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*166166* FIELD OF THE I NVENTION ,5 The present invention generally relates
to the fields of animal and poultry husbandry as well as to i

human nedi ci ne.
More specifically, the present invention pertains to inpr ovﬂﬂ'ﬁ‘mwmlmmuﬂm
controlling and increasing nuscle growth, &specially in far
sl aught qfprud4se BERVLRECH NG ABK¥el ABifefs 10 and neans for increasing
muscle gromh in aninmals for slaughter. BACKGROUND OF THE | NVENTI ON 15
Currently, two different nedical approaches are used in orcn "” |m H’I se
the gro t | s: On the one hand the adm'nimm ﬂ”ﬁmmfarm
ani mal s%&%@tﬁ?@%% gfsﬁ%@g%% biotic-like conpounds, and on the E&n*er the
adm ni stration of 20 grow h hornones. The admi nistration of antibrotics and

antibiotic-like compounds in farmaninmals (notably pigs) in order to
pronoPe T RFJIRME r R eent i oheienerd Y sthbateh tattdre yeg kdberh gnibven to

25 caus e SEVARlpal DL MMy 0NRr 0fad NESPL COMOUNS AT Gueiem gal 1o £l osel y

related to anti biotics use reat ment o unman sease, and évidence is
bui | di ngepgcihiataBky enshe epxseent Surcdn o quentksa ims fas Mt sedsen heluces

Cross-resi st ance Jirf). war ds human antibiotics in mcro-organj sns pat hogenic
12 Towt

in man. 3b FiThe BT VET Y TR T hIPRESES IR Urowm e Rt el b 402 3% ar e

obt ai nedfantrh hart iesEs cOPOsNaisgh Tde. UBiudf WEOM dedoirdnesyd N darpasi mal s
i s expensive, and the treatnment has to be repeated at rather short

i nt etPalFYJreans Lor increasing musele tHeew'el ot vt inahoriohai¥augie of
growt h hogpone. Furthernore, the presence of potential residual growth
hormone i n neat produced fromtreated aninmals has created some concerns in
(Eur opean consuners particularly. '

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 several problems. Some of these compounds are chemically
closely related to antibiotics used for treatment of human
- disease, and evidence is building up that extensive use of
such compounds in farm animals induces cross-resistance to-
wards human antibiotics in micro-organisms pathogenic in man.
30 Further, relatively low increases in growth rates of 1-3% are

. obtained with these compounds.

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

the treatment has to be repeated at rather short intervals due



5 GDE-8 GDF-8 or nyostatin was discovered in May 1997 as a growt h T4 00T 2003
regul ating factor selectively down-regul ati ng skeletal nmuscle 10 growh
(McPherron et al., Nature, 387, 83-90, 1997). GDF-8 expression is

restricted to the nyotone conpartnent of devel opi ng enbryoni c somtes, but
it is also expressed in various nuscle tissues throughout the body in the
adul t anidralne L% 1G@HF-& KNafksQUth A1 €6 eidX tgribwiiH dinbridcriasak skel et al
muscl e mass. The increase in skeletal nuscle mass appear to be w despread

t hr oughaftre/hechsodBre /Tt e sl e sl e S laorey e dwtimanariide wei gh

about 2-3 ¢ e t@gg | ysel T | of the
knock- odrfeangl e oaC[rIgcr% a ouﬁ%%%%#)giler t s:rs{lava {E}e:a%e? n%%grgeya%%{%%zs | acki ng
t he GDF-ith gansodwem nogres urears 0o tiorwel amisel e fi bres conpared to nor nal

m ce. The massi ve skel etal nuscl e enl argenment observed in the knock-out

m ce s, however, not nerely due to an increase in nuscle fibre nunbers but
al so togpgwignificant mus 25 cle fibre hypertrophy. The cross-sectiona
nmuscl e area of the GDF-8 knock-out mice is increased by about 14 to 49%
depending on nuscle type. Interestingly, there is also observed an enhanced

rate of s 30 cle S, i ncrease. | i ' ] e conpaned to adult
non- t ransge—nqgcormmc%? u?%ﬁeﬁ?gafﬁg%%ééelgiﬁﬁag%%%er%]s;sa b%en skhovm to be
vi abl e "afghieitide. factor selXecti BB Bowm Nayelndrein d Xk tdten auibos Se who

i ginally di d GDF-8 puplished th ds of le th
Char At AR b SRTORGHY ek bus ol 1 & e Tl g1 P B Shep

Pi ednont@sgs s Ny e; st ad i onstdd £dhec KD €l ndbraauanss: and ddwdi1dhis ac 5

counts for their large nuscles (MPherron and Se-Jin Lee, 1997, PNAS 94,
(12457- 12481 ) embihy en b ediEon dPut dolubl® 3RO FARRLSIRG eembbes ved in

many breeds of £RLLLE, T S0 REstefOGyea s, A de anlmhe have an

aver age I ncrease 1 n nus ey al so show an T ncreased feed
efficiency, 10 but they still produce high-quality nmeat. Unlike the CGDF-8

knock-out_m ce, however, the Belgian Blue ' catt]e also exhibjt reduction
s S S SR hrmhre STREED et Cr oS eSS e ikl e ot for

fromredycscid anpl e, IPhéelhitédye 1€046ETe WA B d Ve Ghadd foPEd0, tansk a

del ayed sexual maturation. The relative increase in nuscle mass in
"knock- ottdesmeead stppuglait ythe bednouvtr@d 2Rl sedPEeT SRl | hrehe

K k- 1 £ d » d afw e
noc O%l#” é;en@e?atlbé‘ x’ﬁf‘ﬁé wtigigO %ﬁ@oﬁ 5 { Ond € SXL ? mf'gféo e

hypertrophy observed in the m ce. erron et al. speculate t
son coulmubel¢hatTmorvatatabode waiyglves netirere t haec bt et trol @e nare num | i m t

of U3 1546 >y ARng pence . hont DeyToRy e 0L 2R S UTREE 8 e e
GDF-8 gene has more than 80% more muscle fibres compared to
- normal mice. The massive skeletal muscle enlargement observed
("\ ' in the knock-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.



25 breeding. No data regardi ng the nunber of nuscle fibre hyperplé§iQCT 2003
versus hypertrophy in cattle was published by the authors, but based on
this assunption and the nuscle hypertrophy observed in the knock-out m ce,
it coul-d be possible that the increase in nuscle nass and growh rate
observed in e.g. the 30 Belgian Blue cattlé is largely due to nuscle

hypertrOPﬁyNéﬂngQralb?ﬁsﬁﬁeeéﬁﬁﬂér§U§H$eoPY@fﬁQiggyﬁiséOIere ~Gbr-§ C
zoos 4 Physi ol ogical role of GDF8 Expression of is |y restrlcted

to skel epabliskefiethaTheve bsead$oqfl@&btl©ft@&pr@ss|@harmcadrpae@ bissue,

b , bl h ' I I I
ol o of FERSRITH REERairE TRArSEaUAr o1 SEROT. RhoRRLC o thoULRETY ERBRE ¢ hat

GDF- 8 naya%unmﬁt@ﬂlaﬁsalﬁpenefGDFnegabdyﬁgreg@I@ﬁ@é ahdskehet ahigusele
grow h. Specul ati ons about the physjiological role centres upon inportant
funct inSOHRt8xEPT 18hei Eel PRARCBHSFLEE | EMAYRRFFPR PRy oF T &LRNEPAL i On af t er

nuscle ippyyy. Pﬁiﬁ 34”BY245¢M@Z@61)aI@Hl§U$Héﬁ§ﬁeﬁ9hp&fe"&b§EP§ ghowth. 1t
i s not known' whether GDF-8 work locally or systemcally during t%e growt h

of the apinmgy” nSSSbeantgbeeoﬁe@DFHBm&EF Brbed@ngé tatthe foansherpaag

growt h f ( super fam| enconpasses
structurg§I Y?%F%te%“% gI8|ﬁslPﬁI8nb%§ iﬁneﬁ%?ﬁ%%?clﬁﬁﬁﬁ?%ﬁnéﬁtgu?ﬁﬁﬁn and
bovi ne 2Qa&PFo8 a0e2psoduned ass375hani 80 aftdsabONIfPE@CHE BOF1i PRBYEI NS. As
other TGF-(3 super famly proteins GDF-8 is probably processed
protééIy?PEaFP?ylﬁFblé ﬁﬁ@ﬁugﬁoPﬁgP gugt k¥ MBfaFragnent of about 109 ani no
aci ds which form di sul phide |inked honodi ners. The honodi ner is probably
the biologically active 25 formof CDF-8. The ami no acid sequences of

rine, ¥atikaunha, GbﬁbaohnObbvbné mpgecihewesheepthehBek@haanHlUGrkey

-8 are €Eg g exs gDE 8 ng ec Ignls onse g éNtPherron and
Se- Ji n 307 CEEE, 2PRRSS* B2 T 235%S 561 1b§7T S%h% SB3T nRERCB ORGP Re, rat,
hunman, ponesserngbuekenkasdktutukeyolbF- 8186es16fet depbmcabdibetineemale
C-term nal iion, which robabIX contains the biologically active part of

éfSBSFﬁtngFﬁe sRdusReepiaPEl 8Ly 8ﬁ|9f8?PFé?gbyaﬁﬂoaaﬁ?ﬁéyéél§e¥é5|dues
fron1hun§QlG§Et§rhelgﬂe 140CT~ ~~5 Ctermnal region. Bovine
GDF- 8 has the sequence -Gu-dy- in stead of -Lys-Q@ u- in positions
356- 357, and sheep GDF-8 has two conservative substitutions (a Val in

pOSItionT§L6rngt§Oe increase in muscle mass in "knock-out cows" is
not nearly as pronounced as is observed in the knock-out mice
20 - in fact, it corresponds to the extent of muscle hypertrophy
observed in the mice. McPherron et al. speculate that one rea-
son could be that normal cattle may be nearer than mice to a
maximum limit of muscle size (and hence to the maximum obtain-
able number of muscle fibres) after generations of selective
25 breeding. No data regarding the number of muscle fibre hyper-
. plasia versus hypertrophy in cattle was published by the au-
thors, but based on this assumption and the muscle hypertrophy
observed in the knock-out mice, it could be possible that the
increase in muscle mass and growth rate observed in e.g. the
30 Belgian Blue cattle is largely due to muscle hypertrophy and

to a lesser extent muscle hyperplasia.



Arg in position 333 instead of Leu and Lys, respectively). 5 !\Ione}]q'f Uwepgga
known GDF-8 proteins include potential N-glycosylation sites in their '
active Ctermnal region. OBJECT OF THE INVENTION 10 It is an object of the
present invention to provide a reconbi nant therapeutic vacci ne capabl e of
ef fecting down-regul ation of growth differéntiation factor 8 (GDF-8) (also

known asphysDS1sgidaliPoDédes éori@icrease the nuscle grow h. rate of ffarm 15
animals. It is a further object to provide a nethod of vaccinating ani mals

in order to increase the nuscle growh rate It is also an object to

provi de i f = 8_Mhj br eaki n otol erance

agai nst % % o%;%%lg %ﬁ%@ %Jfgghf%}ﬂi@é‘s f%a% i st oS]E)‘:‘rg?/ﬁiL Auefefec acid

fragnentBhevectors ROwahelvel ansfezpess cebh ser\m(ﬂ;i‘pcaé@ eildswsefpht i Hot he

pr epar, até%l of the vaccines and GDF-8 variants. SUMVARY OF THE | NVENTI ON
d

25 Base Y hER QPR vES r? P ERERIS TP dt Mgaed Fit (1 S HReni Thenr gs kabeki out
ani mal s and o Bebgi @vr B ugn angle Pé&@@”iﬁ&ﬁl&@@l PLESEIL L Dyent cc)é)f:' have

devel oped the theory that it will be possible to down-regulate 8 in
an| rral s Byouakiutk ngeems efha0 EREtS veayrntufdinkon uneda | spemet I espensei agai nst

ot hod ot kaher 13t TRRERGF By HuP 5 oot Ly e & EOERT T Hbr THD ef  ect

an |ncreposi@Bo@ﬂe@ler0365cemmfénrm@dm 1mpoﬁtantcfﬁhéti¥%&sQuThﬁx@PVantages

of tqbs .Pgrofggugg rmgggym ggégﬁggggﬁgwg}r¥£generatlon after muscle
injury. GDF-8 may, however, also suppress adipose tissue

( , growth. It is not known whether GDF-8 works locally or sys-—

temically during the growth of the animal.

15 Structure of GDF-8

. GDF-8 belongs to the transforming growth factor B (TGF-B) super
family which encompasses a group of structurally-related pro-
teins involved in embryonic development. Human and bovine

20 GDF-8 are produced as 375 amino acids long precursor proteins.
As other TGF-f super family proteins GDF-8 is probably pro-
cessed proteolytically into a much shorter C-terminal fragment
( of about 109 amino acids which form disulphide linked
| homodimers. The homodimer is probably the biologically active

25 form of GDF-8.

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



measures in farmaninmals are several. First of all, problens reIatiant@ T 200:
cross-resi stance in pathological mcro-organisns will not arise when u3|%b «Ud3
t he present approach. Further, there 5 will be no potential residual
exogenously adm ni stered grow h hornone in neat from ani mals which have

been subjected to the present treatnent. FPnally, the ethical problens

i nvol vedcipethen b epdl DOnangopE REUEHEOR RESC Bélseghéﬁ éheegngi n Bjue and

t he Pi ednontese (wheré nmany cal ves are born by neans o? 10 esar ean

secti on aihdadhef e-byheElorganspasétobnsedbéeds>s zehdcanebp GDApBehaky

oi ded ostponing.the d -regulation of  GOF-8 in the i mal ntil
o rer Chi YR egn bR RR: L s HBEE: LEBYGEL' 02, 081 THE BanlrifE AD6 i Rndann
i ncr easemrguss| gosBssonesd3nohsgeye bErtbuatnaliyspndespectieat pent can

therefore be rel5 served to those animals which are predestined to becone
sl aught ¥@@e of nkRet hROHnBRF ~anBreypérss inpsede peheetiak Hegbrapard

during epbeyoRi §itékeini tnbsrnQbeyeLYclikehynthat gRoANt1- GDF- 5 20 vaccine
woul d i ncréase the number of muscle fibres in adult faimanimals. It is
therefore neither certain nor likely that an anti-GDF-8 vacci ne woul d be
able to suppress GDF-8 to the sane |evel as seen in GDF-8 knock- out
animals. This woul d probably not be desirably either, since this perhaps

coul d- 25omemeti oel yurf fReENTEOLy qQuality, breeding capability, and fat . ~
rati 0. Nevertheless, an increase in growth rate and/or maxi mum body wei ght
of 5135 0 obtained in vaccinated aninals due to post partum nuscl e

hyper 1 0phy; 3,41 Gyg ct a0gec kbl chedose 1R eﬁ@?H%“96€%££§£&8)a“@&%gmBEL" be
interesting in the production 30 of nmeat from cows, pigs and poultry. The
GequencenanentheyapéuGhE- Bacelnei vapablet bérefitabeisgofliovherd@iriaB8ibam |y

R T e e kT R
cross-reastavihy O antiebodbesntnddsedthovands1 &hréwth rate of farm
15 animals. It is a further object to provide a method of vacci-
nating animals in order to increase the muscle growth rate. It
is also an object to provide variants of GDF-8 which are capa-
ble of breaking autotolerance against autologous GDF-8. Yet a
further object is to provide nucleic acid fragments, vectors
20 and transformed cells which are all useful in the preparation

of the wvaccines and GDF-8 variants.

a

SUMMARY OF THE INVENTION
25
Based on the above-referenced findings in transgenic GDF-8
knock-out animals and in Belgian Blue and Piedmontese, the
present inventors have developed the theory that it will be
possible to down-regulate GDF-8 in animals by inducing an ef-
30 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.



Thus, in its broadest and nost general scope, the present ins ventlprﬁ'm "083
relates to a nethod for in vivo down-regul ation of growth differentiatiorn
factor -8 (GDF-8) activity in an ani mal, |nclud|ng a human bei ng, the nethod
conprising effecting presentation to the animal's i mmune system of an

i munol ogically effective anount of 10 - a® |east one GDF-8 pol ypeptide or
subsequepice é@@é@@i ahigh hass bﬁ@@zéﬁm\%ﬁdkmﬁ it ool SR E & & O Of  the (
animal with the 8 pol ypepti subsequence thereof induces production
of anti bmﬁ%sr%r‘gaimsfarrheamﬁBS Pk § ?)%‘mﬁib Bhggorofimall atprelabemane

GDF- 8 angé V\:h@ée'!: % %legg%gg at é o(ip d|f| atlon in the GDF- 8
am no aci sequ nce as as a resul Jf AAUni 28t |on > 0P the ani nal

with theﬂmmlmgueafﬂd@cesemr@ﬁmqgl t)hﬂeqﬁrmmboabpsoagal NBlir t her COFh&re
polypgptlde 20 It is ex ed that 1-4 annual |nje<§é‘|ons with an

i munogeht £ PR P bR Jc% r8f ‘f%lt?féoﬁf‘?f\‘/%‘ﬂﬁ%rﬁ 1ipeeetd fYEPERR to
obtain therhessred gL ectromher £as1 fAM NESRALE OB &f Dot gF Qut b, hoggones

and antibiotics require nmuch nore frequent ad 25 mnistrations to the
ani mal ipregertioneaThent nvEhnabhy al she rethaiesl tordpFess ahat obved &8 wel |

a5 10 nUGLel 6y 86h LT 29E0L 34 SNEOUE NG 8. LPRETL O LRSS 20 LATHOOGEN ©

conposi t i Ons  CONPr | e ana ogues” of e nucleéic
part of ihe tmyemedxnonfﬂaeel nwleaieanalaw@aleéﬁwset}@omnrejzhadam)é of
identifying i muno genically effective anal ogues of GDF-8 as well as a

met had f%‘?e%"f”é%%’illﬁ%%bﬂ‘bo%‘i“t’ll‘fﬂ}ﬁe’é%n‘b?l?%? nﬁr‘ﬂﬁ%s@ﬁe@%n%?%‘gﬂ%% sizg)~ 0 C
T ?pr~3 gak BENDS QL dEiEy FA URES So§l Sosdpo M|§h@fd%—§e§l@1é’¥fgn of

aut ovacci ne constructs. Stretches in cated in"dark grey are the stretches
i n whi chGBEDSt { p uthensninahs Pannbl PBUer rfe‘sp’@k’st(@egy imradptopbéte to take

pl ace. A ome[ censiru P2 e |to "1 nd| cales a 10 P2
substi tu(t)ljggpof anm ﬁ%égbl %Erea dukéasVJ_L g33 *n? %%% B oreriihal ?f)?—' 8

fragmentnot 2givadbtatesaa Ezlsub)ﬁdilthlélﬁﬂe@tm@m n@ax&iCtldeféﬁcbﬂeble}Se52e66 of
the 109 as C-termnal GDF-8 fragnent, and "3" indjcates a P2 substitution
of amitnoSaEYEdr kS biese sanupabf ‘t”ﬁécﬁoﬁr%sp%?‘f‘%%’rﬁ%@ EORBCPPAgment . 15 B:
Monomer gonsthteteMith P30 epitope inserts. "1" indicates a P30
substitution of am no acid residues 21-41 of the 109 as C-term nal GDF-8
fragment, "2" indicates a P30 substitution of amino acid residues 49-69 of

the 109 as, g e ng’abé?':a%g?ggé‘%k rﬂ@%%.he flﬂ)ﬁgéc éeée@%ﬁﬁﬁ’né&bé Ltut 0”

of am no aCI resi termna
fragnent rin€. et eodid mmﬁeneitcmashOUCVemythlE@lgndh&%OasubstL%GDEdS|nto
the 5 X 9§cg§£§rﬂgﬂfé gggigagé gHE number of muscle fibres in adult
farm animals. It is therefore neither certain nor likely that
an anti-GDF-8 wvaccine would be able to suppress GDF-8 to the
<j\ same level as seen in GDF-8 knock-out animals. This would
probably not be desirably either, since this perhaps could
25 negatively affect meat quality, breeding capability, and fat
' ratio. Nevertheless, an increase in growth rate and/or maximum
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 production

30 of meat from cows, pigs and poultry.

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

This low sequence identity will in all likelihood not create



D: Dinmer construct with the P2 and P30 epitopes serially |inked beﬂmeggytyﬁn
copies of the 109 Ctermnal GDF-8 frag25 nent. Fig. 2: Expected 3D "
structure of the TG--(3 protein. The nodel is based on an anal ogous domain
(T&-1) fromthe TG~ (3 protein. (3-sheets are shown as arrows and helices
as cy 30 linders. 7 ~. 0Cl ~G-~ 9 DETAI LED DI SCLOSURE OF THE | NVENTI ON
Def i ni tipAsbbehs thenf @}:bgwaeacawyﬂ?ebfOImE§58§1E§egnaﬁ‘cé89t8fz§§89t
specification and clainms will be defined and explained in detarl 1 n order

to cIari@?FT%e nmet es and bounds of the invention. The terns "T-Iynphocyte"
and "T-cell"™ will be used inter 10 changeably for |ynphocytes of thymc
origin-which are responsi ble for various cell nediated i mune responses as
wel | as Tlous helpeitacbrvatyst nahiembatogahetamuseopespensepréikew s8- t he
ternsé'35lggghoc%tf" and_"B-cel]” wll be used inter changeably for

ant i body® Y btti hg fyiphbRy R eBeth8A AL O EDED gV hBP yPpR T BRIUIat hef eph i nt ended
t o denotgroetpept fdesnbaytnent hecasing acha-s£9 i 0§ the -
above-di%cussed GDF- 8 proteins derived f?%2§a§§uﬁ§g$€%?ya%?n% sa?%?al’
truncat es"¢hed &g 3hhviag Beindst Bhei aethpdunempfiBicel ¢£Epct bpgspneth 20

i ntact = . but . al p iLd havi n he ami no aci d sequenc
identicg%g%ggiéﬁg-%ﬁa?gaugéyﬁgPt%eggm%ﬁ% %g%%%?ngg}%%l%T%ﬂn?f%%+6?ﬁﬁy
speci es af tecnbvacadobyttbe term When using the termis nornmally nmeant the
biolgﬂicglly act%ve forn% '.ﬁ. the C-termnal peptide which in humans is of
109 no acids 2825t n° n%P 78 APRLYRSRTYLBsYT at eS¢ IrARC DT tiImFe8E whi ch are
prepared in prekak yois Cosyst eprm Batae! sded yi t hauthe, boyndagi gs of the
termas are forms having varying 0-glycosylation patterns due to The use of
e.g. yeasts ofntbidbrvwhbh- HaemaPiah rekepsptide expregssequayse enerédf
shoul d, howev 3 US| t term/' a - 8, pol ypepti de"
it is intendeﬁﬁ%%ggsPﬁ%gg%%ggé%tgﬁggﬁﬁlgﬁgg ?o%géén%%r%%ﬁf%ﬁﬁb%-?%ﬁgﬁogenic
when present epepioidée amidfat to be treated. In other words, the GDF-8

pol ypeptide is sel f-protej r i s.a xeno-anal ogue of 1 ~ (ACT 2u03 to
suchq(; sel f-p?tb?]e‘?‘?'ns $I&Cﬁ %PTé)n%‘Ea%%‘?%IW%eﬁ‘?% 15 s REPGHC e response
agai nst GDF- 81@fst hen@nhao@l £iGagiestifNend ¢6EFs 8 aNa) oguey iy a0k 8
pol ypepti de whi ch has been subs jected to changes in its prina?y structure.
Such a change"ts®h '@ 2 3 nrediel § okaof ifmish brrbform @DR:I8e pobimebti de to a
sui tabl e fusi e | | CHA098 | ' ruct ur e excl usively

i nvol ving G Vgﬂ%}?g‘%ﬁ@l\l-%%érﬁ%? a:argdl tlgn%ln% %%% %?:ia tr%bs?%lu%ss) and/or it
can be in thedaimsbfthasePi+drsollYpepidids. del eti ons and/or substitutions
in t@% GDF- 8 pol ypeptide's am no acid sequence. Al so derivatized GDF-8

nol ecul es are enconpassed by the terma "GDF-8 anal ogue”, cf. the

di scussibn helavwpahied ceet s1-w tannwgll ficpdd O 9w I-&h immunogenic
composition according to the invention will be sufficient to

<"l obtain the desired effect, whereas administration of both
growth hormones and antibiotics require much more frequent ad-

25 ministrations to the animal in question.

The invention also relates to GDF-8 analogues as well as to
nucleic acid fragments encoding a subset of these. Also immu-
nogenic compositions comprising the analogues or the nucleic

30- 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.



15 It should be noted that the use as a vaccine in a human of e. g’ A n
anal ogue of human CGDF-8 can be imagined to produce the desired i nﬂﬁﬁn7g3
agai nst GDF-8. Such use of an xenoanal ogue for imunization is al so
considered to be an "GDF-8 anal ogue” as defined above. 20 The term

"pol ypeptide" is in the present context inBended to nmean both short
peptides of from2 to 10 am no acid residues, oligopeptides of from1l to
100 am no acid residues, and pol ypeptides of nore than 100 am no acid
residues. Furthernore, 25 the termis also intended to include proteins,
i.e. fun o] e onprising at |east one pol ypeptide; when com
prising %%bﬁggétP? HR%OE§%§§F$deS these may form conpl exes, be covalently
l'inked, or may be non-covalently linked. The polypeptide(s) in a protein
can be gl ycosyl ated and/or |ipi30 dated and/or conprise prosthetic groups.
The t et nftgubseqliedees feafilFafydeshiedudivevaceirehcorsarurkast 3 am no
acids orgy Woepnks! e¥antac0h 2h &Q?ﬁt BePULLEOL he stréeéﬂééeg§ a1 khdes,
derived directly froma naturally oc%urrlng GDF-8 am no aci d sequence or
nucl ei ¢ aebdtsequénne, withpBet andl P30 Theespentival yal 4réspiropbhedptesent
cont ext’ £nkgen§ral ins tended to denote an animal species (preferably
nannallan Gch as Hono Sapi ens, Canis donesticus, etc. and not just one
single amtnnbnohbmeﬁeﬁstth@ttﬁiﬁhab§0e§§ﬂ@§681ﬁs@99§|aﬁ10n19&1§HEBsaQ

ani mal ecies, since it is inmportant that the individuals inmunized
accoﬁd?n 2t pubpbifeEhen 6f eReNPnachei sRsSad1e30lhadBonf Eh%slaﬂtaaICy t he
sane GDFtérﬁihgmn@sFiQrkaaMQhEathQH 95a£9§t§9'§3£§ g&é@ ibstf

i mmunogen(s). If, i nstance, genetic varrants o % exi s
Glfferen@mpopuaaidonesndnay b2-fecefsthy 109usa @ftéemEnalIGﬂEHQQEHSan

t hese di op Latl L0 ord b ble to break the aytotole 15
rance to$£gé éBE 89|n eac 8pu?a? oﬁubff gf#fo%e | 8512?02 the ERPET ed
person thaktsag3apinaf thet heopaesenrtecanhextcbs-a Fiygmenbei ng which has an
innune S sten1 It is preferred that the animal is a vertebrate, such as a

marmel> 240 ByneReTt EPRPEFACTI Y6ERoRADr eBLFaP P ohn 8P T EBF- BL4 c%ﬂ@}@?teﬁs
herein ”EaﬁBOrQQHEEhQchBntBE b h89 9{3a9é§g§§é the_ - ereRL 16%9530t'0n5
between CGDF-8 and its receptors e ween and er possi

b|olog|c@+tyrmnp®it§ﬁf Blﬁdaggeparthé751m@1cahes mnPé@ubebstihetlon of
down-reg on n hiai pgd Ry S of _sever al
t hese, s?ﬁ%ﬁb ? er ggéﬁcégmng 6?h%g§§ |v§§%i?% ? g%fﬁl%ag 8§ht5ﬁ£a99‘

bi ndi ng mentheanust3%i hplecatioweser30i substat 60ivht HE nahbheossepe okst he
pres nventjon that the antibody binding results in renpval of GDF-8 by
AhendsarrsPauch a4 ra

scav B8l 12-¢2,8 ¢r8pnElesidAdadt hetepragetyEPE-BefFaymenp.- The

expression EgEERGEANEoRERAEENEBRERRUct  witht BE hRAUPSoSYsbePt thfelintgpded to
denotée that the animal's immune systen1|s . ~ subjected to an i munogenic

chal | engéhenl@Ocent ForrerinahnePF-8 Asagmentappear fromthe disclosure

0t ous cobf noghel eagecelor 4i8aGipe Fo20Ra 2ab e IRHOS SYRLETIGON Do

ffected I1n a nu € nos ant are vadci nati on
with polyp&péddbetwééalnwngcophasnafCtheSIOQICeteﬁmyﬁEEIGBFMBIﬁhags
admry§teredtCJtreat

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

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

30 linders.



or aneliorate ongoing disease) or nucleic acid "pharnmaccine" 5 vachn&@Tqﬂmg
The inportant result to achieve is that inmune conpetent cells in the
animal are confronted with the antigen in an i munol ogically effective
manner, whereas the precise node of achieving this result is of |ess

i mportance to the in ventive idea underlyi®g the present invention. 10 ' The
term"i nprrwgenn cet $oLesGRE tor eT @M ENTASN | ts usual ( neaning in the art,
i.e. an anount of an imunogen which is capabl e of inducing an i mune
response which significantly engages pathogeni c agents which share

i mmunol ogl . fe res 15 with the i munogen. Wen using the expression

t hat thg@%§§£g&4§§¥been "nodified" is herein neant a chem cal nodification
of the polypeptide which constitutes the backbone of GDF-8. Such a

nmodi fi_cation 20 _can e, g. be derivatization (e.g. alkylation, acylation,
esterpf?éétg%% %ﬁfﬁ?wiﬁbte?t%ﬁmp%ﬁﬁ?ﬁ{Eﬁﬁ%Pr%%?%u%% the titiee GFE SSpegience,
but ‘as widabeodPM@Cct B s f oM the S Selasulgy %éﬁ%ﬂn% & Prederf£d;,
modi fi cations conprise changes of (or addi- tions to) the primary structure
of the DS ¥ nolakl By seheoneencand beundwdi f i o | omeenihiah. resul ts in
the provision of a GDF-8 anal ogue where the primary am no acid sequence has

been nodi fied. Wien di scussing "autotol erance towards GDF-8" is understood
30 that HBhiecee 3-8+ bympised § 4T oded M T+cd e’ popul add ansd® Her&acci nat ed,

nornﬁl [ divid%? scén g?%mgggulation do not nount an inmmune response

agai nét 19£ab 1Y L ot VRN QGETRRIRE  HNGUkh, OX 1D gitEdh e Tempendual s
in an aniimle PPyl @+ 0o @bl B @bA € d O b RICE a5 A hodi g5 (fjlgsg native
GDF- 8, .e.g. 4 ~i, T ~~-~,3 13 as part of an autol mune di sorder. At any
(rate,. anff@nhilrlps |3ctbyHey | yn orlte heneua bt oirerrentr ¢ spyarsks. i Tiskeowis &DF- 8,

but it Gannate A e‘xé:—lmééwe’gjalzﬁg ‘aélgclzglglugswidlelr ikyeEdusfercPr?noéehre—r

changeably for antibody-producing lymphocytes.

15
A “GDF-8 polypeptide” is herein intended to denote polypep-
tides having the amino acid sequence of the above-discussed
GDF~-8 proteins derived from a number of animals (or truncates
thereof sharing a substantial amount of B-cell epitopes with

20 intact GDF-8), but also polypeptides 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.

N

the C-terminal peptide which in humans is of 109 amino acids
%5‘in length. Also unglycosylated forms of GDF-8 which are pre-
pared in prokaryotic system are included within the boundaries
of 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
presented to the animal to be treated. In other words, the

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



ani mal species or froma popul ation having a different GDF-8 5 phenpgym@ﬂ 2003

mould al so be tolerated by said animal. A "foreign T-cell epitope" (or:
"foreign T-1ynphocyte epitope”) is a peptide which is able to bind to an
VHC nol ecul e and which stinmulates T-cells in an ani nal species. Preferred
10 foreign T-cell epitopes in the inventiof are "proni scuous" epitopes,
i.e. epiiQPESaWbkeh-Pipdetln @h§HQS%§@l'H5tfﬁ§EﬁéPP §l@ep§£ééc bagncl ass of
IVHC nol ecul es in an ani mal species or popul ation. %h y a very |n1ted
nunber .ofmmued pespPseaoagaivek| GBPrfopEstheeakhoah, iandueheyonil | be

di scussed in detail 15, below. It should be noted that in order for the

i mmunogens whi ch are used according to the present invention to be

ef fecti ve@ eDRs8| angeoguéracki ancpfF-anpanipept PARUKRLERNhAS BESAI shbe, it
may be necessary to 1) insert several foreign T-cell epitopes in the sane
GDF- 8 “anaf 6h&e g? anﬁggﬁaig $E5ePAIM2DY GBETBCHAEE ogBBSh nWheFBRRIRaEAN

analogueehgs Be dLAT BhENE o PROBE SEHOYSN OPE! BPEDFDBPL edpeht 1gB0PLd, e noted

al so that the con cept of foreign. T-cell epitopes nconpasses use of
crypti c Jugebblepfuspes, pareneepi(topesawhhehgar éndprivedyf sbmature

n | <ol SBA FEP AR POLD BEPgCparbOgP Ll RaCRERHTR o40al hiPRSqRESERARS A

"f orei gnadifiekpeidlgsphasyyereptt epe" béaihotreghoTk 6pi 1APEYtisna foreign T
cellﬂéplto Z whi ch binds an WHC Class Il nole 30 cule and can be presented
on tHe saPfaeE 6?15H19HF|@@ﬁ/BFe§BHFFh§uEéPPS(APC&hBOGHH B oPPh¥PREIC O ass

Il ol ecul ge’ & aﬁ988t589é|sgaﬁénc8f ﬂlﬁ@'&% Fy£§% RFn8tH8185§§89t

context intended to nmean the ‘part of isre

0C3 14 @pensnbbmpaesedtbyeaée baemo# Fﬁ@FbBOahehDga ”orcﬁhysheldgsea
effects exerted cyle known in t t .t hat many
enzynes gn% R?ﬂeggl% ed En%FecﬁlgékﬁavgdéﬁlﬁaFfQESS? ahféh i's
responsi bl e for the effects exerted by the nole 5 cule in question. Oher
parts of _the nolecule may serve a sta bilizing or solubility enhancing
pur pose 5EdSE9ngh€?eF8F%dbEhPEfFh%uPsﬁfthéséaﬁﬁ%B%sé§ arbumer of

rel evancg yn LhgafoRtexha@bgfeCBE ARNaRMEBFL FBAL, Ofet @iﬁé&”%oh@%B”t'on

For instance it Is possible™to use certain other cytokines as a I fying
10 noi etguea CF- 8eféredt hemdat oyl edadinstugBio. béhohbusandfiansmehoa case,

the issu bi:l it Lrrel evant since. oupling -8
providesg?%Ioéﬁg % |t¥mﬁgéé§§5%on 1% g?so consi ereg E B ag 8Dg§5
analogue” as defined above.

20
The term “polypeptide” is in the present context intended to
mean both short peptides of from 2 to 10 amino acid residues,

('1 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-



The term "adjuvant” has its usual neaning in the art of vac 15 cine {(CT 2{03
technol ogy, i.e. a substance or a conposition of matter which is 1) not in
itself capable of nounting an i nmune response agai nst the i munogen of the
vacci ne, but which is 2) neverthel ess capabl e of enhancing the inmune
response agai nst - the inmmunogen. O, in étlher words, vaccination with the

adj u 20 wedds al @0e; Hogsq NPE T PVF Ay aD | TS TR SRONSEr AJRI Aish-4 NG i

munogen, vaccination with the 1T nmunogen nay or nmay not give rise to an

i Mune rasidnsedBRRENSer tinec 1 emeindgeh, seatendr, conspectii nely vacci nati on
wi th i munogen and adj uvant induces an i mmune response agai nst the

i munogen which is furthernore 25 stronger than that induced by the

i munogeTheal tosem “Jrigel? npS D hemd essdet | Son et the) Presedta Tort ext
intended to denote the situation where a nol ecule upon introduction in the
ani maP wi$T9ePpeardepeterantdaingl | fPeete i P1eLataks)y drammlian) be

preferendi@l | ¥s a8s5p51 84 58M4 | hegpi L a&&n%.?%%éu.?,r &ell 1yPess T:[l}flstefg eet can

4l
be acconplished in a nunber of ways including formulation o e nol ecul e
in conposinglon dmaindl t dowevear goté Meom Diyso Memotuet | ©rpdpultdrei owletul e of
groups 4 CT ~ 15 which_facilitates, targeting., These issyues wl |
be di scuss%%}(lj %} %%%%?%%?%WS"§JT%T at’t o of RN TR syStemt " Heans t hat
a subst ancgul's Simouposed | McOfd g tes it tifod genatal innairshecific
i mmunagstinmul atory effect, A nunber of gfgéuvants and putative adjuvants

(suchlad TErPE PRtk 3 L hehe Famee 4Bt 1] 2 HePwsinand i elrubien s 2muben
system Jhe.fesihimPls Usi ) @le émoﬁﬁrhﬁ%cféﬁ ﬂ%)t aggeat li%c?r ai%é%@ea,sed

"al ertness” of the imune system 10. neaning t si'mul taneous or
(subsequegrné thuny zat dwws v £ HGRIF- 8 nerunoigeim | adlicESe rersi grodu kantdry nor e
effective. .l ne.response_ conpared.to isolated use of, t i mmunogen.
Preferre%%%%df%e%%%r = eacg ?%?f?%o%?%%ﬁ%?i%%%ﬁ Jsf'gf?ﬁ'eferred
t hat t her3DF-Bopol tpe@i $ den Usedk ASt Arbé RABIOJEN bredher Heethoebell d-he
invention is a nodified nolecule wherein at | east one change is present in

the GDF-BUM no?WeT WP selfiehc! ST Ll thitites! bbbk i Hkpahe-o

Faci 1118160 That-vaye T aneire B horol hat Thie GO0 ner ey udt T e
pos§ibilliWiQﬂ Q%im@_%hiﬂhe@aﬁxﬁmikmmliﬁliy$?EM(ﬂlnﬂkﬁimﬂﬁfQWﬁQﬂlﬁmﬂther
oot L) e LR EAA S oL puelel o058 200 LR B 0, Fop it ons
shown (in Daluml et al., 1996, J. Immnol. 157:

20 By the term “in vivo down-regulation of GDF-8 activity” is
herein meant reduction in the living organism of the number of
interactions between GDF-8 and its receptors (or between GDF-8

(“r and other possible biologically important binding partners for
this molecule). The down-regulation can be obtained by means

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

30
The expression “effecting presentation ... to the immune sys-
tem” is intended to denote that the animal’s immune system is

subjected to an immunogenic challenge in a controlled manner.

As will appear from the disclosure below, such challenge of



4796-4804) that potentially self-reactive B-lynphocytes recognizing __

sel f-proteins are physiologically present in normal in 30 dividudlssGGT 2003
However, in order for these B-lynphocytes to be induced to actually produce
anti bodies reactive with the rele vant self-proteins, assistance is needed
from cyt oki ne produci ng T-hel per |ynphocytleds (THcells or TH | ynphocytes).

Nor mal | ye i smbieh® kyspoh egﬁvﬁgegff§8€@éeir1 -4 yphoeyt e

viq gene .= l. ac
r zoa3 16 ral do not” recognize T-ce epl t opes derived rom ser -p}H)(t:l% i ns
when pr eSemtees bylmper gent ppesenttagneel os (IAACS) 0L Hospeves , chyt H10Vhgi ng

an el engy ) ignness" in a self-pro. tein (i,e, by introducing an

i munol ogkig%%%lp?/&g{lgéﬁgfi AhE " nddY BCF TR TR 8 c%‘l:hpjsnjr%%%’@?ﬁi ZF Pgt ¥Rt
forei gn et exmaliar£tactngyah§dd UPeRss LCOIMZE NG & hecf rebgh RPLL PPE~ON an
APC (such as, injtially, a nononuclear cell). Polyclonal B-lynphocytes

(whi cR af2C&HRILEPRci BRE sHEPAPERYL chpabl e ©F Felbyve singtlset f iepanepes on
the nodifd.gd. sk f - P& [ i L S€e tigen and subsequently
present s trﬁEge forei gn}?il'scgrl1 ?{lz(gi %@%g%2?‘4‘%%e?%%?%gﬁ%egé]tvﬁ%te%ca}?%a?%ﬁlgen

T- | ynphooytas Subseelent ¢yl by ovf fectitokhaende) piierédesehsepfeseast i ve

pol ycl o -l ym phocytes.. Since the antibodjes produced by these

pol ycl oﬁ({)d% %/%p?’u%%%/ %lsn%r%hjrséaE??\l/gtvﬁ? ho“g?ff?%? elftPRpFARestont kel odi 15
fied polwygeptveledéachnd npyih@senahh edsarie alsohpigsent in the native

pol yﬁﬁpti de, an anti body cross-reactive with the non-nodified self-protein
is induced. In conclusion, the T-lIynphocytes can be led to act as if the

popul at i@ of e AR VLIRS g &1 C ised an entirely foreign
anti 20 gen, ?/vhereas In ?actaon ét( gé?@n@e/e?tgef epi t?bae? sJ)tSI s'f%‘faeifor ei gn
(to the hesaning ihishewyrt antidodiesarcapabl & ofn cirossdEAT NG 1 H

non- nodi fi e el fantigens are jnduced. Several ways of nodifying a
pepti de Csae?%];%t?fgejhnﬁh CJOI?%e‘?ntjdm‘?gl%b’fﬁ%orb?eedm#o?l%%ﬁﬂ%?%)ﬁc%nar e

known i nyddies asdthotpaces ageotsling ¢ dherd nuentdongthe madification can

i ncl ge that at | east one foreign T-cell epitope is 1ntroduced, and/or - at

IeastJL orfE- 1 rste ng®5P9%R i nt r oduced which effects 30 targeting of the

nodi fi ed nol ecule to an antigen presenting cell (APC), and/or - at |east

one second noiety is introduced which stinulates the inmune system and/or
When using the expression that the GDF-8 has been “modified”

is herein meant a chemical modification of the polypeptide
which constitutes the backbone of GDF-8. Such a modification
20 can e.g. be derivatization (e.g. alkylation, acylation, es-
terification etc.) of certain amino acid residues in the GDF-8
sequence, but as will be appreciated from the disclosure be-
( low, the preferred modifications comprise changes of (or addi-
- tions to) the primary structure of the GDF-8 amino acid 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.



1hd~T2Q~~ 17 - at least one third noiety is introduced which L.Jb 2003
optim ses presentation of the nodified GDF-8 pol ypeptide to the inmun A
system 5 However, all these nodifications should be carried out mhlle

mai ntai ni ng a substantial fraction of the original B-1ynpho cyte epitopes
in active CDF-8, since the B-1ynphocyte rekbgnition of the native nol ecul e

i s theregg SQP@”S gukelaasnera&segsgrenkeds Ntar gl d nggﬁyﬂgl(uﬁ the

f orm of elgn - epi topes or the above-nentioned firs secon and
third nnnetme%}yapelyobalentbyoberaon tovakent Lysi ownodDEefl, Bhtsiks

tended t that st d dues d d GDF- 8
are dor! GALPOEGPR CRGURCAR SPRRGCDRE pPha 80 HaP J5nt Aot atFATSEENERCE, Or a

| east W hhewb1i Bpeeddsi Bg ¢hangaspbput heipaphhdengoadgi betvegn the-s
i ndi vidual am no acids in the chain. An alternative, and preferred,

enbodi TreRbenpEYPSeyorAiinglaei Be2bosaBatraubyoRaafdaBimat et i on and/ or
insertion and/or addition (which may be effected by reconbi nant neans or by
means of peptide synthesis; nodifications which involves | onger stretches
of am noAatidsetgn gkuelﬂispitOpéasKom pbEypepghi esympbneyespepiial |y
preferre ve;ilon of thlsdenb d| 25 t he tgchnlque described_in WO
95/ 05849, h1§i 8cPERELYS lFo? 46whOr 80P afPngnsERE- BPABERAS by

i muni si pBgaWvhiicanakeguestek @heeiegf ipr ghehAsmuhesgkRiasnupbere@fcan no
aci d sequences) has been substituted with a correspondi ng nunber of am no

aci d Keqlieneésh Wnrehlesbhteprpr isethef bpERGAIPAMALS0 REEBIBARALST- cel
epi tope, p@k£§e§t the, S%E& h &BhaEQhﬁgﬁBhS 8&8&%5ht§§§tE%EXtEEBUCt”re
the a | ogue t

of the se oféin’in 0ses sent
(nventlonf atpasthoudeveclsubfbdlMHC mblebelaeduhlaatanmmébespécaasa@mno
acid in serthony addhthgn, dehethon; oL Subshituti-on) gl ¥esniLesote 4-
cell epitopes are known, and they will be discussed in detail
15, below. It should be noted that in order for the immunogens
which are used according to the present invention to be effec-
tive in as large a fraction of an animal population as possi-
ble, it may be necessary to 1) insert several foreign T-~cell
epitopes in the same GDF-8 analogue or 2) prepare several
20 GDF-8 analogues wherein each analogue has a different promis-
cuous epitope inserted. It should be noted also that the con-
cept of foreign T-cell epitopes also encompasses use of cryp-
(\ tic T-cell epitopes, i.e. epitopes which are derived from a
| self-protein and which only exerts immunogenic behaviour when

25 existing in isolated form without being part of the self-pro-

tein in question.

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

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

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

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



1~ U~ T 20D3 foreign T-cell epitope and at the same time preserives;Tann;
substanti al nunber of the B-cell epitopes in GDF-8. However, in order to
obt ai n maxi mum effi cacy of the inmune response induced, it is preferred
that the overall tertiary structure of 5 CGDF-8 is maintained in the

modi fi ed nol ecule. 18 The follow ng formfa describes the GDF-8 constructs
gener al | Sovased fyr the idwantdniod thd 'mahe%ic(aq)%é%‘é;ﬂ ﬁoeiéllml s2
(GDF-8e2) n2. . . . (MOXDx) sx (GDF-Sex) nx (1) -where - 8el- -Sex are X
B-cel | efifegies corruiod My subs depleaelse of [IGHOR gvednli dindvwidepentdentd st ar e
identic [ | cal d ' ont ajn ot, contai n f.oreign
si de 15aégk}a8{1 prgaol% %g{%ﬁ&?n%rg%e?%_rcg?f%qtrcﬁp an(r?gel excq“l{ln%egl—le“’lr\g(':‘ >a_n d (itajtv‘? east
one is >zitly ,whMEN - MODxe Hpen i biosl i £d 1 ath e nest £ ed tr D Aok e tweerhd heole-
preserved B-cell e it,o(g)es, nd sl-sx are x integers, > 0 (at |east one is
> 1 Pf TbLSide Ty T RAKEY T tHe TORBL S RAERITYS ahts2 gi ven
the genggal i fUetdonad 1 iSst{ @) oh L2y therpaaingaeni £l toh Sfe e be
constructs, the invention allows for all kinds of pernutations of the

ori gi nalledDF-@u s elgieitese apidrp@dds kd rrisn@f obdidleeanamsin herei qon s,

included §n the in vensl on ifd -8 obtained by om ssion of parts
of the é&z-% é]%rq%%lnﬁée&v&ﬁ%;ﬂﬁ%f%hggx%%idqra vngtr slem;;,l rEelc £ iﬁgorvi%s%n%?

om ssi onitofipaséssitiehccomde @b weain sethiar ungdeskiess id8 N OUE galg
reactions. Mai nfenance o substa’;\nti, | fraction of B-cell epi t opes or even

f

the dferdpieterin aci"QlFﬂrh%’?ur%h%f SLPRDIF T TH I P Bo jard et to
modi fi cajion ascaescribed; herei dr capabe achiryedd N SAVEIAln My e i's
sinply to prepare a polyclonal antiserumdirected against CGCDF-8 (e. g. an
ant i ser UM prepap bing nta ¢RHHY tprandeherhafstabubiet ¥ Hiecasidser um as a test
reagent (e. g. 1: GCT 2003 19 '"in a conpetitive ELI SA) agai nst the
nodi fi ed proteins which are produced. Modified versions (anal ogues) which
react taridetsane" £33 endntd tihad hiet &niss£l e asitpesn G SaMisé £ beas-egar ded
as h \éitn . the same overal | tertiar%ﬁ‘?tructure as GDF-8 whereas 5 anal ogues

[

exhi bi & FEPRRtPIButIsti 1 IHYRTITCRMT dhC IPRRUTFFEI2 radta viey with

such an @iidiser §m prect egar gdesk B Hayiwite & haieth® Sybsiantd afefraction
of the original B-cell epitopes. 10 Alternatively, a selection of
monoc| onPoRR | BRI St r et iRURRIIN P Bt iRt VagtitpesPwh GDCI8 tan2be

prepared, Qrt'ﬁgf'egé é‘aéééiepé‘f‘e%nx&%gégngpgﬁgal%lﬁﬁé £ @r?é’%‘”é&gfn%%
al | owi ng an epitope pprng o - n ) a mappl ng 0O he” epi T opes
- the immunogen. Or, in other words, vaccination with the adju-
20 vant alone does not provide an immune response against the im-
munogen, vaccination with the immunogen may or may not give
rise to an immune response against the immunogen, but the com-
(w 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



whi ch are maintained in the anal ogues prepared. 15 O course, a TmiO?T 2003
approach would be to resolve the 3-di nensional structure of GDF-8 or of a’
biologically active truncate thereof (cf. above) and conpare this to the
resol ved three-di mensional structure of the anal ogues prepared.

Thr ee- di mensi onal structure can be resolvéd by the aid of X-ray diffrac 20
tion stuygdigs an NMRSPESt £ 0860PYng FUFRASE 1 S ddmafi on pel @iingsdoqthe
tertiary structure can to sone extent be obtained fromcircular dichroism
st udi es dgfiahl Heedeow he advant age of nerely requiring the pol ypeptide in
pure form (whereas X-ray diffraction requires the provision of crystallized
pol ypeptide 25 and NVR requires the provision of isotopic variants of the
pol ypeptisie)mi a0 sterof ot ips oinivahen ¢lsef sit e frosames | tia b usub dheanestbary
structure of a given nolecule. However, ultimately Xray diffraction and/or

NVR are GFRIBRRSHY1OR PbFATF neEoffP it v Ya¥ T Ibe ROPTIRRTL B € hiBe™ can
only praylge; hipdi f 86§ @ffe@@.dﬁ”&@m@érCQfr@&}ué%ﬁ%@®£§a9@@%a§£6895&5§—v'a
i nformation of secondary structure el enents.” One preferred enbodi nent of
the i nvemion (3u¢hses eaftaphecptekiental i onsroftiB: | 3lphbeyt o eptimpes of
G[F_8 (Ilgkefé“énnéhun~ §ygtgmr.f e~fg0 ith r&%nnataéegﬁéugggtfygflL
epitope Ts present I n T wo positions). This @ffect Lan be Achl eved Th
vari ous way§,aget by shnphyreseparage fuséeon” pof ypept itesneospstsing t he
structure (GDF-_%H] where. mis an integgr > 2 and then introduce the 5
modi fi0c ARG HME Y SRUSSRUMREFRPROTR F FRRIFATRRE of MPRL EHEL @7 sehtRneRs, or
alternaIiﬂﬁﬁﬂbgéﬁsfﬁ&@QeQeS“@f?nﬁfié§§§i [MOrOf e £ e (e 81 ARRO ASLd
sequences. It is preferred that the nDd|¥|cat|ons i ntroduced i ncl udes at

( east onspdupti campancdfta Bsghphedyueecepft bpe anmvnegehne introduction of a
hapten. 10 As nentioned above, the introduction of a foreign T-cell epitope
can be acconplished by introduction of at |east one am no acid insertion,
addi ti onpréeéeté@nembbd Subat 5t df i GDF-§X acpuvrsey dbennosgrlasidbbati on will
be the introduction of nore 15 than one change in the am no acid sequence
(e.g;q nsertion of or substitution by a conplete T-cell epitope) but the

i nportant 0p&l ptorE£REA tBRathehet 8BFrHFp81apabooye, ubgna pr 85esaRdno-by an
anti gen presenglng cell (APC), will give rise to such a . foreign

i munodog¢naht Theemethpdt ofethei hpvpnresent &4 anm@@hége@em@lgﬁugﬁ MCH d ass
|| nDlec&ﬁgrgfntQE fgéggcgngfcﬁgﬁgépgé g@ggenkfiﬁhﬁhSIFDg—gnAHQngchgid.
sequence i h-appropriate positions conprisés a nunbér of am no acid residues
whi ch casealsncbe Eonad theachaneegnofHobpalopegt hea sahe-impoeodanti on of a
foreign TH eEltope can be cconBIished ag gﬁovgding t he iengin,ZS ing am no
aci d€0fPFRR fB?ePﬁnaBEPF8$8rBV FeaR¥asfSaiPhod act dIFREHY | HASTAYBREFDN,

del etioncgAd sHPStitushelidl BeOhBeEdWBRES, thisi 8089t nBECEREANMt BRENt r OduCe
a conplete TH epitope by insertion or substitution. 30 It is preferred that
t he nunbeps8ibakihy aéi HSingeptirbnd, madiféefoRBE-8ubst fPERIOASIBRSaddi ti ons
is at le , S Y , : , 1 16,
G, 1o, PBLoByeALEReGe i1 facd e Beeliily 28 adfarpieriice’dantieg s

It is fueDHeBpoeegpr ébemnédtibas thetauntes obraaminoadgiidannsedis-~ 4 o ¢ ~
zoo3 tions, subgt%tugigni, additions or deletions is not in excess of
150, SUchU88%dt 1RodEt280, AL Host 90, at nost 80, and at nost 70. It is

especially preferred that the nunber of substitutions, insertions,

del eti ons, or additions does not exceed
It has been shown (in Dalum I et al., 1996, J. Immunol. 157:

4796-4804) that potentially self-reactive B-lymphocytes recog-
nizing self-proteins are physiologically present in normal in-
30 dividuals. However, in order for these B-lymphocytes to be in-
duced to actually produce antibodies reactive with the rele-
vant self-proteins, assistance is needed from cytokine produ-
cing T-helper lymphocytes (Ty-cells or Ty-lymphocytes). Nor-

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



5 60, and in particular the nunber should not exceed 50 or even 40 LMDET 2003
preferred is a nunber of not nore than 30. Wth respect to am no acid
additions, it should be noted that these, when the resulting construct is
in the formof a fusion poly ~peptide, is_often considerably higher than

1 50. 10 Preferred enbodi nents of the invertion include nodification by (

i ntroducidig & deaste@hgniHs er-grel MMagiocsd Nadd r ik e diPese 1 £-pédt e e
understood that the question of inmmune dom nance of a TH epitope depends on
t he ani NS SPit SR §IERfiRS tRvmnisIes ke ek e ke tARGR) . How-

"1 nmmuno j.nance" Sl ef er itop d [ .t vaccinat _

R R R A

wel | - knoverird act. ¢ haty ai MH epudiope avhi iomurso I egniosoldiom stagrt i f icame medhivi dual
is not. necessarily Jmmunodom nant, in anat her individual of the sane

speci gs, AT + h’%h%%ff? %@O%l%ﬂb%btﬂbe o#orb‘?lrﬂﬂ g RS 1351wt es in
the | at teftdddipyddluedcodndt hed tH@POfd P giP gt diSe e drs SeC Of s MHTC as,
restriction of TH epitopes. In general, naturally occurring TH epitopes are

MHC 25 rigsttiatld, & moneneekead repkbli diokonkenalitBniyeohoewi#s ope wil |
only bi nupfdipcliyelysd 0 g sbPRl oTadtly A A58,1d Il AEUl S oL S 10 turn

has the ect that 1n cases the use of" one speci eﬁ?tope\MII
resul t iself vaolctoee £ omporientmodii £ied ssef fgetotvein nelosd riactéma bisd he

popul.atian onl and_30 dependin n the size aof that fractio it can be

nece ar@“?oar?%jé?%ea‘?fgr HREEEpT Jg\ésplferﬁﬁfh%s s’%?% ﬁ%ﬁ%ﬁ&ﬂé‘%&l epi-

al ter natiyed ys pPrepsr€o B, N d i t160 NPONERE t A CTH NENEE P & e SOPPOKENy s are
GDF-8 variants which are distingui shed from each otﬁ%% by the - natE%e of

the TH epiebies | rFEtRedIelP rfrTthese sqlireactivepqlyehnaH®-Lym-
restriction. of & hes T cel {ige u%ibédf?%@éﬂé’e&'%%%%g%o%%f gl 4

situation ere the vaccinated ani ma as a poo
conposi tiymhoc¢ee$ race i vea of 1 vdew bt land niaf e papul b 1 topeover echdymad speci fi ¢

vacci.ne conposifion can be, determ ned b ans, of the following formula: n
Y optart AR B4 1P RRe 2CLAF AL e IS Pard TS e iRy B -t he
popul at i ©me Ofat LESPOPEEYSepOidde dth hadOIRb@N Jreetlr&pit Dpe Presemein the
vacci ne conposition, and n is the total nunber of foreign T-cell epitopes

in the vReTHRIEbhpOsTe HrRrahes? BS vV R cohpodPr ¢ bis koMt aff ng 3
foreign - ' e, LN o e I I . Lhe i on of
05 o EEpnSRItgeRa e Ted COPNMEE % el B, Bob AL SN PP L1 2
-i.e. 97ckopel cBniymphodetpoplud e i vecedghlsed aan senichreyy nbore i @0 amt MHC- | |
medi gtoed response to the.vaccin The above fcgr mul a dOﬁS npt aﬁgl in

> of°the

si t u&ti ohs WhePe 2 Prot %?C'fe%%f%r%%‘? sEIVHC F2sT71 E WD bat 147

pepti deseligedrd st kaomst | f InfOhis Nsdpncentilcedi@s nepempideocpnl y binds the
human 25 MHC-11 nol ecul es encoded by HLA-DR al l el es DR1, DR3, DRS, and DR7,
then t heCtie@SoFeRAf47Pept FacPRFRPRLE 19 t Fe hhot hetIPRptitR WhFEFeBi nds the
remai ni ng MHC- 11 nol ecul es encoded by HLA-DR alleles will acconplish 100

éoverage in the population in question. Likewise, if the second peptide
only bi nBieveOR8l ways of modifying a peptide self-antigen in order to

25 obtain breaking of autotolerance are known in the art. Hence,

according to the invention, the modification can include that

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

the immune system, and/or



30 and DRS, the addition of this peptide will not increase the coveTrég'HITatzgm
all. If one bases the calculation of popul ation response purely on MHC )
restriction of T-cell epitopes in the vaccine, the fraction of the

popul ati on covered by a specific vaccine conposition can be determ ned by
means of the follow ~ ~ ~u Cr 203 23 ilng fornula: a

Jpopul otd on- Ixe-1 1 e gt ~Fnd | 441 rd To Bet LS 61 M sdaiSed nci es
in the populatioﬁe%f allelic %aplotypes encod?ng NHCnﬁﬁﬁggUﬁggﬂ&ﬁg%ﬁ bi nd
any one of therasertitipitopeshe maedef et othie-hebWpadt dd ong the tie-jtn

of the 3 kno LA loci (DP, DR and DQ}; in practice, it is first

det er m ned mﬁﬁgﬁaﬁﬂegﬁ%récules W Il recognize each T 10 cell epitope in the
vacci ne and thereafter these MHC nolecules (' are listed by type (DP, DR
and DS) - then, the individual fre quencies of the different listed allelic
hapl aPypE"e¥er suitred- 97 € daed tiprt Lok regld digli srrried oyhdnblet nay

occur. t hats Ae: VAl 4 Psubdfad OIS B-dde £XFESAS K&, £051 gl -
theoreticé% véﬁue %f? %u~r a-11-~~1-vr,~a 1; 1~ (I 20 QV%ggg?Rgvﬂgé% the sum
of frequeyried exPitopde poputhiveorGRE-&) | since hapt B-yhesplenmock nge MG

nmol ecul es, whi ch_bi the jtn Tcell itope in .the vacci ne and which bel o-ng
to the j‘flhy%#nt%g %g?(n%%lﬁﬂo %%111f DP> LY Iﬁ}}aﬁ‘fﬁ{' neans that in

1-~t of the population there is a frequency of responders of 25 fre8lauai t

= (pz-~—~) /! ( 1-~i ) . Therefore, forpnula Ill can be adjusted so as to
yi el &0 ofnfne \Prefpbiadoepeedyment, |gide gyoupgs (i the farm ¢f pfogual |
~~ ] =1 i HlgB30r =Yt e NEE &L M A- K £ 5ABYRAd -Reh 1 Sl a 10 Z&L O Lye. It
shoul d ng%oted t hat éor&%la V requires thé% éﬁl epitd%%g'ﬁg%gﬂﬁggiﬁa
(hapl ot ypeh inegh peeii elgbe hstafelepeVabenshy sonfndraptatypastly intrddedd ~~I fi 3
24 Ther ,: Whe electing T-cell epitopes to be introduced in the IL5
anal oguglf}%‘% TS llr?r%%ﬁgti%%tt? gm?%%lﬁh ] r{%%] 2dye AN Ep tlbep%Jsg‘\’lﬁ‘?ch i's
avai | abl @ rilyedherdm espErgyand despentiessd | ¢Keuhopl & 10 K aseh-
epi t gpe, 2% MHC restrjction 5 data, and 3) frequency in the popul ation of
t he 3g| o acid sequence, or at léast without introducing

changes in the peptide bonds between the individual amino a-

cids in the chain.

" An alternative, and preferred, embodiment utilises amino acid
20 substitution and/or deletion and/or insertion and/or addition
(which may be effected by recombinant means or by means of

peptide synthesis; modifications which involves longer
(1\ stretches of amino acids can give rise to fusion polypep-
tides). One especially preferred version of this embodiment is
25 the technique described in WO 95/05849, which discloses a
method for down-regulating self-proteins by immunising with
analogues of the self-proteins wherein a number of amino acid
sequence (s) 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



| ot ypes. There exists a nunber of naturally occurring "prom scuous® [Toeq1 I2003
epi topes which are active in a |arge proportion of indi 10 viduals gf’ an

ani mal species or an ani mal popul ation and these are preferably introduced
in the vaccine thereby reducing the need for a very |arge nunber of

di fferent GDF-8 anal ogues in the sane vacédi®ne. 15 The prom scuous epitope
can accofgidgqhorihe; i } ri T-cell

epi t ope suchg%s epi topgéslﬁﬁ%%@tgaﬁ%ga%%%(g%%ye( g@ﬁg{é éﬂ%%da P%gb

epi t opesytaniipht Hewnke x oxbi the | Bf ¢elbhzep Vi opss hiome@DPEHE i rHowd ey, amd P.

fal ci par t] our se en_vacgi nating other aninmals than hu 20
mans car%%u d %%@%jark%a)g% AN R R u?’gltr%e 19 ™ SREF€ el T opes

whi ch ardugeadmi ScubsiSprafé hee@ntivet tHe (hastd DN. t EMEf a £ 165 4836 Sy A NYFDer  of
ot her Spr(gﬁ; sgu,ous T-cel] epitopes have been identified.” Especially peptides
capabPe Bt B ntf M BL1eH g prvpdredbhied Mle®R 9l ecul es encoded by t he
different HLA-DR al |l el es have been identified and these are all possible
T-cell epitopes to be introduced in the GDF-8 anal ogues used according to
the presém Iolkoiing. f@fmulbd stesdmlleps tidpe G <& ussedt turtdegdrod + o0 g
referenc I r ere all incor 30 porated by reference herein: WO
98/ 2363 %f:ér{gécghfl—ﬁé%] & ‘?%/ntals%l?gned to The University of Queensland);

Sout hwood S et. al, 1998, J. Imunol. |60: 3363-3373; Sinigaglia F et al.,
1988 Na}ure 336: 778-780; Chicz RMet al., 1993, J. Exp. Med 178: 27-47,
HarmeP J(MEP1ds1 (COEGY1) @dlMODzhs2 (FOF-F6d:n2 anel - FAPRxNexEDF-8ed nd QT . 2. 003
25 al ., 1994, | munogenetics 39: 230-242. The | atter reference al so deal s
with HLA-DQ and -DP |igands. All epitopes listed in these 5 references are
(rel evant-werarftltie-rAFuBal acpi koPeseld bpitspd contaenpngssabseAvention,

as are epi [ 5 share co n nmptifs with these. ternatively, the
epi t ope a%]lp(ge:sga% %L?'{ :SE? i‘@?ﬁ& 'I"L-r{(g%ener%%rito]ﬁ'e Wit Y Bi%e B Dbi nding a
| ar ge prioporticrn ofndvhitdlassay |comieioll@s.ndth ddH i iGOntd drhes pan DR

epi toge pep 10 tides ("PADRE") described in WO 95/07707 and 1n the corre
spondPn P RIS Af ebdarfferinteden|2 3,1994 .04 mamix yintegzss 26D ((edt Heast

di scl osures are_incor a by reference herein) are interesting
candi dat®¥ ot %e i t’oﬁgcgflt'g%g’é %’é"édx R}t rttont e bredered i hsewesen. |t

shoul d he,nqiad d.haly tgpecmtepg{goeé:eQS 2 Y esdgg\PRKEEfgeg_tilggg di scLogegajcn

t hese papers carry D-anino acids i'n the ermni TR OF der~t
i nprove sdaadt Iddy when ad MetarRd.g Ay ine e JIRSQ ive idir-g,
prlnarllggquences). Thus, given the general functional restraints on
20 the immunogenicity of the constructs, the invention allows for
all kinds of permutations of the original GDF-8 sequence, and

.all kinds of modifications therein. Thus, included in the in-

™

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

munological reactions.

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

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



ainms at incorporating the relevant epitopes as part of the nodified, gﬁﬁa)
whi ch shoul d then subsequently be broken down 20 enzymatically insid he003
| ysosomal conpartnment of APCs to all ow subsequent presentation in the
context of an MHC-11 nolecule and therefore it is not expedient to

i ncorporate D-amino acids in the epitopesl¥ed in the present invention. 25
One especi & | donsf £ 1 i3y i i ne. havi ; 1 aci d
sequence AKFVAAr%'LKAAA&gr%n irrﬁ%frﬁ)ilrgsgﬁ cgtll% %%n%c%?\}g%u%gg%%{g%thereof.
This, arrotieedeged opféedhbigdgre hel aesre(drckogie YHG T B rieddont@rehe
preferred T-c i taopes.which shoul d be prese in the -8 anal ogues
used in the ieﬁl%ebn ve‘% tf‘)r\llethrreetéhrbtcjl.s%}ﬂ% FLpErEDHr "sggd%}h%t %Ft‘bepﬁé%r%

al I ow f ars theviropttisd gt esboch BN Sr t0f a # Y165 4 AVEN O WEFIRI G (U Ye DDE

si ngl ﬁ] rmdilfi ed GF-8 .is Er esented to the vaccinated animal's inmune

systern 2nglogyes exhibiinga AindiRq o atoilel Fien nbigian e aandrerd- GDF- 8
can al s ficd udesddres ¢ Nt § Qpuey | f 1 1 | ' el s, the

nodi fi ed .GDF-)8 to an APC or a B%}?rpahrgc{/r%%geg(}?ﬁ ?atnﬁs/e’t ;%r;gcgg%}%%aegef%rsns noi ety
can be &Ypedgintainei my pRrstratial fradiyorphotytie Ssiperoidl Bswslince
anti gen CH'Jo <8N APC specific surface antigen. Many such specific surface
antigensare ‘known in the art. For instance, the noiety can be a
carbohydrate for which there is a receptor on the B-1ynphocyte or on the
APC iﬁ %(F mannan or mannose). Alternatively, the second noiety can be a
hapt &M. A0SR 1556 et i DR $5 Bl T ViANdr e fa retail ol e ot teisv e
sur f ace el & 0 ARG Qpd Y BNGGYE8S SaD e ARy Gld hale i ety (the
surface nol ecule can e.g. be an FCC receptor of crophages and nonocyt es,
(such as FTERIPaTE! alThekrhanredachameotte spooitfage sur faldewiarker) sach as

CD40 or LA-9) . 15 s 4t 0 that all the exenpl.ary targeting
nol ecul eeggtt}rﬁgbénétﬁspel?%s%%% gf a{z;hn& adj uav%%pp%%,o"i&heoeq@d\ﬁo%ss an

al t er natwhiectora sppd ianeindd irartged idig Idynadfdet «DF- 8 pol ypeptide to a
certﬁ\iBn cﬁell L{%{)e in %er to achieve 20 an enhanced imune response, it is
possiBl €% F9HGate HHed ARRTWFCH tpbiikikeerites Fasfolivfe hfmamelgyetem by
et uding drdial ahMRITRY IoNetbar A di Lty SRSl MU AR Wi, ddowne
system Typical exanples of such second noieti€es are “cytoki nes, an

heat - shddlegaah eiafs, advl |argd adripsotd wehipartes tHeermofol il SiH e dbi —

cytokin usgd. ageordi g the .nvention are thase which wll
nor mal | g‘%a sg'}Lo&\‘edulnctl on as adj uvttahn Fhaie uvefcﬁrﬁgacroﬁ%’oﬁﬁeo%,dcjimeél._ f or
i nst ances liantadr fearmcturd [dE: We fbd@lved merdreukdin bf 149y diterdeukin 2
(1 L%é ti.nterl eukin 30 4 (]L-9), interleukin 6 (IL-6), interleukin 12
(1L- 13y, B4%0 & S ans MRS5S CHRRRGIRI ki T S i rmaghpn rela-
granul oaitreyma apfage ol ony stidadwitd e ad Yol OWL:GRs R teinativel v,
the functional part of the cytokine nolecule may suffice as ~~0¢c¢cT
~a~~ 27 fed sddoid apidiighrafism stexbieas whil athdase e advardyaaskiares as
dj uvant, sSuy o r G ' J 4 di to the invention,

éui tabl e heat%} sho rplro etfﬁr%g %le algﬂet ﬁg %\gjcron o e{]“glecrfna g( HSP70,
HSPO0, KSCAT;aBRREY readisirdendvire gergp9forcfaf \Waarstedl IRA e ol ypkPfide
Bi oclggrri sto{ W: 5709- 19), and CRT (cal rit_i culin). Alternatively, the
secofd %t L AF BE ET 5 PRGN 1951 F TR yaH 0Lt 1§ d A and
heat - | alydie/pespitarda)oxim.o &0, t A grothiRle Afsdpaobact s ali Serddid Weg such
as MDP (nuranyl dipeptide) and the trehal ose diesters TDM and TDE are inter
esting.ﬁﬁgﬁqﬁqﬁtﬁQ£HCture of a given molecule. However, ultimately X-

ray diffraction and/or NMR are necessary to obtain conclusive

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



15 Al so the possibility of introducing a third noiety which enhancds Ofd 2003
presentation of the nodified GDF-8 to the i nmune systemis an inportant
enbodi ment of the invention. The art has shown several exanples of this
principle. For instance, it is known that the palmtoyl |ipidation anchor
inthe Borrelia 20 burgdorferi protein OsgR can be utilised so as to

provi de selfspdinvati N8apel ¥RePtEes] (6pit6pd. 1Y QDIEILRT1B) .t S660E t hat
the |ipidated proteins formup mcelle-like structures with a core

consi stiwien?) t hehis pefbeFbncanchorapatesedfiinhearipes ypaepsi desJandyt he

remai ni ng, ts . di ng S [ '

mul 01 pl SHPELE e SepshEn T EEREoS B R EL S ST bEE P LR RS LAB0LE
this and(gstag g apeachess usi nchiiddenent ddittaln amareides iy ¢9. a
nmyristyl group, a nyristyl group, a farnesyl group, a geranyl-geranyl
group,® angP} £ apehoens adlisansfedr heraiygl yeert deegroupheape phe GDFf@rred
enbodi menl g Of éQ?.bPV§P£é9§%t?§Q§§'al£¥ §£Q§ebé9$e8£°X£s%QQs?ftégcgfa
| i pi dation ARchor’ i A-a° T econbl nan ' pro%uce protern is tairly

strai ght fio¢ vapH-&ndmikoehyidegagquescase df esgprafaatedathyt otharmbdg-
signal seguence as, a fusion partper for the npdifie -8 pol ypepti de.

Anot her Bb%%?b???tan§°8§88§ éngfudei %t?rQ6§tz%n%fg?ﬁiféﬁﬁg?Pa_ﬁeﬁtBaf
compl emepnbREt Pte Bporofd hhaght (8E. iPEPBSEYtEEnabs, 2 1996teSCi ence 271,
348- 350 and Lou & Ko%ler, 1998, Nature Biotechnol ogy 16, 458-462). 5 An

al terldati ve enbodi nent of the invention which also results in the preferred
present at i on . i e. at opLe i n pi t opic
regi ons %? %fﬁgégﬁ%&tEégy%ﬁugges%gkgﬁgﬁgg%ﬂg ggv%lgéféggnngﬁeé%ga%ggt

coupl i ngtope GBEn8besubsenpinshedr byai hanbdutheorobft at ckesatnonar aneno

nol ecul es. .10, For instancg,, ol yners_.can be used, e.g. carbohégrates such
as dextrafidcinsgriiopecaddifioqy delggiony,agi ABPE5ItYE6001186: (, Lees A
et al., 1990se) LABUABkmal43:it3294036Q911bYt 8h80iABR-AQSEiBAU-RBABRA are
useful alternatives. Integral nenbrane .proteins frome.g. E coli and

ot herlbatheni anar ehahge dsetbk aBipenpdgdt FeAUPAFENéRsY - ThBSEFadPRI Ofal
carrier I . h_ag key i t j , t toxoi d,
ai pnt her 05 SabsEac oM Lane By Y OB O D R A el PL  chE Sz
usef ul ceahtgagbhantpartaehsis2@h&er thenGarFedsanhlngteyewtbR- Braresbeli eved
to be sugeriorlﬁ suited for erfornLTg gpggficaihons. It.is gredic ed t hat
modi fi caP¥oR8 PRTABSPeRSEGREBE £ fé_ w nf*sub8edlient8S of EYFer fi nal
GDF- 8 wﬂkb;é@gulammnngabhgabﬁtlwuueqmeep@tapbegehﬁgzpBegbduea 18- 45n-49- 69,
or 79-104 in SEQID NO 11 or 25 12, or correspondi ng subsequences from
GDF- & pokppepprifdes YEHJCAReFeAT BrlgrHlehan~khRaAlrbagPnel poéPcPRE. chicken
or LurkeynuGonsdenal Lops au%%@)by'aeth 4esBeAReSER 8pBaRpatace) pbke -
nervation of "B-Cell "epit opes, preservation of secondary, tertiary and
guat er nakyostr cotprésest @. nambamy cofateinas adid3@esidved Wbiehncant ailso

fairl t . t of -modifjed GDOF-8 pwol ich h 11
oo SubPBeLEl"o i CRUECSN B! SR FORBI Theh belt HE AP 6t Ghi OF okat i ons)

for i mMmurereeaet ityi éyivbhd aahi bedhesonpl seleaday NStoai dihyven&DFeBaiht is
especially preferred that the nodification is perfornmed b ~ ~ i~~~ %

. . \ ; .
29 subst iHhgt PRGNEN a&/%0 Odcitd s EQTERER RPLRORE PY¥aBF38ie CdnPhigPacrgid
sequence ; afs2qyaly O qdiiffi@rentach gl Which ueartaiRs od .f ahelggheH epi t ope.
The rational e behind such constructs is discussed in detail in the
exanpl eswoAldse ilsermst not (heces ssurysttiot dinitawduicet @ aoprdegcoflst Bpitopp areas
or the flexible termni r§§id%¢ .1-12, 18-30, 42-51, 82-86, and 105-109)

of the C°¥erMiSFd“1GOF 8% St 5 S sr ef erred. Formul ation of GDF-8 and
nodi fi ed GDF-8 pol ypeptides 10

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

is furthermore preferred that the number of amino acid inser-



Wien effecting presentation of the GDF-8 pol ypeptide or the ( nodi fied)CT 2003
GDF-8 pol ypeptide to an animal's i nmune system by neans of adm nistration
thereof to the animal, the fornulation of the pol ypeptide follows the
principles generally acknowl5 | edged in the art. Preparation of vaccines
whi ch contain peptide sequences as ac ~tivd ingredients is generally well
under st ba ot e bf y. L. S. 4, , 251; 4,601, 903;
4, 599, 23?90%% 4?%%?125‘6?5‘;2%92? J;g%tfg%% %%J 5@%}‘5%‘?‘9%1’15 i rﬁ%@rb%r%%‘é%sﬁer ein
by referehck0Typuchl &y, asunbsvated nest anespr epared msst ns ) pcaedl €6 eit her
as liquid solutions or suspensions; solid forns suitable for solution in,
or suspéﬁ%?%nyéh,?fihﬁiﬁsﬁg?b?ig% ?ﬁfg%f¥%ﬂ E%%taug% B¢ B paf el The-
prepar at t @pi oy, al 58 beidhs prutsétisds, The 24l vEohmypogenic Lpgredient is
often m xed with excipients which are pharnaceutically acceptabl e and
conpatd bP@ vitR$ imePaEtivelangklei ewrbesushanl@ rxtipkeerd 20 eprfoven
exanpl e, 4yat s@}-d Xj L ose er pl t I e lLike, and
conbinat?%ﬁ;@%%%rgﬁ ?gfﬁggd%§t?o%?ﬂ+¥fdé§i?%g,ﬁgggt%%géa%@iH%l%%yr%ontain
m nor anveets o amindiacydsaddiahoes, siichshsuletibée ngotsd erhd i fiyé 84,
agents, pH bufferin ents, or, adjuvants i ch_enhance the effectiveness
of the Vg%%?n%%? E?gufﬁén%e?%T?Eﬂu%Fs%%s%?ggh%ff%ﬂTu@%n?sf%ﬁﬁ?ﬂv901¥'~ or
T t ~03 -3 Jhedy ACCE NEBL & ec6RHVEBLAIINR! h YgREM fh st efs@ parenteral |y, by
injection, for exanple, either subcutaneously, intracutaneously,
intréﬂbrnally, subdermal Iy or intranuscularly. Additional fornulations
whi ch ar i e e f. 1nj Str Lon include
SUppoS! 1o e an T P e s (B e A ELS) sk S H e son by
( ntraperinonedtcingtaavheasal onantdre b dimmlnod@iiednt angd dpitdores.anital
fornulati0ff.b50£ $upgosi ories, traditional Q%nders and carriers my

o]

i nclude,"tor Bxatpret>h3Pyat kAl ehld® gHYRBFEOBrOt rHIRR iR aRcR PE @
supposi tTy iegs vte e dORd He emifat Wike iGNLa Rudd thiks a¢ld R ed
ingredient in the range of 0.50 to 100, preferably 1-2~. Oral fornulations
i ncl dde RREH hor FRE | {SEhp! bymeneseninamts” asimply  extems et o ptriheresit i cal
gr ades nj I ; ﬂ@gﬂ Sl t t sodi um sacchari ne,
ceIIuIogi?fﬁgg%%g%%%1%%%%%ﬁ%%%@agggéﬁd t g ##ﬁ%& q%%ég%d%ﬁ%%? %%%%a?%ke

t he for mioiuse| Xk sprEse susPENst 0hs, a twdl ktisnow | fact capst] £5T,; spstraipred

rel ease fﬁq IatiPns or 4 owders and contq&n 10- 95% of active ingredient,

pr ef er abl - 25- 700" " ESF O ST AT 1 BF it aRFons It et h 10N iRe TRkt st i ng
f or nul atimmumedémetafanth adset te POBSH DY £4€HN) digaZie tdaRe P NEEY, JHen
polyﬁiptides may be fornul ated into the vaccine as neutral or salt formns.
Phar miceth et | gt dRRBpranFePal ¢ sOf iR AL =i e kerwke s sif fiohered with
the free RdaP DEQUPSq@i1the pep 25 tide) and which are formed with

i norgani ¢ acids such as, for exanple, hydrochloric or phosphoric acids, or
such organic a~ cids as acetic, oxalic, tartaric, mandelic, and the like.

Salts f ith free carboxyl, .groups e be derived from
(\norganiO}(r‘: %é%\% lsIrL‘é(EP%asI}tf%?l%&aln%l%,es %‘?‘ﬂﬁngi)g%]gcgsﬁﬁﬁr tja‘?ﬁm?ﬁouTﬂ

cal ci umemitdpes i CIhygkoxises, nanee SLCN & Gart tnd ase e pad T dpTePeRY vy ne,
trlngghylanlne, 2-et hyl am no et hanol, hjstidine, procaine, and the |ike.

~ 42 Fesyrighed. mreTid GRELI MR PRE WINFIR SHEFEH RN 2 TrasRdtaRenpat i bl e

W th theydosagel § o ik ad £ Adlet ARl § Ne S U hs @nauint o s | d1 bes therapeutical 1y
effective and i mmunogenic. The quantity to be admini stered depends on the

subj ect QQQQﬁyt?Qgﬁ(*ﬂ twﬁﬂLkﬁﬁggh%_ﬁﬁ,ect 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 eaéh other by the

nature of the Ty epitope introduced.



5 the capacity of the individual's imune systemto nount an inmupe,ry .,
response, and the degree of protection desired. Suitable dosage rangeés ngme
of the order of several hundred m crograns active ingredi ent per
vaccination with a preferred range fromabout 0.1 ug to 2000 ug (even

t hough hi gher anmpbunts in the 1 10 10 ng range are contenplated), such as in
the range fromabout 0.5 ug to 1000 ug, preferably in the range from1l pg
to 500 ug and especially in the range fromabout 10 ug to 100 ug. Suitable
reginmens for initial adm nistration and booster shots are al so variabl e but
are typilfechdoMHaN reBEiaticd s Nitsier atcen1 d5udad Ii@v%@mgxeggpfwnt

i nocul a&%ons o(r ot her ~adm nj strations. The manner of application may be

vari ed widI® . (ERAy 1BFEEAGS chhvetityRkl oRetheR Thsr vagminrsedaanigmlof a
vacci ne kae applortgbbefidéeatid RO 1058h) APAld CﬁiaicQ'ioH”og gpLid physiolo
20 gi c5al %{%/ a(‘lcepta | e base or in a physiologically acceptabl e dispersion,
par enter&q 8RR BPPPARELPR oFPHT&h &Y Pk EPCFhELQ ARfd NGl conpoghtidme Wil |
depend ofart hee Hetkenoheadsy MaddsAlir0RnaNE M dibi M6 AGEQE di NG to the age of
t he person to be vaccinated and the fornul ati on 'of the antigen. 25 Sone of
t he pol ypeptides of the vaccine are sufficiently inmunogenic in a vaccine,
but for some of the others thesi mung r 2 @Q_§ e wll be enhanced (If t he
vacci ne further conprises an a{j’f’fﬂ'fant SEE tafice. 30 Various net hooIs? of

achi eving adjuvant effect for the vaccine are known. General principles and

met hads i rdeidi {did £ hBgog E’ﬂ!é? ' pligation of
Adj uvant s", _Jﬁggg, Duncan rga%e S_?e\/\%rt- ﬁﬁ?&gﬁ?h @gh%é%?néypfré &8ns Ltd,
{ SBN 0- 4t 1™ fipreign T=gg3l 3epUBTrROIBesent ahsthé rvddddne nempodew
Cener at i @b, Mok ogk cal o AdjiMant Sher 1995 egord adiks G et al. .(eds.),
Pl enum Press, New York, ?_SBN 0- S@bﬁgﬁggo%%g% T‘o?g\%ﬁii eh* B hereby
i ncor por'tedasgirer epwpesl Harei Thus, | & Vaceipedoaplygipief ecomethirs use an
adj uvantinhisxcogaigRer dedPNUiabed st Rabard | r $3KLNG 9f L g
aut otaol erance to aat oanti(geﬁi‘p;rl i% ac?,fﬁ%i%éﬁogggsgg‘%%}g?n?lnescéges wher e
unnodi | €t EoPudationsedl &bt e TacBndeli hgresdirent ivelyhewantd glifrevacci ne.
Non-limting exanpl es of suitable adjuvants are selected fromthe group
consisting of an imune targeting adjul vant; an immune nodul ati ng adj uvant
such as a toxin, a cyto kime0.2nd &.3ycobatterd.&76derivative;, an oil
formul ation; a polyner; a mcelle form ng adjuvant; a saponin; an
i mmunosti 15 nmul ating conplex matrix (1 SCOM matrix); a particle; DDA, alu
m ni um adi-frafs® PRICeRt} wharths; pypiibation vwild ataehstpsalng imegintadj uvant .
In general bﬂit-ih%é@i@@ed‘qte%%oh?_@t tghghgl_\%céfq_%%r es above which relate to
conpounds and agents useful as first, second and third noieties in the
anal ogues al so refer nutatis 20 nutandis to their use in the adjuvant of a
vacci ne 19fe bB8vENF¥ERMLIT PMHoes nbRE igatd, f. adj nts include use of
ents such as al umini um ﬁfc?rigxi.dga]gir?i/pﬁgsgp%agl{)ggu%, Tomoncy °tsed as
05 25 le§soPrepise MHC sHSriiehipn batfermed s dhenpephikie x tumeesl dist h
synt het ixgqopal. YRl ssof SUgahse(§- JaU . 0,25 percent
sol ut.i.on aggregati on of theepro?gfﬁ%ﬁ?%cegl@aecéﬁgga%yn S’egirpet PS8 ent with
terrp@tsalb@tcé r BAYR iyl Sretansededoby cHIARR fadrle3@ssBBONODRD, DRE,nahe peri ods
respectipg@l,y+886 &S A0YL3N193LL9P; f oss-1inking agents are
possi bl e.. Aggrega tion by rgaétgiaé%??%%/w t%r%%ee%sf’#?r%%?te}heraﬁgf’ﬁodi es (Fab
f r agnenttdfet Bhaehupdnds rfibet gemadnihg BHA-ET aloleehlss serdpdasi Gy par vum or
endot oxigpa-pR Li PORO ¥SAGChak nt rapnegative hacteria,
emul sion in ph%/si ol ogi cal | y%%%g ;l)%agl e ol IC%V%Ealge INERE 'populatich
in question. Likewise, if the second peptide only binds DR3

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

vaccine composition can be determined by means of the follow-



1 ~0 ~1 ?0(~3 33 vehicles such as manni de nono-ol eate (Aracdl/ A, ToR)n3
emul sion with 20 percent solution of a perfluorocarbon (Fluosol-DA) used as
a block substitute may al so be enployed. 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 an interesting candidate for an
adjuvant as is DNA and y-inulin, but alsgsFreund' s conplete and inconplete
adj u vants as well as quillaja saponins such as Quil A and Q821 are 10

i nterestiiy FOTMEIRFBI. Further possibilities are nonophos phoryl lipid A
(MPL), the above nentioned C3 and C3d, and nmu( ranyl dipeptide (NDP).

Li posorne formul ati ons are al so known t@ confer adjuvant ef 15 fects, and
therefore |iposone adjuvants afgummeter [§d-aeddr ding to the i nvidddion.

Al so i nmmunostimnul ating conplex matrix type (1 SCOM matri x) adjuvants are
preferred choices according to the invention, es 20 pecially since it has
been siowwihdratint i S.Ei)t[he efimadf ufreaierariescapabhe pcﬁpuﬂmmegubatiang VHC
Class Il g pre APCs n | trix consists.o tlonal

fracti ona][eéd‘)c 8%?’%%3 (éil}qqﬁngeﬁg%ﬂggﬁf?ﬁ%w ’1‘:3‘1' Elggp e ©

chol est ertile m@dlmhaﬁptméspi:dm t%enaadnme@hdviviﬂldhhbenaﬁynﬂgetme: frotein,
the 25 resultin articul ate fornulation is is known as, an | SCOM
particle ‘Wﬁéﬁ’@ ghgngﬂﬁoﬁ‘% WoiistPPat B apd 'vv/J\ﬁ ptrﬁgtﬂ:ﬁ%'l ekt el and
phosphol i piixbtlGetbrmihad ik MCpfnellébﬂléQ Wibla WeWoghetai éscH ef-ating to
conposi tion and \Fjse of i mmunosti nul at| egﬁlexes can e, be found in the

above-Terfi§iIonERIEERE - HR oKE IF IR ﬁ@d t'tﬁFar’ﬂhsesebWEIgafP LPRBES n B et

al ., 199%rdliiistebnByneyber (D3 Dﬁ%na?ﬁqﬂs—v@én,a&h%a&ﬁdi&m Meechel | G,
1996, Inmmunol. and _Cell Biol. 74: (bot h. i ncorporated by reference

herein) pRRATHESUSES E"elﬁlnjsﬁeiﬁﬁnitoﬁésf:ﬁ‘ Thie Prepapd OtYPeR dFe cBEpIest e
i munost i #/gil ald-R0 GRAP! EXE&Sehy vieTaPhd @JO 3, 34 4ngg her highly interesting

(and thus, preferred) possibi I|ty of “achi’evi ng adj’ivant effect is to enploy
t he technl gue described in Gosselin et al., 1992 (which is hereby

i ncor it afte%ay occur that the value p; in formula II exceeds the corre-

sponding theoretical value n;:

7r,=l—1'31(l—vj)2 (IV)
j=1
20 -—whefein v; is the sum of freguencies 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 loci (DP, DR and DQ). This means that in 1-m; of
the population there is a frequency of responders of
25 fresidual 1 = (pPi-®i)/(1-m;). Therefore, formula III can be ad-

justed so as to yield formula V:

fpaputanon =1—U(1—¢j)2 +(1-ﬁ(l‘fmmat_f)J (V)

i=]

30 -where the term l1-fiesiqual s is set to zero if negative. It
should be noted that formula V requires that all epitopes have
been haplotype mapped against identical sets of haplotypes.



5 by reference herein). In brief, the presentation of a rel evant Ei ?P 0
such as an antigen of the present invention can be enhanced by co(r’J:{1 g m%go"
the antigen to anti bodies (or antigen binding anti body fragnents) agai nst
the Fcy receptors on nono cytes/ nmacrophages. Especially conjugates between
antigen and 10 anti-FcyRl have been denongtrated to enhance i mrunogenicity
for "th JSes (ofed j 4 X her, possibilities invalve the use of
the tar 3&’%&;@ and ﬁjge\{nﬁnsgél%(fuﬁqg{iq%&glulbsetpalﬁccoégses(it.oa.%eci'tn(%k‘i%jé%‘:)edrrérﬂi oned
above ashk5 Iddndirdeltanid oritt hies fimsirtant secant Imietdlas inbihaigodif i ed
versions,of GDE-8. In . this connectign, also synthetic inducers of cytokines
li ke polstxpel SRS i 4t éasv.a@tﬁ%]a?dl d Imidhddieiec s waspas ar e

sel ect edidrsomit haegr 120 s std i I \diypeptide. - ¢l et e
Freund' s adj uvant, w and a d?seésa{lglr @:%lrﬂtgrpje@t}glz())sewgﬁcfﬁggtsr and TDE.

Sui t aBl datdrum@d at)gdttanard] wvianttheamesdladcitord ofr dinet e Legraoup tegisi st i ng
of CD40 4l 't%écghand CD40 anti bodi es or spe25 cifically binding fragnents

t her eof (Jc . the discussion above), mannose, a Fab fragnent, and CTLA- 4.

Sui t abl e pol ymer adjuvants are selected fromthe group consis ting of a
carbohyq,rate such as dextran, PEG starch, mannan, 30 and nmannose; a

pl asti ¢ PSImE* ich Sl UnkRF 1o e A 1ok A58 Ut s AR OmisC Uvist h &
| Nt er estded Wy tfp B GH 1H NG AN dUIRENG of %H%&%%Tip;cé%o%él'g’l‘é&“%ef titr?u%i@lz_ 8

i mmunogen (optionally together wth 1 ~—~ C adj uvant s "and
phar #c&dduedis p facdeptrdfiad cmadierss andny ertitellepopul ax on randalt Hagwph

node” (VLA & A i.et.ar. j cal, devyi ce devel oped by | mmunoTherapy, Inc.,
360 Lexingt &n &\F/éer%%relyeﬁg‘v% §or%|<, © Eh? nl%-véﬁf‘)n.e 'Fl)gﬁl@r MRS ar
(devi ce) nme8l rficas a hverst rluctqer enae f WCi@Teaferd IopmB ROGa oghaserti on of a
VLN undEr the skin creates a site of sterile inflamuation with an upsurge
of cyt okiMfe$3BKd V&N nes. T- and B-cells as wel | as APCs rapidly respond
to the danger signals, honme to the inflamed site and accunul ate inside the
porous matrix of 10 the VLN. It has been shown that the necessary antigen
dosel ? edthicr &F g sERans &P iitaRmEare aeeieyaing & dmtsi gorvens icedineedh when
usi ng the Vi and Jhat-4; rot-ecti-gn ferred vacci.nation using a
VLN surpasslergl cﬁ\?entl ()Ilr%ar;{&l?ﬁlﬁru%rﬁ Eng1(:;:|teol§ &i’ﬁﬁgpﬁ Bi7 A 3%n SRdEWPET SRR
t echnol ¢gyransisi taxodescie.bed the P2 and P30 epitopes), diphtheria

toxoid, Influenza virus hemagluttinin (HA), and P. falciparum

CS antigen. Of course, when vaccinating other animals than hu-

20 mans care should be taken to utilise naturally occurring T-

cell epitopes which are promiscuous in the animal in question.

(_? " Over the years a number of other promiscuous T-cell epitopes
have been identified. Especially peptides capable of binding a
25 large proportion of HLA-DR molecules encoded by the different
HLA-DR alleles have been identified and these are all possible
T-cell epitopes to be introduced in the GDF-8 analogues used
according to the present invention. Cf. also the epitopes dis-
cussed in the following references which are hereby all incor-
30 porated by reference herein: WO 98/23635 (Frazer IH et al.,
assigned to The University of Queensland); Southwood S et. al,
1998, J. Immunol. 160: 3363-3373; Sinigaglia F et al., 1988,
Nature 336: 778-780; Chicz RM et al., 1993, J. Exp. Med 178:

27-47; Hammer J et al., 1993, Cell 74: 197-203; and Falk K et



| 5~briefly in Gelber Cet al., 1998, "Elicitation of Robust Cellul arédhal 2003
Hunor al | nmune Responses to Small Anmounts of | mmunogens Using a Novel

Medi cal Device Designated the Virtual Lynph Node", in: "Fromthe Laboratory
to the'dinic, Book of Abstracts, October 12th - 15th 1998, Seascape

Res_or'_t, Aptos, Cali20 forma" . It is expeebed that the vacci ne shoul d be
adm ni stgr ed 1@94,9%%19{'&%1{3@&’1‘?5’ 3PUChh RS, At 18ast) Jor gl SCe 6, and
12 times a year. More specifically, 1-12 tinmes per year 1S €x petted,

such as als® dexls wish 6{LA-D@B,arg] -IME lilgarcts 12l nes toopearl fca in

i ndi vidyal in need thereof. It has previousl een shown that the nmenory

i mruni t;}e}\%scfucé;cfeoﬁ/eﬁ{écﬁfsea%? li%ee‘},)%}etefaesr rcé%‘1 Graada R &Rt RRRF to t he
i nventi afb ie NAederMaNaNty rédht herwimyieod ha d HRNG SUSIRIY naeds, to be
periodi 30 tally Chall eng_ecfwi th the anal ogues. Due to genetic variation,

di f f ePerfNAGRIISATRRA 9 9tebf § eticth it9F & mmune responses of varying strength
to the sane pol ypeptide. Therefore, the vaccine according to the invention
may conpri se 1 ~C~T?2 G-:~ 36 several different pol ypeptides in order

to i ncr eesetried iveiune trles panismypecfearalkso drhe aitsiclissi=an maeve aicer ni ng
t he choi.ce of .foreign T-cq?lllueeeé)gto.pe i ntroductions. The vacci ne nmay com
S!

prise twSsst "Hore' pol Y WHEIE 1 P of2 9% HFARAFHH&E 3G e as

def i ned cabose. 11The Maacidie. MBY tQONS ety tq{%!“f?fairﬁ_QDRg‘e%ﬁﬂﬂﬂéc & _
nodi fied or unnodified pol ypeptides, such as 3-10 different polypeptides.

HoweV&r |t ifssral | RARRE Inierr idte oy Eht e’ 17 1ansk ir0 wughtrdeept to a

N MUMSHGIY A% bdlfe:? DOLYARRL dese NIC! it AET draeal Nty o s ANy

alternative to cl'assic admnistration a pepti e acci ne,

{t echnol ogpotdf diuesdled e ch neacioi gt cora t{ead S0y kredfwr cascd' Medediny agial

i mmuni sation", "genetic,. ni sation”, and "gene inmunisation”) offers a
T

nunber of EATHAHY & 5. 190 sRitgrey Fadift ringd R inadia i onal
vacci ne aRpriachntUcl wi: @l d Machidiald Wt dRAsNAth S d Gnd £S5 UK GE-—
consuming |l arge scale production of the inmunogenic agent (e.g. in the form
of 1 haustiieal PARRH et AR &t hl wFe i ldy d-herSfamaney Hrosduryl iy amidid i ed

COF- 8) . daiidienimig dneley he-noierd I e 06 LUl &y d IGald 0 And

refol ding schenmes for the I mmunogen. And finally, since nuclelic acid

vacci natwhen rasiniigst sire tdvb. Bioohean ¢ dl heappee seattusi rofertthieorv geciinrat ieldy

i ndi vidual in ,order to produce the expression product of the nucleic acid
i nt r oduced™ e B3 rrﬁﬁﬁp otd ‘rata{heslra?%i ovnaaﬂ% perpolcrg)é)s‘?%g‘?‘sofpat% Oe{;ﬁ:ﬁ'é%si on
product ncdiexi 0 quriediticpEniild hifer SasRefiad )y ITBW A idbdde case
of autovacci nation, since, as nentioned above, a significant fraction of

the 6P framadEra iy ciel9idypithipelsy saramal rommassdrandd 9 ARGs rodidl=d
ol ecul g,oandisd fifer Gold s & 4ORSES i) the context of an MHC-II mole-

cule and therefore it 1s not expedient to incorporate D-amino

<jx 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 immunologically effec-
tive subsequence thereof. This, and other epitopes having the
same lack of MHC restriction are preferred T-cell epitopes
which should be present in the GDF-8 analogues used in the in-
30 ventive method. Such super-promiscuous epitopes will allow for
the most'simple embodiments of the invention wherein only one
single modified GDF-8 is presented to the vaccinated animal’s

immune system.



principle can be constituted by parts of any (bio)nolecule 140! @i T
Q003 37 (e. g. carbohydrate, lipid, protein etc.). Therefore, native

gl ycosyl ation and |ipidation patterns of the i munogen may very wel |l be of
i nportance for the overall imunogenicity and this is expected to be
ensured by having the host producing 5 the i Mmunogen . Hence, a preferred
enbodi nent of the invention conprises efjyg fecting presentation of nodified

GDF-8 to_the i ne, system i ntroducing nucl eic aci ds) .encaqdi t he
o 11 eaPerReBl TG Hake Bhrrar S DAT BREFBLS At LhRCv: vo
expressi @hebynt hedwalionh off hheinse! b tetieivlis)hi BhEget€ ethe b diliied

enbodi nment he i ntroduced nucleic acid is preferably DNA which can be in

the for meOF " Rak@PHNEC BRA2f BF MR 4 + Fofs 1BRALARES drbaurfdf&tged | i pi ds,

DNA f or mibakeqd &dn IdpesepRei DN Rginggthrithe? ¥bEak NECHMhochia formul at ed
with a transfec tion-facilitating protein or polypeptide, DNA fornulated

with aSt #PGELTRE PHOTaSS 2t iEBRyBEpEPHAN BRS FEPRufAE et NGaqe @atérum

preci pi t lhnoMARE Mifah RS 2UB! 8dr £Oc@ M tiQfehsCALET RRowf i1P!@GULE, and DNA
fornmulated with an adjuvant. In this context . it is noted that practically

all consF@&r 4BFBAACHerthe APAGLY oC@MOvse THTPRlydvaRe sEoh hisdi thenal
vaccine fiar gul-atéof,@2RR ¥hkok- i DRphOE PRl %ﬂog@lagﬁe%ﬁcve&.% NeSmnbgnce, all

di sclosures _: herein which relate to use juvants 1 n the context of 25
pol ypept icdemBaBREE v adeititenaipBryY mithe i sedancandi sty ocamdis audeptanaucl eic
aci d XﬁcﬁﬂgéthﬁnaﬁﬁiﬁHHy(¥¥égméﬁtfQﬁiéﬂ“ﬁﬁﬁ%fﬁic@gﬂbnfééééﬂ%] andyy-

adm ni stration schenes "of pal ypegtl de based vaccl nes e ave been

get ai | ed faseveoleoul e ARCE ar soYERRPGYAs eanobet heedas & digsitd vacci nes

f the i%%etkomt@@ds e aswééw@s%@xpoew Pt abnke@ }@;Jsp%freafof _
adm ni stration and adm nistration schenmes Tor polypeptides ap ply nutatis
nmut andi s Magrapbiges and dwnoTytehi ssethasl BSERIdded abternaicivelly avivd

vacci nes (¢am SubLapt ¥ M 2deknh ERELdd & cpbo! or Ry irE
15 should be noted that all these exemplary targeting molecules

can be used as part of an adjuvant also, cf. below.

As an alternative or supplement to targeting the modified
GDF-8 polypeptide to a certain cell type in order to achieve
20 an enhanced immune response, it is possible to increase the
level of responsiveness of the immune system by including the
above-mentioned second moiety which stimulates the immune sys-
(:} tem. Typical examples of such second moieties are cytokines,
and heat-shock proteins, as well as effective parts thereof.
25
Suitable cytokines to be used according to the invention are
those which will normally alsoc function as adjuvants in a vac-
cine composition, i.e. for instance interferon y (IFN-y),
F1t3L, interleukin 1 (IL-1), interleukin 2 (IL-2), interleukin
30 4 (IL-4), interleukin 6 (IL-6), interleukin 12 (IL-12), inter-
leukin 13 (IL-13), interleukin 15 (IL~-15), and granulocyte-
macrophage colony stimulating factor (GM-CSF); alternatively,

the functional part of the cytokine molecule may suffice as



38 venously and intraarterially. Furthernore, it is well-known i?it@@Ta?g3
that nucleic acid vaccines can be adm ni stered by use of a so-called ge&‘
gun, and hence also this and equi val ent nodes of adm nistration are
regarded as part of the present 5 invention. Finally, also the use of a VLN
in the administration of nucleic acids hagd7been reported to yield good

resul ts tranGddieheyie dhi siiRa tleeale mde Qf adm %)turc%t I i3 R
ticularly preferred. 10 Furthernore, the nucleic acids) used as an

i muni z&s Geljagemt sudstaammsai i fr-edibensliscuediiog tled oSt , 2nd and/ or 3rd
noi eties, ( , e.g. in the formof the i mMmunonodul ati ng substances descri bed
above such as the cytokines discussed as useful adjuvants. A preferred

ver si on Agfcadriisgertdeo dibvee nin vemtdpg s sed. thavdien ¢elaite shs ckogindg i@ i dpr the
anal ogue ag?lthe CQ%LS%PT ion for the i munonodul ator in different reading
frames &F° a9 &X$° GHe BN FOISE Udi F5E8%8nt BSCIiRot GRPI4THesY it is

avoi ded knlvatn tte vl 0QUe Gle BRICHORA et RI00YeRE as;d 'ig@[,g,argﬁer to the
i mmunonodul ator. Alternatively, two distinct nucleotiéé rag 20 nents can
be used>7O% 1Nirs angl [(CBFs (padfrertrietili@dause of the advantage of ensured

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

nol ecul e. Accordingly, the invention also relates to a conposition for 2~

i nduci n@ lpreachactiiverl yof tavet iskedings mgaithsicatDibe8a th&iGOMRASH 4Hison s~
coanésin%,- a nucleic acid fragment or a vector of the invention (cf. the
di sct¥sit&T 16t ¥Fadk ot YPel dPidand anda hepardabddei eatey oing innmdsicogiacal |y
accept ablaneehion! &30 raRdaT 02k g 208" sadhukaniines disayssed above.
Under normal circunstances, the GDF-8 variant-encoding nucleic acid is

(i nt r odu€é@epsidiee fadmtéie & redetlosenddesite rex fDMs sndn TDE amderintentr ol of a

viral pr EQr. r.e .detailed dis ~ ~c¢c~c'r ~~~3 39 cussions of
e%%&%%hgqgrlﬂ?if%fgg

vectors a agnment’s according to the inven . "tion, cf. the _

di scussi on bel ow. Al so, detailed disclosures relating to the fornul ation

and fgeﬁﬂf nucl ei ¢ aci d _vaccines are avail abl e . Donnelly JJ et al.,
ARTEC R

1 0 , ) cf
1997, - POSSdRdility of introducing a third moiety which en-

hances the presentation of the modified GDF-8 to the immune
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 micelle-like structures
(’} 'with a core consisting of the lipidation anchor parts of the
polypeptides and the remaining parts of the molecule protru-
25 ding therefrom, resulting in multiple presentations of the an-
tigenic determinants. Hence, the use of this and related ap-
proaches using different lipidation anchors (e.g. a myristyl
group, a myristyl group, a farnesyl_group, a geranyl-geranyl
group, a GPI-anchor, and an N-acyl diglyceride group) are pre-
30 ferred embodiments of the invention, especially since the pro-
vision of such a lipidation anchor in a recombinantly produced
protein is fairly straightforward and merely requires use of
e.g. a naturally occurring signal sequence as a fusion partner

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



5 15: 617-648 and Donnelly JJ et al., 1997, Life Sciences 60: 163?17@€T3%@§
of these references are incorporated by reference herein. Live vaccines

A third alternative for effecting presentation of nodified GDF-8 to the

i rmmune systemis the use of |ive vaccine techno logy. In live vaccination,
presentation to the i mmune systemis effect®ed by administering, to the

ani el .- @ nofs pes NogeRbedd oF CéomgT RN EMNDEGh RS, Deeq L ansf ofgpd wi th
a nucteic acid fragnent encoding a nodified GOF-8 or w a Vectio )
i ncor porRRATRELBLRH &l nucl 29%, at¢ieneagdithi . 34%he3 MOrempdt hogeniKohler,

i Cr 0or gpgy $ M ean, be @P&t%&'ﬂﬁ@f’é ya#enygé_e&é)act erial strain (attenuated
of 0

by means of passagi ng or by nean r enbva )f 20 pat hogeni ¢ expressi on
products by reconbi nant DNA technol ogy), e.g. Mycobacterium bovis BCG ,

non- pat hogeni c Streptococcus, spp., E. coli, Salnonella spp., Vibrio

chol e agfrgs”ﬂfl‘beeﬂaaﬁf‘é? c?%%’r%%gt ol PRy Wi pkeparkicorabfo results

st at e- of it Neh@rdrd f &Er SAGEH ESH €M $h o f %f@ﬂg@e i e | iagg%Pégag%t%% t Rev.
: - , bo

Prat. 45: 25 1492-1496 and Wal ker PD, 1992, Vaccine 1 h
i ncor porRRIE Dy efles eltroher el repFwepdetmediorabof G- ucd eitce aim-d

f ragnmentys, r ' ch live vaccines, cf. the -discussion

bel ow. 30 r%;ds%sqg%n?e%sn;??%eé&aslg%c er’ at°l i?/oeveﬁa%bﬁ P I e &ei d

f r agments wifs ddqueeni ar ent | e i rsica sites dieft o Cadr el i NEF P ALed dd e s |

non-;brgent, viral vaccine vector such as a vaccinia strain or any other
I

sui t Pox A THE i RH YIRS TS 21 M dtihs § 19 « e shnhdratevesuacanat ed.
T~ 0 QedelS . Nordimliees e 0 PALRAEEN! G, dB G O-0f O3 &1 (e g/l rUS 1S
't may

(adm' nistered only once to the aninmal, but in certaln cases
necessarifeo fadit mbsterl3Hy W dronwiajani 84 note 4HED ndmts d s @ drf-et i me
even cont enpl ated t hat

; d ' ' ' ' ity. It is .
D or Goinds TR G5 JCed T S ok ived OIS i hation

i nmuni zat1 on schenmes as ose aile
wi || be arsefailnswheronuss ng | B vecati drndisothaacinese diG Alderanald Valdgsyl i ve or
virug?vachnatiqn is conbined with pre vious or subsequent pol ypeptide

and/ or FPAIS L HaOY RTINS ( The itgrdipdonadstoaaidd e s male qpdss ush o

ef fect pid nafphd BNt MM dhidh | ivt81)0r Sddmie/acGidie f o5l ousd by
subsequent booster inmunizations using the polypeptide or 'nuclei¢ acid |.5
appr oachoxotite g Rvtigenissnum alibursircaB 3o tarren sflerongd- efietrdr eliclred ¢

aci ds) RN FRAH QL §16adidg; the 1St, 2nd and/or 3rd

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-
m cules: Residues 18-41, 49-69, or 79-104 in SEQ ID NO: 11 or

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

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

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

especially preferred that the modification is performed by



‘noieties, e.g. in the formof the i mMmunonodul ati ng substances 20 descri bed
above such as the cytokines discussed as useful ad juvants. A pretériigd 2003
version of this enbodi ment enconpasses having the coding region for the
anal ogue and the coding re y gion for the i mmunonodul ator in different
reading frames or at |east under the cont28l of different pronoters.

Ther eby g&bg&aﬁciqugfla@darﬁih@a ddes anal RaUe. Qfs (GPiOnes, &Y S adpiGRd as
fusion partners to The i mmunonodul ator. Alternatively, two distinct

nucl eot iadei d repranee cah dmalserk abl ffearegftorleingfhagdnitch @nteoursey havi ng
the 1St faonrd/.lorn Zlndeari%loore S%gerrq_ja tiio%s ienbte e Sane eadi n% frame,can

provi de a& GiPbxpr E8SEOR %pr SGGc £ 2 taR 30 % aRa 68 e S5F 't REPPHVERt oS and such
an enbodiimenisde&d eispetdtadlly it efter reachngsicoy dinigd addr-qur@sey i nventi on.

1 ~o0.cr Za~3 41 Use of the nethod of the invention in meat_ production and

in di SeaSPITidathem) AL 130 pLH e dilft P Fhaae i SR Silssibfove, the
Provi S sd,qn of ¢f@sir@5&0dlﬂfz,tmeaiw,emz%,f Q2 SN~ 1ROl 1 1 (0f , £5DF- 8
activity allows for stinulation of the growh of skeletal nusclée mass in
ani mal s.thderiteiemaminapdidBrt erdmdiments gfrafermest.hod of the invention for
down-regul ating GDF-8 activity conprises increasing the skeletal nuscle
mass of an animal, 10 the nmethod conprising down-regulating GDF-8 activity
accor di rgpdinfutdre gretdwdsmf -4 hend mivedi f i3y (G BUC hAnygdteinied hat the nus cle
mass i s statistically significantly increased (at a confidence |evel of

95% 19nd with at |east 5% when conpared to control animals exhibiting a
nor mal  GRfs,B aetd M iy Jihe Jhie d M sl - rahly be

H’]i gher, suech éla;fs:j'téaét/ﬂ I e%s%ﬁalo, 1351{%%?&25‘%%30, 355%a %ﬁoﬂlv%le%g%&%f . the

i ncr easawdinf i G F nhgso Wibet e et bern abigerVedd dinmunearsyyerde by ce and
natural |l y occurring GDOF-8 deficient aninmals. 20 The nusgle ss_can. be
determ r%euarbi/ %gnya(%r(‘)lnr\l/lesn?%an lorr%t%oedr?%fov&qo itnh‘? haenlzﬂafl’f gtr%eas Oersf%lf%agtjt%rf al
and/ or ref aihe/ e MAESEL 188 St o REow t8id | p i i Mac o dtee ol fatresu+ al |y

al so_be useful for treatnment of certain human di seases such as cancer
cachéxi ated#rs el iSRRIl 2FC at rophy is a pronounced phenomenon, and it is also
a feasi ble neans of treatnent/anelio~ration in other atro phic nuscul ar

di seases. Recent reports al so suggest that sup 30 pression of GDF-8 woul d
be benefBrdrdrdtigatdentaceuideryingcl romaain eoamd ahragfiuerirss taf aid¢ure.

tive ingredients is generally well understood in the art, as
exemplified by U.S. Patents 4,608,251; 4,601,903; 4,599,231;
20 4,599,230; 4,596,792; and 4,578,770, all incorporated herein

by reference. Typically, such vaccines are prepared as in-
jectables either as liquid solutions or suspensions; solid
( i forms suitable for solution in, or suspension in, ligquid 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.



1dO (: T 2003 42 Peptides, polypeptides, and conpositions of thﬁ T2
invention As will be apparent fromthe above, the present inventi t pE 2003
based on the concept of i mmunising individuals against the 5 GDF-8 anti gen
in order to obtain an increase in nuscle growh rate. The preferred way of
obtai ning such an i mmuni zation is to use dified versions of GDF-8,

t her eby e Wit dlich 40| 11| @ Wb b Davey Nt 8 QUS Y, efi_iaslclbps in the
art. 10 It is believed that the nodifi'ed GDF-8 nol ecul es di scuss€d herein
are i nvefti®AEiqht Hy vrlighteltdmr thiraftarearsliyy portmntutpardows- t he

i nventign, perdal - ye whi.ch is derived frao n ani nal

GDF- 8 vmg'r'eﬁnrhﬁ}sanfen%%ol?‘lfc’e lgo rrogla}q?légt?ronl 1S AL G2 QN

i mruni z&tdmmlaft itdres Mhiart nede vttt ddie ahal ot i Acleees 4 Qe sout of -

ant i bodi.es react. n%jsspeci fically with the unnodified CGDF-8 pol ypepti de.
r

Pref ePalfiiP? tHE HEUre RO TS 13t iidh SO GHaReswi (3 alhe Rugsesl of

nodi f i catiminsdlesicr i had ahove: whaen diiSpussidig Mari s, € iq|s of the
met hod of the invention when usin modi f i edarbgL(ﬁ1 GDF-8. Hence, anyl’di scl osure
pr esent &Pl 15k it 1 iR i Hniudch tARM-S8. sl re culpge> sdirte iel sev aa f or

t he pur de,scrd i - al agues. of the invention, and any
such ﬂi'scscgsog{aels%éggéygnu%q}a% !Egar%arﬁsd?r{s}% olq}qiéldgeés A S*GRIe 1t hese

anal ogue&ly:éa}datlexfu)uj]@ckmelmai:ectrtﬂ@eﬂlydyﬁfcmg;ed;umdigd@as@%—ﬁergjlng}pI es
corrpi'ps m)fdi fi cogir;)ns which results in a polypeptide having a sequéence
i den t?’eof A9 Oy Gk XA I SaFrg- dm g e swdegudnes adiandofirof  at

least 1QGramigReidds (.59 angtins Highate 3@ 18£quUenRce drq:lqnt?ot il adi%ns

(vpreferre.d, e.g. at least 750 or even at least 80% or 85% e sequence

identity %&%%§W%I@Rl%ou§wmt@alml toed comndlregf - Ndi f)

~ 100/ Nrgf, - rher giin Ndif, AR 4 2& |, nunber. of non-jidentical residues in

the two sequences when Jzﬁ i 'gne a?]n%tn\e/\})nléc;%g'l’n%ﬁrc%fosleg & b dpanepiun, ¢

z2~03 43 stfe arediedu e dimno e aafh drhieres e queAnaA s s eHe ieeyn dsiinDA rgRmueRc e

AGT Cwll have a. uence identity of 75s with the se

CngaH@ the 1like. %%%se compo;1ti$%s take the form of solutions,

suspensions, tablets, pills, capsules, sustained release for-
mulations or powders and contain 10-95% of active ingredient,
preferably 25-70%. For oral formulations, cholera toxin is an
interesting formulation partner (and also a possible conjuga-

20 tion partner).

The polypeptides may be formulated into the vaccine as neutral
(;: or salt forms. Pharmaceutically acceptable salts include acid
addition salts (formed with the free amino groups of the pep-
25 tide) and which are formed with inorganic acids such as, for
example, hydrochloric or phosphoric acids, or such organic a-
cids 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.



guence AATCAATC (Ndl ~2 and Nre~B) . 5~The invention al so pertahﬂﬁgwq
conpositions useful in exercising the nethod of the invention. ﬁﬁb,zﬁhb
invention also relates to an i munogeni ¢ conposition conprising an

i mmunogeni cally effective anount of a GDF-8 pol ypeptide which is a
self-protein in an animal, said GDF-8 pol ypeptide being fornu 10 fated
together with an i mmunol ogical |y accepta%le adj uvant so as to break the
animal ' s autotol erance towards the GDF-8 &olypeptide, t he conposition
further ceWpreschgea pharadddsiteaelyinmna mannawlcogipeslibye acceptatd e
vehicl e j ; q&Qpr , L rt .qf the_inventiaon pertains
to the fggﬁﬁg%ggﬁgﬁPgﬁgu%p natuﬁgl gg%c%é§¢$%gﬂt£ﬁﬁé ESIg%%ﬁﬁ?%ﬁﬁwanch
have beerraddgceififedtive comhdamuaogent b. efiimdhnerttisyotot be a@iiod of the
inventio I o) so rel.ates. to an i nogeni pnposi ti on conk0
prising }ntel-gén?riuﬁ%ggéééaﬁ ;a/éheef é’%’ljieég gcﬁg?J%{lcroefngp;ed@ﬁpgi‘éﬁhﬁ’ dtrd “def i ned
above, Ssdik ceppostyiof the timelividoptt si hrgmamegasteaeubi gahhty @ndn-

i munol ogj.cal | t i luent andLor_vehicle and/or carrjer and/or
exci pi en?ﬂlgl%d rés |8%§§1 ﬁ%cgntqlaed}ée\%ﬁf O%np%?tt?ecrt’\%lr §§?1F?ﬁis Pertakde t he

i nvent i orlcc@geerasgésrads aflitthiel ondenfofioshfdrel GhdBedessefddalnsy as
describeqrngg%i?gbgg 3 ﬂpe chaoi ce . of aq%uv, ts, carriers, and vehicles is
accor di nglS 'R FIAeSw Th it YRESBRERCY s Se #ra56YECANEIPFRIHM ng to

f or mul at iaoutf Onddi§iee 200D wenudivkheth&ifh & ifgle rUsBoAL L Ny ivHenLi ve
nethogof o t he _down-regul at.i on _of -8. 30 , The pol ypepti des are prepared
accor ing‘ t $9nEERBTsA TR FRRETERA 3R heSUFR .29 dRgdhepsRyge pfidte sbavs

or mal |'y Qureepar ed byooraads pafe fe@ablPi DANthHamgeeehbal pg'y el 3ud ng
rntroductlgp of a.n Ie1c€3§cisegugnce encodi_ng the: -% anal ogué into a
suit ~FOSEPerap=s Ay &3DEEL HFOom 1301 JOHGi bR 580 HSuiSuBe host

cel | w thablleeregthens fxpriegtiial afmifestwidiQinC addl HoSSEMENGR S geavery of
t he expre sionagéggrct fromthe hqost cells or their culture supernatant,

and subséqiént’ ¢ R AFeakdPipirday Furridial agministateen e. g.

r ef ol disngfodn odedi bat sutpdd prentShabtela Pagid das AherPLeh ek abl dadileRar ed by
means of the well known techni ques of solid- or |iquid-phase peptide

synt hesis. However, recent advances in this technology has rendered pos 10

si bl e t haher adbnét onf afpglildatlienghly ped WRaRldles aang . PAR) eisry these
means, and thegefor it .is also within the scope of the present invention

to prepar@ VABTEORY AWHAG £ hHIBI M Heftd M BRs 2 YBCRERS ik aerd

fragment pldedbvect Thesofindivdensest | §plfcarilon ba appsecd aifd ilbngm t he
above giscloigre t hat di fi ed GDF-8 pol ypeptides can be prépared by neans
of refomItTa yg%?ﬁf?%égiﬁ) 355 Bht 133 PhKFivdegdcatly neesertiabdent hesi s or

20 senmi sylishesssont headeaiterally BPtivysctildd @¥PeRbal]ye ! eﬂrFeV"él'arsa?’@en the
nodi fication, consists in_co pIina t rotein carriers '(such as KLCH,

di pht her °& £8%o7 &°C178% 6REM °Ign BIRMtena Ly 2dniml Hritdionaardus

ol ecul ewidiichang aecdatiydr abetpel yg@rsr améd %fer@@ﬂr £6 134 sufeRckle
di ficatign ains or side groups to a GDF-8

) onprises additEoE of 25 side c

pol ypept F88- G&Fi %ﬁpéiﬁ¥ﬁﬁnd8 chBfn®™E#Yhe purpose of reconbi nant gene
techn@bogy, and of course also for the purpose of nucleic acid
InnunlZaghgg’oPugﬂéﬂﬁ%lypeptides 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
Various methods of achieving adjuvant effect for the vaccine
are known. General principles and methods are detailed in “The
Theory and Practical Application of Adjuvants”, 1995, Duncan

E.S. Stewart-Tull (ed.), John Wiley & Sons Ltd, ISBN 0-471-



. . - . . L UL 20
30 acid fragnents encodi ng nodi fied GDF-8 are inportant chem cal p1r odlﬁ[(’:t sz.LUS '

Hence, an inportant part of the invention pertains to a nucleic acid
fragnment which encodes a GDF-8 anal ogue, i.e. a GDF-8 derived pol ypeptide
whi ch either conprises the natural GDF-8 sequence to which has been added
or inserted a 14 OC T 20A3 45 fusion partner or, preferably a GDF-8
deri ved gsalopant i8R Wheseiih hamdgenr d :nivadued ra thiereiamutreldi &pi t ope by
means of insertion and/or addition, preferably by nmeans of substitution
and/ or deljarviagrt s “Thd Hol Sre B idFirsagmatt of (€6 invéd e un diremse eit her

DNA or NAYTPH Sy NS dRIG i AE1 SJIAURIS A LAe HdNa) o |
normal |y be insérted in suitabl'e vectors to formcloning or expression

vect or S pearattedndp yt hee firudreiec tecdedirf r agnment s 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

transf ored celdre@nd 17 §rearaantics o RRJOWn B MAGHOR iGaN cHAepgnNdi ng on
purpose and type of application, be in the formof plasmds, phages, cos 15
m ds, masneErterdsshes recidiitipse Ruteadisw ek dd DN bEidie danasnlbe

expr essed JANSIQMI Y I LRI AIRGEU S JS ML IIPA Al EGhil, Rieler T ed
cl oni ng "and expression vectors of the invention are capable 0 aut onomous
repl i catmoaii, £ itehie IGEIR- Seniab lu segl Fe g heo e tniundb eingy feati drite ipurtpes es) taf -

hi gh-l evel expression ,or, 20 high-|level replication for subsequent cloning.
The JBndARCISIR MRS ORTS VA GTHeBtP LRe I AAH GH. GBI @ad 3 HE & 6190wl ng

f eat ur es ddtdd& o ndig@aid Wbt dih PR &Rl & ninluHe 98 r L R ey £ or
driving expression of the nucleic acid 25 fragnment of the invention,
lopt i onalMapts mut li@minge it delffeite adntdithg Yeh edder fsepti.de ehdbit ng
secretign {404 aeﬁe{@oﬁ%étléﬁalp?@&%x%{ti%efa% Anpl 1 LA B o 0, the
periplasma of a bacteriu of or integration into the nmenbrane of the
pol ypeptdadeynfaragreemiicdlhies nimdnelingy acd jdi fardgnents agforting iany eéminworgstaind 30

ti | I nucl ei id . ding a t i nat.or. W ti
w t h o PRGSO RN M7 GtucRIC T MRS i oIS G 7 T0 G the
pur poses,;of; Fengld i oy L5 JhdnddaRshaned ;cahly Bhete%"c%%@utlﬁ@i[n}ghe

vector when introduced into a host cell is integrated in the host ce
genone.  ddjuvaht. i TR UG Tattowst berrartedritiaig tind iveciornsrdn be
used for_effecting in vivo expression in ap animl (i.e.. when using the
vect or ﬁPW"‘(}’dc% 350 1 FERD ndssecatﬂ‘{]ﬁ/gerr&o%efg}]efaesr e $Hat t he
vect or igediitd idrcapabl el ofoded 1wk 11 efatathlidydde 108 weddr mgenone;
typically, naked DNA or non-integrating viral vectors are used, the choices
of WRPcHIwra et | E% ridiit % d‘st%e”bg%hsﬁ)r? Yandd ¢t & hecgine e Whectidts of
the invepdjwonare used to transformhost cells 10 to produce the nodified

GDF- 8 pol ypeptide of the invention. Such transforned cells, which are al so
part of the invention, can be cultured cells or cell lines used for

@F_Opagat'lihoen aogpltihceatniué:A eég aaé:jjlgva]:r{tagmlenncgfu@endusvee%gra?geogtst hseuéhnve?snti on, or
aluminium hydroxide or phosphate {(alum), commonly used as 0.05
25 to 0.1 percent solution in buffered saline, admixture with
synthetic polymers of sugars (e.g. Carbopol®) used as 0.25
percent solution, aggregation of the protein in the vaccine by
heat treatment with temperatures ranging between 70 to 101°C

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

negative bacteria, emulsion in physiologically acceptable oil



c
used for reconbi nant production of the nodified GDF-8 pol ypepl5 t%d%% d&Uj

the invention. Alternatively, the transfornmed cells can be suitable |ive
vaccine strains wherein the nucleic acid fragnent (one single or nultiple
copi es) have been inserted so as to effect_secretion or integration into
the bacterial nmenbrane or cell-wall of thé&3nodified GDF-8. 20 Preferred

t r ansf orvistd cdedd swath tde ranginid o rar-e& Iaije0- (rgase 1l B o?zut‘elmtﬂfsﬁﬁpt eria
(such as the species Escherlchla [e. g. E. coli], Bacillus [e. BaC|IIus
subtili &ithsa qeRt s MdBacerd mﬂq%%%m@mdﬁip& c, eeg. M

bovi s BQ@y 4P & $Ack (ssm‘s!hac%t%a i ﬁcﬁe)A uQ{Ot 0zoans.
S are er| ve m a m.l

Al'ternatively, the transfornmed cell Sul ar

or gani smigichrids sdamgus, s lamsecndcdip is pllat po:telﬂerr@rd .a manmal i an
cell._Recent results have shown great promse in the use of a commercially
avai | 3bl e Dr osophi |l a 30. nel anogaster cell line (the Schneider 2 (S2) cel

line andomrdiong systrs avaidradilen fooam (dividomgen)odtaidddia daneaniimnant
production of |L-5 anal ogues of the invention, and therefore this

expr essitFPTERerhS STHaMTERSING FRTEGEE TR Gritveniursoses A t he
present éQYSnEBBlln bu%cal%% F%Luﬁgn ggmgﬁngsgﬁdOEnS'gﬁh”% af har

optim se pression It i s erre & “transf ormearcelf ]Bapable

of repl iveatingd h\EElFILUCdsqu:uﬁLlajja‘ rxgRiin Hfside dsﬁ\(ﬁﬂtllppranocqjézq exfy essi ng
5 the nucl eic fragnment are preferred useful enbodi nents of the invention;
t heylBarn e ifsdd Tora sl IR Tal dwrthes gossedlid I s aka ivsh Fthase

modi fi e 8 t 6as
‘$H3¥§l fl ﬁd'h o2, ‘%Hg en%gﬁgﬁugﬁthﬁigﬁ%§é3 qﬁ{ﬁﬁg-of the

constituents Ive vaCC|ne
(lnventlamnu¢lﬂﬂnﬁptﬁdar@ﬁﬁﬁbrned cells, it is convenient, aIthough far
fromessen tial, that the expression product is either exported out into
the culture nmediumor carried on the surface of the trans 15 fornmed cell.
When an Iafdccine ef qumodiceirorcel d réhasl dreerhdvderdd fdaetfdd ddBjyrafterged, on the
basis_thereof, to establish a stable cell |ine

1 fects, and therefore liposome adjuvants are preferred accor-

ding to the invention.

Also immunostimulating complex matrix type (ISCOM® matrix) ad-
juvants are preferred choices according to the invention, es-
20 pecially since it has been shown that this type of adjuvants
"are capable of up-regulating MHC Class II expression by APCs.
An ISCOM® matrix consists of (optionally fractionated) sapo-
(“x nins (triterpenoids) from Quillaja saponaria, cholesterol, and
phospholipid. When admixed with the immunogenic protein, the
25 resulting particulate formulation is what is known as an ISCOM
particle where the saponin constitutes 60-70% w/w, the choles-
terol and phospholipid 10-15% w/w, and the protein 10-15% w/w.
Details relating to composition and use of immunostimulating
complexes can e.g. be found in the above-mentioned text-books
30 dealing with adjuvants, but also Morein B et al., 1995, Clin.
Immunother. 3: 461-475 as well as Barr IG and Mitchell GF,
1996, Immunol. and Cell Biol. 74: 8-25 (both incorporated by
reference herein) provide useful instructions for the prepara-

“tion of complete immunostimulating complexes.



which carries the vector of the invention and which expresses 20, 1thdCT 2003 -
nucl ei ¢ acid fragnment encoding the nodified GOF-8. Pre ferably, this stable
cell line secretes or carries the GDF-8 anal ogue of the invention, thereby
facilitating purification thereof. 25 In general, plasm d vectors
containing replicon and control sequences3fhich are derived from species
conpatible with the host cell are used in connection with the hosts. The

vector ordinarily carries a replication site, as well as marking sequences
whi ch aPaogigablihd 96t YpraFiediend ipeletfpitd Use| earifes req) 3@osrakdfldtived
cells. Eaqr e, E. ;. I i.cally tr or_ped i 2, a
pla~rridO eP?éggn??ghggﬂ%%%ngo%F%gggb?gsxfsg@%ig&gFgngg?bggqggRﬁél., 1977) .
mo pBR322 ipleals iind Goertediims egerads ,f AR 92anpihdichl il aedebgt Hacyaiporated
resis%ance and t hus %rovhd S asxine ns %%r i dentifying transfornmed cells.
The pBRPY FEEETRTECT NEFEAS pItdstd S lor W0thEF SRELtGEIaR pifadnitd 161 3fage

nust al $@tGeRMAIstcrOh PanmGithire (0F ¢oRt JrkscPromRtRnt 1WH ¢arcae R -Used
by the prokaryotic mcro-organismfor expression. 5 Those pronoters nost
conmonl ylam@@di Yy cesomsiatams DRe eortsedc thicornitdblogde st He rBanddiugmas e

(penicill.inase) and.| act qse pronoter. sSyst ng._et a%. 1978, |takura
et aI.,bfgfgp e&ﬁ%ﬁ%oég(ﬁ%? ?efg%Q)agﬁ&nﬁ%?ﬁ§%§ggﬁaﬁef?P PLBr SHol'8FCsyst em
( Goeddel: yale stmac rbphtigelh- Adp 36 14406)conhidat esh@se e the 14 iMmsiy
commonl y used, other mcrobial pronoters have been dis covered and

util l@eagntdnrddBfahbyecbaeer Aengnsheikedutbeenhdaceséguencgsnhaiéybéen
publ i shed, enablin% %ﬂikilled warker to ligate themfunctionally with

pl asmi d PP S RleniFSH G, 1980). Certain genes from prokaryot es
(may be expressed 15 efficiently in E coli fromtheir own pronoter
sequences, precluding the need for addition of another pronoter by artifi
vi al ne&then posdditiilot ites proicdrifottdse usigk &fy dthiec tRngediey, agcHas yeast

20 cul t yrss, gRY AR e disedha nd her e, the dnamter whaul e aaable, of

drivi ng expression charomyces cerevisi‘ae, or com non baker"s yeast is
t he mbstcacehimiates USed tEre Ny muk amdtsesand me-iertgars sims,thed tmoalighi ead nunber

of other strains e | y .avai | abl e. ,For expressiqn in Saccharonyces,
Che” bl adiAidh S8 S ST bl ISOTRRAANTY GORP (SRS g2 Y
1979; - J4 ngsiedLds alike |9 1Tschermefosdimllitik380) . This plasnid

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.

('t 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



al ready contains the trpl gene which provides a selection marker fior (&7 2003
mut ant strain of yeast lacking the ability to growin tryptophan for A
exanpl e ATCC No. 44076 or PEP4-1 30 (Jones, 1977). The presence of the trp
| esion as a characteristic of the yeast host cell genone then provides an
effective environment for detecting transférmation by growth in the absence
of trypteBhaints hrH @HarmabdutQR3149 JWdeaRla@ 1R QAR RG sSeHYERGES I N yeast
vectors include the pronoters for 3-phosphg§gycerate kinase (Hi tzman et

al ., 1986rl&s), idt Fer Vd5eE y tivearin Apdes ((M849 die Hiropriesd:r yHolechmd let

al., 19 . Su , I de-3- ph hat e .dehydr @5 genase,
hexokiné%g?cgvggvgﬁéﬁggigﬁﬁgkylﬁgﬁﬁégﬁggﬁhgpgﬁét%%@i%ggég%tg% YA

gl ucoseNewpasphathyy i1y ier-e56 1 )3- [Ihes prioygl (pc ehdhe tmbiudse, deyrideat eiki nase,

triosgphasphate i sonerase, phosphogl.ucose isqnerase, and_gl ucokinase. In
const gu C%g%g"lﬁ tS}dIué:téﬁgﬁ‘r éﬁoﬁmﬁ%ﬁrﬁ & & ﬁré(mp RoRgei g ss&ddemc &t
associ atzedN thded: thes & enes it AlaS & iltedtre d tieiq of M@ FASRERSSIAN Vect or
3" of the sequence desired to be expressed to provide pol yadenyl ation of

t he nRNAXI&kd areAsvadeort anakinesmnet sheppikineray 8t Radaddiasildmalas
advant a ft Hotal roll e r h _condi.ti ons _are the

pr onot e(FaJ%rlgL Sis:)%\rb];%r S%Irﬂcl%lg}ljr}cfe%%&g’r%é:gnggleyfgn%\s@gcft c%%rlgﬁe@lefneamod
phosphattése i ddgmadats ive enzl messuassedicatied iviet hhri poagers mattaldled icsm  and

t he orenenii on | ycer al dehyde- 3- phosphat e dehydr ogenase, and enzynes
res pggsitﬁ'leew ﬁgﬁ ?’c%se%aﬁ?dl ggi%géf’@t %51@%(?%& MSCLECRGH. SRy I5Pasifise wect or
cont al Nighd x& &y &S mckerp aln tl!n%tﬁfeoms%fonéér It I&nOfanﬁ-_Q@'e'nC%ts' %,d%’&%d

term nation sequences is suitable. In addition to m cro-organi snms, cultures

(of cel | NGy NAERT A 2H-NmAnd dd1atyligmugey Picdes tiep slosd sbeedsédy as host s.
In prin.cipl.e, : I I j | e, t fr. vertebrate
or i nvervﬁggrlg%aﬁ% %&&%%L\%r%ﬂpﬁég%ﬁoﬁ%n%égy&gr ga élsntl%l@rt]:l\?))éjrtebrat e
cells, arsdnyr Gidgatdsormrofadjertaetir.atlhe rtecdulctlogy (itsi Sswe delstamridedhas

becong .a r.out.i ne pr dure,in re30 t. year.s (Tissue |ture, 1973).
Exanggegrc}fe%slﬁlcﬁ SEt erhgcste céﬁ?{ 4 ﬁ%@g ‘ar l\?ﬁl(ftgazﬁ(T“Hé’LatR@QuIsi C@ﬁi'nese
hamst er 1eMarty dricH@uneldl [Tnemhe Febpihdds BKsra®S- Amddit sDUFS ARt -

mel anogast er and Spodoptera frugiperda (Sgeéqel |'s (commercially avail abl e

as conplaere gk si AP s tMaskl FaloRqvige ignatednhghen V3 mmatlelyymph

Sci encegyo k000 ;Reseqnchl, Rajdkwayso Middeno Cha0®430ki Y By ¥d af-om

I nvitrogen), and MDCK cel l |hl nes. In the present invention, especially

pr ef er r et meaitls,| iQmlkere 197" andl P22 996ai FabbeapeoRebnvit r dgens, POaBax

23122097f04 CH,G oni ngen, The 5 Netherl ands. Expression vectors for such
rnia’ . . . L . .

cel | § ordiari | y include (if necessary) an origin of replication, a

pronoter |ocated in front of the gene to be expressed, along with any

necessary ribosonme 10 binding sites, RNA splice sites, .polyadenyl ation

site, anfd trafeRsFsbridiat AT e FRHSS Peradmide ste el i an cel | s,

the contyrels Witdd ens, iy t hen @x LS anagetior $ are of ten pyovigded by viral
material . For ex 15 anple, commonly used pronoters are derived from

pol yoma,tiMgesncyivassr -2 Marad sassti fiaeguent [y 18 iiae svipeys v 4 W4 @%~ The

earl yca l.ate propoters, of, SMVA0 virus are, particul.arly . useful cause both
are %Bt %:jence%ogassﬁc)rﬁofarso%’t h2é v\éﬁ’r u4s’ asus’ a&f re]a(g%éntg’vml?)(rfhﬁa 's S cor %lﬁ%est he
SV40 vi ralyeari gicn aof irrefilviichtdlon2Gedd entseretofal Lt W38 )preSnrddsry or | ar ger

SV40 fragnents ma | so he used, provided there is included the

2ppr ox| AT ySPSEBY L e G QB R bR R 5SS 498 Gt ¢ he
Bol | sita-deatad dutdhrdiided adddidinyf tERINL At ifdH tiemod tpds- al so
possi ble, and often desirable, to utilize pronoter or 25 control sequences

nor mal | yads¥Yoi anel Mienefidne dd risunygene @i mes dprioyikfeestictticont r ol
Sequepces, Anfe GAUPA]E Wi e Hastofigld. systens.

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



An origin of replication may be provided either by construc30 tion of_th
vector to include an exogenous origin, such as nay be derived f rok 80A02E3
other viral (e. g., Polyonma, Adeno, VSV, BPV) or nay be provided by the
host cell chronmosomal re~plication nechanism If the vector is integrated

into the host cell chronpbsone, the latter3és often sufficient. ~~0C¢C
~ao03 51 | ihfi i f - 8.anal es It wll e.clear to the
SRl og SEIBREn! TR PGk EeHE] 131800 ol kil b sl rReC T imiBe! |

wi | | havesphasabi lcift.y atleceltihei Hiartislsddineabiorearocanierainghitble aheice
cross-reactive with thﬁ&natLve form is, however, not difficult to set

| t 1

up an ePfelOirfe 9% dnds'd SOFEERSF dP tFREGNLteANEDFIS ey PECHRES MRl R Ul f i
the m niRIer @G LeMRILS RN yipdFRAledi ¢alk reeagti Wit ¥ hkO p@'l%/%'é%%ei@ler%er ein.
Hence, another part of the invention concerns a nethod for fhe
i dent P f ia@#&t iaen deff imego@ibiovéd GDF-8 (~ ~ pol ypeptide which is capabl e of
i nducing anti bodies against ,.. unnodified GDF-8 in an ani nal species where
t he unnodi fied GDF-8 pol ypeptide is a self-protein, the nmethod conpri sing
15 - pr @par vagcibe meynsoofseomphitde syriphdsies 3er20byidEretnt argiiFeed ng
met hods, a set aof nutually distjinct nodifie -8 pol ypepti des wherein
ani no aSFdSHRTE Th&eh PRdEE R ASiSns §MC daﬁng“ggrgﬂééeFPGﬁnp@ﬁy§ﬁﬁ§tituted
into thei2Qsanyawnei@ $RA4RNASs e¢hed nGRbed RS YRARLPe 10k st ha 1aniyml
species thereby giving rise to amno acid sequences in the set which
conptP seonobdl [ke@di ttopas mimiigmmasachogsi gn oo 2t e lamiepdlideseci es, - testing
menbers of the set for their ability to induce 25 production of antibodies
by the ani mal species against the unnodified GDF-8, and - isolating the

( menber s Nuafl etilve ageitd Whicel rsitdrinf | cant |y i nduces anti body production agai nst
unnodi fied GDF-8 in the animal species. 30 In this context, the "set of
mutual |y distinct nodified GDF-8 pol ypeptides" is a collection of
non-i denfs ¢al FMMAdAiad DB NGl APLIEAS (W GR 1RAV @ € 50 pBRERISea6£d On
the basis of the criteria discussed above (e.g, in conbination with studies
of 13 vaqgigre, XA®3 technology of nucleic acid vaccination (also

known as “nucleic acid immunisation”, “genetic immunisation”,
and “gene immunisation”) offers a number of attractive fea-

_tures.

20 First, in contrast to the traditional vaccine approach, nucle-
ic acid vaccination does not require resource consuming large-
scale production of the immunogenic agent (e.g. in the form of

(‘= industrial scale fermentation of micro-organisms producing
modified GDF-8). Furthermore, there is no need to device puri-

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

30 pected to occur; this is especially important in the case of
autovaccination, since, as mentioned above, a significant

lfraction 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



52 ' circular dichroism NMR spectra, and/or X-ray diffraction pat G&F )3
The set nmay consist of only a few nenbers but it is contenplated that the
set may contain several hundred nenbers. 5 The set may be "prepared” in

vivo insofar that one applicable testing systemis to prepare nucleic acid
fragments encoding the nenbers and then us¥ng these nucleic acid fragnents

in nu O|%|% agl, be%WHQb% thq 43, d %%&%Q%deQ%r§'nT%%r%%o% d%é%rn]ne

whet her 't hé ‘expression products aré i mmunogeni ¢.” Hence fest of
nenber s gét/coly leét cvannide lpgrifdatiied ipatrievas bit thendmbenogkn mayi tro tests

can be a I|ed h r.row n er of di.fi ed nol ecul es whi ch
will seygg Y f&t pur 0 ga ganﬁ$e% OE%%1§V§FREE £ABUGEIENIC LY P8Guci ng
t he forehg@ Isc@&be@rmeuort@s beS eh@ ugeRPOKt hiake ng- ¢akl hb%%pg%aulaan cell
help, RFEFEQUISIte is that T-cell proliferation is induced by the

nodi f? e§hEDEMBUNPIESI-| proliferati on can be tested by standardized
prolifera tion assays in vitro. In short, a sanple enriched for T-cells 20
is obtained froma subject and subsequently kept in culture. The cultured
T-cel | sHaneegont acede rwieth eABGs iokentthe fs tthjee dh vehitebnhaveppiewisoeslhy t aken

the modified nol d ts T-cel | epit
The. pr ol FFGP5: BRSO FACAETs s AOMELOF el id ConpiFed Tons. SUFCaR &3

control iperoguc2hgTneellles d Acaul (sYr encodtiact @bl 1AREs Whirch have
processed intact, native GDF-8). Alternatively, proliferation can be

nea%%ré&ebﬁnd@ﬁérﬁlﬁﬁﬁéstﬁ@dcGN@éﬁPWaPPGﬁléﬂnﬁeP@v&ﬁwoc?ﬁ@rﬁﬁﬁGQHr@Weased

by the Tneekls1isn freSRRN$S R 1hGIs (€GO Rict foreign T-cells. 30
_Havi ng renderedshlgh 'y probable ﬁét a? ?gggfggﬁghnodlfled GDF- 8 of the set

is capable of inducing antlbody productlon against GDF-8, it is possible to

repare L amuno i ti,on conprising.at |east gne nodified CGDF-8
Bolypepgpd 15l 8%6 %%§3lﬁﬁF8ﬁuF§ gﬁﬁécoﬁcﬁﬂdﬁélﬁ&egﬁF@96d"es

agai nst Dunm@ufche@a@lﬁeS iinN taR @Rirfak £s a@ckle@s owher enthe owpmdic-biyed ; G- 8
polﬁﬁgptlde is a self-protein, the nethod conprising adm xing the

r C8prardt RE Secharider §ﬂ@ﬁﬁﬁvc§ﬁﬁlﬁoﬁﬁ@&éé§dpﬁ@d&épp§@méﬁ 5DNA
ant'bOdh%%lh@ethna%'@&Eaﬁp%@d%% Whinglhh 318, 8aGLILVE 1 Wt B GE;8 fac-

tion-facilitating protein or polypeptide, DNA formulated with
a targeting protein or polypeptide, DNA formulated with Cal-
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 vaccines which have been detailed above,

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

"that nucleic acid vaccines can suitably be administered intra-



with a pharmaceutical ly and i munol ogi cal |y acceptable carrier ahd/8CT 2003
vehi cl e and/or diluent and/or excipient, optionally in conbination with at

| east one pharmaceutically and i munol ogi tally acceptable adjuvant. 10 The
above aspects of the invention are conveniently carried out by initially
preparing a nunber of nutually distinct nd8cleic acid sequences or vectors

of the i%%ﬂél%ﬁ’aﬂ&%ﬁ[)éﬂi&ééﬁ%eﬂﬂt AR O A & 198<Flrse%§éﬂn—lé’r?&$r9ri%
transformng suit 15 able host cell’s with the vectors, and expressing the
nucl ei ¢ tdd cdedueicenrofe therdiny eredamime sThese ket eqhnigers teerddldyowetk . by

i solation of the pression products. It is preferred that the nucleic acid
sequenceosr% andior°¥et Cle(;r%enaer (—:-(EPupnr’ep‘—’lanrdt'saci1 ebnycemealtlhsoodst closrrpa\'q i%cﬁue‘ﬁgelre&tse of a
mol ecul afodsg|d 1 i i roins o A0 adgueGdedsa PR Y tRansraferiiicl ei C
acid synthesis. PREAMBLE TO EXAMPLES 25 Expression of the 109 am no acid
resi die BV NN T b of2 @F-E19 Ul 2o A’ IV tigy hiffaladiidisgamas been

obt ai ned. ;i 11 & i i | tel n, tbet%}jq‘seeg]f
i muni sgctlic(y)hn%off Cr{r:ﬂadblb%r&sj.gélﬁ%ﬁée{lgkﬁe%%%g}hﬁcpbt?e%lg?r essed I n C]:l%'cel S
and shownd ¢l shrretgd aspali thersl af marsy orfe sl reiradt 1300 iprro cies gedk -GDF- 8,
respectitvieél}e/la(e Pherrer nretdal., Nature 387, . ,83-90, 1997). Thus, no

pr obl ens "ar et W th expression of the bel ow di scussed GDF-8

aut ovacci ne constructs. The nost |ikely expression systens to be used for
production of the GDF-8 AutoVac constructs are E. coli, the yeast P.

past 8Fi Furthermpie, jthy 7Glke iR EH Vel YL ARP 375 Bt 138 QR IR E he

above nent ongf Drosaphi dds celdSaimy RHIVPLE 1oMaggine desd gn, ithe Lat i onal e

behind the present invention is to substitule 10 stretches of amno acid
(resi duessig. tire the gerrmprof eilme wnrmigredwis ornarsulfs irade sT-ded ¢ r 8ped opes

e.g, the prom scuous_tetanus toxin T-cell_ epitopes P2 and P30. Preferably
these suBdtTT utiohs® Tholff f%%?@lnﬁsni% (f%/s%éi)éstaﬁbu%%%ugﬁ%un‘ﬁ%ts' £

preferred version of this embodiment encompasses having the

15 coding region for the analogue and the coding region for the
immunomodulator in different reading frames or at least under
the control of different promoters. Thereby it is avoided that
the analogue or epitope is produced as a fusion partner to the
immunomodulator. Alternatively, two distinct nucleotide frag-

20 ments can be used, but this is less preferred because of the
advantage of ensured co-expression when having both coding re-

gions included in the same molecule.

_Accordingly, the invention also relates to a composition for
25 inducing production of antibodies against GDF-8, the composi-
tion comprising
~ a nucleic acid fragment or a vector of the invention (cf.
the discussion of vectors below), and
- a pharmaceutically and immunologically acceptable vehicle

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-



t hree di nensi onal structure of the target protein. 15 The target protein
here is the 109 anmino acid residue C-terminal region of GDF-8, thé ((T ggg%
honodi mer of which is expected to be the biologically active form of CDF-8.
The three-di mensional structure of this region of GF-8 is not known but
based on 20 the structure of the honol ogod3® TG~ (3 protein the nodel of
~nononer | - i i ici to he rea saonably cl ose
to real.idttfls. nn%h%%%&%f%%?w&ﬁ%@%%oﬁﬁn%- OeIinenceeslnavreen)s/hovvn
as cyl i nders, anfl. (t3reshitietsuss ors Holowas s @wsde thhiel &y sdigd dies dhesd glues- and

t hus the disul fide-bonds are 25 very. cl osel r&ositj oned, in the structure.

It shoul'®H&Ddrheih M IHACT RDrE Chee ragid iNAISA R YR FrRinber
cyst ei nes;{MNarund, thwps bl fiderbandssin tIesA0R a0 NRAF] dRsisue

Ctermnal region of GOF-8 limts the.pos 30 Bible sites where the foreign

T-cel P &1 t dples th ¥ einel hinell! eh abdi ti PN + dipfodicianrathesd09 ami no
C ! . O 3w tho etitit] e
oo duce Gh7 s BRI B SRMET o Bl o Pl N 4T o ng

GDF- 8 AutenVax roosimucts are proposed. GDF-8 P2-1 (SEQ ID NO 15) is the
109 amno acid residue C5 termnal region of GOF-8 with am no acid

resi dues 18-32 sub stituted by P2. CGDF-8 P2-2 (SEQ ID NO: 16) is the 109
am no acqids;d egdeends termnal region of GDF-8 with am no acid residues
52-66 sub 10 stituted by P2. GDF-8 P2-3 (SEQ ID NO 17) is the 109 am no
aci d1Pesi due Cterninal region of GDF-8 with anino acid residues 83-97 sub

St'tUteQXQ%f?% éf%ernative for effecting presentation of modified

GDF~8 to the immune system is the use of live vaccine techno-
logy. In live vaccination, presentation to the immune system
is effected by administering, to the animal, a non-pathogenic
15 "micro-organism which has been transformed with a nucleic acid
fragment encoding a modified GDF-8 or with a vector incorpora-
ting such a nucleic acid fragment. 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-of-the-art live
' vaccines can e.g. be found in Saliou P, 1995, Rev. Prat. 45:
25 1492-1496 and Walker PD, 1992, Vaccine 10: 977-990, 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 vaccine vector such as a vaccinia
strain or any other suitable pox virus which will be infec-

tious in the animal to be vaccinated.



—_—

GDF-8 P30-1 (SEQ ID NGO 18) is the 109 ami no acid residue Cterm'?g:@ézgiﬁn
of GDF-8 with amno acid residues 21-41 sub stituted by P30. 20 -'g- patild
(SEQ ID NO 19) is the 109 amino acid residue Cterm nal region of GDF-8
with am no acid residues 49-69 sub stituted by P30. GDF-8 P30-3A (SEQ ID
NO: 20) is the 109 amno acid residue C2540erm nal region of GDF-8 with

am no acid residues 79-99 substituted by P30. GDF-8 P30-3B (SEQ I D NO: 21)
is the 109 amno acid residue Ctermnal region of GDF-8 with am no acid
resi duedlo@4alQy,s uhe3 osit-ptatihed ey cP30.c rGBerg adiimer ofSEQriub NG a2iZ)i- s two

copies of the 109 am no acid residue C-termnal region of CDF-8 covalently
connect &4 56 F?"?We Bseake gﬁ’ilf“&}ésl.i)ultn 18t F&F “ROPAS2ERE b 8@l e 1
4 ~ G I pz nededdry CORIHMEEd s@fe it Whehalives-ok@nfilshis motal ftha 0109

am no acid residue C-term nal region of GDF-8 having P2 fused to its

C-ter i Alls adilifetife dacordaralto Mg i@ 1P0Pratess a6 dmresiidve &t dismi nal
regi on qf - i P3Q .f i Nt erm . - (s | D NO
235 condi'Sys S5 CRY EHS e TR o FabTaGE STORBe Ot e

r esi dueabbire3@ cxulpstlivipetped dey VA3 iavad ies wdlds ba7 usk faulbsthehutuad nay P2.
This construct is the 109 .am no acid residue Ctermnal region of CDF-8
with an V0 Yeriiid Y&G%EMEiSon cont ai ning both the P2 and the P30 epi
topes. In all exenplary constructs except fromthe latter 2, it is

contenpl ated to produce a variant where Cys73 is substituted 15 with Ser to
avoi 80 diPdersratiione vhr dugie dits Mihide VIeGTd NGt iien compiaprl gright Are s
cont enpl_at t 94 ti i i Ny q'ryzji!:g?

posi ti orxlf?L ﬁge.oqrq%'g{ Zs%r {H~&Stz#§21ﬁepg%i%%xﬁtrl\}§!€(}g nlur%l%i}lt% r o%%rr%ocgel S t is
cont enpltdtoed tRp1n nirtstaidae,i nuniseassid lw thde mfrfidfdte g rEGDRY Viamivaritz -as
descri bed above. After eda% ree i nmmuni sa ti.ons antibodies will be

neasure&HqW'HHQ§Aﬁkﬁﬁﬁf£ ##%anxﬁcc1ne ollowe&iby subsequent

booster immunizations using the polypeptide or nucleic acid

15 approach.

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

cially preferred according to the present invention.



fied GDF-8 nol ecul e as the antigen. The primary reason for these j L@@ﬁ
experinents is to confirmthat the AutoVacTM 30 technology is app 2003
for creating anti-CGDF-8 cross reac tive autoantibodies and, inportantly, to
identify the optimal dosing and inmunisation reginmen. It woul d, however, be
very surprising if antibodi es agai nst GDF48 were not raised using the

present Utechr%olt%%y,msclh Ot feunatal i, It0| C I _
those mml@téats@ve;r@arte@dlyt been observed for TNFa cf. WO 98/ 46642 and WO
95/05899. EXAMPLE 3 Tn vivo nodels G oups of mce will be imunised with

the various constructs described in Exanple 1. The mce wll be i mTuni sed
al the age.qfl1abaulhRals & B ML RALEJQ G cqpRetent in order
to respond to the va?m ne. Fre S Corrpraﬁe eusa U\}sla%t%v%n%l | %bm%’ (Y but

experi5m§nt0sl wifl [thsl mtlb@cperff chhmdru@ntgoaln f@lmmcadlj—um@mﬂa&u«dm ast

Adj upho VIOU S dsuc e ul |na ture with
TNFa aut?‘;ova 8c€ic%elvclo struc Sﬁ]ic% &%ﬁé‘%ﬂ ﬁfdgf%’ IO%m and

ani mal e@) rlwdlrg rake dnt Iarrﬁ.mam‘gtnlt&altdeqn al@ﬁrlln%rttfaextt Qhdlo R ey tWejeght  of
GDF- 8 i muni sed as well as control animals will be nonitored regularly.
When théhe &etacd ffprdd rarveamyirs \@éksﬁ%ﬁn'afgféw]taﬁéylngIQF—@e asddniiftivced

and the & i%ed thggr%?tge JIRs S w1l d e et ard ent Ol?du{% nl Inllltl]n [relatively

narrow wi ndow in tine m ce are | nmune conpe ot fully
out gt Bwthei merrdnp e cttipffiisduld. dowrderagnstataing &DFefsf actt iofi tantdccdRfcithg
vacci nation.,in t sea r@l | f that p:rovesto be the ca i

i

too the me VYRR S SRt <y %%F@%F“er%ts té‘t?lc?f‘uass‘ pi gs,

contenplatedto “a ern

(cattle, catecmaBze m@datﬂdt@a?a—lamlepulﬂ,caM1@h i9lHRMEsRd Y ather @3%es -t he
growth rate of the aninmals and/or superiorl y i ncreases the maxi num nuscl e
si ze, i§°98%dEEE @ Q3K @AY JEFE GFmeast 5%, vwhen cpapazgdCital MS 1. A

nethod R 3N W It f f iLation, factor 8
(DR 8) e e O Ao e e BE o ‘e met nod

corrpHle ng affecting presentation to the animal's i mmune system of an

I mmunog |caII effectlvea unt_ of at' nal o ue wherein is
i nt r0du§2§ at’ C%éeasste otve "5t &85 4% gt—seéﬂ%qg SDFrIPd (‘?Ird é‘(ftli’er‘?cge whi ch
has as mresudastt hat, -15 mnml 28, @ ,of35 heloanldl‘mev\@nthStQthﬁr!a'tQ&UQ.ri—nduces

pro iiuction of anti bod| es agai nst the GDF- 8 pol ypeptide, and - a
subst antGF&2 Etadtl SMSEH eGPRSS i@l héayia Hises AbsSFveserivedrags@enic

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

C\‘i ‘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/ameliofation in other atro-
phic muscular diseases. Recent reports also suggest that sup-

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

from acute and chronic heart failure.




- a foreign T hel per epitope (TH epitope) is introduced corresponding to
any one of residues 18-41, 49-69, or 79-i04 in SEQ ID NO: 11 or 114206y mggns
of addition, deletion, insertion or substitution, or introduced
corresponding to an equi val ent sequence froma CDF-8 pol ypepti de of
different origin than human, bovine, porcime, chicken or turkey, or a
foreign gw e%Ltopq hs.gq ehped ar subgkttu%ed i Nt Q any one of .the | oop
areas of PP e PR PEREAIRIE 1 8RR EBBR S T A8 Fa bt i-da 1BV Rd OBt hod
according to claim1l, which further conprises that - at |east one first
moiety is introduced which effects targeting of the nodified nolecule to an
antigenAErgééﬁtPﬁga@@PFe@ApéFoﬁrtéeHﬁPVNﬁhogV?ePrﬁﬁéﬂﬁranentiQn~iS' 2t ~~
59 - AU pheaal ANenseeoRd R Sl iimuhatiaduaad (¥hluG St LEULALES chthe i mmune
system and/ or at least ono third nmoiety 1s introduc whi'ch optim ses
, pr esentatten aot igea modicfrided GOFoBtpdhypeptindectiset he mubcleugeosyst em 3.
The nethog acggrdin%fto claim 2, whg%eLn.the modi fication.includes
i nt rodu&fitsn &8s PEE TGFEGSs "oy ClovRIEEAEIBE REFoMa LMERP ek dioRg 1o
sui t abl ecchesi aaldigrieups e iGhE- & f0GDT-3ybSaguenge prbeiaghg abikheker ei gn
Ta epitope and/or of the first 10 and/or of the second and/or of the third
noi ety. WA1CPhEawst RO RECTLPUSG ¥t Hechaidhsslesed, iph&hei arthe
nodi fi cati on~i ncl udes am ne acid substitution and/or deletion and/or
insertion and/or addition. 5. The nethod according to claim9, wherein the
nodi 0 cati as belieswld shiat tthe prooMifsiedn GOF-& fwodiecnlpsl Ypeptisded 6. The
nmet hod ﬁgcondin% to claim4 ar % wherein i,n roductigg of the amno acid
subst i t 0FF6A afdFor "IEME"Sn & P&H5i %8 £t 8RTandPsr TRGdRECER Mediits in a
( Subst anpbalt aprepartatdfonhef inkenedemnalleraihisaty st coetgr anafi oge~B. 20 7.
"The nmethod according to any one of clains .1-6) wherein the nodification
i ncl ude¥hdghl itGatiedr ver &t dmeasy agi&adDEPE—B- yberedpi igpd ndr@yced a
| Nt T odugliar;oh (3 RARkEA %asThe TPLRAAG 13CEARY D0wl.0130 1808 Of cglal M8 2 7,
wherein the goreign Tr epitope is imunodvm nant 1n the ani mal. 9. The
nmet hbd acdowrdi mwg tho téey aomrd cgfuec liaidvged- $roduertdion bife aharidiogileba re-

i tope.i g .prom _such . tural,. =0 C.T 20® 60 ni
TE cptt B 40 ha s cPaN i E AR W G e fPFAR SaduEReEToR0. mho

met hod @eedrdiabg yit,0 telain®@tdr VT ek ddlifalcuralonTdoaFotrare Wit hs ehect ed
froma Tetanus toxoid epitope such as P2 5 or P30, a diphtheria toxoid

epi t ope FYRE S B G4 WAt e MEGICHI OIS AOONEL BPED &i@cdSpirPararieasum Cs
epi t opaembbd i fae tEedI0d HaC GRITHIRY Jf0 Y 19R@nefi ol ahids 2siQg WaengiRd he
first noiety is a substantially specific binding partner for a H I ynphocyte
spect®i &DSudf.adlenaeti gavy ol sfcdiosarrcARCespa tEQ diefried ns pefrded ndmigi gen, such
as a hapt r o r for. Vi reds receptor._on the
8-Iynph§%§$gqua€%§r%P%% §%%ﬁes are fgléQy%t for h'e purpose” o e

scribing the GDF-8 analogues of the invention, and any such

(:z disclosures apply mutatis mutandis to the description of these

analogues.

25
It should be noted that preferred modified GDF-8 molecules
-comprise modifications which results in a polypeptide having a
sequence identity of at least 70% with GDF-8 or with a subse-
quence thereof of at least 10 amino acids in length. Higher

30 sequence identitles 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 — Ngir) *100/Nyer,
wherein Ng;r is the total number of non-identical residues in

the two sequences when aligned and wherein Nyer is the number



as mannan or mannose. 12, The net hod according to any one of claims éTléy
wherein the second noiety is selected froma cytokine, a hornnne,“ag + 1603
heart - shock protein. 13. fhe nethod according to claim 12, wherein the
cytokine is selected from or is an effective part of, interferon y (IFNY),
FIt3L, interieukin 1 (I1L-1), interieukin 23(IL-2), interleukin 4 (1h,9),
interleukin 6 .(JL-6)., interi i 2 (z=-12), 20 interleukin 13 (rL-13),

i nt er| edki ﬁefg((jﬁléf. -lfﬁ)%%ear?(f Scﬁlia%m%eo uft ec-er?ﬁcang Caege tt(k:]oel ODW SEMRS ng
factor (GVCERAC, wANd whereiad ddpidient -islkock tpr eifei7t e wisel ecledd+ om t he
group consisting of H9p70, HSP90, H3C70, GRP94, and calreticulin (CRT), ox
an, eff&E\E 6&9%1 éfé@k#;ﬁ5aﬂﬂ Me&8tet hod according to any one of
clainms 213, wherein the third noiety is of |ipid nature, such as a

pai mtoyl group, a nyristyl group, a farnesyl group, a geranyl -geranyl

gr oup? &FhePilngiseHdon addaraytaiyls diglopmmdsdd ignsupiseful 4nq e@excZt-J~D 61
15. The t acc i ny: f.th receding .cl ai ns, wherein'the
GDF- 8 sﬁﬁgﬁﬁgﬁﬁh%g?*ﬂﬁgqﬁiﬁ?gféﬁﬁﬁﬁﬁﬁé”b.zi é%?vgﬁmgﬁg%%ﬁ€§QE4§ M nal
active frerlatefs EoF-a8, isutinhcas s segipeice ioh avapadud ndelany eehnfurdygea

bovi ne, porcine, human, chicken, sheep, or turkey GQF-8 pal ypepti,de. 16.
The net AdFaddcordiiff Hy < I3RMNE 9 \h&GREi 8 Bed vasets dsy | iife 2has been
modi f i ed e substd itriti NG rAta ] 193st, m@r@drasagoqy%%ﬁ%e,ueqn%%@dﬂo- 11
or 12 with at | east one am no acid sequence of equal or different length
whi chOcdittgichs cyeftdregd g tif arepinmyprs 1 ogieradilyy Suiwstdtialitled aatjivvardcish

sequences e.conpsi.sed | si d - 91, 93-48. .49-69, or 79109 in
SEQ ~D %os: %rlol b%re%,t%oer 3 e’I{rTang N 'téﬁlzwéﬁi%éapo ey]pteop airt?d%écélebgg%‘ r?oc?ﬂjiyed by
(ihserti ngptidegastheonsongro gic: iaai o wwethiean et ich reont aihas ra deaartdict K
‘epitope, wherein insertion is perfqrmed anywhere | ositions 1-12) i B-30,
42-51, 832‘?6)1%%1@]13{1 @é%ﬂt@% V@ elza.ndl/%’.rp.rﬂ?et%%o&rhccordi ng
to any onedf Jdwidr acedi noh ol alfsne helrridt e st atian 40 dihe ddmune
systemis effected by having,at |east two copies of the GDF-8 pol ypepti de,
t he $bbdegdance atheradofragyl w hec g ifrige d- IEDR- P datpardptdede wiovadl dyatdey of
non-coval ently |inked. t. i.er ecul e .c | e of effecti
pr esent gﬁeonn Cg,(;efscrrru e|dpllen g:%oognﬁgé;dto oﬂlﬁc}eneﬁncbogjgﬁq@ernﬁtlsnfn ,t.helérfe Oed rroe% hod
accor di nthd drarshtonen of the preceding clains, wherein an effective anount
of the GDF-8 polypeptide yr the GDF-8 anal ogue is adm nistered to the
animal via a route selected fromthe parenteral route ouch a-s the

~. ntr adefy@l inddie: SUbderddl se theed Nid agutaneisyertine sl anegtssoand the
intramuscul ar routes; the peritoneal route;, the oral route: the buccal
rout 80 tihel siuH i aiyudinyk @I icHel e iad i voreunthe S @ flFthwE1ehe anal
route; and. theed | al 4 I oyt Tt do? furthed | cdm B 1 The, et hod
according to c larégné%g[,; 'erseei{ nt empe?‘sflecltﬂtl? ve uarm)unt cismpbet V\erjrggn ao&%‘ pg and
2, 000 pgnadfethiec 30y ~hgpol yppeps I olpl ca hiey sabsaepnice dilerestf and Ade aral ogue
t hereof. 20. The nethod accordi to claim18 or 19, whi includes at 5
(eas o i U T T S (RS- P b G e Db Yroar

uch as @ind east Zhét k®@asd, Schid peastod, tid 1St fion atsh@drdeasérd?2
adm ni strations par year, 21. The nethod according to any one o clains

18- 265 \iRiekat FrRheo EIREL pbt Y JEdt e, S 11N StbbbguEh TR R et the nodi
10 fied{dls8, pﬂwp&%i@é SPtA@NH Ay bascheare for mlatech W ids ais ac-
pha~x~naceut ~. cal 'y and i munalogi aal Iy acceptable carrier and/or vehicle
and has deedifglyndmt binev whtarwhal uvantbedn chifees$¢d aaleave rezdn nge of
autotol efance to_autoantjgena, spch as.an.adj uv. elected fr e group
consi st i ngF o ant? rr%%]ﬁ%ui%’l B Cégtrp?\(gl%h?%v%ljr#s@r%o?%%% éln%%u?gﬁag

adj uvantysaichn ash@ 1@xéht ide Cyé okbder andtite NYcabact il gt i sleroFatbwes. an oi |
formul ations a polyner; a mcelle form ng adjuvant; a saponinl an

i muR@stimul ating conplex matrix (an | SCOM matrix)] a par ticle~ DDA

al um ni ' L E-%@ a6k Sted-hOubL81n@dNdo 20e Ao EHCAPELL REL RS
adjuvan#fgggég¥g§ ée% od accgyg?%g ?o any onen%f cla?ns 19-21, wherein the
CDF- 8 polypepei det or Langévgpel ysepbhdeas nede i moxmylly uptepynph PpdecgveN)
devi ce. of recombinant gene technology including introduction of a nu-

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



23. The nthod according to any one of clains 1-17, wherein 25 presentation
of nodified GDF-8 to the imune systemis ef fected by introducilng Odiuci2eix
acid(a) encoding the nodified GF-8 into the animal s cells and thereby
obtaining .fn vivo expression by the cells of the nucleic acids)

i nt roduced. 140C1' ?. 003 63 24. The nethad according to claim 23, wherein

the nuclei.c acidl s? i.ntroduced .is/ are. sel ect.ed .from naked .DNA
BsaTart e Ao

fornulate&%M%%?

.. .DNA
1Sted Y i B or nes,

éﬁ3r§§.Qﬁ ?ﬁﬁﬁ%ﬁﬁ%é’iﬁﬂ%ﬁi

DNA i ncluedatbd n exprigsdistecd OrehddOVAd I iailadied sdueredd recovery of
transfection-facilitating protein or polypeptide, DNA fornmulated with a

targeti

agnt s,

" o rBtRI G DOH AR e’ ODNAT STl st dd width T iei g pi tat i ng
A SR B T oad diSd b iRy il | &y aq%d;j){l azit %ﬁ\%ﬁﬁ chitin

or chitosan, and DNA fornmulated wth an adjuvant. 10 25.

accor 8i mpdid igdadi imR3 org 245e fhlatigig athalaniciadiizaddiads are adni ni st ered
intraarterially, intravenously, or by the routes defined in claim18. 26.
The net hod according to claim?24 or 25, whexein the nucleic acid(sf is/are
cont ai neshdrtexr \Adp ek € ea wandd 109 f er et yorpie pataat ey askadef idredHa ved ai-m 21.
27) The met hod according to any one of clains 24-26, which includes at

| east orf@ Wi MR AYTH A TP FuQeild HHitPhFere wept ides iomtdesis | eant

2, at, | agsledbr Alrd &AM duvdicd £ thydnbdndieA] ri AU gldons per

year 20 28. 1~ nethod for increasing the musc

nmet héd

any one
i ncreas

s og an animal’, t
colriplre sity wovaketeied atd N IGDR-¢dt ipa typegdcicted rgnd rdieimet hod of
ains 1-27 to h an exteq% such that, the scle nass | s

f |
& ANT LU A COMRES AL o it hred X ST i ek i 15 Gttt COF- 8

(attivityghsypteasmuatideasti &b 8, pddpa2d, t12d, 163y dhstdhctand Wasyn29.
A~CGDf - 8 anal ogue which is derived froman ani mal GDF-B pol ypbpti de wherein

ieintr

Y S fi cation as defined in any one o.t clainms 1-17. ~ 40

C T 2D03 64 30. An inmunognic cvrnpoaition conprising an inmunogenically
effective anount o! an GDF~B anal ogue according to claim 29, the

conpd$i tNwnl i tawird comgnenithy angherrmutdfcdiiey amerftmaninol ogi cal |y
acceptabl e carrier and/or vehicle and optionally 5 an adjuvant. 31. An

i mrunogeni ¢ conposition according to claim 30, wherein the adjuvant is

sel ect edr f rvoim X hee gimbipe €0ISE St £ g ofhd b @el Whadd ISo Afr € At tNdd 1 Bed A
nucleic acid frqgnent whi ch encodes a CGDF-8 anal ogue 10 according to claim

29. 33.

GOReR (RATYRER A GRS t TR MR IRFIPHI Y 1Y A AC RPN ¢l ai m 32,

SUCh aS JeYECLOEN KSR SO AL ONOPTBHSa AL # CaHldiPlba B4 yritiee YOS TOF

according to claim33 which is sel'ected fromthe group consisting of a
pl aaRd, semhfehe sl osthel, lat tehi tus vt onte Rk @lad kystelevant

25

30

when the modification consists in coupling to protein carriers

 {such as KLH, diphtheria toxoid, tetanus toxoid, and BSA) and

non-proteinaceous molecules such as carbohydrate polymers and
of course also when the modification comprises addition of
side chains or side groups to a GDF-8 polypeptide-derived pep-

tide chain.

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



35. The vector according to claim33 or 34, conprising, ~in the § (8T 2003
direction and in operable |inkage, a pronoter for drin~, ng~expression of
the nucleic acid fragnent according to claim32, optionally a nucleic acid
sequence encoding a | eader 20 peptide enabling secretion of or integration
into the nmenbrane of the pol ypeptide fragasnt, the nucleic acid fragnment

accordi t.o _claim 32, and _qptdonal,ly a i natar. 36. -the vector
accor di r%glstlgnaﬁ%rorpr?gfofordl é)lr%s < f%ﬂ’éy\ﬁniG(tg%f_@V\ﬁ%ﬁlivﬁtd?(%’&é'&?ﬁtﬁtdﬁ a host
cel |, i siheireher heapalslet: ditheiduge2b a Foegliatned -de 1hediesipcely meaneme~or
which is naot capable of being integrated in the host cell genone. 1 4
od ' i' od i3segtirn ARE ARG idd i dit S fed abily my3Siegn s3® fnsarp sddaimdant
on cl ai m; el iyt -0 ri r ' i .a r ic.cell or
i ves G e e o SUeais ST o (e e g
t he vecttdonofareny idhe roDNY aiutRNA3Fr3gmesuich as a transforned cell which
~, S capable o! replicating the nucleic acid fragnment according to claim 32.
39. The transforned cell according to claim38, which is a mcro-organi sm
sel ect edher eMIcA 1ac taeyiidiMr st tas o haet envemtafont ha 19emes rEsaRedchi a
(preferably E. coli), eac.illus, Sa3npae.l.ta~, or Mycobacterium
(pr ef er 3BISE T o A-p SHSGE S IRFCEEc ttéy iform &dlanidgc Rragxmres@iion BCG), a
yeast, & Q7 QahrAnA 3R |nu($qréi\€:e(%éiroo@r% lntt'ngJfl hRr ig{y%%rﬂ'%rﬁ';
selected froma fungus,” an insect cell such as an SZ or an ceJ1, a pl ant
cel i 16 asmdha neaedalvieatars lare4@l stheamntanst dheed nseint impcofsitag 1tso ¢l ai m 38
ox 39, which expresses the nucleic acid.fragnent according t.o claim 32,
such as & tTanst G Sncgl(? ézeCﬁSt\lﬁﬁccﬁ‘}oéle(?&le% S5 VELT s °£ t|ht%s HEFECER t he
( COF~B andllgie aueoidisi@l e Joitexd9.ofkrabhe Jridio¢eaaeoNdGila-any one
of clai.ms 1-~17, wherein presentation to the inmune systemis effected by
adni ni stP&9eRg SPsh e at HoFe MECHATS G838 g SRPERGM I iAruPUARASE i@ arrying a
nucl ei ¢ +agy i § GDE y i de or
el ogus 5 S g T A oL ahera T Fhadiieds o
non- ¥pr mligist, poxividhreomassimess v atigius,a britx ed sor natkerdeiDNA hhich is
m cro: - QU aniesmri S S%Fﬁq:cgaer iiuemtg_uchlnascetr %i%a%teﬁr isurP defined i n cl.aira 39.
1 4 OCT 60~ 88643 e et hod accor di ng to any c]1 ai'm 41 of"4Z, AHerein the
non- pat hegenirc. IArerferategtnilsmiorg \Ardl S xp cadilion steerted sarg hrgligtdnre to
the animal. 44.; A conposition fox inducin%:production of antibodies 5
agai nst "GO §rq K& Q% 1B VIS 07 1 @ Tirdreitd ed@hy /rddeo
accor di g g0 AR A AECHHe ATl R 1A W LRE AxHA B B337,
and -' a pharmaceutically and i munol ogically acceptable carrier and/or
vehi éP e hdisdy-drevad) tnaRdti.calg a5 £oth & whmfstisinti o cadaxsr-di ng to cl ai m 49,
wherein the nucleic acid:fragnment is fornul ated according to claim 24 or
26: 46. A stable cell line which carries the vector according to any one o
cl ai s I3 Geareck adhicoit lexpr esSes vdre arucd feitth eadindr efrrtagime ntongocicred rnohe o
claim 32, and Wiich optionally secretes 15 or carries the GDF-8_anal ogue
@hcormlﬁ?%%?WﬂQﬁrﬁ%ﬂiqﬁ?qt¥P the 5'—>3' direction and in operable

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

into a host cell is integrated in the host cell genome. In



surface. 97. A method for the preparation of the cell according ho, P o,g&
of claims 39 ,90, the nmethod conprising transformng a host eell ~W|th" t
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promlse 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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Tove () SR Wi e o s 30 S
1&! 109%& oty o L0 1) umwmde)c-umm%&i (Dhe@nOst& The vector

X mb CO&L0%4E: 10 10 10& "109%&' ().-.9! 10%&' () -&510 3349$109%& +
Do NTHORE U5, AU () SSRIGE TS R (3F o e T O (
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Y10% & (g e ol Q8 @ ZHOAL H1)rd LOL QIR 3 ot a species
}[9uVAl I Y2#10% (& () -1 YS, $10% (& -8 & 10%{(& E Asg100% (J) 9" 7" 10% & (
)-9L!" ! UG (©-9M ,aBdfi8MIOU&' ) ~, U0(7) . 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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& 10%< &nilO%K&'() goY" 109%&' () -F 10%K&'(§ &3109%<& () -! Y@10%KM& () -
|6 w agalﬂy or be modlfled to contain, promoters which can be used

e R e el RS S S ) T O
109%& ()-f) 10%& ()-Z# """ """ "pCl | Ys109%& ()-& 10%& ()- 10< 10<

10<3=MLOY%&" () - M3: NHO%K&'g) M&l 7#1 %K&'g) T " &Hc#it. $$"<bCl
I'vM fb%66963 fompte§f0%g )compon YO%& in recomblnant DNA con-

& 0%&'@krh%@%@n(hhc&h@@%@hé)B$%%@%£&§se}HEQQHCllllnasei and lactose
FL!: $10%& ()-!FL!: $10%&' ()-9&10%& ()-!F: $10% ()-f& Z"10% ()-!qg*M 10%+&
()- 'K'prﬂ@p@pp<b&st9mﬁ 'E@%&g(ﬁilaﬂM,10QE8()ItﬁkyNB1@%)Nﬂ 1977;

M&' () 109%& ( 9 F1QC &4" ) *rex*aSE7l 10 1
10! F: &1§&§M%f9 %& %4§Y7 ? &i? %$%§hg% %%%% promcter sysgem
10%& () -(@bebawul (e)t g'1/.% 011979+ +aBSEZD DB& 776) . While these are the

igg Ig%o%;"%g%%%n() GiT#lOW ﬁr(%l%%B g&p&%mg%%ggoﬁage been dis-
10%X ( holorrd’ %%‘%@@c%lﬁ)m\éla\/' HAYO k12 50U el n!i nél @ K8 PR ORukh ebinel 0%0QK
0= ,sequences have been published, enabling a skilled worker to
ligate them functionally with plasmid vectors (Siebwenlist et
al., 1980). Certain genes from prokaryotes may be expressed
15 efficiently in E. coli from their own promoter sequences, pre-

cluding the need for addition of another promoter by artifi-

cial means.

In addition to prokaryotes, eukaryotic microbes, such as yeast

20 cultures may also be used, and here the promoter should be ca- -
pable of driving expression. Saccharomyces cerevisiae, or com-
mon baker's yeast 1s the most commonly used among eukaryotic

( ? micro-organisms, although a number of other strains are com-
monly available. For expression in Saccharomyces, the plasmid

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

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

absence of tryptophan.
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10>|ng g%%égfhﬁ%xoklnase, pyruvate decarboxylase, phosphofructo-
kinase, glucose-6-phosphate isomerase, 3-phosphoglycerate mu-
tase, pyruvate kinase, triosephosphate isomerase, phosphoglu-
cose isomerase, and glucokinase. In.constructing suitable ex-
pression plasmids, the termination sequences associated with
10 these genes are also ligated into the expression vector 3' of

the sequence desired to be expressed to provide polyadenyla-

(" tion of the mRNA and termination.

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

suitable.

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

cially 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' (Fiers et al., 1978). Smaller or larger SV40 fragments may
also be used, provided there is included the approximately 250
bp sequence extending from the HindIII site toward the Bgll
(j} site located in the viral origin of replication. Further, it
is also possible, and often desirable, to utilize promoter or
25 control sequences normally associated with the desired gene
sequence, provided such control sequences are compatible with

the host cell systems.

An origin of replication may be provided either by construc-
30 tion of the vector to include an exogenous origin, such as may
be derived from SV40 or other viral (e.g., Polyoma, Adeno,
V3V, 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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unmodified GDF-8 in an animal species where the unmodified

GDF-8 polypeptide is a self-protein, the method comprising
15
- preparing, by means of peptide synthesis or by genetic
engineering methods, a set of mutually distinct modified
GDF-8 polypeptides wherein amino acids have been added
to, inserted in, deleted from, or substituted into the
20 amino acid sequence of a GDF-8 polypeptide of the animal
species thereby giving rise to amino acid sequences in
the set which comprise T-cell epitopes which are foreign
(:) . to the animal species,
- testing members of the set for their ability to induce
25 production of antibodies by the animal species against
the unmodified GDF-8, and
- isolating the member(s) of the set which significantly
induces antibody production against unmodified GDF-8 in
the animal species.
30
In this context, the “set of mutually distinct modified GDF-8
polypeptides” is a collection of non-identical modified GDF-8
polypeptides which have e.g. been selected on the basis of the

criteria discussed above (e.g. in combination with studies of
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he members and then using these nucleic acid fragments in nu-
cleic acid immunization as described herein so as to determine
whether the expression products are immunogenic. Hence, the
10 test of members of the set can be performed in vivo, but a
number of in vitro tests can be applied which narrow down the

number of modified molecules which will serve the purpose of

the invention.

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

20 1is 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-

(“a cessed it to present its T-cell epitopes. The proliferation of
T-cells is monitored and compared to a suitable control_(e.g.

25 T-cells in culture contacted with APCs which have processed

intact, native GDF-8). Alternatively, proliferation can be
‘measured by determining the concentration of relevant cyto-
kines released by the T-cells in response to their recognition
of foreign T-cells.

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

sition comprising at least one modified GDF-8 polypeptide
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-member (s) of the set which significantly induces production of
5 antibodies in the animal species which are reactive with GDF-8
with a pharmaceutically and immunologically acceptable carrier
and/or vehicle and/or diluent and/or excipient, optionally in
combination with atkleast one pharmaceutically and immunologi-
cally acceptable adjuvant.
10
The above aspects of the invention are conveniently carried
(“} out by initially preparing a number of mutually distinct nu-
N cleic acid sequences or vectors of the invention, inserting
these into appropriate expression vectors, transforming suit-
15 able host cells with the vectors, and expressing the nucleic
acid sequences of the invention. These steps can be followed
;by isolation of the expression products. It 1is preferred that
the nucleic acid sequences and/or vectors are prepared by
methods comprising exercise of a molecular amplification tech-

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

(:) PREAMBLE TO EXAMPLES

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

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

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

GDF-8 AutoVac constructs are E. coli, the yeast P. pastoris
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The rationale behind the present invention is to substitute

10 stretches of amino acid residues in the target protein with
foreign or artificial T-cell epitopes e.g. the promiscuous
A 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-8, the homodimer of which is expected to be
the bioclogically active form of GDF-8. The three-dimensional
structure of this region of GDF-8 is not known but based on
20 the structure of the homologous TGF-P protein the model of
"monomeric GDF-8 shown in Fig. 2 can be anticipated to be rea-
sonably close to reality. In this model of the wild type GDF-8
(:) (wt) oa-helices are shown as cylinders and B-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 reéidue 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
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) $10%&' ( ptAtuted by P2.

GDF~-8 P2-2 (SEQ ID NO: 16) is the 109 amino acid residue C-

terminal region of GDF-8 with amino acid residues 52-66 sub-

stituted by P2.

GDF~-8 P2-3 (SEQ ID NO: 17) is the 109 amino acid residue C-

terminal region of GDF-8 with amino acid residues 83-97 sub-

stituted by P2.

GDF-8 P30-1 (SEQ ID NO: 18) is the 109 amino acid residue C-

terminal region of GDF-8 with amino acid residues 21-41 sub-

stituted by P30.

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-

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-

stituted by P30.

GDF~B 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 epiltopes.

In other words the molecule

10
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()- 10

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 —

Serl2d).

20
EXAMPLE 2

(i} In vitro models

25 It is contemplated to initially immunise mice with purified
GDF-8 variants as described above. After e.qg. 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 AutovVac™

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

the present technology, since the fundamental immunological
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In vivo models

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 order to respond to the vaccine.
Freund’s Complete adjuvant will be used, but experiments
will also be performed using an alum adjuvant such as
Adjuphos™, which has previously been used successfully in
admixture with TNFa autovaccine constructs. Adjuphos™ is
accepted for both human and animal use. During the entire
immunisation period the total body weight of GDF;B
immunised as well as control animals will be monitored
regularly. When the mice are approximately 16 weeks of ége,
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
immune competent but still not fully outgrown, it may be
difficult to demonstrate an effect of anti-GDF-8
vaccination in these animals. If that proves to be the
case, it is contemplated to alternatively immunise rats or

larger animals such as pigs, cattle, etc.

The .modified GDF-8 molecule, which superiorly increases the
growth rate of the animals and/or superiorly increases the

maximum muscle size, is selected for clinical development.
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one modification in the GDF-8 amino acid Sequence which has as
results that

- immunizat;on of the animal with the analogue induces pro=-
duction of antibodies against the GDP-§ polypeptide, and

- é substantial fraction of GDF-8 B-cell epltopes are

preserved, and

- & foreign T helper epltope (T, epitope) is introduced
corresponding to any one of residues 18-41, 49-69, or 79~
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,
poxcine, chicken or turkey, or a foreign Ty epitope is
inSerted or substituted into any one of the loop areas or
the flexible termini in the GDF-8 polypeptide,

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

- at least one first moiety is introduced which sffacts
targating of the modified molecule to an antigen presen-
ting cell (APC) or a B~lymphocyte, and/or
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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 polypeptida.

6. The method aceording to claim 4 or 5, wherein 1ntioduction
of the amino acid substitution and/or deletion and/or inser-

tion ‘and/or addition results in a substantial preservation of
the ovarall tertiary structurs of GDF-8.

20 7. Th§ method according to any one of ¢laims 1-6, wherein the
modification includes duplication of at least one GDF-8 B-cell
epitopa and/or introduction of a hapten.

8. The method according to any one of claims 2-7, wherain the
foreign Ty epitope is immunodominant in the animal.

25 9. The method according to any one of claims 2-8, wherein the
foreign Ty epitope is promiscuous, such as a natural pro-
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{1{{{uvr/ for a B-lymphocyte specific surface antigen or for an APC spe-
10 cifi& surface antigen, such as a hapten or a carbohydrate for
which there is a receptor on the B-lymphocyte or the APC, such

as mannan or mannose.

12. The method according to any one of claims 2-11, wharein
the second moiety is selected from a cytokine, a hormone, and
15 a heat-shock protein,

13. The method according to claim 12, wherein the cytokine is
selected from, or is an effective part of, interferon Y (IFN-
v}, F1t3L, interleukin 1 (IL-1), interleukin 2 (IL-2), inter-
leukin 4 (IL~4), interleukin 6 (TL~6), interleukin 12 (II~12),
20 interleukin 13 (IL-13), interleukin 15 (IL-15), and granulo-
¢yte-macrophage colony stimulating factor (GM-CSF), and
where&n the heat-shock protein is selected from the group con-

gisting of HSP70, HSP90, HSC70, GRP94, and calreticulin (CRT),
or an, effective part thereof.

25 14. The method according to any one of claims 2-13, wherein
the third moiety is of lipid nature, such as a palmitoyl
group; a myristyl group, a farnesyl group, a geranyl-geranyl
group, a GPI~anchor, and an N-acyl qiglyceride group,
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10b@9610%0&' (He DR3BS o) subsequence or the GDF-8 analogue is derived
from the C-terminal, active form of GDF-8, such as subsequence
or analogue derived from a bovine, porcine, human, chicken,
sheeﬁ, or turkey GDF-8 polypeptids.

16. The method according to claim 15, wherein the GDF-8 poly-
peptide has been modified by substituting at least one amino
acid.sequenca in SEQ ID NO: 11 or 12 with at least one amino
acid sequence of equal or different length which contains a
foreign Ty epitope, wherein substituted amino acid sequences
are comprised in residues 1-12, 18-41, 43-48, 49-69, or 79~104
in SEQ ID NO: 11 or 12, or wherein the GDF-8 polypeptida has
been modified by inserting at least one amino acid sequenca
which contains a foreign Ty epitope, wherein insertion is
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-
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, ?he method according to any one of the preceding claims,
wherein an effactive amount of the GDF~§ polypeptide or the
GDF~-8 analogue is administered to the animal via a route se-
lectéd from the parenteral route such as the intradermal, the
subdérmal, the intracutaneous, the subcutaneous, and the in-
tramuscular routes; the peritoneal route; the oral route: the
buccal rxoute; the sublinqual route; the epidural route: the
spinal route; the anal route; and the intracranial route.
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20. The method according to claim 18 or 19, which includes at

5 least one administration of the GDF-8 polypeptide or analogue
per year, such as at least 2, at least 3, at least 4, at least
6, and at least 12 administrations per year,

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

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

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 thezeby obtaining in vivo
expression by the cells of the nucleic acid(s) introduced.
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24. The method according to claim 23, wherain the nucleic
acld(s) introduced is/are selected from naked DNA, DNA formu-
lated with charged or uncharged lipids, DNA formulated in li-
posomes, DNA included in a viral vector, DNA formulated with a
5 transfection-facilitating protein or polypeptide, DNA formu-

lated with a targeting protain ox polypeptide, DNA formulated
with:Calcium precipitating agents, DNA coupled to an inert
carrier molecule, DNA formulated with chitin or chitosan, and
DNA formulated with an adjuvant.

10 25. The method according to claim 23 ox 24, wherein the nu-
cleic aclds are administered intraarterially, intravenously,
or by the routes defined in ¢laim 18.

26, fhe method according to claim 24 or 25, wherein the nu-
cleic acid(s) is/are contained in a VLN device and/or are for-
15 mulated as defined in claim 21,

27. The mathod according to any one of claims 24-26, which in-
cludes at least one administration of the nucleic acids per
year, such as at least 2, at least 3, at least 4, at least 6,
and at least 12 administrations per year

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

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

23. A GDF-8 analogue which is derived from an animal GDF-8
polypeptide wherein is introduced a modification as defined in
any one of claims 1-17.
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31. An immunogenic composition according to claim 30, wherxein
the adjuvant is selected from the group consisting of the
adjuvants of claim 21,

32. A nucleic acid fragment which encodes a GDF-8 analogue
10 according to claim 29,

33. A vector carrying the nucleic acid fragment according to
¢laim 32, such as a vector capable of autonomous replication.

34, The vector according to ¢laim 33 which is sslected from
the group consisting of a plasmid, a phage, a cosmid, a mini-
15 chromosome, and a virus.

35. The vector according to claim 33 or 34, camprising, in the
3'-»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 sequence encoding a leader

20 peptida enabling secretion of or integration into the membrane
of tﬁe polypeptide fragment, the nucleic acid fragment accor-
ding to claim 32, and opticnally 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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37. The vector according to claim 35 or 36 when dependent on
claim 35, wherein the promoter drives expression in a
eukaryotic cell or drives expression in a prokaryotic cell.

33. A transformed cell carrying the vector of any cne of
claims 33~37, such as a transformed cell which is capable of
replicating the nucleic acid fragment according to claim 32.

39. The transformed cell according to claim 38, which is a mi-
cro~organism selected from a bacterium, such as a bacterium of
the génus Escherichia (preferably E. coli), Bacillus, Salmo-
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 multicellular organism selected from a
fungus, an insect cell such as an 5; or an SF cell, a plant
cell, and a mammalian cell.

40. The transformed cell according to claim 38 or 39, which
expreéses the nucleic acid fragment according to claim 32,
such ;s a transformed cell which secrates or carries on its
surface, the GDF-8 analogue according to claim 29,

41. The method according to any one of claims 1-17, wherein
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
non~virulent pox virus such as a vaccinia virus or wherein the

micro?organism'is a bacterium such as the bacterium defined in
claim 39,
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43. The method according to any claim 41 or 42, wherein the
non~pathogenic micro-organism or virus is administered one
single time to the animal.

44, A composition for inducing production of antibodies
against GDF-8, the composition comprising

-’ a nucleic acid fragment according to claim 32 or a vector
" according to any one of c¢laims 33-37, and

- ' a pharmaceutically and immunologically acceptable carrier
 and/ox vehicle and/or adjuvant.

45. The compoaition according to claim 44, wherein the nucleic
acid fragment is formulated according to claim 24 or 26.

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

47. A method for the preparation of the cell according to any
one of claims 38~40, the method comprising transforming a host
cell with the nucleic acid fragment according to claim 32 or
with' the vector according to any one of claims 33-37.
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