erre%cPEﬂD%imﬁ ga?%—ipéhﬂn cek](::u]lyemsp coocr'l‘gaﬁ s %dir?ﬁ%@ﬁqednglf\ﬁni S Sfesul ts in

a pol ypeptieatey heari nge s semiente iklentidy wofraied erst o7 85 Mindh -8 or with
a subsequence..thereof of at |east 10 amno acids in |ength. H gher 30
sequefceRTeNti T i BE T e edr £9F it ARasPershist evdinos anddst 80%

or 85s. gkhe, &%ﬁﬁﬁ%ﬂ dendd 11 d DIt @ Hucleis Ag

cal cul atged as (Nref - Naif)l _'l 1OC1]J Nrefr vvhelrei n Ndif 1St cel%*t gtt%% t}:ﬁ:ﬁtrfber of
non- i derftdic ain Stegidfue s-Hen mdiies v e duse rvc a3 nhiveyy cad & tgn e randh withe rt@ienc eNr ef

is the er ~ 0Q3. f residues_in.on t he sequences.
Hence, tLg(;t?ibme(:setjepqtuoerﬁcetcag1 }(#O%%f@nvﬁqcyﬁcaeveora Osneqncﬁleenc%g?’jl déits 't 0P #F5s wit h
the se quemeenSEJAATQ YNdrd =X adng Nitef =8corli T duwventn o al seeent.ai ns
to ¢ itions useful in exercising the nmethod of the invention. Hence,
the .?ﬁe%ﬁﬁoor?%%’otﬁbeﬁ?a}t &S G "o GBI [CSifgdst (iSSP X HARS i righkan

i Munogent aldo) efifectdry e ot Gl%{gn};ﬁqc%%f& Rl RRPLILAL) Wi ¢h 4;5- &

self-protein in an aninal, said 8 pol ypeptide being fornmu 10 | ated

't oget hemSHiaty afFheamfuirdiastf cenlisr e epptrals - -adjeuaantFGso rasapddar egk t he

ani mal ' g,.aut t.onal e - ypeptide, .the caonposition
further conp i%%ﬁaa%qﬁlar nac(g/}telt%’aﬁqﬁlaﬁadgoi%ln%%ﬁgloorw @éqeymaagcclérpetié/blaély

vehi cl e arid/orsearirfiier .sumfaatcheranirdssudthias gard0 efr tdmd-nventiwon pertai ns

to t for | ati.ons qf naturally occurring GDF-8 paol ypeptides which
havetﬂgeesﬁ’og}eﬂs%%eoé’cﬁ c te&]itﬂo?f}‘gst% eé?%‘&ﬂia%éfntt?r&fettlﬁ@ TS 165 t he
inventiojan cEherddv el il $o 4elatesrdt an dJMET0geN1Gconposi tion com 20

prising an i munol ogically effective amount of a GDF-8 anal o gue defi ned
above, said conposition further conprising a phar nmaceutically and

| rmunol o) Gal 1 AECERLAR] & Widaiileahl! Ao Y& MGG Ao GATT G and/ or
exci pient and optionally an adjuwant. 1n other  words, thi's parj"t of the
i nvent i diblkcdhaerlngedorid®s tmulatdeaantsaiof awdi fuveed GDF-B,deas sentdcdlilaraas
descEBbed her.ei n_abave. The choi ce of, adjuvants, carriers, and v%picles IS
a6 ~ah ehhanced 1mitune response, it 1s possible to indrease the
level of responsiveness of the immune system by including the
above-mentioned second moiesty 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-vy),
. F1t3L, dinterleukin 1 {IL-1), interleuvkin ? (IL-2), interleukin

30 & ITedY dimiranelgonTed o R ST S0 Loutraolanivio wa {UT-32) . inter-
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cordingly in line with what has been di scussed above when ref ergi {mmgo
formul ation of nodified and unnodified GDF-8 for use in the inventi 2003
met hod for the down-regul ati on of GDF-8. 30 The pol ypepti des are prepared
according to nethods well-known in the art. Longer polypeptides are
normal |y prepared by nmeans of reconbi nant 2gene technol ogy i ncl udi ng

i nt roduct,jon. .o cleic 1,d seguence .encqQdi ng the GDF-8 anal ogue into a
sui t %tﬂf“, %%D%g%lf}ydbﬁ@tglecﬁeoﬁe% arfsf g}erré%%eoﬁefofs%hslﬂiﬁ%lél%ost cel |
wi th t hesestjorvarexpnassiancaf, tde M eiicasis seauanse, recovery of the
expression product fromthe host cells or their culture supernatant, and
subsequent purification and optional further 5 nodification, e.g. refolding
or der i waldczation.. Shfd anpaRtidles At Aes efall i spaned iy Seans of the
wel | known techniques of solid- or |iquid-phase peptide synthesis. .

Howevér 25 ddentseatvehesi gty tdars beediiolCogHIPEd) 1 é15ddi0ed GRESH0 (Bilklee t he
product i faul ] -d£en tides. .and pr.qtei ns .by.these neans, and

t her ef orkcell{bib\?}c iaséjgpsdo&vmg%é;'i ﬁ‘%ta%%%glco%e eo‘? Ytie 1%r9§5e%tlolycﬁ’\?gﬁﬁ%5r¥ t%g ‘pr epar e

t he | ongd 7EEnRstT)uctanchCRIy nidedinea irraris) .15 Nucl eic acid fragnments and
vectors of the invention It wll be appreciated fromthe above disclosure
that nodified GDF-8 pol ypepti des can be prepared by neans of reconbi nant

gene t eghnlogit it Bl 0Dk SRS nfi e Gal,esYNthesis QL2035 1is-

r

.sem synthesis; the |latter two options are especially relevant when the
modi £P cdreplotHsi stid-Qin demild Ag arel prectteilmabdder icerte rotsudm .ad likoH, a

di pht herj a+t | t .Qxoi d, .and .BSA) and non-protei nacequs nol ecul es
such as H(%bggﬁl%ﬁéntk}e&g%l@ﬁee%l% ar?%rolfvacolﬁfress)e "% & gftﬁ')i)Pt HEYSEYE cat i on
conpri ses raddiitdcon aofd Zhesitdeehehaises dike ssicdes gOoURSd oD G 8nter-

pol ypepti de-deri ved p .tide chain. For the purpose of reconbi nant gene

t echnol 85&,1%&0&3@) “dl'so for the purpose of nucleic acid

i mruni zation, nucleic 30 acid fragnments encoding nodified GDF-8 are

i nportant chem cal products. Hence, an inportant part of the invention

pert aPn$Us® & hrudcsisc Lacdiidh v odgrarr aflicdin de we did s da mEDRLY amdlcbges- i . e. .a

D" iy O, Ry e B ML 8 YO SRS TR Uil LR seauence
system is an important embodiment of the invention. The art
has shown several examples of this principle. For instance, it
is known that the palmitoyl lipidation anchor in the Borrelia

20 burgdorferi protein OspA can be utilised so as to provide
self-adjuvating polypeptides (cf. e.g. WO 96/40718). It seems
that the lipidated proteins form up migcelle-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 farnesylrgroup, 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 is use



fusion partner or, preferably a GDF-8 derived pol ypepti de wherein bgﬁ«ﬁ)gﬁ&
i'ntroduced-a foreign T-cell epitope by neans of insertion and/or ‘addit'i 6h;
preferably by nmeans of substitu tion and/or deletion. The nucleic acid
fragments of the inven 5 tion are either DNA or RNA fragnents. The nucleic
acid fragnents of the invention will normaBly be inserted in suitable

vectors £ I r 10N vectors carryin he nucleic acid
f ragmento; o%hcé'[ kr?escc% ﬁf\r/ye |eg{1t; %{fg Cgoﬁleﬁnoe\?e f\?aecc Gr sd’%roetga sd‘tﬁe‘?ﬁ‘tfeo(f: ‘he
i nvent i dremBetiaids £oncerdfifg ddieercenAryctI4@ 300 tEhes e.oeat aich1@fr,t he

i nventi j 11 he discussed in context of transforned cells and mcro
or gani sgg]%gél &ﬁ&uﬁ% et eég?ogﬁﬂy &e%eﬁ%%é%ﬁ ‘pur pose and type of
application, be in the formof plasmds, phages, cosl5 m ds,

m ni - chronosones, or virus, but also naked DNA which is only expressed
t r ansPed Vit dEritigien rqadkinantap ] rifsy tiamentdetomh iRhefadrscedesiudrtisng and

expressi;on vectors of fhe iny P l.e, of, aut qnomous .replication,
t her eby lenabl I ﬁgﬁr hieg{%: cog]y-%ueﬁﬁggsl%o?orffﬁngﬁgﬁ pl(;%se{se %f ﬁitgh-elaes\yerze

expr essiampicrs 2F thiegh-nipevd]anrte pldidatpian dfeari csish $60 wart- 8c lreniumg. ifhe
general outline . of a v%g]t or_of the invention cqnprises the follown

feat ur &I HE SN 28 TG SATTFENP S PBp&CIBEN Hexgdirg Sifo e f or

dri vi ng sexfeepsirde ofr the nuelLithaddE 2% dagment QfrAike pventien,.
optionally a nucleic acid sequence encoding a | eader peptide enabling
secr &Pi FP Y tig thHid Gt REdeimeiH Faphgselsed, whar-e cappicohyshiadesi muoht e

peri pl asym1qf, A hact %r.icj;.ml.ecgs  dNtearabiy) | r\]/ra%ctil;'u% fBbRaRG of dhe
pol ypeptide fragnment, the nuclelc acid’fragnmént of "the invention, ard 30
-opt i onalllegsa el gile ;adi%Pequenceinencodi4dy & StodrHiatdt, obu tWads copamat | ng

w th expression, vectors in producer strains or celllines it is for the
pur poses'GF GeiTerTE " aBigS tﬂfe%{ﬁt P?eﬁ:[etrélr‘?é:flé’reﬁed I(’?é?lelgrﬁrslef‘@r“\bé@ntehat t he

vect or .whendints aeed igit &.a st el lodhed Hedatied af tthehestk cal |
genone. In, ~ ~ ~cr ~cos 46 contrast, when working with vectors to be used
for &Pf SATINGAH A B3 T Ess i The it ash tawinedl c@irrdenwmed agsileg tshehvect or
in DNA VACGINAH 1M sinfrdtS Held ity heas referr t hat. vecgtor is
not incapabl e of beilngp I nt egroact%%gﬂlﬂn (t LePﬁHo;E{éscge ul% %Ogj{gﬂgﬁe?ltpg%%ggﬁay,
naked DN&xgrichomnichtegriats rege rvimr & lbredinor(®Sdn e aused,l stche redfeirces! ehdvhi ch

are wel lu_sl%%% cto%jtu%%tg%rns%%rsc@eusqd in the art.

20 Certain areas of native GDF-8 are 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, 49-692, or 79-104 in SEQ ID NO: 11 or

25 12, or corresponding subsequences from GDF-8 polypeptides of

h 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 te 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



The vectors of the invention are used to transformhost cells 10 to produce
the nodified GDF-8 pol ypeptide of the invention. Such transformed ¢elilB,20a53
whi ch are al so part of the invention, can be cultured cells or cell |ines
used for propagation of the nucleic acid fragnents and vectors of the

i nvention, or used for reconbi nant production of the nodified GDF-8 pol ypep
15 tide : 1NV, i Al ternatjy t t.ransf.orned cell s can be

sui t abl :s isvéelh%eyclg}gﬁerg rlst?ér}%ﬁﬁr?ls a\(/acvir"llgir31 eélenqq“{e\éiecemr}g]ter} g:aarlac]“le S roélgenearlﬂln(eone

si ngl e @reimltdaplencopifesdquirEy eobesrt figrzert deeaassHiahefdeataisecreti on or

integration.ntq, the.bacterial nenbrane o ell-wal| of the nodified GDF-8.
20 Pref efr.orree&g{nr gﬂri‘sfegr'L EeCe}TI%? 51attlﬁ§‘a§ﬁvé’ﬁgi18f4 §P€l‘nF8P8:C6P§5ﬁi $fis such as
bact eri ali(sstichsas frheispec es Bsrheniahad e.a1%0 Enltidon Bagi I lus [e. g.
Bacil Lus subtilis], Salnonella, or I\é/cobact erium [preferably

non- pat FgEHiEUEYH Mnisovaty Bog of ey dastrs amawch ars tSac dHardiiees

cer evi siagi ANd Arotgraans. Al terngg | vel s, the tganshor med cgld)s gre
derived froma nulticellular organismsuch ds a furigus,” an 1 nsect <cell,

pl ant cellle CortexrrevennlGRET &eldagnRedents esafldrrdave shown great promise in
the use of a comercially avail able Drosophila 30. nel anogaster cell line
(the Schneider 2 (SzZ) cell line and vecfor system available from

| nvi t r ogenimfler: itdie Jfeabinanid MRAUGIHDBI -9 kb @Rarages of the

i nvention, and therefore this expression systemis particularly preferred,

al sotPor the purposes of the present invention. 1 ~ QO ?.a~~ 47 For the
pur posesyafn QNG ANY U s ML T RED XL TR 'tolé&)e%rtq_f rigd hat the
transforned cell is capable of replicating the ndcl 8irc "aci fragnent of the

‘i nvent i gredidaldd @Eréegsilypdttive Mrclagi arfinegrientirane eprsafsarame dywsef ul

enbodi ts of the i.nventiaqn; t can he ed far small-scale ar .

| ar ge- sca atsans- ﬁrffapaadrma n|losnncro Jtchnehcefrr}oé3 iefolr%eg’ g B ay (e cfg’éféﬂugfatﬁ&?

pat hogenifc thac tperliyiheSi AACTH N WEONSid thiancS dik A dde@ aMaceiztgnold Wien
prodici r]tg the nodified GDF-8 of the invention by neans of transforned
cel I s? it*d4%etdivéfi®@=t al t hough far from essential, that the expression
product is either exported out into the culture nmediumor carried on the
surface of the trans 15 forned cell. When an effective producer cell has
been i détarfared-ian jaf prasfamssd whorelt eridasins pefpdrialef | domeasteablaiss e ca

stabl e -celJ_ L. i carJi t ectaor, of the.inventiqn and which
expressgcgézeo,“{b%eevgr}ueg’{}esi ?%qu% rngl:$’iar‘i"zteqtelnélcr)1 g Oéier%ld%fk\eec?r@ﬁa&? Pre
f er abl y,extehnipsl istiadl ébycal IS | imecesaey eft, @892 5a3r 14, &9 1t, Ive 3GDE-, & wanalxague of

t he inventdion, there?grﬁf cilitatjng purification thereof. 25 In general,
pl as 4 oS Work '%gg%;epﬁqdccf‘n R Tnt For dEGREMES B rr&ie deri ved
from spegi es ampatd ble,piddu the st weldiae Usedddyaect ison with the
hosts. The vector ordinarily carries a replication site, as well as marking
sequenc &€ aiFRELe sarsd tdiggai e ofayirbwadiuig ptre st ypise el ismts;omalid :
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 bufféring agents, or
adjuvants which enhance the effectiveness of the vaccines; cf.

the detailed discussion of adjuvants below.



30 transformed cells. For example, E. coli is typically transforned :zstp&h
GClard

pBR322; a plasii~id derived froman E, coli species (see, e.g., Holi
a.l., 1977). "~"h2 pBR322 plasm d contains genes for_ anpicillin and
tetracycline resistance and thus pro - 'vides easy neans for identifying
transforned cells. The pBR ~ ~ ccT 203 48 plasm d, or other mcrobial

pl asm d Qggggﬁggn i.n,.-Qr dified to _contain, . pronoters
- which cgﬁk%e use bya¥%%§%¥§§£%§%iﬁ%¥%% %&%ﬁg§ﬁi5%%§ﬁingegfgfgégﬂdng%S Those
pr onot eris1jresti coonmion] yexesed 6,0 eigderbistantn tANAcGeNSE I Uetirer vitRelude -t he
B- | act amase .(peni illgggge)L%%gzlaﬁﬁoseépnonnter systens (Chang et al.
1978; | takurd & M3 o775 VesEd e ™ OI.{HWQ?WQFcﬁ&&r&Ytr@S@é%ﬁ&ﬁa@trp)
pronot erf aysiiemildmeddglcreta @ suik3le ERARHR36 bk Mg theseare the

10 nost commonly used, other mcrobial pronoters have been discovered and
“uti | i 2edFEnd T SUERREEHIHES meidy AdicIseBte ¢@seseqeendes biave lbeen

publ i sheg, i:ng : I er . i e _them fynct ally with
pIasnidgﬂggsgggk%éié%ﬁgﬁk%%ﬁqéﬁﬁg f,J%gggf%%égﬁgéi%hgghegbgggﬁﬁéfokaryotes
may be ewimedsednts ieftfriagiremilal ifio dmuladliicnfsr.oMotrh @uppowl Bt ek ra—
sequenc%s%i%&%ﬁ]%g%%%rthe need far additiaqn gf anot _her pronoter by
artificial means T Addit o S ok AYottES - WeGkary st FEaPdFobes, such as
yeast 2@caulalw=as By 18iceq Heusedqigrnd heks ;t hedpr emphekisheukd hgca
pabl e of driving expression. Saccharonyces cerevisiae, or comnon baker's
yeastOi &4 FOTESt TEOMmIIINF Wiesd Candrig Pdiaryist 2€ thver drerganiesivs inal t hough
a nunber .Qf .qt IAicRS £Y0) I il able. . 1expr iLon in
Sacchar Giacier And Tpl s d 28 ot T ar i 4 CledmiBay Ladaans
(Stinchéowduste aluch 1@zoallKi ryeitmyeet calcipit®?®; aksclienpexaaiplal,., 1980).
Thi s pl i.d _al ready .contajns the trpl gene which provides a sel ection

mar ker %gkgﬁﬁﬁFﬁéf%étﬁﬁﬂﬁﬁéfo e JEFTd, Vngafﬁgsgbiﬁgﬁﬁ o JRORESHUm

t r ypt opkarafrer egx ampliemAEEG dNa.r 14407 &0 uRER4-, 1 m3Qnedanas calk®bhhcThe
presence of the trpl.lesion as a characteristic of the yeast host cel

genofe Eféh Pifodiidss dhesrr &Rps Idavintodest ther festeeti 5§ ltanstor mat i on
by grOW%@éﬁ@n%ﬁ%n%QS%%%ﬁeQ%,t@Mﬁh%gh%%psulgsé %Q%t%qg%d4%e§%ﬁ%%b%%r—
pronoting sequences in yeast vectors include’'the pronoters for

3- phosphtglafdenst & kinraske neHiargnmenda ial 10-2980p fomcatitver igloyeoliyhite
enzynes ( ty  alse,_-3968; |l and et _al.., .1978), such _as enol ase,
gIycerapéehyggggﬁiﬁgégﬁéfe &gﬁfEFQSfggﬁgég?lﬁgfdkFﬁgggfap Pivat ¢° an

decar boxyltese,s timos fafmietd da pasenegl ucosieadsphas phate bl mRnhasg.a -

3-ph ﬁphq | ycerate nu tase, pyruvate kinase, triosephosphate isonerase,
phosg ot iCo$E G Terase, and gl ucoki nase. In constructing suitabl e
expression plasmds, the term nati on sequences associated with 10 t hese
genes are also ligated into the expression vector 3 of the sequence

desi redThe e lopsidssies e Yphovifderpdlaradenyitat itbe okccheenRNAnaudral

t er m natj.on. r..Qro , I ve the additional advantage of, tranl5
scripti tgﬁ c%gr%'?r %ﬁrg% b)r??%ar%%n%t ewc%% |lp'3/o%§:céa é:a?)hee psrag%gt e éldggiagﬁ or

al cohol adehydrogerdse 2,fdrseeytvddahr ame Ereacisthiphosphabpaser degr adatd ve

enzy stass ciated with nitrogen net.abolism and the aforenentioned
gl yoor altaery ders. & ;féﬁgfy@dp@é&gsé,n%ﬁ&néﬁzﬁf%Sr E§f5nSiohl & For
mal t 0se eaaehplal, ackes® 20 ditild IZAHHRP A PlLaglsd VeCRlnt IHAIMING -2
yeast-conpati bl e pronmoter, origin of replication and term nation sequences
is suit&Blds as acetic, oxalic, tartaric¢, mandelic, and the like.

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.



In addi'tion to mcro-organi snms, cultures of cells derived from 25 -

mul ticel lul ar organi sns may al so be used as hosts. In prin ciple,! anY’5w2083
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) hd@% becone a routine procedure in

re30 cenmthsy 8 ilnHsSsSHe g-!:}n{iq{ies’t o203 )i'nh Exanples %fom%?;\%g&'i%e fyleph QL. ce I

| i nes are VERO and HelLa cells, Chinese hanster ovary cell " Tines, and
WL38, BHKsaQES-fr29d atrasoptid d meluaogastert asd wSpddbet eha rhpegitper da

(SF) cel (ca r..ciall vai l able as c | et e _expressi on systens from
i.a. Proéaﬁllycf%ftluﬁ I%Eslmu&oﬁ%&cén%, qf@d’%l%é(szgr%‘? PEFRay

Meri den,s Gk @b4EhendsS.ch @nrd fugmdnwid egemsatay) VRS weehly,! iengs., In the-
‘presept invention, especially preferred cell lines are SZ and SFZi"

avai | abl'&F FERATIVIY Fgerli® POBIX BBI12 5 GTOWICH S Fen mopRé 5n im-
Net her | ghgds fodyass Relpgeslesively %Jg@rees%@ p(.%%tle%ltq_roqllI rs!iﬁ% '.n%luliggbg Ief ne

cessary) an origin of replication, a pronoter |ocated i ront e gene

to be eymeessedaraleon@ s df die meckssarly seivieosdmaub@ Heidn diiog ogirtaes, RNA
splice gj I l.atiaon site, and transcriptiqnal term nata
sgquenC(Saasc:tt o l?Lu e&%ﬁ%ﬁﬁ an ce r’Ia%,lOtnh(‘a“rlc}c £y gﬂre%%ﬁé:ﬁdoﬁgngﬁ Frﬁé’mex
pressi ombyedt dr.d are tof 0PV @by hdu@ NTRied ahoun®s ex theanp! e,
congnI y used pronoters are derived from pol yona, Adenovirus 2, and nost
frequentid ™S HAFViFFs U (AR Hhe S84 Foadd Ithte IHNGfoEErd om0
virus are paid itHliydy s efdile ReGRISE ROt Ane bt ained jeasi Ly, fhem the
virus as a fragnent which also contains the SVA0 viral origin of

‘repl i catingh 2P eHiadrly din dlhe 12g8) fromalaberntorl O arggéro 3V40 phr.aguents may
al so be d, .Qvi ded there .i.s .included. .the.approxi mately 25 sequence
ext endi r‘%ﬁj‘%r om Qﬂéer% nﬁl{1ﬁn§1ttl§lt g\/@énrlg‘ltsﬁéca%@ Inpéaintde bloé)@éc%ééd S?“r?%h@ ral
ori gi n eflsceplarcattilen buRurddeer,ypitf iiesl alysanpasgithlag, =amd nafstentdesi rabl e,

to uﬁél ifzg_rjrpro er or 25 control sequences normally associated with the
desi r8d ‘fené & é’n@é{bsﬁ%ﬂnﬁe&wi&&?ﬁ%lo%mc@méﬁéS&éﬁﬁ&ﬁ“@l-e Wi th
the host cell systens. An origin of replication may be provided either by

construc30 tion of the vector to include an exogenous origin, such as may
be deri Vé@® MegMSVAT GPrdtivart iy glay( de garipel ydre lyAdémy, oISWYheBPV) or

Y, e RGBSRl SHIOMISSI Sl S BRI 3 e
 suffici@ﬂﬂpable. 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 accerding 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 will be enhanced if the vaccine further comprises an
adjuvant substance.

30



740 CT 2D03 sl tification of useful GDF-8 anal ogues It will be7c!r£aCth2803 :
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 nodified GDF-8 nol ecul es which ful fil

t he m ni equi.r ts f.or \i‘;ggm | ogi cal . reactivi.ty 10.discussed. herein.
Hence, agr%mge%qpfrnt oEF 5:t%hel%l nventi glr?%g'o(ril\f:éé"r r?%néerr%tlﬁ%ld If”f)nrmtoﬁé)glcal

i dent i f iZeEtuvemtaf” ,a Irecdi,f icack (@RRE-=81ipolqy paptdide (whisch ,i 1eapablre<efs,i nduci ng
anti bodi_es ai_nst_ unpodi fi ed -8 in an ani mal, speci es where the .

Snmmodi f PEY COES pol “t%ooﬁé%g%g* ol PP ToCd AR iChe 2fst BEd SCInEficsitng 15 -
prepari‘?g)ra%&wgéﬁem de )it hesis or by genetic engineering nethods,
a set” of mutually distinct nodified GDF-8 pol ypepti des wherein am no aci ds
have Been added to, inserted in, deleted from or substituted into the 20
am no a%td 13ed %Q_LaQLfl ! qgl:feekr%%i X:%eglté d%nOfadH%%a%%I q«%lic PeS! e%et her eby
giving rise to amno a |(§)sequences N thé SetWhic conprise T-cell

epi t opesianuinctt e d dreeifgrr itla. tadhe aniemdirgped ehe autesbilrganerberns of the

set for their ability .to induce. 25 production of .antibodies by the ani nmal
speci es gAML IHE ’urh?odéiaﬁ ed%@ﬁ- &5 ﬁ@%ng&la; iy C@ﬁgsnﬁ’z’ﬁéﬁs}mﬁf the set
whi ch singrisffiieantdnr-inducesantidade pradue i1op 2gainst whipd fHied CDF-8 in

the animal species. 30 In this context, the "set of mutually distinct
nodi P ed 2GRS pdlafpepidddry e ndsly exft isovi tablsortidemitcala nendief ed

GDF- 8 I%Q%Qit' ' » t t i.s of it
criter Pg I sculs%g%l yg*ﬁi?%&gﬁ“%%%ﬁ%%%ﬁ (;e':l(r%l1 Wi t%%éet E&%%%g?igo afg%go Ci

'2C0 52 ciargul am dimotine smduNvR isype etdjanvaand /sarchXasay dickfimacta eytpeat t er ns) .

The set ;may caonsjst of only a.few penbers but it i.s contenplated that the
set may kclorynet’aiar?dseavé?yzﬁo%ﬁ%frrelc?%wé{%év&tlé’ eThémsé’tﬁnEfr Tpafﬁlé’ﬁlér &d" in

Vi vo i ngefiamdrhata afiecapR iaflied estjiuigns)s ke Maps ntie ;pepakeureelgi-c acid
fragments encodi ng the menbers and then using these nucleic acid fragnents

in nbel SV ddN iITHRiSZatiadt ias [JSEEH Bed e ei 7 96 rdd ale Fd S niadét-whet her

t he expr i . arg.l n ic. Hence,. the 10_test of ers of

t he set m?ﬁ‘?”gfg “er q%%?r%d i[ﬁmvi Vv ,uQ%S}'Psd Huﬁﬁle‘l?igf ?ﬁévﬂlrgnf%g%ﬁgﬁnge
appl i ed asfjiwstaotar rew gdewr d1he NwHel Ohdeditkiced il ecld es sahichrwd | serve
t he purpose of the invention. 15. Since the goal of introducing the foreign
T-cel | SRAGpedicd 1@ laffpdra IR /AGH 12k sp6ass mpefideds Helbst a
prerequissidgd Siddath ikLeldi dHild fi8f atdon a8 Jopduced Jy .the .md)fied GOF-8.
T=cell proliferation can be tested by stané‘ar i zed proliferation assays in
vitral mutshoits t@ ddgle vy iichddd adiTweeslt £26 ivsicobira meéd threomna

subj ect var}ldc.s%bsequent |y kept in culture. The cultured T-cells are

contact €0 With ‘APCs of the subj ect which have previously taken up the
nodi fi ed nol ecul e and processed it to present its T-cell epitopes. The

proliferation of T-cells is nonitored and conpared to a suitable control
(e. g. B3R iCat ¥UIturdidnitndc dd itde ASEs SthitdRHay Y5t éessed

i ntact, Natdive J&RlroAlderdiatingigha g oldifighat i QRnkAN P& IRASY ed dBy
determ ning the concentration of rélevant cytokines rel eéased by the T-cells
in régpdimsed tlo peiant ecdgriitdron rofouidgiegiaf shldeld s .adB30 Havieng itdnder ed
hi ghly p o] t eas e d'fied:GDF-S f..the set | abl e of
i nduci ngsri}a%]ﬁct%}et;%dc;%%)rl uecgtsi (;%né asgg{anrrsgto %I)IES alrtbqpso(if%ss]‘llsﬁag So%p‘(rzzg‘ejgare an
i mrunoge e eaopaslivt iom ,Ccarayiesjatg at dfeaste gnetwidi fiired HeDR=& uoleyept | de
~ 4 ocT zo~3 53 which is capable of inducing antibodi es agai nst unnodified
GDF-8 i MeRt disfinafedidd iIfERe 1 iAfddrhied o8 93ol Ahdmt ilde°Fs a
sel f-pr i the d .Sl ] X t - ers f_the set which
signifi (?}é)ﬁ"]t Injy0 i%d:ud(@sh%r ozgluc{ |dotf1é g%%q{e?ngt(i oéﬁere?:gcll n ryﬁeanac?nia(r%a © rswélr}]egirlees
Whi cBOarga rieacthw enamrish EDFe B o 410 rek ipharageaisd iaaa 1po ssnd it egical |y
acceptable carrier . . . . . .
tion by reactivation with pepsin treated antibodies (Fab frag-
ments) to albumin, mixture with bacterial cells such as C.
parvum or endotoxins cor lipopolysaccharide components of gram-

negative bacteria, emulsion in physioclogically acceptable cil



and/ or vehicle and/or diluent and/or excipient, optionally in ccibi®al 263
with at | east one pharmaceutically and i mmunol ogi cally accept abl e adj uvant.
The above aspects of'the invention are conveniently carried out by
initially preparing a nunber of nutually distinct nucleie acid sequences or
vectors of the invention, inserting these3Bnto appropriate expression
vectors, - ran i ' abl ost, cells . w.th.t vectors, .and
expressivnegﬁﬁaci}?%uc ég?c%é%aﬁe%éagﬁ#&s o eatethee (iAr}:\‘/—’lecnetll gﬁ Thédd sstlé:ﬁls can be
- fol | owedvithy dGsglaatdeort ofoltutel cex priessipen finedueisbdr (FS uosefiemzed t hat

t he nucleic, acid z}g uence nd/ or vectors are prepared by nethods
conpri si'hy et & LG & S Mhpl3 T &S STRIEssy Adi&tddéh as PCR

or by neans ofinuc i Aacighsyinthesirn 1RRFAMBLE SFO BRXAMRLES 25 Expression
of the 109 amino acid residue C-termnal region of GDF8 fused to an
"N-terfinal His-tag has been obtained in E. coli and the purified fusion
protein A1as, r: . i sation of: jits. 1] -1 th GDE-8 has
been 'express%gq%n%k{:egﬁds an Ogﬁodm%-t@lbn[e&?g}clreoecg%gsec ﬁ%e%rmgnol &

unpr ocessedrialed 3¢ prrocessed GO, carekipedid \felry apMelherdsaont ets als. ,DNNat ure
387 g . ,83-90, 1997) Thus, no problens are expected w th expression of
the bel GRUIYSeNELeR GBI 24T 0T EERNAe Sc6REPLEERS 2NFhénREEPLEERERGI U~

expr essi t t10 r t f th - C
construé%s?lt}yzdsg%clo i%%et#gﬂ}egaf;{ S%p%glgg}éo%ﬁlg% 2z ?u?%cl‘i %%?&ﬁs&‘raend CHO
cel | $0and tiarsedtirgelds isuGTES tthe tdleov @ aweritdidried <& esephidraptels-s. 5
EXAMPLE 1 Vaccine .desi g e rational e behind the present invention is to
substit Jheor % s%lrpeﬁcg%es&ﬁ-mdm &8y e PEtred RES &Gt 2HF 0 n with

. forei gn remyar tdifdeyaildel - @gld) .epi topes e.g. the prom scuous tetanus

toxi ml-cel|l epitopes P2 and P30. Preferably these substitutions should only
mnimally disturb the authentic three dinensional structure of the target
protein.; i i ] i.d _resi -4 er m nal
regi on ofl-g(ély%'Fc{r%;r ‘Qﬁ{rﬁgﬂﬁ%%ndg}%&ofﬁmﬁc njo?% g)?pe%g)tne r?é“ﬁ?ﬁ% %ft)l ogically
acti vé figrahsof a@RF-Be e tehrlagadiomen sidgnedangtsr woteu iperedfe rireics arcegiren of
GDF-8 is .not tl%n%"k@e tgLur;tveqlatsiodn on 20 the structure of the honol ogous TG (3
pr ot ei ndtth9 nmodel " of "~mononeric GDF-8 shown in Fig. 2 can be anticipated to
be rea’ sonably close to reality. In this nodel of the wild type GDF-8

(wt) a-helices are shown as cylinders and (3-sheets are shown as arrows.
The cystdiSfe-FENRAES W ik A9 (§i%s flafitdes fords EHREDPH watyrisl)osel-y

posi ti ongdrt & he- SRR Idh3RUY & D& RAMRE ) RN L3l sihe riesence
of the relatively _hi%h nunmber cysteines (9 a%ﬁ thus disul ?1| de-Yonds in the
109 &Ri meddld v exindife G theraribiesn rsdgivon tdfa tGRELS |tvpid ©17 keljposrid® si bl e
sites where 1 f.areign T-cell ito n be _positioned. In a%' ion to
pr oduci 1g t he‘—ﬂ%%(.l)j eaﬁ%t}lpacrle@urleagcﬁdl@ei%ﬁt g:?r?isr‘?alﬁ. FEETSH S TG cl1I\ﬂtst'hout
substi t in AECOM® enatrEisd duess 2G4 5 (opth dha@ily GridetiDreft SBQJRNCs:
1-10), the follow ng GDF-8 AutoVac constructs are proposed. GDF-8 P2-1 (SEQ
1D No 155 s(t;%tefg?%ﬁo}?d dCiH RS e 05 RATAHA: 1 FGHLGF TS dDF-8chi t h
am no agindh Ri10¥8s 18rm3% Hhistdd whied %&%w@%(%ﬁ%n&% 2ARERN DN 16) s
the 109 amino acid residue C term nal region of -8 with amno acid
resi doegssariggngyparticulate 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.



10 stituted by P2. GDF-8 P2-3 (SEQID NO 17) is the 109 ami no aciid, resh QQ@S}
Ctermnal region of GDF-8 with amino acid residues 83-97 substituted by

P2. 15 GDF-8 P30-1 (SEQ ID NO 18). is the 109 amino acid residue Cterm nal
region of GDF-8 with amno acid residues 21-41 sub stituted by P30. 20
GDF-8 P30-2 (SEQ ID NO: 19) is the 109 anBfo acid residue C terminal region
of GDF-8 with amino acid residues 49-69 sub stituted by P30. GDF-B P30-3A
(SEQ ID NO: 20) is the 109 amino acid residue C 25 termnal region of GDF-8
wi th aniffe e Megilaues trregg igub ($ind tthed /by rP36.r r€DiF - oR30L3Bi(ESEQ | D

NO: 21) s & dJg u region of GDF-8 with am no
acid resi dl?gsh%eé]i%% dt}qw%g{tst |fﬁju%tcgd%bqtl93§mpgﬂ¥ &l e Fé@@el B%N0: 22) is
two copisesidgfed hen |G sa@liimo egciad r,e§19dal2e (@ntieshmiraheregiyon neb rebira8 ed
coval gn%}l i%’mect ed throu h the Pze:f nd P30 epitopes. In other words the

e

mol ectl REFSB5F s ohpricsed T B SRAPELONTRE Fi FSHL oL | s

the 109 aatinerAGudH e Gue friliefdd RE gk s@h + A+ nkawhng ;B2 feu%%d to
its Ctermnus while the second half is the 109 am no acid resi

C-t er mi HANGESYitoN C&fHJG}BIELt&nWa\‘HW?g apdQ getis & o titbeodNeser( mrnasﬂ:l@e@DF 8 ext
(SEQ I Dy isis Af fhe &term.nal acid residue of GDF-8
with res uelé%) 631%%2{% stlt eéltb)) P36 T4nd %g‘& ?nésr%gegﬁoﬁﬁbg?l?‘%‘éa by
P2. Thi &ya@nsiaediodhs: dde m%e@ﬂauqya@o%jﬁ;%%lt@%eb&%%m nak ihegi gpgof CGDF-8
with an N 10 term nal extension containing both the P2 and the P30 epi

t opes? EARtdHF@REnphIrybeenstenensteatept tér enhbhee| amhenogenititg for

cont enpl e\ edutro rodu&e a varné%nt where Cys73 is substituted 15 with Ser to
avoi d. diTher PS4 UGt i de- bond forma tion. In GDF-8 ext it is

~contenpl at ed to performa simlar substitution in the correspondi ng

posi tion (hl Cysl24 ~
er 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



Serl24). 20 EXAMPLE 2 In vitro nodels 25 It is contenplated to inﬁtiﬂngygﬂﬂg :
i muni se mce with purified GDF-8 variants as described above. Aftelﬁ' CgEtt
three i mMmuni sa tions antibodies will be nmeasured in ELISA using the
non-nodi fied CGDF-8 nolecule as the antigen. The primary reason for these
initial experinments is to confirmthat thé>AutoVac' M 30 technology is

app i cablcs fanic Sl Noh A L 10n0S%:dRACkINE AULGRAL bog 68 and,

inportantly, to identify the optimal "dosing and i nmuni sation reginmen. It
woul d, Hoviehaer), e averai e ilsimmd irfodmdt | BEMN) e sl aagaiopsti s@REY8 meelie anot

rai sed j ...since_the f anment.al i nol ogi cal

19 oor Syt MR B R e RS B o R T Rarny T 4 Ba 0L

i dent i calew & drtins@l¥nwHildH Thebbd 1l .r @ady wieen sohsany el rTNea: cef). O

08/ 46642 .andt\\ﬁo 954 05849. 5 LE 3 In vivg nodels 10 G oups of mce wll
SR 9 R

be i mufsed %t £Tdés dFREd HoRleEx dsiee tEonTRE i ce

will bed vmmiseratc Hheage Heaahouts 4 iweelks %it%fiﬁlfeh%f*l%\‘[&att%@? | mune
conpetent, in order to respond to the vaccine. Freund s Conplete adjuvant

Wi || be "i<dd 2P sebgsiér idfervdakiiinesalags! isdsperdioresed Tusiangl &rcallim &5

adj uvant,such as pAdj upl j Levi n_ysed.successfully in
adm xture w th TNF, au{bg\%j-g%cifrggpc%%ri%?)u%thg d%lclilﬁ%{%h%g‘%'na:iss’a&%“ﬁt 38 for both
human aridheaninfdlangse s iDgr iamg! taheventliate iimEdries athicom operisothatthie «t etral body

wei ght. qf -8 i ni sed as |1 as control animals will be npnitored regu
50, b, R (e T STt S S T6 eRs YoRnidaen HBp Wi be
sacrifi eed rand dhencsinze 0f infiRine MeSHR SBES Wnl lanke et ersmed..Bue to the

relatively narrow window in time where mce are in25 nmune conpetent but
Lstill n&h%lqi}_n&tﬁﬁomﬁ] iy e 1gare egot ecd igemewstficatredakeyef f ect  of
anti - CR=8. MAGEINAT haN i) o NESe ANy Lo Ral REAYES 08 g case, it
is contenplated to alternatively | nise rats or larger animal's such as
pi gs, catting Rétd. a30 aThexdipdishited TEBF-t& cimlodeglye i swhi.eh  sleperdidrelly

eSS, S ggte P an e sadlon Siner] o) ¥ Aneresste e

20u CLAIIM3 a38 and Humorzl 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



1. Anethod for in vivo down-regulation of gromh differentiation factor 8
(GDF-8) activity in an animal, including a human being, the nethed 00T 2003
conprising effecting presentation to the 5 animal's i mMmune system of an

i mmunogenically effective ambunt of at | east one GDF-8 anal ogue wherein is
i ntroduced at | east one nodification in the GDF-8 am no aci d sequence which

has as r I that, - i ni.zatiqn of the anjmal w.th the anal ogue i nduces
prol0 dusgs‘%éo%laslofcpl?n e|rbeongrLI sOléfé)aEipns]tCPet%e“bﬂ'—r- WYy gepthicdes &g trgune
subst antieadpdrrset i of 1 DR Bricelds SRir CRRS, Ar@iYe$ANE G heaRg 51 @
foreign T_hel per epitope (TH epitope) is introduced - corresponding to any
one of Pe‘:siﬁii%sl%ﬁﬂ‘?e%-%g‘:t%e 795 QE §iprsEg Ty NE:ccineomaly? deynmeans
of addi td:one d&letd10Mod SRITYRIBOaUbSIHLW 197, O (it rag %%ti s
correspondi ng to an equi val ent sequence from a -8 pol ypeptide o

di f f ePerroragidehingd e . bovi ne, porcine, chicken or turkey, or a
foreign TH epitope is 20 inserted or substituted into any one of the | oop
areas or the flexible termini in the GDF-8 pol ypeptide. 2. The nethod
accor di mhe oraglairm hawhicats fqirarhary eampdises 3t & fate e@as theene ifdd st

nmoi ety is introduced which effects 25. targeting of the nodified nolecule
to an arfth Oﬁﬂé@rﬁtﬁ%@’%ﬁ”@@@“&h B MhrdSfeeedn@rdyrer= 4 ¢ ~—~ 1
z~~ 59 tialed CARINONG SOLAMEIG &k inhiniddr Qfuced Jhich sl nuhat g5 the

i mmuune system and/or - at |east one third noiéety is introduced which

opt i Af’s LIS eiftRdt iton SofittHaurbdivdhe ¢ sGIF<® Bolpydempeindédes .t he im 5 mune
system 3. The method according to claim2, wherein the nodification

i ncl udes introduction as side groups, by coval ent or non-coval ent binding
‘to suitabvle Glvermacial wrauipstirnGDF- 8 or a subse quence thereof, of the
foreign TH epitope and/or of the first 10 and/or of the second and/or of
the third noiety. 4. The nmethod according to claim4 or 5; wherein the
modi fi cad is0N d1NGEHes N0 Aesd isubstiituldn and/ o deletjanand/ory
insertion and/or addition. 5. The nethod according to claim4, wherein the
nodi LPcHFAGH IS rédsulteshneltdsy wrlowusiled cofacd of wsicor ngdliypeptilde. 6. The
met hod di s | ai Qf i.n._int roducti.on .of the aning acid
subst i tgﬁbgfrllq 5%/%%%e eétr}a%nlqgnl (l)l\r?{{ll%[?gtlel%ﬁ dn égr?él/eécrlca [ uinolr?a%ésollfl t's in a
subst antiral “wreeserivatirdrsadfidrfe efeieald o enimbany oSt Euct-dce ek GR-8. 20 7.
The net r%%q:ea}sccor ding to any one of clains 1-6, wherein the

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 wvaccinated 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



nodi fication includes duplication of at |east one GDF-8 B-cell efpi ti{pe 2003
and/or introduction of a hapten. 8. The nethod according to any one of
claims 2-7, wherein the foreign TH epitope is i nmunodom nant in the aninal.
25 9. The nethod according to any one of clains 2-8, wherein the foreign T"
epitope i s prom scuous, such as a natural 3pro ~4r cr zoos 60 m'hscuous
TH epi to n jfi.cialy NMEG 11 _bi.ndi n epti sequence. _10. The

met hgd a((%(efogﬁd%r%%%{% Ifaa;%'Q,ll{}g:lgff'eiprﬁt%celnn%tt%r'gl' %Eieéf& totj):ﬁé inéajtslgleect ed
from a TPetvamus ltadxiagird aepl tldpd dsudhmapaRt &ner P3G hea idimp)xh'fo@%:chi imatyoxoi d s

epi tope, an influenza virus hemagluttinin epitope, .and a P. falciparum

eBi toBe.Veff/. e st (15 AEEr d”i“r‘?% &t Tary 0¥ e&fﬁgl AFHENSIER L irer 8RR t he
first moirgtsy iiss sxpudtsiantd dld Yerspa@d iy RiaRdindg thar Rk L¥adBrlgynphocyte
specific _surface antigen or for an APC spe IO cific surface antigén, such
as a Raptén EMuR8sbohydrate for which there is a receptor on the

B-1 ynphocyte or the APC, such as mannan or mannose. 12. The net hod
according to any one of clainms 2-11, wherein the second noiety is selected
from a  &grgle,.ne raciemmede erdmdliteng hdatthehdok eprtdtoei mombdi sEle erfet hod
accordi tQ claim_12, wherein the .cytoki i.S.selected from or is an

ef fecti 3‘% C&;&rr]tg LSS & o nﬁdﬁ%ylﬁd G%%‘?L,toi &r LIRS PYSFEM PY

i nterl edsitrcudilrg? )nudirtier laeiiki )4 ldehg ithiee iogukiir 46 chlFbe6)into
interleukin 12 (1L-12), 20 interleukin 13 (IL-13), interleukin 15 (IL-15),
and §Farii®o 2ninglt' & medricprage toGIShyY SOtRindnong o FEtver erOVIEESEPn Hivd

wher ei n ttrhe haate $hoak Protaid d S Sel @st qﬁtfr&ag%e group consisting of
HSP70, HSP90, HSC70, GRP94, and calreticulin , or an effective part
~thereof. 25 14. The nethod according to any one of clains 2-13, wher e: n the
third ety .i.s of lipid,nature, such as a palm.toyl .grqup, a _nyrist

group, nglnf ;t?ﬁnlessﬁ%bé)rdol%ﬁntd écerear%ﬂscr SIS PYEdaE é‘cc‘;& 1EnOFEF ST 3 an
N-acyl dNQ yeerdhdeagr @dp.in the~ f@rm oZa@d kel bhia, Thaameiched 1ageor diirg to
any e of the preceding clains, wherein the GDF-8 subsequence or the GDF-8
anal ggué?ﬁég IFEr IFe dTIGHRAE 1aPiEsr AR feetine tesh drnofl iepRosiessuiRas

subsequanea e ANdl QA dar ined Jif oM@ BOVIREG o tRAN GiiRe, Jhurmn.. chicken, 5
sheep, or turkey GDF-8 pol ypeptide. 16. The method according to claim 15,

‘wher ei n tiive -Gar-ig igelty nge pricde ina b eer ipeditfided DJAs dostriutlattieng vet-hl east
_One a”‘%Qt%%@%t%?&H%&%ﬁéﬂ% %EQSJQgg%ﬁt%%equ%%\¥Jk%u%%t%%a%%t%n%a%qlno

cium precipitating agents, DNA coupled to an inert carrier

20 molecule, and DNA formulated with an adjuvant. In this context
-it is noted that practically all considerations pertaining to
the use of adjuvants in traditional vaccine formulation apply
for the formulation of DNA vaccines. Hence, all disclosures
herein which relate to use of adjuvants in the context of

25 polypeptide based vaccines apply mutatis mutandis to their use

in nucleic acid vaccination technology.

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

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

"that nucleic acid vaccines can suitably be administered intra-



aci d sequence of equal or different length which contains a 10 forepjgn i3
epi t ope,-wherein substituted am no acid sequences are conprised iIn residues
1-12, 18-41, 43-48, 49-69, or 79-104 in SEQID NO 11 or 12, or wherein the
GDF- 8 pol ypepti de has been nodified by inserting at |east one am no acid
sequence ' which contains a foreign TH epBBope, wherein insertion is 15

perfor re in positions 1-12, 18-30, 42-51, 82-86, .and |105-109 in
SEQ | D”ﬁ%’%ﬁ%f ai“?d T .raﬁretenrejt%lol&’ ‘ac%uo HHTYES 7ary orfe W@fﬂt_ Pedddi ng
cl ai ns, tierait tpresentatdion 40 d hesddimene systemddaieffected by haw ng at
| east two_copies of the CGDF-8 pol ypeptide, the subse 20 quence thereof or
the nodi%i &0 B 5ot 58t i BB ooVl SRISE Gl Sordéy @néhEapiviadiesd to a
carri er placule Lapabl & .0fc &5 eotd N o RRRNLA 0T Ayl ple CoRi es of
antigenic determ nants. 18. The nmethod according to any one of the

precedli g @i A - iheral by am lefT ddtd wesearadurt VBN tile t@RF-<8inpoliyrept-i de or
the 25 = . 1 s, adm nj.s ed to the anpinal .via a route se. |,

| ect ed fcérzg) r¥1§ t eq-lp]'g?lteéﬁtde raaclalcgrgolr}’%aest golrjecq1 e{:seEJt%rgcel htiaderms 99%e r?lf’t])lgé:rsrml ,

t he i nt reaclutEmecurd hehisuheuttanedus; etk tdfe ddatimanBtscidian Heutes- t he
peritoneal rloute' the oral . route; the buccal route; the sublinqual route;
the epi dUrdiTdout #L$HRE 5 spinal route: the anal route; and the
intracranial route. ~ ~ ocr zo~~ 62 19. The nmethod according to claim18,
wherein the effective amount is between 0.5 ug and 2,000 ug of the GDF-8
pol yp8pthidehamme ubddiuenrel aiferasvifd ) ttRedaral egudrmhvwerigeftion 2@erthe
met hod acgording 4P qu%j{pswe odid |chsknchiades jat Sikeast, one

adm nj stration of the -8 po ype&i € or anal ogué’ péer “year, such’as at

|l east 2,e.a. ligasthe3, fatm |cefasthet,imturdeastulGt iand satbdteasiesl Aescribed

adm ni strations_ per r. 21. The method according to _any one of clains
18-20, \HRFE TG CORTE SoRte UeL TR S SRqUine t MEHETRATS e modi
10 fi ed e el wpeptide optdonaldnsJias.dfen dmpd atad il A the
pharmaceutjcally and i mmunol ogi cally acceptabl e carrier and/or vehicle and
has beéerrIUmfIZRE P Wi aiweacﬁnf\/la?rﬁuwréﬁ e idddise s aoricakifny dhe

aut ot ol eraRGe R ALQANt D&MiSs e SUGN 8% AN A VARl 98! eGt d Jrom [ Aie group
consisting of an 1 mmune tar 15 geting adjuvant; an inmune nodu éJtlng

adj uvanttlsuctergssca taokidi, £ fe mayrttokd mencered-sa. Mreokdct €t dls derdiviatd wémtan oi |
for' mulation; .a palyner; @ mcelle formng adjuvant,p a saponin; an

i mmnostt?lrreulaar{a\ilr?gqpuceor?pﬁ e%Pﬁfﬁpﬁ XX ﬁq%\ﬂgr‘?’tﬁ A ﬁl,mémpéiaﬁpc&eet; YSpihe

al um ni ummadjdivcani st dNA zadjdmartiSie Iy, Mild M1 sith A0 rafk 1eREaRsU | Btd g
adjuyvant. 22. The nethod according to any one of clains 19-21, wherein the
GDF- 8 0pdlSfpeptidde Bt Wik odi it icoritsailfed inFed arnaclde9apssh afodd g VLN)
device. Z2ian Accoy di - i - Ahar e 25
present at i on-l%%énr%ﬂi]%ed @FQS&%fﬁkk%r%ylﬁﬁqﬁnyga?%@s %e%‘]tﬁ ect eél%!t);}:ez

i nt r odudimpanuglaivlestiids)trencodingalivemisdi fied GDF-8 into the animal's
cells and thereby obtaining in vivo ' expression by the cells of the

nucl ei ¢ aci ds) introduced. ~~QCi ~OB 63 24. The nethod according to
cl ai m 23ycadherigidl st,hechwicl reren tbicird 1 dNtyeaditead ds/aremeigatiet faqam naked
DNA, DNA fornulated with charged or uncharged |ipids, DNA formulated in

i podomeLAUNAY RARREF I £V i RASKSST , ZINR Fto/FHA e e (3PEPES1-
transf ectiggn-dagididatd ng protein or polypeptide, DNA formulated with a
targeting protein or polypeptide, DNA fornulated with Cal cium precipitating
agent s, DNA coupl@tei® snid naragnerdarad ev wesitapulaf, UONA frorant iared(ad £ h
chitin or chitosanp,. and DNA formlated w-th .an adjuvant. 10 25. The net hod
according to tc eai&r%sﬁ%l osrlcﬁh,oﬁhveerceﬁcnrst Hoeelnouwc)l ’eiacndaci ds are adm ni stered

i ntraart-eri ald ywhd mia@mverniots] yy  201d biynridies ragitesl Jdefddeshbtiabled arghil8le

30 and/or carrier and/or adjuvant as discussed above.

Under normal circumstances, the GDF-8 variant-encoding nucleic
acid is introduced in the form of a vector wherein expression

is under control of a viral promoter. For more detailed dis-



26. The nmethod according to claim24 or 25, wherein the nucleic acids)
is/are contained in a VLN device and/or are forl5 nulated as deflipnd 7 npss
claim?21. 27. The method according to any one of clains 24-26, which

i ncludes at | east one adm nistration of the nucleic acids per year, such as
at least 2, at least 3, at least 4, at least 6, and at |east 12

adm ni st j.0NS e 0 .28 hod far increasing.the nuscle mass of
an ani rra{uast%lﬁogl Sn%eio%cgc(r)orr%r iaéildngﬁ%&l‘g\?\gmr-ar 501 At AT < && ;%\}/]iet ydECor di ng
to the netdmd «of. ahe ehescfsla w127 Ale U tan 1t ents cSush ddiatrst-he
nmuscl e ss 1 s increased at | east So when conpared to ani mals which exhibit
nor mal ARH AT ity T A ot rshdtsoph gucisicogeiss vaggings az@, and
450. 29.2vA1Gk1% anal oamnshiGh ds derd ved fgpm apani rﬂ@v.%n%@.ypepti de
wherein is introduced a nodification as defined in any one of clains 1-17.
~ ~ 061 BBr0P g B amdl iREaRnfddenidd cdmedlsit 109 TeomprfiesiSng cauzes 60:

i munogemy-cald-y ct] u f -8 | ogue _accordin o claim
29, theqzzaoﬁn%jszl't %% lfrf;/ﬁtgfer%o%rt%sﬁe%g%ea p,ré%r %g%eou |°(1::a%le§/jo§)|¥d r%fte“

i mmunol agirea |heracicept abl e carrier and/or vehicle and optionally 5 an

adj uvant. 31. An i munogeni c conposition according to claim30, wherein the
adjuvant is selected fromthe group consisting of the adjuvants of claim
21. 32. AvdiGciRiG g d fragnent which encodes a GDF-8 anal ogue 10 accordi ng
to claim?Z29. 33. A Vvector carrying the nucleic acid fragnent according to
clai #P32, such as a vector capable of autononous replication. 34. The
vect or acGgy:di t im.3 i I S - fr t he .grou aonsi sting of
a pl asm%d?tq%qlpcﬂgglet%r?a?olrspﬁl ,OV% e%krﬁ%%?nfpo%tﬁ%%&%g%ﬁld Oafg \I/r}ordl(jléff:l e§§ The
‘vect or &dgoriditng the draiume33 yerte3d, i scanper iwiengyf il vieheraicildle didgeegic-on and
in operable linkage, a pronoter for dri w ng expression of the nucleic acid
fragnenﬁoé{yc'oggi ﬂ%"{eo Va%ﬁlrﬁaéfondptﬁr&?aﬁnltf FudieiteCadii g FeridéTencodi ng
a | eaderi 2@ firepidde Nakinding sIeGTiely,0n Pt HY JnhRdr atd eRr-Ha0 HAg J1RNbr ane
. of the polypeptide fragment, the nucleic acid fragnent accor ding to

cl ai kP32 CHRT BHETGRA [Wh e &vafi iRacey t3es foraedectidh acamcdisig tteishy one
of cl ai - j . i ng.r i1 t cell. is.either capable
of bei ngﬁzﬁeﬁﬁegyﬁ&nw%?#e 10%%%?% ¥ grgeg)gamm%?l s)c Ct|Osr Aot C: ﬁeﬁ?l e of
bei ng i ritiegr atueth ian riuvd higstacciel |fmpememe.. The non-pathogenic micro-

organism.can be any suitable attenuated bacterial strain (at-

tenuated by means of passaging or by means of removal of

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-cf-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: 977-990, 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 wvaccine vector such as a vaccinia
Strain or any other suitable pex virus which will be infec-

tious in the animal to be vaccinated.



i d ACT ZQ-= 65 37. The vector according to claim 35 or 36 when dependent
on claim 35, wherein the pronoter drives expression in a eukaryotT EGVIZ[}(QQ
drives expression in a prokaryotic cell. 38. A transformed cell carrying
the vector of any one of 5 clainms 33-37, such as a transforned cell which

i s capabl-e of replicating the nucleic acidgfragnent according to claim 32.
39. The transfornmed cell according to claim 38, which is a m cro-organism
selected froma bacterium such as a bacterium of the genus Escherichia
(preferabdsymdlleolihs Bactdd tisogeral dnild helddan i0fm Micohacieniaumdms -
(preferably a non-pat hogeni c M/cobacteriumcel|l such as M bovis BCG, a
yeast , &#&ﬁ%éﬁ&%ro%%e@q e i 3eidF o il t9E1aiR Fesesgdi sy
sel ected,d rrmas 4 us, i hsacd ; ; cell,. a plant
. cell, and a narﬁ%rk;}igi an agde]ﬂ . 15 ﬂggéTﬁE%aﬁzﬁgg%h&e% gt{e%aenat?lgﬂ&r g%nr?ée to

cl ai mP38.1ora 39i feikinesh axpredsesta e imdelial o it tfirag nemturadgor dithg 0

claim3 C t f . cel . i.ch secretes o-r_.carri an its.
surfabe,ze"ﬁ?lrg %ﬁ%ﬁpaln% ogutcei{%%glg}mdllnnlgz\lgf]colocr} aAmMIE® 47 t‘ﬁ?eserréfe?h?&qf@tor di ng
to any aiteowd Ghaipsl Vipdh i dderaidi 2l presemiatiomdardiheHammung rigystem i s
ef fect egl .b\}/ adm nj stering a non-pathogenic mcro-organismor virus which is
carryin ] el '\ ei P95 dyent whi ch encodes and expresses the GDF-8

pol ypepti de or anal ogue. 42. The nmethod according to claim4l, wherein the
virus is a 25~ non-virulent pox virus such as a vaccinia virus or wherein
t he 1O0nmifktegragaiisshiii sliavhawt erinnm strete ias time . biac tammiimede fiindd dre-cl'ai m
39. ~~ i~ =~ = T t ccarding to .any claimd4l ar 42,
wherein V’Elhceusﬁo n- psa%qgsgegﬁ?%t theoclr %&gﬁ% saﬁcgro%inruucslellsc“ﬁf rrlic{rPiVs‘_"tCecrlé@(fi’1 one
singl e ttiime t Fdihelraniarede, 44 A qongpoisiltd aro faf £ d atdyd ingh 1pr GGaai- iorn -of
anti bodi es 5' against. GDF-8, the conposition conpfising - a nucleic acid

f r agnentt &8t SFdithd t'o- ' &' m B bt & rE AIEH Ry tORERAHE of cl ai ms

33-37, ajhster phasumcautisal lysand d leaisaldy Accaptiable cargier -
and/ or vehicle and/or adjuvant. 10 45. The "conposition according to claim -
44, WRerdRFdE& nucl eic acid fragment is formul ated according to claim24 -
or 26. 46. A stable cell line which carries the vector according to any one
of clains 33-37 and whi ch expresses the nucleic acid fragment according to
cl ai m 3Zheanmu avvi-chr ot i omadd wiseoy efaes HED' € 1o Clarmmiees wileh @ke1& ianal ogue

he. col IFGebHT a0l ARe o W LI 40 (e et noBOCBRP o1 g
transf ormd g B 104 . £elin Wind tden michais @eithdRamenti e candinghdas claim
32 or'20 with the vector according to any one of clains 33-37. ~ G C-CT
270320 described above such as the cytokKines discussed as useful ad-
juvants. A preferred version of this embodiment encompasses
having the coding region for the analogue and the coding re-
gicn for the immunomodulator in different reading frames or at
least under the control of different promoters. Thereby it is
25 avoilded that the analecgue 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 inventiocn, and such an embodiment is espe-

cially preferred according to the present invention.



1 SEQUENCE LI STI NG <110> MEE Biotech A/S <120> Method for down-regul ating

GDF-8 activity <130> AutoVacCGDF-8 DK 1 <160> 23 c170> Patentln Velr 4

<210> 1 c211> 375 <212> PRT <213> Honp Sapi ens <400> 1 Met G n Lys Leu G n

Leu Cys Val Tyr Ile Tyr Leu Phe Met Leu Ile 1 5 10 15 Val Ala Ay Pro Val
Asp - Leu Asn Qu Asn- Ser Gu Gn Lys Au Agp 20 25 30 Val Au Lys Qu Gy
Leu Cys 3 %/s Thr Trp Arg Gln Asn Thr, 35 40 45 Lys Ser Ser Arg lle

d uAl a ; o099 &1 i See S 498, 18 Mes by @ I RCH ClLay ] Ala Pro
Asn || e Sefedaes tAspitvintd |l e Arg G n Leu 65 70 75 80 Leu Pro Lys Ala Pro Pro
Leu Arg Gu Leu TTe Asp @n Tyr Asp Val 85 90 95 A n Arg Asp Asp Ser Ser
Asp Gy Ser Leu Qu Asp Asp Asp Tyr His 100 105 |10 "1 ~, CCT 2C1|~~ 2|25
Al a. Thr I : R r .Ser Phe . lLeu 115.l 20

Met d nﬁ\%lwq&sqp%fﬁl?%g%%gz{gys sg&%s%g%el%%fs ﬁgeSertlh§elprIO§d 135 140
Lys | Pe s@bm Bir tAsn nefrdodalofValhel yisivAlra i@m fceu dbwm -rbguTyrt iloeu Jdf45 I150 I155
160 Ar Val . d u . Thr .Pro Thr Thr_,Val Phe Val_ Gn Ile Leu Arg Leu |65 170
175 116 CLP[{/E(SJ'SPraé’H\%e‘;’tltIE’y?l&sOﬁVSG TRt A e RerTRE &Ny OreWADg °Sefked@1 80 | 85
190 Lys dagu mAsfr: I tnaASN i ar@na T H8ned,| @ nTrimd@rit 2981 chiv® AsR nYal, £195 200
205 Lys Thr Val Leu A n Asn Trp Leu Lys A n Pro Gu Ser Asn Leu Ay 210 2I5
220 11 e "Mt ad Iathe dip A igru Tagn dgwp e uAgys Loy GREx Bvalc tTvd £325 230
235 '

290comprises increasing the skeletal muscle mass of an animal,

lQ'the method comprising down-regulating GDF-8 activity according
to the method of the invention to such an extent that the mus-
cle mass is statistically significantly increased (at a confi-
dence level of 95%) and with at least 5%, when compared to
control animals exhibiting a normal GDF-8 activity.

is . _
The increase in muscle mass may preferably be higher, sﬁch as
at least 10, 15, 20, 25, 30, 35, 40, or even 45%, cf. the in-
creases in muscle mass which have been observed in transgenid
mice and naturally occurring GDF-8 deficient animals.

20 _
The muscle mass can be determined by any convenient method
known in the art for assessing total and/or relative muscle

‘Mass.

.25 An anti-GDF-8 vaccine could potentially also be useful for

treatment of certain human diseases such as cancer cachexia,
where muscular atrophy is a pronounced phenomenon, and it is
also a feasible means of treatment/amelioration in other atro-

phic muscular diseases. Recent reports a;éo suggest that sup-

30 pression of GDF-8 would be beneficial in'patients suffering .. .

from acute and chronic heart failure.

GLh 2003



Phe

Pro Ay Pro Ay Gu Asp Ay Leu Asn Pro Phe Leu Glu Val Lys 245 250 255

.Thr Asp Thr Pro Lys Arg Ser Arg Arg Asp Phe Gy Leu Asp Cys 1260 {Z6%y %-7
785

GQu Hs Ser Thr Glu Ser Arg Cys Cys Arg Tyr Pro Leu Thr Val 275 280
Phe Gu Ala Phe Ay Trp Asp Trp Ile Ile Ala Pro Lys Arg Tyr 290 295 300
Ala Asn Tyr Cys Ser Ay Au Cys Gu Phe Val Phe Leu dn Lys 305 310 315
Hi Asn Pro Arg Gly Ser Ala 325 330
’ G o 3,0 I'l e Asn
Leu Tyr 340 345 350 Phe Asn Gly Lys Qu G@n IIe Ile Tyr Gy Lys Ile Pro
Met Val 355 360 365 Val Asp Arg Cys Ay Cys Ser 370 375 <210> 2 <2| 1>
y. . Rigybhl F‘iﬁra@@ﬁ%@%@ fshaga?mcaﬁavctmumrﬁsze%tlr@emu@ lisu Val
Pro oA AI a u
Aspb\(épéy dl?\ed"]tjl aggé ,&s"édr%l%%t %5 1§§r[run%§g_rp géd&%i%% Btyakg ltr ys Ser
APg GDe 8dantAlgen |ia LGytSialT gdabtdian lzeu 3G AS .1$EIITIL15}C§.€L@IOQWQI Leu

Ao P e e 15 T enl e a0 7 BRSSP NAT i n Arg

p Asp tSem&mo%SprJ@ql x&efsicﬁw G 1 Asp- 8AS [ Hr 3y Qﬁ:o‘ﬁmﬂ:ﬁg ddisMNiasThr

Ille I1le Thr Met, Pro Thr A u Ser. 100 105 | 10 Asp Phe Leu Val Gn
J;nga‘ﬁr Gy PIE T e Phelisr opest 19p thos arte ~ ocT zo~~ 4
Ser Ser Lys Ile A n Tyr Asn Lys Val Val Lys Ala @ n Leu Trp

10 It is believed that the modified GDF-8 molecules discussed
herein are inventive in their own right, and therefore an im-
portant part of the invention pertains to a GDF-~8 analogue
which is derived from an animal GDF-8 wherein is introduced a

‘modification which has as a result that immunization of the

15 animal with the analogue induces production of antibodies re-
acting specifically with the unmodified GDF-8 polypeptide.
Prefeﬁably, the nature of the modification conforms with the
types of modifications described above when disdussing various
embodiments of the method of the invention when using modified

20 GDF-8. Hence, any disclosure presented herein pertaining to
modified GDF-8 molecules are relevant for the purpose of de-
scribing the GDF-8 analogues of the invention, and any such
disclosures apply mutatis mutandis to the description of these
analogues.

25
It should be noted that preferred modified GDF-8 molecules

-comprise modifications which resuits in a polypeptide having a
sequence identity of at least 70% with GDF-8 or with a subse-
quence thereof of at ileast 10 amino acids in length. Higher

30 sequence identities are preferred, e.g. at least 75% or even
at least 80% or 85%. The sequence identity for proteins and
nucleic acids can be calculated as (Nper — Naig) * 100/ Nrer,
wherein Ngir is the total number of non-identical residues in

the two sequences when aligned and wherein Npy.r is the number



130 135 140 I'le Tyr Leu Arg G n Val @ n Lys Pro Thr Thr Val Phe }I{alﬂ&n |l e
| 45 150 155 160 Leu Arg Leu Ile Lys Pro Met Lys Asp @y Thr Arg Tyr hrZQ@ﬁy
Ile 165 170 | 75 Arg Ser Leu Lys Leu Asp Met Asn Pro Ay Thr Ay Ile Trp An
Ser 180 185 190 Ile Asp Val Lys Thr Val Leu Gln Asn Trp Leu Lys Gn Pro Qu
Ser 195 200 205 Asn Leu Gy Ile u lle Lys Ala Phe Asp u Asn Ay Arg Asp

Leu 210. . ..Val . Thr- Rhe P P, d uy.As Leu Asn P
Pﬁg Leu oz%éfé 2%(239l 2%5 48&8 [}; R/a%heeArggqu\?g X s; 'O,Kgg 6¥ “Fiir L£I‘preoliq_l\g%s ysﬁrqglueélecrenAr gr;OAr g

Asp Phe MGTLCAAR 260 1255 e AspyuysAsiple@ i i SerssThii tH whserseAr g Cys Cys
Arg Tyr Pro 26 u. Thr. Val Asp Phe Gu Ala Phe Ay Trp Asp Trp lle
e A a%%%%%% @@%f_ﬁé]gilnfgﬁv%ff@)Al a Asn Tyr Cys Ser Gly A u Cys Glu
Phe Val Phe 290 295 300 Leu G n Lys Tyr Pro H's Thr Hs Leu Val Hs @n A a

Asn Pro Arg 305 310 315 320 Ay Ser Ala Ay Pro Cys Cys Thr Pro Thr Lys Met
Ser PPo Th%e ASiPrEIs B F SR VEta insy thy requie sAdr cdsy usefud i nQexgdadd 1 e Tyr

Ay L 4l e 4 '~ Vi Inv i Al d
Q/)s/ S)e/f §35 :Is%g% %%koﬁb%é’él%g 3$5<2%¥03RT%%2@[&§ ?Lus glpjjt 2%861!& e Y

3Met G ninyslleaied dvalafy rivialunyaddraTy rdcengRheivetdd nddreit5 B0 HoAlaaValmbspRigeval Al aLe

uAspd ySer Ser-d nProThr.d uAsn202530Ala ySsAspd yLeuCysAsnAl aCysThr Tr pArgQd
nAsnThrﬁﬁ%yysif%grl&eglﬁné% AtH o3 1%d 3’[%]? NS1u555560Ar gLeud

uG nAl aRre0ASIHrkaSerArgAspVal dilelly,s @il WBDF-8 polypeptide being formu-
65707580Leu. ProLysAl aPr oProLeud nd uLeul | eAsp& n'?yr EspVaI 859.09(35(3 NAr gAspAsp
Ser SéP AdFEFSE QIR G rASHALp Adp Ty L OWECSE 10l s HRPHRd eu Bsvuvair te Brer Met Pr o

Thr G uSgrAspPhsleul oAl - I P 1@l ysRPheSer Ser
...130135] 40Lysl | eG@%%&@s\%a%%y@%fé@%&u r%%%ﬁ%%é@l 55160
114 C?GP<RCEId® /6 tArg @npddalti@m s HRno chimp ritrinvala Rie rvelce@ti ddid weu
Arg Leu 165 .170 175 lle .Lys Pro Lys Asp. Gy Thr Arg Tyr Thr. Ay Ile Arg
Ser Leu affg HERN Yy lycsa"]1L_léfu aﬁscpﬁygteatb&s% B G 4 rI]%l““.e"r‘l‘r p’Gan Ser lle
Asp Val ct¥er20hrd05 diyiss PartValf Liegle ArveAsii ol pdrath ilngs 1@ rHR ¢ Sk -Ser

Asn Leu Ay 210 2|15 220 Ile Au Ile Lys Ala Phe Asp Qu Thr Gy Arg Asp Leu
Ala VAl Ahioys ofgmaidyaldy occurring GDF-8 polypeptides whichH have

been described in connection with embodiments of the method of

the invention. -

The invention also relates to an immuncgenic composition com-
20 prising an immunologically effective amount of a GDF-8 analo-
gue defined above, said composition further comprising a phar-
maceutically and immunologically acceptable diluent.and/or ve-
hicle and/or carrier and/or excipient and opticnally an adju-
vant. In other words, this part of the invention concerns for-
25 mulations of modified GDF-8, essentially as described herein-
above. The chcice of adjuvants, carriers, and vehicles is ac-
cordingly in line with what has been discussed above when re-
ferring to formulation of modified and unmodified GDF-8 for
use in the inventive method for the down-regulation of GDF-8.
30
. The polypeptides are prepared according to methods well-known
in the art. Longer polypeptides are normally prepared by means
of recombinant gene technology including introduction of a nu-

cleic acid sequence enceding the GDF-8 analogue into a suit-



Phe
Val

Asp
Asp
Lys
320

335 Ay

350
365

Tyr
Leu
Cys
Al a
Asn
Leu
Asp
I'le
Pro
Val
Pro

Pro Gy Pro Ay @u Asp Gy Leu Asn Pro Phe Leu Gu Val Arg 245 250 255
Thr  AspThr Pro Lys Arg Ser Arg Arg Asp Phe Ay Leu Asp Cys 26002652@R30
AQu.Hs Ser Thr Qu Ser Arg Cys Cys Arg Tyr Pro Leu Thr Val 275 280 285
Phe QuAla Phe Ay.Trp Asp Trp Ile Ile Ala Pro Lys Arg Tyr 290 295 300
Ala Asn Tyr Cys Ser Ay Ju Cys GQu Phe VaI Phe Leu @ n Lys 305 310 315
Tyr =Sk Pro Ar y a 325 330
I AR “’e?t“d}i i Pro%ﬂgtlﬁ!n Tt S vable FRA Betn W38 S0P 360 940
Phe V@T_O@,y el_égps:e@am@ ol Iténel Irﬂlc'ﬂ.)eﬁ.cGande$e@u%nEreQ AleaoMetryWalt 355 360

Val S. 37 "3 ~01 T.2'J03 7 <210> 9
<2l 1> 3%1 e%ll @;d%% #&é’& R50> ¢ ISt Wetthetn cydtgg G n Met

Valéﬁpéﬂdatéﬁﬂ ey @m%dﬁﬁudﬁﬂlﬁhﬂiﬁﬂadgiohl%nﬁl% h%nglyfﬁ @n¥al Asp
Asn Glu Ay Ser Qu Arg Gu Gu 20 25 30 Asn Val u Gu @y Leu

AS n TREE TAFS BAOR T Jar e sy 33 43@r45fa'lihrza/1¥rlg>nTyr Ser Arg Ile Qu
Ile Lys Ile An lle Leu Ser Lys 50 55 60 Leu Arg Leu GQu Thr Ala Pro
Ile Ser Lys Asp Ala lle Arg @n 65 70 75 80 Leu Leu Pro Arg Ala Pro Pro
Arg S@C{ItLee-u pepe iAls Gne e fAspl8y 90 <G rdal b@ meAng ASp tAspwsen -Ser

Gl u p Q 1Q5 110 Hs Ala Thr Thr Q.u Thr Ile
Th?/ r)Peﬁ nlq@e% é?ro @*pl h@rlﬂ%qwupfgsﬁeﬁe%ld@ FYREACSALS Ay Lys
Lysa@w%v@ws RPhedihe dyyarfRe Ser th3Q 13%hh49 098" nhs rbhec@=m Ty-Asn Lys
VaI s—p%;rlAla Gn Leu Trp Ile Tyr 145 150 155 I'60 Leu Arg Pro Val Lys Thr

VAP PREPRCTEHN (96 T ACGILGEOIOPEPS ides 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 cérriers
" {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 purpese 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



14
Ser
Asp
Leu
Val
Au
Leu
Leu
Lys
Leu
Arg
Asn
Pro
"
Lys
Ay
Lys
Ser

OCT. 2Ca73 s Leu Ile Lys Pro Met Lys Asp Ay Thr Arg Tyr Thr Q¥ G¢p %ﬁpg
e

180 185.190 Leu Lys Leu Asp Met Ser Pro Ay Thr Ay Ile Trp G n Ser
195 200 205 Val Lys Thr Val Leu Gdn Asn Trp Leu Lys G n Pro Qu Ser
210 215 220 Ay Il1le Qu Ile Lys Ala Leu Asp Gu Asn Ay H's Asp Leu
225 230 235 240 Thr Phe Pro Ay Pro Gap G u Asp Gly Leu Asn Pro Phe

Val 245 225, lys. val @pj h ) lys Ar Asp Phe
Asp %165501%2% 270 %so%spp%%e I'S %egr %ﬁf ééée \Qe ]&;% fk Arg Tyr
Thr @VSrei80 1285 Madn At R € dl aAl@of&thrGly—élérlm gﬁ;ﬁfg’ﬁé Iéiye I‘[{Féhaﬁlﬁl ?
Ar 20.295300Tr Asn Tyr s Ser u S u e Va

a g 5- 3 S%Efi)_%/lls %Il/? thr%nH?/%r T3kl Lkéth REAnH <t G sl id-yasn
dy tS.e:IYn mﬁﬁp B3 A ¢ A PhPru st Qs i s R fnellis Lys dYR! iSgfe X O
Met Leu 340395350% Phe Asn Ay Lys Au A@nh Ile Ile Tyr yLys

APa RN 355 3501585 S| R of megnanytss G y Cys Ser 370 375 <210> 5

4 uCT ?~n~ 4,. 9 <211> 375 <212> PRT <213> Bos taurus <400> 5 Met Gln

Leu dn lle Ser Val Tyr Ile Tyr Leu Phe Met Leu Ile 1 5 10 15 Val Al
Pro W& rAspldisu aﬁcsird Gmg&mn’&roﬂth@in@sti@m vASINL 2025130, Vsl G u

a g e Rl e a1 ok sy @ Sewseen
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 purpcses 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'->3' direction and in operable
linkage: a promoter for driving expression of the nucleic acid
25 fragment of the invention, opticnally a nucleic acid sequence
"encoding a leader peptide enabling secretion {to the extragel—
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 nuclelc acid seguence 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

Al a
Leu
Ay
Pro
Pro
Phe
Pro
Ile
I'le

a



Arg
Leu
Adn
Al a
Thr
Lys
160
175
190
Asp
Leu
Val
du
Leu
Leu
Lys
Leu
Arg
Asn

Pro
<211

Leu Glu Thr Ala Pro Asn lle Ser Lys Asp Ala lle Arg @ n Leu ggég.?S 80

ProLys Ala Pro Pro Leu Leu Gu Leu Ile Asp G n Phe Asp Val
Arg Asp Ala Ser Ser Asp Ay Ser Leu Qu Asp Asp Asp Tyr H's 100 105
Arg Thr Au Thr Val Ile Thr Met Pro~Thr Qu Ser Asp Leu Leu 115 120
G@n Val Glu Ay Lys Pro Lys Cys Cys Plag Phe Lys Phe Ser Ser |30 135

T9g003

1 10
| 25
140

T . Val_Lys Ala @n Ley Trp I]e Tyr Leu |45 150 |55
o B0 AT Lyt e P T U e Ve R i o ATt 68. | 70

|l e LysvPro. dirdysiAspirGan BHimg Tyre Thindd Yadil®y A S&fcdeu 1180
1 ~ OCT 2 io Lys Leu Asp Met Asn Pro Gy Thr Ay Ile Trp A n Ser
val Y5 S GuE- 43R Ty Nl £ o P S U s P Qe AneS egnedPridial (hSer

Ay Rk 5 | 1 | | : : i, S Leu
T S a0 A TS WP Ed R W HE e & b
Val 98795 a0 plEl Walnaied AR T Riro- ints ofrag iSey  vAng 1AG: A Phe

As 2 7 A u Hi,s. Ser_ Thr u.Ser Ar S s Arg Tyr
Thr ‘_’I\C‘/%a/m‘:’iS CZE)S%%'ZQ%GZZ8%£%S%O§ d%}hulcii aarﬁhé"eg]y‘kf’r%m&% %& %leésﬁr’e A a
Ar g Skyirl 1290 205 130Gadtys Ala Asn Tyr Cys Ser Ay Gu Cys Gu Phe Val

G@n Lys 305 310 315 320 Tyr Pro His Thr H's Leu Val H's G n Ala Asn
Gy Ser Ala 325 330 335 @y Pro Cys Cys Thr Pro Thr Lys Met Ser Pro

Met ey v ¥ 30 rRhe AT J r ysS
Now Nt Rt D \‘/{fﬁlAsp %’%é %%“3%6 %%%5?%‘#8“0%5 SR

103/ EXPPRPERThe 1didjiesl PF-8 polypeptide of the invention.

Such transformed cells, which are also part of the invention,
can be cultured cells or cell lines used for propagation of:
the nucleic acid fragments and vectors of the invention, or
used for recombinant production of the modified GDF-8 polypep-

15 tides of the invention. Alternatively, the transformed cells
can be suitable live vaccine strains wherein the nucleic acid
"fragment (one single or multiple copies) have been inserted so
as to effect secretion or integration intoc 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.g.
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 mamﬁalian 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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iU nldh eli20 2159 'fradrRO AT R Valvdafs oHhr d%rlQ.sTryxp-g%rss\f%lg $3$
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pAﬁ@@@a;tudlrs OAS [k hlse modl ief i\l GUﬂ—BZZfr 230 23> 246 ePhgd RBoa-G u Pro
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p§e oﬂregnlﬁr PSS Pie @Y VESTIAS) EPS tA60e8E5 270 3ndFVE s Ser
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LeuAr%LeuI65I7OI75IIe Lys Pro Met Lys Asp Ay Thr Ar

Lys Gn Pro Gu Ser Asn Leu e

Gu Cys GQu Phe Leu Phe Leu G n Lys 305 310 315 320 Tyr Pro His
e BRI Gt oS0 M8 e Sk o

transformed cells, 1t is convenient, although far from essen-
tial, that the expression product is either exported out into
the culture medium or carried on the surface of the trans-

formed cell.

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

. the nuclileic 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.

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
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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Asn Ay Lys Qu d@n lle lle Tyr Ay Lys Ile Pro Gy Mt Val 35?:/;3@@-(3%3
Asp Arg Cys @y Cys Ser 370 375 <210> 7 <211> 376 <212> PRT <213> )
us norvegi cus <400> 7 14GCLt3 13 Met Ile dn Lys Pro A n Met

Val Tyr 11le Tyr Leu Phe Val Leu 1 5 10 15 1le Ala Ala Ay Pro Val Asp
Asn Gu Asp Ser GQu Arg Gu Ala 20 25480 Asn Val Qu Lys Qu dy Leu

Asn : f I .Asn T rg.rI r. Arg lle Qu
|1eg§f§m%62 grﬁ Oﬂzlh% Ifé% cgéjg‘]jlﬁ;s p%ségdgg’ﬂ%aﬁ?g”fé% SOTRP Ala Pro
| 1le t8em,Lys Asp maldd flileel Arg c@nitabh,7@romod@risewhiet Pna Aegulka Pro Pro
ArgbGILé Leu Ile Asp.dn .'%r “Asp 85 90 95 Val G n Arg Asp Asp Ser Ser
A y P e PTENFTAST hs BIALS Py P AN36™ 65 T1 BFPESS SACR - Thr Thr G u Thr Ile
Thr Met Pro Thr Gu Ser Asp Phe |15 120 125 Leu Met A n Ala Asp Ay Lys
Lys Cys Cys Phe Phe Lys Phe Ser 130 |35 140 Ser Lys Ile G n Tyr Asn Lys
\él THPS AP OB qTéu MASE 19C8T R V1 A5 o561 55 copg inen tAPYRACENVal Lys Thr

Thr l~ P |4 G | 1 | ZQ. . l Le ;L rQ.Met Lys
ay s%mu%@f nTt}sl#ﬁlrdthgl 9 |B§l|§%§ a@%%elgg’efé%l%gnE%) L?gd%%cié’% °MBt Ser

A y PHemoGey |[dysthry AGhaSer dd elAsp 1298 ;200 2205 aValt kys , TAL7Val Leu a@n
0 DRSS < B S SO Sy R Y e 558 B
Phe (Boeddey Ryto £3.y, Eav 9AsprEry oLes sAs effr.o whhe el eucGhu aVal t245 250 255
10 most commonly used, other microbial promoters have been dis-
covered and utilized, and details concerning their nucleotide
. sequences have been published, enabling a skilled worker to
ligate them functionally with plasmid vectors (Siebwenlist et
al., 1980). Certain gehes 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-
pakle 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., 19%79;
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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Vet datr 1 % B g O s E Ve, Y & vall%R% ER}HBrE Wi 3dsp Leu Asn

Asn 13er8 )QJ W@ dey Sk ASN 20, 25 AU NAIAE 1M s fFat cTde el Ys Asn
Qés Met Trp Arg G n Asn Thr 3%40 45 \Lff/yseSer Ser pArg Leu uOAIa Ile
I

e 9 997e NS P12 985 NYEH BE SEBR RgMased PhrsphalfauRre-Asn || e

Lys A a dil Qa 7 Leu Pr Pro Pro Leu Arg
Leu }ﬁsn(eé Asp QJGI%G%GE- Asﬁgld\%hag% 9%%%%%?%%9 p@gbﬁ)ﬁ %rer %re ,B%b Gy
Leu t@ag ASy tASIR tas (k ifyas el & 116 el0f sHHa tAl d sBite rBlare , GplthoBphdgf1@-1 | e Thr

Pro r. Asp Le eu 115 120 5 Mt dn Val AQu Gy Lys Pro Lys
oys Céhry’ee g]se%nt%ysa 2 eOfrJ géé‘lrcojﬁﬁlalsfs 0 APSHIUE AN By tASH e P Val  Val
Al a (@eassiem Brim snlielsTy reHeeu Jrdfi nkhQ kb 5 R n¥e@ RBis@o¥al tleys wihh, Pro Thr

Val Phe Val Gn lle Leu Arg Leu 165 170 175 Ile Lys Pro Met Lys Asp Gy
I&\Sg SARSSTIHETAY, 4% AP SPatel 180-oLgSe saprpssion AsytMet 3AswiPro Gy

Ay 5 I 5 Thr I n Asn Trp
Y2 TRGD Sl e el i 200 207 i T LS,
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 aforementioconed 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, Droscophila
melanogaster and Spodoptera frugiperda (SF) cells (commer-

cilally available as complete expression systems from i.a. Pro-
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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'(Eiers et‘al., 1978) . Smaller or larger SV40 fragments may-
also be used, provided there is included the approximately 250
bp sequence exfending from the HindII! 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 seguences 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,
VS8V, 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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discussed herein. Hence, another part of the inventicon 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-§
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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number of modified molecules which will serwve the purpose of

the invention.

15 Since the goal of introducing the foreign T-cell epitopes is
‘tg 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 sémple 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 concentratidn 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 1s 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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10

- The above aspects o% the invention are conveniently carried
out ‘by initially preparing a number of mutually distinct nu-
"cleic acid sequgnceé or.vectors.of the invention, inserting
" these into appropriate expression vectors, transforming suit-
_,lsiable host_ceils.wifh'the vectors, and expressing the nucleic
. acid sequences of the invention. These steps can be followed
#;:by isolation of the;éxpression prodUcts..It is 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
celis and shown to be secreted as dimers of unprocessed and

30 processed GDF-8, respectively (McPherron et al., Nature 387,7

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

GDF-8 AutoVac constructs are E. coli, the yeast P. pastoris




c213> Artificial sequence <220> c221> MJTAGEN <222> (18)..(32) <223>T 2003
Tetanus -t oxoi d -P2 epitope (SEQ ID NO 13) <220> 1 4 OCT 003 23 <22| >
SIM LAR <222> (1)..(17) <223> ldentical to residues 267-283 in SEQ ID NO
1. <220> <221 > SIM LAR <222> (33)..(109) <223> Identical to residues
299-375 in SEQ ID NO 1 <220> <22|I > SITE §222> (73) <223> Cys or Ser <220>

221> Sl ad®ldn ry <40 Asp, Phe Gy
-Eeu Asp a-l;qﬁlis@%% é(lgLong sr(cge% S%&?éél]ly%erq%kg (i(/; EMDO %enitg G nTyr

Il e Lys INesgni Sercdlss Phe 11le Ay Ile Thr Qu Leu 20 25 30 IIe Ala Pro
Lys  Arg Tyr Lys Ala Asn Tyr Cys Ser Ay Gu Cys GAu 35 90 45 Phe Val Phe
Leu Gn Lys Tyr Pro Hs Thr Hs Leu Val Hs An Ala 50 55 60 Asn Pro Arg
@y Ser ‘Ala Gly Pro Cys Cys Thr Pro Thr Lys Met Ser 65 70 75 80 Pro Ile Asn
Met Leu Tyr Phe Asn Ay Lys. Gu @n lle lle Tyr Gy 85 90 95 Lys Ile Pro
Aa MBt BREMRIE ‘asp. Arg Cys. Gy Cys Ser 100 105 ~~ ~~fi ~u~~ 24 <210> 16
<211> I09 <2l 2> PRT <2| 3> Artlfl Ci aI sequence _

Vacc1ne desxgn

- The rationale behind'the present invention is to substitute
10" stretches of amino aéid,residues‘in”the target protein with
.i foreign or artificiél T-cell epitopes e.g. the prémiscuous
 tetanus toxin'T—cell.epitopes P2 and P30. Preferably these
'substitutions-should only minimally disturb the authentic
three dimensional structure of the target protein.
15 "
* The target protein here is the 109 amino acid residue C-termi-
" nal region of GDF—Si”the homodimer of which 'is expected to be
the bioleogically active form of GDF-8. The three-dimensional
structure of this region of GDF-8 1s not known but based on
20 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 GbF—B
(wt) ca-helices are shown as cylinders and f-sheets are shown as
.arrows. The cysteine-residues and thus the disulfide-bonds are

'_25 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-
. 30 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



<220> <221 > MJTAGEN <222> (52)..(66) <223> Tetanus toxoid P2 epitope; ({FER
I D NO: 13) <220> <221> SIM LAR <222> (1)..(5l) <223> Identical to

resi dues-267-317 in SEQ ID NO 1 <220> <22|> SIM LAR <222> (67)..(109)
<223> ldentical to residues 333-375 in SEQ ID NO 1 <220> <221> SITE <222>
(73). <223> Cys or Ser <220> <221> SITE <222> (90)..(91) <223> Lys G u or
Gu Gy <900> 16 Asp Phe Ay Leu Asp CysssAsp GQu H's Ser Thr Gu Ser Arg

Cys Cys 5 i r r ) Phe u Al a Phe y Trp Asp
Trp Ile %g %%QB#I%QAII;%’:'OQ‘_L%/{% ;EgolfgggL@pgla}‘u,&sggﬁrC?Sl/sstrélecrgs Gy Gu
Cys.J u 8eedp@reppsedt G~ C T 2.~u~ 25 Phe Val Phe G n Tyr Ile Lys Ala Asn
Ser Lys Phe Ile Ay Ile Thr 50 55 60 Qu Leu Arg Ay Ser Ala Ay Pro Cys
Cys Thr Pro Thr Lys Met Ser ,65 70 75 80 Pro Ile Asn Met Leu Tyr Phe Asn
Ay Lys @PE-#&HF21Y dSEReITYWO G 35185 506h851 0y anine RradAtesMbie &l Val Asp

Ar r.;100 10 > 17 _<211> |09 <212> P <213> Artificial
segug%e%%%%ﬁ<§% %gjlg\lllﬁi(%f iéz%i§ (8% ??(@%dgfffééuﬁg?ﬂ%zltsé’%& d P2
epi t ope ESEQeR M@ P3) <220> Q1> SIM LAR <222> (1)..(82) <223> Identi cal
to residues 267-348 in SEQ ID NO 1. <220> <22l > SIM LAR <222> (98)..(109)
<223> ldentical to residues 364-375 in SEQ ID NO 1 <220>

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 aciﬁ residue C-
terminal region of GDF-8 with amino acid residues 83-97 sub-
stituted by PB2.

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 F30.

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 P30 epitopes. In other words the molecule

2603



<221> SITE <222> (73) <223> Cys or Ser. <220> <22|> SITE <222> (90%§.g )
1 d ACT 2C~~ 26 ¢223> Lys A u or Au Ay <400> 17 Asp Phe Ay Leu Asp-eysill
Asp Gu HisSer Thr.Au Ser Arg Cys Cys 1 5 10 15 Arg Tyr Pro Leu Thr Val

Asp Phe Qu Ala Phe Ay Trp Asp Trp Ile 20 25 30 Ile Ala Pro Lys Arg Tyr

Lys Ala Asn Tyr Cys Ser Ay Gu Cys du 35690 45 Phe Val Phe Leu G n Lys

Tyr Pro.H s Thr HsS, L Val H.s Gn a 790 55 .6 n Pto Arg Ay Ser Ala
Gy Pro ‘& SOPEIFRE Blo it Y et T@I& T84 SFo h‘f”gf@(s}SPrt%‘el IIQ%GanWr | 1e Lys
Ala Asna%ard s iBhe 1d-& @ rldie rHyi od B850 895 k8wl pe RiLacAl &Mt sVal

Val Asp Arg Cys Gy Cys Ser 100 |05 <21 0> 18 <21l > 109 <212> PRT <2l 3>

Arti ficiCalteddtadifc ndigo L her ZpcomdTAeEn 4p2he( 3PP, apdnp azig>restdigs
i d i ! . ] 1> Sl R.5222> (109
Losard, EoR capistone L0 Beaprld) reraly SRR RN, N5 iRk 109)

<223> ldentical to residues 307-375 in 2~C~; T
27 <221> SIM LAR <222> (42)..(109) c223> Identical to residues 308-375 in

SEQ ID NB?“% 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 extensicn 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 is 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 —

Serlz24d) .

20
EXAMPLE 2

In vitroc models

25 Tt 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 molecﬁle as the antigen. The primary reason for

) these initial experiments is to confirm that the AutoVac™

30 technology 1s 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



<220> <221> SITE <222> (73) <223> Cys or Ser <220> <221> SITE <ﬁ%<§
(90)..(91) <223> Lys Gu or Gu Gy <400> 18 Asp Phe Gy Leu Asp*Cy§T A3
Glu H s Ser Thr Gu Ser Arg Cys Cys 1.5 10 15 Arg Tyr Pro Leu Phe Asn Asn
Phe Thr Val Ser Phe Trp Leu Arg Val 20 25 30 Pro Lys Val Ser Ala SerHis Leu
Gu Tyr Q/s Ser Ay Qu Cys Au 35 40 45 Bhe Val Phe Leu G n Lys Tyr Pro
Hi s Thr Leu Val {1 nAIa 50 55 60 Asn Pra Ar Gy Seraélﬁa Pro
Cys QIsth aISLrOmIS‘nr t* SEr-ESS 5F0 475 é‘f?sﬁrolﬁlﬂeé he Asn
dy Lys t@ UHIS |leﬁdH el QpeBh MID ks ddedt R AhdroBt. fValy Va' Asp
Arg Cy )/ Cys Ser 100 105 <210>719 <211> 109 <212> PRT <2l 3> Art| ficial
sequence98 490442 @TH F-95/0582D <220> <221 > MUTAGEN <222> (99)..(69) <223>
Tetanus toxoid P30 epitope (SEQ ID NO: 19) <220> <221> SIM LAR <2225
(1)..(98) <223> Identical to residues 267-314 in SEQ ID NO 1 <220> <221>
SIM LBR <222> (70)..(109) <223> Identical to residues 336-375 in SEQ ID NO
M <220> <221> Sl TE <222> (73) <223> Cys or Ser <220> <22| > SITE <222>

| (90) . (@X MPLE

In vive 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
pe 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 mbdified 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.



<223> Lys Gu or Gu Ay <400> 19 Asp Phe Ay Leu Asp Cys Asp Glul HgT 2@1:
Thr GQu-Ser. Arg:Cys Cys 1 5 10 15 Arg Tyr Pro Leu Thr Val Asp Phe Gu

Phe Gy Trp Asp Trp Ile 20 25 30 Ile Ala Pro Lys Arg Tyr Lys Ala Asn Tyr
Cys Ser Ay Gu Cys @u 35 40 45 Phe Asn Asn Phe Thr Val Ser Phe Trp Leu
Arg Val Pro Lys Val Ser 50 55 60 Ala Ser Hs Leu u Ala Ay Pro Cys Cys
Thr Pro ThrLys Met Ser 65 70 75 80 1 G~C~ 2L~3J3 29 Pro Ile Asn Met Leu
Tyr Phe Asn Gy Lys Qu dAnllelle Tyr. Ay 85 90 95 Lys Ile Pro Ala Mt
Val Val Aspmy g Cys Ay Cys Ser 100 165 <21 0> 20 <2l 1> 109 <212> PRT <213>
Artificial sequence <220> <221> MJTAGEN <222> (79)..(99) <223> Tet anus
toxoid P30 epitope (SEQ ID NO 14) <220> <221> SIM LAR <222> (1)..(78)

<223> | denty GRltHA resd dues, 287 39 e gBEQLHBINGE LroR8> a324L% cnkMALAR
<222> (100)..(109) c223> Identical to residues 366-375 in SEQ ID NO: 1
<220> GEZPR Slapt o B2 GDF3)8 )<2F3i vdyy g Ser aaip@ld, <22iciugiTg a222man

(90). . (%:le)in Z%é\lr%tgol& Uom r"is? <3:Q%§t2i91g‘ %p: P@% gt)j(. %{elé A%Pl Qys AspGu
Hi s Ser Thr%u er Arg Cys S I%Jf g PREE) JZ—aasO 0*° €
5 animal’s immune system of an immunogenically effective amount
_of at least one GDF-£ analogue wherein is introduced at least
one modification in the GDF-8 amino acid sequence which has as

results that

- 1mmunization 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 fiexible 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



Arg Tyr Pro Leu Thr Val Asp Phe GQu Ala Phe Gy Trp Asp Trp IIe.‘:ZigﬁgTSO )
Ile Ala.Pro Lys Arg Tyr Lys Ala Asn Tyr Cys Ser Ay Qu Cys Qu 4803
Phe Val Phe Leu A n Lys TyrPro H's Thr Hs Leu Val Hs An Ala 50 55 60 Asn
Pro Arg Gly Ser Ala Ay Pro Cys Cys Thr Pro Thr Lys Phe Asn 65 70 75 80
Asn. Phe Thr Val Ser Phe Trp Leu Arg Val Pro Lys Val Ser Ala Ser 85 90 95
His Leu.du Ala Met Val Val Asp Arg Cys Ay Cys Ser 100 105 <2l 0> 21 <211>
109 <212> PRT <213> Artificial sequenc%9 <220> <22l > MJTAGEN <222>

84)..(104 > k8t s 10%9 it . 14).<220>.<221>
SIS <2)22>%2°(2%e.§5?°t83) ® S AL AP O R L A o S‘utr%“%‘géﬁeﬁ NO 1
<220> <221> 3hd LR By (tk0h) .and/B9) <223> ldentical to residues 371-375
in SEQID NO 1 c220> <221> SITE 1dt7 CT 2~~3 31 <222> (73) <223> Cys
or Ser <220> <22l > SITE <222> (90)..(91) <223> Lys Qu or u dy <400> 21
Asp Phe Ay ledu 1&35 tOneAsh i@d) mdis tSerd sTHm t@aduSerd Aitg dBy ©p@)isnikes 10 15

Arg Tyr Pro T I Phe u, . .aeéj dy Trp Asp . Trp Il1e 20 25 30
lle Ala Pro Llp%sfr}gt#?roﬁo? ﬁhaeAs%r?dIl@rl sg%ergﬁwpl?p%ﬁgreelt@ 3%769(}“% .
Phe Vval Phe weuhedgydtysn.Tyr Pro Hs Thr Hs Leu Val HHs@n Ala 50 55 60 Asn
Pro Arg Gy Ser Ala Ay Pro Cys Cys Thr Pro Thr Lys Met Ser 65 70 75 80 Pro
Ile Asn Phe Asn Asn Phe Thr Val Ser Phe Trp Leu Arg Val Pro 85 90 95 Lys
Val Ser 3Al é‘“l'@erineﬁifsv_d_@pcenﬁiArgg ©yssl@iyn Qs wherrdifl thRH medii@3 22 iedl 1> 254
<212> P%ci%lcggs A:‘er}tlrfc!clculcatliosne usensciede<2gzroo>ups, 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 acceording 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-



<221> SIM LAR <222> (110)..(129) <223> Tetanus toxoid P2 epitope %E%JQD
NO 13).. 14 0 CT 20D3 32 <220> <22| > SIMLAR c222> (125)..(1 23803
Di ptheria toxoid P30 epitope (SEQ ID NO: 19) <220> <221> SIM LAR c222>
(1)..(209) c223> 109 C-term nal residues of human and bovi ne GDF-8
(residues 267-375 in SEQ ID NO 1) <220> c221> SIM LAR c222> (196)..(259)
<223> 109 C-terminal residues of human and bovi ne GDF-8 (residues 267-375
in SEQ D NO 1 <220> <221> SITE <222>20(90)..(91) <223> Lys Au or u dy

<220> <2218k 5 (336 > . L.denti-Cc : <400> 22
Asp Phe Gy Le“usEA?f)%é}él%p)aa%%ﬁi )sarcs%ﬁ%ﬁra qc;pI Eu{'csgt[ krgag%% &%E%dﬁ 10 15
Arg Tyr Trodrere-Thr Val Asp Phe Qu Ala Phe Ay Trp Asp Trp Ile 20 25 30
Ile Ala Pro Lys Arg Tyr Lys Ala Asn Tyr Cys Ser Ay Au Cys Gu 35 40 95
Phe Val Phe LeuA%%’anFﬁl?_%s Tyr Pro H's Thr H's Leu Val His Gn Ala 50 55 60

~, aCT P IIYPBErC Al i@ 2 PraiagsirofhieTma e Tk Lys  Met

i b | m elddn ioh eG & | I T
ge; gg gegagtgazfeo Ry s d i goish Meln Leur Jydn Bhe Asiy G by, S G d 1 e Tyr

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 c¢ific surface antigen, such as a hapten or a carbohydrate for
which there is a receptor on the B-lymphocyte or the APC, such

asS mannalrn or mannose.

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

15 a2 heat-shock protein.

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

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

¥), 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-15), and granulo-

' cyte-macrophage colony stimulating factor (GM-CSF), and
wherein the heat-shock protein is selected from the group con-
sisting of HSP70, HSPS0, HSC70, GRP24, 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.



Lys Ile Pro Ala Met Val Val Asp Arg Cys Ay Cys Ser An Tyr |I1le 100 969 YilTs)
Lys Ala Asn Ser Lys Phe Ile Ay Ile Thr Qu Leu Phe Asn Asn Phe 115 |20 125
Thr Val Ser Phe Trp Leu Arg Val Pro Lys Val Ser Ala Ser H's Leu |30 135 190
G u Asp Phe Ay Leu Asp Cys Asp Qu His Ser Thr Gu Ser Arg Cys 145 150 155
160 CysArg Tyr Pro Leu Thr Val Asp Phe Gu Ala Phe@y Trp Asp Trp 165 | 70

|75 Ile Ile Ala Pro Lys Arg Tyr Lys Ala Asn Tyr Cys Ser Ay Qu Cys 180 | 85
190 A u Phe Val Phe Leu @ n Lys Tyr ProlHis Thr Hs Leu Val His An 195 200

205 Al a 1As.n T1ed ritthdd Yacssr Alray Ay ﬁwdaéso@%h@&x%rc%dmr Iy iRt 210 215
220 Ser Pro Ile Asn Met Leu Tyr Phe Asn Ay Lys Qu Gn IIe I'Te Tyr 225 230

235 240 "H8F Qs Hhce Gy Sasihvsaupgicevar Adis AT -Gy $r@lpaOps 1$erdez:45re250

RT
2205 <33 WIFAGEN 239351 018) (o) 2305 Tianls Tetold PAGREIE ( SEQ

| D NO mwwmmmm«wmwm@, )i ned 2 Bmibet, ans dkexQi d P2

epi t ope > S| M AR <222> (1)..(15) <223>
| dent ?caslﬁjto resolrdueu‘sr Ooaf pé@ €1 <220> <221> SI M LAR <222>

(52)..(160) c223> Identl cal to resi dues 267-375 of SEQ ID NO 1 c220>

<221>S| T <232> {2V 2233 9o $aEPa% ARtz TR2ae (100 (14)

<223> Lys GIuorGIuGIy<40 Céu B le Qu
| 1e Lys PAirdlicle PRe be®nl Grots fAsal Agn sl%lbet‘lﬂtmt\iaﬂg Ser 1IafaetTromeL%m1Arog \S/al

i T Ile L Al a Asn Ser
E;g :5%2 al\c/:IaL %%rqﬂ'%ln%e%gnggﬁgg I%erNO|_:II ilLeour ?ZU W(J?:‘t?'l a){:r least )(/)%e amino

acid sequence of equal or different length which contains a

10 foreign Tg 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 copies 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 administered 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 sublingual route; the epidural route; the

30 spinal route; the anal route; and the intracranial route.
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unostimulating 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 according 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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35. The vector according to claim 33 or 34, comprising, in the
5'—=>3' direction and in operable linkage, a promoter for dri-
ving expression of the nucleic acid fragment according to
claim 32, optionally a nucleic acid seguence 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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cro-organism selected from a bacterlum, such as a bacterium of
the genus Escherichia (preferably E. coli), Bacillus, Salmo-

10 nella, or Mycobacterium (preferably a non-pathogenic Mycobac-
terium cell such as M. bovis BCG), a yeast, a protozoan, or a
cell derived from a multicelliular organism selected from a

fungus, an insect cell such as an Sz 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 analcgue according to c¢laim 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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- 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.

10 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 wvector accerding to

any one of claims 33-37 and which expresses the nucleic acid

fragment according to claim 32, and which opticnally secretes
%5 or carries the GDF-38 analdgue 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.
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<212> PRT

<213> Homo sapiens

<400> 1
Met Gln Lys Leu Gln Leu Cys Val Tyr Ile Tyr Leu Phe Met Leu Ile
1 5 10 15

Val Ala Gly Pro Val Asp Leu Asn Glu Asn Ser Glu Gin Lys Glu Asn
20 25 30

Val Glu Lys Glu Gly Leu Cys Asn Ala Cys Thr Trp Arg Gln Asn Thr
35 40 45

Lys Ser Ser Arg Ile Glu Ala Tle Lys Ile Gln Ile Leu Ser Lys Leu
50 55 60

Arg Leu Glu Thr Ala Pro Asn Ile Ser Lys Asp Val Ile Arg Gln Leu
65 70 75 80

Leu Pro Lys Ala Pro Prc Leu Arg Glu Leu Ile Asp Gln Tyr Asp Val
85t 90 85

] Gln Arg Asp Asp Ser Ser Asp Gly Ser Leu Glu Asp Asp Asp Tyr His
' 100 105 110
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245 250 255

Lys Val Thr Asp Thr Pro Lys Arg Ser Arg Arg Asp Fhe Gly Leu Asp
260 265 270

Cys Asp Glu His Ser Thr Glu Ser Arg Cys Cys Arg Tyr Pro Leu Thr
275 280 285

Val Asp Phe Glu Ala Phe Gly Trp Asp Trp Ile Tle Ala Prc Lys Arg
290 295 300

Tyr Lys Bla Asn Tyr Cys Ser Gly Glu Cys Glu Phe Val Phe Leu Gln
305 310 315 320

Lys Tyr Pro His Thr His Leu Val His Gln Ala Asn Pro Arg Gly Ser
325 330 335

Ala Gly Pro Cys Cys Thr Pro Thr Lys Met Ser Pro Ile Asn Met Leu
340 ' 345 350

Tyr Phe Asn Gly Lys Glu Gln Ile Ile Tyr Gly Lys Ile Pro Ala Met
’ 355 360 365

Val Val Asp Arg Cys Gly Cys Ser
370 _ 375
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Val Glu Lys Glu Gly Leu Cys Asn Als Cys Leu Trp Arg Glu Asn Thr
35 ' 40 45

Thr Ser Ser Arg Leu Gilu Ala Ile Lys Ile Gln Ile Leu Ser Lys Leu
50 55 60

Arg Leu Glu Thr Ala Pro Asn Ile Ser Lys Asp Ala Ile Arg Gln Leu
65 70 75 80

Leu Pro Lys Ala Pro Pro Leu Leu Glu Leu Ile Asp Gln Phe Asp Val
' 85 90 95

Gln Arg Asp Ala Ser Ser Asp Gly Ser Leu Glu Asp Asp Asp Tyr His
100 1905 110

Ala Arg Thr Glu Thr Val Ile Thr Met Pro Thr Glu Ser Asp Leu Len
115 120 125

Thr Gln Val Glu Gly Lys Pro Lys Cys Cys Phe Phe Lys Phe Ser Ser
130 135 140

Lys Ile Gln Tyr Asn Lys Leu Val Lys Ala Gln Teu Trp Ile Tyr Leu
145 150 155 160

Arg Pro Val Lys Thr Pro Ala Thr Val Phe Val Gln Tle Leu Arg Leu
165 170 175

Iie Lys Pro Met Lys Asp Gly Thr Arg Tyr Thr Gly Ile Arg Ser Leu
180 185 150
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Phe Pro Glu Pro Gly Glu Asp Gly Leu Thr Pro Phe Leu Glu Val Lys
245 250 255

Val Thr Asp Thr Pro Lys Arg Ser Arg Arg Asp Phe Gly Leu Asp Cys
260 265 270

Asp Glu His Ser Thr Glu Ser Arg Cys Cys Arg Tyr Pro Leu Thr Val
275 280 285

Asp Phe Glu Ala Phe Gly Trp Asp Trp Ile Ile Rla Pro Lys Arg Tyr
290 295 300

Lys Ala Asn Tyr Cys Ser Gly Glu Cys Glu Phe Val Phe Leu Gln Lys
305 310 315 320

Tyr Pro His Thr His Leu Val His Gln Ala Asn Pro Arg Gly Ser Ala
325 330 335

Gly Pro Cys Cys Thr Pro Thr Lys Met Ser Pro Ile Asn Met Leu Tyr
340 345 350

Phe Asn Gly Glu Gly Gln Ile Ile Tyr Gly Lys Ile Pro Ala Met Val
355 360 365

. Val Asp Arg Cys Gly Cys Ser
370 375

<210> 6

<211> 375
<212> PRT
<213> Ovis sp.
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Lys
Arg
B3
Leu
Gln
" val
Ala
Lys
145
Arg

Ile

Lys

Ser

50

Leu

Pro

Arg

Thr

Glu

130

Ile

Pro

Lys

Leu

35

Ser
Glu
Lys
Aép
Thr
115
Val
Gln
Val

Pro

Asp
1985

Arg

Thr

Ala

Asp

1lo¢

Glu

Gln

His

Lys

Met

i80c

Met
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Leu

Ala

Pro

85

Ser

Thr

Glu

Asn

Thr

165

Lys

Asn

Glu

Pro

70

Pro

Ser

Val

Lys

Lys

150

Pro

Asp

Pro

Ala

55

Asn

Leu

Asp

Ile

Pro

135

Val

Thr

Gly

Gly

40

Ile

Ile

Arg

Gly

Thr

120

Lys

Val

Thr

Thr

Thr
200

(109B& () --

Lys

Ser

Glu

Ser

105

Met

Cys

Lys

Val

Arg

185

Gly

Ile

Lys

Leu

90

Leu

Pro

Cys

Ala

Phe

170

Tyr

Ile

Gln

Asp

75

Ile

Glu

Thr

Phe

Gin

155

Val

Thr

Trp

Ile

60

Ala

Asp

Asp

Glu

Phe

140

Leu

Gln

Gly

Gln

45

Leu

Ile

Gln

Asp

Ser

125

Lys

Trp

Ile

Ile

Ser

205

(109B& () --

Ser

Arg

Tyr

Asp

110

Asp

Phe

Ile

Leu

Arg

120

Ile

Lys

Glin

Asp

95

Tyr

Leu

Ser

Tyr

Arg

175

Ser

Asp

Leu

Leu

80

Val

His

Leu

Ser

Leu

160

Leu

Leu

Val

(109B& () --

%
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(109B& ()-- (109B& ()-- (109& ()--+}cl/kkMs } H( (109B& ()-- (109B& ()--
(10988& ()-- (109B& ()--y E/ kkMp } H( (1098& ()-- (109B& ()-- (109B& ()--

0 ' - -
(ji)AB&'Q&s Thr Val Leu Gln Asn Trp Leu Lys Gln Pro Glu Ser Asn Leu Gly
210 215 220

Ile Glu Ile Lys Ala Leu Asp Glu Asn Gly His Asp Teu Ala Val Thr
L 225 230 235 240

Phe Pro Glu Pro Gly Glu Glu Gly Leu Asn Pro Phe Leu Glu Val Lys
245 250 255

Val Thr Asp Thr Pro Lys Arg Ser Arg Arg Asp Phe Gly Leu Asp Cys
280 265 270

Asp Glu His Ser Thr Glu Ser Arg Cys Cys Arg Tyr Pro Leu Thr Val
275 280 285

Asp Phe Glu Ala Phe Gly Trp Asp Trp ITle Ile Ala Pro Lys Arg Tyr
290 295 300

' Lys Ala Asn Tyr Cys Ser Gly Glu Cys Glu Phe Leu Phe Leu Gln Lys
305 310 315 320

Tyr Pro His Thr His Leu Val His Gln Ala Asn Pro Lys Gly Ser Ala
325 330 335

Gly Pro Cys Cys Thr Pro Thr Lys Met Ser Pro Tle Asn Met Leu Tyr
340 345 350

Phe Asn Gly Lys Glu Gln Ile Ile Tyr Gly Lys Ile Pro Gly Met Val
355 360 365

Val Asp Arg Cys Gly Cys Ser
370 375

<210> 7
<211> 376
<212> PRT

<213> Rattus norvegicus

<400> 7
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(109B& ()-- (109B& ()-- (109B& ()--kkMs } H( (109B& ()-- x D (109B& ()- -
(109B& ()-- (109B& ()-- (109B& ()-- (109B& ()-- (109B& ()-- (109B& ()--
(109B& ()-- !"#$%&} cD (109B& ()-- (109B& (}-- (109B& ()-- (109B& ()--
(10%8&'Q%E-Ile Gln Lys Pro Gln Met Tyr Val Tyr Ile Tyr Leu Phe Val Leu

1 5 10 15

Ile Ala Ala Gly Pro Val Asp Leu Asn Glu Asp Ser Glu Arg Glu Ala
20 25 30

Asn Val Glu Lys Glu Gly Leu Cys Asn Ala Cys Ala Trp Arg Gln Asn
35 40 ' 45

Thr Arg Tyr Ser Arg Ile Glu Ala Ile Lys Ile Gln Ile Leu Ser Lys
50 55 60

Leu Arg Leu Glu Thr Ala Pro Asn Ile Ser Lys Asp Ala Ile Arg Gln
65 70 75 go

TLeu Leu Pro Arg Ala Pro Prc Leu Arg Glu Leu Ile Asp Gln Tyr Asp
85 90 95

Val Gln Arg Asp Asp Ser Ser Asp Gly Ser Leu Glu Asp Asp Asp Tyr
100 105 110

His Ala Thr Thr Glu Thr Iie Ile Thr Met Pro Thr Glu Ser Asp Phe
115 120 125

Leu Met Gln Ala Asp Gly Lys Pro Lys Cys Cys Phe Phe Lys Phe Ser
130 135 140

Ser Lys Ile Gln Tyr Asn Lys Val Val Lys Ala Gln Leu Trp Ile Tyr
145 150 155 160

Leu Arg Ala Val Lys Thr Pro Thr Thr Val Phe Val Gln Ile Leu Arg
165 170 175

Leu Ile Lys Pro Met Lys Asp Gly Thr Arg Tyr Thr Gly Ile Arg Ser
180 185 190

Leuv Lys Leu Asp Met Ser Pro Gly Thr Gly Ile Trp Gln Ser Ile Asp
195 200 205

Val Lys Thr Val Leu Gln Asn Trp Leu Lys Gln Pro Glu Ser Asn Leu
210 215 220
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Gly Ile Giu Ile Lys Ala Leu Asp Glu Asn Gly His Asp Leu Ala val

225 230 235 240

Thr Phe Prc Gly Pro Gly Glu Asp Gly Leu Asn Pro Phe Teu Glu Val
245 250 255

Lys Val Thr Asp Thr Pro Lys Arg Ser Arg Arg Asp Phe Gly Leu Asp
260 265 270

Cys Asp Glu His Ser Thr Glu Ser Arg Cys Cys Arg Tyr Pro Leu Thr
275 280 ' 285

Val Asp Phe Glu Ala Phe Gly Trp Asp Trp Ile Tle Ala Pro Lys Arg
290 295 300

Tyr Lys Ala Asn Tyr Cys Ser Gly Giu Cys Glu Phe Val Phe Leu Gln
305 310 315 320

Lys Tyr Pro Hls Thr His Leu Val His Gln Ala Asn Pro Arg Gly Ser
325 330 335

" 'Ala Gly Pro Cys Cys Thr Pro Thr Lys Met Ser Pro Ile Asn Met Leu
340 345 350

Tyr Phe Asn Gly Lys Glu Gln Ile Ile Tyr Gly Lys Ile Pro Ala Met
355 360 365

Val Val Asp Arg Cys Gly Cys Ser
370 375

<210> 8
<211> 375
<212> PRT

<213> Sus scrofa

<400> B
Met Gln Lys Leu Gln Ile Tyr Val Tyr Ile Tyr Leu Phe Met Leu Ile
1 . .5 10 15
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&kl'Ala Gly Pro Val Asp Leu Asn Glu

“Val Glu

Ser

- 50

Arg
65

Leu

Gln

Ala

- Met

Lys

145

Arg

Ile

Lys

- Lys

Iie
225

Leu

Pro

Arg

Thr

Gln

130

Ile

Pro

Lys

Leu

Thr

210

Glu

Lys

35

Ser

Glua

Lys

Asp

Thr

115

Val

Gln

Val

Pro

Asp

195

Val

Ile

20

Glu

Arg

Thr

Ala

Asp

100

Glu

Glu

Tyr

Lys

Met

180

Met

Leu

Lys

Gly

Leu

Ala

Pro

85

Ser

Thr

Gily

Asn

Thr

165

Lys

Asn

Gln

Ala

(109B& () - -

Leu

Glu

Pro

70

Pro

Ser

Ile

Lys

Lys

150

Pro

Asp

Pro

Asn

Leu
230

Cys

Ala

55

Asn

Leu

Asp

Ile

Pro

135

Val

Thr

Gly

Gly

Trp

215

Asp

Asn

40

Ile

Ile

Arg

Gly

Thr

120

Lys

Val

Thr

Thr

Thr

200

Leu

Glu

25

Ala

Lys

Ser

Glu

Ser

105

Met

Cys

Lys

Val

Arg

185

Gly

Lys

Asn

(109B& () - -

(1098& () - -

(1098& () - -
(109& ()--z F, Fcl/k (1098& ()- -

Asn Ser Glu

Cys

Ile

Lys

Leu

90

Leu

Pro

Cys

Ala

Fhe

170

Tyxr

Ile

Gln

Gly

Mef

Gln

Asp

75

Ile

Glu

Thr

Phe

Gln

155

Val

Thr

Trp

Pro

His

235

Trp

Ile

60

Ala

Asp

Asp

Glu

Phe

140

Leu

Gln

Gly

Gln

Glu

220

Asp

(1098& () - -

(100@& ()-1 %+ BCT 2003

(109B& () --
(109B&5() - -

(1098& () - -
(1098& () - -

(109B&' ()--xyZ@k (109B&
Gln Lys Glu

Arg

45

Leu

Ile

Gln

Asp

Ser

125

Lys

Trp

Ile

Ile

Ser

205

Ser

Leu

30

Gln

Ser

Arg

Tyr

Asp

110

Asp

Phe

Ile

Leu

Arg

120

Ile

Asn

Ala

Asn

Lys

Gln

Asp

95

Tyr

Leu

Ser

Tyr

Arg

175

Ser

Asp

Leu

Val

Asn

Thr

Leu

Leu

80

Val

His

Leu

Ser

Leu

160

Leu

Leu

Val

Gly

Thr
240
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Phe Pro Gly Pro Gly Glu Asp Gly Leu Asn Pro Phe Leu Glu Val Lys
245 250 255

Val Thr Asp Thr Pro Lys Arg Ser Arg Arg Asp Phe Gly Leu Asp Cys
260 265 270

Asp Glu His Ser Thr Glu Ser Arg Cys Cys Arg Tyr Pro Leu Thr Val
275 280 285

Asp Fhe Glu ARla Phe Gly Trp Asp Trp lIle Ile Ala Pro Lys Arg Tyr
250 295 300

Lys Ala Asn Tyr Cys Ser Gly Glu Cys Glu Phe Val Phe ILeu Gln Lys
305 310 315 : 320

Tyr Pro His Thr His Leu Val His Gln Ala Asn Pro Arg Gly Ser Ala
325 330 335

Gly Pro Cys Cys Thr Pro Thr Lys Met Ser Pro Ile Asn Met Leu Tyr
340 345 ' 350

Phe Asn Gly Lys Glu Gln Ile Ile Tyr Gly Lys Ile Pro Ala Met Val
355 360 365

Val Asp Arg Cys Gly Cys Ser
370 375

<210> 9
<211> 374
<212> PRT

<213> Danio rerio

<400> 9
Met His Phe Thr Gln Val Leu Ile Ser Leu Ser Val Leu Ile Ala Cys
1 5 10 15

Gly Pro Val Gly Tyr Gly Asp Ile Thr Ala His Gln Gln Pro Ser Thr
20 .. 25 ' 30
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0)
Al

Ser
Leu

65
Leu
Val
His
Ile
Pro
145
Leu
Leu
Ile
Gln
Glu

225

Thr

(1098& () --
(1098& () - -

XA @ (109B& () -

(109B& () --

Lys

50

Arg

Leu

Leu

Ala

Val

130

Lys

Arg

Met

Asp

Val

210

Ile

Glu

35

Leu

Leu

Pro

Gly

Thr

115

Gin

Tle

Pro

Pro

Val

185

Leu

Asn

Thx

Met

Lys

Lys

Asp

100

Thr

Val

Gln

Ala

Val

180

Asn

Thr

Ala

Gly

Arg

Gln

Ala

85

Asp

Glu

Asp

Ala

Glu

165

Lys

Ala

Val

Tyr

Glu
245

(1098& () - - kkMB }
(1098& () - -

(1098& () - -
(1098& () - - uV7x @ ( 10%

Giu Leu Cys

Leu

Ala

70

Pro

Ser

Thr

Arg

Asn

150

Giu

Asp

Gly

Trp

Asp

230

Asp

His

55
Pro
Pro
Lys
Ile
Lys
135
Arg
Ala
Gly
Val
Leu
215

Ala

Gly

40

Ala

Asn

Leu

Asp

Met

120

Pro

Ile

Thr

Gly

Thr

200

Lys

Lys

Leu

(1098& () - -

- kkMB } HeF@(10% (1 (1098& ()17
a Thr Glu Glu Ser

Ser Thr Cys

Ile

Ile

Gln

Gly

105

Thr

Lys

Val

Thr

Arg

185

Ser

Gln

Gly

Leu

Lys

Ser

Gln

90

Ala

Met

Cys

Arg

Val

17¢C

His

Trp

Pro

Asn

Pro

250

Ser
Arg

75
Leu
Val
Ala
Cys
Ala
155
Phe
Arg
Gln
Glu
Asp

235

Phe

(10988 ()- -

Glu

Gln

&0

Asp

Leu

Glu

Thr

Fhe

140

Gln

Leu

Ile

Ser

Thr

220

Leu

Met

CH( (109B& ()--yZ@ (109B& () -

(109B& () - - (100 %@CT 2003
(1098& ()- -

&'()--

(1098B& () -- (10%3&' 0)--)

Fhe

45

Ile

Val

Asp

Glu

Glu

125

Fhe

Leu

Gln

Arg

Ile

205

Asn

Ala

Glu

Arg

Leu

Val

Gln

Asp

110

Proc

Ser

Trp

Ile

Ser

190

Asp

Arg

Val

Val

Gln

Ser

Lys

Tyr

95

Asp

Asp

Phe

Val

Ser

175

Leu

Val

Gly

Thxr

Lys
255

His
Lys
Gln

80
Asp
Glu
Pro
Ser
His
160
Arg
Lys
Lys
Ile
Ser

240

Ile



( 109B&
( 109B&
( 10988
( 109B&
(10988

- 56789<=>x"D (109B& () - -

Ser Glu Gly
Glu Asn Ser
275

Phe Glu Asp
290

Ala Asn Tyr
305

Pro His Thr

Fro Cys Cys

Asn Gly Lys

355

Asp Arg Cys
370

<210> 10
<211> 375
<212> PRT
<213> Papio

<400> 10

~Met Gln Lys

1

Val Ala Gly

Val Glu Lys
35

()y-- (1098& ()--
()-- (109B& ()--
()--+/0125u[ A"F (109B& ()--
()-

()-

Pro Lys Arg
260

Ser Glu Ser

Phe Gly Trp

Cys Ser Gly
310

His Leu Val
325

Thr Pro Thr
340

Glu Gln Ile

Gly Cys Ser

hamadryas

Ile

Arg

Asp

295

Glu

Asn

Lys

Ile

(1098& () - -
(1098& () --

(1098& () - -
(1098& ()- -

(1098& () - -
(1098& () - -

109B& () --# +eF@ (10% (1
glo%a&'gg_-- 14 OE (

P23

(109B& () --kkMp } _H(
(1098& ()-- (1098B& ()--
- (109B& ()-- (1098& ()-- (109B&S()-->?@DEFX D (109B& ()- -

Arg Arg Asp Ser Gly Leu Asp Cys Asp

Cys

280

Trp

Cys

Lys

Met

Tyr
360

Leu Gln Leu Cys Val

5

265

Cys

Ile

Asp

Ala

Ser

345

Gly

Tyr

Arg

Ile

Tyr

Ser

330

Pro

Lys

Ile
10

Tyr Pro

Ala Pro
300

Met Tyr
315
Pro Arg

Ile Asn

Ile Pro

Leu

285

Lys

Leu

Gly

Met

Ser

365

Tyr Leu Phe

270

Thr

Arg

Gln

Thr

Leu

350

Met

Val

Tyr

Lys

Ala

335

Tyr

Val

Asp

Lys

Tyr

320

Gly

Phe

Val

Met Leu Ile

15

Pro Val Asp Leu Asn Glu Asn Ser Glu Gln Lys Glu Asn

20

25

Glu Gly Leu Cys Asn Ala Cys
40

30

Thr Trp Arg Gln Asn Thr

45



(109B& () - -

} _H(SW _cgkeFD (1098 (1 (109B& () - -
(1098& () - - kosw{ eFD (1098 (1 (10%3&' ()--
(1098& () - -

(T09B& () - -
(109B& () - -

Arg

65

Leu

Gln

Ala

Met

Lys

145

.Arg

Ile

Lys

Lys

Ile

225

Phe

Val

(109B& () - -
(109B&' () - - FGKOSuV7x D (109B (109B& ()-- (109B& ()--) (109B& ()--kkMCT
(109B&' () - -

50

Leu

Pro

Arg

Thr

Gln

130

ile

Pro

Lys

Leu

Thr

210

Glu

Pro

Thr

Glu

Lys

Asp

Thr

115

val

Gln

Val

Pro

Asp

195

Val

Ile

Asp

Thr

Ala

Asp

100

Glu

Asp

Tyr

Glu

Met

180

Met

Leu

Lys

Pro

Thr
260

Ala

Pro

85

Ser

Thr

Gly

Asn

Thr

165

Lys

Asn

Gln

Ala

Gly

245

Pro

(1098& () - -

(109B& () - -
Lys Ser Ser Arg Ile Glu Ala

Pro

70

Pro

Ser

Ilie

Lys

Lys

150

Pro

Asp

Pro

Asn

Leu

230

Glu

Lys

55

Asn

Leu

Bsp

Ile

Fro

135

Val

Thr

Gly

Gly

Tre

215

Asp

Asp

Arg

Ile

Ile

Arg

Gly

Thr

120

Lys

Val

Thr

Thr

Thr

200

Leu

Glu

Gly

Ser

Lys

Ser

Glu

Ser

105

Met

Cys

Lys

Val

Arg

185

Gly

Lys

Asn

Leu

Arg
265

Iie

Lys

Len

90

Leu

Pro

Cys

Ala

Phe

170

Tyx

Ile

Gln

Gly

Asn

250

Arg

Gln

Asp

75

Ile

Glu

Thr

Phe

Gln

155

Val

Thr

Trp

Pro

His

235

Pro

Asp

(1098& () - -
(1098& () - -

Ile

60

Ala

Asp

Asp

Glu

Fhe

140

Leu

Gln

Gly

Gln

Glu

220

Asp

Phe

Phe

(1098& () - -

Leu

Ile

Gln

Asp

Ser

125

Lys

Trp

Ile

Tle

Ser

205

Ser

Leu

Leu

Gly

Ser Lys Leu

Arg

Tyr

Asp

110

Asp

Phe

Ile

Leu

Arg

190

Ile

Asn

Ala

Glu

Leu

270

Gln

Asp

95

Tyr

Phe

Ser‘

Tyr

Arg

175

Ser

Asp

Leu

Val

Val

255

Asp

Leu

80

Val

His

Leu

Ser

Leu

160

Leu

Leu

Val

Gly

Thr

240

Lys

Cys

(1098& () - -
(1098& () - -

(1098& () - -

2
o

oy
th

0

3



(16%8&' ()--u[<"F (109%8& ()-- (10%B& ()--B (10%B& ()- - kk\Nb Y _H(
(109B& ()--x D (109B& ()-- (109B& ()-- (109B& ()-- (109®& ()--

(109B& ()-- (109B& ()--
(10988 ()-- (1098& ()--
(109B& ()-- (109B& ()--) (109B& ()--kkM6 POH(eFD (10%B& (1

~ Asp Glu
Asp Phe
290

Lys Ala
305

Tyr Pro
Gly Pro

Phe Asn

" Val Asp

370

<210> 11

His

275

Glu

Asn

His

Cys

Gly

355

Arg

<211> 109
<212> PRT

(1098B& ()--x D (109B& ()- -
(1098& () - - uUV7x D ( 109B&

(109B& () --

Ser Thr Glu Ser Arg Cys Cys

Ala

Tyr

Thr

Cys

340

Lys

Cys

Leu

Cys

His

325

Thr

Glu

Gly

<213> Homo sapiens

<220>

<221> PEPTIDE

<2225 (1)..(109)

Gly

Ser

310

Leu

Pro

Gln

Cys

Trp

295

Gly

Val

Thr

Ile

Ser

375

280

Asp Trp

Glu Cys

His Gln

Lys Met

345

Ile Tyr
360

Ile

Glu

Ala

330

Ser

Gly

Arg Tyxr

Ile

Phe

315

Asn

Pro

Lys

(109B& () --

Ala

300

Val

Pro

Ile

Tle

Pro

285

Pro

Phe

Arg

Asn

Pro

365

<223> Identical to residues 267-375 in SEQ ID NO: 1

<400> 11

(1098¢& () - -

Leu Thr Val

Lys Arg Tyr

Leu Gln Lys

320

Gly Ser Ala
335

Met Leu Tyr
350

Ala Met Val

’ Asp Phe Gly Leu Asp Cys Asp Glu His Ser Thr Glu Ser Arg Cys Cys

1

5

10

15

Arg Tyr Pro Leu Thr Val Asp Phe Glu Ala Phe Gly Trp Asp Trp Ile

20

25

30

(oot PN

(1098& () - -



( 109B&
( 109B&
( 10988
( 109B&
(1098

(% 1 (109B& ()-- (109B&
()--u[A FD (1098& () - -
()-
()-
ITi

35

Phe Val Phe Leu Gln Lys Tyr
50 55

Asn Pro Arg Gly Ser Ala Gly
65 70

Pro Tle Asn Met Leu Tyr Phe
85

Lys TIle Pro Ala Met Val Val
o 100

<210> 12
<21i> 109
<212> PRT

<213> Bos taurus

220>

<221> PEPTIDE
<222> (1)..(109)

<223> Identical to residues

<400> 12
Asp Phe Gly Leu Asp Cys Asp
1 5

Arg Tyr Prc Leu Thr Val Asp
20

Ile Ala Pro Lys Arg Tyr Lys
35

Phe vVal Phe Leu Gln Lys Tyr
50 55

Asn Pro Arg Gly Ser Ala Gly

65 70

(109B&' ()-- (109B& ()--

(1098& () - -

()-- (1098& ()--

(109B& () - -
-XAD (109B& ()-- (109B& ()--
(109B& ()-- (109B& ()--yZD

e Ala Pro Lys Arg Tyr Lys Ala Asn Tyr

40

Pro His

Pro Cys

Asn Gly

Asp Arg
105

267-375

Glu His

Phe Glu
25

Ala Asn
40

Pro His

Pro Cys

Thr

Cys

Lys

90

Cys

(109B& () - - kkMB
(109B& () --

21
Cys

His
Thr
75

Glu

Gly

Ser

Leu

60

Pro

Gln

Cys

(1098& () - -

(109B& () - - eFD

(109B& ()-i ((10%()28{33

Gly

45

Val

Thr

Ile

Ser

in SEQ ID NO: 5

Ser

10

Ala

Tyxr

Thr

Cys

Thr

Phe

Cys

His

Thr
75

Glu

Gly

Ser

Leu

60

Pro

Ser

Trp

Gly

45

Val

Thr

(109B& ()-- (109B& ()--

Glu Cys Glu

His Gln Ala

Lys Met Ser

80

Ile Tyr Gly

Brg

Asp

30

Glu

His

Lys

95

Cys

15
Trp
Cys

Gln

Met

Cys

Ilie

Glu

Ala

Ser

80



(1098& ()-- (10%B& ( (109B& ()-- (1098& ()-- (10%B& ()-- (10%B&{) oy 50
(109B& ()-- (109B& ()--z[<yZD (109B& (109B& ()-- (10B& ()-- * v ¢
(109B& ()--kkMs } _H( eFD (109B& (109B& ()-- (109B& ()-- (109B& ()--
(109B& ()-- (109B& ()-- (109B& ()-- $(,048eFD (109B& (109B& ()- -

(1098B& ()-- (109& ()-- (1098& ()-- (109@B& ()-- (109B& ()--8<=>?@I[ A FD

Pro Ile Asn Met Leu Tyr Phe Asn Gly Glu Gly Gln Ile Ile Tyr Gly
85 90 95

Lys Ile Pro Ala Met Val Val Asp Arg Cys Gly Cys Ser
100 105

<210> 13
<211> 15
<212> PRT

. <213> Clostridium tetani

<400> 13
Gln Tyr Ile Lys Ala Asn Ser Lys Phe Ile Gly Ile Thr Glu Leu
1 5 i0 15

<210> 14
<211> 21
<212> PRT

<213> Clostridium tetani

<400> 14
Phe Asn Asn Phe Thr Val Ser Phe Trp Leu Arg Val Pro Lys Val Ser
1 5 10 15

Ala Ser His Leu Glu
20

<210> 15
<211> 109
<212> PRT

<213> Artificial sequence

<220>

"<221> MUTAGEN

<222> (18)..(32)

<223> Tetanus toxoid P2 epitope (SEQ ID NO: 13)

<220>



(1098& ()-- (10988 ()-- (109B& ()--kkM5 } H( (109B& () -- GADEFGHKX/?,
(1098B& () (109B& ()-- (109B& ()-- (109B& ()-- (109B& ()-- (109@&i ¢)0CT 2003
(10988 ()-- (109B&' ()-- KLMNORSX"? (109B& () (109B& ()-- (109B& ()--
(1098& ()-- (1098& ()-- (109B& ()-- (109B& ()-- (109B& ()--STX\  uVv7x~? (10%
(10988 ()--& (109B&' ()--) (109B& ()--kkMs2B_H( " dhl pt xeF? (10% ( 1
(109B&' (<p2i> sIMILAR

<222> (1)..(17)

<223> Identical to residues 267-283 in SEQ ID NO: 1

<220>

<221> SIMILAR

<222> (33)..(109)

<223> Identical to residues 299-375 in SEQ ID NO: 1

<220>
<221> SITE
<222> {73)

<Z23> Cys or Ser

<Z220>
<221> SITE
<222> {90).. (91}

<Z223> Lys Glu or Glu Gly

<400> 15
Asp FPhe Gly Leu Asp Cys Asp Glu His Ser Thr Glu Ser Arg Cys Cys
1 5 10 15

Arg Gln Tyr Ile Lys Ala Asn Ser Lys Phe Ile Gly Ile Thr Glu Leu
20 25 30

Ile Ala Pro Lys Arg Tyr Lys Ala Asn Tyr Cys Ser Gly Glu Cys Glu
35 40 45

Phe Val Phe Leu Gln Lys Tyr Prc His Thr His Leu Val His Gln Ala
50 55 60

Asn Pro Arg Gly Ser Ala Gly Pro Cys Cys Thr Prc Thr Lys Met Ser
65 70 75 80

Pro Ile Asn Met Leu Tyr Phe Asn Gly Lys Glu Gin Ile Ile Tyr Gly
' 85 90 95

Lys Ile Pro Ala Met Val Val Asp Arg Cys Gly Cys Ser
. 100 105



(10988& ()-- .
(1098& ()- -

(1098& () - -
(1098& ()- -

(1098& ()-- (1098& ()-- (1098& ()--x|efZ (49%dhd

(109B& ()-- (1098& ()-- (109@& ()--

(109B& ()--u[ A F? (1098& ()-- (1098& ()-- (109B& ()--kkMs } H(
(109B& ()--yZ@ (109B& ()- (109B& ()-- (109B& ()-- (109B& ()-- (109B& ()--

(1098B& ()- -

<210>
<211>
<212>
. <213>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>»

<220>
<221>
<222>
<223>

<220>
<Z21>
<222>
<223>

<400>

(109B& ()-- (109B& ()--x @ (10¥B& () -

le
109
PRT

Artificial sequence

MUTAGEN
(52)..(606)
Tetanus toxoid P2 epitope (SEQ ID NO: 13)

SIMILAR
{(1)..(51)
Identical to residues 267-317 in SEQ ID NO: 1

3IMILAR
(67)..(109%)
Identical to residues 333-375 in SEQ TD NO: 1

SITE
(73)

Cys cor Ser

SITE
(30)..(91)
Lys Glu or Giu Gly

16

Asp Phe Gly Leu Asp Cys Asp Glu His Ser Thr Glu Ser Arg Cys Cys

1

5 10 15

Arg Tyr Pro Leu Thr Val Asp Phe Glu Ala Phe Gly Trp Asp Trp Ile

20 25 30

Ile Ala Pro Lys Arg Tyr Lys BAla Asn Tyr Cys Ser Gly Glu Cys Glu

35 ' 40 45



(1098& () - -

(109B& ()-- (109B& ()--

(1098B& ()-- uV7x @ (10% ( 109B& () - -
(10% (1 (1098& ()-- (109B& ()-- (1098& ()-- (1098B& ()-- (109B& (
(109B& ()--eF@(10% (1 (1098& ()- -

(1098& () - -

1098& ()-- (1098& ()-- (10YB& It -nran
((10%3&' (Q-) Elooxe&' ()-- kkmféﬁt@%@@

)--

(109B& ()-- (109B& ()-- (109B& ()--
25

Phe Val Phe Gln Tyr Ile Lys Ala Asn Ser Lys Fhe Tle Gly Ile Thr

50 55

&0

Glu Leu Arg Gly Ser Ala Gly Pro Cys Cys Thr Pro Thr Lys Met Ser

65

70

75 80

Pro Ile Asn Met Leu Tyr Phe Asn Gly Lys Glu Gln Ile Ile Tyr Gly

Lys I

<Z210>
<211>
<212>
<213>

<220>
<221>
<222>
<223>

<220>
T <221
<222>
<223>

'<220>
<221>
<Z222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
T o«222>

85

9c 95

le Pro Ala Met Val Val Asp Arg Cys Gly Cys Ser
100 105

17
109
PRT

Artificial sequence

MUTAGEN
(83)..(97)

Tetanus toxoid P2 epitope (SEQ ID NO: 13)

SIMILAR
{1)..(82)

Tdentical to residues 267-348 in SEQ ID NC: 1

SIMILAR
{98} ..(109)

Identical to residues 364-375 in SEQ ID NO: 1

SITE
(73}

Cys or Ser

SITE
(90)..(91)



(109B& ()--u[A"F (109B& () - -

(1098B& () - -

(1098& () - - kkMB }

H(

109B&' ()--x D (109B& ()-- (109B& ()-- (109B& ()-- (109B& ()-- (109B& {).--
210%3&'8--X(1oc(%a3&'()-E (10%3&'()--x"D(10‘%8&'()£-10((%‘132Lf%6(3394'()-- (31704%?%)&833
(109B& ()--) (109B& ()--kkMs R6H(" & .eFD (10%B
<223> Lys Glu or Glu Gly

(109B& () - -
(109B& () - -

<400>
Asp P
1.

Arg T

Ile A

. Phe V

Asn P
65

Pro I

Leu T

<210>
<211>
<212>

(109B& () - -

17
he Gly Leu Asp

yr Pro Leu Thr
20

la Pro Lys Arg
35

al Phe Leu Gln
50

ro Arg Gly Ser
le Gln Tyr Ile

85
le Pro Ala Met

i00

18
109
PRT

(109B& () --

Cys

Val

Tyr

Lys

Ala

70

Lys

Val

Asp

Asp

Lys

Tyr

55

Gly

Ala‘

Val

. <213> Artificial sequence

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>

MUTAGEN
(21)..(41)

Tetanus toxoid P30 epitope (SEQ ID NO:

SIMILAR
(42)..(109)

Glu

Phe

Ala

40

Pro

Prc

Asn

Asp

His

Glu

25

Asn

His

Cys

Ser

Arg
105

Ser

10

Ala

Tyr

Thr

Cys

Lys

S0

Cys

Thr

Phe

Cys

His

Thr

75

Phe

Gly

(109B& () - -

Glu

Gly

Ser

Leu

60

Pro

Ile

Cys

14)

Ser Arg

Trp Asp

30

Gly Giu

45

Val His

Thr Lys

Gly Ile

Ser

Identical te residues 307-375 in SEQ ID NO: 1

Cys

15

Trp

Cys

Gln

Met

Thr
95

Cys

Tle

Glu

Ala

Ser

80

Glu

uv7x~D (1098



(1 (109B& ()- -

(1098& () - -

s 222>

109B& () - - .
(109B& () --. 26: (>BFeFD §)10%3 (1 (109%8& ()-- (1098& ()-- (Loom& (h4-ULT 2003

(109B&' () - -
(109B& ()--kkMs } _H( (109B& ()-- TUVW
(109B& ()-- (109B& ()-- (109B& ()-- (109B&7()-- (109B& ()--

<221> SIMILAR i

(42)..(109)

(109B& () - -

(109B& () - -

(1098& () -

(1098& () -- FMNOSTU[ <"F (1098& ()-- (109B& ()--B

\]Ax"D (1098& () - -

<223> TIdentical to residues 308-375 in SEQ ID NO: 1

<220>
<221> SITE
<222> (73)

<223> Cys cor Ser

<220>

<221> SITE
<222> {(90)..(91)
<223>

<400> 18

Asp Phe Gly

1

Arg

Pro

Phe

Asn

65

Pro

’ Lys

<210> 19

Tyr

Lys

Val

50

Pro

Ile

Ile

Pro

Val

35

Fhe

Arg

Asn

Pro

<211> 105
<212> PRT

Leu

Leu

20

Ser

Leu

Gly

Met

Ala
100

Asp

Fhe

Ala

Gln

Ser

Leu

8%

Met

Cys

Asn

Ser

Lys

Ala

70

Tyr

Val

Lys Glu or Glu Gly

Asp

Asn

His

Tyr

55

Gly

Phe

Val

<213> Artificial segquence

Glu

Phe

Leu

40

Pro

Pro

Asn

Asp

His

Thr

25

Glu

His

Cys

Gly

Arg
105

Ser

10

Val

Tyr

Thr

Cys

Lys

90

Cys

Thr

Ser

Cys

His

Thr

75

Glu

Glu

Phe

Ser

Leu

60

Pro

Gln

Cys

Ser

Trp

Gly

45

Val

Thr

Ile

Ser

Arg

Leu

30

Glu

His

Lys

Ile

Cys

15

Arg

Cys

Gln

Met

Tyr
95

(109B& () --

Cys

Val

Glu

Ala

Ser

80

Gly



(1098& ()--~_cdef gx D (109B& ()-- (109B& ()-- (109B& ()-- (109B& ()--
(109B& ()-- (109B& ()-- (109B& ()-- (109B& ()--ghl ptuV7x~D (10%B&] 4 OCT sp
(109B& ()-- (1098& ()--) (1098& ()--kkMs } H(tx|eFD (109B& (1 (1098& ()-:-
(109B& ()-- (1098& ()-- (1098& ()-- (109B& ()-- (109B& ()--eFD (109B& (1
(10988& ()-- (109& ()-- (109B& ()-- 28

o
3

<220>

<221> MUTAGEN

<222> {49)..(69}

<223> Tetanus toxold P30 epitope (SEQ ID NO: 14)

<220>

<221> SIMILAR

<222> (1)..(48)

<223> Identical to residues 267-314 in SEQ ID NO: 1

<220>

<221> SIMILAR

<222> {70)..(109)

<223> Identical tc residues 336-375 in SEQ ID NO: 1

<220>
<221> SITE
<222> (73)

<223> Cys or Ser

. <220>
<221> BITE
<222> (90)..1{91)
%223> Lys Giu or Glu Gly

<400> 19

Asp Phe Gly Leu Asp Cys Asp Glu His Ser Thr Glu Ser Arg Cys Cys
1 5 10 . 15

Arg Tyr Pro Leu Thr Val Asp Phe Glu Ala Phe Gly Trp Asp Trp Ile
20 25 30

Ile Ala Prc Lys Arg Tyr Lys Ala Asn Tyr Cys Ser Gly Glu Cys Glu
35 40 ‘ 45

Phe Asn Asn Phe Thr Val Ser Phe Trp Leu Arg Val Pro Lys Val Ser
50 : 55 60

Ala Ser His Leu Glu Ala Gly Pro Cys Cys Thr Pro Thr Lys Met Ser
65 ' 7C 75 : '_ 80



(10988 ()-- (1098& ()-- (109B& ()--u[ A FD (109B& ()-- (10%B& ()37 go7 203
(109B& ()--kkM6 } H( (109B& ()--sY? (109B& () (109B& ()-- (10%@k>(Y¥!
(109B& ()-- (109B& ()-- (109B& ()-- (109B& ()-- (109B& ()--yz? (109B& ()
(109B& ()-- (109B& ()-- (109& ()-- (109B& ()-- (109B& ()-- (109B& ()--
(109B& ()--{pez9? (1098 #&10% & ()- 10B 18B 10B (109B& ()- - kkMb

Pro Ile Asn Met Leu Tyr Phe Asn Gly Lys Glu Gln Ile Ile Tyr Gly

g5 8c 95

Lys Ile Pro Ala Met Val Val Asp Arg Cys Gly Cys Ser
100 105

<210> 20
<211> 109
_ <212> PRT

<213> Artificial sequence

<220>

<221> MUTAGEN

<222> {79)..(99)

<223> Tetanus toxcid P30 epitope (SEQ ID NO: 14)

<220>

<221> SIMILAR

<222> (1)..(78)

<223> Identical to residues 267-345 in SEQ ID NO: 1

<220>
<221> SIMILAR
<222> (100)..(109)
. <223>» Identical to residues 366-375 in SEQ ID NO: 1

<220>
<221> SITE
<222> (73)

<223> Cys or Ser

<Z220>

<221> SITE

<222> (%0)..(91)

<223> Lys Glu or Glu Gly

<400> 20
Asp Phe Gly Leu Asp Cys Asp Glu His Ser Thr Glu Ser Arg Cys Cys
1 5 10 13



FOH((E T[[:? (1098 Fyl0% & ()- V$10%t& ()- -fyl0% & ()- Yv y10%i& @CT 2093
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"10% & ()- R$10%"& ()-\ weni 1098& ()-'svU4 (10% 31 s109%&' () -

#&#1.0%/&'()-10‘r‘10‘r‘10‘r‘ f OT#10% " & ()-\ 45109 & ()- K110% & ()-

2| |[:vU4 (10% ' y109494& ()- 1098& ()- &B0%& ()- plO%A& ()- pl0%! & ()-

) 1099&' (Aeg\WBj] P%Ae(llﬂ% val 2QWB h1u %;LO&%&G(% %ys%oz@p/%%e() y109%84& () -

jy10% % & () - |10W & ()- | mo}vW4 %10@6 ,y10/6|§

vod 0% () - 10%10fy % vy81099& ()- Of 41090& () - |01 «& ()-cKl[:vU4 (10% _

Ry1098& ()- Vv)yl0%@&' ()- 9yl09%& ()- |yl0%& () Y y1098& () -

C leWa&'l(a)AJBI@i:(ﬁ DYAardgl 098 1.v4 1409860 (dyr Sofe 302 g(alu AQWY& () -

94098& ()- !y1098& ()- ;ylOWe& ()- ?GH JX\AvU4 (10% WR () -

\ &1099& ()-Z \ &109%8&' () - 21094094 0% : CLOW&: () - 5i6w& () Argl [ vUs (10%

SyL09% % & ()- 6ylO%@@ ()- y109%& ()-' yl0%& ()-" i 1098@& ()-

i 1096 " &'ohy-GIEPhd 1eWMc1n109% R+ 1OWES £ Jrhr (LQYRAS Gl HKSYA098E. () -

y109% % & () -~ pLlO%& () - qylog W& ()-)y vUA (10% | z10%&' ()-C #8&10% % & () -

1094.094.0% K@,%)low&'()- RPA1098& ()- "01098& ()= | T|[:vU4 (10%

8610%< K& ()- JF10% ' . & ()- W] 10% & ()- fyl0%'j& ()-# v 10%'i & ()-

- H z109®RsR&1(0) a6 dlkz[SeM:Uﬂla( LO% bl YAV M ik~ pAs 10965 8pKd 1K) 10% & () -

0%A0%’ 9§ () - @H 10% " j & () - &10% 'i& ()- V) (10%”0%&&(@

y&Y10%&& f) 10j°j 10 ' j10j ] ;10%"j & ()- Y8FL0%'j & () 0%"j& ()-

i G [:vU4 (10% i109%&& ()- bylO%&6& () - b10%5&6& ()- ~| 109R&RE () -

10%R&' (Jrsn ALY’ (i G0t phe Wi (0% g @Qioﬁ%ﬁ&l.}@ val YokQ¥&&% Gz (10%&& () -

-, $ 1098 ()- @R y10%&& ()-  y10%&& () o

His Leu Glu Ala Met Val Val Asp Arg Cys Gly Cys Ser
100 105

<210> 21
<21l> 109
<212> PRT

<213> Artificial sequence

<220>

<221> MUTRAGEN

<222> (84)..{104)

<223> Tetanus toxold P30 epitope (SEQ ID NO: 14)

<220>
" <221> SIMILAR
<222> (1)}..(83)
<223> Identical to residues 267-349 in SEQ ID NO: 1

<220>
<221> SIMILAR

<222> (105)..(109)

<223> Identical to residues 371-375 in SEQ ID NO: 1

<220>
<221> SITE
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viz10989&' ()-# 10%& ()-)u|[:vW4 (10% <7 10%&&'()- L3F109%&' () -
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j sy10% 9 ;) | 10 8Ys& ()-#0ST|[:-410% 9109%& () - @@4610%&& O)-
R2109%9&' ?é ﬁ.()- 0*10%& ()- @yl0%& ()- TUVcf NbA410%
Yy109%.1*!1 & () # vle@G*&.() # yl0%! *s& ()-# ,10%s! *s& ()- @&
10%s ! *s&26)> 10940%N6| [ : A410% 4 ' 109! *T& () - zJF6#F10N*& ()- @

wy 1098 * & % )f:llég%! *s& ()- ol10%W*& ()-#
10@9'* ow [ OC710%40s! *s10s! *s10s! *s 710%s!*s& ()-) 710%s& ()-)

|Olo%slﬂgé?K)BO]Oﬁ@¢&&s&f()- P+10%s! *s& ()-f|[: OC710% i V109%8&' () -
qf y1099&263> 1vs 10WEr (Qru 61y 104 A & () - ,yl0%S7& ()- %0% % & () -
D(x|[:0C710% Z)10%& ()- &10% % & ()- "10% % & ()- YR10%W& () -
R6y1099&' ()- Fyl0ovB8¥B& ()-\ | obU410 @10% & ()-10-% 10-% 10- %
910% % &4PY> 2810%&' ()- -110%W&' ()- R-10%W& ()- M4, |[:bU4L10 /!10%) F& ()-$
6! 1098) M (Jrre$ B L0RMMEY ¢ Jrs$ d1lul QUFIER: o) §16!sLOMMME, { )y $ E! 10% J
V& ()-$_ijkl|[NA41010n ;10n 10n H p, % g%m & ()- Mp, W’O@6$& O)-

‘p, Y409 %)- [ p, 0% ré& ()- 1 10% ()-$1| ~\|[: NA41T010 ~ 910%wW) W& () -
H10%).& ()-z Y!10% & ()- i10% & ()-C 10%4 5& ()-C #&#10% & () -
>&r | [ NA430AQ Ki## pl! 20 & (bp P% 3090&E: (B ML Q% &) Trp 19Y@ @& () -
4y109% & () - JlO@@&.% -r Z| obU410 <¥% 9@&7()-:10)10)é§) p| 9109% & () -
25109 & () - 110@6&.6 j-le@@&f()- <|[:bW10 ~Iyl0%& ()-# vyl0%): & ()-
, y109%#) #& () - Byl0W & ()- "yl0%W & ()- 10%): & ()-<%|[:bU4l0 3/&10%
9& () - @rSe(MR% LS [Lys Ae( 2OVLSE A~ 2 6# T30 WG )Siy chQYE)F&1G) - $

"WI10% & ()-. \evW410 qylown " & g% y109%C & () - \&109@&.() 10$10$10$
[/ &10%& ()-@" %10%& ()-@F. |[TVvUs10 q 109 & (V2] 109%F) #& ()-#

& 109 & ()- KOyloW & ()- 1ylon)(& ()- hy

. Phe Val Phe Leu Gln Lys Tyr Pro His Thr His Leu Val His Gln Ala

50 _ 55 60

Asn Pro Arg Gly Ser Ala Gly Pro Cys Cys Thr Pro Thr Lys Met Ser
63 70 75 ‘ 890

Pro Tle Asn Phe Asn Asn Phe Thr Val Ser Phe Trp Leu Arg Val Pro
85 90 95

Lys Val Ser Ala Ser His Leu Glu Arg Cys Gly Cys Ser
100 105

<210> 22
<211> 254
<212> PRT

- «213> Artificial sequence

<220>

<221> SIMILELR

<222> (110)..{124)

<223> Tetanus toxoid P2 epitope (SEQ ID NC: 13)



109 & ()-.z" [:vU410 g woyl0N & ()- 1109 & ()-@" -100/@)9&()

RO/Iy/()loo/é Z?z ()= -l L! 10% & ?)- EFGHTVU410 y, ! 109 & ()- m Hy, ! 10%) g&1(4) b(% yQOGBO%
& ()- 9%40% & ()-10)10)10) C910% & ()-BJg|[:vU410 A$I109XX& () - m

$110%& ()- !$1109B& ()- y,!10%& ()- Vy,!110% & ()- vy,!10% & ()- jtuvwU410
y10% Q : & ()-C $10%): & ()- 10< % 10< %320< % B$! 10% % & ()-

f$110% &26p> ! $! 10%&&'()- f |[;vU410 VIO% & ()- J)10% & ()- &
910%)2 2% o%& ()- bY yl10% & ()- Eylo%$$y& ()-C  sW410
V10%) 1 ) -V10% & ()-V10% & () - V10% & () - DxyX7410 ! 10%K & ()-

I10%& ()<2\6@70%1&5() -V & ()-V10% & () -x"|[:-410U( xi 910%J & () -
75109 U(de@34 )i p1ADMMK MR 6 ) 30 102BYE E&EQ) 1o 61008 & () -] (110%}F& ()-| O
bA410U( x 110% & ()- RIO% ({& ()- yl0% & ()- 10% & ()- WI10% & ()-
10U(10U(  EN|[: A410U( 6#y109% & ()-C 6#y10% & ()-C @0% & ()- f10% & ()-
f10% & (F29>]110% & ()-; AB|[:-410( :]110% & ()- P410% & ()- P410%&' ()-
- 10% & (P21> KoM BAH ) - Mc( CLO%S G& () - BCDPagbA410(  10%@& () - MLOYB& () - |
MLO%&! () 252%8/@% -1 9%409%& ()-10(10(-Chq|[: A410( F1098&' () -
F10% & %% 10%@&' ()- PHLO% #' & ()-- 109& ()-L*gh|[:-4109%y
0#8100/@07@&3>( )Loﬁ SMI@W& tysidups GEOVBMB&AL) corPx]1 008& () - F(cl0%& ()-
$1099& () - hi j b ALEOOUY -374QMK&ed ip HO%B& () - 109%& () - 10%3$& ()-
<U%<10%$& ()- 109%109%)]|[: A4100% ! 109! & ()- V10%3$& ()- V10%& ()-
10%$& ()2-2030% & ()- ,10%$& ()- )s|[:-410*!* #8- 10%!*& ()-# P410%

<221> SIMILAR

<222> {146)..(254)

<223> 109 C-terminal residues of human and bovine GDF-3

- (residues 267-375 in SEQ TD NO: 1

<220>

<221> SITE

<222> (90)..(91)

<223> Lys Glu or Glu Gly

<220>
" <221> SITE
<222> (235)..(236)
<223> Identical to {90)..(91)

<400> 22
Asp Phe Gly Leu Asp Cys Asp Glu His Ser Thr Glu Ser Arg Cys C&s
1 5 10 15

Arg Tyr Pre Leu Thr Val Asp Phe Glu Ala Phe Gly Trp Asp Trp Ile
C 20 25 30

Ile Ala Pro Lys Arg Tyr Lys Ala Asn Tyr Cys Ser Gly Glu Cys Glu
35 40 45

Phe Val Phe Leu Gln Lys Tyr Pro His Thr His Leu Val His Gln Ala
50 55 60
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+ 109 ()- @ +f 109%& ()- @ +f 109%& ()- @10@@(& () - @\bA410 y10%+$& O-}

y10% &nbh-drol hiDWr$&dr) 21d QY S& o Fys #§L 0PRSS )I‘hr:llg/s].@etA@ : A410
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, y1096-$& %)-$ $1z|[: A410 "P4I 10%& ()- PAI'TOY% ()- 9-cl10%$& ()-J

9-c10%& ()-J & 10%$& ()- & 109%&' ()-DvU410 109&& ()- 10%& ()- 10%"& ()-

<% 0%&& Pirp - 1 BOAS 0B 106S Ty CEOYHS& €y DM diwv bl @1 e IOURSG{ )1 $ 109&& () -

v] 100&& () - v] 10 () ] 109R& ()- ylQU@#& () - Hom| [ viA10 RL10% & & ()-

10988 ()-@j 1) L0%&AE()-$ (W10%R& (V° | yl0%&&: ()- 10%&& ()- $uT310
109%$& ()- y&#109%-$& ()-=10j 1010 @UWO%& ()-|! @BWO% r& ()-|

6109&& (Lys QUis] praIE330ec109 &al)xspl A0 B85 (Q1y cAOUSE dih Tyr H1DW& () -

OF1096-$& ()- OF10%& ()--Sanl[:uTB% . C(109%$& () - %@0%+$& ()-

6#@L0% ()-" !]10%F & ()- VIO%! & () 10%3$& ()-q | [ NA410

10m' Lot MLOmt' m cp| 910%n' m&' () - (5y109R+$2& () - 1y10%+$& ()- -10%3$& ()-

) 10%+-$& 1y -21a6h30 {skk ! 1s: N}MI[@el(ﬂ.yl 100883&1() 1ed POYARE LI pRe 10%&& () -

y10%$LE& ()-C yLOuB3& ()-C <w &3& ()- 11", " "u| [ NA410 10

6#109B&3& () - 6#10%33& ()- 1098€3& ()- 10983& ()'2°F109883& () -

F109BN3&' ()-"" ###, #Huttv#wix#{ ZNB610 103310331033

6VY4 0YB38T (Yai! ByIEIBRE (du AZEOENYSSR'T() - val>E QU k- His Leu

) 109B38&' () - }##t#$b$$$| [ NB61Q ;o 109%$& ()-$ Xj O10%+$& ()-% 7, yL0%A+$A& () -

< y10% +$*& () -$ HA0% & ()- HAL0% $& () - P33%P% %864 [ : NB610 10

P, 1098 ()- %10%3& ()- %:100/& ()- F10%$& ()- F10%&' ()-

ZR10% $&16 ) 2YREBe &8ES%E{ Mer0Ys UMRIBISRHE ) -5 r 1099 c1092 - 1090:69: $10909& () - @

210%$&1G)- 2109%6& ()- pydP%$& () - L&&&& géX? _QQ1 C 10%G& ()-&

C 10%1& ()-& C 10%@gs () &) ! C 10v@a& () -

C 10%@®&' ()-& !.C 10%x@&& ()-& (((O)0)Q|[:_ Q@1 /$10%& ()-F /$10%

& ()-F Cys Arg Tyr Pro Leu Thr Val Asp Phe Glu Ala Phe Gly Trp Asp Trp
165 170 175

Ile Ile Ala Pro Lys Arg Tyr Lys Ala Asn Tyr Cys Ser Gly Glu Cys
180 185 : 190

Glu Phe Val Phe Leu Gln Lys Tyr Pro His Thr His Leu Val His Gln
195 200 205

- Ala Asn Pro Arg Gly Ser Ala Gly Pro Cys Cys Thr Pro Thr Lys Met
210 215 220

Ser Pro Ile Asn Met Leu Tyr Phe Asn Gly Lys Glu Gln Ile Ile Tyr
225 230 235 _ _ 240

Gly Lys Ile Pro Ala Met Val Val Asp Arg Cys Gly Cys Ser
245 250

<210> 23
<211> 160
<212> PRT

<213> Artificial sequence
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<220>

<221> SITE
<222> (124)
<223> Cys or Ser

<220>

<221> SITE

<222> (141)..(142)

<223> Lys Glu or Glu Gly

<400> 23
Leu Lys Gln Pro Glu Ser Asn Leu Gly Ile Glu Ile Lys Ala Leu Phe
1 5 10 15

Asn Asn Phe Thr Val Ser Phe Trp Leu Arg Val Pro Lys Val Ser Ala
20 25 . 30

Ser His Leu Glu Gln Tyr Ile Lys Ala Asn Ser Lys Phe Ile Gly Ile
35 40 45
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Thr Glu Leu Asp Phe Gly

Arg

65

Asp

Glu

His

Lys

Ile
145

50

Cys

Trp

Cys

Gln

Met

1130

Tyx

Cys

Ile

Glu

Ala

115

Ser

Gly

Arg

Ile

Phe

100

Asn

Prc

Lys

Tyr
Ala

85
Val
Pro

Ile

Ile

Pro

70

Pro

Phe

Arg

Asn

Pro

150

Leu

55

Leu

Lys

Leu

Gly

Met

135

Ala

Asp

Thr

Arg

Gln

Ser

120

Leu

Met

Cys Asp Glu His

Val Asp

Tyr Lys
S0

Lys Tvyr

105

Ala Gly

Tyr Phe

Val Val

Phe

75

Ala

Pro

Pro

Asn

Asp
i55

60

Glu

Asn

His

Cys

Gly

140

Arg

Ser Thr Glu

Ala
Tyr
Thr
Cys
125

Lys

Cys

Fhe

Cys

His

110

Thr

Glu

Gly

Gly

Ser

95

Leu

Pro

Gln

Cys

Ser

Trp

80

Gly

Val

Thr

Ile .

Ser

160.
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