WO 2011/ 040823PCT/ NZ2010/ 000191 1 SYNTHETI C MYCSTATI N PEPTI DE ANTAGONI STS
FI ELD OF THE | NVENTI ON The present invention relates to synthetic peptides
havi ng nywetati/mogat agoni st activity and their use in treTiINZRetBOM1 Of
nyostatin related disorders. 5 BACKGROUND Myostatin antagoni st peptides are
known in the art and are usually produced by reconbi nant techni ques.
However, Tecombi nant miNiadeniEinRIsTRTINSERTRE MiPABDNISHS Sequences whi ch
can be difficult to renove and therefore remaln on e biologically active
nol ecule. It is not known if these tag sequences interfere with the

bi ol ogi ®EILAx ORTHE INNENTOIONon, reconbi nant techni ques are 10 usually
carried out in bacteria, such as E. coli, which may result in bacterial

post -translational nodifications that affect the bjological activi of
the recdmBiPAEAR HEINEERIEAEhioRY PFRECS PR BEATRORY o eather
reconbi nant, (RERLIALS: SRy RLEA (MALY dishrdbRei r three di mensional structure as
it is not possible to control the formation of cysteine-cysteine disulfide
bonds in such bacterial systens. This |eads to inconsistencies in the
product iBHCRERMNENI e reconbi nantly 15 produced peptide with resul tant
variation in biological activity. For these reasons 'it would be desirable
to use i - Har TIWAN o st.at i - i S-S re
the. pr ot e e e LR TRBORR Bl Sl Pk
post - t r arbhgeorddweredirddoodinapnmethddvelter inclotihdre yse obiagequanics evhiiht dantbhe
use -of tide synthesizers. Peptides with nultiple .cysteine, nethionine,
o i i ndTBRHC SHPSE AT HRedrmueRay & Bl pBS R s a kA alEn ¢
they camhdie tagleqessdsihttifers YWithh@s bikshicaBA@vef. t @mduiisa) kbbbt tdiptoie

i mpossi ble to use in_vivo. Beside synthesis problens, there are also other
post -1y newndE icartigd ik £n Positers Putk 2k FRiiMEGaRh Aesple dbbarrs il fosciratsEgomlt h
peptPde§mx§MﬂEB£§H£€9HQ§RBé@ﬁ§¥&ﬁ?aH§%§kk%héX&Bﬁﬂh&é@qmdéﬂﬂa§JP%£Qnﬁ§m§ dry
powder at -20C to -70C. Even in these conditions, peptides can ‘degrade,
especi alsysyerey shasienellic pradared ryopepiindpeptides cim akddiati on thepepré¢eddneanbignalhave
mul ti pl es‘trgélsrteemis N8s BgtSi (éh'f R t(\)Ni éAUOl?%yee orrrrlr'lulltgcjnplfec rs(%ggg—%trs f!' Vf! éiisuiéxd io\gdggl ! icge to
a mxture o blolog|é§1Ty acti?Ve and “non-active pep¥|d%s. e prodhction
of synt ettedal peqérhde Thissleakpenatmiseteofd er @olyctvaryf dahine apaniiisanly e

synt hesi zed, synt hesi ze ept.ide c ri.sing a mxture of connectivities,
may PH&ﬂﬁ??E%”Qe§’ Fﬁﬁﬂ@ﬁﬁmﬁﬂﬁﬁdP%g$%¥ﬁ mgf¥YVe formto be biologically
active. WO 2011/040823PCT/ NZ2010/ 000191 2 synt hesi.zing biologically active
pept i degior B MBIsonAE WBNE IRNEHiANOVE usd SGRRRIcNARhoRE P datheaibifig MBfostadaal

as the presence of tag sequences and/or mcrobial post-translational

nodi f i c&niagprEsthrigcredbapradegifraeiocdeanupiigss Yish phsedegwinspneiacisfal post-
nmyost at i L3S, f Lnica he.. i tahni 1 he
B e o S R R L
pept i de Pepydenotitthenvdigtle vpstane, frdthipnmet argminefamie agptbhleanefaardgesexie sdiffichilprto

"cleap" syntheti e t'ﬂps that are hiologically active. rdingly, it is
an obect B RER A T i ol BTG e afhbhFC mefbRiA sthrors
ant agoniigpoRibld 6l dsy if Gif-ol MBRsitlé SRR preledly, AbdrahienliLdbitrt €pbstbERlddR 28 duct
and/or to provide the public with a useful choice. 10 SUMWARY OF THE
| NVENTI Enmaen gpe gedificpigperioblsrspgsogirted ct@Pepdsiovel synt hetic peptides
having nyostatin antagonist activity. In a first embodinent, the present
i nvent i @Pn@EMEIGRDds SYOLly IGofaREA dad RRYING arm?%%epapamo@g@ NY®L. atlehVi ty
havi ng anh am no acid sequence corresponding to at | east¥ five contiguous -
am no acdh tesofonditiens,Peptidey 681 degrdepepedidis cpfeSEQNINDPIRtdsher ei n t he
synthetic peptide _ ‘
25 In addition, peptides that ha\_ré multiple cysteine residues will have multiple connectivities giving
rise to a mixture of biologically active and non-active peptudes. As the production of synthetic
peptides is expensive and often only very small amounts are synthesized, a synthesized peptideb
cdmprising a mixture of connectivities, may not comprise a sufficient amount of the active form

to be biologically active.

30 Myostatin peptides comprise multiple cysteine residues and so present numerous difficulues n



15 conprises at |east two cysteine residues at positions 281 and 282 which
are forced, to bond and forma disul fide bond, or a functional variant or
fragnment wbeovaft0828r ef er abl y, the synthetic peptide of Prhe/NmuBrvION
conprises at least ten, at least fifteen, at |east nenty, at |east twenty
five, at least thirty, at least thirty five, at least forty, at forty five,
at | east sYithesyingghiologigally acfive petidge, Hopventr, pemspuaied tlpors mtqogtiiet Rpyss
aci ds of , 30 ik NR the pggefgeeéﬁagpéqxen&bm PlELbGAI PERIAG, Rl REdiFEMRAL T On

conprises an amno acid sequence corresponding to a Ctermnally truncated
mat ur e nyes tpatsim pepPitbgehwdleSEQhE BeN®prignt whervestatin ieagonisey foir ghthictl neneadi on
is at or lbet_\/\ﬁ(-;n‘am' 0.acids 282 apd %35 sai dlzspepti‘de‘corrfFrit?i_ ng at | east
two ‘cyst SI5HOPEDY i 88PHY BB PIT6H S8 FIRHTSEL AR TEPE P R84TSR and
f or m a sdipsdéhutédgeptiandiay @bt Be AdiRE bi AMiRlactw@l i BAtedohekfag R fdrhelee@f syndkudhe
nyostatin am no aci d_sequence of SEQ ID NO 1 conprises the precursor.
myost at i Repsidst Biapam iglegically sctiyfi no aci ds. The active mature C-termi nal
nyostatin protein is cleaved at Arg 266 by the action of furin

endopr ot 83s&dinkhe iPlselLobRd: B¢ LthY & ra¥it BRkhGoP &P Hd8d Oy dh&icPPERRIAS havin
invention theré&fore conprises an am no acid sequence corresponding to a

| east fi vetagomt gy Jomtheiratmind of fyostaposlat¢bdis@@drst andy preto@rogde ther priblial
truncation, positiqgn, of SEQID NO 1. Optionally, the peptide may include a
N WD 26%”1‘/‘6’&6%5%!951:7 NZ2010/ 000191 3 terninal truncation at or between
position 268 to 280. The cysteine residue at am no acid positions 272, 281,
282 and SUMMAREQFDHOINVENEIONteines 1, 2, 3 and 4 respectively.

Addi tional cysteine residues present in the synthetic peptide are nunbered
sequent i ﬂjhlﬁ as would be dUnde(%st(')ord1 bré au.ski | | ed1 wor ker. 5 The present

i nvent i onl "f 8" ARFBHECT B WYHEHEL 12 BEPEF AR WA PH Y S S 888 PRSP E M he
resi dues bonded to forma disulfide bond, wherein the disulfide bond ,
connect i Vi tayfilss ebdbi@ent, CHs tietRes inde@dth phvidERiaSsvadivae gleptidd YiatiSg MDlostatin

t hought to be a natural connectivity and these two cysteine r«%si dues are
.forced fRHINY "&HY‘ﬂ’nga‘f%a%fﬁt‘%éPg FEABDEE Sorresponging @ \AftIFst ifye FOPEHES may

be sel ectigehd £Qu0 58S MU AnFRRShSEdpRde OF S A RO: ACHKESEAHERERNAR peptide
corresponding to a Ctermnally truncated nature ostati n8éept| de wherein

t he Clberninpages af lsntt 4P oristiige asidaes Hpoatiods polsind 7 wiegh apgRrcedgg bopdnnd

286, 287 ’for%q8a8 disuzl§gé bozngd(,) br ; ?u]fl’ctignga%ifarg\gg or {%fgglxlnen? aléreo%g 6, 297, 298,

Preferably, the synthetic peptide of the invention comprises at least ten, at least fifteen, at least
twenty, at least twenty five, at least thirty, at least thirty five, at least forty, at least forty five, at

least fifty, at least ﬁffy five, or at least sixty contiguoué énﬁno acids of SEQ ID NO:1.

20 Preferably, the synthetic peptide of the invention comprises an amino acid sequence
corresponding to a C-terminally truncated mature myostatin peptide of SEQ ID NO: 1, wherein
the C-terminal truncation is at or between amino acids 282 and 335 said peptide comprising at
least two cysteine residues at positions 281 and 282 which are forced to bond and form a

disulfide bond; ot a functional varant or fragment thereof.

25 The myostatin amino acid sequence .of SEQ ID NO: 1 comprises the precursor myostatin
protein having 375 amino acids. The active mature C-terminal myostatin protein is cleaved at

Azg 266 by the action of furin endoprotease.

The preferred active synthetic peptide of the pres'ent invenuon therefore comprises an amino
acid sequence corresponding to at least five contiguous amino acids from position 267 to the C-

- 30 terminal truncation position, of SEQ ID NO:1. Opuonally, the ~pe[§tide may include a N-



299, 300, 301, 302, 303, 304, 305, 306, 307, 308, 309, 310, 311, 312, 313,
314, 315, 316, 317, 318, 319, 320, 321, 322,
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terminal truncation at or between posituon 268 to 280.

The cysteine residue at amino acid positions 272, 281, 282 and 309 of SEQ ID NO: 1 are
cysteines 1, 2, 3 and 4 respectively. Additdonal cysteine residues present in the synthetic peptide
are numbered sequentially as would be understood by a skilled worker. .

5 The present invention is_ directed to synthetic peptides having at least two cysteine residues
bonded to form a disulfide bond, wherein the disulfide bond connectvity is between cysteines 2
and 3. This connectivity is not thought to be a natural connectivity and these two cysteine

residues are forced to bond during the synthesis process.

The synthetic pepfide may be selected from the group cdnsisrjng of an amino acid sequence
10 corresponding .to a C-terminally truncated mature myostatin pepti.de wherein the C—ter_minal
truncation is at amino acid position 282; 283, 284, 285, 286, 287, 288, 289, 290, 291, 202, 293,
294, 295, 296, 297, 298, 299, 300, 301, 302, 303, 304, 305, 306, 307, 308, 309, 310, 311, 312, 313,
314, 315, 316, 317, 318, 319, 320, 321, 322, 323, 324, 325, 326, 327, 328, 329, 330, 331, 332, 333,
334 or 335 of SEQ ID NO:1, or functional variant or fragment thereof.

15 Preferably the synthetic peptide of the invention 1s selected from the gr;)upAc_ons'iéting of an
amino acid sequence corresponding- to a C-terminally truncated mature myostatin pepﬁde,
wherein the C-terminal truncation is at amuno acid position 329, 320, 310, 300, 295, 289, 284 or
282 (SEQ ID NOS: 2-9), or a functonal variant or fragment thereof, or a peptide' having

substantial sequence homology thereto.

20. More preferably the synthetic peptide of the invention is selected from the group consisting of an
amino acid sequence corresponding to a C-terminally truncated mature myostatin peptide,
‘wherein the C-terminal truncation is at. amino acid position 320, 310 or 300 (SEQ ID NOS: 3-5)
o? ba functional v;a-rian_t or fragment-there_of, or avpeptide having substantial sequence homology

thereto.

25 Most preferably, the invention is directed to a synthetic 310 truncated pepﬁde (SEQ 1D NO:4).
This peptide compfises four cysteine residues (cystemnes 1, 2, 3 énd 4 respectively). As the
pePtide‘ of the invention’ has a forced 2-3 ;:ohnecrivity, this preferred synthetic peptide can
comprise 2-3 connectivity only (when the 1 and 4 cysteine residues remain protected) or can

comprise a mixture of 2-3/1-4 connectivities.



323, 324, 325, 326, 327, 328, 329, 330, 331, 332, 333, 334 or 335 of SEQ

I D NO 1, or functional variant or fragnent thereof. 15 Preferably the

synt het i cwpepti/des2ef the i nvention is selected fromthePgTNROWONEISt i ng oOf
an am no acid sequence corresponding #o a Ctermnally truncated mature
nmyostatin peptide, wherein the Gtermnal truncation is at am no acr d

posi t i on©B83T syRgiEtic Prptideagruenys of shg invogmonmapdy desedly oy NOGY PoBPdugs a4
functi Onﬁl\oyt%d aRtagBhisd Iiﬁxgﬁmhm%r\eqﬁmcprbn@dupcermqﬁcm\eg ng ﬁW?é% ) wed
sequence honol ogy fhereto. 20 Nbre: preferably The synthetic peptide of the
i nvent i ohiodstrdaliec toedalf hifrt/ive ogpoulp: deHsosimmgy af sohbilayyiimdudaey gysesyuentce

correspo Ctermnal |y tru cat dmat re nyo tin etlde wherein
the O of MCHBFORr CRCGUTBI Eatoah RGoaar i pddi ron o, B1BTEN 350 ReEhy | b

NOS: . 355 He@hatigntibl NGt Bbe ViddekRddd 181 a sfrmgrmmut her eof, or a peptl de havi ng
substanti al sequence--honol ogy thereto. 25 I\/bst pr ef er abI y, the invention is
di rect ed to a synthetic 310 truncated pepti | D hK)4) Thi s peptlde
conpr i sedDf RIFSCRY LAERHRN b BRsidep Ay sidhatk 1*‘ “Q’CS%’“’%rﬂfPH fibeléﬁé‘lﬁ PYEFYIN  As
the pept holQodist LoGvityNWeRhE QR H@fo Bcki0legBhR-Bre PIRBMI i tYieast ke craﬁ@glﬁﬁlged
synthetic peptrde can conprise 2-3 connectivity only when the 1 and

cyst ei neamewi atide of penatine pyotdotrepiidor! JHQA 180N ils wheremi the gy seeied 1621d8¢>121¢4

connect | V} ! I dhandvp 2011[/ (9%(9%02@'36'_ N%%O:Lg/ co%gcjén\zlit\oﬂ év@gl cs\¥{-I HQQBI '1(1:1dp5ePttl de
sequence8 OFY as vt o :

on may esira

nyost avi po:arﬁﬁragrsmraﬁcﬂ zsﬁ)ybmlgatsedne@tuemed Yad B aﬁ@dcrbreadtymgzmharqadtwﬁu Bdsito@s or
havi ng 1 nprove dlstrlbut half life in vino or on the shelf, or

i mpr oved 8otk |"‘P At POSEPTYT "‘“6%9?:)osyl ation, PEGyl atjon, farnesylation,

acetvl ation, bioti nyI ation, D amno acid substi tution, or organic 5

derivati 28t iR@nties aryw}dihdae fONAEKSthaQd by cam;skrldréleeoﬁr@rslﬁ%rn 1dBEoRY §attic
i nvention al so provides a nethod of synthesizing peptides having

fri yost apFridaref ydAvestion edeticr yith nabprigncaricalh rocRittiecastitfuence -
corresponding to at least five contiguous am no acids of a mature nyostatin

peptide gfe SERNP iNRntidn erﬁb\Qd&hq EX 31 BE & 'lt_gl'geﬁuu@é]@ gQB\QEheCI;ﬂég)oﬁH
it

deprotected to force .a disulfide bond conne-ctivity between cy St'ei nes
and 3 lpandip@eepiys dtffemmlam aaf(pr28@moting  betavgenvtbyst enineslizategmdn anaradlmal

Dot Wt EYShALNESknANA.E  3hg RESK] 00550300, 242 0d Ol PORLICDSia2 T
and 309). Ttheinventon’ provi des Rar maceuti ca

conpri si g akedt@ast P@d’f&qBIyJ'l'tH’iaehieﬂloﬁemh't c]l:e m;fedttbeml:ﬂ&&/sﬁnlﬁmﬂjih hﬂgﬁtd&éfeaw fadn a
har naceuti cal | ceptabl e carrier

P Hepos?ﬁonyan%(/\or Bnprove bone growth in a sheep, cattle, deer, poultr), turkey, pig, horse,

‘mouse, rat, cat, dog or human.

20 The animal may have normal or abnormal levels of myostatin. In animals with normal levels of |
myostatin, treatment with the antagonists of the invention will result in increased muscle mass.
In animals with normal muscle mass, such treatment will result in an increase in muscle mass .and
may be particularly useful in the meat production industry. In animals with reduced muscle m';lss,
~due to muscle damage or trauma, wasting due to bed resr, etc, treatment with the antagonists of

25 the invention will restore the muscle mass to normal. In animals \vith abnormal myostatin levels,
the muscle mass will invariably be reduced and treatment with myostatin antagonists‘ of the’

mvention will restore the muscle mass back towards normal levels:

The invention also provides a method to prevent, treat or reduce the severity of a myostatin
related pathologic condition in a patient, wherein the condition is characterized, at least in part,

30 Dby an abnormal amount, development or metabolic acuvity of muscle or adipose tissue, wherein



The present invention also provides a nethod of regulating nuscle growh,
pronoting 15 adi pogenic differentiation and/or pronoting bone growh or

m ner al i 280i20n1/G64082an ani mal conpri si ng admi ni st eri ng t oPSAINL20m0/00@l91 an
effective anmount of at | east one synthetic peptide of the invention.
Preferably, the nmethod may be used toQ increase nuscle nmass, decrease fat
deposi t i & BEIOgrcomPRps GYBIHHRAN G I T hABOWHeE Bt legsa e arntirsisPepidsaftths
turkey, piGyiddQbSSuriedTR&d hdkos. Cat, dog or human. 20 The animal may have
nor mal or aEnor mal Fevel s of nmyostatin. In animals with normal |evels of
nyostatin, treatment wth the antagonists of the invention will result in
i ncr easedhepstbblograssditipn naayi indhde diseidenorlael tomswkle hvagsropbuahuscleegtopbnt
W | res’lfll(} N lan.'i Icl:r'easeiqi A r!}'tlﬁcilllﬁqﬁqgl§tsc)1 a%dron?tYiepe Ejg‘crutlﬁircéjflsgg)l}xesusegtlcj)l in
the meat “Pr S4UET i OR THAUSERYS 'R dni el s W {h oPediced AUSCl € nelsss™ dug t o
muscl e5daamge dieade,adif@sesWas trthdGreGidenuseuliefhint@sd, , dighges off et paihend trentehe -
antagoni sts of. 25 the invention will restore the nuscle nass to normal, In
ani nal s WVPPRABGREP fHAPSHAR AANPEANS, Dpeirbolif st Pdofss TN | FAnFHy SN be
reduced apgelif eahamay W LRoIAOST alddfs@in@98Mes t Satihe T BdidMENTch QA Widilhire;
restore the muscle mass back towards normal |evels. The invention also
provi desostearetrdrod remal frilevent diserseabvasr fatad e editehee; geguerint gbesfty;adimhetest aed n
rel at ed Q}gg@ﬁ)ggi c condition in a patient, wherein the condition is

char act er °2&d, “at®1 east in part, 30 by an abnormal anount, devel opnment or
met abolic activity .of nmuscle or adi pose tissue, wherein WD

2011/ 04082 3RGHeNARODOHR0D 1:9drhsad gepmtchof tlooiprenses nxdnbaicetepited) tamnother
effective anount. of at | east ocge synt he ig .eptide% of the invenﬁi'on to, a
pati ent PRRAEFUEHEAEEE COPREUPAIHIIBT e BITHPET Sretiray o HéIae i Sorygs &Y
rel ated HQiveMscl %chﬂ@@éﬁlﬁ&ﬂf&’ih AT - €10 20 RRYdi A ks 194 S6d 1 088 bl dgasseatat ed
with inflammatory nvopat hi es, nuscul ar dystrophies, notor 5 neuron v
di seasesabais é’aé}g@e 6Pmbinationsy yrusestAtaranjagarisy Onthe divsadge gappe ipependentdy
peri pher %dl_#@ﬁe\{l%aﬂ %Hf?i&@leﬁsor%%dkﬁ’m&&%&c” ne abnornalities, netabolic
syndrone, H'V, caﬁcer, sarcopeni a, cachexia, inactivity or prolonged
bedrest and other wasting conditions; cardiac failure; osteoporosis;-
renal 1pailhareesont divseame alspi preridesial wrethodr ofdregehgeg rawoleegiowth shheai agimal

di abetes; and.\-vpund healin 10 ot.her al ternative a syntheti

pept 1 de BRI TRYEETEA hEH pamabl Stes e o R e TR ot
active ceanrpoundoh OPRAENE.hd hediobdenapeutstd tefbetde idtedsbd niuatl@etasstalalshedp,

ti ssue by gﬁ(elivenn. g a, second conpound in an effort to treat the di seases
or t her a8t dger; PRAUEA ISR Pig BP%at TaBSH 2t fA% 18LEEUEBRDI nati ons, the
thyostatin antagoni st of the invention may be indéependently-and

sequent i giKpMPINRY BPEIFINITOONK- adm ni stered. 15 The present invention also
provi des a net hod of regul ating nmuscle growth of an ani nal conpri sing

adm nistering to said animal an effective ampunt of at |east one synthetic
pepti @8 Ynleshdlefined wtheswisepalf €emral, andhscigpttfiodermayussd byew hayvepthsdsrae

i ncrease I i ' BrdiflES sk 1P AR AT -« Pl .

nor s mSanE of eBRSE "y MAGEPby GRE oL SRS S BRIk e Pagion
defined btlbegsv A&thowdh arfyesietiodalandrdmposienhs $intlar er rguivsledt tvethesa desavibed he
sanme neapi ng as co nly. understood by o of ordinary skjll in the art to
i oh P Bt BRODBIBABECR DhGIBHE BhyPrRIEROUSNSHRE GHp BTGBt | ar
or equi V%@@émﬁ&itﬁ&@%‘?e _Qé‘s%%é@ﬁ&'reh@rﬁ‘éﬂb D81 HResleidht thRNRERGRE ESlloWing
testing of the present invention, the preferred nethods and conpositions
ar e désctdripedrehdefioedhbelbor pur poses of the present invention, the follow ng
25 ternms are defined below - "Hypertrophy" as used throughout:the
speci fi cat on and..cl ai ms, means any_increase in cell size . "Hyperplasia" as
voed t hr onrauePna el Eangy Ak RERERARY Bl medt AR ingRSh gL
nunmber. WD 2011/ 040823PCT/ NZ2010/ 000191 6 " Sarcopeni a" as used throughout
t he speciHypaphad’ Andedcihadugbonthnspaifdedin add daimstoeod srynmagsasandcgiierhdrerance
caused by ol d age, as well as sarcopenia-related or other age-rel ated

nuscl e disorders characterjsed, b scle atrophy .and a decrease in the
Thi 1 by P REaE Aoy 2 a6 S st Seseticpsrome S g B Ring pr 103 of
"ant agonixskcle g;sugyegls]ﬁag EBnAde USRGf Llar oughout the specification and clains

meansany conpound that acts to decrease, either in whole or in part, the
activity of rnyostatin.




"Muscle gromh" is to be understood as neani ng the division and/or
differentiation of nuscle cells and includes the division and/or

di f f er entwat2oarn40823any precursor cell, fusion of such ceCrsnzzitowoeach ot her
and/or with existing.nuscle fibres, afd it also includes -increased protein
10 synthesis in nyofibres |eading to higher protein content and greater
nuscl e fidrepea Urescdihseradoni he erdsysetan vigms meapepddchieeingpuscle mass and

" POl YPEPLfg A, URELH G SldNaes o Qi Undershooda BPAURA%A SYRLNSLLGa! Y
made pol'ymer of naturally occuiring and/or Artifi cial am no "aci ds

coval ent diyorHémkbdaateimep dptindde boogls: anRal depepieiides: thlay ohavdlitbedh th betaved
froma naturally occurring .source, or produced using 15 reconbi nant,

t echni qu¥8“4f%. riot included. The term"fragment or variant" is to be

under stood to nean any peptide sequence or partial sequence that has been
nodi f.i 8dTapibitsarbsit TahtibbOIR, df AS@EhiIOAs MeddBIiREhAN 1B spRoficionMmidelamk Rtkakd ds,
but that has substantially the sanme activity or function as. the unnodified
sequenceriyreopiernd has aguerficsrcazoeiica ey igle 9f iInPajiathic ATV 1E Oh pgPratn. -
conservative substitutions. A "conservative substitution"” is one in which
an am nNo9agicht ¢wistib butBded@bd a0 MR AR BRisRM fhdy DAl HRAS SN b@huscle
properties, such that one skilled in the art of peptide chem stry would
expect té¢ells ged orliaey tet divsipared rdifgrdnenyan mf anpn arespsoptell, hesiqropl pshtdelle t o

be substanti al,l y wunch ed... Am.no aci d,substituti.ons nerally be nade
on the b‘éi{g}lJ sea(c:)}f 0gllerrn' T%? |91i ;\/wihnuﬁ%ngr?’fl SyCle (%E?frb ’g%l,% slto% :'LF(%{%C%E .1§%t¢ase¥ plgtem
hydr ophofyhthietiy in fayslitaphledditd toyhighvd pedteih Ren@npiridoatdaéronimaleibee odluink €muscle

resi dues, For exanple, negatively charged am no -acids include aspartic acid
and gl ut%l?ng‘Y%‘?fFaP 5’éosi tively charged amino acids inelude |Iysine and

argi nine; and amino acids with uncharged pol ar head groups having sinilar
hydr ophi hiGigndeV ak UeSyppaldts ds@URd AR is 1030 @1deisRRd 8 Rekaiak h RGich G Mdde and
al ani'ne; asparagi ne and gl utam ne; and serine, threonine, phenylal ani ne,
and t yr oRqlymer @ matralBoogrsing snef orauiianl éli‘i“d%f‘ct“ﬁaﬂo"ﬁﬁ‘}d5’rlé’&?£§@d{epﬂde bonds.
conser Vaf’él%& ﬁ?@snglea? i @é:lbggleisgijn)(edah@m RT ReafY oc@hthe sde. or produced usin
2011/ 040823PET/ Nz2010/ 000191 7 asp, gin, asn, ser, thr; (2) cys, ser, t¥yr,
thr; 3)revahbinphtgechnees sretiot akladedi | e; (4) - lys, arg, his; and (5) phe,

tyr, trp, his. Amno acids may be classified according to the nature of
thei I‘ Sl '91? %rlglu‘pf%a mAe\ g? vz?‘ 7 aln sisV\gotlDe Lrlll(l) 's?(l) a({ toa!nkeXJl a%‘r ggptg{eogguse Icn%lr g&ial

gl yci ne, “al ani ne,"=val | ne, "T'euci ne, and 1'sol eucl ne. “Sefi'ne 5-and T hr éoni ne
have hydseqdatice ghaups been figlifiedShydebetrations,, inssftbrbec deis@rhyfiboxX gt ngiroupsnar e
pol ar and.capabl e of hydrogep bondi ng, .t hese_am no acids are_hydrophilic.
Sul fur g%c&ﬁpguhﬁvt 85 FUHATTN tAPEACHE DA Ry Eebph &he WB@M PEaugRTegOr

gr oups algfgﬁ;g@&}ueg&'the -si.de chain of aspartic acid and glutam c acid, which
because of the acidity of the carboxylic acid group, the am no acids are
not only polar but can become negatively charged in solution. G utdnine and
10 asp@rBigfaieblny e vagiant coaing consgivatve SERsHBItQNg As|saniervatiye Substietiant’ 1y pee

si de Chai'nr@hi(éf?%%hﬁn@glig?%gfb(g{f&% #o¥ah&ﬁer ﬁﬁmﬁb%ﬁﬂ%aﬂ&g sﬂhﬁérbﬂbél%i&?‘é&ctpne
or nmore amno groups In thelir side chains, I'ch can accept protons, and

t hus t hethet ane skilladiinshaait aSpdpasle schedismryatvioaldgeqguepts thieesectredaty ytrdetore ark

si de chaj ns of. phenyl al anine,” tyrosine, and tryptophan. Tyrgsine is polar
becauseale»fdr?ﬁaéhlﬁya?tawo gﬂt?u;ﬁ’f’béﬁ?t“ier ypt g%h%&’&?_séﬁﬁﬁghémh%{gﬁ e il _
non- pol ag;hsiru¥iehd AAY gééeraﬁ% bah$e oA thabh&S BALIMBkYy iCASlhAYN cRAPEABADIINGL | Ve

changes. A synthetit peptide of the invention, or "a functional variant or
f r agment hydneptedbicityabydrophibicoy egd/oathef amphipghicofatemtaddbnissidvgs mfos eaample,

activity. To determ ne whether .a.synthetic ptide of.the,inventio or

Funot | oniseeusly seris arag e ohesceor s PRt e dnicaii BERRYSEPrarlp
amino acids include lysine and arginine; and amino acids with uncharged polar head groups
having similar hydrophilicity values include leucine, isoleucine, and valine; glycine, and
alanine; asparagine and glutamine; and serine, threonine, phenylalanine, and tyrosine. Other

30 groups of amino acids that may represent conservative changes include (1) ala, pro, gly, glu,



activity, such activity can be tested by grow ng nyoblasts in the presence
or absence (control) of 20 a candidate synthetic peptide of the invention.
An i ncreawo 20n/wbs23gr owt h of nyobl asts, which produce mpostna2iro/0a0uc1
therefore Iim.t their own rate of proliferation, over control

nmyobl asts. that did not receive the candidate peptide indicates that the
peptide R¥s ghy@sm aei. thrafegyeniest ive thi (3 vvalyile, Aews matabt.ephsel4) 1y, aee. doulagd be
nmuri ne Cﬁg h m%o Iaﬁts (ATCC NO CRL-1772), however, it wll be appreciated
t hat any HEaB0EM oblast cell line- could be used, such as primary ovine,
25 bovi ne, porcine or human nyobl asts.. The term ' conprising’ as used in
this spe@\in&i;:c atideo magnd tdsaified agﬂﬁﬂﬁl(% 16 dieSiasdrk 0@ their didagbup) pmino afids withat
is to say en interpreting.independent clains including that term {he

f eat ur es "PRRFACHIY Inydg BEuPs é'ﬂcrh“?%o'éfé‘@ﬁ Apningy ‘éﬂl’lnenE’éEImFoarkS’e‘SBlreé%‘éﬁt S5tipe

ot her e mn@olﬁmeﬁégﬁsxw ERFRS on T: LBE WRainS bRl ARLAR! 501 RoRANds

t
to," stantia ogou substantla entity"
herein dpnlrat asd aamirbdﬂ aﬁihednogem (boodimg,ntham animcidds eguericephilvh e Seifar groups

sel ected- an1n uence as at out.,70 or about

e ene oo i Bena Bty sEing, £ attoate i conis b Be SO SRl ACe.
Mor e typh%ﬁhﬁd’amd h&d %nta@m:%&as%%%@a@e@fm&eacrcﬁ{yedm@@arﬁegue%m 96@9 the
2011/ 040823PCT/ NZ2010/ 000191 8 will have at | east about 76, 77 %

81, 82, 8®mc8m:1dﬁrarevetrpr85 pplar betmanieqmm@ainddmcﬂwtasged angplHpor @hléffr@rnebm} at
: Sgrsli il ;a/‘bop%tﬁ%,ﬁr?e’ are %mﬁargf) >g?ut%lmic ac1(ﬁan(ﬁzrsya ac1d4 éxcg tgg SRIE" ﬁgmg ?l{qglﬁerﬁﬁﬁe

era sequences O
greater ghaps. alyklﬂa,sérgﬁbnwfan@@ustﬁﬁ)e 98¢ one 099nd3€ raﬁﬁlliﬁ gﬁﬁlﬁslemﬂ&m dénthdiiys,

bet.ween the sel ected sequence. and the reference sequence to )
which can accept protons, and thus these amino acids act as bases. Aromatic groups may be
found on the side chains of phenylalanine, tyrosine, and tryptophan. Tyrosine is polar
because ‘of its hydroxyl group, but tryptophan and phenylalanine are non-polar. A variant

15 may also, or alternatively, contain nonconservative changes.

A synthetic peptide of the invention, or a ‘functional variant o_f fragment thereof has Athe
biological function of antagonising myostatin activit_\f.> To determine whether a synthetic peptide -

of the invention, or functional variant or fragment thereof, is able to antagonise myostatin

© actvity, such activity can be tested by growing myoblasts in the presence or absence (control) of
20 a candidate synthetic peptide of the invention. An increase in the growth of myoblasts, which -

produce myostatin and therefore limit their own rate of proliferation, over control myoblaéts.that

" did not receive the candid'lte peptide indic'ltes that the peI;tide has myostatin antagonistic

activity. A suitable cell line could be murine C,C,, myoblasts (ATCC NO: CRL- 1772) however

it will be appreciated that any suitable myoblast cell line could be used, such as primary ovine, 7

- 25 bovine, porcine or human myoblasts.

The term ‘comprising’_as used in this specification and claims means ‘consisting at least in part
of, that is to say when interpreting independent claims including that term, the features prefaced

by that term in each claim all need to be present but other features can also be-present.

3«

The terms “substantially corresponds to,” “substantially homologous,” or “substantial identity”
30 as used herein denotes a characteristic of an amino acid sequence, wherein a selected amino acid
sequence has at least about 70 or about 75 percent sequence identity as compared to a selected

reference amino acid sequence. More typically, the selecred sequence and the reference sequence



5 which it was conpared. The percentage of sequence 'identity may be
cal cul ated over the entire length of the sequences to be conpared, or nmay
be cal culwbediisoszicl udi ng smal | del eti ons or additi onsPamiNgg10t00012l | ess
t han about 25 percent or so of the ch&sen ref erence sequence, for exarrpl e.
usi ng sequence conparrson al gor.i | -known to those of skill in th
art, suchubgvephlsasalams 76 g?%rn)atq’félg’ﬁ/s‘? 83 ¢ X CHAPIRLIFELFSYRI S AL T AR
(1988) apd, & l%fcg‘ﬁﬁ\p%dle’gl_‘%-[lt 15@ @7' g@l’g()t 56‘9(1999 ‘93, ﬂto%@bllqelc%ﬁt s%t:luéncwrﬁc%ht\ -
wei ghts sequence gaps and sequence m Smat ches - according to the default
wei ght i nglsn@pm‘ﬁmdédstb}yhtghle INatdlegoat sdqnetdet aftesshaof griaerd thim aNGBF alefar dbdYe
I(rB]?ter_]ﬁ:fE% é%tec%n | Sedugnge lgd(g{} bct\ cen/tlﬁj&gzﬁe quence nd t% 5: refflicn?crssclqu >nce (tlf)ed
t hat ref QhQHGE\VBQccﬁnIB'a&QEIBLf pﬂﬂém%’c%fdb@&heéﬁﬁnmrrﬂ\ nye(éqwulq&»dacrmt ﬂlclcdtﬁk 10)
al so |ncorporates reference to all related nunbers vvrthrn t hat ran% (for
exanpl e, lengthiofjthe 3equgnces tg bejaymparag, o mag b5 calpulaged by exglyd T@)“’?i‘rqod%ﬂ ‘§BS ahy
range of ,§akd RNAhickYSReELS Whh RbbBud ﬁa{mt@m% sgf&rthe@@mnelc&rt&c%e den®e, 118 5
and 3.1 to 4.7) and, therefore. all sub-ranges of all ranges exp(r}ess
di scl osed\aheﬂ@umgreaue)cprtes@mysoar@Irldgedweﬂ'he@el & éw@rtbﬁlsle&anﬁteeet @@Ch/\#tat
IS speci a i nt ended ,and, al | Qs S |nat| meri cal es
bet ween fhﬁck +‘é%\ SV ana]ésnsdd(tsﬁubeﬁ dftlesfso lIr)en n@pg@ dggegt%) %BLI%IU
consi der ggodiind@.c. e XREREBEYAL B tvBicR Gvelightd sh:klﬁerﬁE)@hpSCa’mHI s@dueinBe ﬁusZert(El’ieﬁch:cafdmg
manner. DETAI LED DESCRI PTI ON OF THE | NVENTI The rese i hventio
di r ect ed'@ dhn BRIt sYRIEHERE PrpEptd dasthpobasue q\lnﬁsqﬂ’fﬁ%toétﬁ ﬁ?ﬂ dita ase
act i Vi ty fQfes s R Ned 1t SRR ALL: Bfm AN Ald: Binl/BLALEAn - §@\nrrsters o
Specifically, the present invention provides a synthetic peptide havi ng
myostatin antagonist. 25 activity having an am no-aci d sequence
cor r espohds mgertded #tat krdeishcd to\eerasgmaefi rgmmms dnmlnsrdatxcmihs (fof eﬂnmme urte 1ffyadse at i n
pepti de of SE the s etrc i eco s, at .| gast
P Cyst Benmorue Ttideicsed AL P aTo8Y 4 SHRF L 58 Ry B ddl- P03 bhdd. and
f orm gsdiyssilef kde7bOrthindan) and 486 hhPRake Mﬁrahanatr nernbfersaglmmtthah R GTor
Preferably, the synthetic peptide of the invention conprises at |east ten,
at | east eXanpledno 8at.Slteadtand. k weht)andathereserst alf swbnrapedsi afell rapgasexpressly -
thrrty, hirt t rt S | east
ity aforaSaiet el Sl G flos ool et Sl kL, | G20
ID NOt. mté&\ﬁea@ﬂdé@ﬁ@&ﬁﬂ?ﬁﬂ%bﬁaﬁ)&&/&&%&ﬂmﬁ »Bttefs eét&tazley thelewestwantel and ths
directed to novel synthetic dom nant negatives of tatin conprising an
am no achighed yakis calpgratcdsse ubegpnsigered rgreparéprﬁthat@ahnt% igaioifitng a
C ternpphngly,; %F%ﬁﬂ&‘ on at ~a position either at or between am no acid .

posi tions 2 to 335 of SEE1QID NO 1, said peptide conprising at | east
two cysteine resi dues at positions 281 and 282, which are 5 forced to bond
and for MDETAHED DESGRIBETION @F THE INVENTEONant or fragment thereof. The
nyostatin protein is initially transl ated as a 375 ami no aci d precursor

nol ecul e Pavr ng a -secretor g& Se9 eL?ce at.the N-ternmn

prot eol yf ‘E:pb‘?s e’éléf’}’r'ém s S?te‘i BPYS SSPPEHR PRy Hog‘ﬁﬁtﬁlﬁrﬁ%séas“él AREPRT ne
CONSEr Veg.d ity tsH Bein B8 kiduBfeni & hitdenrB@H ARbrdeRgi ON t0 facilitate the
formati on of a "cysteine knot" structure. Myostatin is activated by .furin
endoprot ease_cl eavage at 10 Arg 266 rel easi n . the N-term nal, or

"| at encySR&disalvatthe R5eERS aré’mt(%lAPrO‘aftﬁfa % H@thefig RRPECe Baving YLD AYHRFORISE
whi ch »gi w\téﬁm ard HLFLLER s ecgtehyeecdmegmtdgrtoqp |86 W ecmfftt Bhs rtﬁl%eaat BEa @
homOdi ner -of " t he AP peptide remai ns non-coval ently bound: to the honodi ner
of matur emryc)styattamn pcrptlén of Ra@t I/ A bnyheesin (Hessyrthetic pdptide @@mpnse?rhelef&rrm@
aci d sequence of st gt C ecul sho in
SEQ | D N&steine gdW n?%ns;%? aaélg %82 t\\gl c(c_:f‘loare orcecp {o or{cf~I anrgotlorm c?l%uln ep%or)[I des
whi ch arer Efdneﬁmamahiayit bf fip@adn€ theddof.ani no aci d posr tion 330 or 350 are '
known(\, VO 2001/53350). These antagonists are truncated at a position so
that key cysteines are retained that are likely to play an tant role

0 det of BIATHEY HE PP F-G Py I GREINTSE FORPLNE o b e he e

i Nt er agt ey, W TdsAtRBE ATR] ROMsEErrnk A5 falf thiHERR, KAYasEYSHEhNRA% GSitdUeS at
woul d be expected to ne?atrvely |rrpact on théir abi lity to 20 function

( Jeanpl ofegstdiftyait,leaz0ffh) fivajonenenst sy tertigupeconb aaat oimfded RN lpept i des
Cterminally truncated at positions close to or excluding cysteine residues
have been shown to be biologically active MO 2008/016314). WD 2008/ 016314
teaches that at least two cysteine noieties are required in a reconbi nant
C-truncated mature nyostatin peptide in order to retain biological activity
al t hough the exact 25 conformational formof the biologically active

peptr des are not knovvn V\D 2008/016314 further contends that reconbi nantly

S .




WO 2011/ 040823PCT/ NZ2010/ 000191 10 bond and form a disul fide bond in order
to obtain biological activity. These cysteine residues are the second and
third cysweizna#40823t he pepti de sequences of the inventi eoTazdowiovd19be
referred to as the 2-3 connectivity. As these cysteine residues are side by
side in the amno, acid sequence it is unlikely that they would naturally
bond t ogBtehanblandie t ineergipst si Heeqtess jrgueayel nyrthetcs yirohenr cigga@ist | dfe "BoyrIt he
i nvention nust be protected and deprotected to _force. 1 i Vity.
I e b A B e S R S

r econbi nefhinalesidatiomaggpisitde cithdtias of Bawkén maso htighpoyinsoy A2 8i33f of THQ 1D
synt heti-c_peptides of the present invention conprise. at |east five,.

cont ilguohjsé):éwf% PERAMGSOBPIHAS AriFtb Mo Pt EY éﬂha?%t&ﬂﬁ&ﬁﬁ%%g%%“’thﬁ@
sequengef oS HohBan@forAM MOuIAG shd26r7a LualEMPERIadOorSthdoBlent eR3D Of SEQ | D
NO 1, includes cysteine residues at positions 281 and 282 as follows: 123
Asp Phe Ay Leu Asp Cys Asp Gu His Ser Thr Au Ser Arg Cys Cys Arg Tyr Pro
27027528bbgznypstatie prafin yaniuplypuphlated 35 APE PREnaGryd PrisuRep Migsule Bavpigea Al g

Pro Lys Arg.Jyr..490 01.1/.040 / _ 9 AL
non Tyr oy e MO RRACET PR SR I SR B ety B8,
Pro H s diopkbteast,eandvaine Hiosse@ead AlsaindsiesiPus iAr dpe @-yerBaral 385380 fBPBatd hbe
synt het i £ _gg{l)ti des,. of .thg i pventi QnNé:an conpri.se (Egt neen %V\D and 1ii ve

cyst ei ne'PREIARRE? 195 GEHERYT AGUOH™: “HPEEP (hiEHYA"Sh p oL PP o PIF 5 BEteiden
ani no1aCcivgs POE irtibRMg282 RNEMIBY) or THRney-GYSHREN PepiRE (UAP) RANAhE Snabere NT-
.disulfide bonds. . There are many alternative disulfide connectivities
that ar etermpigkdpmpria, WeisBrilmpiped i KOW FEMFIEY SDOPARD Mededlfes) HFfePiPFesBBL 2 i n

a synt hegj)x%om;' 'o‘i’%@fhﬂtﬁ‘ﬁ%%da‘é%&hﬁg‘ 'non—covzmhﬁﬂ E(Hl%dt toURE Wnﬁ&sbﬁ lnqgné S
at or between amno acids 282 to 308, the synthetic peptide 15 conprises

t hree cystreitme mesih duesvesoomplat (lpeseiabl 200ty s tlbe nenico rad Gequants ef thabimae
1-2, 1-3 and 2-3 ' '

myostatin precursor protein molecule is shown in SEQ ID NO: 1.

15 Myostatin antagonists comprising mature myostatjﬁ peptides which are C-terminally truncated at
amino acid posiﬁon 330 or 350 are known (WO 2001/53350). These antagonists are truncated at”
a position so that key cysteines are retained that are likely to play an important role in
determining their three dimensional structure and associated interactions with other molecules.
Loss of these key cysteine residues would be expected to negatively impact 611 their ability to

20 function (Jeanplong et al, .2001):

However, mature recombinant myostatin peptides C-terminally truncated at positions close to or
excluding cysteine residues have been shown to be biologically active (WO 2008/016314). b\X/O
2008/016314 teéches ‘that at least two cysteine moieties are required in a recombinant C-
truncated mature myostatin peptide in order to retain Bioiogical activity although the exact
25 conformational form of the biologiéa]ly_ active peptides are not known. WO 2008/016314
further contends that recombinantly produced peptides are necessary to retaiﬁ biological activity

as syntheti¢ versions could not be produced that had any biological activity.

Surprisingly, it has been shown for the first ime that biologically active C-terminally truncated

mature myostatin peptides can be synthesized.

30 1n addition, it has been shown for the first time that synthetic myostatin peptides are required to

be synthesized so that cysteine residues at positions 281 and 282 of SEQ ID NO: 1 are forced to



When the truncation position is at or between amno acids 309 to 312, the
synthetic peptide conprises four cysteine residues so that possible
cystei ne worneads23ti es i nclude 1-2, 1-3, 1-4, 2-3, 2-4pramiNZ3ew/00019%hen t he
truncation position is at or between ®Wm no acids 313 to 335, the sVnthetic
pepti de 20 conprises five cysteine residues so that possible cysteine
connect i VPeq aad fose) adieilfidebonglin order go oljtamy: biglogcal petyity o Thesegyyeingrasidggignrg.- 5.
It is 1ikel gécérla%dq?mhtsv&e@wgﬁ%g%tﬁa&e%@é]@wﬁ'rhé ﬁlua%ﬁu%qﬂmpu ftx@er\@%q.s

al” "a skil

include a mxture o possi onnectivities. As ed worker 1s

awar e, t hig Zorperdctipept Adhegonnesikirwidues kg wdelgi ade fighe binplcogidalquactivist y

as it determnes the three dinensional structure.requi,red for biological 25
Reti vi ty e SRR ARG U OB SEOBOARTE PSS h TR RO RS
1-2 conneelthd idvn ¥ hfhsDBe REkdEEUnd fRprdd @O Eatke AL RV EYhmdSuiRI SAs this

di scl osure showed: that a mature recOmbiLnant rriostatin peptide Ctermnally
t r uncat e@OHCCHOE| 8 i therega uidkehbicoPeyr dhRr| BAUNE OF VecoMPiagt MaesHbR satdpdpti de
only hadrés\é‘&&é’ﬁ%ﬁﬂ:@ﬁl Ligskdue and could only forma 1-2 connectivity, so
that this connec |vit§’ 30%appeared to be crucial to myostatin bioactivity..
WO 2011/ 040823PCT/ Nz2010/ 000191 12 Surprisingly, the present inventors

f ound t hdhe aysheticipepiidespdphd plesdravivagtian tanyprcatt bast fus icpitggyront AR, acaof

not - bi.ol qgiﬂgglol‘;/c-i(?geti ve. -In adgli tittht_he r esent. d nvent or s fié?“?& {g‘}a’g at

| east two cys’% el Ne *West” ﬁélgspgpenge%U|‘?see “F6F Brof (’)]éiocéqfnaochcl Vi y “‘é‘g,
synt heii eitg)epbder S ID NOr t heduded@tstdilereidGes@0 pokidnis 281 Yndag Ashellevsici al
connectivity for-hioactivity of the synthetic peptides of the invention. 5
This was unexpected fromthe teaching of WO .2008/016314, The present
inventors tested all O her possible connectivities and found. that the
1- 2, - 1- 32AsdFhe2Cly, L3u fspnlyv &P dus Hi xtSgr eB 1t Rer &6F e Evadtysbied dgrcald y
active. However, ajzsynthetic peptidg;corresponding tmoa 310 truncati agsand
conprising a mxture of 2-3/1-4 connectivities was biologically active.
This Was considered tO be due nainly to the presence of the 2-3 peptide. 10
The prlésénmt Thavent Pon Riseflf die Preovlddsrasyhthdtlieclsepts deohbxd gy Tyr

ni yostatin antagoni st agéivity having are=am no aci d sequsnce : .
correspondi ng-to at |east five contiguous am no acids of a mature nyostatin
peptide of SEQ ID NO 1, wherein the synthetic peptide conprises at | east
two cysteine.residues at positions 281 and 282 which are forced to bond and
forma disulfide bond, or a functional variant or-fragnent thereof. 15
Preferably, the synthetic peptide of the invention conprises at |east ten,
at least fifteen, at |least twenty, at least twenty five, at least thirty,
at least thirty five, at least forty, at least forty five, at |east fifty,.
at least fifty five, or at |least sixty contiguous am no acids of SEQ ID

NO 1. Preferably the invention provides a synthetic peptide having
nyostatin antagoni st activity, conprising an am no acid sequence
.corresponding to a CGtermnally truncated mature nyostatin 20 peptide of
SEQ ID NO 1, wherein the CGtermnal truncation is at a position at or.

bet ween am no acids 282 and 335, said peptide conprising at |east two
cysteine residues at positions 281 and 282 which .are forced to bond and
forma disulfide bond, or a functional variant or fragnent thereof. The
pepti des of the invention thus conprise a 2-3 connectivity. The synthetic
peptides of the invention nmay al so conprise a nmixture of a 2-3/1-4 '
connecitivities. 25 The synthetic peptides of the invention may be sel ected
fromthe group consisting of an am no acid s' equence corresponding to a
Ctermnally truncated mature nyostatin peptide wherein. the C-term nal
truncation is at am no acid position 282, 283, 284, 285, 286.



287, 288, 289, 290, 291, 292, 293, 294, 295, 296, 297, 298, 299, 300, 301,
302, 303, 304, 305, 306, 307, 308, 309, 310, 311, 312, 313, 314, 315, 316,
317, 318,wBDlo11/@efr3 321, 322, 323,-324, 325, 326, 327, B2®NZ200/006030,

11

4 5
Lys Ala Asn Tyr Cys Ser Gly Glu Cys Glu Phe Val Phe Leu Gln Lys
305 310 315 : 320

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

The synthetic peptides of the invention can comprise between two and five cysteine residues
10 depending on the truncation position (from between amino acid position 282 and 335). The.
cysteine residues bond to form disulfide bonds. There are many zllterrmtive disulfide
connectjvit_ies that are . possible depending on how many cysteine residues are present in a

synthetic peptide of the invention.

When the truncation position is at or between amino acids 282 to 308, the synthetic peptide

15 comprises three cysteine residues so that possible cysteine connectivities include 1-2, 1-3 and 2-3.

When the truncation position is at or between amuno acids 309 to 312, the synthetic peptide
comprises four cysteine residues so that possible cysteiné connectivities include 1-2, 1-3, 1-4, 2-3,

2-4 and 3-4.

~When the truncation position is at or between amino acids 313 to 335, the synthetic peptide .
20 comprises five cysteine residués so that possible cysteine connectivities include 1-2, 1-3, 1-4, 1-5;

2-3,2-4,2-5, 3-4, 3-5 and 4-5.

It is likely that a native myostatin C-terminal truncated peptide would include a mixture of all
possible connectivities. As a skilled worker 1s aware, the correct peptide connectivity is crucial
for biological activity as it determines the three dimensional structure required for biological

25 activity.

From the teaching of WO 2008/016314, it \vaslthéug.ht that the 1-2 connectivity would be
required. for biological activity as this disclosure showed th';1t a mature re"cbmbina‘nt myostatin
peptide C-terminally truncated at position 281 was biologically active. This recombinant peptide
only had two cysteine residue and could only form a 1-2 connectivity, so that this connectivity

30 appeared to be crucial to myostatin bioactivity.



331, 30 332, 333, 334 or 335 of SEQID NO 1, or a functional variant or
fragnment thereof. WO 2011/ 040823PCT/ NZ2010/ 000191 13 Preferably the
synt het i cwpepti/daes2ef the i nvention is selected fromtheprPgrNROWINEI9St i ng of
an am no acid sequence corresponding 2o a Ctermnally truncated mature
nmyostatin pol ypeptide,. wherein the C-termnal truncation is at amno acid
posi t i onS@pgsingpghe Bregent JDENIRYHUNG gont a2gArhefic mwle SFang DrlN@s*tloz-l@)moarﬂt
functiongl, var n 1S

subst ant o1 VR B hebE BTy hOREEOh: Rl R RE R A3 LR e cgreine
pepti de ﬂ£ﬁhheqknmqmﬁmbﬂxl&okgkacmﬂdufkmnishehgmom@mdomsdsbnhg.dﬁtameéﬁino
aci d sequence. correspondlq toa Ctermnally _truncated matur ostatin
pol ypept FHRCCHHEMES fif FHE! COPRCHTIRAPT PRATIR S PO IS8 B alfiPHO A o Pssttoron
320, 3307RE w30AndpELRd RoN@Be dchify O W) 2008001d3¢4.synt heti c peptides of this
invention can be altered in nmany ways to produce variants having |nproved
phar macoki netics, as woul d be appreciated by - a skilled wor ker

exanpl e, The presing HEENgFOuped Mhythpreposeible sphagctariesenddapag thatths A ér3 ﬂﬁeZ 4,
ability t9 for &glony%%?ﬁ@ Bengs W%fgdne;\d bibi glcmﬁr 2dRE sl%\uéu Lity mqteutcg?e tide
synt hetic pepti arl'y a functional’ group may alter the sta Plty by
changi ngchmep@&hmgrtmal 310 trheca(ul\Mralné @Imlaisng:O@x@)tuoer oby2-&dmt lcolllrhqcngmhwas :
rel ease. of th hetlc eljr celle at thgl]a;get S

Fur ther BoRBREBBHS. TgRoL Gt & osPE R e PrEgneerg e

m ni m zi ng the. side effects of the synthetic peptlde to the patlent

Addi t tonThé p@sefrm itGleh Gitathe G erd preadaal sen b idopdpdilea fatigy inasgen @elgbsisoictivity
tissues or facilitating the transport into the target cells w.ll enhance
deI|very1HH§?FﬁF@é?ﬁﬂ658¥wPﬁ€I§Vﬁi F%éoﬁb5f$§%eC?P%%NN&?%H%P“@?B mature

conj ugat gdodefirA peptiife NGt EEQPEBNEL Ofhdrbth Sthk NYEMBELEOPepRY: BSn@istl al AALCAlo 20
targeting nolecule that binds to a specific biological substance or Site.

The bi ol ogictel resdurs tan pestiens 28 taed|7§7 tvhechi an¢ éardestitat rengleandoform hedighdlideviangd, and

targetin | ecul e : enabllng the delivery of the synthetic
pepti de g n? §1P§gﬁg§%?$%§§% Fﬂ?aterest A ligand may function as a

bi ol ogi cal targeting nolecule by selectively -binding or having a specific
affinnﬁyPﬁﬁﬂdﬂnohhepnbubqkan@eofwwhngmndlk@npe@sgnkZdeamdkb&uﬁﬂxbdeawt
speci fic_binding 25 body. or |nd|n pa t ne ce

gands BUPPash £ drotar e atEtant Fgene i MHESP I T AE R AR =
deri vat i ues fifly 86 UdaRShifrydleast ﬂ&asﬂ s[}@\ adtigudiicasyd adds AL ebires;1. recept or s,
substrates, coenzynes and cofactors anong ot hers. O her substances that can
function_as |igands for dellvery and targeting are certain steroids, .

prost agl BiGHRY RarBERian dresidey ppivadene diepiia aYigs dPHSTER Hipoaish activiey,

fragment §on(q:>ns§1 J}%ﬂ@a%&d sts@aehaesaoue@@&cﬁyg%he@t&ngﬁquma;dﬁeafled RAk¥PERbLGES
with 30 cel ﬁ%lnlt Li gands al so-incl ude various Substances w th

sel ecveepldf ohPER IfIbN@ i gulasein theHaterpynnl prochierd atAmosghn peetdITbY (saRMIMNA,
genetic 0% ig'i'a%%é‘ rsm%?y%p&c?@édm%smg%eqs@ %\%‘é)g sQqu SR ggég%%gggé(png%?%n&ég?

which are forced to bond and form a disulfide bond, or a functional vanant or fragment thereof.
The peptides of the invention thus comprise a 2-3 connectivity. The synthetic peptides of the

_ invention may also comprise a mixture of a 2-3/1-4 connecitivities.

25 The synthetic peptides of the invention may be selected from the group consisting of an amino
acid sequence cortesponding to a C-terminally truncated mature myostatin peptide wherein. the
C-terminal truncation is at amino acid position 282, 283, 284, 285, 286. 287, 288, 289, 290, 291,
292,293, 294, 295, 296, 297, 298, 299, 300, 301, 302, 303, 304, 305, 306, 307, 308, 309, 310, 311,

" 312, 313, 314, 315, 316, 317, 318, 319, 320, 321, 322, 323,324, 325, 326, 327, 328, 329, 330, 331,

30 332,333,334 or 335 of SEQ ID NO: 1, or a functional variant or fragment thereof.



Anot her type of targeting nolecule is an anti body, which termis used
herein to include all classes of antibodies; nonoclonal antibodies,

chi meri c wotohiodoss, Fab fractions, fragnents and deri vaCrng0toesof .

Ot her targeting nol ecul es include enzignes, especially cel| surface enzynes
such as neuram ni dases, plasma proteins, avidins,: streptavidins, chal ones,
cavi t and¥refgablhyheo gingiagici pepudaof it inyeptugst wrsclegied B fke gravel eonpighing of an
surfactantg,, &E@%@QE&%%& ondf t%r!\céﬁenﬁﬁﬁ@h}’dn%Q&%Jtmgr&%%b%%m@kt?&&[ o
G cytochrormes, ctins, certalfi resins, and organic polynmers. Targeting
nmol ecul eshamin thacl-wdeinplepincddes) isianahudi Ayl posotan 329, 3L 61 @i 300f 2%gA¥h 1284 or

ol ypept . des. i roduced nthetically or, through reconhi nant
P ochit e T B N 23, B P B RSr AP e ebe ettt hRErnge Pans  er

prot ei BS sWRiaGhalcalefcd REhdIbEAhEctIe transfer of 10 the conpound to a target
cell interior or tor nuclear translocation (see: WO 01./15511). O her '
nodi fieations to the synthetic peptides of the invention include conjugates
to a bi oMyt ersfarsble Byt thetcePpafls pethe seRiYss paryet Kyrehesigrp corsiyipge) and
rel ated palwRiq dQhEd@ido¥eSonHn %P;.E@.tgmmgacm%m@@\ﬁglt&@%ya!@‘%rﬂolgg,@p@& 3
improving the circulation tine Cprolong serumhalf-life) before hydrolytic
br eakdowvhete it e Conjrughtrenandn sudsseguentd pediteasE00$1G dred3l0dBREQ b NEuPet

t hus 15 i ng)r easi ng the drugs. efficacy. For exanple, US 6214966 descri bes
the use Of*PEG and rel ated pol ymer derivatives to conjugate to drugs such
as proteins, enzynes and srmall Ml ecules to inprove the solubility and to
faci | i1batae egrilidtiolpeptides elf elas emvefitidmhendieudrereAlih @fangtaavetoyprofiteOAB2d0 ha(id)

99/ 59548) descyibes the use of bi gradabl. e pol yester pol yners. as a drug
del | verylfg}gfgt’%fw?maae Pettcat & é"(ﬂ‘l‘?‘f 5 @’_c?“?céﬂ“‘égi)é_ ébfsmﬁ% ‘&‘_?)‘Kfrug 8RR 20
As anot helncabd$ biddbd MGy Be 2dd¥ I‘@ﬁ‘/}t!aﬁerﬁﬁ)@lﬂt\dﬁ}dﬁ)r %@a’éﬂihﬂ\é%ﬁh ARddBsh B8ds and
conj.ugat ed to anot her pharnmaceutically active conpound to enhance the -

t her apeutilt alefrftbe solghilinhel ther giathegelnepadest | Igulathy Hestopel giegp angedlesndhe
conpound W th @ si.lan h - A90N1 stignelf Bl Ak dipfferant 4
activi tybt\gﬁ)l%gg‘%t ﬁ{él%l!ﬁgé}rl%eggﬁﬁgf%@f%ghg?éogf?:g926)d£els§\'r ft'%‘gsoutﬁ}%e lse of co-dr ug
f or nullat kyenistbypapod¢ Ugab iangutale orthpongeagent S'wihar a habidrel |gralpagey t dter

i nprove the pharnmaceutical and 25 pharnmgcol ogi cal properties: of . ‘ N
ohar nacoPBGT BRI cEr v BBy U I Tt Hects o dht Sepe s ohepeidf o the
ant agoni shidkBY ABGHSEbES FiBRibhiDFrAPY P OF biBLL td A cd1K @S tidduledod AblIRLEET S.
For exanple, US 6096506 and US 6468535 di scl ose anti-nyostatin antij bodies.
US 636920 EmePonDnohe 3820 celbael capuse delhsnpeptideingmhibfoyyaHsuc psrsseat i n

mul timers and nmyostatin immunoconj ugates capable of eliciting an inmmune
response \apgh bRk Epshald £ AGthdkdy RSO hvbMUbELPIR Phiological
myostatin aré di s?%tcg%ed i WO 02/ 085306, p\e/\%%h i ncl uéle the t_sr)uncat ed o
Acti vi2A tagreing imqlesglephorbindshte ayposifiabictogirabsubetrasaor awd ThelHiplegied iswbstadchier
myostatin i.nhi bitors derived-from.the statin i re kn nd,..
"hei ude Portok DRisapbarF P MO A7 o ORhabl T A8R] A5 B0 0 upinc
from cel Belivemesfekgyyagrtiageptidess diel tiseWD O E3aBkpt. dom nant WO

2011/ 040823PCT/ NZ2010/ 000191 15 negatives of nyostatin (W 01/53350), .which

i nclude t,he Pi.ednont ese all e_t)e cysteine at position 313 is replaced.with a
Lyr o8 e ST AT BBy g5 taP Pl B5ap T HEE AT P4 et B Rl o Greditoh at
a positi %bcﬂ]ctam&[ityaﬁor Qhothet WMBEeRAn&@N RQipafd Q,red%%ﬁiz_éd QIEHSb&s?rQi by0a %&iﬁc_ binding
US2004/ 0181033 al so teaches smal|l peptides conprising the am no acid, -
sequerRee PWUCPPbingingrivprig, of rereptEaparwlastofbisauisntyitele dad Argripsiaeg Ryigens,
nyostati iH:lptens, biotin, biotin derivatives, lectins, galactosamine and fucosylamine moieties, receptors,

* substrates, coenzymes and cofactors among others. Other substances that can function as
ligands for delivery and targeting are certain steroids, prostaglandins, carbohydrates, lipids, certain
proteins or protein fragrnen.ts (i.e. hormones, toxins), and synthetic or natural polypeptides with

30 cell affinity. Ligands also include various substances with selective atfinity for Iigatbrs that are

produced through recombinant DNA, genetic and molecular engineering.



A second pharmacol ogically active conmpound having different activity to the
synthetic nmyostatin antagoni st peptide of the invention may be used

conj oi nt lwyowntin4bs2e synt heti c peptide of the 'inventi onPCo/Nmentoooloe
nmyostatin related disorders. For examgle, the synthetic peptide may be

adni ni stered in conjunction wi'th pol ygeptl de growth factors, NSAIDs or

COX- 2 i nhinbihepppe of Greaiph mokstlc retreartsbadk aihich WoES wied hreigre include all classes

0! SPhoSDRPNALESyic O HLLOISH T FEERLL gﬂqyucatq915§od1§sntlbmF?QEﬁ(ﬁﬂS'fY'% RARNGS
gl utamat € antagonrsts, insulin, antibiotics protein kinase C nhi bi t or s
or vari odernmueers thheoﬁo@ﬂieennge.dngtnaasiceﬂaesasclumuéld\ nes, &ﬂpéltﬂli_\l edllediribye enzgkich I ed
wor ker . nodi ficati ons i{ nprove stabi.lity and .half i}l lfe i ncl udel

i denti fi b o”ﬁ JIEURURERES P ““ﬁmﬁ‘u%“’é& o Prot eég‘épt&‘ll‘é‘éﬁlagc 28 tes ‘Wit ATn

the sypt hﬁw HRER! 18880 ftBE LIBYENH:] Q:Iﬂeh@)lﬂd £RPkAGRIMRManbMcAllicS el aREsN 0
acids with alternati ve am no acids to pr event prot ease degradation of the
synt het i eapaprdodel prptph as rgoteinrGy fivechramere fasans, sRitdp aepinsnandhergaiie palyers:
appreci a t 0 I

oot ot el phkERCOkal HIBAL B R R R AR e T SR P Rer

t her eby Lvm@homam@etmedmérsahdhemdnm apebitough uadmdamanThed@mes khown in the art.

synt heti cal | duced C nal | tru cate ol t exenplifi n
the 20 pFatBHe’ PhIBHEFbI-UAE RIS FP B AYT G FOTOrH Bolies OR Bi-Ehar
C-ternpnale CBQ{thQ@ e ta@é@@éﬂ@ﬁﬂeﬂo%l fSERIdAr Nehsldedtidh &ee: \Wo) W@QSH e .
synthetic peptides whose sequence differs fromthose of the |nvent| on by

one or nore conservative am no aci-d substitutions, deletions. insertions
Whi ch do Qb medisetionne the sngiie arpusks P(/ﬁhwﬂ‘ﬁf*ﬂ?rh@dgg)ﬁf%%ﬂeesﬁ%bPi%%lm ¥

Conser vagi g, S1 bt LRASs })xmmkwoxk&m(w@ 6hE rdmed PORHcE HEﬂnQBvé%f 9RK-
FuoRorh £

am no acid her with siml Eharacterlstlcs , Substitutions

within t REG md)w.quagmger repgtesarbkd mtelmrgbyeg e cnghyeornemea(plazmrngesenmahﬁlﬁbfe)

i sol eu0| artic.acid ut am,c aci d; ut
serine, P fr eeo}h‘l hoeh Uci blgﬁl’skﬁgmé)r thlencloﬁi'é% ‘c]ig HariiCal laellﬂeflsr?e yr osnid ﬁlgOle ?e h f

of consefn¢ddabing t}&u&slgs tzﬂﬁtic@n§oeamb;eletlakellzf%omea'ca]bhethja daeloﬁ\BEGl' ABI_Eela]:ed
30CO\ISERVATI VE AM NO ACI D REPLACE NTS WO 2011/ 040823PCT/ NZZ 1 00191 16
For Ami nBo@rH dedad Rl sRBsRIc 19 5 SPChAPH RIHENSA PEIAPS, 20 Wes, to

:—l WSD— &mtgyr%vel} &{e?doﬂ%ﬂ% ng_}o%th!eyc%nugiéfyl%leqﬂmhéﬂﬁlg &llek&@ely‘\rﬂ? 1@@105
e, - e n
(\VO 99/59548) describes the use of biodegradable poh rester polymers as a dmg dehveq system

to facilitate controlled release of the conjugated drug.

20 As another aitémative a synthetic peptide of this invehtibn may be conjugated to .ar;other -
pharmaceutically active compound to enhance the therapeutic effect 6n the target cell or tissue |
by delivering a second compound with a similar myostatin antagonistic effect or a different
activity aitogether. For example, US 6,051,576 describes the use of co-drug formulations>by
conjugating tWo or more agents via a labile linkage to improve the pharmaceutical and

25 pharmacological properties of pharmacologica]ly active compounds. For example, a second
myosfatin antagonist may be selected from any one or more known myc;statin inhibitors. For
example, US 6096506 and US 6468535 disclose an»ti-myostat’in‘ antibodies. US 6369201 and
WO 01/05820 teach myostatin pepﬁde immunogens, niyostatin multimers and myostatin
immunoconjugafes capable of eliciting an immune fesponSe and blocking myostatin activity.

30 _Protem inhibitors of myostatin are disclosed in WO 02/085306, which mclude the truncated

Activin type II receptor, the myostatin pro -domain, and follistatin. Other myostatm 1nh1b1t0rs
derived from the myostatin peptide are known, and include for example myostatin inhibitors

that are released into culture from cells overexpressing myostatin (WO 00/43781); dominant



Asparagi ne N D-Asn, Asp, D-Asp, Qu, DAQu, Gn, DGn Aspartic Acid D
D-Asp, D-Asn, Asn, Qu, DAu, Gn, DAn Cysteine C D Cys, S M-Cys; Mt,
D Met, Thwo 2Di30823G utanmine D-G n, Asn, D Asn, du, DPGrINZ268m0011 Asp

Gutamc Acid E D-Q u, DAsp, Asp, Asw, D- Asn, Gin DGIn GchineGAIa
D-Aa, Pro, D Pro, beta- a Acp Histidine H As Lys, D-Lys, Tyr
| sol euci ﬁ@gqtlvg; pf@]yo\g@pn (@/Qa@l/b{_}g@) @J]Ebunc]wgq theDPWgtnontese allele (cysteme at

- position 313 is replaced with a tyrosine) and mature myostatin peptides having a C-terminal
truncation at a position either at or between amino acid positions 330 to 375.
US2004/0181033 also teaches small peptides comprising the amino acid sequence WMCPP,

5 and which are capable of binding to and inhibiting myostatin.

A second pharmacologically active 60mp0und having different activity to the synthetic myostatin
aﬁtagonist peptide of the invention may be used conjointly with the synthetic peptide of the
“invention to treat the myostatin related disorders. For example, the synthetic peptide may be
adminisiered in coniuncdon with polypeptidé grb\vth factors, NSAIDs or 'COX-Z inhibitors,
10 alpha and beta blockers;, ACE inhibitors, bisphosphonates, oest;'ogen receptor modulators,
éntihypertens’ive agenté, glutamate antagoﬁists, insulin, aﬁtibiotics, p‘rotein kinase C inhibitors or

various over the counter substances-as would be appreciated by a skilled worker.

Other modifications to improve stabiljt_v and.half life include the identification of susceptible
amino acid protease cleavage sites within the synthetic peptides of the invention, and replacement

15 of such amino acids with alternative amino acids to prevent protease degradation of the synthetic
- peptide in plasma, i vvo. A persén skilled 1n the art will appretiate what type of funcﬁénql
groups might be added to achieve the desired result in administering the synthetic peptide to. the

patient and thereb\ improving the overall thcmpcuuc index.

" The specific synthetically produced C-terminally-truncated polypeptides exemplified in the
20 present invention are shown in relation to their position on the C-terminal portion of myostatin

of SEQ ID NO: 1.

Also included are synthétic peptides whose sequence differs from those of the invention by one
or mote conservative amino acid substitutions, deletions: or insertions \VhJCh do not affect the
biological activity of the synthetic peptide. Conservative substitutions typically inclilde .the
25 substitution of one armno acid for another with similar characteristics, e.g., subsntunons within
the followmg groups: valine, glycme glycme 'llanme valine, isoleucine, leucine; aspartic acid,
glutamic acid; asparagine, glutamine; serine, threonine; lysine, arginine; and phenylalanme,

tyrosine. Examples of conservative substitutions can be taken from Table 1 below.
TABLE 1

30 CONSERVATIVE AMINO ACID REPLACEMENTS



Leucine L D-Leu, Val, DVal, Leu, D Leu, Met, D Met Lysine K D Lys, Arg,
D-Arg, honp-Arg, D-honp-Arg; Met, D-Met, Ile, DIle, On, D On Mthionine
M D Met, WoNBH®#88231 1l e, D-1le, Leu, D-Leu,-Val, D Val PiremNzab®wrooeie1 F

D Phe, Tyr, D-Thr, L-Dopa, H's, D-Hisl6 Trp, D Trp, Trans-3,4, or

5- phenyl prol-ine, cis-3,4, or 5-phenylproline Proline P D-Pro,

L-1-thi oazolidi ne-4-carboxylic acid, D or L-1-oxazolidine4-carboxylic acid
Serine S D Ser, Thr DLThr, allo-Thr, Met, D Met, Met(0).; D Met(0), L-Cys,
D- Cys Thregnine Thr, [ Ser, DySer, aiio-Tnr, Net; D-NMet, Met(0),

D-Met (0), Ve A“EﬂQ/éF‘dTyr ostage v| Beplace witlbampfphe,  L-Dopa, His, D-His
Alanine A | D-Ala, Gly, bera-Ala, L-Cys, D-Cys
Arginine - R D-Arg, Lys, D-Lys, homo-Arg, D-homo-Arg, Met, I’le', D- |
o ; Met, D-Ile, Orn, D-Orm -
Asparagine N | D-Asn, Asp, D-Asp, Glu, D-Glu, Gln, D-Gln
~ Aspartic Acid D | D-Asp, D-Asn, Asn, Glu, D-Glu, Gln, D-Gln
 Cysteine C | D-Cys, S-Me-Cys; Met, D-Met, Thr, D-Thr
Glutamine Q D-Gln, Asn, D Asn, Glu, D-Glu, Asp, D-Asp
Glutamic Acid E | D-Gly, D—Asp_, Asp, Asn, D-Asn, Gln, D-Gln
Glycine G | Ala, D-Ala, Pro, D-Pro, .beta.-Ala Acp
Histidine H Asp, D-Asp, Lys, D-Lys, Tyr
Isoleucine I D-lle, Val, D-Val, Leu, D-Leu, Met, D-Met
Leucine L D-Leu, Val, D-Val, Leu, D-Leu, Met, D-Met
Lysine K | D-Lys, Arg, D-Arg, homo-Arg, D-homo-Arg; Met, D-Met,
' He,‘D-Ile, Oirn, D-Om
Methionine M | D-Met, S-Me-Cys, Ile, D-lle, Leu, D-Leu, Val, D-Val
Phenylalanine F | D-Phe, Tyr, D-Thr, L-Dopa, His, D-His, Trp, D-Trp,
Trans-3,4, or 5-phenylproline, cis-3,4, or 5-phenylproline
Proline P D-Pro, L—I—thioazo]idine-4—carboxyljé acid, D-
or L-1-oxazolidine-4-carboxylic acid
Serine S D-Ser, Thr, D-Thr, allo-Thr, Met, D-Met,
Met(O); D-Met(O), L-Cys, D-Cys
Threonine T | D-Thr, Ser, D-Ser, allo-Thr, Met, D-Met, Met(O),
D-Met(O), Val, D-Val
 Tyrosine - Y D-Tyr, Phe, D-Phe, L-Dopa, His, D-His
Valine | V| D-Val, Leu, D-Leu, Ile, D-Ile, Met, D-Met

Other variants include synthetic peptides with modifications which mfluence peptide stability.
Such variants may contain, for example, one or more non-peptide bonds (which replace the

peptide bonds) in the synthetic peptide sequence. Also included are variants that include residues



Valine V D-Val, Leu, D Leu, Ile, DIlle, Met, DMt Qher variants include
synthetic peptides with nodifications which influence peptide stability.
Such var ivaoteiwmays2sont ai n, for exanpl e, one or nore nonPpEMZ20@/Ooads
(which replace. the peptide bonds) i.n ¥’he synthetic peptide sequence. Al so
i ncluded are variants. that include residues_ WO . ‘
2011/ 0408493PATNZZOTlY OUOTENE 179 BRI h &l Ratiingl 19dsoic BpHnHg iy feF4ENS
acl ds, eS\gItl]t@cqmi&pac%l,gmg 1Rfa, &Qrgﬁlﬂglt'lld{l% Léfdsoa%g%fgﬂcngri:%MQt hetic 'am no
acids, e.Qg: beta or ga

am n& acl ds- and cyclic varrants. The present
invention further contenpl ates synthetic peptides of- the invention further
conpri si ige Npresear ninnaltiont furieat dontsnddtet hentbepdt ipgptidashef eby mhetigni hothaei ds
removed at I??n NN'—tS '1t1je1rlnti'?1a| t1 elrldofé}rlee QOtdeSXfﬂgrlg fsihzee'lqmg‘gdl 1ds ;e'erneoQéd S’IP%b -
synt het i c” BB s T4l H Ay dst At i PARt Sgoni sty ¢ act i vitty: ederibed
above, 5sughidiDdinfli &d pePtiER& A | And Rdletitle aichl easiiettWpertiisd ettid HeStAUES,

i ncluding the cysteine residues at positions 281 and 282 of SEQ ID. NO: 1.
Recent sfUf@gudsts fsHest thatiesrist 2hqve puchampdifisdiPepedinl wilolclyfle @gllfasjep e
progr essi AR andsifiRGhiaMmse bk Rakhe BideaklLaLiHoE RatRabhe psohibeka)jon and
differentiati on steps of %ryogenem S (Langley et al., . 10 2004; Thonas et

al ., 2000). Several studies have denpnstrated a role for nyostatin not only
during eRbrepostdienyggesh 8t myoppan glageting regobteratfarll miskairegigsssmand (Spqpgnes
by Wehlin al ling.et al.. . - arl s et al WS e .5
R e e R T L R i = L

suspensi ao4; Mhoime ewals 2068)0chatad stidieh hanc deasetrardos tat ifor mewelts hor ddly

p/aniaris. .I'ncreased nyostatin |evels were al so assocjated wt vere .
muscl e wé%“t“_?%wﬁmg’é@ﬁlci LT RV @bfat?lf%ﬂﬂ EoyeyAL muade &b %ruglfwén' R,Vg%s_sﬁf.“‘ One
expl anat iwehifrgler hin@06d)a¥aTaHsdneY @l ®affon B¢ @5 113DNNNABSET M@HartHphl RPaddl SRk Ee
di suse i s that rrgostatl n may function as an inhibitor of satellite cell

e

act’i vat i &ns dpadebiandilinls syspeasigaptyr nisd by peserd sith gicessaghinsertagoar dhae Ma
lack of . ih‘at. eas g a. e s.v LR3SELc l\v' ef [ a |61. ells
o vivo Do ARG Rl B B PR L P AR SRy it P
2003) .15Mpashat (Gonzabi-Dhdaordsethdy €94) s @ veeplaghmwn fdroh¢ peraad bvilhef agbswat i on
20 of satellite cells,-as well. as to i ncrease.the mgration of rmacrophages
and. my obPRSFECT g islerE e dy SRer BB (2 Busron aTasym et o iuih

heal i ng (MB2086/ VA8LBB)s.is MppbaEsHS HictRBh@idk Ahidssayi g f etk snPatatihResults
ant agoni st activity of the synthetic Hept i des of the present invention_ may
be basedibf #Eirawst reol af pargied patriievis st We dgh sghanced nef-trarwy Knawhits st vo

ani mal ”gquh%sl&r 7 Etnalv Qb(ﬁﬁ m@@daﬁn irﬁlqgigogg(mla%o Reh %H&\{z@ko [Héﬁﬁgeatlhk Qcti%ation o
ant agoni sts of the 25 i nventi on-may first be tested using an in vitro »
si ngl @0f pbsaellgarels| astveclleltd inceats thamigntigssapssophaghd ashtsyqhletsiduangrivede

assays, bi0assay, AR IARTOANEZ%hat% BUSPhaRh ROGARE/ BTEGPNage m grati on

Methods suitable for assaying for myostatin antagonist activity of the synthetic peptides of the
present invention may be based on any of a variety of known methodologies iﬁcluding known in
vivo animal models or i/z'iro models. For exémple, potential mybstatin antagomnists of the
25 invention may first be tested using an z» vilro single fibre satellite cell activation assays, myoblasts
proliferation assays, bioassay (WO 2003/00120) or myoblast- and/or macrophage migration
assays, as described in WO 2008/016314. Myostatin antagonist synthetic peptides of the
invention that are able to increase satellite cell activation, myoblast proliferatjoﬁ and/or myoblast
or macrophage rnigratbn in vitro, may then be tesfed for' their ability to treat myostatin related
30 disorders in animal models z# . - Such models include an aged mouse model of sarcopenia -
(Kirk, 2000); a mouse model of musc;ﬂar dystrophy. (Mdx) (Tanabe et al, 1986); a mouse model
of diabetes (Like et al, 1976); a mouse model of obesity (Giridharan et al, 1998); a notexin model

of muscle injury (Kirk, 2000); a model of superficial or deep skin wounds (Shukla et al, 1998); a



assays, as described in WO 2008/ 016314. Myostatin antagoni st synthetic
peptides of the invention that are able to increase satellite cell
activati oNp 20yialabsest proliferati on and/ or myobl ast or neCTNZhem@oomogr at i on
invitro, may then be tested for thei® ability to treat nyostatin rel ated
30 disorders in animl nodels in vivo. Such nodels include an aged nouse
model of npalrebefd@mba(\cm tial, 20090y moysmpgheimpedd! Worrerdestnthrsody StIRISHRY NIMIX)
(Tanabe Glicd d 1&1%?(.6}1’1115?11 MOHG S eJt aj, f J?Q)gt e%no(.lgk. ié‘?nc%f n d’c% 119?\@1)1 h B10PuUse
nodel of obesity (Gri haran %t al , a hotexin node muscle 1 njury
(Kirk, 2080praranomdél °(Ofcclsupémfvlsdnmlg cmrcmderﬁp(LlsQ) cellvvangnaiscré¢ Sk hacead ualuce
1998); a 2011/ 040823PCT/ NZ2010/ 000191 18 nodel of burns (Yang et al,
2005): a"WSUsY URERSCFAHIAY A0Ffér e dexanmet hasone is i nj ected into mice to
i nduce nuscle wasting (Ma et al, 2003) or a nouse cancer nodel in which
col on adenecaikdrPePridds 22 6e lﬁedduan)ﬁefaam PiddidGhERtedA TR kU OY 1¢RI bSleay; €
injected into mce to induce nuscle wasting associated with cancer. 5 The
synt het i epBEE] RIeferbly Ve Kb dPP ahl. 69@?‘%‘?1890’189/1@%81 k- their target with a
lid of 1 1,L1\1 or less, - and nore preferably with a Kd of 100 nM 10 nM
or even ﬂrh@&eﬁée&rmé &8iSn The, RRESEN d ﬁ}\{fﬁﬂltl!:&lﬂcﬂ%oﬁllpggngﬁ £8apRGnd B Bast one
phar maceuti cal conposition conprising at |east one novel synthetic peptide
of the i nveshtsymwhetyapdipiige pﬁyl@smamtwnAmagom@mn@ agovisty atogetibgathawith a
phar malceu%]|rcazlllceu%m]p)1 n's?olc(? Caﬁal |y agceptable carrier. 10 A synthetic
peptldeB I'S |nve 1on 5319 Ptf ereo maylelncludedlna
phar maceutically acceptable carrier or diluent, ideally in an anount .
suf fi dlent synchetie| pepede 6 tas p1a¢dnﬁﬁih o: | mhaba:peﬁjmag:aiel wclefiéd ot hvlsnamwntlcqu\

w t hout cau&&g ser.i ous % ffects in the pat ent tl‘e(fﬁ_‘

concent r AAFBAYEf “HEH V& E‘ﬁ?th ALY pBp AT PRt ﬂtf TR aRE \5& I"I PAEFENY on
absor pt i @fcapdidally BiddtiON amobitaGitionatd@ig saitths @%G¢ elfé@Nint At Podk tlelt@d. The
synt hetic peptide as well as other factors 15 known to those of skill in
the art. cpgeepgaton pe abredttheilc Herlgelny feusempeyitian anlk dapgnd, afi fhsorpieon,
severi tydginbtungn 19% Ilél(gln '1}1(@ eb&eﬂ?‘(u ?q\{ésa&legle Bth|e§c gptpi% e tSng oh'l@gﬂc&h@c’d
that for any particular Subject, speci f age regi nens shoul

adj ustiéd kowen tdz three a€ cloH di rtiga o e rbdmntdijsbht Aeagde arldest qid moow"exssmtbrtht

j udgenent of. nad terin u isin |strat|o of
the conpdSit¥ thpl’é‘?(‘én% ]fe‘ tREd: g% nlozlﬂég{s%“\éﬁlolurbr 0 t%%do?}]s? ‘ rfr%n ¥ JREC u{)'E)ove
can be f @m& spedfic E@gag@g:tgmms sPhiala 58 Gt de@ @lverSGhe AERSdind 63 khcedﬂlt -idafl, ne€B | 0,
A (ed), 1980.. Sol utions or suspensi ons, used for parenteral, intradermal,
subcut anaedithe Riplessipiak WHgepst iof B9 RESOReAFIPIEIEtiRE O Wé’c‘f‘bﬁ“}é’o%ie AgmEvIIEAR Af s -

a steril g, di ifﬂoﬁyCE\ 1BS G he ftéerlmgmsea%lrgamca@meﬂgoml Wok-08an bd KRHAGH ! S,
pol yet hyl ene glycols, glycerine, propylene glycol or other .-

synt h&fi Rem@lgierit Bharmntcubed Baericas, 18geditian, $¥eh fagedbdABYl al cohol or nethyl
par abens; anti oxi dants such as ascorbic acid 25 or sodium bisulfite;

chel at | Ng.RMSAL 5. MBI SIS RA AL BLELEARE SLG.ARLE: ULl SpBaoRs

acetates, citrates agents ust men oxicity
such as mgiuudu@d*nldw Ifcdbwﬁlfg d@npdsme a st&llbt(h]lﬁlarﬁ phhrmmemt |fcxalld]gcuac,ceﬂmabl e

carriers for r al i cat such as | venous, , Subcut ane

ot v s SR RELeE i PSR Bse ST g R diony o Ry ST gl T T A s
bact er i ogh@Hat@ridAesat R ab SehiyNAcHINbALRIHY Qal&n&g{nﬂbnbﬁﬂiydch&ls a&lagila a@amd
phosphat e- buf fered saline.|f V\D 2011/-040823PCT/ NZ2010/ 000191 19

admi ni2St er sedipm; biswBiso gB¢13rngpresnisrsuely ae sthylcsediaminstesingestiplagidi baffers surihas or
phosphat g byt S, ehtls gglﬂl&ﬁhates and agents for the adjustment of toxicity such as sodium-chloride

or dextrose.

Suitable pharmaceutically acceptable carriers for parenteral application, such as intravenous,
subcutaneous, or intramuscular injection, include-sterile water, physiological saline, bacteriostatic

30 saline (saline containing 0.9 mg/ml benzyl alcohol) and phosphate-buffered saline.  If



Met hods for preparing transdermal formul ations including. topical
formul ati ons or transdermal delivery devices such as patches are known to

t hose skiwbediivmaog2Be art ' (see, for exanple, Brown 5 aneciarger/00d988) .
Synthetic peptides of this invention ¥Way be prepared with carriers that

will protect the synthetic . peptlde .agai nst rapld elimnation fromthe
body, suéfmistaet siigheenlT srafeed sreasare abwirlagrdngling geniarmyr Rpifant s
and m crogpecapsul ated delivery systens. Bi odegr adabl e, bi oconpati bl e

pol ymers can be used, such as ethylene vinyl acetate, polyanhYdrides,

pol vgl ycol i ¢ aci d, collagen, 10 pol yorthoesterS, and polylactic acid.

Li posomaMslusiyens pomsrilagr eagdsonad i naid tene arqhiderss tdpon! tdreubyotshert tleﬂ%}delpmildes
enown et TSR 48Rk OB SRR RBEN S SR THARE i B SRS ot gl PhShoY
conpousdsndByngee, E@eapsul ated into.the Ilposone Li posonmes May be prepared
according to nethods known to those skilled in the art, such as is

descri bed | 5 4,522,811. For exanple posone for | ati ons y - be
pr epar ed B acagﬂapa}ﬁ B Ry IbFﬁll‘a’('éﬂ)d ‘(%‘uewaé tyt o Bgﬂt@%ﬂ&ﬁ"ﬂl@?&w
et hanol a'fﬂ:{ﬂﬁleg ﬁﬁ‘d’t@z‘tﬂld lem ﬁgﬂ‘xl the GB&J K, asaﬁl%ﬁga@tm&o]l@@%&Q@Fdlﬁiﬁbhnom
chol i ne, and chol esterol) in an inorganic solvent that is then evaporated

| eavi ng behidmg anplmin 40d] migpengppsatitdd deleyeon srslﬁrén%urlflaé@r@hblﬁhelcz?eﬁmavlﬁer
An aqueo I n ent ! vent
its,nnno%ﬁhﬁ%%a#élg bsf S%Qiﬁﬁg‘é%gﬁgxeggﬁﬁéléﬁﬁﬁ§%g% gﬁ 1£H€?h%$g %%ed
into Uhepe@nmbm£9fsqﬁh@ﬂﬂﬂﬂkamﬁer is then swirled by hand to free the lipid
aggregates, thereby formng the | i posomal suspension For nasal or
puInDnamxladnl |stration the active |n9{e |ent§ W be in the formaof a
fine powtdPSEPAS TS LT GHe o S %énc TR 8 b aBiet CP‘EP“ hRaP kg uen The

Al ter nat kMehdfic feped@Cinhy Beiddgfugat@nd S HY HYekidlnambaioms o tnaalpemfueﬁ idito ect
application to t e nasal mucosa such as an 25 ointment _or cream nasa
spray, ndBeTHl HPS§IpE AP aerBRBINS mREPe cBFPIST S GHS BralPIARF U EATFHEBRY

di luent g p aéglabécﬁdlﬁgrté hﬁ;hodlﬁlgg\vm tRRe SRR LRaH. | hit, QEh Al s CABSY LS SOI’
conpressed to tab For the purpose of oral therapeutic

adm nilst #a2.8h. tﬁme ea@bplﬁehp@npmufmmehnorhﬁemandm p@patedawmhﬁswl\en@ nmlemlec and
used in th ro capsul es e

conpatib%%ggﬁ %wnqsf(en %bﬂ%? &le aﬁ@%ﬁ ‘Pm:mo lubpeg%qégm%gefﬁcha 24 as
part of bh&mﬁﬂﬁﬁ&ﬂkﬁhﬂnmdNEbh@Gﬁﬂfanﬁﬂﬁﬂ@&“iaﬂhﬁ@tﬁﬂﬂp@ﬁﬂﬁﬂ@p&a@ﬁu&huﬁ§ in

a coating of ha atin) or or mnistration are well known e
art(Bakegelaﬂa F&Lewglm ft 682 fsewfif%%%mem T BHeQsge Hhonof the
Techni quUg§ivk QyAUEECRIFRAY BF t}quv&%ﬁ i08hi® mdMebHSpRGke! N1R1/BUEHBOLANRT dBRAEET |
t he enzynatlc barrier, and the nmenbrane barrier are.well Kknown in the "art,

( Ber nI@QpaSctl‘lPertEWdetedalhtO Q’@O?P)ltﬂmﬁabirétl sonpinef i, thempuided dy bapdehse drrdlinithe
ke can,conLal npdly, AlnmifiSnl bl MG, LAgLRT ents, O conpounds of- a
simlar Nt ure: I'nder RS raicr crystalllne cel lul ose, gum
tragacanth or 5 _gel atin; an eXC|p|ent such as starch or |lactose, a

di si nt egiFet hagl ag entmameﬁ admira$tgitidh C thaCdctive Ghgredients Stiflr §din thel folhi afantinsuch
as nagnesi um st earat e; gl idant such as colloidal silicon dioxide; a

sweet eni REVEYeRf %u%’ﬁ“ﬁ%‘ SUCTISBRISHN suidathar fon: InBalagion.| Alistnarvgyadbhtacsive h
as peppe 0

o2, PePPE i AL S e\l DR YOI PR a5 Lfe RS
above 2y p&tment drlcqaand nasul spray, msahires @ dnadetosobi | . 1 n addi tion, dosage unit
10 fornms can contain various ot her naterials mhich nDdify t he physical form

f the d t, f at th
enter o SAMRETPOREPer FaY PG oPHE RALTE BBt L ckes nf b bet FOHeRg R o

be adm niggih@f BhsdASs 8r EMNORENINtOfabdls. €FbshE ,purpSLSPBRS kRPapesd MninWerh&dn,
chew ng gun1or the like. A syrup may contain, in addition to the active

synt heti ehepasite dempoued see beamcarpevaiask wHhmychisert anthdsedernt dienform of tablets,
preser Vattfo\éﬁe%, ordééiﬁ&lé’%n q’h%%&léﬁﬂlé:lﬂ)s &R&xu%le%%lﬁg agents, and /or adjuv ant materials can

30 be included as part of the composition. Methods for encapsulating compositions (such as in a

coating of hard gelatin) for oral administration are well known in the art (Baker and Richard,



15 The present invention is directed to a nethod of treating a nvostatin
rel ated pathological condition in a manmal, wherein the nethod generally
conpri sesweat2011eae823t he step of admi nistering to a mammalPCINZewdoeloer eof
an effective .amount of At |east one s¥nthetic peptide of the invention

hayi ng n¥osta1__i n antagonistic activity, for a tinme sufficient to prevent,
treat or %Rl Tethataet WeovsympreoitiowtPagigra ingpdieabs MuFetlare b2 pistHbe et @anc
condi ti OBarri%Lr,]qer ﬁlfe%crng;qm Oba G@qg’\m&\\tﬂhg théatl, i}eﬂ&(gﬁsmm cttt\']?‘&()d]?‘s’ I's
suspect ed of “having, or has been di agnosed with one or nore nyostatin

rel ated pat hol ogi cal conditions. The pathol ogic condition is characterized,
at | east Thlfepapitls, daysudms, abdes mal hadilintcan develnopment ther falletvalgoingedigatsi of ty
of nuscle or a i‘p?seirtnhssu in a. m'nall angu. A ; ﬂ]%lrugﬁ ]di,,sgrmq%sqcrlellhat ed.
t o nuscl & RYPEFT POV HIECHE At ophy and MIscHe Wast i ng as8oci ated w
i nf | anBag@tin; 25 caisipatsitiess stiidls o lafoseyisdisinRRiag6g adeat Qichne Wighiic 6kideasem

di seases of the neuronuscul ar junction, diseases of the peripheral - nerve,
myopat hi darchu@ lycanpsrahi HemaBisormarFiEs? Satbdrh @ sspHedonulcon dosidgnter
sar copentgerdndfe ﬁtasu@l!iIQS AR OY\@;&EFMHQI; 895‘@'1!1\%\9&%@ ;ag&ﬁ’-rsgél%_ Je@béﬂﬁﬁ@t’, methyl
osteoporosis; refnal failure.or disease; liver failtre or disease; anoreéxia;
obesi t y; sditdet esoraagd flmowndg.he¥hémghe dyaeQ Ot /{01082 3PEPHINZ20 t0 002D iR 1
Muscul ar strophi es that can. be treated include: cker, Muscul ar st r.ophy
(BN - b Aol e P00 885 g (g S Sin PR BT KRS B
(DD), 1Duediriren Misgibvatioddysiid apitaialsDNYL mcaEy yhepheiiéal SenMiStdldasagbysit rfophy
(EDVD), Linb-G rdle Miscul ar Faci oScapul ohurer al scul ar Dystr.ophy. (FSH or
FSHD) | - Dﬁ?m%ﬁya%mbf?gawalgm ¥ @%ﬁy%tt?r&pwyﬂ% ‘ ef‘h“ﬁ‘ﬂgltacﬁPg“p’ﬂ%lPW’r@(é%le ‘
Muscul ar gy she R cdffPMe) adniBb@FedN&UX @BmpdhSRastes tNGL s6@nken t (18RS &fhfer,

i ncl ude: Adult Spinal Miscul ar_ Atrophy FSI\_/A), Anyot rophi'c Lateral

Scl er osi shefvipgSyum pnthadike- | esyProgresyitue, iISpidiapn Mude aftare spetheishnePOSvARuCcSiAL

or WH), Internediate Spinal Mscul ar. Atr,oph - or Juveni | e Spi-nal
Vuscul ar 4 Rsar et abpedt SR g BRSPSt R AT ophy

(SBMA). .10 Diseases of the neuronuscul ar -junction that can be treated
i ncl udé: Thongyenit alveddeas tshdinicedSyndroabod CNSieatbgbenbstiEat oelaSy rpionei(al ES)

and- Myast hepi a Gravi . JDi seases of peripheral nerve that -can be :
treated FHEYEe™ &é?%’g’f%?zl?eée-‘ﬁ’o h’ﬁlkoga%&(%&ﬂ]’f?mﬁéieér?tn ?f'%ogleaggﬁ ghase

(DS), angidihiseding i€ A nsardhaXd deddftRreof, an cMb@PabotS: cfUE1ha SRAPRREREeptide |
abnormalities that can be treated include: Hyperthyroid Mopathy 15 (PHYPTI\/p
and Hypofh{ieaNEnlipe FatIAg MYPRMOT M ASONIE ACHEp T Hi @WBe PHAFICRGYY HET M d5REa!

i ncl ude: arg;@lﬂ)trzqtgl thgo{ &ﬁ&?@saﬁ@%ostawoiew’%@ A %ofl(ﬁ‘{@n. I\Wr&f_gﬁed
Myopat hy (NM, Mot ubul ar Myopat hy (MIM or ' M% Par anmyot oni a Condgenita
(PC) afdeirbodiopdis tharahmpsilss { BRpan Mettdbel i supeged oébaohg, mideb det¢rhdirgaed be
treated include: Acid Ml targlete%)efghci ency (AMD), 20 Carnitine Deficiency
(CD), CarfirtTh& PRI TraAST &F 858t °CeRey (CPT), Debrancher. Enzyne
Deficiency (DBD), 'diabetes, Lactate Dehydrogenase Deficiency (LDHA), :
MyoadenyIra¢ pathelagicrasditbe s dineneyizddyVid 1B)st M poc bgndrababrmlmpabt devidlop¥ent

obesity Phosphoryl ase ficiency. (MPD or . PYGV), Phosphof.ryct oki nase
Dot 1 EnCy e PPoR VB OLPHIIA LS T oa TP G (PR SHIOcS related.
Phosphogly GRisale EnyWetiasphy Dafusat eitepht PGAMMREIPEHIVM e addcihRe SHATRBihAatory

pepti de of the invention can also be used for treating or preventing
congedbi waopathies, Mapquipr edysfrophiese dnefongnduren |dispasgss Bistaatse @f vibe hnageRgscukpr

i ncreasi ugncggr{} %sg;?sgss !)1t %18 &%gﬁﬂrﬁ%eé%f mR{) aﬁlrligsn(g.leo te?lggafn%saibﬁ))rrﬁarhti@sc %lta%%ﬁé ing

bone fracture’repair,; eating gro retardation, for the treatnent of
physi ol ogindadmshdiV¥, sinatuirsescopania, atatleniratnd@thpr oveiing cahdioohs; ccardsp bise;

such as after a.mmjor .aperation; for reducing,.protein |oss due t.g chronijc
1 heos: SrETPURERRERLTRE: AR BT b I GADE5 e KBTS 001D s
22 mai nt gRaREBeMho Ski n thickness; for maintaining netabolic honeostasis,
for treating renal failure/disease and liver failure/disease; for treating
growt h hornone deficient adults and for preventing catabolic -side effects
of gl d8oeflmmerprsmyemthigsothat Famabs Fgated miskslsr Bermmeemunidls @YY, dpdedee
conditio hagludi o LU & Sl e such as spinal cord injury and
st roke, 2%8)% %&gg?ﬁgggﬁgg%@%ﬁégfﬂig“?ﬁﬁie di sorders 'cari'be treated by
adm nistering a therapentic anount of one or nore synthetic nyostatin

ant agoni st peptides to a subject in need thereof. In a further enbodi nent,
the invention contenplates the use of one or nore nuscle growh ’



factors which may be co-adm nistered with the pharnmaceutical conpositions
of the present 10 invention to sive an additive or synergistic effect to

t he treatwenviwmgs2ae.. Such grow h factors nay be sel ectret/Nmorwoéie1 gr oup
consisting of H&F, FGF, 1G-, NIGF, growth hornone etc. Such growth factors
may be adm ni stered either separately, sequentjally or sinultaneously wth
t he phar Mieedt exropbispddnt cthdec bped sPydat Pedst Mﬁ‘é“'ﬁbl@ﬁé"ﬁt’#‘.\d@g’p)ﬁ he
i nventio i , 1 t { S$:. VY Dl n Tuscular
o o B AL bRl S D oy TR BT Musculor

phar macologirqaily| DIt Fenopipednd Naviurg BDivédaphen(EIABHD)y iLimybardiheMuscular

synthetic¢c myostatin antagonj st _peptjdes.qf the invention t >sed ..
con of nt T hE S RSTE BEREPhe TBr Tt ve P Ena Roo o d Bt Rpronie
nMyost ati Wk gRIND SHIIBESopli@dinged ANRL&Ear Dhgropln Ry, pepti de may be
adm nistered in conjunction with active conpounds sel ected fromthe group-
consi sting of pol ypeptide growth factors (as 20 nentioned ?bove_), N&Alhgf or
COX- 2 i nhlaspt Buon ghsptiss &bl Bty BroekarldeackdylhRprik dhaculayi Sprdephotat es
oestr 09?%&%&8@%9 rLARAUEALBES (ARSYE | AYREI! ﬁﬂ%&ééﬁxr@@gﬂﬁlﬁ MELULARBLEhy (SMA,
antagonists, ihsulin, antibiotics, protein Kinase C inhibitors or various
over t heSklbumré¥Hsubstandes Spmallduiclape tpphy 6eiAte dMp\2).dusdaile Spigaldricalar
Such acti,ve coppounds. e adm ni ed.ei t her separately, sequentially
or simul f\arﬁgoh@)gy’vrgi ?%gr?%le\g@tange@ggltaﬁ%ﬁ{éms;ﬁstcﬁgf f\goﬁg"p{%ﬁég{)ﬁ the invention
25 havi ng nyostatin antagoni st activity. The present invention is also

di r ectied ti@adeh e f ube neliroanecdsr e nsynt ket be pepid delsdof Gdngeminl dhtastbenic n

t he manufacture of a nedic nt.for treatin nyastatin r ed

pat hol og%&'ﬁi‘,‘”&%ﬁ(ﬁ}@’ LAE P F PP eI @rﬁ?&e%‘gj lglﬁ%igbe(‘}f“. JmTs%hg’l)rredi cament may
be fornulated for local or systemic administration. For exanple, the 30
medi canemfisehRY ob @edigerll hatve dhdt@han ibBjiRaict Gncletiel 6CHadbrINMR- ootk SHiease (GMTYRY
be fornulated for oral adm nistration for systemc delivery to the nuscle
for the DleEgprmentasdissss PR, wdsitiedirichar vt 1940823PCT/ NZ2010/ 000191 23
conditions. The nedi canent may be fornul ated for topical adm nistration for

t he_ tr ea@\/ﬂ%pgthgg WO dae@ld NMBhorNFic B¢ Qﬁl l;@ﬁgﬂﬂé@ihqu(f Ofy rﬁalyroid Myopathy
adm nistration for the treatnent of obesity and di abetes. The nedi cament

may fUbt KYPEWDprd Eepetherost MyppashadtYRPdNal nuscl e growth pronoting 5
conmpounds to give an.additive.or synergistic effect to the treatnent of
muscl e W@ﬁﬂérgquog)gms&mwn BL L RLd InPRAEASLAE BURCHRATBESCD) AR I EBARAL, MY
be fornulated for separate, sequential or sinultaneous adim nistration of
the one @ChoNenslmt Ndtapathye NMleMafrulidre Myepmhi ofM BNd ot hEMnePaprmymema

muscl e grow h. pr ti,ng .conipound W t hout being bound by theory, it is
t hought tcﬁﬁgenftggp(ﬁg\?gﬁggi}%fhg?ﬁ'@sggati des of the present -10 invention,
whi ch have nyostatin antagonistic activity, will be effective at

. pr event Mugabolic tdiseaks 0§ nisolet thhd tanl Bt ateedd dhdoddensid Napaset Dvfiderdchr(@siD),
mechani sns. Firstly by inducing. satel]it el | activation, | i feration
and. gOr LaiinG MSTRROSA D Cagak Paimiph Tresfee R ISERT, é‘gﬁ))s Iéﬁ‘&‘aa‘fhéf
thus i nvelyad. D@ﬁwl(mbago“&y@etes[ ESRNETRh| @BgenRECOBGMidhcy PYD BN ANEAABnylate
myobl ast proliferation and mgration to the site of regeneration, and
thirdly BeasmhandPefrionacr OphBYyeMitecharnidriae Alyopathyi MIEOknehesity hghosphorylase
macr opha act ttr ~MK 0k asts S Sep Y Rge ' he.
ef fect o%ﬁ%ﬁ%g%phggé r égl(r;%cl} ﬁJtho ahsO ﬁ%?%\lﬂtng%s ye@%lréa'g% lser\fe(ﬁj}ﬁ%pt% ﬁglg{%‘etﬁ
myost at i KigRt BgaaksdyPGK) aed Bhosphogli capsto ¥R ohsedefidichaalPiGagl EYWBZ006MP.83. 182
and WD 2008/ 016314). Thus, the present invention should also be effective

at i nprovin und heal i This.invention m | so be said broadly to.
consi €0 e AN Reprdg ol dh i e Faiatlit 85 Pt B EOYE 058 g RTINS  n
t he specihbirfafiluRh fefredligh@dRil aabiigRd Withdighigdea! ihyre@ingCiddeatehiivelsych anfdrany
or all conbinations of any two or nore said parts, elenents or features,
and wher éesngcdsteopotosilegfercselerpingnaneifarage Ferisi far WrtER gravil ripeipen, for the
equi val ent.s | ' [ i 8, don el atasic ROV, )
caut val onariche OB Blod h aaRD B WPUERRMOROER Bhfipic p LTy Lt
forth., WoQGEHLI0408BBRETLN pOLEONORHO O 1@ dhiBMAMRICES for accelerating wound healing;

30 for accelerating the recovery of burn patients or patients having undergone major surgery; for



The follow ng exanples are included to denonstrate preferred enbodi nents of

the invention. It should be appreciated by those of skill in the art that
t he techrmvouesl/digal osed i n the exanpl es which foll ow r epregZeoto//oeohni ques
,discovered by the inventor to functiZn well in the practice of 5 the

i nvention, and thus can be considered . to constitute preferred nodes for
its practiedenapganelekin tthighesof fog kinpintinng Haetahalicsheyptesasisn fpy gisetng remb
present diSel @SHLE . ARPLCENAL Rl R (DRNY, GRANGES GAMRE JRE.I ulid&nd for
specific e %(/)gl?éé%n?% whtlglcﬁ arg ‘di el osecfmaﬁgﬂsttl%lf; obtain a like or simlar
resul t wptehouingdepbolicisnly effeamot hlecspirtdoidsand foc opeingfa ulréder nl/entrorowh system

or ol 1 or BEEHCTH D TT R3S NG b BE <Gt SN 1 EaT o B 17d PS
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separately, sequentially or simultaneously with the -at.lciast one synthetic peptide of the invention

25 having myostatin antagonist activity. .

The present invention is also directed to the use of one or more synthetic peptides of the
invention 1n the manufacture of a medicament for treating myostatin related pathological

conditions in a patient in need thereof.

* The medicament may be formulated for local or systemic administration. For -example, the
30 medicament may be formulated for injection directly into a muscle,-or may be formulated for oral

administration for systemic delivery to the muscle for the weatment of muscle wasung



15 uncoated 96-well mcrotitre plates. C2Cl2 cultures were seeded at 1000
cells/well. Followi ng a 16-hour attachnent period, test nedia containing
varyi ng cwocentmes2sons of either the synthetic 310 pept pd@/NZ2010/060121 3
conformation, the synthetic 310 peptiZ¥e in the 1-4/2-3 conformation or the
positive control (recombi nant 310 peptide) were added and cells were
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assay  as previously described (Thonas et al, 2000). Results The results
show t hatliabdtes. 310 r econmbi nant positive control peptide significantly
enhanced nyobl ast proliferation over, 48 or 72 hours .conpared to control
(nmedia a er_only) at.a ntratiqQn_of ~ | iQ,. ] .
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nyobl ast proliferation.  The 310 synthetic peptide having the 2-3 )
connect i 91 mgregptsglogaev i spogheatreyreaedive and the 310 30 synthetic peptide
with the 1-4/2-3 connectivity showed slightly nore biological activity. It
is likel Wnthﬁﬁtt béi%b@ﬁ&i Bgltl?é_%Lw:, %E'MB&@& Qlflatttné %Op(,qgtxlltqgué eptid & I)pthteq'ﬁ‘esent
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5 The results are shown in:Table 1, below, Table 1 1.Synthetic 310 (2-3/1-4
connect i Wely§d mymysglej Bsvarsesactapive Seeitchol By endBRcnD yoRiSG PLoliffif gy and

(control )nigration to the site of regeneraton, and thirdly by enhancing macrophage recruitment. It 1s
15 known that macrophages act to attract myoblasts and thus increase myogenesis.  The effect on
macrophage recruitment has previously been observed with other myostatin antagonists to result

in improved wound healing ('\‘(/020‘0()/083}182 and WO 2008/016314). Thus, the present

mvention should also be effective at improving wound healing.

This invention may also be said broadly to consist in the parts, elements-and features referred to
20 or indicated in the speciﬁéation of the application, individually or collectively, and any or all
combinations of any- two or more said parts, elements or features, and where specific ir-lteg(_:rs argz'
mentioned herein which have known equivalents in the art to which this invention relates, such

known equivalents are deemed to be incorporated herein as if individually set forth.



100. 00 100.00 310 positive control (104g) 111.76 119.64 Synthetic 310
(0.114 100.17 100.54 Synthetic 310 (1.0 ig) 100.07 102.60 Synthetic 310
(10. 0 pg)wo0s113808287. 51 Synt heti C 310 (20.0 n) 106. 87 1POTAZ2000300191
2.Synthetic 310 (2-3 connectivity) %iproliferation above control* 48h 72h
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EXAMPLES

The following examples are included to demonstrate p'referred embodiments of the invention. It
should be appreciated by those of skill in the art that the techniques disclosed in tl}e examplés
which follow represent techniques discovered by the inventor to function well in the practice of
the invention, and thus .can be con_sidered -to constitute preferred modes for its practce.
waevef, those of skill in the art should, in light of the present disclosure, appreciate that many
changes can be made in the specific embodiments which are disclosed and still obtain a like or

similar result without departing from the spirit and scope of the invention.

EXAMPLE 1: Synthetic myostatin antagonist peptides increase myoblast proliferation in

VItro

Methods

Expression and purification of recombinant control myostatin antagonist peptide

A cDNA corresponding to the 267-310 amino acids of bovine myostatin sequence, hereafter
referred to as m:vosmtin antagdni\st 310, was individually PCR amplified and cloned intoa”
pET16-B vector using BamHI sites. Expression and purification of myostatin antagonists 310
\V;lS done according to-the manufacturer’s V(Qiagen) protocol under native conditions yvielding
peptides with an N terminal MGHHHHHHHHHHSSGHIEGRHMLEDP)and C |
terminal tag (EDP A AN KARK EAELAAATAE Q). This recombinant peptide was the

positive control to compare activity with the synthetic versions.
Production of synthetic myostatin antagnost peptide

Synthetic peptides corresponding to amino acids 267-310 of the bovine myostatin sequehce,
hereinafter referred to as the 310 synthetic peptide were produced, either having a 2-3

connectivity or having a 2-3/1-4 connecuvity by Bachem Americas, Inc, CA, US. These peptides

were synthesized by coupling the carboxyl group or C-terminus of one amino acid to the amino

group or N-terminus of another. Protecting groups were used to prevent unwanted cystein

bonding.

Specifically, the peptides of the present inventuon were made using solid phase techniques,
whereby peptide chains are built on small solid polymer beads using repeated cycles of coupling-

deprotection. Once the desired peptide was made the bond between the first amino acid and the



Media - buffer (control) 100.00 100.00 310 positive control (10[1g) 113.58
122.97 Synthetic 310 (0.1 jig ) 101.66 101.06 Synthetic 310 (1.0 lig) 97.70
102. 00 Sywohetivoao230 (10.0 jig) 104.18 -103. 83 Synt heti eC3NZ20D0M1 i g)

105. 00 105.07 WD 2011/ 040823PCT/ Nz2(®BF0/ 000191 27  absorbance at 655 OD is
correlated at 100% for the control (nedia + buffer only) and the test .
absor banegelvesf iy ek togitetihs freExmiPr £ 2his spgg frerseslerplai PASICC IS PYRS FEES on
by synt het.i ostat i peptides B To confirmdhat the nereased . .

ot o ror 0 SATAREL AL RRL e, F0, 8000 EADR LhmARLE B b

t he pl at psrfoversecalspdd tloomowgtaphuahdiinally lvophilized. ‘

5 Selective disulfide bond formation and/or pfcvention was achieved by applying complex
orthogonal protection schemes in order to get well defined c011f0r1nations as would be -
understood by a skilled worker and as set out in the Bachem Peptide Users Guide, July 2009,

Bachem AG Switzerland.

10 The compositon of a peptide was confirmed b)} amino acid analysis or sequencing.

Myoblast assay

Bovine C2C12 myoblasts were grown in Dulbecco’s modified eagle mediurﬁ according to the
standard techniques (T hoﬁas et al, 2000). The myobla_st‘proliferation'assay was carried out in
15 uncoated 96-well microttre plates. C2C12 cultures were seeded at 1000 cells/well. Following a
16-hour attachment period, test media containing ‘varying concentrations of either the svnthetic
310 pepude 1n the 2-3 conforhmtioﬁ, the syntl;mﬁc 310 peptide 1n the 1;4/2—3 conformation or
the positive control (recombinant 310 pepude) were added and cells were incubated for a %urther
48 or 72 hour period. After the incubation peﬁod, proliferation was assessed using methylene

"20 blue photometric endpoint aésay as previously described (Thomas et al, 2000).
Results

The results ’show that the 310 recombinant positive control peptide signiﬁca'ntly enhanced
- myoblast proliferation over 48 or 72 hours compared to control (media and buffer dtﬂy) ata -
concentration of 10 and 20 ng. Both of the synthetic 310 peptides also enhanced the proliferation

25 capacity of niyoblasts.

The 310 synthetic peptides were.not as effective as the recombinant 310 control peptide, but still
resulted in a significant increase in myoblast proliferation demonstrating that the synthetic 310

peptides can effectively accelerate muscle regeneration by enhancing myoblast proliferation.

The 310 synthetic peptide having the 2-3 connectivity only was biologically active and the 310
30 synthetic pepude with the 1-4/2-3 connectvity showed slightly more biological actvity. It is

‘likely that the bio]ogichl activity of this peptide 1s due to the presence of the 2-3 connectivity and



Met hods Cells in the wells of interest were stained with DAP

(4' - 6-di ar ni di no- 2-phenylindole) which is a fluorescent dye that stains
nucl ei blwe.20DARIS2das used at a concentration of 11Li g/ RCTiNZ2PBBoened - 10
cells stained for 5 rriins at roomteXperature, then washed once with PBS
buffer. | mages of each well were then captured via a Leica DM_ 6000

ni cr oscof¥ aduioa pfithabd capagcpsinsmpy byyicadfied iwagis-Preorgprashy it $10 g8y s febunt
the nucl ei,, Jror each treatnent (reconbinant 310 positive control, and.
synthetic peptides (2-3) and (1-4/2-3) at 10 and 20pg/nl), 3-6 wells -per
treatment were anal ysed. 15 Results There were significant increases in
cel | nunidbe pratndBiemnd Feiml{ashahimn2-p reofiabitiein in ed ewithdugr mptwee syatthet i ¢
310 (2:3 tide and at 72h for the. t hetiic 310 (1-4/2-3 epti de. These
Cesul ts ARl Fr 2 e e Rlre R aab PR BBt e o BB er vea 1
exanple 1 was a result of a genuine increase in cell nunbers. 20 Table 2

1. Synt BetThere3di®s 42 sidbwanianestei ivbelyy: Number of nucl ei per well 48h 72h- Medi a
- buffer (control) 707.7 1859.1 310 positive control (104 816.7 2229.2
Syntheti&hg%q>(10.0 pg). 810.5 1906.1 Synthetic 310 (20.0 lig) 808.9 1903.6

1. Synthetic 310 (2-3/1-4 connectivity)

% proliferation above control*

#%h - T
Media — buffer (control) : 100.00 — : 100.00
310 positive control (1 Oug) 11 176 a 119.64
Synthetic 310 (01 pg) 10017 100.54
Synthetic 310 (1.0 pg) 100.07 | 102.60
Synthetic 310 (10.0 pg) 108.58 107.51
Synthetic 310 200 ug) 106.87 11047

10 2. - Synthetic 310 (2-3 connectivity)
% proiiferation above coqtrol*
48h | Th
Media — buffer (control) 100.00 T 10000
310 positive control (10pg) - 113.58 ', 122.97
Synthetic 310 (0.1 pg) RTINS 101.06
syﬁtheﬁc 310 (1.0 pg) 97.70 102.00
Synthetic 310 (1001 10418 ;s

Svnthetic 310 (20.0 pg) 105.00 105.07




WD 2011/ 040823PCT/ NZ2010/ 000191 28 Synthetic 310 (1-4/2-3 connectivity)

Nunmber of nuclei per well - 48h72h Media - buffer (control) 799.8 1986.9
310 posi twoeorigans2el (101.1g) 847.1 2429.3 Synthetic 3POT(NZ201/0p@P1810. 2
2328.2 Synthetic 310 (20.0 pg) 739.3 Z172.0 EXAMPLE 3: Synthetic

nyostatin antagoni st peptides that | ack biological activity 5 Methods A
number of 2ByHbHEE RO Merdlere At Hileh frebe R gmatis nhuitst gelvhakdadnte
cor r espoAltionepncocalifiams! tachils at positions 267-310 and 282-310.of SEQ I D
NO 1. O the 267-310-peptides a nunber of different connectivities were
prepared as follows: 10 1. 2. :

EXAMPLE 2: In vitro myoblast proliferation by synthetic myostatin peptides

5 To confirm that the increased proliferation observed in example 1 was not simply false positive

© results, the plates were used to count nuclei.
Methods

Cells in the \ve]ls>0f interest were stained with DAPI (4-6-diamidino-2-phenylindole) which is a
ﬂuoréscent dye that stains -nuclei'\b:lue. DAPI was used at a concentration of 1ug/ml in PBS and
10 cells stainéd fbr 5 mins at rbom tc;xnperilture, then \Vashed.once with PBS buf‘ferT Images of
éach well \vgre. then captured via a Leica DMI 6000 microscope and an image analysis program
(Image-Pro plus) utilised to count the nuclei. For each treatment (recombinant 310 positive
control, and syntheﬁc peptdes (2-3) and (]-4/2-3) at 10 and 20pg/ml), 3-6 wells per treatment

were analysed.
15 Results

There were significant increases in cell numbers at 48h and 72h (as shown in Table 2, below) for
the synthetic 310 (2:3) peptide and at 72h for the synthetic 310 (1-4/2-3) peptide. These results
confum that the increases in myoblast proliferation observed in example 1 was a result of a

*  genuine increase in cell numbers.

20 Table 2
1.  Synthetic 310 (2-3 connectivity)
Number of nuclei per well
48h 72h
Media — buffer (control) 707.7 : 1859.1
310 positve c‘ontrolA (10ng) | - 816.7 - 2229.2
Svntheuc 310 (10.0 p.g) 810.5 A ‘ 1906.1

Synthetc 310 (20.0 pg) 808.9 ' 1903.6




1-3/2-4 1-2/3-4 3. 1-2 4. 1-3 5. 1-4 6. 1-2, 3-4/ 1-3, 2-4

WO 2011/040823 PCT/NZ2010/000191
28

Syntheiié 310 (1-4 /2-3 connectivity)

- Number of nuclei per well

48h . 72h

Media — buffer (control) _ 799.8 - 19869
310 positive control (10pg) -~ 847.1 24293
- Synthetic 310 (10.0 pg) . 1810.2 2328.2

~ Synthetic 310 20.0 pg) - - 7393 - | 2172.0 .

EXAMPLE 3: Synthetic myostatin antagonist peptideé that lack biological activity
5 Methods

A number of synthetic peptides were prepared having an amino acid sequence cortesponding to
amino acids at positions 267-310 and 282-310 of SEQ ID NO:1. Of the 267-310 pepudes a

number of di‘fferent connectivities were prepared as follows:
1.-1-3/2-4

10 2. 1-2/3-4

3. 12
4. 13
5 14

6. 1-2,3-4/1-3,2-4

15 7. 2-4
8. 34
9. 1-4/2-3

10. Linear (no forced connecuvity)



.15 7. 2-4 8. 3-4 9. 1-4/2-3 10. Linear (no forced
connectivity) WO 2011/040823PCT/ NZ2010/ 000191 29 The peptides were
synt hesi 2&0 2a6l/idesar i bed above in exanple 1. Different e¢snzizom/ooedldues
were protected and deprotected to prouce the specified connectivifies and
woul d be understood by a skilled worker. Results 5 The only synthetic
peptide t'&speridenyerestivhedcdihdecebichihonr asesampl - RHErI6 Ay THNVIoVEueswerse t he
| i near 3 pot§c¥cty' ﬂ]%tdcﬁ RERL t% -romtho gpeéirﬁgd Q&Q{%Em@&gl (%QQ\.[QQ&(FFE} bl?(‘l%btg(;}pwg -
any activity. The 3 0 -synthetic peptide that was N-termnally truncated at
am no ackldligosérkeéron 282 was al so not active. This particular peptide only
I ncl uded two cysteine residues,- nanely cysteine 3 and 4 so would conpri se
the 3-4 %pnqggtivity. The linear 310 synthetic peptide would have 'fol ded
into any S ' ‘
-5 The onl'\-'vsynthe.tic peptide tested that showed enhanced myoblast prohferatibn n vivo was the
linear 310 syntheuc peptide. None of the other 310 conformations showed any activity. The 310
synthetic peptide that was N-terminally truncatéd at amuno acid positon 282 was also not active.
* This particular peptide~ only included two cysteine residues, namely cysteine 3 and 4 so would
comprise the 3-4 connectivity. The hinear 310 synthetic peptide would have folded into any one
10 or more of the possible confirmations. As this molecule was -effective at enhancing myoblast

proliferation in vitro, the inventors summise that it included the 2-3 connectivity which appears -

.to be the bioactive confirmation (Results not shown).
Conclusion

S_\jfﬂthﬂiC myostatin antagonist peptides that include at least two cysteine residues, whereby
15 cysteine residues at positions 281 and 282 of SEQ ID NO: 1 bond to form ardivsulﬁde bond
(corresponding to the 2-3 connectivity) are effecti\;e at enhancing myoblast pro]jferatibh n vitro.
We show synthetic peptides that have either 2-3 or 2-3/1-4 connectivities have myostatin

antagonist activity.
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tools fof?\% oglla(:?:ta[Qé gﬁé%%egcorrparl son. Proc Natl Acad Sei USA 85(8),
2444- 8. Tanabe Y, Esaki K, Nomura 1 (1986). Skeletal nuscle pathology in X
chr om)soﬁnnflbienkelﬂsaﬂmgcuﬂanudy’ﬁt(ﬂ Yoy Jokix) nmods erathaddea iNeXirabpahdrome(lBded )
69(1-2), .+ 5 Tho M La 13, Ber e (2000) Myostatin,
o hegal | TER 5P GPISBRIE QP B or e P UROHT! B ot t1ng. nysb act
proliferation...| Biol Chem 275: 40235-40243., Whling M Cai B, and

Ti dbal b lﬁmﬁﬁ@&ﬁ)unyadaj BEﬂnOG e[fqmwosma\tudttr@xpﬁ ﬂS@kl@ﬂl@Uhtdig)fn@Ld;lcfelgd\vth
nmuscl e use. Faseb J 14, 10 M and_Ber nkop- Schnurch-A. (2006)
St rat egi B¥ICHNY %P@blél%%@ﬁhb%ﬁ?#fmpfné l&lolrfé’ﬁm e i‘é?ﬂéﬁ*&%?ot ein drugs.
Amino Acids 30: 351-367. Yang L, Scott PG Dodd C, Medina A, Jiao H,
Shankows kyeHinifg I@q@bﬂBAarﬁf‘qud-[faﬁdH?t(')(ﬁﬁ) ( RRABMatioh Al bdrsdd 'e%ﬂ'e@lon during
fibrocytes in postburn hypertrophic scar. -Wund Repair and eneration .
13(4),  39®difed. muspld w01 Fagh0sPBIPET/IRZ2010/ 000191 32 I'NDUSTRIAL APPLI CATI ON
The present invention provides novel synthetic peptides having myostatin

ant.agoni g | I Vi i 1, D808k t

rel at ed E%srger etra%albé%k\égé% ggl\rﬁd iérstla(ge §1 e§ce{§etw %’gEJJV%j%l asthfp’&e{; ? h‘g
an abnor amd prrain diugs davehopaidriot 3pr-36Bt abolic activity of 5 rruscl e or
adi pose tissue in a mammal and -may include disorders related to nuscle

hypertrophy; scle: atro ti Wwth i tory
yopat hi Sete fuscuit B0- MpR o Fdet Ardieer rgiambi oo ads L) S ead ddedi Hhe
neur onusgiyods. J 1Bk fi@Ron ddfsﬁgl%%§te9f1nt;§t%ttﬁﬁﬁ IRpeRRphREEME, TRRAt RéRs due to
endocrine abnormalities, -netabolic syndrone,” HV, cancer, sarcoperda,

cachexi aRagfdlemti@erl3(f@5398ﬁ@0‘bondl tions; cardiac failure; ost eoporosis; renal
failure or 10 disease; liver failure or disease; anorexia; obesity, .

di abetes; and wound healing. WD 2011/ 040823PCT/ NZ2010/ 000191 33 V\HAT V\E
CLAIM I S



. A -synthetic peptide having nyostatin antagoni st activity having an

am no acid seqUenCe corresponding to at |east five contiguous am no acids
of a nmat uwe 20yasbeBi n peptide of SEQ I D NG 1, wherein tRreTsymoheniiol pepti de
conprises at |least two cysteine resid?es at positions 281 and 5 282 which
are forced to bond and form a disulfide bond, or a functional variant or
fragment INRYYRERIAD ARRIJGATIQN peptide as claimed in claim1, having at

| east | east ten, at least fifteen, at |least twenty, at |east tWnty five,
at | east ﬁlplrﬂ&)fm iﬁtrexlt%ﬁsﬁro{fih&sr E(}Qje’f E\Vﬁ]nct@tpcbgé’étllﬂf\791rgt1¥‘#os@1ttixlla%@%tjnigw ;éﬁvft{rva
at least fifty, at least fifty five, or at |east sixty contiguous am no

aci ds of W8EQ Wl RO ustful 19 Be Argymtrhetfi ovpepii ddatad difoadared Jushcdisdrders we 2,
conprising an am no .acid sequence correspondi tq a.Ctermnally truncated
mator e nyReras PR R B BRTCELR BPRePRE AR el Sofact i 1o SHE S on
is at a8 pasdt bordipdscaissieahwagimmanl 40 @aoi tslud8disamddrs38ated td muAcls Wipdiebpley;
peptide as claimed in claim3 selected fromthe %r oup consi sting of an

am no acitsdeqtiembs tul rassisndiHet ssaaieset eWH NI IPRFUGh CRY Y gy upescular
nyost at i QyREBhicdembRe Rlufbr BRedaCd@idal R thE TdBLAlds@larl RindlondMisdfe@Gif the
position 282, 283, 284, 285, 286, 287, 288, 289, 290, 291, 292, 293, 294,
295, 296pedgirral 2e8e, PPatt@Glue30 rnd@Re 2BAFMaEow; meoboliayedrogg7 HI¥08incgng,
310, 311,312,303 30%ha 342 340y ShdrioRdBuradt b 32 ssecdBosiB2nal Foice 324

305 Sﬂrcopehia, cachexia and [ g com ui€; dsteOpoOrosis; 1€
, .

10 disease; liver failure or disease; anorexia; obesity; diabetes; and wound healing.



326, 327, 328, 329, 330, 331, 332, 333, 334 and 335 or a functional variant
or fragnent thereof. 5. A synthetic peptide as clainmed in claim4,
sel ect ed Wwoamttdaes2gr oup consi sting of an am no 20 aci dPEENIRO®B00191
corresponding to a C-termnally truncdted mature nyostatin pol ypepti de,
wherein the Ctermnal truncation is at amno acid position 329, 320, 310,
300, 295WVHAF WigkLMMES (SEQ I D NCS: 2-9 respectively), or a functional
variant or fragnent thereof, or a polypeptide haying substantial sequence

hOITD! ogy 1t her ?xt"thheti'@-p_e[eticﬁeylﬂlt\'h%tﬂ)&)SQ\%W&Q@O@& &:h@a'ﬂ”ﬁglﬂ ¢_rpjnﬁjnm'ﬂ5i'd sequence
consisting of a Ctermnally truncated mature 25 nyostatin pol ypepti de,
wher ei n threespondingrimal least fncetritignossinzino asiine ashdrpespitienpPrde OSEHA I NO
4). 7 : &é)f,n}t(g%glln(ihgse\ﬁh}[e & (-az‘st'cfélc%‘{nneigeslap 09Q¥\\78@\¢st69$e l%lsiglllergs’lt oé[ir9 r165’28f1 urg her
conprising a ermnal truRcation at or Det weern -am no acid position 268 to
280. 5 282 whidghhat facedité bahd andpasi hidlfeleMpndsbng fabcdoad Stariomeorsfyapni@t i C
peptide of claim1l 30 -together with a .pharmaceutically acceptable carrier.
WD 2011/ GHEE33PCT/ NZ2010/ 000191 34 :

V 2. A syntheﬁc peptide as claimed in claim 1, having at least least ten, at least fifteen, at least

_twenty, at least twenty five, at least thirty, at least thirty five, at least forty, at least forty five, at

least fifty, at least fifty five, or ar least sixty contiguous amino acids of SEQ ID NO:1. -

10 3. A synthetic peptide as claimed in claim 1 or 2, comprising an amino acid sequence
corresponding to a C-terminally truncated mature myostatin peptide of SEQ ID NO: 1, wherein

the C-terminal truncation is at a position at or between amino acids 282 and 335.

4. A synthetic péptide as claimed in claim 3 selected from the group consisting of an amino
acid sequence corresponding to a C-terminally truncated mature myostatiﬁ peptide wherein the
15 -C-terminal truncation is at amino acid posigioh 282, 283, 284, 285, 2806, 287, 2'88,. 289, 290, 291,
292,293, 294, 295, 296, 297, 298, 299, 300, 301, 302, 303‘,;304, 305, 3006, 307, 308, 309,3]0, 311,
312, 313, 314, 315, 31l6, 317, 318, 319, 320, 321, 322, 323, 324, 325, 3206, 327, 328, 329, 330, 331, .

332,333, 334 and 335 or a functional variant or fragment thereof.

5. A synthetic péprjde as claimed in claim 4, selected from the group consisﬁng of an amino
20 acid sequénce corresponding to a C-termunally tn_lncéted_»mature myostatin p_olypeptide,'wherein
the C-terminal truncation is at amino acid position 329, 320, 310, 300, 295, 289, 284 or 282 (SEQ
ID NOS: 2-9 respectively), or a functional variant or fragment thereof, or a polypeptide having

substantial sequence homolbgy thereto.

6. A synthetié peptide as claimed in claim 5, consisting of a C-terminally ‘truncated mature
25 myostatin polypeptide, wherein the C-terminal truncation is at amino acid position 310 (SEQ 1D

NO: 4).

7. A synthetié peptide as claimed in any one of claims 3 to 6, further compfising a N-

terminal truncation at or between amino acid position 268 to 280. -

8. A pharmaceutical composition comprising at least one synthetic peptide of claim 1

30 togcther’\virh a pharmaceutcally acceptable carrier.



9. A nethod of regulating nmuscle growth, pronoting adi pogenic
differentiati on and/ or pronoting- bone growmh or mneralization in an

ani mal cowprosi/odgs2adm ni stering to said aninmal.. an eff@crinzoarooenat of at
| east one synthetic peptide of claim3# to an animal in need thereof. 10.
A method as clainmed in claim9 for producing increased nuscl e nass,
decreased -fatt medegorli tasBAtah ATGFl i HPF By P BOHE yPPoMeRic difarespuey, et | e,
deer, po . Lurk Ri g, hor ~ - : or. b i -

ot hod Bttt Bon R BB Ao RS E10bA) cofiBhand MBI spid e
pat hol ogiceff@ndd irnomtiofi adlepabnennrhenheegidae of alathn ¢ oman tnioal insicahdieaot.er i zed,
at least in part, by an -abnormal anount, devel opnent or netabolic

activity,, of scl.e .or adipose tissye, wherein:.said pethod 10 conpris
adi ni st 81 nganeapr ot FEEE bR of Tan PeEhGed aREc Sy TTnaRt epufRHg gAY

cl ai m 51dépgasitiopaht s impronRieBotc@bedf in a kBeeph it hdidr, gfoulth@itifke g (i, Mddedi M
11, wherein the, pathologic condition is selected fromthe group consisting
of di sor P, F& Qh €88 PBIWIRE| e hypertrophy;. nuscle atrophy and nuscl e
wasting. associated with inflammatory nyopathies, nuscul ar dystrophies,

Mot or newyon di 5885w Hles&ASESler Rlduld e NEVEATUSICH nRloshHRGLLRA, pAh 368 es
of the peripheral nerve, nyopathies due to endoCrine abnormalities,

met abol i eomsitvdy wrrepident, drenveraid Sapdinpe i daraskeihek iab learidn prrieby wagbiergnal

conditions; candiac failure: osteoporosis:.renal .failur 6. di - liyer
ot ur e Spouite AeRBoidl ot b T GORALON SLidLOT Al Mhfe el B8 Shedhhd ©)
met hodO0t eorppeée Adminlistanly OF cférral¢ emate &f adadt bhorymhaicgiaputihef ehndilt toon i s
one that 20 would gfnefit, inpart, fromincreased satellite cell

acti vat i B hPdlsEdEersifol i feration, - macrophage and myobl ast nigration

and/ or reduced fibrosis wherein' said nmethod conprises adm nistering an

ef fecti vez amunhedbd at chR@ast inQhem S NiviekinCthp@RihbiBicAdona@iidh M deldceedafrPathent
in need thereof. 14. A nethod as clainmed in claim13 wherein the condition
i s sel ecgedP rrewinae! gioulsrcshiidspingclohyRtsery: durdgatrarhy and Prslsmgasang
muscl e dé?s@&gﬁe&'wﬁhnmamﬁm@g%@aﬁhﬁgt Q0@ d@aﬁdims,%ﬁot%%m@ﬁ &haotherapy
agents, radiation therapy , desanethasone; nuscle wasting due to protonged
hedr edt stidle msirdrhasculnegquictiad dfehes of uhgeeyphewd padeheabpatiges dis or dedosrine
rel at ed t@ nus&le ngqf.rophx; nu§§b¢ atrophx_-aqg nmus Ig q%gagg assoghated
wi th i nf PAMMRESIY Myopathi €8S Miscul ar “dyst r'opihtes, [otor neuron di seases,
di seasescafdiddns; daediiofihseubsadoppttiRB] teafl, faitlirs eadr&saflivehilpe lor Piessa) anvedxe,
nyopat hi es due_to endqcrine:abnornmalities, .netabolic syndrome, HV, 30
cancer, §%®Eﬁﬁ%ﬁ?§$a&é@ﬁ@?ﬁé“&ﬁ&_other wasting conditions; cardiac failure;
osteoporosis; renal failure or disease; liver failure or disease; anorexia;
obesity and diaheted to pY@eKQlﬂeétOéﬁﬁﬁ’éBGFé NZ2Rdib 9L 82 cbn@itiBn is one that
phar maceuti cal conposition as clained in claim8, wherein the synthetic
pepti @8 eulddepeffamaurt som iseced sphllicrrsl agtviree. Iyohlest Rrelifswipounicerhage
enhance Pt NARREHLGH Fld/BF Leaflal Mo Al BLin SR Imod LR, ARMniRELSHA

t he pharnaceutical ‘conposition I's fornul ated for separate, sequential®or

si mul t aneffesivaaabmitsif nakiso pnofyntlivec pyprideatfichinp épé k getican th dded tisrednd
compound. 5 16. A nethod of regulating nuscle growth of an ani mal conpr.i sing
admnistering,to said ani.mal, al ;an effective anmoupnt of a ast _ope

synt het i i)i'pepf\ i H‘galé) ol Q?Hnr%eil 0 qgm i; r\rvg’te %Iﬂ%ées AT e ?eneckeﬁaﬁ%mlgj,e §3"P
produce thGs6as6Hmtude HanmifRSHiei tB tAuSAL@RsclC@dnidge dutl @@ the fAaidhitdiationt dfrdgeyts
pig,.ggrse cat dggeor human. )

such as chem rapy agents, radiation therapy , desamethasone; muscle wasting due to
prolonged bedrest such as that required after surgery; wound healing; disorders related to muscle
hypertrophy; muscle -atrophy "and muscle damage -associated with inﬂammato'ﬁ_f myopathies,
muscular dystrophies, motor neuron diseases, diseases of the neuromuscular junction, diseases of
- the pérfphetal nerve, myopathies due to endocrine abnormalities, .metabolic syndrome, HIV,

30 cancer, sarcopenia, cachexia and other wasting conditions; cardiac failure; osteoporosis; renal

failure or disease; liver failure or disease; anorexia; obesity and diabetes.



18. A use O at |east one synthetic peptide of claim1l, in the manufacture
of a nedicanent for 10 regul ating nuscle growth, pronoting adi pogenic

di f f er entweat2oarn4e82d/ or pronoti ng bone growth or m neral PEaNZaomoiono@n ani mal
in need thereof. 19, A use of claim3b8 for producing increased nuscle
mass, decreased fat deposit and/or itn., proved bone growth in a sheep
cattle, deer, Ypbbarmpgeunealreposigey as Kpae imelyge S, wherencike *\ﬂfbgﬂwcmﬁ*ﬁah

15 20. A U8t g\hdaso 1 &&5td gmm%y%@ﬁﬂ 1,€iRe ]5 in@fro ChRINT: thd ntfqgaumwcagture
of a nedic ent to prev treat "or re e the severity of nyostatin
rel ated patth@bogalloaxa@nd:l. nncbwhunmahpabuamceutmﬁeqommmsan ¢ oondhtldnr iqpmre
characteri sed, least in par d)¥ gl grma am)uné\th evel lopnent or

met abol i &C%E‘Etﬂ/?’t PrBFEp W‘é’“‘dlf“%{l oLl PPLgtiePertsls AndthrsEcols é’r“e{’ohbd in

cl aim 20, whereby the pathologic condition is selected fromthe group 20
consi sbi mg ofAdhﬁﬂkdaﬁsmgﬁh@g@ﬂukm:@m&@hafhypthﬂoﬁhxnmn@smhﬁna%ﬁ@phybamd
nmuscl e wast i ng associ ated wi.th inflammatory nyopathies, nuscular .- - .

dyst r ophf@@al #pg &CHYFGWQ}H“B%‘GJ%@E%“C YpessRPtds of HaMbur onuscul ar j unction,
di seases of the peripheral nerve,' nyopathies due to endocrine

abnor mal ifi es, ARlRROL icGiSYNE QNE: 1811 pr&RRE GhoreaSAT GRPENhAss MAL hRXp ac.and
other wasting conditions; cardiac fail ure osteoporosis; renal failure or
di sease; dtdrvrulinabirkeepigr hatbe erisdog aferesi a: 25 obesi ty; diabetes; and
wound healing. 22. A use of at |l east one synthetic peptide of claiml, in
the ”a”Uf1§Ct ur%eusg f@tl%gbﬁ:@g&lﬂ%ué Pg &Q%f&gﬁy?%lt%aﬁJfg&&l%@tt n®dicament for
anelioration of a condition erel n the condition 1§ one that would

benef i10, rdgnlatpantusclé gn@mth rmoe:asegladlp@geeicl differeg@ition aotlf Q/fanpmmmgrjbom g;@t\Vth
prollferatlon rracrog eap q’f m gration and/or reduced fibrosis in
a pati enf” PRHEEYPHA AR i \/‘\d PfT¥40823PCT/ NZ2010/ 000191 36 A
use as clainmed in claim22 whereby the condition is selected fromthe group
consi sting of Anuscdfecldanegordpedidng matad Mustd Madadegesediéctdepbdieand/or
adm ni strati on of agents such as chenot herapy agents, radiation therapy ,
desamst hBRHES Pesciev s i gepdﬁfégf §'pr BP*&}H“g’éH?‘Béd%‘%%’PI%u‘E‘H“S&s“E b dog or
requi redpghter surgery; wound healing; disorders related to.-nuscle 5
hypertrophy; nuscle atrophy, and nuscle damage associated with inflammtory
myopat hi es, nuscul ar dystrophies, motor neuron di seases, diseases of the
neur ors@l ar Y ek Ableast @hs svpskatic preppdecfirdamphisrth Hﬁé\dﬁ?é‘m“n‘gfdp@ﬁ‘ﬁ?é%ef’dtﬁ‘é to
endocrin o] I iti t J p

cachexi aséeﬁd‘n otEl E@r&mﬁgﬁen‘g@égﬁg‘:ﬂ t ?%%?‘%g%{r} ehtl_‘?\aé ?Ceéosr}tdztg%o?log‘lnﬂé&e?tenal
fail ure ohedirseabainditiones chaidiassed, ar leehtseame, bxaammbemraql aglvest; tyvedopanent or

di abet es. & 4A7rre pr dcmgaYnthetlc peptide of claim1l, said
met hod cBIFFPPYT HE he %‘t‘scge r odllpof)er%sﬁ ¥ing a peptide chain having- an anino
aci d sequence correspondi ng to at |least five conti guous am no acids of a
mat ure npost ati use peghintid 10 tlaiSED, WheNBy the Iyxdﬂﬁﬂ@gmcdrhlmq@eptdld&ddh@h fhd grohpides
at least the two cysteine e5|dues q posi tions 281 and 282, g solid
phase §eﬁ?rrsa>ém%ﬁ€ sefes relpsd (os PHClp MEPEECPRYG BHSS 65“61?}@&"?41@“ 5 n¥asfipe

ensure t habciibe \&mnm%g%g@ﬁ.ug&eﬁm&um RHRIPhi QNS 0RB he@df #B2sehandado

forma disulfide bond. - A method as claimed i n claim24, wherein when
t he synt héﬂr%nm@pu@ehcmﬁ@rsehseesﬁstoéuth@pﬁreﬁlemhe\swat npesatblr:sodse gy gndozgne

282 and ctin t i t t-h
cvst ei ne?,trmedsrfn E%s? ettaﬁ)otéll t%gﬁls%ng%qgﬁdg 59 FCO%E%]%’d%{%g% orquﬁda%E rﬁg?s‘la%
bond, or cbrkthﬁortshemﬁﬁ)c fh}lﬁﬁeﬁbﬂﬂ@pbﬁﬁlsdttﬁsl failurp 08 rliseam 1R 8 fadimd-o? 8iR elponahoadith; t he

cystei_ne he5| SC]J osi-ti ﬁ)} %272 and 309 bond, to formdisulfide bonds.
96. A SynPhetY: %@Eﬁaﬂ “wradieddsoy the net hod of claim24 or 25.

22. A use of at least one synthetic peptide of claim 1, in the manufacture of a médicament for
the prevention, treatment or amelioration of a condition wherein the condition is one that would
benefit, in part, from increased satellite cell activaion, myoblast proliferation, macrophage and

myoblast migration and/or reduced fibrosis in a patient in need thereof.
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23. A use as claimed 1n claim 22 whereby the condition 1s selccr:ed from the grdup 'consistjng.
of muscle damage due to trauma; muscle damage due to the administraton of agents such as
chemotherapy agents, radiation therapy , desamethasone; muscle wasting due to prolonged
bedrest such as that required after surgery; wound healing; disorders related to muscle
hypertrophy; muscle atrophv. and muscle damage associated with inflimmatory myopathies,
muscular dysttophies, motor neuron diseases, diseases of the neuromuscular junction, diseases of
the peripheral nérve, myopathies dﬁe to endocrine abn(.)rmalitie_s, metabolic’ syndrome, HIV,

cancer, sarcopenia, cachexia and other wasting conditions; cardiac failure; osteoporosis; renal

. failure or disease; hiver failure or disease; anorexia; obesity and diabetes.

24, A method of producing a sylltﬁedc peptide of claim 1, said method comprising the steps:

a. preparing a peptide chain having an amino acid sequence corresponding to at
least five contiguous amino acids of a' mature myostatin peptide of SEQ ID
NO:1, wherein the peptide chain includes at least the two cysteine residues at

positibns 281 and 282, using solid phase peptide sjfnthesis;

b. wusing protecting an deprotecting means to ensuré that the two cysteine residues at

positions 281 and 282 bond to form a disulfide bond. -

25. A method as claimed in claim 24, wherein when the synthetic peptide comprises cysteine

residues at positions 272, 281, 282 and 309, the protecting and deprotecting step b ensurés,_ that

. the cysteine residues at positions 281 and 282 oni)r bond to form a disulfide bond, or that the

cysteine residues at position 281 and 282 bond and the cysteine residues at positions 272 and 309

bond, to form disulﬁde'bonds.

26. A synthetic peptide produced by the method of claim 24 or 25.



