WO 96/ 40909

PCT/ CA96/ 00401 BONE STI MULATI NG
‘FACTOR The present invention relates to pol ypeptides
whi ch stinul ate bone grow h. ~ ‘Under st andi ng of issues
related to bone growth and strength has progressed over the years,
‘sunmary bein d In international patent application /CA
94100144, pugy Bﬁe under international publication No. WO ggygﬁngﬁﬁT

Sept enber 15, 1994. Vari ous approaches to
treatment of diseases involving reduction of bone mass and
acconpanyi ng di sorders are exenpl | BONESTIMULABNGEHASTOR it erature. For

exanpl e, United States Patent No. 4,877,864, issued Cctober 31, 1989

descri bes human and bovin "bone ctive fa nat i onal
patent application publi sﬁga ey 'QY?B%"P' aL}es \‘i{? ?‘ich “mufﬁf? ’@Pﬂ‘i"gg‘
describes a protein deri vél!ldérﬁtemmmnbtepmneamndhﬂeanfhsasmmwss
serum cal ci um | eaoshﬁe;éars Sﬁﬁﬁrﬁﬁ%i&ng%vfagd‘iﬁlr@én%&#ﬁéerﬁ caﬁ@#ﬁ:e el evat i on

of serumcal ciu an. Pat ent | C
publ i shed Sepf’eﬁ&férl’% '&38‘% Pl nternati @?@'@E@"S’P ‘&PS"}EWF Py ﬁ%"&'\“ﬁés
which inhibit cysttd®e protease in the treatment of bone diseases. 15

I nternational patent appli Pachds! ?@@n ,.')g%g‘gl

92/ 14481 di scl oses a. \%ﬁ&dﬁfgpsrl t Srfé or eﬁﬁg&g&%@&nﬁ%@ roﬁbﬂq%oﬁgo
conposi ti on contBAsiPRYAELTPARYIRY dFAIeRR exemplified i r*'fﬂ?%&émt%a'%? of MR 1 opean
Pat ent Appl i cat i inited\Stated POteRND. 4817|864, isscbdADoipbet 3111989 dédgAbes humancknd bovirlees t he
use of cell o] e PORte

di seases %l \rllm\‘;gh VI n Eone hass&?ﬂ’gag%g@%g@%%%ﬁgmflﬁg%cause oste Bf ast

proliferation. IN 8% Fé?ﬁ;ﬂb%@W@medasﬁlﬁwpwwswh%wtgmgs 1992
under No. 92/ 105krum&ftiintievsty fort@atantadf htpe dxsorderethaﬁtoausuewaﬂohefsbuﬂﬁalcaum

Do et ron” o U S b e B bl ot 20 002 o’
hor none pepfhe vre ohdr %fd’éﬂ‘FP%dF%Wﬁ“Eﬂ m"t"?“é’&%“?"?ﬂf’%f??ﬁ& thetramentf benesipeagesn
cal ci um or phes phtefmationalpatint sppiation published September 3, 1992 under No. 92/14481 discloses a.
composition for inducing bone growth, the composition containing acfivin and bone
morphogenic protein. European Patent Application No. 489 242 published August 19, 1992
describes the use of cell growth factor compositions thought to be useful in bone diseases
involving bone mass reduction because they cause osteoblast proliferation. International
20 patent application published June 25, 1992 under No. 92/10515 1992 describes a drug
containing the human N-ferminal parathyroid hormone (PTH) fragment 1 - 37. European
Patent Application No. 451 867 published September 16, 1991 describes parathyroid hormone
peptide antagonists for treating dysbolism associated with calcium or phosphoric acid, such as
osteoporosis. United States Patent No. 5,461,034 issued October 24, 1995 to Yissum
25 | Research Development Company of the Hebrew University of Jerusalem describes
osteogenic growth polypeptides identified from regenerating bone niarraw.
A relatively short half life of PTH in the blood serum and the positive effect of
intermittent PTH injection on bone volume led the present investigator o the hypothesis that
PTH may in some way lead to induction of a second factor into the circulatory system. The
30 presence of such a second factor in blood serum of rats and of humans has thus been
investigated.
" It has been found possible to isolate from rat blood serum a polypeptide
substance which, upon administration to rats incapable of producing PTH
{parathyroidectomized rats), produces an increase in the observed bone mineral apposition
35 rate. A nucleic acid probe, based on the amino acid sequence of the rat peptide was
synthesized and used to screen a human liver cDNA fétal library in order to isolate a human
nucleic acid sequence coding for a human bone apposition polypeptide. A polypeptide
derived from the nucleic acid sequence was thus chemically synthesized according to the
derived sequence Gly Hle Gly Lys Arg Thr Asn Glu His Thr Ala Asp Cys Lys lle Lys Pro Asn



osteoporosis. United States Patent No. 5,461,034 issued Cctober 24, 1995 to
Yl ssum 25 Research Devel opnent Conpany of the Hebrew University of

:Jerusal em descri bes osteogeni ¢ growt h pol ypeptides identified from
regenerating bone marrow. : A relatively short half life

of PTH in the rum and the positive effect of | Nipp¥ridAlok/Asdos PTH
‘injection on b‘gir{g%%ﬁne | ed the present investigator to the hypothesis

t hat PTH may in sone way |ead to inductigon of a second factor into the
circulatory system The 30 presence of such a second factor in blood- .serum
of rats and of huhnsuhisdlys ushisiiediu Thr LeuiMet Val Lewydspadin Asn Gin Pro (SEQ ID NO:1). It

bt anae ani o BP5ah Bbefnb kil BhFargbAiin s i #182 fuRind e in A Bbath Bkt
e o et o 3R fhep einsteaor i e AR EHY SERRay e B & BEwh
m neral appositi omor8@lly abaereed fox omarietternizedrets dvasrobsravedingide ocownin talsaftamieing aci d

sequence of the r giminiSidkel With ¥ ide over Bl b n@duéﬁ HARAwd RediG RGN 2
human |iver cDNA fe?!al | %{)ﬁr Polypepide ' Py A1Vl ® nucl ei ¢

in qrder fo isol a Tan, .
aci d sequence codPYRyeFYRz A cRigm %@W%%&%IWPH‘@WWWﬁ@ﬁ i de
derived fromthe admainisieredadth the pelypaptide everas eigltweekcperiod beyinhing sigm weeiciated
according to the ovarﬁecto&%étfo?fed sequence Ay Ile Ay Lys Arg ThrAsn Qu Hi s
e

Thr Ala Asp Cys Lys yS Pro Asn WO 96/ 40909
PCT/ CA96/ 00401 It is thought possible that the active polypeptide is a dimer of the fopegoing

(TgrE QLlel[J) Hios i;-yfol L iSquéhaa, #hbre béihglevidaiice ofsigriifidint Witer oRnatiéy; PreSintabi)Sitle ol o tidtlfife
1), It € e apposition rate in
intact rats incredSss “F‘H}g?'&gggﬁé@ggsﬁﬁa%ﬁg"‘%%&%a? I'0n upon admi nistration
of this chenically synthesi#gQdiiesigrmehthe prvrentidegomainiag yeysviiasubstitution was thus
normal | y obser ved syrifiesRed (GIENE CIiLy% Aeh Thasn G/As ThDAR ReE Ala Dydtlie LG P16 Ak Thrlleu

ot Son bepi o p £ ENPARER U kU5 BFARAR AL on B Se L R0 o
density was folfnd thedonestimulatornestineiofithe "sarmal ealpeptids (3FQ INO:1) were found forthe
adm ni stered W t h piohileslypépnd.i de over an.ei ght week period beginning ei ght
weeks af ter ovari ect Omo{h%F éxger:]riments, the bone minerat apposition rate in rats administered
with rabbit antibodies to the normal polypeptide (SEQ ID NO:1) was found to be suppressed. '
The suppression was found to be attenuated in rats administered with both the normal
20 polypeptide and antibodies to same.
' Further, certain polypeptide fragments of the normal polypeptide (SEQ 1D
NO:1) have been synthesizeh and each has been found to have bone stimulatory effects:
SEQ ID NO:4:
Gly lle Gly Lys Arg Thr Asn Glu His Thr Ala Asp Cys Lys lle Lys Pro Asn Thr Leu His Lys Lys
25 Ala Ala Glu Thr Leu Met Val
SEQ ID NO:5: ]
Gly lle Gly Lys Arg Thr Asn Glu His Thr Ala Asp Cys Lys lle Lys Pro Asn Thr Leu His Lys Lys
Ala Ala
SEQ ID NO:6:
30 GiylleGlyLys Arg Thr Asn Giu His Thr Ala Asp Cys Lys lle Lys Pro Asn Thr Leu
' SEQ D NO:7:
Gly lle Gly Lys Arg Thr Asn Glu His Thr Ala Asp Cys Lys lle
SEQ ID NO:8:
Gly lle Gly Lys Arg Thr Asn Glu His Thr Ala Asp Cys Lys
35 SEQID NO:©:
Arg Thr Asn Glu His Thr Ala Asp Cys Lys



It is thought possible that the active polypeptide is a dinmer of the
foregoing 10 sequence, there being evidence of significant diner
formati on, presumably due to a disulfide bri dge between two

pol ypepti des having the sequence shown. A nodified

form of the pojweRsdgsle containing a cys-ala substitution wa §5"2“F
synthesized: Ay Ile Ay Lys Arg Thr Asn Gu His Thr Al a Asp%ﬁltljlaBkLy e

Lys Pro Asn Thr Leu Hs Lys Lys Ala Alla.Gu Thr Leu Met Val Leu Asp
Gn Asn Gn Pro (SEQ ID NO 3). Sonme of 15 the bone stinulatory effects of
the "normal" pol ypeptide ( SE@hérDhdRiybeptide identified 5E3SERAD NOI & has been foiildkof | ed

pol ypepti de. increase bone calcium content gf‘o@ﬁ&ﬂmm@? ﬁa@dﬂ%ﬁ%ﬁhs{eﬂﬁ ggqqgs%e@g% Lgl

apposition rate in rats adm nistere
nornal pol ypeptldé'g'CtSE‘@e'l"ﬁ”Wl) was found to be suppressed. The

suppr*:as;bon }Nas found to bmmmﬁ@dmgmedtﬁfhe%dmwpﬁpemd(sgdgb NS haldre
nor ma pol ypep

Further, cert aﬁ % h%&&%qbé}’.g h%%tbég"o arf*g?er%f‘e 5‘81%%?@8@%&%@@“?0
NO 1) have been §9’H‘F'ﬂ’é peplide: and each has been found t-o have bone
stinmulatory effecseQIiDNO:10: SEQ | D NO 4: Ay Ile Ay Lys Arg Thr Asn

GQu Hs Thr Al a Sal | ThrLqus Lys Lys 25 Ala Al a
Af? I%/Eyslr.y Eéﬁ@r EeuOMet al Lef (?I

G u Thr Leu Met Vi Lys Arg Thr Asn
Gu H's Thr Ala A§§Q®§Oﬁj/s lle Lys Pro Asn Thr Leu H| s Lys Lys Al a

Al a SEQ 40D D His Ly3 Q. sﬁlea'dhﬁTrﬁéh MS/aA@GAQHEInm GQu H's Thr Ala Asp
Cys Lys lle Lys Psgqﬁlpolg ' Ay lle Ay Lys
Arg Thr Asn Gu Hi sLysIIe SEQ | D NO 8: Gy
lle Ay Lys Arg Theu %Ws@aﬁlﬂﬂbﬂmﬁrm@ﬂml@]&ms 35 SEQ I D NO 9:

Arg Thr Asn du HggaldhKoAs:a Asp Cys Lys -
Leu His Lys Lys Ala Ala Glu Thr Leu Met Val Leu Asp
16 SEQIDNO:14:
Thr Ala Asp Cys Lys lle Lys Pro Asn Thr Leu His Lys Lys Ala Ala Glu Thr Leu Met Val Leu
Asp '
SEQ iD NO:15:
Arg Thr Asn Glu His Thr Ala Asp Cys Lys lie Lys Pro Asn Thr Leu His Lys Lys Ala Ala Glu Thr
20  LeuMet Val Leu Asp Gin Asn
SEQID NO:16:
Arg Thr Asn Glu His Thr Ala Asp Cys Lys lle
The present invention thus includes a polypeptide having an amino acid
sequence corresponding to SEQ ID NO:1 with (a) from one to about four 4 amino acids
25 deleted from the N-terminus of SEQ ID NO:1 (b) one to about 22 amino acids deleted from the
C-terminus of SEQ ID NO:1, or both (a) and (b); or a functionally equivalent homologue.
Correspondingly, the invention includes a polypeptide having an amino acid sequence
corresponding to SEQ 1D NO:3 with (a) from one to about four 4 amino acids deleted from the
N-terminus of SEQ ID NO:3 (b) one fo about 22 amino acids deleted from the C-terminus of
30 SEQIDNO:3, or both (a) and (b); or a functionally equivalent homologue. Sequence
homology in polypeptides and proteins is understood to those skilled in the art, as discussed,
for example in Molecular Cell Biology (H. Lodish, D. Baltimore, A. Berk, S.L. Zipursky, P.
. Matsudaira and J. Damell, Scientific American Books, New York City, Third Edition, 1995).
Likewise, the invention includes a polypeptide having an amino acid sequence corresponding
. 35 to SEQID NO:4 with (a) up to about four 4 amino acids deleted from the N-terminus of SEQ
ID NO:4, (b) up to about 16 amino acids deleted from the C-terminus of SEQ ID NO:4, or both
(a) and (b); or a functionally equivalent homologue. The invention includes a polypeptide
having an amino acid sequence corresponding to SEQ ID NO:5 with (a) up to about four 4




WO 96/ 40909

PCT/ CA96/ 00401 Further, the pol ypeptide identified
.as SEQ ID NO 7 has been found to i ncrease bone cal ci um content of
ovari ectom zed rats when adm ni stered over a period of ei ght or

twel ve weeks O her pol ypeptide fragrn::ntl,i.‘glt;l
normal pol ypep?v O’GI"F@EQ | D NO 1) have 5 also been synthesize a;r?g‘ﬁﬁzlive

been found to |ack the bone stinulatory effecg_found for the ~ nor mal
pol ypept i de: SEQ I D NO 10: Leu His Lys Lys Ala Ala G u Thr Leu
Met Val Leu Asp Gamindssidédeteted from thRtenbindEdf SEQ 1D RO:5| B)up-Ho abduy 51 dnyifio Alide Al a

A u Thr Leu Met Vg (ﬁeﬁh Lys
Ala Ala Ju Thr Leu ekigt .@ﬁF wﬁ%@fﬁmn I%Q%%&ﬁ&)lgamﬁcﬁ&haﬁ) esquﬁéntLys
Lys Ala Al a G u Thhemplagpe\gke theé!ﬂuxlsv Roiypeptidehaving pramino acid sequenge Al a Asp
%s Lys | Is EQLlys Prcorrédpondih to SEQUIDHICRS lnm(a)-lxﬁtoébo%tiedjra alinid abias dél&éufM?fﬁmlé/ﬂl I[eu
p : S S A
Pro Asn Thr Leu Hi S%W&SEQ‘QW fl’z é%%b%g %D e@&?“ﬁ’fﬁ‘%@"ﬂﬁ c@gﬁQ
SEQ ID NO 16: - D NPgG qﬂhothA@ranth orpémqthnalwwﬁabpt hepelogups The igvention mdudasa
The present i nvenipogpeptidttfavingisd Ydéﬂ)ﬁfN@'?th 4 6p 64
sequence correspon out four
amno acids 25 d %'{E&gr ?‘gﬁ?o?ﬁigd%%%mhﬁg%%“ Qﬁ@MW@S}mWW& about
22 ami no aci ds delaginsdcifis daiatadfrom the C-tefininuy of SEQLD NO:43FEGoth () k3 (b); ooa fuoctibhallf a)
and (b); or a wn@ammkﬁa«mﬁgw \rmé AREntGHPAIBY iRHI48s a polypeptit® havingRR BMINB ALY - t he

i nvention includes a | de n amno acld sequ
corresponding to §E@F P%%@ﬁ]@'ﬁ@?ﬁ%ﬂﬁ%ﬁcﬂsﬁ%ﬁ%iﬁs

del eted from the N-ermitsiea fmnaiumlly)équﬁﬂamtlhﬁmmtﬁ Tie)invention ingiuadsal dolypeptiag N
acids deleted f romh\t/lﬁ?angrﬂl&ra@d@éﬁleﬁge c§9es§§ﬁgglrtlc 2¥ioo: ﬂﬁrmﬁchor{aﬁ)etﬁﬂgler(tb)

or a functionally e%w val ent honol ogue equ
pol ypepti des and pPEPEIYshereot under st ood to those skilled in the art as
di scussed, 15 f or exanpl eTherinvebtive pollmptideaiah b&yahetgymiﬁeainmdh&dnseqﬁanoe can

gi: Ealn'[r?][ ?c ﬁme rB?(r:zE'ﬁ %}ﬁgﬁle@aﬁgéﬁﬁ ukéamngte Offrel"ﬁ@gog}%g? tion, 1995?&”&I "

_ The invention mcludes a polypeptide having a sequence of amino acids
sufficiently duplicative of another, i.e., second polypeptide having an amino acid sequence
corresponding to SEQ ID NO:1 {or SEQ ID NO:3) with (a) from one to about four 4 amino

20 acids deleted from the N-terminus of SEQ ID NO:1 {or SEQ ID NO:3), {b) one to about 22
amino acids deleted from the C-terminus of SEQ ID NO:1 or (SEQ ID NO:3), or both (a) and .
(b), or a functionally equivalent homologue théreof, such that the polypeptide is encoded by a
DNA that hybridizes under stringent conditions with DNA encoding the second polypeptide.
in another aspect the invention is a synthetic polypeptide having in vivo bone
25 stimulatory activity in mammais and which increases mineral content (i.e., caicium) in bones of
_ mammals, having an amino acid sequence which is at least about 19% conserved in relation
to the amino acid sequence identified as SEQ ID NO:1 and having at least one amino acid
deleted therefrom, or a functionally equivatent homologue.
The invention includes a synthetic polypeptide having in vivo bone stimulatory
30  activity in mammals and which increases mineral content in bones of mammals, having an
' amino acid sequence which is at least about 22% conserved in relation to the amino acid
sequence identified as SEQ ID NO:1 and having at least one amino acid deleted therefrom.
The invention includes a synthetic polypeptide having in vivo bone stimulatory
activity in mammals and which increases mineral content in bones of mammals, having an
35  amino acid sequence which is at least about 256% conserved in relation to the amino acid
sequence identified as SEQ ID NO:1 and having at least one amino acid deleted therefrom.
' The invention includes a synthetic polypeptide having in vivo bone stimulatory
activity in mammais and which increases mineral content in bones of mammals, having an



Li kew se, the invention includes a pol ypeptide having an am no acid
sequence corresponding 35 to SEQID NO4 wth (a) up to about four 4 am no
-acids deleted fromthe N-term nus of SEQ ID NO 4, (b) up to about 16
am no acids deleted fromthe Cterminus of SEQID NO 4, or both (a)

and (b); or awgeubsgnal | y equi val ent honol ogue. The i nvent i srrcAsslooes a
‘pol ypepti de havi ng an am no aci d sequence corresponding to SEQ ID NG 5
with (a) up to about four 4 . WD 96/ 46909

PCT/ CA96/ 00401 ) ) o _ . ) -4

ani no aci ds del et38#horaciggequeacenwhich st jpgst apgut 2% ponserigdinrelationto the aminoggidut 11
am no aci ds séalenbeidentified s SHE ICNOetratit having@t ledsttdd dmindaichl deleted Betdior.a)
and (b); or a functionall yTﬁ&Hve\‘.%n‘%SEmdes s any ﬁ&]&ﬂe@&#{syn&% pom{(g:%és%]\amch at

i ncl udes a pol ypeptide haV|ng
SEQY D NO 6 with lgast s'wmmba%delste#mths Pawqﬁweaequeaced@"eww aﬂea!PheleM@ N- 5
term nus of SE& |dmindQiclis ddidtdd frin the sekjaente; dr indwhich at 18t sifteshadniriociod agsted fifh

C-terrninus of S | D NO unctlonall

equi Val ent honol o qu"ﬁ'ﬁ%"f'ﬁ\‘/"gm’aﬂeas%)mg{'\&é & '"°da°'9321%ec3‘?§/%° {1 ﬁ'yan
am no acid sequenﬂ&@hmypwﬁxwg‘!m@dﬁ@qtﬁmﬂﬁmch a) up to - about
fgurt41am no acids del et edTf\é{ﬂ{?égh?lﬁnd}édbﬁéH&W&d@ﬁavﬁﬁ@sh&eh@&amﬁ@km&bo to
abou am no eleted fr

both (a) and (b); 'GB‘E'FH‘%E%“V%WQP? Vq'fo‘%’e%‘d’tﬂ i’/@ﬁ%ﬁ?‘“‘ﬁ’&ﬂ’ﬁ’f’%@‘gﬂ “‘a‘r‘ﬁlop‘?é}lﬂ’«?eiﬂfu on
al so i ncl udes 18 plebwdqﬁWd@NMbathg’ﬂdmemﬂ@tmwondmms withydA ensoding the
correspondi ng to ghfikdcBolifiepfieM th up to about four 4 am no acids deI et ed

fromthe N-term nus or uncti opa equi val ent . honol ogue.

i nvention includes a pol ypdp T’P{T@raspe"?g'ﬁ 'ﬁ'ﬁ Eﬁ@men {'Tg“ EFeﬁ?EE'aWY
correspondl ng to &y lrDndninags, the palyfeptisthadngihé sequence ideitifext as SEQ IDINOTHISEQUR
thereof . NO3, SEQID NO:4, SE@DNWQEQWN@W éﬁ@ﬂﬂd‘@ D%ﬁ‘éﬁbhﬁt I C

and the am no aci uence have a mol ecul ar wei 'ﬁ t 1n the range
of from about 1800898° §§9(5D NGS; a“a“’gues‘he"e”‘“’he"e'“me?'ﬁ'é" Aridsdn the SeAlupRre MR R T 5
pol ypepti de havi ngubstituted)deleteior afidedsorkngas the done stimuistory factivitein iraynmalis pletived the v e

b aopony n ©o AR PERE i PRI IR DR BB G,

four 4 anmno polypeptides or analogues thereof wherein If the polypeptide sequence has that identified as
SEQ ID NO:1, then there is at least one amino acid deleted therefrom. The invention inciudes

20 a polypeptide that has a sequence of amino acids sufficiently dupliwtivé of such a bone
stimutatory polypeptide (or a functionally equivalent homologue thereof) that the polypeptide is
ehcoded by a DNA that hybridizes under siringent conditions with DNA encoding the bone
stimulatory polypeptide. '

In another aspect, the invention is a polypeptide that includes an amino acid

25 sequence that is between 19% and 80% conserved in relation fo the amino acid sequence
identified as SEQ ID NO:1; or an amino acid seguence that is between 19% and 86%
conserved in relation to the amino acid sequence identified as SEQ ID NO:1; or an amino acid
sequence that is between 19% and 69% conserved in relation to the amino acid sequence
identified as SEQ ID NO:1; or an amino acid sequence that is between 19% and 56%

30 conserved in relation to the amino acid sequence identified as SEQ 1D NO:1; or anh amino acid
sequence that is between 19% and 42% consetved in relation to the amino acid sequence
identified as SEQ ID NO:1; or an amino acid sequence that is between 18% and 39%
conserved in relation to the amino acid sequence identified as SEQ ID NO:1; or an amino acid
sequence that is between 19% and 28% consetved in relation to the amino acid sequence

35 identified as SEQ ID NO:1%; or an amino acid sequence that is between 28% and 90%
conserved in relation to the amino acid sequence identified as SEQ ID NO:1; or an amino acid
sequence that is between 28% and 86% conserved in relation to the amino acid saquende
identified as SEQ ID NO:1; or an amino acid sequence that is between 28% and 69%



20 acids deleted fromthe N-terminus of SEQID NO1 (or SEQID NO 3), (b)

one to about 22 ~amno acids deleted fromthe Cterm nus of SEQ ID NO 1
or (SEQ ID NG 3), or both (a) and. (b), or a functionally equival ent
honol ogue t hereof, such that the pol ypeptide is encoded by a DNA t hat

hybri di zes under_ strjingent conditions with DNA encodi ng the
pol ypepti de. w096}40509 ' . | n anot her aspect the i nvem‘gﬁm 1
synthetic pol ypeptide having in vivo bone 25 gstinulatory activity in
mammal s and whi ch increases mineral content (i.e, calcium in bones of.
manmmal s, havi ng arofdEvad inaélatibn St EHiikcacii Seqlient Sidéttiiddes SEQAPRO11; drfHoamino acid

conserved in relation .10, the ) CJ equence identified as SEQ ID
N0 and havi ng. acefieaes that i Souteal 28 it dohech g RGHEn It 15d o o Sycs
functionally equi Vdentfied ah SR I YOQJ: or an amino acid sequence that is betWasn 28% 2at42%n
includes a synt hetdyfseR/ali WiSiRtich &ind ahhd Wkid seqenbediddHaftR a8 SEQUD ROQ! ¥ afdmino acid
activity in manmal s and ‘Elm_ch mcgaq}gses m ner al ﬁlonltent I n bones, of

mammal s, havi ng® arfeauence thayishetween 28% and 49k qongpfved [f rpiation fo the.amipo apidyequeyse,
conserved in rel atidentifiet @s SEQ IANOrpor adundtionally equivipnthonelogubcthidt hés intle atimuliiégy | D

NO 1 and havi ng ata&g)ﬂ?ﬁtarﬂé?ﬁnaﬂm no acid del eted therefrom
The invention includes a synthetic pol ypeptide having in vivo bone

stinulatory activity i rheeabipentide can e Rehimeric bane gtimulaling facier that ingludasany of n
bones of mammal s, tiwamingackisedencstidaszrisedi atiovieasg partcfeheiiiention) S at | east about
26% conserved g relation tQ'héJﬂ@enﬁ&ﬁ‘%ﬁxd&cﬂggg?tg@trg%qgﬁﬁ%ﬁod i Bkt £8ong=Q

ID NO 1 and having at | east one am no aci ererro

The invention i nciredystiongelated disgass thatingludesany peiypeptide dasgribed abeve as parhef the

stinul atory aehtitn} ifcliding SA¢o0RE & clameric/olypdptidenas et ingreahdl content in
bones of manmal s, having an . N . - .
PCT/ CA96/ 00401 The invention is mNQIs%Ga/ ;f}\gn%ggeuhcal composmonforpromofn%g_ bone

ami no aci d sequend@Wihiha¥ing atherapeuticallyefiariive, amougtef am-Rolypertide degcribad ahaveas past
the amino aci dis ofthedmentionce i dentiified as SEQ ID NGO 1 and having at

o udor . oF ne.t o eqor e Bl ilien s ot nessngpong oy im0
| east six am no acdministpEinge tharapeueally eflectye prpn efiapelyrepiratarhamaceyticalni ch at
| east el even composition including the polypeptide) described above as part of the invention.

The invention includes the freatment of osteoporosis, promotion of bone

20 growth in a mammal or treatment of a human of a bone reduction related disease.

The invention includes the use of a polypeptide having a sequence according
to any polypepiide of the invention in the preparation of a medicament for use in promoting
bone growth or the treatment of osteoporosis, etc. _

' The invention includes a diagnostic kit for determining the presence of a
25 polypeptide of the invention, in which the kit includes an antibody to a polypeptiﬁe (or
polypepfiides) linked to a reporter system wherein the reporter system produces a detectable
response when a predetermined amount of the polypeptide (or polypeptides) and the antibody
become bound together.

The invention includes an antibody which binds to a polypeptide of the

30 invention. Particulariy, the invention inciudes an antibody which binds to such a polypeptide
when the antibody is synthesized using the polypeptide. _

The invention includes molecules, such as isolated nucleotide sequences
related to polypeptides of the invention. For example, the invention includes an isolated DNA
fragment which encodes the expression of any of the polypepfides of the invention. It is of

35 course understood that such fragments can vary from one another due to the degeneracy of
the genetic code. Further, the invention includes a vector that has incorporated into it any
such DNA sequence. '



5 amno acids deleted fromthe sequence; or in which at |east sixteen
am no acids deleted from the sequence; or in which at | east
“twenty-one am no acids deleted fromthe sequence; or in whi ch at
| east twenty-six amno acids deleted fromthe sequence.

The invention ywBekMshgs 2 Pol ypeptide having a sequence of anxprg.q' "CQSW@“
sufficiently duplicative of one of the foregoing synthetic polypeptl els
such that the polypeptide 10 is encoded by aDNA that hybridizes under

stringent conditions with DNA encoding the synt heti c pol ypepti de.
I n anot her aspect the i nvenThednvention jaciudss\an ésolated BNAshquendeiencpding agy amino acid

Sél rT;Jl ?t O(r]I y SEQST'tﬁEﬂldélofﬁe inblenfliBH] Bftin nalddue Mébpwnérbaﬂﬁae%\hbaadéihﬁne§le\%ég&cgE
laentitied as I\IO
ID NO. 4, SEQ ID NBagb %Eé"‘l'??ERE'F@" or 8845, 93 g amgorgsﬂ@plggg 'E'!'W@ma's derived

anal ogues t her eof from ¢hediiree ditvensional confonitids of the sdueeree ispeaserved imy pliypeptide having
substituted, dgl eiRAniHo add ggdi,encaaseh&%s%ch h&rﬁeéles i Iﬁhﬁ%ﬂnﬂteﬁ)c{oﬁe AFdchiXd £eYa In

mammal s derlved t he di nensi onal Structure uence

presérved: and coffUgHEat? B‘?‘y PE%?@FI‘"U‘F“ ‘P’W@VS bone stipyiatory, éﬁ'b"?ydb@a’tb'ﬁa'%\ aed @gﬂ-’@é‘\
t her eof, wherein ihich tiferp fbry fhe pedueiee Saxio theciegdratcy bfaie entio tade] €d as

SEQ ID NG 1, then there is ﬁ{e,ﬁmﬁmggﬁ ggc%ésdofgghﬁnsg?} &Bgf Lo The

| nvention includes 20 a de t S a sequence

sufficiently dupl l"(‘f%ﬂ“?’bé‘cﬁf""%% s‘!ﬁ'ﬂ?\'\ém‘"des a)gfepﬁﬁysat%waﬁmnywmm@ (or a
functional |y ef§ui vadeptide sequantettjatendobiessact § pdiypaptide; by inbsrpordtinghi: BRArSgment into
encoded by a DNA Ellﬂélprelgi/lm &ééiofﬁ%bﬁiﬂg%crﬁ&ﬁér? Bgﬂﬁa&%ﬁﬂuﬁﬁh%ﬁams tI‘le Dmagmqnh

encodi ng the bo
anot her aspect, t ﬁ%’ i FRP@H? PBH“"F@"!Q ’?RBW%}S irapsforming:a hogtcell b dheracombinant DNA d
25 sequence t hat fragnentt ielate altRisfarment Whith 6o xpressIfle pdlypbiitiia bhd ) cliflirihdRe 2N NO

aci d Sequence  yonclofflfohéifnd Bansioeno Nkatco tR poff el 19 5Ly sqUENCe

is between 19% a serv o acid
sequence i dent¥dt i BRlyPggtidsfrom resulting cpituregtmigiireani no aci d sequence that is
bet ween 19% and 69% conserved in relation to the amno acid sequence

identified as SEQgkigr B@slmlﬁrm Eﬂ%aﬁf‘ﬁm& sequence that is between 19%

and 58% 30 conserve am no acid sequence identified as
SEQ ID NO 1; or an anmino ac'PG'°f°“°W'“9 deseriptiens taferenae is made locewompanying Gisawings.4 296
conserved in rel awheeint 0 t he am no aci d sequence i dentified as SEQ

ID NO'L; or an amino acid sggue grgph‘ic% e§|§tsga%tb\é§eelg' Lo an@gp?’%gg/oﬂgﬁ@'dsﬂﬂb 1;

conserved in relation to the®am equence Tgantr
or an anino aci®d rats provided !’&%@ﬁé@"ﬁ%@tsw@e%ﬂm Nrapety HNdermipos) polypsptided SEQ n

relation to the armNO2pthiotghSMAkRitioRin pafathyloledtirhiddasls. e bafd itfidatk:x ©F  an

am no aci d sequen ﬁeﬁg 0 % conserved in

relation to the agnt?n%%wéﬁgggh' nce v%ﬁé%tﬁ%siegs@gng% ID NO 1, or an amino
acid sequence t hat i Hgus:? oraehisallysinpists dght femorabbane calcien densitye cats treatet] 0
the amino acid seeusesmarweek periodi GRIlp AkdteWerd Svanbsdrhizadal hjectad dafwilthe'0 aci d

sequence that jsS BERINEHbyAReAE Hordt Feptide (SEQ ID NO:1). Group B rats were ovariectomized
and injected daily with control solution. Group C rats were subject to sham ovariectomization
operations and injected daily with control solution. Group D were intact rats injected daily with
control solution. The error bars indicate + 1 standard deviation (S.D.).
Figure 3 graphically depicts the bone mineral apposition rate of rats as
30 determined by tetracycline labeling after treatment as described in connection with Figure 2.
The error bars indicate + 1 standard deviation (S.D.).

. Figure 4 graphically depicts femoral bone calcium concentration of rats
treated over an eight week period. Group A rats were ovariectomized and injected daily with
the chemically synthesized normal peptide (SEQ ID NO:1) beginning eight weeks after the

35 operafion. Group B rats were similarly ovariectomized and injected daily with control solution.
Group C rats were subject to sham ovariectomization operations and injected daily with
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-conserved in relation to the am no acid sequence identified as SEQ I D NG 1;
or an amno acid sequence that is between 28% and 66% conserved in

relation to tgﬁ’éﬁé‘@&'ﬁ aci d sequence Identified as SEQ]“&&BG?OMF an
: : hat .

am no acid se I s between 28% and 42% conserved In relation
to the amno acid sequence identified as SEQdJD NO 1; or an amno acid 5
sequence that is between 28% and 39% conserved in relation to the anino

aci d sequence control sbetidni. Bropygl DeveereShigEt Irds Meitdd dally with dontrl Sohgiiom| The esgnkiansal ent

honol ogue t hat hqr?d,ég%r}q sﬁnﬁ%hﬁ”\ﬁdﬁ&ﬁ’(s D.). activity in a nmamal .

The pol ypepti de can | meri ¢ bone stinulating factor that includes any
of the anino acid seﬁ'@%‘ﬁé@?pﬁfﬁ%'ﬁ‘?m%@“‘&?' FPEPitiopfrte HAMBG RS on.
10 detenmﬂaaeby tetrdylinedadeling C Gtodp A radswerg Bedted with rathit antibodiésty BBt | ON

and treatment B.R%Jﬁg%ynthes.zedrn%ﬁﬁéﬁd%tﬁg (2 NS 1) C8RtNp B AL whi e, tho 1Y

pol ypepti de descrl I'nclu ga
course a chinerid Wﬁ@ﬂ?ﬁ"&’eﬂnd&? PRiyPeptds iself. |qﬁ‘§HP&i'F§ﬁt°°""°'9r°”P The emor Bars
The invention is jhdidate +2 steddéard @BAtBMEDI). | cal conposition for pronoting bone

growth, having a ther apeut |oal by afl Sllo AR phorhc o tRHNBS ey, _

descri bed above as part 15 vent
i nvention i ncl udesynthesized pahipeptide (SRS IBAD: 1) gndibe sampr Rolupeptidecantainingeys-plp

aﬂm ni ste[| ng|1@ tgaggﬂa,wgggg?hmg,yszectlve amount of a pol ypeptide (o(r:I ab
phar maceuti ca conmpogj ti udi n e) descri above
as part of the invention. Figure 7 g "ygep'c%tgehb""gﬁ\%gfgﬂ? 'f°?6%e&‘meﬁg%@ Mt he
treat ment of ost getsineoted with the mqaﬂyrsynihesizemtmm polgpeptide{(SER ILINQH jnGedup &¢ the
Er[]galt gg;t |O](c)na| Ec ude éheﬁgg ﬁnﬁ%ﬂg@ﬁdnﬁﬂ pBl%eﬁﬁdé‘éséb 9. Sroup B; and O;’::tglor di ng
to any pol ypepti t(h=sf°ﬁe'@5?‘1p@n-rﬁ?1e’¥°ﬁ§£ ¥ &Faﬂ*fea'gwgggdnent for
use in pronotihg bonElgglemhlgaﬂydmmmmrabipmsimmamewavbhc
The invention i n%ﬁ@ﬁa o with ﬁ-@éﬁﬁﬁﬁd&e&b&ﬂy‘%‘ 84: 6Ba IO NOSIQBRRp Af; 2
W B st

2 polypopt 1 de ( &P rph seByeh 'P@%oﬁéa? e andREile, i v

a pol ypepti de (or
t he reporter systNOw[(Browpk)eiN-6 fatel groupsh|Tde error bars indicate + 1 standard deviation (S.D.).

Figure 9 graphically depicts the bone minerat apposition rate (um per day) in
20 rats injection with chemically synthesized polypeptides: SEQ ID NO:8 (Group G); SEQID
NO:9 (Group H).
Figure 10 is a DEXA image of a right femur of a rat showing scanned areas:
A, pbximal end; B, diaphysis; and C, distal end .

Figure 11 is a DEXA image of a right femur of a rat showing scanned neck
25 area.

Figure 12 graphically depicts the bone mineral apposition rate (um per day) in
rats injected with non-N-terminus chemically synthesized polypeptide fragments SEQ ID NO:1
(Group H); SEQ ID NO:16 (Group 1); SEQ ID NO:15 (Group J); SEQ ID NO:14 (Group K); and

~ SEQIDNOs:10,11,12 & 13 (Group L). (N=6 for all groups). The error bars indicate + 1
30 standard deviation (S.D.).

Figure 13 illustrates the amino sequences of the various polypeptides tested,
active polypeptides being shown above the mid-line and sequences which were not found to
stimulate bone growth being below the mid-line.



response when a predeterm ned anount of the polypeptide (or pol ypeptides)
and the anti body becone bound together. The
-invention includes an anti body which binds to a pol ypeptide of the 30
invention. Particularly, the invention includes an antibody which binds to-
such a pol ype mhen the antibody is synthesized u

‘pol ypepti de. %9%09 The i nvention includes nolecu esuoguch
as isolated nucl eoti de sequences rel atgd to pol ypeptides of the

i nvention. For exanple, the invention includes an isolated DNA

fragment whi ch encodes the expressi on oMEEHDGEO®GYie pol ypepti des of the

I nvention. It is of 35 course understood that such fragnents can vary from

one anot her due to the deg th tic code, Further, the
| nvention includes a vector Q?W%H'ag'e!hﬂm%a?gﬁsg@es ﬁg?"e@weth"“bgy%q
DNA sequence. of internatidhd! fsnti&pixation No. PCT/CA 94/00144 was followed here.

PCT/ CA96/ 00401 -7-
The invention includes an _isolated DNA sequence encodi n(g_l an m no acid

sequence of thg @@%@é %?%gg?g"gﬁg%mﬁ Yani no aci ds
i n the sequenc Beg T Y ed or added, so long as bone

stimulatory activity in magghss "‘j"%%ﬁ"fpg et) was fi6 &,ﬁ}ﬁab%}&%%hg#ﬂ?&. }.,@;g

conformation of the sequence I's pre ap avl ng
ani no aci d sequerﬁ!@he%aaﬂﬂé%ﬁa"mP'&NW‘B?H“‘&?“E@”PB‘%’ B in 1% e?R?S‘Ei%C'Qaﬁ?
am no acid sasqugive:aecawulamdmﬁlyyaaaa’y bthboutt25 Ol petiday | A piinpwal inpidntedwhédr Giey

activity in mammg uBu .@E&sma% dorsal = aspllic 6 indied é.muferm;o%eﬁwﬁ&% gdue

to the degenerac I'nvention
t hus i ncl udes 1pr d@é%é%‘éthm'dﬁmﬁ\’g“%eﬂ&"yﬁ'ﬁﬁ'ﬂﬂﬂyeﬁ'ﬁbﬂ@de‘mmzeﬁ PNt i on,

i ncl uding a pr ocesceived sitiitarifigiantckdatainiy oy &4 béstijadid. V8 iitict Gibsitie dlsdisdd & N
a 10 nucl eotide c%ﬁﬁysence t hat encodes such a pol ypeptide; b) incorporating
t he DNA fragnent an expression vector to obtain a reconbi nant DNA
fragment which contains t héwendreightagyedster 0.5 mi of anrgueays selfisn Pideteryclireder goi ng

replication; c) thyaRenisHEwaginpetidRfant@iuarinioind dpt JIRESHRALIMISS! cBBVSS the

fyagment 10 3B, nfiafled 5 QLHRO priftl) ARoFIHoGR ot Wockloithihl o1 2N
tetracycline hydrochloride solution was injected. The rats were sacrificed another 24 hours
later.

The bone mineral apposition rate was determined by examination of a cross-
section of the lower metaphysis of the right femur of each of the ten rats which had been given
20 implants. The results are summarized in Table One depicted graphically in Figure 1.

TABLE ONE: Comparison of the Group Arithmetic

Means Among Groups
“ Test Group Control Group
25 “ Mean 1.27 um/d 0.67 pm/d “

0.08 um/d ||

aJ___:Il'

Histological evaluation of selected tissues of the five rats of each of the groups
indicated in Table One were carried out microscopically. No evidence of toxic lesions was
found.

0.18 ym/d

Test Group vs
Control Group

30




transformant to allow the transformant to produce the pol ypeptide and
recovering the 15 polypeptide fromresulting cultured m xture.

:BRI EF DESCRI PTI ON OF THE DRAW NGS In the follow ng
description, reference is made to acconpanyi ng draw ngs, wher ei n,
Figure 1 grapli depicts the bone mneral apposition rat &doddPer
~day) in 20 rg*(gﬂgro%“\?i ded with the chem cally synthesized huﬁn%kﬁfacetlyl
(N-term nus) pol ypeptide (SEQ I D NG 2) t-Hoeugh inplantation in

par at hyroi dectom zed rats. The error bars indicate [er r.l 1 st andard
deviation (S.D.). EXRERINENTS INYOLYVING OVARIECTOMIZEDRATSAND THE NORMAL CHEMICALLY
Fi gure 2 graphical¥ BiZEP POLYBRRTIPE (RECIP NQSRARMINISTRATION QYERA BPUR WEEK

=
treated over FEHGYr week period. Goup Arats were ovariectom zed and

injected daily with the 25 ' ég% - ' I D
NO 1). Goup Brats were ov%%%@%%ﬁ%%ﬁgﬁ% | nﬁgée‘étgg’ég%?ﬂw@&#‘ggg
control sol uti oh. sedaedwith img of sogiure barbityratekP. tShaw gperrtispaiwere sarted qubie sesand group

operations and inj&ekpsk. AR fafs Wrk Bivéranb Webks Vestveranm the GidRtidhsier € i ntact

rats injected daily with control solution. . The error bars jndicate
[err] 1 standard deviation f9¢5>vanectom|zed rats were injected subwtalﬁow\glh'g‘l%o plaotfa 0.1%

graphi cal | y depi ctacetitrsidisolntioniconteiniag 108/pip ok the themicaliytsgntheisized peptides(SEQ 1D NO:1)

det erm ned by t et r q/a)ohihBifs foPBFdys CORddy 25, 4 RAYdIRI HyddenisHaE SSiltidR Was iMjected
connection wth_Fi,

ure 2. The error bars indjcate [err] 1 standard
devi ation (S. D, nramuscularly into each rat 80 s 5 W%r"éq ’f%?%&’ﬁ?}c‘ﬁ?'9%7 aﬁg‘fﬁ‘@feg
fenmoral bone cal ci pravicusincOmday27i asecorid dose of tetracycline hydrochibridesas igjectasl st thevate k
period. Goup A ra@&e%@g@ﬁggﬁggﬁized and injected daily with . t he
e

chenically synthesized normal pepti SEQ | D NGO 1) begi nni ng ei ght weeks

after the 35 operation. G d grpun °6§&°§”¥1"H"F§4 'fa? ‘ﬁ%aﬁ“\'“@@?ﬁﬁegéﬂfh afd*%

injected daily w té#écetioaridrsolution@bnttiningno peptide ogerdhesafie RSiday pedode Asthils] gpauip of six rats,

sham ovar| ect ongz a&_écﬂ Br whR had ilri?igéot?é}ﬁe éﬁh%&ﬁ%ngﬁéslshilﬂﬁ}&ated with a 0.1% 2%t acid

IQDECS{”4 228 g / 00401 solution containing no peptide over the same 28 day period. A fourth group of six intact rats
was similarly treated with a 0.1% acetic acid solution containing no peptide over the same 28
day period.

Posimortem blood was taken by cardiac puncture and serum frozen until

20 analyzed.. A full autopsy was performed on each rat. No ill effects were cbserved in the rats
treated with the polypeptide. '

Each of the right femurs was dissected out from its soft tissue, fixed for two
days, and X-rays taken at 70 kV for 1 min., 2 min., and 3 min. The 3 minute exposures gave the
most satisfactory results. The bone densities of the femurs from the second group of rats, the

25 ovariectomized rats not treated with the peptide, showed a visibly lower bone density.
The right femur of each rat was decalcified separately. The demlciﬁtion fluid
consisted of 10% formic acid (v/v) and 5% sodium citrate (w/v) at pH 3.0. Each bone was
" placed in 6 m! of the decalcification fluid. The fluid was replaced after 4 days, again after
another 4 days, again after another 2 days, and again after another 3 days. After ancther 2
30 days, the decalcification fiuid was removed and replaced by deionized water, and the sample
“agitated for 2 days. The water changed after two days and again after another day. After
another day, all of the fiuid samples for each rat were combined and the final volume of each
adjusted to 50 ml with deionized water.

The volume of each right femur was determined by determining the volume of

35 water displaced when the bone was imimersed in water. The caicium concentration of each
sample was determined according to standard methods and the calcium density of each bone
calculated. The results are tabulated in Table Two and graphically depicted in Figure 2. As can
be seen, the bone calcium conogmtraﬁon measured for the ovariectomized rats treated with the



- 8- control solution. Goup Dwere Intact rats injected daily with

control solution. The error bars indicate 1 standard devi ation
(S.D.). Figure 5 graphically depicts the bone mnineral
apposition rate of Intact rats as determ ned by tetracycline | abeling.
Goup A rats wWepegshesget €d Wi th rabbit antibodies to the 5 cmﬂwo
synt hesi zed normal pol ypeptide (SEQ ID NO1). Goup B rats were treated
with the sane antibodies and the pol ypepti-de itself. Goup Cis the
control group. The error bars indicates 1 standard deviation (S.D.).

Figure 6 shows a tPF@F%@EQJB“@Bé?ﬂ%ﬁma'»g&'emnlﬁmmmﬂamoﬁmemﬂeﬂed

synt hesi zed pol ypeptraridﬂonfu%dsiéd%ésbd and t he sane poI ypeptide containing a
cys-ala 10 substi k=== e
graphi cal l'y depi ct '
rats-injected W|th
NO 1), Goup A th : IVG@UPthe |Z£@'01|Rﬁran polGymedx i d
(SEQ I D NG 3), @ olimean ontjrol , G o C. (N:6 all} gr S) .
The érror bars indffcar e(ﬂfﬂrggan ar u%i’vi atfom ?% - 2 l £
Figure 8 graphical \Ndepicts thd bon® nindral a@DOSIt
day) in ratsfiggyected with N-tgygm nu
pol ypepti des: SEQ |[[BiREor—t(Coroor P
NO 6 (Goup C; SE GROURO. 5 (G oup D) ;: and
(N=6 for all groupg)y,sge error bars indig
(S.D). Het-e—5—¢

apposition rateld([ pAvsi®@ per _day) in 20 r3
synt hesi zed pol ype tAi‘g%s: SEQ I D NG 8 (Grq
H) . s & Ot )

rat showi ng scanne A, proxi , {di aphy5| S;
di stal end. ) Fi gure 11s DEXA 1T mage of @
femur of a rat sho P s eanme Aeek "y 62 40

||U QSUCATITICU LRAYAA AN L\J \/\A

12 graphically depjl&wD he bone mneral a posHamn I'c
rats injected wth non-N-termnus chemcalTy syn

fragnents SEQ I{2 NO 1 | D NG, 15
(G 3); S0 Th NG 14 ( ol il ﬁ%*%ég %Eev&@n#@s%%éqbﬁ% reygusly: by
(Goup L). (N=6 for"eﬁ"re"@"wﬁ@)bwem@a@ww thedeftfemuyrd Thewesults are Sbulate i bled
deviation (S. D.). Threeand graphically depicted in Figite@ur e 13 illustrates the anino

te ([terr] mper>@ay) i

sequences of the various polypeptldes t est ed, active pol ypeptides
bei ng shown above d seguences which were not found to
stinmulate bone gro MBEE lrﬂﬂsé’:e c?nvg lﬁintaerilrx.pp liglneRates of Ovarlectomized Rats jl
Group A Group B Group C Group D
20 J Mean (um/day) 0.90 0.59 0.85 0.86 %
| N 6 6 8 6 "
S.D. 1o 0.07 007 | 009
GROUP t d.f. p
AvsB 5.39 10 < 0.001
25 | Avsc ' 0.87 10 >05 |
AvsD 0.21 10 >0.5 ||
BvsC 6.29 10 <0.001 ||
BvsD ' 5.93 10 <0.001 ||
Itc vs D 0.21 10 >0.5 |
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- METHODOLOGY The appl i cabl e net hodol ogy as descri bed
in the General Methodol ogy section of international patent application
No. PCT/ CA94/C§é§é,% fol l owed here. TOXI CI TY EXPERI MehtaokbddelV! NG

"N- TERM NAL Al CALLY 5 SYNTHESI ZED POLYPEPTIDE (SEQ I D NO 2)

A miniosnotic punp (Al zet) was |oaded with aboit- 1.5 ml of the chenically
synt hesi zed peptide having an N-termnal acetyl group (SEQID NO 2) in 0.1%
acetic acid so EXPERIMENT: SJIW@LWN%%B*%@WI@ M'WQV@E OBMAL BHEMIGALLY
[err]g per day.- A BYNPHEHZED RQYYEEPERE MMNISTRATION OVERANFIGHE MESHPERIQR a of

t he dorsal aspect of the |ef i d t he, thol f five rat h
been par at hyr oi dect oni zed seé)@ﬁwﬁ%?éeégﬁﬂfg? 'z%?'?/g"% "ﬁ'?ﬂﬂ"ﬁ ra we’e'""’gted
par at hyr oi dect om z subcntanepusly with 100 pioéa 0.4% asetmabldsolumqobtmtaimgdomugaoﬂﬂnemmmnb!y
0.1% acetic aci g Fﬂn‘(rfes&ébt&ﬁﬁde r?v#h?th‘ﬁ?erl@te'?fhﬁéi aHﬁFQroﬁpswas modlﬁe&\‘r}ima{n‘%cétyl group

Twenty-ei ght days ter ueous salution of tetracycli

hydrochl ori de was (FHUONRI) RbiF UAR AR PYEY 3 NOHS&Pr PRE Weplsh Ongiey $4 adetiayelingu s
of each of the 15 hydm:hbmeesdiuﬁrmms injested tramusicalatly(iniethe daks hiteus mnadringrof ddth rat so
hours later, a sec a) J lar i

sol ution was inj ec?gg.gwjﬁg%g%;@%é%ywe t}%J e an%%gydagﬁ%usrg'sé&%md dose of

| ater. tetracycline hydraghleridayas "Hﬁ"F‘Félaa‘F the FlRonsre sastificedentheBidh dayt er ni ned
by examination qf a cross- Asemnéﬁgaafpiwsevaio\femtdmerawwmaﬂweaﬂédmheo1%

Feaul ts are summar Pge copRTcohhibo Y hovte o e e beddl i gti BEIS ok, G
of Whlch had undergone the sham operation, was snmllarly treated with a 0. 1% acetic acid
solution containing no peptide over the same pericd. A fourth group of five intact rats was
similarly treated with a 0.1% acetic acid solution containing no peptide over the same 8 week

15 period. Two rats of the second group became ill during the 8 week period and were sacrificed
prematurely.

Postmortem blood was taken by cardiac puncture and serum frozen until
analyzed. An autopsy was performed on each rat. No obvious pathology was observed in the
rats except for surgical scars and atrophy of the uterus and vagina of ovariectomized rats.

20 - The right femurs were decalcified and calcium density determined as before.
The resulits are presented in Table Four and Figure 4.

e
TABLE FOUR: Right Femoral Calcium Concentration of Ovariectomized Rats "

Group A ' Group B Group C Group D ]ﬂ
Mean (umol/mi) 7.37 6.89 7.68 7.87
25 N 5 5 5 5
S.D. 0.15 X 0.30 0.24

p
< 0.006

>0.2

AvsC 1.17

30 AvsD 3.01 <0.01
BvsC 4.03 < 0.005
BvsD 5.44

d.f.
6
6
6
6
. 8 < 0.001 ﬂ
CvsD 1.60 6 >0.1




TABLE ONE: Conparison of the Goup Arithnetic

Means Anong G oups Test
:Group Control Goup 25 Mean

1.27 [err]md 0.67 [err]md S. D

g 18 [err]m dwo%umglg' 08 [err]md N PCT,?A%,“M]

d.f Test G oup vs -13- 7.14 _ 8 30
Control G oup Hi st ol ogi cal eval uation of selected

ti ssues of the fi GYNTHESISGF ANTIHODIES TO SHEMIOADLY SYNTHESIZED-RRQTRIN(SEQID Rab e

One were carried out m croscopical Ig'/. No evi dence of toxic |esions was
f ound. WO 96/ 4090 Yhe chemically synthesized protein (SEQ ID NO:1) was coupled to KLH

PCT/ CA96/ 00401 (keyhole limpet hemocyanin) with three different cross-linkers, as described below. - 10-
EXPERI MENTS | NVOLVI NG OVARI ECTOM ZED RATS AND THE NORMAL CHEM CALLY

SYNTHESI ZED POLYPEPTIDE (SEQ I D NO 1), ADM NI STRATI ON OVER A FOUR WEEK
PERI GD GLUTARALDEHYDE COUPLING

5 in 2.6 mi of a PBS solution made up of 2.7 mM KC|, 1.2 mM KH,PO,, 138 mM
NaCl, 8.1 mM Na,HPO,, were diluted 5 mg of the peptide (SEQ ID NO:1) to obtain a final
peptide concentration of 2 mg/ml.” 10 mg of KLH were diluted in 5.0 m! PBS to obtain a final
concentration of 2 mg/ml. To 1.25 ml of the KLH solution were added 1.25 ml of the peptide
solution. Glutaraldehyde was added to a final concentration of 0.25%. The resultant soiution

10  was stirred for 1 hour at room temperature. After stirring, the solution was dialysed against 1
litre of PBS. The PBS was changed three times.

CARBODIIMIDE (EDC) COUPLING
Pepfide and KLH solutions were prepared as described in the preceding
section. To 1.25 mi KLH solution were added 1.25 mi peptide solution. To the resultant
15 solution were added 2.5 mg of EDC. The solution was stitred constantly at room temperature
for 4 hours and then dialysed against 1 litre of PBS. The PBS was changed three times.

M-MALEIMIDOBENZOYL-N-HYDROXYSUCCINIMIDE ESTER (MBS) COUPLING

To 500 pl of H,O were added 5 mg of the peptide and the pH was adjusted to
8.5 with NaOH, to obtain a fina! concentration of 10 mg/mi. Citraconic anhydride was dituted in
20 H,0 to a concentration of 10 mg/ml. 500 pl of the anhydride solution were added to the peptide
solution 100 pi at a time with adjustment of the pH to 8.5 between each addition. The solution
was then stimed constantly at room temperature for 1 hour. This was followed by the addition of
100 pl of 1M sodium phosphate buffer {pH 7.2) and then 900 pl of 100 mM sodium phosphate
buffer (pH 7.2). Sulfo-MBS was diluted in H,0 to a concentration of 25 mg/ml and 400 pi of this
25 solution were added to the peptide solution to obtain an MBS concentration of about 5 mg/mi.
This solution was sfirred constantly at room temperature for 30 minutes. 6 pl of -
mercaptoethanol were added for a final B-mercaptoethanol concentration of 35 mM. The
- solution was stirred constantly at room temperature for 1 hour. KLH was dissolved in PBS at 3
mg/ml and 2.5 ml were added to the peptide solution. The solution was stirred constantly at
30 room temperature for 3 hours and then dialysed against 1 litre of PBS, with three changes of the
PBS. The final peptide concentration was about 1 mg/ml and the final KLH concentration was
about 1.5 mg/ml.



Ovari ectom es were perforned on six fenmal e Sprague-Dawl ey rats, each 5
sedated with 1 ng of sodium barbiturate 1. P. Sham operations were carried

-out a second group of six rats. The rats were given two weeks to

recover fromthe operations. The six ovariectom zed
rats were inj g‘? cutaneously with 100 [err]l of a 0.1% pepicaoesudbE | C
*acid solution containing 100 [err]g of the chem cally synthesized peptide
(SEQ I D NG 1) every 24 hours for 28 daym.- On day 25, a tetracycline
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Post nort em bl ood wa car ac uncture and serum frozen until 20
anal yzed. A full autopsy was idRvasdeaded qnfto twp lapes, 1.849 ad 4 uguof 2gel
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anot her day. Af"[%a ﬁ“m‘;{’ &Apaeg&%fjﬁe ay, &%?Fs#xﬁ&ﬂgg¥'§ glgﬂ"éhgﬁp A3 o'? 9’5‘5%?,
rat were conbi ned aeritive Frspdnise Hat is.greates then 5¢Besenance Units. Usipg this eprfoach. antibadies
wi th dei oni zed wat @&re found to be present in serum from both fa’ms i thi VRter@étioR @4 bl BldtRéd Hye mur

was det ermi ned by gelonil il Ot NE MBI antades MG oASBHAE e R0 1S

bone was i mmer sed. P'r?mwa € ca concen I Oon O
sanpl e was determ mnac&w@mndmmgbﬂw uprelgiernetidee t hods and the cal ci um densi ty
of each bone cal cul ated. The results are tabulated in Table Two and

graphi cal l'y depjCt ggpp Eﬁhﬁ‘gf] o%v: r)\NDAI\gH Q!Q§T§§'§Eeﬂ%ﬂf§ﬁﬁ.€?%§ﬁ%§é§%

concentration I’T'EG.S%E& ovarlectom ze

Antibody serum was prepared in 10 mM Tris.Ci at pH 7.4. Each of five rats
received 100 pl of the solutfon by injection into the left gluteus maximus. Each rat of a second
group of five rats was treated similarly, but with an additional injection of solution containing 45

30 pg of the polypeptide (SEQ ID NO:1) into the right gluteus maximus. Each rat of a third group of
five rats received an injection of 100 pl of 10 mM Tris.Cl at pH 7.0.

Each of the fifteen rats was then injected as before with tetracycline
hydrochloride, in the amount of 24 mg per Kg of body weight. A second dose of tetracycline
hydrochloride was injected about 48 hours later. The rats were sacrificed after about another 24

35 hours. ~ '

The bone mineral apposition rate was determined by measurements, described

above, of the lower right femoral metaphysis. The results are given in Table Five and Figure 5.
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TWO. Right Fegpy
‘Goup A,
([err]mnmol/m)
N

G oup. C

7.57 6.61

6 . 6

Mean
7.69

11 - :
whil e the cal ci um concentration
ovari ectom zed rats is depressed.
Cfg,“g‘@ ci um Concentration of Ovarlectom zed Rp¢fcaosnosol
. Goup D 5

-15- 7.45

TABLE

S. D ) :
GROU TABLE FIVE: Bone Mineral Apposition Rates in Rats Injected with Anhbody to the
A v SPB Chemically Syl;; med Peptide lglgf_h__ ﬂ’
10 AvsC GroupA 62 Group B 1(
0.5 . A vs 0. 60
> 0.5 B vs| Mean (um/day) 0.86 5. 482 1309
< 0.001 5B ¥$.00 0.02 6.080 0.11 10
< 0.001 Cv 1,40 TO
>0. 1 15 N
as descri bed previpusly, by rredsurerrept of fhe | qyer net aphysips of
the left fenur. ThTresurts—are—tabutated—TmTabt ‘H'n-ws'ﬁ
graphi cal |y depi ct jproup As@Eroup BB 8.06 8 >0.2
Group Avs Group C: 7.57 8 <0.001 jl
10 Grou_g_Bvs Group C 1.24 8 >0.2 J
1 —

Methodology and products can be thus be developed using antibody to the
polypeptide for use in detecting the polypeptide with which the antibody binds. For example,
antibody can be linked to or conjugated with any of several well known reporter systems set up
to indicate positively binding of the polypeptide to the antibody. Well known reporter systems.

15 include radioimmuno assays (RIAs) or immunoradiomeiric assays (IRMAs). Alternatively, an
enzyme-linked immunosorbent assay (ELISA) would have in common with RIAs and IRMAs a
relatively high degree of sensitivity, but would generally not rely upon the use of radioisctopes.
A visually detectable substance may be produced or at icast one detectable ina
spectrophotometer. An assay rélylng upon fluorescence of a substance bound by the enzyme

20 being assayed could be used. It wiil be appreciated that there are a number of reporter systems
which may be used, according to the present invention, to detect the presence of a particular
polypeptide. With standardized sample collection and treatment, polypeptide presence above a
threshold amount in biood serum could well be determined.

Such a method based on antigenic response to the chemically synthesized

25 human polypepfide (SEQ ID NO:1) could be developed and variants of the polypeptide
obtained, as described above for amino acid substitution, deletion and addition, (and
conjugates) could then be pre-screened as potential bone stimulating factors. Those that react
positivély with the antibody to the already known peptide could then be tested for bone
stimulatory effects in vivo using the system described herein for rats, for example.

30 Such an antibody-tinked reporter system could be used in a method for

. determining whether blood serum of a subject contains a deficient amount of the polypepfide.
Given a normal threshold concentration of such a polypeptide in biood serum of a given type of
subject, test kits could thus be developed.



TABLE THREE: Bone M neral Apposition Rates of Ovariectom zed Rats

Goup A Group B Goup C Goup D 20 Mean
-([err] nm day) 0.90 0.59 0. 85 0. 86
N 6 6 ’ 6 6
S. D 0.12 0. 07 0. 07 9
“GROUP WO 96/40509 t d. f. m’CAM&”g
Avs B - ~5.39 -16- 10 < 0.001
25 AvSC 0. 87 10 .
> 0.5 A vs ERPERIMENTS INVOLVING CHEMICALLY SYNTHESIZBD AUMAN POLYPEPTIDE 10
> 0.5 B vs CONTAINING CYSTEINE-ALANINE SUBSTITUTION g 29 10
< 0.001 B D ) .93 10
<0. 001 Q,S\[/)S A modified sequence (SEQ ID NO:3) of thed:?-g&ically synthesized peplidg
>0.5 VO {SEQHIONS 1) obtained by substitution of the cysteine residue at position 13 by alanine was
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EXPER! NENTS | NV PREETS RETERReegieg! prscesuss. An igoing s = iy spfe o a recuoss

SYNTHESI ZED POL YPEPYSteiRe resiguewiiesendarinadive Rolprptidg incapaklerof\spontaneeys; dimerization. A

Ei ght weeks after tmelspslefbirdpadréticdel of the notific dnd QAIMGUIEE ofnid) peptiBesis sgwaGi ed
subcut aneously w t 10% [err]] of a 0.1%acetic acid solution containing

100 [err]g of the f?gm cally 5 synt hesi zed peptide in which the
N-term nal amino group was nBxrefiments ware earied oufanithree grpups pf six rats weighigg between 205

NO 2). This wasqglorfg $2085. W Pritg pep vl Solution ofﬂiagﬁﬁdmsépﬁde (SEQ UPNO B wasprepared in 0.1%
e UL o i b S
acetic acid. Each rat of a first of the groups had subcutaneously mjected into its right thigh 0.1
mi of the modified peptide solution. Similarly, each rat of the second group was injected with 0.1
mi of the normal peptide solution. Each rat of the third group, the oonti'ol group, was injected
15  with 0.1 mi of 0.1% acetic acid solution. Immediately following these injections, each rat was
injected intramuscularly with 24 mg per Kg body weight of tetracycline hydrochloride dissoived
in 0.5 mi of water. A second dose of tetracycline hydrochloride was administered 48 hours later.
The animals were sacrificed 24 hours after the second dose by CO, narcosis. The lower
metaphysis of the right femur was: dissected out and fixed in a 10% agueous solution of
20 formaldehyde buffered at pH 7.2 by acetate buffer. Bone sections were prepared for
measurement as described above. .
The results are tabulated in Table Six and graphically depicted in Figure 7. As
can be seen, the bone apposition rate for rats injected with the modified polypeptide is .
significantly greater than that for thase of the contral group but below the bone apposition rate
25 shown for the rats injected with the normal peptide.
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6, 7, 8 and 9 were synthesized according fo well known chemical procedures.
Sprague-Dawley rats were used as test animals to determine bone mineral

3.01

5.41
1.60

1 : " Polypeptides having the amino acid sequences identified as SEQ ID NOs:4, 5,

apposition rate, as described above.  Male rats having weights between 280 and 380 g were
subject to subcutaneous injection after one week of acclimatization. Each animal was injected
with 200p! of a 0.1% acetic acid test solution, solutions having been prepared at concentrations
to obtain a dosage of about 25 nmol of polypeptide per animal. Each test dose was immediately
foliowed by intramuscular injection of 24 mg per Kg of body weight of tetracycline hydrochloride.

A second injection of tetracyciine was made 48 hours later.

Control Group: 0.1% acetic acid solution

Group A: SEQ ID NO:1:

Gly lle Gly Lys Arg Thr Asn Glu His Thr Ala Asp Cys Lys lle Lys Pro Asn Thr Leu His Lys Lys

Ala Ala Glu Thr Leu Met Val Leu Asp Gin Asn Gin Pro

Group E: SEQ ID NO:4:

Gly lle Gly Lys Arg Thr Asn Glu His Thr Ala Asp Cys Lys lle Lys Pro Asn Thr Leu His Lys Lys

Ala Ala Glu Thr Leu Met Val

Group D: SEQ ID NO:5:

Gly lie Gly Lys Arg Thr Asn Glu Hifs Thr Ala Asp Cys Lys lle Lys Pro Asn Thr Leu His Lys Lys

Ala Ala
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-SYNTHESI S OF ANTI BODI ES TO CHEM CALLY SYNTHESI ZED PROTEIN (SEQ I D NGO 1)
The chem cally synthesized protein (SEQ ID NO 1) was coupled to KLH
(keyhole i anin) with three different cross-Ilinke

‘descri bed bel %%W GLUTARALDEHYDE COUPLI NG 5 PETICASem0n In
2.5 mM of a PBS solution made up of 2.7 nM KC4g-1.2 mM KH2PO4, 138 mM '
NaCl, 8.1 mMNa[err]HPO err], were diluted 5 ng of the peptide (SEQ ID

NO 1) to obtain a frownk: SEQIDNO;ﬁeptl de concentration of 2 ng/m . 10 ngy of
KLH were diluted igy lyf[k KRBTk Asn@h: Al Thionid AdpD sLyslleLysﬁB')&ﬁﬁ‘ﬁrrL@&' on of 2
ng/m. To 1.25 m o the LH sol uti on were addeé, of the peptide
solution. 4 utaral dehyde was added to a final concentratl on of 0.25% The
resul tant sol uti onGroufiB: SEQNOI7rred for 1 hour at roomtenperature. After
stirring, the solu litre of PBS. The PBS
was changed three F};;@Eg%%%%ﬁ&&%@%g 'ﬁn%@?ﬁﬁ’é)“ecwpu NG

Pepti de and KLH sol utions were prepared as described in the preceding

section. To 1. 25 m KLH sol uhiaeimisritsepatate detbf ekperifentactitink finefaPippbsitn ratdsivere
t he resultant i The sol uti on was
stirred constant I y g‘?ghéi“ % aﬁzﬂﬂ@a‘i‘ygynéu ¥§Lly;§ ours and then dial ysed

against 1 litre of PBS. The PBS was changed three tines.
M MALEI M DOBENZOYL ghbupFDEEXYSNEE! Nl M DE ESTER ( MBS) COUPLI NG

To 500 [err]l of H e 5 tide and the pH was
adjusted to E@‘%E&Wﬁ’*ﬂﬁgsf‘?ﬁl“ﬁgﬁ ﬁ&aésp%yggfs concentration of 10
ng/ M. G traconic anhydride was diluted in 20 Herr]Oto a concentration
of 10 nmg/ M . 500 [gH - @kqlibfonhydri de sol ution were added to the peptide

solution 100 [ {ﬂ f‘fgo &nén‘?ﬁs%gﬂ?ﬁﬁ]é’ygﬁ.”em of the pHto 8.5 between each

addition. The s Y% red constantly at room
tenperature for 1 hour. This was followed by the addition of 100

[err]l of 1M.sodi um phosphatgsnb wirefl agpbition ratds v dethAne bl mdaBlrbmbnto b tHelbver ™M
sodi um phosphat e metaphysis of the right femur, as described previously. Results obtained in the two sets of
" experiments are summarized in Tables Seven and Eight and graphically depicted in Figures 8
and 9. As can be seen, all of the polypeptides tested had a positive effect on bone apposition
15 rate, i.e, displayed bone shmulatory activity.
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ANTI BODY GENERATI
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KLH was di ssol ved i n PBS

my/m and 2.5 M were added to the peptide sol ution. The.
- n
st it pé e 'ﬁh%{ﬂ'mheﬁgﬁﬁ?g C Jzgﬁgeé&;o 'g’t; A ! Blolpd”
pe pi- et =eR—WeS—g eotH—— '
groupf 1. SroypByi | GroupC | Growp D6 4GEUPDE | Control
ean 1.40 141 a7 135 | 131 18"
buti pnsoas fql | cxes 250 [ower] | 0.10 eaolosof [t he.os
EDC- {OUPLET NPT I8 SAIUTI.0NS WeT € TOgET MeT T X gn
bf a rapbit, 5 &30 [err|| perpleg.
_ : KLH 8 h vBY vere 18 xéd t h 59ep1
SRl E WEontrdNi S SPI Ui ogigpas _ 1pn) ect <0.001
anourt® of Group Cvs Contnal ect efl - pept 7.k was |0. 5 gl <0.001
0 twogganes, 1. 4 Lebdd 9
( 18 o aia th

PB® The wat® i ncubjat ed<0.001
e e Y Tt IRy o R R S T
Group A vs G@‘?e” deyel opesidovi t h sjubstratoe. The syntines iC
CONMAST & mBl E‘i tst g 86, - teclzzgd \p;ﬂuc:]lg Was Soeé BCtl
| Group Avs GroupE 1.30 10 >0.2
l Group B vs Group C 0.82 10 >0.4
" Group B vs Group D 1.19 10 >0.2 4'
“ Group B vs Group E ___ 2.49 1 Oj <0.05 ___l
N — ===j ‘
20 TABLE EIGHT: Comparison of the Group Arithmetic Means Among Second Groups
Injected with Active Variants . '
Group F Group G Control Group
Mean 2.09 pm/d 2.83 pumid 1.63 pm/d
" S.D. 0.34 ym/d 0.18 pm/d 0.13 um/d
25 N 4 3 4
t d.f p
Group F vs Control 8 0.0470
Group G vs Control 5 0.0002 i
Group F vs Group G ' 5 0.215 n




15 preimune serum of either rabbit. I nteraction
bet ween i mobi |l i zed peptide and serum anti bodi es was further
.studi ed through surface plasnon resonance using Bl Acore . The synthetic

pepti de was covalently inmobilized on a dextran matrix by am ne
coupling. Rab m of different di lutions were i p
‘the surface fg\w?ﬁ'?@é%m nutes and the anount of antibody boundb?lekgﬂnm 20

i mobi |1 zed peptide determ ned. The titer is <f-ined as the last dilution
of the serum giving ositive response, that is, greater than 50

Resonance Units. UBPNQCI‘\M:%’ FXPERIMEDNT S INMMOLVING SEQIDNO:Z f ound to be
present in serumfrom both rabblts and the interaction can be bl ocked by

prei ncubating the serumvmt the tide. ntlbo S,.ln ser t.he
rabbits were found not to ﬁelx \Xia?ﬁ" Hg?%ﬁﬂ%ﬁ‘r*?@wpﬁﬁ?ﬂ%ﬁ"ﬂﬁegas

pepti de. 25 ESPER NeNTSdetedvibe YieaiedReflte: pabeptiie orB@De &R:iuRCechidat when
CHEM CALLY SYNTHESL«Fifstered torats PEPTI DE Ant i body
serum was prepared in 10 rls Cl at é) @Eﬁ Each of five rats .
received 100 [efr]l of the %m"lﬁ?“ﬁ{ﬁ eEP °Bﬁ“tﬂ§?td8 AD- 1 aplic acid

maxi nus. Each rat ediutian sentainirdy 25 nmoles of th polypeptifie Was.agiministesed\saiscutanemisig tb sach rat

simlarly, but wt 30
pg of the pol ypept Pﬁ%@%ﬁh{;g&ﬁ@ﬂﬁ%%@%ﬁ é%rtllegqﬂ%dﬂtg ﬁ?gﬁgﬁr{%ﬁbﬁ{ﬁﬁ%c

rat of a third gro ?9"&5'f"91 davsaﬁqu‘(?@eqt%w@%cw BiprauR of @@?W"el%“’eeks
[err]] of 10 nmM Tr bégifning2igh{éel’s diter ovariectomization. Rats were sacnﬁoed abthe endDéf thid teatment

fifteen rats t \%?tsps

hydr ochl ori dewaﬁ) Pﬁ@d'gﬁ%ﬁ%e@tg? Q@XQQWEET r#eﬂt)gfggﬁév%eﬂ@%?o nts‘g%son ggte
of tetracycline . hydT’Gd'H‘I‘bSHPEFES %W%@Q@EF‘&WS’V'%B‘P%“ fo sgraqve the
The rats were Sacr ifidch®rmadcles Theynete pladedidnesl sidd downimdérauwinf distilled water in a

The bone m neral b oAb ol 8 %ﬁﬁ%ﬂﬂ LGy 255 SRS (6 G

above, of the | owe
Tabl e Five and Fi gifQ to3letermine the. calmuny@ngqg ingwms. The right femur of each raf was also dlssected

PCT/ CA96/ 00401 15 outintact and cleared of the attached muscles with a power nylon brush. It was scanned dorsal
side down under 3 cm of distilled water by DEXA. Four regions of the femur were scanned, as
indicated in Figures 10 and 11: A, proximal end; B, diaphysis; C, distal end; and D, neck. The
bone mineral (i.e., calcium).eontent in grams was estimated in the four zones of the femur
based on absorption and using an internal standard of the machine.

20 Results are tabulated in Tables Nine to Eighteen.

T

TABLE NINE: Comparison of Group Arithmetic Means Among Groups Injected with
Polypeptide SEQ ID NO:7 Administered over 100 Days to
Ovariectomized Rats—Bone Mineral Content Measured in Proximal

End of Femur
25 “ Control A-Ovariectomiz_ed B-Ovariectomized
' (no polypeptide) - | (with polypeptide)
n Mean (g.) 0.1503 0.1351 0.1411
“ S.D. 0.0159 0.0105 0.0155
N 14 14 1 ]
— ——‘
30 t d.f p
" Control vs A 29772 26 <0.025
Control vs B 1.4400 23 N.S.
u Group A vs Group B 1.1634 23 N.S.
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e in det ectEﬂag,f]: ,%&(; peptl eévm t%h %n Aﬂ antltrnI

alll UU(Jy call Ue AL nK(G 10 Of LU”J EU VVITII i
syontohs| sefhagp | A-Ovarieciomized

Hhe ant.i 1ndA1 AV

('B!1A§«b br ¢ qE8¥nof adi qrRiesi C
: I TTImunos oy pent assa)F(
00166 p| bt vel92808i gh

el y wpon {he usg of radi oi soreopes
Tt reas P

i LR b i ot S oA v o R oA

cence of a
w -

be used, accordi ng| Cantroltve Apr esdnt inv@ﬁzmon, t ol detect® t he pf esencNaSof a
parti cul ar polyvpeptidel With stapndardized sanple collection and
treatnent, polypepti ,Q,Ijs%sence abovey goos threshypol d anpunt iygbl ood
serum coul d wel | ﬂ@gerr“ ek —Sueh pet-hod—based
on antigenic respdpSeaniwe A he crem cal by3smynt hesjzed 925 h;{mn pol.s.peptl d

(SEQ I D NG 1) couljf—be deveropgd and vartrants o[ the por ypepfiae

obt ai ned, as dd§crfl Beem@ifove fdr am ndS%8i d subbtituti®on, def eti oM-&nd
addition, (and es) co t hen bg pre reene '
bone sti rruI ati ng fletsisr—thoga—thea H , % =
anti body to the already knomn pepti de could t hen be tested for bone

—
" TABLE ELEVEN: Comparison of Group Arithmetic Means Among Groups Injected
with Polypeptide SEQ ID NO:7 Administered over 100 Days to
' Ovariectomized Rats--Bone Mineral Content Measured in Spine
20 {L1-L4)

Control A-Ovariectomized B-Ovariectomized
' (no polypeptide) | (with polypeptide)
Mean (g) __0.5437 0.4384 0.4758
S.D. 0.0161 .0.0089 0.0188
25 N 14 14 10
t d.f P
Control vs A 5.8384 26 <0.001
Controlvs B 2.7434 22 <0.0025

'! Groug Avs Group B 2.0756 22 0.05
——




stinmulatory effects in vivo using the system described herein for rats, for

exanpl e. 30 Such an anti body-1inked reporter system
.could be used in a nethod for det er mi ni ng whet her bl ood serum of a
subj ect contains a deficient anmobunt of the pol ypeptide. G ven a
normal threshqQlds,copgentration of such a polypeptide in bl oogcpehbgliodss 2
“given type of subject, test kits could thus be devel oped.

WD 96/ 40909 © -22-

PCT/.CA96/ 00401 . - |
EXPERI MENTS | N\VOL\TRG. O FOVAN, PCL YOEDT]
CONTAI NI NG CYSTEI NE! % 5 Gp Arithmetic Wans Among Grougs

e SEQ ID NO:7 Administered over 56 | ¢
sequence (SEQ ID \. 3) of the ¢ %d%gg_lgg Emé : E
I D NG 1) obtained joy substitutiggq@) the cystei ﬁ%ﬁ?g?sdue 'glwe&usrlecthlnosﬁgﬂ%

al ani ne was 5 [prepared by Jrandar djchemcar [ pr oCedur s, JT ar ani e

residue is sterfcd | y sinmilar foCenaddiice§ham | A-@upgectorsized: o H-Quatiecipmized
rendering the pol peptide incapable of lsnontane 1,600 polypeptide).+ | (with palypeptide)

tricine SDS el ect rfog

‘ gg;ﬂ@ i c gel] Qfssipe mggi_gézﬁed and gigypdi fied (n@iqdes! )
peptides is shown ' —EXPETTITENS]

11 I ure 0o.
were carried out

nSPhree groufs OR7&; ¢ 8PF2p ghi 02861 wee 02 and
320 g. Al ny per nSol ution of bt i de NG 3) gnas
prepared in 0.1% ; i

peptide (SEQ | BoNdGk 1) was prepdred i n ot 1% acefic acjd. Eagph rat ¢f

a first of the gr s h ybcyt aneou injected intq its rjght thigh O.
m of the mdifie%"e’%’&%mlitiuﬁ. '@‘?%25% a-Hy—each r%at OF—f—he sul:%ﬁ“é
Qortril VB Al

group was injecte ni.4t86 t he nprnal Pepti del sol utd.ome. Eagh

. 16-

rat of the third raul tge control g , was Injected 150 wth 0.1 n
of 0.1% acetic aci L al’ i oy ecti (nN€® eac
rat was | M) Sl A Nt rafuscul aplgysani t h 21,1 ny dy wgjght of

tetracycline hydr : .
dose of tetracy8l ijn@amadBochl orji de wa$.98Inm ni st gred 48 hoursj | at eN.S.

ﬂ GroupAvs B 0.8759 - 10 N.S.

e e ——

TABLE THIRTEEN: Comparison of Group Arithmetic Means Among Groups
Injected with Polypeptide SEQ 1D NO:7 Administered over 100
Days to Ovariectomized Rats—Bone Mineral Content Measured

ol &l
nmmurTuc uroqur vou UILILE B A Imr— Ul \'J
r

20 in Femoral Diaphysis
" Control A-Ovariectomized B-Ovariectomized
(no polypeptide) (with polypeptide)
" Mean (g.) 0.2258 0.2146 0.2347
S.D. 0.0261 0.0108 0.0215 u
25 1 Y v |
— =
t df p
Control vs A 0.8301 26 N.S.
Control vs B 0.8078 _ 23 N.S.
Group A vs Group B . 2.3079 23 <0.05 ‘




The animals were sacrificed 24 hours after the second dose by CJ err]

narcosis. The | ower met aphysis of the right femur was di ssected out
and fixed in a 10% aqueous solution of . 20 formal dehyde buffered at pH
7.2 by acetate buffer. Bone sections were prepared for measur enent

as descri bed mﬁﬁm The results are gab lﬁhﬁ I n
Tabl e Sjx and graphi cally depicted in Fi gure 7. As can be seg’r%

bone apposition rate for rats injected with thg. nodi fied pol ypeptide is
significantly greater than that for those of t he control group but bel ow
t he bone appositign rate ' ms XS T T ecr et WO Che o e
pepti de. TABLESOURIEEN: Comparlson of Group Arithmetic Means Among Groups
PCT/ CA96/ 00401 Injected with Polypeptide SEQ ID NO:7 Administenepi over 56

TABLE SI X: Conpar ifson of the GO:EE%EI ﬁ?ﬂ%‘“ﬁ?bﬁ?]@“ﬂtme@ﬂ%

wi t h- Modi fi ed Peptp et
Goup A .5 G oup B ControlCont r Shants 0 J[A—O\tanectomnzed I\"Eonariectomlzed
1.67 [err]md _L.}iJiL.LL:E d 1. 02 [ et rinapolypeptids) | (with phlypeptide)
0.11[err]nid M%J(é) [err1 i gas7p | O-PHdisl e 1] MPhzg N 0.2091
6 6 =
d. f $D. oo s 0.0162 0.0272. 12.00121
10 4Gy 001 Gontrpl (@ oup|C) &0 Group B_vs
4. 69 Eas; == z e L
10 _t d.f p
I Control vs Sham 2.2580 8 <0.05
Il Conrol vs A 3.3549 9 <0.025
" Control vs B 1.9209 9 N.S.
" Shamvs A 1.4571 9 N.S.
15 |LSham vs B 1.1778 9 N.S.
u Group Avs B 24926 10 <0.05

TABLE FIFTEEN: Comparison of Group Arithmetic Means Among Groups Injected
with Polypeptide SEQ ID NO:7 Administered over 100 Days to
Ovariectomized Rats--Bone Mineral Content Measured in Distal
20 End of Femur
Control A-Ovariectomized B-Ovariectomized
{no polypeptide) (with polypeptide)
Mean (g.) 0.1597 0.1386 0.1424
S.D. 0.0185 0.0068 ’ 0.0132
25 [N 14 14 1
' t d.f p
Control vs A 3.8255 26 <0.001
-Control vs B 26160 23 <0.025
Group A vs Group B 0.6984 23 : N.S.




Goup Avs Goup B 3.97 10 <0. 005
EXPERI MENTS | NVOLVI NG ACTI VE FRAGVENTS OF THE 36- AM NO ACI D HUMAN

-POLYPEPTI DE 15 Pol ypepti des having the amno acid
sequences identified as SEQ I D NGs: 4, 5, 6. 7. 8 and 9 were
synt hesi zed a ' to well known chemi cal procedures. PCT/CA96/00401

"Sprague-Dawl ey Ttats were used as test aninals to determ ne bone m ner al

apposition rate, as described above. Mile ratz4having weights between 280
and 380 g were subject to subcutaneous i n ectlon after one meek of
acclimatization. X i i —a 0. 1Y
acetic acid test ¢
to obtain a dosag§
dose was i medi at §
per Kg of body wei

Lodn Y Sy
yrm Ul tciTagyCvrrmiic |yu| UL,IIIU

injection of tedrdcycline was atrol 8 houBhkam at aA-.-Ovanecton!ized

0.1% acetic acid gol ution A, SEQ | [inoypplypepfide) '
Lys Arg Thr Asn G ‘ 3 | e| Lys gP¥ags ASN I's
Lys Ala Al G v L:;dluﬁﬂ/-\é T AS"IL?%"IT'F

Group E: SEQ I D N SD. Jipoee dy 98148 Ay ThioO9d g u HIS T003 a Afp

Cys Lys Ile Lys Pf H's Lyp Lyg 3) AIaAIa €] keu Vet |
Val e ] e B e L e -8 MO~
H's Thr Ala Aspo Offs Lys | e Lyd Pro Ash Thr Leu] Hi s Lg's Lys p Ala Alla

" Control vs Sham _ 3.7548 8 <0.025 *ll

“ Control vs A 8.0183 9 <0.001

" Control v¢ B © 8.1462 9 <0.001 I

ll Shamvs A 3.7048 9 <0.005

15 | shamvsB 38149 9 <0.005
ll Group Avs B 1.0274 10 _ N.S.
‘ e

TABLE SEVENTEEN: Comparison of Group Arithmetic Means Among Groups
injected with Polypeptide SEQ ID NO:7 Administered over 100
Days to Ovariectomized Rats--Bone Mineral Content

20 ' Measured in Femoral Neck
Control A-Ovariectomized | B-Ovariectomized WI
(no polypeptide) (with polypeptide)
Mean (g.) 0.0334 0.0303 0.0351
S.D. 0.0049 0.0040 0.0031
25 |}l~l 14 14 10
t d.f p
“ Control vs A 1.3078 26 N.S.
[ controivs 1.0328 21 N.S.
H Group A vs Group B 2.2590 21 P<0.005




WO 96/ 40909

PCl / CA96/ 00401 -18-
-Group C. SEQ I D NO 6: Gy lle Ay Lys Arg Thr Asn Qu His Thr Ala
Asp Cys Lys Ile Lys Pro Asn Thr Leu Goup B: SEQID NGO 7:

Ay lle Ay Lypdiddoodht Asn G u His Thr Ala Asp Cys Lys |l e pericadsmosor
‘In a simlar but separate set of experinents, bone mneral apposition rates

wer e tested using the followi ng chenm cably synthesized pol ypepti des:
Goup F: SEQ I D NO 8: dy lle d LsAr Thr AsnGIuHisThr Ala
Asp Cys Lys

ou i
TABLE EIBHTEEN: |
a s O Ly e S

determ ned by neasfurenents of th
femur, as describ previ ousl y. Hﬁg‘mﬁ immmd_ il
L)

_%ﬁmféﬁem\f e

experinents are s ver—and—Erght—and—graphtcatty
depicted in Figér 8 4rkpnol AL cShape §éePuariedimizel | Bdvariectomized
poI ypepti des test had a positlive effect on ho Qﬂ@!ﬂeﬂﬂ@ﬂm (with golypeptide)
.e,” di splayed borleygli @yl atory gty Vi ly. o.0mss 0.0202 0.0274
S.D. 0.0020 0.0038 0.0028 0.0013 |
N 5 5 6 6
—
10 t d.f P
Control vs Sham 1.1534 8 N.S.
Control vs A 4.9809 9 <0.001 |
Controlvs B 0.3342 8 N.S. j
Shamvs A 2.6620 9 <0.05
15 " Shamvs B 1.1462 9 NS. Il
I Group Avs B 5.6713 10 <0.005 !I
— —

As can be seen from the tabﬁlated data, the increase in in vivo calcium boﬁe
content is most obvious in the femoral neck and femoral diaphysis, implying that the effect of the
administered peptide can be site specific, possibly being greater at skeletal sites under

20 mechanical stress. '

EXPERIMENTS INVOLVING OTHER FRAGMENTS OF THE 36-AMINO ACID HUMAN
POLYPEPTIDE

Polypeptide fragments of the normal polypeptide (SEQ D NO:1) were also
synthesized and tested for bone stimulatory activity as with the C-terminus fragments.

25 Control Graup: 0.1% acetic acid
Group H: SEQ ID NO:1:
Gly lie Gly Lys Arg Thr Asn Glu His Thr Ala Asp Cys Lys lle Lys Pro Asn Thr Leu His Lys Lys

Ala Ala Glu Thr Leu Met Val Leu Asp Gin Asn Gin Pro

Group I: SEQ ID NO:16:
30° Arg Thr Asn Giu His Thr Ala Asp Cys Lys lle



WD 96/ 40909

PCT/ CA96/ 00401 -19-

-TABLE SEVEN:. Conparison of the Goup Arithnetic Means Anmong First G oups
Injected with Active Variants | Goup A |Goup B Goup C

Goup DG oup o&736bg ©! _ Mean 1. 40 1. 41 perrcassnohed 7
1.35 - 1.03 5 S. D. 0.05 - 0.08 0.09
0. 10 0. 06 0. 06 N -266 6 6

6 6 6 t

d.f. ' roup J: SEQIBNGAH A vs Control 5.18

10 <0. @ylrhr Asn Glu HETALa BspGys Cgsiliertgs Pro Asn Thr Leu HIg.LE/Lys Ala Ala Glu Thr
10 <0 C vs Control ‘ 7. 64

10 <" ef"a'“w“s"@‘%'g D vs Cont rol 6. 92

10 <0.001 G oup E vs Control 7.99

0 . <0. @blp K: SEQID NOGgOUp A vs Group B 0.14

10 >0 €] S up, ,. . 40

10 5>0 Tgr Ala qug Cys usd@ EesAle‘rs és?ﬁgﬁlp IﬁsCLys Lys Ala Ala G'b ?lgi.eu Met Val Leu Asp
10 >0.5 Goup Avs Goup E 1.30

10 >@foup L: SEQ ID NOs: 10,11,12 & 13 (mixture):

Leu His Lys Lys Ala Ala Glu Thr Leu Met Val Leu Asp GiIn Asnh Gin
Leu His Lys Lys Ala Ala Glu Thr Leu Met Val Leu Asp Gln Asn
Leu His Lys Lys Ala Ala Glu Thr Leu Met Val Leu Asp Gin

10 Leu His Lys Lys Ala Ala Glu Thr Leu Met Val Leu Asp

Bone mineral apposition rates were again determined by measurement of the
lower metaphysis of the right femur. Results obtained are summarized in Table Nineteen and
graphically depicted in Figure 12. As can be seen in Figure 12, none of the non-N-terminus
variants identified as SEQ ID NO: 10, 11, 12, 13, 14, 15 or 16 was found to increase the bone

15 apposition rate with respect to the control.
—

" TABLE NINETEEN: Summary of the Group Arithmetic Means for Bone Apposition n

Rates of Rats Injected with Non-N-terminus Variants

Group H Group | GroupJ | GroupK | GrouplL Controf "
"Ean umwvday) | 1.50 1.02 0.92 092 0.98 102
20 {sb. 0.09 0.42 0.08 0.04 0.08 0.06
Iy 8 |- e 6 6 6 8 I .

25

30

A summary of the results obtained with respect to particular polypeptlde
sequences tested is provided in Figure 13.

As can be seen, the polypeptide identified as SEQ ID NO:9 has a sequence of
10 amino acids contained in the 36 amino acid sequence of the polypeptide identified as SEQ
ID NO:1, i.e., in vivo bone stimulatory activity can be retained with a polypeptide in which as litile
as 28% of the amino acid sequence of SEQ ID NO:1 is conserved. Bone stimulatory effects
would also be expected to be abserved for homologues of the polypeptide identified as SEQ ID
NO:9. It may even be found that one or more of the amino acids present in SEQ ID NO:9 could
be deleted and activity of the polypeptide (or homologue) be retained.

Of course it is known to those skilied in the art that polypeptides which provide
similar aélivity are generally related by having the same or similar three-dimensional portion(s)
which interacts with ancther agént, such as a receptor with which the polypeptide binds in some



Group B vs Group C 0. 82 10 . >0.4

Goup B vs Goup D 1.19 10 >0. 2
-Goup B vs Goup E 2.49 10 <0. 05

20 TABLE El GHT: Conpari son of the Goup Arithnetic Means Anong Second
‘G oups WO 96/40909 Injected with Active Variants pcr/ca96/00401
‘G oup F. Goup G Control G oup Mean

2.09 [err]md 2.83 [err]md 1.6327ferr]md S. D
0.34 [err]md 0.19 [err]md 0.13 [err]md 25 N

4 Way. This is why it is possibledo have several polypeptides that are related to each other that
t 'éi"aES similar bone-shmulatm@ Goup F VS Contr ol

6 E G vs Cont r ol

0. 0002 Gr oup F vs G%Heﬁ““ vention provides a synthetic polypeptude having in vivo bone
0. 215 V\GtitolatboCdefvity in mammals and which increases calcium density or content in bones of

PCT/ CA96/ 00401

BONE. CALG) Unt CoRE TR B3I SR 6L PP RELESAURTSS Which 5 3 gt pout 19% conseiel i relation to
A further set of eRpaPPARTH seayence daiindee SEQUIR Ny and baying|al lsest pReRmingasid defeted d
as SEQ | D Nagréfrém) ofl€ haniomigliecthdried. Ifthecdhtetiof this hverdibry p @pptidel Containifyeme

cal cium content whgh - id sequédt thil ki 12 dRgheli Qith Ahor SEQ ID NO:1 such that at least about 30%
of individual amino acld residues of the original sequence are present in the peptide is said to be
10 about 30% conserved with the amino acid sequence identified as SEQ ID NO:1, allowing for
homologous substitutions and a limited number of insertions or deletions between aligned
sequences. An amino acid sequence having seven out of the 36 arﬁino acid residues of SEQ
ID NO:1 in aligned sequence would be 19% conserved. An amino acid sequence having eight
out of the 36 amino acid residues of SEQ |D NO:1 in aligned sequence would be 22%
15 conserved. An amino acid sequence having nine out of the 36 amino acid residues of SEQ ID
" NO:1 in aligned sequence would be 26% conserved. An amino acid sequence having ten out of
the 36 amino acid residues of SEQ 1D NO:1 in aligned sequence would be 28% conserved.
Described in a slightly different way, a polypeptide of the present invention is
an amino acid sequence corresponding fo SEQ ID NO:1 with (a) one amino acid to 4 amino
20 acids deleted from the N-terminus of SEQ ID NO:1, (b) one to 22 amino acids deleted from the
C-terminus of SEQ 1D NO:1, or both {(a) and {(b); or a functionally equivalent homologue. it may
be found possible to delete 5 or 6 or more amino acids from the N-terminus or to delete more
than 22 amino acids from the C-terminus of SEQ ID NO:1.
in another sense, the polypeptide of the present invention can be described as
25 a polypeptide exhibiting bone stimulatory activity in mammais, the polypeptide having the
sequence identified as SEQ ID NO:1, SEQ ID NO:3, SEQ ID NO:4, SEQ ID NO:5, SEQ ID
NO:4, SEQ ID NO:8, SEQ ID NO:7, SEQ ID NO:8, or SEQ ID NO:9; analogues thereof wherein
the amino acids in the sequence may be substituted, deleted or added, so long as the bone
stimulatory activity in mammals derived from the three dimensional structure of the sequence is
30 preserved; and conjugates of each of the polypeptides or analogues thereof, wherein if the
polypeptide sequence has that identified as SEQ ID NO:1, then there is at least one amino acid
deleted therefrom.
A polypeptide of the present invention would include such a sequence which
sequence would have a molecular weight in the range of from about 1000 to 4000. ltis to be
35 understood however that the sequence might be added to by conjugation or other technique,
which could increase the molecular weight of the overall compound beyond 4000,
It will also be understood, without the intention of being limited thereby, that a
variety of substitutions of amino acids is possible while "preserving” the three-dimensional



5 Ovariectomes were perforned on rats as descri bed above. A
0. 1% acetic acid sol ution containing 25 nnoles of the pol ypeptide
was adm ni stered subcutaneously to each rat each day for the
duration of the experinment. One group of rats was treated for 12 weeks

begi nni ng 100, 406l € ovariectoni zation. Another group of pépEgodidsor
treated for eight weéks ‘begi nni ng ei ght weeks after

ovari ectom zation. Rats were sacrificed at thesend of the treatment 10
period and di ssected and post nmort em assessment of bone mineral ‘content was

carried out structure responsible for fhgdone,sHiwatosy pfiaet of the polypeptideidisclogedheminy itip t h
a power nylon br uah:stea W@xﬁhﬁe that interchéarde anbfyChofpoiad liphalit A3utriiiRhofakids; € d

tral de d
Cont ainer and scarfigl ga%%ae e St il §6eal. Soul B frosi il ABRRRASTS
100, to determ ne antpng thelpolan liphaticmeyial aminogeidsy sering,freqningmethioning: cysteineach r at
was al so di sseck edasgar&g‘?ne éhufnuian.rnae&m@wisisw S@h&&a This bémﬁiat fe imgww petides

with a power nylon rus under. 3 cm

anned do
of distilled water® ﬂ%@? bridgg Apprars Lﬁ%@"'?"e'f?ﬂ?% 8"%59%8’3? cysfeine
i ndicated in Fi gurresid&@hmktbrdbhbly Pe hepjd intectrandl otheraming acids capiblesofsorming adiselfidel

end; and D, neck. lﬁgfg]g riot be subsf0f3& ?lgéuﬂféfeﬁﬁ the 'seq%ence%@bh‘ 1] séﬂ Qﬂxﬁgra shddeihd ™

was estimated in t our zones o orption and
usi ng an internal YeARRYPHtGen vasefferird{PRR ! o NOBh S“bs“mm“sa‘m“g the chargadjacidic gy e
tabul ated in Tabl esnitd abﬂstaspﬂcginﬂeamgutamlc acid, could pMIyIEe habé; as CatdsubstRaionsOf

Group Arithmetic %9@%(’%&%! &nyﬁ% mme . Substitutions among the aromatic

Pol ypepti de SEQ I ni stere over
Ovar | ect oni zed RatVipRAFEIsNIGHding phemyAianing h'ﬁfé’é&etﬁy 'l'ﬁ aM iyepipgVould also likely be
End of Fenur 25 possible. Substitutions can be made alone or in combiratior. IThkse sorts of substitutions and

A-Qvari ect om zed mt{a fEhdiad ér?%lﬂ{&‘b@? those sidled in g art. Upited States Patent Nos. 5,487,983

g k (i 5 88 ypeptid e% nd(, Sigggaofor instance, describes other possiple subsgthgons incluging substitutions

0. 0159 invdlVird Bfifino acids not encoded by the(yefisl Tither substitutions ght well be possible. .
,[14 d 1 14 The importance of the N-ﬂailmmus p%:Qion of &c)a se?uerlce is evK!ent from the
2.9772 results described herein. The poyeeqygg(SEQ ID NO:9) having @mijgp aggs o 14 of SEQ ID
i. iggg .NO:A Jisplays bone stimuatory actiitiwhile polypeptides @tiingthe firsthineNctermirtis

20  amifidacids, but having amino acid¥ 19'to 32 (SEQ ID NO:14) or amino acids 20 to 35 (SEQ ID
NO:10) do not display bone stimulatory activity. it may be that it is possible o delete more
amino acids from either end of the pblypeptide identified as SEQ ID NO:8 while retaining the
three-dimensional configuration of the subseguence of the polypeptide responsible for bone
stimulatory activity. internal deletions, although they might be possible to some limited extent,

25 should be few. Of particular note, is the polypeptide having the sequence identified as SEQ ID
NO:16, which differs by only one amino acid residue from the amino acid sequence identified as
SEQ ID NO: 8. The former does not display activity while the Iatter does display bone
stimulatory activity. it is possible using the experimental methods disclosed herein to distinguish
between sequences which do and do not stimulate bone growth and which do and do not

30 increase calcium bone content.

It should still be possible for minor additions of amino acids to be made at the
ends of the sequence and symmetrical or nearly symmetrical additions to the carboxy and
amino terminals are likely to be possible. Intemnal additions, although likely to be possible to
some limited extent, should be few.

35 Of the above-listed modifications to the sequence, terminal additions, deletions
or substitutions are most likely to be most useful, as such a modification can serve a variety of
functions: an identifying group as for use in a radicimmunoassay; or a linking group, as
examples.
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-21 - TABLE TEN: Conpari son of Goup Arithnmetic Means Anong G oups
-Injected with Pol ypepti de SEQ ID NO 7 "Admi ni stered over
56 Days to Ovarl ectom zed Rats-Bone M neral Content
Measured In I%g, End of Fenur S5  PCTICA96/00401

“Cont rol B&I%b A- Ovari ectom zed B-Ovanectom zed (no
pol ypepti de) (WI t h pol ypepbi de) . Mean-29g) 0. 1451 0. 1387
0. 1368 0.1328 S. D. 0.0183 0.0166

0. 0280 0. 0141 As with me normal peptide (SEQ ID NO:1); an active subseqgence containing a
6. BysteinbQesidue (i.e., SEQ ID Nos: 4, 5, 6, 7, 8 or 9) i likely t spontaneously dimerize andd. f
P Cont r ol exmml}ﬁmal . . 7372 N. S.
Control vs A ° @%P 9 N. S.

Contsol vs B 1. 62»farther advantage may be obfgined through chimeric formg of the protein, as
gﬂam VSB A 5 known in e 4@3‘(2)%NA sequence encoding th8 entire protein, or a portior bf e proteir; Sould
G ngF;S A vs B thus be llr@e%;pi@g sequence coding for the Cltgmmal portion of E. coli E,@agctosldaseb

TABLE ELEVEN. Conpmaducearfusivh pfatein,ifor éxamplemén iexprégsiamsystémuordidantegpiraton; syndytal
virus glycoproteins F and G is described in United States Patent No. 5,288,630, issued
February 22, 1994, and references cited therein, for example.

10 A polypeptide of the present invention would usually be synthetic, whether prepared by
techniques of conventional “chemistry” or by recombinant techniques. Here, a polypeptide so
produced is referred {o as being substantially pure or biochemically pure when itis generally
free of polypeptides or proteins with which it would occur if found directly in nature, as in blood
serum from an animal, for exampie.

16 Nucleic acid (DNA) sequences coding for the active portions of the normal

. polypeptide would be as follows:

SEQ ID NO:17 (coresponding to SEQ ID NO:4):
GGG ATC GGA AAA CGA ACA AAT GAA CAT ACG GCA GAT TGT AAA ATT AAA CCG AAC
ACC TTG CAT AAA AAA GCT GCA GAG ACT TTAATG GTC

20 SEQ ID NO:18 (corresponding to SEQ ID NO:5):
GGG ATC GGA AAA CGA ACA AAT GAA CAT ACG GCA GAT TGT AAA ATT AAA CCG AAC
ACC TTG CAT AAA AAA GCT GCA

SEQ ID NO:19 (corresponding to SEQ ID NO:6):
GGG ATC GGA AAA CGA ACA AAT GAA CAT ACG GCA GAT TGT AAA ATT AAA CCG AAC
25 ACCTTG

SEQ ID NO:20 (corresponding to SEQ ID NO:7):
GGG ATC GGA AAA CGA ACA AAT GAA CAT ACG GCA GAT TGT AAAATT

SEQ ID NO:21 (corresponding to SEQ ID NO:8):
GGG ATC GGA AAA CGA ACA AAT GAA CAT ACG GCA GAT TGT AAA

30 SEQ D NO:22 (comesponding to SEQ ID NO:9):
' CGA ACA AAT GAA CAT ACG GCA GAT TGT AAA



wi th Pol ypeptide SEQ ID NO 7 Adm ni stered over 100 Days to
Ovari ectom zed Rats-Bone M neral Content Measured in Spine 20

-(L1-L4) . Cont r ol A-Ovari ectom zed

B- Ovar ect om zed (no

pol ypepti de) (Wi pol ypepti de) Mean (Q) s/doanf 37
0. 4364 wolsilabgho 0. S.D. o BSTipostostt

. 0.0089 0. 0188 25 . N -30-

14 10 _ t .

d.f P Accorsiingly. | vegtar incorporating such a BNA sgpyence could be construcipg,
<0. 001 Co gr :6¥ in inttBsizing a polypeptide,.ag dséribed previously, and paitidularly in international

<0. 0025 VO é’g‘%’% aéwé&oﬁlg %ﬁ’bA 94/00%440 ﬁg DNA sequence coding fg?the polypeptlde

0. 05
PCT/ CA96/ 0040 1 identified as SEQ ID NO:1 is given as SEQ ID NO:23 in the sequencelisting of this

TABLE TWELVE: Egdﬁgmnof G oup Arithmetic Means Anmbng Groups | njected
wi th Pol ypepti de S

Q I D NO m ni st er dover
Ovar | ect oni zed Rats-Bone M %gﬁgl SequERTe, qgtgag%phg@rqs#%?rﬁgnmaybeanymnpﬂmat
5 containsCGomiciegtide sequBhraiwhich encoges@ pelypepiideefithequiesent invention. in

B- Ovari ect om zed
Mean (g.) a8d|t|50g4tf02any ofé\@ chﬁ@ hmﬁ%du@ﬁ%s jﬁé’bﬂﬁﬁ-&?&eﬁﬂﬁﬁ have 8a 8%propnate

S. D. prpmster gnd an sq)seeliepge {ora suitablq)nl@% binding site) at ntsdi -g;gﬂd if N

5 6. 10 necsssary, a hucleotide sequence containing a translation initiation codon at the 5-end and a
. nucleotide sequence containing a termination codon at the 3'-end.

As known fo those skilled in the art, the genetic code is “degenerate”. A
nucleotide in a gene sequence can thus be replaced by another nucleotide in accordance with
the degeneracy of a particular codon (coding triplet),ﬁ without changing the amino acid sequence

15 of the polypeptide coded for by the gene. A DNA fragment of the present invention can thus be
derived from any of the above sequences (and DNA sequences corresponding to substituted
polypeptide or other analogues not explicitly illustrated), and such replacement might be done in
such a way that the resulting codon(s) shows a high utilization frequency in a specific host cell
when producing a polypeptide of the present invention using genefic engineering techniques.

20 1t will of course be understood, that antibodies to any of the polypeptides
disclosed herein could be generated, as described in connection with the normal polypeptide
(SEQ ID NO:1).

A polypeptide of the present invention can be made into a pharmaceutical
preparation suitable for use in efficient administration to a patient in need of such administration,

25 as person suffering from a reduction in bone formation, for example. Prophylactic treatment is

_ another possibility. Injection appears to be a likely candidate as a route of administration. A
pharmaceutical preparation would include a proper carrier or medium such as sterile water,
physiological saline, a plant oll, a non-toxic organic solvent or the like generally used in drug
preparations. A filler, colouring agent, emuisifying agent, suspending agent, stabilizer, a

30 preservative or the like, etc. could also be used. Other possible administration routes include
rectal, topical parenteral, ocular, nasal, sublingual, buccal, intfavenous, etc. The formof a
pharmaceutical could be a dispersion, solution, suspension, tablet, troche, etc. and could be ina
slow or time release form or device.

The dosage would likely vary with the type of patient, age, sex, eic. and the

35 nature and severity of the condition being treated. In general, dose range for treatment of a
condition related to reduced bone formation would be in the raﬁge of from about .001 pmol to
100 nmol per kg of body weight of a patient. :



10 t ' d. f | =)

Control vs Sham . 0.6805 8 N. S.
Control vs A 4.4196 9 <0. 005
Control vs B 3.1042 9 <0. 025
Sham vs A 2.8382 9 5
ShanvsB WO 9640909 4 "9951 9 ieﬁ% fg"”‘”}‘
Goup Avs B 0. 8759

TABLE THI RTEEN. Conparison of G oup Ari t%{;%% g/g Among G oups
I njected wth Pol ypeptide SEQ ID NO 7 Ad e ver 100

Days to Ovari ect omzedgiaksr, BoRsnidragy.2l Content Measured 20

in Fenoral Di aphysi s Cont r ol

A- Ovari ect onm zed B- Guar sedraodad

(no pol ypepti de) (WI t h pola)psmisE:degTroPEARM LiMETED (. ) 0. 2258

0.2146 . . 2347 (B} STRESTP 2395 Speakman Drive 0. 0261

0. 0106 O. 0215 §& CITYN Mississauga 14

14 - 11 (D) PROVINCE: Ontario t . d.f
(E)

p Control vs A m§§§ 26 N. S.

Control vs B 0. off7gPos" itk (ZIB) 3 LSK 1B3 N. S.

Goup Avs Goup B 2. 309 wnmE: TAM, CherkZshing '<0.05

(B} STREET: 1072 Rectory Lane
(C) CITY: Oakville

{D) PROVINCE: Ontario

(E) COUNTRY: CA

(F) POSTAL CODE (2IP) : L6M 2B7

{ii) TITLE OF INVENTION: BONE STIMULATING FACTOR
{iii) NUMBER OF SEQUENCES: 22

{(iv) COMPUTER READARBLE FORM:
(A) MEDIUM TYPE: Diskette, 3 1/2 inch, 1.4 Mb storage
{B) COMPUTER: COMPAQ, IBM PC compatible
{C) OPERATING SYSTEM: MS-DOS S.1
(D) SOFTWARE: WORD PERFECT

{v) CURRENT APPLICATION DATA:
APPLICATION NUMBER:
{vi}) PRIOR APPLICATION DATA:
(A) APPLICATION NUMBER: US 08/487, 074
(B} FILING DATE: 07-JUN-1995

(2) INFORMATION FOR SEQ ID NO:1
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 36 amino acids
~ (B) TYPE: amino acid
(D) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:1.

Gly Ile Gly Lys Arg Thr Asn Glu His Thr Ala Asp Cys Lys Ile Lys
1 i0 15

Pro Asn Thr Leu His Lys Lys Ala Ala Glu Thr Leu Met Val Leu Asp
20 25 30

Gln Asn Gln Pro
35



WD 96/ 40909

PCT/ CA96/ 0401 -23 -
-TABLE FOURTEEN: Conparison of G oup Arithnmetic Means Anong G oups
I njected with Polypeptide SEQ ID NGO 7 Adm ni stered over 56

Days to Ovarl %g‘% @&g Rat s- Bone M neral Content Measured  perica96/00401
ySi

"in Fenoral . Cont r ol Sham
A-Ovarl ecton zed B- O/arl ectom zed _ -32- : (no
pol ypeptide) (w t h poI i de) Mean (g.) 0.2179 0.1918
0.1716 X%Rﬁ”m EQ ID NO:2 0. 0156 0. 0162
0. 0272 o 0121‘” ssouengh SmmacTaRzsTICS: 5 5
{n) TH: 36 amino acids -
6 6 10 (g) TYpE: amino acid t
d.f P (ﬁ)%ﬁ@bgys 1 Sheup 2. 2590 8
<0. 05 Control vs A 3. 3549 9
<0. 025 Control \$x)BFEATURE: 1. 9209 9
N. S. Sham vs A (A) NAME/KEY: ModiFAiéd site 9
N. S. 15 Sham vs B (B} LOCATION: 1.1Z78 9
N. S. Goup A vs B (D) OTHER INFORMMTEON: /note= "Xaa is N-aqeryl glyc:.ne"
<0. 05 TABLE FI FTEEN:. Conparison of G oup Arithnetic Means Anong

Groups Injected _h,Po ptide SEQ ID NO 7
Adm ni stered over 100 [%%/)s SEgENCE DESCRIPTM AD ![g%% : Ovarl ect om zed

Rat s- Bone M ner al QQQtIQQtGﬂEﬁPsUBﬁdTMA&%ﬂlHi 28nr ala s, Asp Cys Lys Ile Ly@”d of

Fenur Control 319 ari ectogs zed

B- Ovari ect om zed (no pol ypeptide) (with

pol ypepti de) Pro Asn Thr Leu His Lys Lys Ala Ala Glu Thr Leu Met Val Leu Asp
20 25 30

Gln asn Gln Pro
35

{(2) INFORMATION FOR SEQ ID NO:3
{i) SEQUEMCE CHARACTERISTICS:
(A) LENGTH: 36 amino acids
(B) TYPE: amino acid
{D) TOPOLOGY: linear

{xi) SEQUENCE DESCRIPTION: SEQ ID NO:3

Gly Ile Gly Lys Arg Thr Asn Glu His Thr Ala Asp Ala Lys Ile Lys
1 5 10 i5

Pro Asn Thr Leu His Lys Lys Ala Ala Glu Thr Leu Met Val Leu Asp .
20 25 30

Gln Asn Gln Pro
35

(2) INFORMATION FOR SEQ ID NO:4
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 30 amino acids
{(B) TYPE: amino acid
(D) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:4

Gly Ile Gly Lys Axg Thr Asn @lu His Thr Ala Asp Cys Lys Ile Lys
1 5 10 - 15

Pro Asn Thr Leu His Lys Lys Ala Ala Glu Thr Leu Met Val
20 25 - 30



Mean (g.) 0. 1597 ~0.1396 0. 1424
S. D.

0. 0185 0. 0068 - 0.0132 25

N 14 14 11

t d. f p Control vs A 3. 8255
26 01 Control vs B 2.61

23 wo segfoeg 2 Goup A vs Group B 6. aodyTrcAsenon

23 N. S. \O 96/ 40909-33-

PCT/ CA96/ 00401, ' _24 -

TABLE SI XTEEN: Conparison of Group Arithnetic Means Anong G oups I nj e;:t ed
wi th Pol ypeptide SO | ,T‘@.‘“’?mﬂdﬁ? P8 IPHP:Fyer 56 Days to
{a

Ovari ectomi zed Rats- Borfd Wﬁ%ﬁ@ﬁ%ﬁﬁgﬁg ed in Distal

End of Fenur 5 {B) TYPE: . inoagéf'gr()f Sham

A- Ovasectonmized  B-Ovari e@g O@Pgﬁgyn 1inear

(no polypeptide) (wth polypeptide) Mean (g.) 0. 1826

0. 1640 0. 1304 0. 1347 S. D 0. 0122

0. 0118 0. 0094 (xi) sequence(bHSORBEPTION: SEQ Ibl NO:S 5

5 6 6 10 t

d. f _ c-py Ile Gly Lys Arg Thr Asn Glu His Thr Ala Asp Cys Lys Ile Lys
1 5 10 15

Pro Asn Thr Leu His Lys Lys Ala Ala
20 25

{2) INFORMATION FOR SEQ ID NO:6
{i) SEQUENCE CHARACTERISTICS:
(a) LENGTH: 20 amino acids
(B) TYPE: amino acid
{D) TOPOLOGY: linear

{xi) SEQUENCE DESCRIPTION: SEQ ID NO:6

Gly Ile Gly Lys Arg Thr Asn Glu His Thr Ala Asp Cys Lys Ile Lys
1 5 . 10 15

Pro Asn Thr Leu
20

(2) INFORMATION FOR SEQ ID NO:7
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 15 amino acids
{(B) TYPE: amino acid
(D) TOPOLOGY: linear

{xi) BEQUENCE DESCRIPTION: SEQ ID NO:7

Gly Ile Gly Lys Arg Thr Asn Glu His Thr Ala Asp Cys Lys Ile
1 5 10 5



Control vs Sham 3. 7549 8 <0. 025
Control vs A 8.0183 9 <0. 001
.Control vs B 9. 1462 9 <0. 001
Sham vs A 3.7046 9 <0. 005 15
Sham vs B 3..8149 9 P(.'ﬁm«ll
‘Group Avs B WO%MM0 4 "h574 10

TABLE SEVENTEEN: Conparison of Group Arithnetsé- Means Anong Groups
I njected with Pol ﬁ)ept ide SEQ I D NO 7 Adninistered over 100
Days to Ovarl ect om? e FNRIRATEFH FORI SRR H N&xPnt ent 20

Measured in Fenoral Ned®! SEQUENCE CHAR:CTE!;ISTICids Cont r ol
A-Ovariectoni zed B-Ovari 1 oa':czg ac '

(no pol ypeptide) (WI th p ,y %&iflmear Mean (g.)

0. 0334 0. 0303 S. D.

0. 0049 0. 0040 0. 0031 25 N

14 14 (xi) sEQUENCE DEBCRIPTION: SEQ ID NO:8 d. f

p Control vs A 1.3978 26 - N S.
Control Vs B Gly Ile Glly 332Ghrg Thr Asn Glu HPg Thr Ala Asp Cys LMs S,

G oup Avs Goup B2 2.25905 . 21 10 P<0.005 30

{2) INFORMATION FOR SEQ ID NO:2
(i) SEQUENCE CRARACTERISTICS:
(A) LENGTH: 10 amino acids
(B} TYPE: amino acid
(D) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:9

Arg Thr Asn Glu His Thr Ala Asp Cys Lys
1 5 10

{2) INFORMATION FOR SEQ ID NO:10
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 16 amino acids
{(B) TYPE: amino acid
{D) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:10

Leu His Lys Lys Ala Ala Glu Thr Leu Met Val Leu Asp Gln Asn Gln
1 5 1o 15

(2) INFORMATION FOR SEQ ID NO:1l1
(i) SEQUENCE CHARACTERISTICS:
(a) LENGTH: 15 amino acids
(B) TYPE: amino acid
(D) TOPOLOGAY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:11

Leu His Lys Lys Ala Ala Glu Thr Leu Met Val Leu Asp Gln Asn
1 5 i0 15



WD 96/ 40909 '

PCT/ CA96/ 00401 ' -25 -
-TABLE ElI GHTEEN: Conparison of Group Arithnetic Means Anmong Groups
Injected with PoI ypeptide SEQ I D NO 7 Admi ni stered over 56

Days to O/arl Wd Rat s- Bone M neral Content Measured  pepcaoenodot

‘I'n Fenor al Control Sham

A-Ovari ect om zed B-Ovariectom zed . (nagspol ypeptide) (with

pol ypepti de) Mean (g.) 0. 0255 0. 0202
0.0274 S. D.(2) ZINPORMATION FOR(GEQ ID NO:12 0038 0. 0028

0. 0013 N {i) SEQUENCESCHARACTERISTICS: § 6

6 10 (A) LENGTH: 14 Qmino acids d.f

p Control vs Sham (B) TYEE: ""“"'_‘L‘; 3q 8

N S.. Control vs AP} TOROLOGY: lineargg,q 9

<0. 001 . Control vs B 0. 3342 : 9

N. S. Sham vs ki) spouence nEscnxpnaNﬁ@%Q ID NO:12 9

<0. 05 15 ShanvsB 1.1462 9

N. S. G oueuAuYS LPs Lys Ala Ala Glu 511161&3 Met Val Leu Asp &in

<0. 005 1 As cars be seen fromtiee tabul ated data, the
increase in in vivo cal cium bone cont ent is nbst obvious in the

fermoral neck and fenoral di a
admi ni stered peptiffR c
skel etal sites under "-ﬁ_. - €
| NVOLVI NG OTHER FRAGMVENTS €k THE, .S '_ 'o KCI‘BB HUVAN

(D) TOPOLOGY 1inear

that the effect of the
écs)sm bly being greater at
EXPERI MENTS

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:13

Leu His Lys Lys Ala Ala Glu Thr Leu Met Val Leu Asp
1 S 10

{2) INFORMATION FOR SEQ ID NO:12
(i) SEQUENCE CHARRACTERISTICS:
{(A) LENGTH: 23 amino acids
{(B) TYPE: amino acid
(D) TOPOLOGY: linear

{xi) SEQUENCE DESCRIPTION: SEQ ID NO:14
Thry Ala Asp Cys Lys Ile Lys Pro Asn Thr Leu His Lys Lys Ala Ala
1 5 10 is

Glu Thr Leu Met Val Leu Asp
20



PCLYPEPTI DE Pol ypepti de fragnments of the nornal

pol ypeptide (SEQ ID NO 1) were al so synt hesi zed and tested for bone
stimulatory activity as with the Cterm nus fragnents. . 25 Control
G oup: 0.1% acetic add G oup H SEQ ID NO 1: Gy lle dy

Lys Arg Thr Hs Thr Ala Asp Cys Lys lie Lys Pro Asn Ls Lys
_ g Sl e Stk

Lys Thr Leu Met Val Leu Asp G n Asn Gn Pro

Goup |: SEQ ID NO 16: 30 Arg ThrAsn Gu H#.Thr Ala Asp Cys Lys lie
WO 96/ 40909 :
PCT/ CA96/ 00401 (2) INFORMATION FOR SEQ ID NO:15 -26 -
Goup J: SEQ ID NO 15: (i) SE CHPRACEERLSTECE:H s Thr Ala Asp Cys Lys lle
Lys Pro Asn Thr Leu His Lyé$2L A Qﬂ\"aa'@nﬁ agifls " Leu Met Val Leu Asp
dn Asn Goup K S ok .‘;.aclds Thr Ala Asp Cys Lys lie Lys
Pro Asn Thr Leu His Lys Lys Al Qi"Hr Leu Met Val Leu Asp

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:15

Arg Thr Asn Glu His Thr Ala Asp Cys Lys Ile Lys Pro Asn Thr Leu
2 5 10 15

His Lys Lys Ala Ala Glu Thr Leu Met Val Leu Asp Gln Asn
20 25 30

(2) INFORMATION FOR SEQ ID NO:16
(i} SEQUENCE CHARACTERISTICS:
(A) LENGTH: 11 amino acids
{B) TYPE: amino acid
(D) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:16

Avrg Thr Asn Glu His. Thr Ala Asp Cys Lys Ile
1 5 10

(2) INFORMATION FOR SEQ ID NO:17
(i) SEQUENCE CHARACTERISTICS:
{A) LENGTH: 90 base pairs
{B) TYPE: nucleic acia
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

{xi) SEQUENCE DESCRIPTION: SEQ ID NO:17

GGG ATC GGA AAA CGA' ACA AAT GAA CAT ACG GCA GAT TGT AAA ATT AAA .48

Gly Ile Gly liys Arg Thr Asn Glu His Thr Ala Asp Cys Lys Ile Lys
1 - 5 10 15
CCG AAC ACC TTG CAT AAA ARA GCT GCA GAG ACT TTA ATG GTC 30

Pro Asn Thr Leu His Lys Lys Ala Ala Glu Thr Leu Met Val
20 25 30



Goup L: SEQ ID NGs: 10,11,12 & 13 (m xture): Leu His Lys Lys Al a
Ala Qu Thr Leu Met Val Leu Asp A n Asn G n Leu Hs Lys Lys Ala Ala-
-du Thr Leu Met Val Leu Asp @ n Asn Leu Hs Lys Lys Ala Ala @ u Thr
Leu Met Val Leu Asp G n 10 Leu His Lys Lys Ala Ala Gu Thr Leu Met Val
Leu Asp WO 96/40909 Bone mi neral apposition ratespppicaogéhas"

det erm ned by neasurenent of the | oner netaphysis of the right
femur. Results obtained are sunmarized in Tabdze Nineteen and _
graphically depicted in Figure 12. As can be seen in Figure 12, none of the
non-N-terrm nus (2) INEGRMAZFIMNSFORISER iIPi¥Y18s SEQ I D NO 10, 11, 12, 13,
14, 15 or 16 was found‘%’oSFW"éﬁWécs 15 apposition rate with

respect to the control (&) I‘ENGTH Gl RE‘FEEN Summary of the Group
Arithnetic Means for Bone: le“’ a:ngle . Rat es of
Rats-Injected with Non-l\l-t(ﬁ (%ac ]I"% Goup H G oup |

G oup.J Goup K Goup Mean ([err]m day) 1.50

1.02 0.92 0.92 0.98 1.02 20 S. D

0. 09 0.12 Qx99 sequence beddrIpTrON:0SEP 1D NOQ26 N

6 6 6 66 A summary of ‘the results obtained
W th respect to p®ceiATa|Ger paA ¢k MCARAT GAA CAT 3JCEFEACET TAESARIATS Aprovi ded
in Figure 13. Gly Ile Gly Lys Arg Thr/Renc@iy Bis Teedlatime P yeple des

identified as SEQ RD NO 9 has a®sequence of 2% 10 amino aci @8 contained
in the 36 am no ac | ypeptide identified as SEQ
IDNO1, i.e., mdgﬁ% %L‘T &g&g&ty can be retained with a >
pol ypepti de in whi cﬁ as 3%8?/& t he ami no acid sequence of
SEQ ID NO'1 is conserved. Bone stinulatory effects woul d al so be
expected to be observed for honol ogues of the polypeptide identified as SEQ
| D NG 9. | t(zpayNeoaTioN ForisHE tipayo:ane or nore of the am no acids
present in SEQ | D NO 9 (¢bHEJUENCB(CHABAGRERESTIASand activity of the .
pol ypeptide (or honol ogue)(AhelBNETRs QY base pairs O course it
is known to those skil I ed Bh TRE: gueledgarcifo| ypepti des whi ch provide
simlar activity are genergdt| 2o . ngr ¥ing the sane or sinilar
t hr ee- di nensi onal portion(s iCh interacts wi th anot her agent,
such as a receptor with which the pol ypeptide binds in sone

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:19

GGGATCGGAAAA'CGAACAAATGAACATACGGCAGA’I‘TG'I‘AAAATTAAA 48
Gly Ile Gly Lys Arg Thr Asn Glu His Thr Ala Asp Cys Lys Ile Lys
1 10 15 ’
CCG AAC ACC TTG 60
Pro Asn Thr Leu ’
20

(2) INFORMATION FOR SEQ ID NO:20
{i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 45 base pairs
(B} TYPE: nucleic acid
{(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

{xi) SEQUENCE DESCRIPTION: SEQ ID NO:20
GGG ATC GGA ARA CGA ACA AAT GAA CAT ACG GCA GAT TGT ARA ATT 45

Gly Ile Gly Lys Arg Thr Asn Glu His Thr Ala Asp Cys Lys Ile
1 5 1o 15



WO 96/ 40909

PCT/ CA96/ 00401 -27-
-way. This is why it is possible to have several polypeptides that are
related to each other that di splay sim | ar bone-stinulating
activity. The present invention provi etic
‘pol ypepti de ha%?ﬁ%"“."r’? vi vo bone stimulatory activi tyqiezla;%mm i; and
whi ch i ncreases cal ciumdensity or content in-iones of 5 mamal s,
having an am no aci d sequence which is at |east about 19% conserved in
relation to (2} hENEFRMASIACFER §§GE&°€2} dentified as SEQ ID NO 1 and
ISTICS: { herefrom or a honol ogue

havi ng at |east one ani A% EEW I :

thereof. In the context of%@ iﬂgﬁ%ﬁg‘?@:ﬁ TFepti de contai ning an

am no aci d sequence that caj '@gﬁé:w&iﬂl& hat of SEQ ID NO 1 such that
at | east about 30% (gg e C e N0 acid residues of the
original sequence are present in the peptide is said to be 10 about 30%
conserved with the am no acid sequence identified as SEQ ID NG 1, allow ng
for honol ogous (gilb HEQURNCE CIESCRIPAIGN:| 830 TR dionember of insertions or
del eti ons between aligned sequences. An am no aci-d sequence having
seven out of the 3GSAMTRCHCAR CEAAFRARTOFAASERY ACG GCA GHTIIQYCAMA | n al i gned 42
sequence woul d be E89H8nEkt Lt ArATRE AR ELRcELF IBY BEAREPhSA HEF ei ght

out of the 36 aminotacid residued of SEQ ID NO $%in aligned sequence woul d
be 22% 15 conserved. An am no acid sequence having nine out of the 36
am no aci d.residueg,pf REQuaPron ror seo Y& ¥o:k# al i gned sequence woul d be 26%
conserved. An am no aci q;fQ@denke da¥idgrisaicout of the 36 anmi no
acid residues of SEQ | D NO (h) i tenetH:g8e dbasegeerce woul d be 28% conserved.
Described in a slightly dif@eremwe: wayleia galypepti de of the present :
invention is an ami (¢ STRAND nedagterresponding to SEQ ID NO 1
with (a) one anmino acid to @ oFAPABPCY: gnean ds del eted fromthe N-term nus
of SEQID NO 1, (b) one to 22 amino acids deleted fromthe

C-termnus of SEQID Nﬁ#ﬁ%&uﬁﬁ%%ﬁs@%@ &:(ga%gggqogfiuncti onal |y

equi val ent honol ogue. oun € to delete 5 or 6 or
more am no aci ds fremidieady kL B UseUoal @nrdesehga NOr e t han 22 30
am no acids from t heg Gui-cisd Bus n0é 1REQralhdyrysl 1ys I'n

anot her sense, the pol ypeptide ok the present inmvention can be described as

{(2) INFORMATION FOR SEQ ID NO:23
(i) SBEQUENCE CHARACTERISTICS:
(A) LENGTH: base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

{(xi) SEQUENCE DESCRIPTION: SEQ ID NO:23

GGG ATC GGA AAA CGA ACA AAT GRA CAT ACG GCA GAT TGT AAA ATT AAA 48
Gly Ile Gly Lys Arg Thr Asn Glu His Thr Ala Asp Cys Lys Ile Lys
1 5 10 i5
CCG AAC ACC TTG CAT AAA AAA GCT GCA GAG ACT TTA ATG GTC AAA ATT 9%
Pro Asn Thr Leu His Lys Lys Ala Ala Glu Thr Leu Met Val Lys Ile :
20 25 30
AAA CCG AAC ACC 108

Lys Pro Asn Thyr
35



25 a polypeptide exhibiting bone stinulatory activity in manmals, the

pol ypeptide having the ~~  sequence identified as SEQID NO 1, SEQID
'NO 3, SEQID NO 4, SEQID NO5, SEQID NO 4, SEQID NGO 6, SEQ ID
NO 7, SEQ ID NGO 8, or Sy sheat NeS gues thereof wherein t he

‘am no acids i@dmgqu%ﬂ tituted, deleted or agddRAosHdded ONT-
sti

in mammal s derived fromthe three

di mensi onal structure of e sequence is 3039 preserved; and conj ugat es of
each of the pol ypeptides or anal ogues thereof, wherein if the :

pol ypepti de sequence has that identified asCEM®@SI D NO 1, then there is at

| east one ami no acid del eted therefrom A

pol ypeptide of the present invention would include Such a seguence which
Sequence woul d_havie APONBIPLAE FPEIPTRIS| ) Aine geH FRgiensa comespong o SHOBNOI S SERLD
4000. It is to be NO:3Bwith (a)fcher i tooabottdaue ¥ emind baids deleted Srempuier - rminugiof SE® (D¢ d
to by conjugation ot ' ; ; ' Uheo et .
nmol ecul ar wei ght oo?éFﬁEed]%\Bfg’rgf &Eﬁ%ﬁﬁémﬁgﬁ%ﬂ%&&géﬁ ¥ i %1 80 FB;NO"‘

It will also beSurfi8EQIHNE3 axibeth () nd (Rk of shivastienalyeayivalenthemolegue t ed t her eby,
that a Vara, @ipglypdpticd dofrpiidingtan @Moatid Seuétie dedponding RRESER IDINO:4ANG! (£

s DG e b St B 3hnih Bhics deteted from the Nokerianit 7 SEQ 1D NO:4, (b) up to abo g6, |

struct ure responsiasine afids delated fromthe Gtarmipusal SEQ IRNOEcer both (R)and (b oyphipctionkis
di scl osed her ei n.- dqliivdignt homologue.t hus expected, for exanple, that interchange

anong non-pol ag,alj phatic.neutral ' ' l.VC] l.ali ne,
praline, vali néo anédlg‘lpgéd> e H&gel clréﬁén,p ﬁ%@?&“‘@@%@%ﬁ%@ﬁ%@%@%&&}@ﬁ‘tﬂ'ﬁ‘%)ns
among t he pol ar alupihabeutdourd gming peids eletpd iomdie N-teemipysof SER IRRGEH{b) up to-about 11

nedf i oni ne, cyst eidifino acids Gelet@SA tAC EPmipisof SEQIRNDBErH! (8) aR@ B3 iobh KinétiBnally
made. This being sai | nkage of the peptides t oget her by the

di suffide bridge aeﬁﬁig%?ng hf"??“’ﬁge‘of sonme i nportance, and so the |one cysteine
resi due shoul d pr chanolypeptideromprigingtan@mingseid secience gorfeseending WSESIP N :Gwithi(a)
L0770, 5 ikl b oLk gt osy e
e o ¢ e RS RoREifE o SR AP 1R o B i bl
. equivalsnt homologue. -
5. A polypeptide comprising an amino acid sequence corresponding to SEQ 1D NO:7 with (a)
up to about four 4 amino acids deleted from the N-~terminus of SEQ ID NO:7, (b) up to about 1
20 amino acids deleted from the C-terminus of SEQ ID NO:4, or both (a) and (b); or a functionally
equivalent homologue.
6. A polypeptide comprising an amino acid sequence corresponding to SEQ ID NO:8 with up to
about four 4 amino acids deleted from the N-terminus or a functionally equivalent homologue.
7. A polypeptide comprising an amino acid sequence corresponding to SEQ ID NO:9ora
25 functionally equivalent homologue thereof.
8. A polypeptide of any of claims 1 to 7 wherein the polypeptide Is synthetic and the amino acid
- sequence has a molecular weight in the range of from about 1000 to 4000.
9. Afirst polypeptide comprising a sequence of amino acids sufficiently duplicative of a second
polypeptide comprising an amino acid sequence corresponding to SEQ ID NO:1 or SEQ ID
30 NO:3 with (a) from one to about four 4 amino acids deleted from the N-terminus of SEQ ID NO: 1
or SEQ ID NO:3, (b) one to about 22 amino acids deleted from the C-terminus of SEQ ID NO:1
or SEQ ID NO:3, or both (a) and (b}, or a functionally equivaient homologue thereof, such that
the first polypeptide is encoded by a DNA that hybridizes under stringent conditions with DNA
encoding the second polypeptide.
35 10. Achimeric bone stimulating factor comprising an amino acid sequence of any of claims 1 to
7or9.
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10 am no acids, aspart—i—c—aei_d—and—gl-ui_am_c acid, could probably be made,

as coul d substitutions anong_t he charged basi ¢ am no acids, |ysine
-and ar gi ni ne. Substituti ghat i c am no acids,

I ncl udi ng phenylalanlne t ophan and tyrosi ne woul d al so

l'i kely be s can be made al one %ET

‘conbi nati on. ese ts of substltutlons and I nt er changes are wel |

known to those skilled in the art United State®-Patent Nos. 5,487,983 15
and 5,512,548, for instance, descrlbes ot her possi bl e substltutlons

i ncl udi ng subst i t ut1-dicagentfor usein prayapficn ang "S?ﬁ"ﬁ'ﬁ ofbane reduttion FriaiRistipepse whigh
gene. O her subst i taniprisessa poiypdptide/st ahy df elaipssite D biclaim 9 as an active ingredient.

The PO ANTEul ¢ 12 o Dot SoriSkibrich omdif b Dol Enighfi 0o
amno acids 5 to 1aﬁqgﬁveswntpfapowpephdew@nof& 1é9§°'[ﬁﬁ'f995t| mul at ors
activity while pol y9epmbiicsof indeidingbohd\§rowthirkd mﬂhrﬁé!b%dnﬁrliléﬂaﬁhy% therapfdufitaiyn O

3 ?égo_b?“o "IN Seafbin: e b e KL L S

be that it is possaﬂyl&éclalmsa@qu@ nor e am no acids fromeither end
of the pOI ypepti deq, dﬁﬁtuhé of@PolfsepiicieSf arly ohbihifhs Wid 7 & clafft @fcﬁh@%ﬁﬂh@ntof osteoporosus

t hr ee- di nensi onal tio t ) f the po

responsi bl e for boﬁ%nlt"e Se 0 apgy‘?eﬁﬁﬁ é’? f?gﬁ'f"ga?'{ni”gq?ﬁ?’g'f“ﬂ'ﬁg nyeqp'@ﬁﬁ‘ B‘r?s'“amma'

al t hough t hey mioghté.bkhepesefialpbigpeptidedaving 4 sequencel aesriding to any obxiaims hipul at claim 9 in

few O particul arthB(Bngaraﬁo%omﬁued?&Hém&tubQﬁde?r\bhﬁb%oh@&o%%Hﬁ@ﬁé‘aﬂh&g%F'f'ed

as SEQ ID which differs by only one anino acid residue from
the anmino acid seqﬁ%?ﬂ?@mf'ﬂentlfled as SEQ ID NO 9. The former does
not display activi 1% Awiagnesticiitfot determining the presiense lote/pdlypertide of any of clairts Tiol7ax or y
activity. It is pogginy &nﬂﬁéﬂb%n%ws&élgﬁ&%ﬁbudmm% i

di stingui sh bet ween sequences do not st nul at e bone
growt h and whi c¥? dEPPR] Syftpmpepduces g sleteciy Fﬁg‘@sﬁ%%ﬁ%@ﬁ@“m piiof the
It should still bepgypeptideland heantibodyare wdal togaties. of ami no acids to be made

at the endsg Odn én'ﬂ@od? whitihids t@é‘ﬂ:ly?:)émﬁﬁ h&\)inﬁ%h afiho Q&?&éﬁ?ﬂ WEREE& sfdeq

additions to the carboxy rmnNals are
possi bl e. | nternal TN t$‘§91‘9 NOs#: tsﬁed'aﬁlor"l §E?)P pNg: 5b§5%{?s'§95’l‘1 Q('é NO:7; SEQID

sone |imted extenNQ:8DRSERIDMOS:synthesi using one of said polypeptides. Of t he

above. | i st ed. Togh 1§ ok Al Bni s GGG ook Byl 9157 o4 ] 01

ds
or substitutions are nost e nost use I cation
can serve a vari et §Y“8\es'zed“s'"9“‘ef’ﬂ¥ﬂ???d5ns an Identifying group as for use
I n a radl oi nmunoas2&yAn isolated DNAfkEgmegntauhiah pncodss the expressionat anyjf the polypeptides of

claims 1 to 7 or claim 9, and DNA which differs from the fragment due to the degeneracy of the
genetic code.

25 21. Avector comprising a DNA sequence which encodes the expression of any of the
polypepfides of claims 1 to 7 or 9. '
22. A process for producing a polypeptide of any of claims 1 to 7 or claim 9, which comprises:
a) preparing a DNA fragment containing a nucleotide sequence which encodes said
polypeptide;

30 b) incorporating said DNA fragment into an expression vector to obtain a recombinant
DNA fragment which contains said DNA fragment and is capable of undergoing
replication; :

¢) transforming a host cell with said recombinant DNA fragment to isolate a transformant
which can express said polypeptide; and

35 d) culturing said transformant to allow the transformant to produce said polypeptide and
recovering said polypeptide from resulting cultured mixture.
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WD 96/ 40909
PCT/ CA96/ 00401 -29 -

-As with the normal pepti de ed an active subsequence cont ai ni ng
cysteine resi dug 4, 5. 6, 7, or- 9) is-likely
_to spont aneougylo/oethods | ze “\ st | in the dimeric fq"(fP/CAysmam

A further advantage may b ugh chineric forns of the protein,
as 5 known in the art. A DNA sequence encedtng the eritire protein, or a
portion of the protein, could thus be linked with a sequence codi ng
for the G- term nal23pdvayntoetic pélypEptsieihavifgan vive bpne stivulatonoactivty iromammals andwhisbiuc e
a f USIt onI protein, ,E&éaswanahn%mttém wﬁ%ﬁéséb?ﬁiaﬁ:%aﬁbh%hﬁd%rfé?ﬁun&éﬁéfﬂ%@ﬁeﬁfé%ﬁeﬂ%ty
syncyti a vir r ot ei,ns n | S ed..in_Uni

Patent No. 5, 288, awgg%g"dg"sewed n 'ﬂ@tﬁ’f' @P?a??a uenawaer}hqueﬁsgﬁgégkg it ed
therein, for exanpdmd havingle®least one amino gidisletad derefrane, avh finkiipnplly eguivalent omeivgieo n
woul d usual |y bg SﬁﬂAﬂ%ﬁéﬁc pmmammamgammnbyummam acu&:@mrmwaé rifwhich

conventional "chems %% t echni ques. ‘z/peptl
so pr oduced'“‘F‘”@i‘as T‘@?’F'éﬂ“‘?‘& "‘aPé’“??eq H@mg'a's Y ?rm"g;’%ssq ichis at
bi ocheni cal | y pur elezdtaivoui 22% congpesed inablation to the aming sdirseqdenpoidynifigultas GEQ ID NO:1

proteins wth whi CQ-‘d h%vﬂﬂl'legstgﬁfé*ﬁmdécd&ié%%ﬁt ly in nature, as in blood

serum from an ani na exa Nucl ei ¢ acid |(1DNA)
sequences coding &t ’HYE“‘%‘EP?'%%F‘FY’W@VWW%?‘W“W“V in mamrals gndarhich de
woul d be as f ol1lbowsereases mineral cofteriDinl Hondddf indmmals; Hadsgan ehtimacideedilshtd WhidVGs ot )

GGGATC GGAAAACGAA TG
CAT AN AR GOT ARG A pléaidp Fodloth ot gina] et saierod bnuned as sEairyons
to SEQ | D NO 5): andhavinggtisastpus amipgacs! delgted sereframT GV CAT ACG GCA GAT TGT
AAAATT AAA CCG MC 2, Asynméh%o SebiEAAVINY s Behe stlmulatory activily D thammils drid which

CATAGS G GAT TGTRSIRRER TSR R0t bps o gimuls Sai 1 i skl seadance wh s

15 least about 28% conserved in relation to the amino acid sequence identified as SEQ ID NO:1
and having at least one amino acid deleted therefrom.
27. A polypeptide of claim 23, 24, 25 or 26 having at least six amino acids deleted from said
seguence.
28. A polypeptide of claim 23, 24, 25 or 26 having at least eleven amino acids deleted from said
20 sequence,
29. A polypeptide of claim 23, 24, 25 or 26 having at least sixteen amino acids deleted from
said sequence.
30. A polypeptide of claim 23, 24, 25 or 26 having at least twenty-one amino acids deleted from
said sequence.
25 31. A polypepfide of claim 23, 24, 25 or 26 having at least twenty-six amine acids deleted from
said sequence.
32. A polypeptide of claim 23, 24, 25 or 26 wherein the polypeptide has a mo!ecular weight in
the range of from about 1000 to 4000.
33. A first polypeptide comprising a sequence of amino aclds sufficiently duplicative of a second
30 polypeptide comprising an amino acid sequence of claim 23, 24, 25 or 26 such that the first
polypeptide is encoded by a DNA that hybridizes under stringent conditions with DNA encoding
the second polypeptide. |
34. A chimeric bone stimulating factor comprising an amino acid sequence of claim 23, 24, 25
or26.
35 35." An agent for use in prevention and treatment of a bone reduction related disease which
comprises a polypeptide of claim 23, 24, 25 or 25.
36. A pharmaceutical composition for promoting bone growth, comprising a therapeutically
effective amount of a polypeptide of claim 23, 24, 25 or 26.
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SEQ I D NO 20 (corresponding to -SEQ I D NO 7): GGG ATC GGAAAA CGA ACA

AAT GAA CAT ACG GCA GAT TGT AAAATT SEQ ID NG 21 (corresponding to
.SEQ I D NO 8): GGG HEGHTFAALA ACA AAT GAA CAT ACG GCA GAT TGT
AAA 30 SEQ ID NO 22 (c lmﬂmﬂm‘i“ﬁﬁdsm ID NO 9): CGA ACA AAT
GAA CAT ACG TGT AAF, 96/ 40909

PO CAS6) 0040 WO Fldooch PCTICAS6/004Y

Accordingly, a vector incorporating such a DNAgsequence coul d be
constructed for use in synthesizing a pol ypeptide, as described :
previously, and padt ifeméthed ofinpnaasinghonegrewis ing mammal by adsainistering g tisrapevficeityn  No.
PCT/ CA94/ 00144. ThereolNe amBeht 61 dlypersiitie'aaving &n briiflo St 36864Ncé 6/ polypeptide defined in
identified as SEQ llD ?g%ﬁ #s given as SEQ I D NO 23 i'n the sequence |isting
of this 5 specPPER T oty oF <& A DNA sequence or
fragnent of the pr &8 éeline usenf@apolypeptidesof claim 23124, 25 ar@ffonthetreatinent of osteoparosig, ai ns

a nucl eotde seqgengg W@Hi&'bg?'ﬁtﬁﬂ%%gdbe%fa%wg% éﬂ&z@%&&&@%aﬁéﬁ%hﬂ@é{%%&?-

In addition to a above codi ng sequences, | r agnment

can have an appr opf{-athe use of a polypaptidaharipg a spqushice agsonding tnnipim 23,2 28 o5 28 IPhs) e

ri bosone bi ndi ng Sprepgratiah of  riedicamentdor usanid piooting bonerovws 8the/treatmentiorl oetebporbsis.
sequence containin : ] afd L bl Sl "

nucl eot i de sequenc?'gpé&n%ggﬁlh%bg&t%ﬁ g%ipgﬁe{%gg%%eétﬁg@hﬁ%?&%ﬁs

As known to those SATiFiRgPn gtifod toa qaid polyeepda fiaked o & raertar systeuyfiernin the eeportep,

10 system produces a detectable response when a predetermined amount of the polypeptide and
the antibody are bound together.
42, An antibody which binds to a polypeptide defined in claim 23, 24, 25 or 26, synthesized
using the polypeptide. '
43. Anisolated DNA fragment which encodes the expression of any of the polypeptides of claim
15 23, 24, 25 or 26, and DNA which differs from the fragment due to the degeneracy of the genetic
code.
44. A vector comprising a DNA sequence which encodes the expression of any of the
polypeptides of claim 23, 24, 25 or 26.
45. A process for producing a polypeptide of any of claim 23, 24, 25 or 26, which comprises:
20 a) preparing a DNA fragment containing a nucleotide sequence which encodes said
polypeptide; _
b) incorporating said DNA fragment into an expression vector to obtain a recombinaht
DNA fragment which contains said DNA fragment and is capable of undergoing
replication; -
25 c) transforming a host cell with said recombinant DNA fragment to isolate a transformant
which can express said polypeptide; and
d) culturing said transformant to allow the transformant to produce said polypeptide and
recovering said polypeptide from resulting cultured mixture.
486. A polypeptide exhibiting bone stimulatory activity in mammails, the polypeptide having the
30 sequence identified as SEQ ID NO:1, SEQ ID NO:3, SEQ ID NO:4, SEQ ID NO:5, SEQID
NO:4, SEQ ID NO:6, SEQ ID NO:7, SEQ ID NO:8, or SEQ ID NO:S; analogues thereof wherein
the amino acids in the sequence may be substituted, deleted or added, so long as the bone
stimulatory activity in mammals derived the three dimensional structure of the sequence is
preserved; and conjugates of each of the po!ypepﬁde§ or analogues thereof, wherein if the
35 polypeptide sequence has that identified as SEQ ID NO:1, then there is at least one amino acid
deleted therefrom.
47. A polypeptide of any of claim 46 wherein the polypeptide is substantially pure and the
amino acid sequence has a molecular weight in the range of from about 1000 to 4000,
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nucl eotide in a gene sequence can thus be replaced by another nucleotide in

accordance with t he degeneracy of a particular codon (coding

triplet), wthout chandhm héetidas laeidd sequence 15 of the pol ypeptide

coded for by the gene. :ﬂ of the present invention can thus be
pept |

derived from‘gaxw%’g; he s (and DNA sequences Gt ESRodigE N9 to

substituted or ot er anal ogues not exp |ICItf
illustrated), and such repl acement mght be dggme in such a way that
the resulting codon(s) shows a high utilization frequency in a specific
host cell WheA fist poly peptideycomppieing spesguéndeciaminb heidysufiiciently duplicative btarsecond

using genetic engisBesd d%%l@ﬁ‘fsfﬁa 'afl diniho acl? géauence czTrrespondmg an dntindicld of Bgtmql@ S 5

be understood, that ant)bodies™to a ype | osed
herein could be g@h#hagioealy %‘V&@@PWé&i‘eﬁW%ﬁ%@%@ﬁ ﬁ'ﬁ} FE‘WP'PFﬁ‘Ee ﬁ&F‘?PQFd by a
pol y-pepti de DNASR=Ohybiididdeluhder stringent conditions with DNA encoding thé\sgeond/polypéptide  of

the present .Inventpop ﬁghc%?é@ﬂﬁ!ahﬂbt c%ﬂ{s{ﬂggr?élﬁhzf id sequence of Qlaifh 48 dlt.on

sui tabl e for uselne |C|en mnls such
admini stration, S585Anggentienuse n pseyention aquamm °fab¢fl?d%ﬂ519ﬁ°tﬂrﬁe|$tﬁd dieaqee which

formation, for exeaﬂabreesﬂmapddastdmmmwraeaﬁadmiemgreduent_ anot her

possibility. Inje andi date as. a r

i nistrarion aS" ARnRRelical coftpekiio for pofothe SO, Soisfe p i %?"ésper
carrier or medi umeﬁeﬂilvﬁ%@ueitoéaP?@%@fda'm“ﬁmﬂ physi ol ogi cal sal ine,

plant oil, a nem- tspXaGetbgercreasing beha groh ih bmahmkmye&aﬁeehﬁgsw&a&uh&wrug

Bgent stabi | i zor e1acive syt pAkRHE gt dh kot B BB g P abar S

used. Qther possi I#a¥M4&IAAI stration routes include ~ rectal, topical
parenteral, ocul arss, mmboféw%ém&aﬂcraubmabforthatrémeneib%teoe&ss.s The form

of a phar ngc |ca C I on, solutio suspensi on,
tabl et, troche, r@ Wiijen 3"’5‘@"’?%%’"“'&&% %@Pegﬁ"’w&? 'E'E‘é form or
devi ce. 15 55. Theuse of a polypepiiie having agequsneel agedrdingdb plaiceAtyor 47 in thetpneparetiqne
of patient, age, S#¥meSiédmentitrist Mpromody bdﬂébiéﬁf@: oa{néuéama{tbia&ueeﬁoré&e

TR IR MMNCL MM M LR TR LT A S———
about .001 pnol t nantibody to 868id peiyrepfsieiinked toce reMduysvm ghereipfthegeppeter system
WO 96/ 40909 produces a detectable response when a predetermined amount of the ﬁﬁ-ﬁéﬁﬁg Bt 01
- 31 20 antibody are bound fogether.
57. An antibody which binds to a polypeptide defined in claim 46 or 47, synthesized using the
polypeptide.
58. An isolated DNA fragment which encodes the expression of any of the polypeptides of claim
46 or 47, and DNA which differs from the fragment due to the degeneracy of the genetic code.
25 59. A vector comprising a DNA sequence which encodes the expression of any of the
polypeptides of claim 46 or 47.
60. A process for producing a polypeptide of claim 46 or 47, which comprises:

a) preparing a DNA fragment containing a nucleotide sequence which encodes said
polypeptide;

30 b) Incorporating said DNA fragment into an expression vector to obtain a recombinant
DNA fragment which contains said DNA fragment and is capabie of undergoing
replication; '

c) transforming a host cell with said recombinant DNA fragment to Isolate a transformant
which can express said polypeptide; and

35 d) culturing said transformant to allow the transformant to produce said polypeptide and
recovering said polypeptide from resulting cultured mixture.

37. An isolated DNA sequence encoding the amino acid sequence set forth in any of claims 1
to 7, 9, 23, 24, 25, 26, 46 or 47, or an analogue thereof, wherein the amino acids in the
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SEQUENCE LI STI NG (1) GENERAL | NFORMATI ON: (1)

APPL| CANT: (A) NAMVE: OSTEOPHARM LI M TED

-(B) STREET: 2395 Speaknarhisi3héeyHas Been Replaced (C) CTY: M ssissauga

(D) PROVINCE. Ontario HIIII" II“" II (i |(E) COUNTRY:” CA G
POSTAL CODE ( 5K 1 (A) NAMVE: TAM ng
"(B) STREET: 15‘5‘9‘1@"’4’ (0 CTY: Oak"EP?“"m‘

(D) PROVINCE: Ontario (E) CQUMFRY: CA (F)
POSTAL CODE (ZIP) : L6M 2B7 " "(ii) TITLE OF I NVENTION: BONE.

STI MULATI NG FACTORsequence may be subgtituted) deigindrorpdded, sgiano@s|opns: stimylatory activity in

(iv) COVPUTER REARAGhmaté65fved from the three dimensnona| condImaEbrid sbyRRce iDhekecith a 3
1/2 inch, 1.4 M st

conpat i bl e polypéptide °°me'E5‘9 e pPIRg PGS CGVPUTER %Wpﬁ\d%e to Ee DII?I(IE and

(D) SOFTWARE: W\OREMEEREAEMIno acid sequence of a nowemmmama bEDAEHraHatEHATAVity in
APPLI CATI ON_NUMBERnammals; and and DP‘A%I)ich'ﬁeQﬁmﬁ'ﬂPé—ée%ﬁb@ﬁeWédqu of the genetic
(A) APPLI CATI ON'NUVBER™US 08/ 487, 074 TRE DATE

07- JUN- 1995
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(2) | NFORMATI ON FOR SEQ I D NO 1 (i) SEQUENCE CHARACTER! STI CS:

(A) LENGTH. 36 am no acids -~ (B) TYPE: amno acid
(D TOPOLOGY: |inear : (xi) SEQUENCE DESCRI PTI ON: SEQ I D NO 1
Gy lle Ay Lys Arg Thr Asn Gu His Thr Ala Asp Cys Lys Ile Lys
5 4031% 15 Pro Asn Thr ys
Lys Ala Al a GI u %’?"ur eu Met Val Leu Asp ' P&MM&I
25 30 A@n Asn Adn Pro . 35
WD 96/ 40909 : : Ng,g PCT/ CA96/ 00401
-32- (2) | NFORVATION FOR SEQ I D T2 (i) SEQUENCE
CHARACTERI STI CS: (A) LENGTH. 36 am no acids
(B) TYPE: am no acid (D) TOPOLOGY: |i near
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FIG. 1
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(i x) FEATURE: (A) NAVE/ KEY: Modified site

(B) LOCATION.: ... 2 (D) OTHER | NFORVATION: /note= "Xaa is
N-acetyl glycine" (xi) SEQUENCE DESCRI PTION: SEQ ID NO 2

Xaa Ile Ay Lys Arg Thr Asn Gu His Thr Ala Asp Cys Lys Ile Lys 1

5 15 . Pro Asn Thr Leu H s Lys
Lys Ala Al a Gvgo?ﬁ?&%eu Met Val Leu Asp 20 PCT/CA96/00401

25 30 G@n Asn Adn Pro 35 (2)
| NFORMVATI ON FOR SEQ I D NG 3 | (Q)QSEQJENCE CHARACTERI STI CS: |

(A) LENGTH: 36 am no aci ds (B) TYPE: am no acid

(D TOPOLOGY: |inear 2.0 SEQ I D NO 3
Gy Ille Ay Lys Arg Thr Asn Qu lHis Thr Ala Asp Ala Lys IlejLys 1

5 10 : 15 Pro Asn Thr Leu His Lys
Lys Ala Ala Gu Thr Leu M3 Val [eu]Asp 2P
25 . 30 Gh A1 A n Pro 35
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(2) | NFORVATION FOR SEQ I D NO 4 (1) SEQUENCE CHARACTERI STI CS:
(A) LENGTH. 30 ami no acids (B) TYPE: am no acid

(D TOPOLOGY: |inear (xi) SEQUENCE DESCRI PTION: SEQ I D NO 4
Gy lle Ay Lys Arg Thr Asn Qu His Thr Ala Asp Cys Lys Ile Lys I

o _ 15 Pro Asn Thr Leu Hi s Lys
Lys Ala Al a lego‘?ﬁ‘r‘dhﬁ%u Met Val 20 _ m’CAgm‘oéS
30 WD 96/ 40909 )
PCT/ CA96/ 00401 . 3/9 - 33- (2)
| NFORVATI ON FOR SEQ | D NQ&‘) 1.2 —t)—S ERI STI CS:
(A) LENGTH. 25 am no aci dg (B) TYPE: am no] aci d
(D) TOPOLOGY: |i near =1 7 :
w 1.0 1
E - {
: t
Z 0.8 -
o
= -
o
& 006 “ %
o
< -
< 0.4-
0
1] -
=
= 0.2-
1]
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(xi) SEQUENCE DESCRI PTION: SEQ ID NO'5 Ay Ile Ay Lys Arg Thr Asn
5

GQu Hs Thr Ala Asp Cys Lys Ile.Lys 1

10 15 Pro Asn Thr Leu His Lys Lys Ala Ala

20 25 (2) I NFORMATION FOR SEQ I D NO 6

(i) SEQUENCE & STI CS: (A) LENGTH: 20 _anino_aci ds
(B) TYPE. am no aci (D) TOPOLOGY: |inear PCT/CA96/00401 (xi)
SEQUENCE DESCRI PTION: SEQ I D' NG 6 . Gy lle Ay Lys Arg Thr Asn Qu
Hs Thr Ala Asp Cys Lys Ile Lys 1 4/9 5 ,
1.0 15 Pro Asn Thr "Leu 20

(2) I NFORMATION FOR SEQ I D NO 7 (i) SEQUENCE CHARACTERI STI CS:
(A) LENGTH 15 am no acids ' (B) TYPE: am no acid

(D TOPOLOGY: |inear (xi) SEQUENCE DESCRI PTION. SEQ I D NO 7

Gy tle Ay Lys-Arg Thr Asn Qu His Thr Ala Asp Cys Lys Ile

~
g 1.5
]
= ,
w _I_‘ ' -}
-
<
1 o4
z -
8 1.0
-
& et
O
[+
a.
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-l
[+ of
Ll
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j13]
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FIG. 5

SUBSTITUTE SHEET (RULE 26)



1 ' 5 10 15 WO

96/ 40909 PCT/ CA96/ 00401
-34- (2) 1 NFORNMATI ON FCR SEQ I D NG 8 (| ) SEQUENCE
CHARACTERI STI CS: (A) LENGTH: 14 am no acids
(B) TYPE: am nQodgugbes (D TOPOLOGY: |inear Xi)
SEQUENCE DESCRI PTI O\ SEQ | D NO. 8 Ay lle Ay Lys Arg fﬁ?’%@“‘&“{; H s
Thr Ala Asp Cys Lys 1 ) 5 10 (2)
| NFORVATI ON FOR SEQ | D NO 9 (I5/QPEQUENCE CHARACTERI STICS: .
(A) LENGTH: 10 am no aci ds (B) TYPE: amno acid .
(D) TOPOLOGY: Ili near (xi) SEQUENCE DESCRI PTION: SEQ ID NG 9

14K w

BOK -
3.5K

2.5K

bt

MARKERS | MODIFIED
POLYPEPTIDE

NORMAL
POLYPEPTIDE

FIG. 6
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Arg Thr Asn Qu H's Thr Ala Asp Cys Lys 1 5

10 (2) I NFORMATI ON FOR SEQ I D NO 10 (i) SEQUENCE
:CHARACTERI STI CS: (A) LENGTH: 16 am no aci ds

(B) TYPE: am no acid (D TOPOLOGY: |inear (xi)
SEQUENCE DESCRI PTI ON: SEQ I D NO 10 Leu H's Lys Lys Al Thr
‘Leu Met Val LWRO499% ' Ash @ n 1 5 hichsbhblor 10
15 " (2) |INFORMATICN FOR SEQ I D NO' 11 (i) SEQUENCE
CHARACTERI STI CS: (A LENGO 15 amino acids :

(B) TYPE: am no acid_ (D) _TOPQ OGY; |inear (xi)
SEQUENCE DESCRI PTI O SEQ}I D NO 11 Leu Hs Lys Lys Aa Ala Gu Thr
Leu Met Val Leu Asp € n Agn I 5" T 10

15 1.5

I
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WO 96/ 40909 ' PCT/ CA96/ 00401

- 35- (2) | NFORMATI ON FOR SEQ I D NO 12 (i) SEQUENCE
CHARACTERI STI CS: (A) LENGTH 14 am no acids
(B) TYPE: am no acid (D TOPOLOGY: |inear (xi)
SEQUENCE DES SEQ I D NO 12 Leu His Lys Lys Al a u . Thr
Leu Met Val E&B}Sbﬁﬁﬂg 5 ¥t 1
(2) | NFORMATI ON FCR SEQ I D NO 13 ) (i) SEQUENCE CHARACTERI STI CS:
(A) LENGTH. 13 amino acids - 7/9B) TYPE: anino acid
(D) TOPOLOGY: i near (xi) SEQUENCE DESCRI PTION: SEQ ID NO: 13
Leu Hs Lys Lys Ala Ala Qu Thr Leu Met Val Leu Asp 1 5
10 (2) I NFORVATI ON FOR SEQ I D NG 14 ' (1) SEQUENCE
CHARACTERI STI CS; (A LENGTH 23 am no aci ds
(B) TYPE: amino aci d'g D — TP —tHea—

E
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(xi) SEQUENCE DESCRI PTION: SEQ I D NO 14 Thr Ala Asp Cys Lys Ile Lys
5

~Pro Asn Thr Leu His Lys Lys Ala Ala 1 .
.10 15 A u Thr Leu Met Val Leu Asp
20 WD 96/ 40909 '
PCT/ CA96/ 00401 - 36-
| NFORVATI ON FMO %M48909p NG 15 (i) SEQUENCE CHARACTE 4900
(A) LENGTH: 30 ami no acids (B) TYPE: am no acid
(D TOPOLOGY: |inear (Xi) SBEQEENCE DESCRI PTION: SEQ I D NO 15
Arg Thr Asn Gu His Thr Ala Asp Cys Lys Ile Lys Pro Asn Thr Leu 1
5 10 15
, '—_A
=
FIG. 10 ——B
r)
L2 c

FIG. 11
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Hs Lys Lys Ala Ala Gu Thr Leu Met Val Leu Asp G n Asn 20
25

30 (2) 1 NFORVATI ON FOR SEQ I D NO 16
(i) SEQUENCE CHARACTERI STI CS: (A) LENGTH 11 am no acids
(B) TYPE: am no acid (D TOPOLOGY: |inear (xi)
SEQUENCE DES LON. SEQ | D NO 16 Arg Thr Asn Qu His Thr Ala As
cySU Lys Ile C%Bgi’%“’ © 5 ° 10 PCT/5A96/00401 g
| NFORMATI ON FOR SEQ I D NO 17 (1) SEQUENCE CHARACTERI STI CS:
(A) LENGTH:. 90 base pairs ’ TYPE: nucleic acid
(C) STRANDEDNESS: single TOPOLOGY: | i near .
(xi) SEQUENCE DESCRI PTION: SEQ I D NO 17 GGG ATC GGA AAA CGA ACA AAT
GAA CAT ACG GCA GAT TGT AAA ATT AAA 48 Gy lle Ay Lys Arg Thr Asn
GQu Hs Thr Ala Asp Cys Lys Ile Lys 1 5
10 » 15 CCG AAC ACC TTG CAT AAA AAA GCT GCA GAG ACT
TTA ATG GIC . o 0 Pro Asn Thr Leu His Lys Lys Ala Ala Qu
Thr Leu Met Val w 20 25
30 % o ™M < o
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- oSt{ao harm Limited, et al. TNl 2 CSENS G MnmiER gy
WO 96642083f.: B 1064 PCT s . SReHGABsr00aD1
-37- . €2y —+NEORVATT ON FOR SEQ I'D NO 18 - - (s QURNE S
CHARACTER! STI ﬁs Sheet Has Been Replaced  (A) LENGTH. 75 base pairs Hicnen
(B) TYPE: nuc (S8 -STRANDEDNESS: Si NG} @ pyin ia

(D) TOPOLOGY: | lmmw“mm (xi) SEQUENCE DESCRI PTI ON:2 Set8$01%%% 18
GGG ATC GGA CAT ACG® SGAT TGT AAA ATT AAA 48

Gy Ille Ay Lys Arg Thr Asn Qu His Thr Ala Asp Cys Lys Ile Lys 1
S 1." A polypdptide which includes up to 30 cohSecutive gpino a%é@&o% abfC CAT AAA

AAA ‘GCT GCA ] : _Pr n Thr Leu His
Lys Lys Ala Al gequence identified as SEQ ID Nogend having bone stimulatory actzg: ora funcﬂonallyz)
| NFORMATI ON FOeubaiehtihbindlegugO (1) SEQUENCE CHARACTERI STI CS:

(A) LENGTH: 60 gbgma Shich includes up to 25 consecktRe amits BcidsHom! thd dmidfcd

( C) STRANDE Ese%l.lenscle rn]ignb%ed as SEQ D NO:5 and having bone stimulatory activity; or a functionally
equivalent homologue.
3. A polypeptide which includes up to 20 consecutive amino acids from the amino acid
sequence identified as SEQ ID NO:6 and having bone stimulatory activity; or a functionally

10 equivalent homologue. '

4. A polypeptide which includes up to 15 consecutive amino acids from the amino acid
sequence identified as SEQ ID NO:7 and having bone stimulatory activity; or a functionally
equivalent homologue.

5. A polypeptide which includes up tc 14 consecutive amino acids from the amino acid

15 sequence identified as SEQ [D NO:8 and having bone stimulatory activity; or a functionally
sxquivalent homologue.

6. A polypepfide which includes up to 10 consecutive amino acids from the amino acid
sequence identified as SEQ ID NO:8 and having bone stimulatory activity; or a functionally
equivalent homologue.

20 7. A conservatively substituted variant of a polypeplide according to any of claims 1 to 6.

8. A polypeptide of any of claims 1 to 7 wherein the polypeptide is synthetic and the amino acid
sequence has a molecular weight in the range of from about 1000 to 4000.

8. A first polypeptide which includes up to 30 consecutive amino acids sufficiently duplicative of
a second polypeptide corresponding to a polypeptide of claim 1 such that the first polypeptide is

25 encoded by a DNA that hybridizes under stringent conditions with DNA encoding the second
polypeptide.

10. A first polypeptide which includes up to 25 consecutive amino acids sufficiently duplicative
of a second polypeptide coresponding to a polypeptide of claim 2 such that the first
polypeplide is encoded by a DNA that hybridizes under stringent conditions with DNA encoding

30 the second polypepfide.

11. A first polypeptide which includes up to 20 consacutive amino acids sufficiently duplicative
of a second polypeptide corresponding to a polypeptide of claim 3 such that the first
polypeptide is encoded by a DNA that hybridizes under stringent conditions with DNA encoding
the second polypeptide.

35 12, A first polypeptide which includes up to 15 consecutive amino acids sufficiently duplicative
of a second polypeptide corresponding to a polypeptide of clairn 4 such that the first
polypepiide is encoded by a DNA that hybridizes under stringent condifions with DNA encoding
the second polypeptide. '
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(D) TP
GGG AT
Gy Ile

Pro Asjl}

SEQ | D NG 20
LENGTH: 45 basesf p&#aosd polypeptide corresponding 1§ Bpolypyie oirplair & such fhat tile ﬁrst

(C) STRANDEDNE
(xi) SEQUENCE

GAA CAT ACG

- L }
-

laced (xi) SEQUENCE DESCRI BTI ON. 'SEQ 1BING 19
CA AAT GAA CAT ACG GCA GAT TGT AAACATT -AAA  =» 48
hr Asn A u His Thr A%‘a Asp Cys Lys Ile Lys

CCG AAC ACC TTG

e Ko it n e e R b BN

Ehcoded by a DNA that tgbrﬁh@ﬂndl@%%mﬂiww DNA encodi
| PTI ON. . SEQ I'D NO 20 ATC GGA AAA CGA A

°ATT 45 Ay Ile dy Lys Arg T

Asn A u H s Fhri4ARgrshpgiypedfide which includes up to 10 cpnsecutive amino acids sufficiently duplicative

10

10

15

25

ofa sacoﬂ@polypepﬁde corresponding to a polypeplide of claim 6 such that the first
polypepiide is encoded by a DNA that hybridizes under stringent conditions with DNA encoding
the second polypeptide. .

15. A conservatively substituted vatiant of a polypeptide according to any of claims § fo 14.
16. A chimeric bone stimulating factor compnsing a polypepfide of any of claims 1 o 15.

17. An agent for use in prevention and treatment of a bone reduction related disease which
comprises a polypeptide of any of cfaims 1to 15as an active ingredient. _

18. A pharmaceutical composition for promoting bone growth, comprising a therapeutically
effective amount of a polypeptide of any of claims 1 to 15.

18. A method of increasing bone growth in a marmnmal by administering a therapeutically
effective amount of a polypepfide having an amino acid sequence of a polypeptide defined in
any of claims 1 to 15. '

20. The use of a polypeptide of any of claims 1 to 15 for the treatment of osteoporosis.

21. The use of a polypeptide of any of claims 1 to 15 to promote bone growth in a mammal.
22. The usa of a palypeptide having a sequence according to any of claims 1 o 15 in the
preparation of 2 medicament for use in promoting bone growth or the treatment of
osteoporosis.

23. Adiagnostic kit for determining the presence of a polypeplide of any of claims 1 to 15
compiising an antibody to a said polypeptide linked to a reporter system wherein the reporter
system produces a detectable response when a predetermined amount of the polypeptide and
the antibody are bound fogether.

24. An antibody which binds to a polypeptide of any of claims 1 to 15, synthesized using one of
said polypeptides. '

25. An isolated DNA fragment which encodes the expression of any of the polypeptides of
claims 1 1o 15, and DNA which d“lﬁer_s from the fragment due to the degeneracy of the genetic
code,

- 26. Avector comprising a DNA sequence which encodes the expression of any of the

polypeptides of claims 1 to 15.
27, A process for producing a polypeptide of any of claims 1 to 15, which comprises:
a) preparing a DNA fragment containing a nuclectide sequence which encodes said
polypeptide;
b) incorporating said DNA fragment into an expression vector to obtain a recombinant
DNA fragment which contains said DNA fragment and is capable of undergoing
replication;
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Been laced R B “ *PCT? CA96TT1:OQ401
-38 O?IVATlO\l FOR SEQlDNOZl 7 Y1) " SEQUENCE *

(B) TYPE: nuclelc aC|d ( G#1STRANDEDNESS: single
(D) TOPOLOGY: |inear SEQUENCE DESCRI PTION: SEQ I D NO 21
GGG ATC GGA AAA mmmamw%e ek to isolate a transformanty 5

(A) LENGTH 42 base pairs

Gy Ile Ay Lys Arg Thyhichsan &ptestiait pbiypepbdenantis p O/s Lys

(|) SEQUENCE crnrch s pganstirhnt W RS E'gr%{'ﬁé::zg ‘%Qagg"'%%?d oAl r

(B) TYPE: nucl ei c aci drecovering said polypeptide frorpiesuling s
(D) TOPOLOGYs |dsn@d@ynthetic polypeptide having #ivivo mrﬂﬁﬁﬂ?lﬂdn@és dd@hikc NO 22

CGA ACA AAT
Arg Thr Asn G

10

15

20

25

30

35

singl e

3

dnﬁ[fagm]rﬁq{%%%% b&% ﬁﬁfmmals ha\nnf an amino acid sequence ghxch is at

least about 19% conse and up to 3% conserved in relation to the amino acid sequence
identified as SEQ ID NO:1; or a functionally equivalent homologue.

23. A synthetic polypeptide having in vivo bone stimulatory activity in mammals and which
increases mineral content in bones of mammals, having an amino acid sequence which is at
least about 22% conserved and up to 69% conserved in relation to the amine acid sequence
identified as SEQ ID NO:1; or a funclionally equivalent homologue.

30. A synthetic polypeptide having in vivo bone stimulatory activity in mammals and which
increases mineral content in bones 6f mammals, having an amino acid sequence which is at
least about 25% conserved and up to 56% conserved in relation to the amino acid sequence
identified as SEQ ID NO:1; or a functionally equivalent homologue,

31. A synthetic polypeplide having in vivo bone stimulatory activity in mammals and which
inc-reas% mineral content in bones of mammals, having an amino acid sequence which is at
least about 28% conserved and up to 42% conserved in relation to the amino acid sequence
identified as SEQ ID NO:1; or a functionally equivalent homologue. ' :
32. A polypeptide of claim 28, 29, 30, 31 or 32 having at least six amino acids deleted from
said sequence.

33. A polypeptide of claim. 28, 28, 30, 31 or 32 having at least eleven amino acids deleted from
said sequence.

34. A polypeptide of claim 28, 29, 30, 31 or 32 having at least sixteen amino acids deleted from
said sequence. '

35. A polypeptide of claim 28, 29, 30, 31 or 32 having at least twenty-one amino acids deleted
from said sequence. .

38, A polypeplide of claim 28, 29, 30, 31 or 32 having at least twenty-six aminc acids deleted
from said sequence.

37. A polypeptide of claim 28, 29 30, 31 or 32 wherein the polypeptide has a molecular weught
in the range of from about 1000 to 4000. _

38. A first polypeplide which includes up to 30 consecutive amino acids sufficiently duplicative
of a second polypeptide cotresponding to a polypepfide of claim 28 such that the first
polypeptide s encoded by a DNA that hybridizes under skringent conditions with DNA encoding
the second polypeptide. |

39. A first polypeptide which includes up to 25 consecutive amino acids sufficiently duplicative
of a second polypeplide corresponding to a polypeptide of claim 29 such that the first
polypeptide is encoded by a DNA that hybridizes under stringent-conditions with DNA encoding
the second polypeptide.
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(2) | NFORVATI GiyifsaB

5 "t (1) SE;QJENCE- GJ-lARACTERI-S'FI cs

(A): LENGTH. bas ' (B) TYPE “nucl eic:acid’ se’ o
(‘C STRANDCDNE[SEEM (D) TOPOLOGY: |i near
(xi) SEQUENCE | D NO 23 42 GGG ATC GGA AAA CGA ACA AAT

GAACATACGGCAGATTOTAAA dy lle dy XsArgThr
Asn A u H's ThréoaAd WM:@F@&{I&%«: 20 consecg_twe aming acids sufficiéntly. duplicative

10 of a secofdpolypeptide cofreiportiivg td'& polybéftd &4 lalivi\20 shtithéidHe iltA GAG ACT
TTA ATG GIC AAA I po@ée}hﬁ is encg&d by a DNA %fapnyémegg{de}sﬂﬁgy‘t Mﬁsmm%@n&% Au

Thr Leu Met Va
30 . AAA Chsseend PA'QEP“"B
108 . Lys R¥0 Adisstipolypeptide which includes up to ‘Bfconsecutive amino acids sufficiently duplicative

of a second polypeptide corresponding to a polypeptide of claim 31 such that the first
polypeptide is encoded by a DNA that hybridizes under stringent conditions with DNA encoding
the second polypeptide.

42. A first polypeptide which includes up to 10 consecutive amino acids sufficiently duplicative

10 of a second polypeptiide corresponding to a polypeptide of claim 32 such that the first
polypeptide is encoded by a DNA that hybridizes under stringent conditions with DNA encoding
the second polypeptide. _

43. A chimeric bone stimulating factor comprising an amino acid sequence of claim 28, 29, 30,
3tor32

15 44. An agent for use in prevention and treatment of a bone reduction related disease which
comprises a polypeptide of claim 28, 29, 30, 31 or 32.

45. A pharmaceutical composition for promoting bone growth, comprising a therapeutically
effective amount of a polypeptide of claim 28, 29, 30, 31 or 32.
45. A method of increasing bone growth in a mammal by administering a therapeutically

20 effective amount of a polypeptide having an amino acid sequence of a polypeptide defined in
claim 28, 29, 30, 31 or 32.

47. The use of a polypeptide of claim 28, 29, 30, 31 or 32 for the freatment of osteoporocsis,
48. The use of a polypeptide of claim 28, 29, 30, 31 or 32 to promote bone growth in a
mammal. ]

25 49. The use of a polypepfide having a sequence according to claim 28, 29, 30, 31 or 32 in the
preparation of a medicament for use in promoting bone growth or the treatment of
osteoporosis.

50. Adiagnostic kit for determining the presence of a polypeptide of dlaim 28, 29, 30, 31 or 32
comprising an antibody to a said polypeptide linked to a reporter systemn wherein the reporter

30 system produces a detectable response when a predetermined amount of the polypepfide and
the antibody are bound together.

51. An antibody which binds to a polypeptide defined in claim 28, 29, 30, 31 or 32 synthesized
using the polypeptide,
52. Anisolated DNA fragment which encodes the expression of any of the polypeptides of

35 claim 28, 29, 30, 31 or 32, and DNA which differs from the fragment due to the degeneracy of
the gehetic code.

53. Avector comprising a DNA sequence which encodes the expression of any of the
polypeptides of claim 28, 28, 30, 31 or 32,
54. A process for producing a polypeptide of any of claim 28, 29, 30, 31 or 32, which

40 comprises: ¢ e
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1. Thi lapsdch i ncl udes up to 30 consecutive amino acids fromthe
am 2H ' quence identified as SEQ ID NO 4 and havi ng bone .
sti _ _ ty. 2. A polypeptide which Includes up to 25
consecutive amno acids fromthe amino acid- 5 sequence identified as SEQ
I D NO.5 and having bone stimulatory activity. . 3. A | vpept i whi ch
i ncl udes up to 202 @Ff?@%@i%fﬁﬁ?ﬂ% "'t'f?af'&ﬂ?ﬁ"f‘%%quﬁﬂc%gg%‘c%g"&sa?uesequence
I dentified as SEQ | D Nahpemidel havi ng bone stinulatory activity. 4. A
pol ypepti de whi chy) m&k&d&?;gwm\ DR G ErdpHeSsic Vs ti6r ta6llsin £ Fe@smBidaat armi no
aci d - sequence identified as SEQ 1D l\l&)ée nd h wgsg b ne st emg atory
activity. 10 5. A pol P¥AfRampatwish ek g8 R AR YRS ™S i no
acids fromthbe am no aeplggaton; sequence ldentifled as SEQ ID NO 8 and
havi ng bone st i MUEAtQL Yok b hist cellwith s reAribadt Al agfeittl sofiid  WnBRBALD t O
10 consecutive amno aCI"'g‘rsféf rom t he a{y %@.&l d sequence ldentified as
SEQ ID NO. 9 and havi ng™HGHFa" 8PS I PSIVE=Fide 77 ¢ v 7. ‘A conservatively
substituted vari adt cukuripg gl tapsprmantéo allow Be dRTsPRNt ierpjodyse seidppimeptidepd 6. 15
8. dA,EoI ypept i de gf anybedvbringlsal am;ﬁ]pamaiem\/lfhetimlgmuﬁum_ﬂmhy.pept de is synt Pet iC
and the aning a .seguenc a nol. ecul ar | | I Aan
fr om about 115005%( 5"3We%’qmng_&"ﬂsﬁ'rﬂ%t?”B%ge%iﬁg%ipgﬁ”}’%lmﬁgg@& p to
30 consecuti ve ta@P rserivd aming pfidsdiopya sequererjdqnified s BEQ D NO4, SEQ IR NEmnBE
po: ypepti ge fOFIDWSQhWNbﬂ. seqqolmpasamaom:;;;fmésmémmmme biginé i r St
pol ypeptide Is __, . PNAALD L6l 4z ¥l
Wt'ge%g%ﬁ%g'g%h% *3 econdg%f)@y%(’)af égﬁ ?rgg . e 1344 @0%12 fi

conditions with" DRA . yp ) rst
pol ypept i de whiashity nmatnmels dgrived QEM@@MWQU'&HF%%%E?MSBWHW‘E‘E ity
duplicative1s conjugdtesdf &difi ofthe Rfpdriaor s2lcgasitireganndi Ng to a pol ypepti de of
claim?2 such t t L : ' LS : Qﬁﬁh hat
hybri di zes undg%t_étprg{;%%g%%%ﬁéﬁurggyﬁ‘?%bWéﬁg%%?%%%ﬂypﬁet e Jsecond
pol ypept i de. 25pminojacidgequencehag,g moleeiar wefght fiythemnge of frafp alout 4909 3 43¢0

consecuti ve am 570 Adcktigolyperititie whichiidudeslipid 3 @hsecative amino ads saffidentyodugiicative

ol ypeptide cor ' . : ] ; ) . ® et
' BO| ggegt : de is ‘g%%o %%?Mg@ﬁ%ﬁﬁwﬂﬂﬂ%é%n b Rabsohdl T

i zes ynder stringent conditions
with DNA en@Bdi§yalent homglggue tharepfipych ifp é‘ﬁ?‘é’@?m’gese""’%ﬁ{ byﬂﬁ‘%ﬁ?
pol ypept i de whilghridizes indeiesdringent tondifidns ath R cenceding tresermd polimptideuf fi cient |y -
dupticative 30 sg0fa RimeRCEINE stRfAURARkdr dompiiRing SPRARcRGeduendt dPabiveRI ke Of
claim4 such that the f} rst. . @Wﬁ%e | s enco%edrepayed%. DNAwhghat

hybri di zes undet® &F PG BRTSS ERRYPEPHAS BRACBR L5 HTRY SeRe™Stcond
pol ypepti de. comprise8 a palypleplids pf ginirh §3 5P.t57 deS8sian Activeingredint up to 14

Colns ec UE ! \ée 28M & A%&rﬂﬁc&ﬂ{ai éoripBstioh Yor Q'tde.lafing Bbre\growth, c%mprﬁf)gh attnﬁﬁfa:aﬁny I
pol ypepti de corr onding to a po claim5 suc a e firs
35 "pol ypepti dequgg%m%"ag%a W%ﬁp‘gﬁ'g{sg%‘ggi"a#a?es under stringent

~condi tons wit h SINA reated @f ingjeasing bone grewthdes mATMBIGY péraipistping a therapeutically. A f r st
pol ypept de whi Céifetivé hriislRbof dpofipptidd h&ig %R Gitinb 48d S8dlidhae orQi pfypdptideldefiiea it | ¥
duplicative G 2 s?%??i‘d pol ypepti de corresponding to a pol ypepti de of

| mh
claim®6 suchthe'ff‘mt e TIrs _
30 62. The use of a polypeptide of claim S5, 56, 57 or 58 for the treatment of csteoporoesis.

' 63. Theuseofa polypeptide of claim 55, 56, 57 or 58 to promote bone growth in a mammal.

64. The use of a polypeptide having a sequence according to claim 55, 56, 57 or 58 in the
preparation of a rmedicament for use in promofing bone growth or the treatment of
osteoporosis.

35 65. Adiagnoestic kit for determining the presence of a palypeptide of claim 55, 56, 57 or 58
comprising an antibody to a said polypeptide linked to a reporter systemn wherein the reporter
systemn produces a detectable response when a predetermined amount of the polypeptide and
the antibody are bound together. ’ )
66, An antibody which binds to a polypeptide defined in claim 55, 58, 57 or 58, synthesized

40  using the polypeptide.
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con encodi ng t he second pol ypeptide. 15."A
con stituted variant of a polypeptide according to any of
cl ai ns o 16. A chimeric bone stinulating factor conprising a

pol.ypepti de of Ve e@&sg‘g, Haﬁls evention
and treat nent oépzﬁ\n%gﬁghre émon reI at eﬁl sease 5&?5@0%9 Iada&ér)‘l;fses a
pol ypepti de of @iRige S858cF7 4" ﬁ%ai" '?‘%A‘I'B‘hzf?eéﬁmﬁé’ﬁf(?@'“e?’ﬁb?*@meé‘ﬂe"e"’"“ theg A
pharmaceuti cal geaege@sdd.i on for pronoting bone growth, conprising a
therapeuti cal | Yog, A ecilchfiflen s oRAIURen fwhehggwawwesmom ofthe Cl ai M5 1
to 15. 8T he use o e havi ng a sequence accordl ng to any
of clains 1 ﬁo palypeRides piclain 5 £l |on of a nedicament for use in

pronoti ng bone @Wptr&tesrfmtphdumgeedommeaﬁdalmss Hsiowpembich somprises:  20. A

4ﬂﬂsSheetHas§1 ¢sdi de i s encoded by ‘a DNA that hybr| dtzes under sttlngent

di agnostic kit fory del ek Jthdrdghentds uBtbotBle BiAliHRE Wikt Ghoes 243  Of
clains 1 to 15 conprising an antibody to a said polypeptide |inked to
a reporter system wher Bolypeptg reporter system produces a detectable

response when a pmbedeegortinsdid DM ingment intolas expiissigreyectorte obizinia teSombisast

anti body ar gabound t09Eﬁhﬁgmentmmh%mlﬁkﬂmhgﬁem%%ﬂmuﬁ&rg%mg _
pol ypepti de of any of ﬁ}a@ 1 to 15, synthesized using one of sai d
o]

pol ypept i des. | at ed DNAf r agnent whi ch encodes the expression
of any of the pot ypepmdwmfa host cell with sdidhnecombingnt DINA fragmieniy/isoldts atrangloftiast s

fro[nthe fragment due {ficH AR eGRASSRT F/Hepgée g,kae genetlc 20 codef f23t hA
véctor conprising ence Whi c e ressi.on o o e
pol ypepti des of cfig %ESA‘P%%T? rman h% %B'l’si ‘E’ufﬁ% ?W@"&%

pol ypepti de 18f any of acmmsedmwemmumm@mfe

preparing a DNArd, rpagsaﬁﬁama&@hm@&@n@mshﬁma&lﬁseamuemanmhbmfeamdes

sai d 26 to 15 28to4B orggg%g.\?gaq %?a%o%ue t%etreof \ngrem% Or %&4 Fgreiaugnce

DNAf ragnent into expressi on on-a reconp
may besubshtuted deleted or added, so long as bone stimulatory achvrly in mammals derived

from the three dimensional conformation of the sequence is preserved in 2 polypeptide

20 comprising the amino acid sequence; sequencas which hybridize to the DNA and encode an
amino acid sequence of a polypeptide which displays bone stimulatory activity in mammals;
and DNA which differs from the sequence due to the degeneracy of the genetic code.

71. A polypeptide exhibiting bone stimulatory activity in mammals, the polypeptide including up
to 30 consecutive amino acds from a sequence ienfified as SEQ ID NO:4 and conservatively

25 substituted variants thereof,

72. A polypeptide exhibiting bone stimulatory activity in mammals, the polypeptide including up
to 25 consecutive amino acids from a sequence identified as SEQ ID NO:5 and conservatively
substituted variants thereof,

73. A polypeptide exhibiting bone stimulatory activity in mammals, the polypeptide including up

30 to 20 consecutive amino acds from a sequence identified as SEQ ID NO:6 and conservatively
substitited variants thereof.

74. A polypeptide exhibiting bone stimulatory activity in mamemals, the polypeptide including up
to 15 consecutive amino acids from a sequence identified as SEQ ID NO:7 and conservatively
substituted variants thereof.

35 75. A polypeptide exhibiling bone stimulatory aM in mammals, the polypeptide including up
to 14 consecutfive amino acxds from a sequence identified as SEQ [D NO:8 and conservatively
substituted variants thereof.

76. A polypepiide exhibiting bone stimulatory activity in mammais, the polypeptide including up
to 10 consecutive amino acikds from a sequence identified as SEQ ID NO:9 and consetvatively

40 substitited variants thereof.
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DNA fragment whi¢h contains said DNA .fr'aérrent and is cépabké._pf‘- und-gér'goi ng

repdication; - c) transforming a host cell wth. said:reconbi-nant
BNAfragnentto isolate a transformant 30 : whi ch can express
sai d pol ypeptide; and d) culturi4®g said transformantto allow the

transformantto produce said poly tide apnd, ., .. . .recovering

sai d pol ypept i d%-fﬁ"tﬁ?hf’ém e@@%ﬁ%ﬁﬁﬂ%%’m'ﬂm‘%?sﬂ“ﬁm hetic

pol ypept i de havkssentialy ofthe sminoadd sstientd idantifieg amSEQ IINO:4 andramnerrhtiveland whi ch

i ncreases m ner glpmddvaiinstibrd@nes of manmal s, having an anmino acid

sequence which |s at 35, | east. ahQqut 19% conserved and up,to 83% conserved

In relation to ?he“"aﬁ?f%"a'wa“g ' H%é’“esnm"a SR PR §E?3;§Fsb NO: 1.

26. A synt hetS cessettaiiyapthe awinb acd seguence iddntifisd BoPRQ IXNGiS anshcopsprvalively vity i n

manmmal s and Whi glbsiityted varidnB@hdpseges M neral content in bones of manmals,

havi ng an am no_acj d uence which is at. L& out  22% conserved

and up to 89% csﬁﬁ‘ﬁ?@iﬁl Wﬁ%"‘i%"ﬁﬁ"g TR AT ?'&f’ag‘(%&&éﬁgﬁs‘%

i deni fl ed as SEEshibaly®f the amino add sequence identified as SEQ ID NO:6 and conservatively

-41-. 27 . sfpsiited afdntsGhdak.ypepti de having-In vivo bone stinulatory

activity in s .a I ch L ner %lm Qﬁﬁlﬂ Ny, L ones of

- manmmal s, hav %rﬁ%‘%%&“%ﬁ“ﬁ%ﬁ g?"\%%f"@*n 'S at "&wagaésot.agégut 25%
conserved and upssemtiadysithe amise pgdspayence idaniified a5 SEQ I NGRS andicAesenrivelY sequence

identified as SkigsitiedNalishtsthdbeof.28. A synthetic pol ypeptde having in vivo

bene stimul at or XL?}&%&Y%&WE@W ﬁcgug AUy activity in I rRRAS Eisisting

m neral . content "I'n _bones of" lavn en am no acid sg&uence which is
at | east aBEertalyeithe sMbe acklisquenee idegtfed 25983 DAER AAFREPMAVE| ation to
t he am no acisl ssgid&Dardants therdoflenti fied as SEQ ID NO 1. 29. A

| i ; , . ) e : oY |
oM Sai d 10 s b hn ol plabss Lngdily A iy AR) 1 MahrBfh AR €0, 0,1 ¢
havi ng at | east e%F@?'@r?*QﬁF‘H‘B" 2 7?5“881 %‘tﬁ)’g@d n %ﬁf? S cgeenglethce.
substituted variants thereof. :
= : 83. An jsolated polypeptide exhibiting bone stimulatory aclivity in mammals, consisfing
20 essentially of the amino ack sequence identified as SEQ ID NO4.
84. An isclated polypeptide exhibiting bone stimulatory activity in mammals, consisting
essentially of the amino acid sequence identified as SEQ ID NO:5.
85. An isolated polypeptide exhibiting bone stimulatory activity in mammals, consisting
essentially of the amino acid sequence identified-as SEQ ID NO:8.
25 86. Anisolated polypepiide exhibiting bone stimulatory activity in mammals, consisting
essentially of the aminc acld sequence identified as SEQ ID NO:7.
87. Anisolated polypeptide exhibiting bone stimulatory activity in mammals, consisting
essentially of the amino acid sequence klentified as SEQ 1D NO:8.
88. An isolated polypeptide exhibiting bone stimulatory activity in mammals, consisting
30 essentially of the amino acd sequence identified as SEQ 1D NO:9.
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27 or 28 having at |east sixt
nce. 15 32. A pol ypeptide ofe}g:’bﬁ%&g%
Intly- one ami no aci ds del eted aid
3. A%gol fg(tggde_ f cl ai m 25, 26, 27 or 28 having at | east
Ci firqm .3gai d 'sequence. 34. A

31. A pol ypepti
aci d3 delieted fr
26, 27 or 28 ha
sequence.
twenty- si x am no
pol ypepti de of cI bt . 28 wherein the pol ypeptide has a

nmol ecul ar melght in 20 the range of frcuaiMgbout 1000 to 4000. 35. A
first polypeptid& WirTrmctudes—&p to 30 consecutlve am no aC|ds
sufficiently dupllcatlve

' cond e t].d res lj ng to a
pol ypepti de dfA @PWMW‘F%‘E"‘PEE 6?@8\’ ncoded by

a DNA that hyéquendeddentiiedds SEQID Nogmdhmmneﬁmlamm encodl ng t he
second pol ypg pkﬁﬂ@gﬁ%wﬁ&ﬂcﬁdﬁ 28584né %IMcﬂer&HiHelm&ébﬂ to 25
consecutlve am S a second

su i catlve
pol ypept i de eeRuepanidantifed ge SEQ 9@%@8? @@Bﬁ‘ua“m%&?uch that the first
pol ypepti de asAepuweMdbmchandWésﬁﬁhﬂohgdaecdkemﬂnqnwideﬁomthqangns:icubonm tions

whi ch D.Nﬁcfﬂées ldton mﬂ%m‘és&ﬁqﬁﬁévﬂé““#“ﬁﬁ%ﬂm"g " At |y dup ot ve 30
of a second fof\PS Eﬂﬂ"ﬂﬁe’”‘ﬁ%ﬂ‘?‘@gﬂb\‘m °?'B‘ '@'ﬁ?eﬂf["?h@mg?’ '?f‘FJH such
that the fir saquenee HmﬁeﬁmsEQ(ang end bevihgdohe stimulataty ackivily. hybri di zes under
3;[3“ Rgfem‘lst ¢o8 gl whi I ugﬂ%nsewm@ggdmﬁ?v%ﬂ%dﬁ%eam ds
sufficientl y%ﬂ%ﬁ?@éﬂ'\%’g“s‘éa 'éﬂ g%ﬁ% bﬁB*M%&@Sr responding to a
pol ypepti de &f A(dOUbeNMMImup to11@ conseativedBningasids fomthemineadkhcoded by a
CDNAt gat lhybr _ @ﬁdmras%kb'lﬂmm@ﬂlﬁ\ﬂﬂ&kﬁﬂﬁmm ﬁW&yenCOd' ng t 1Bhe
consecut e’ JnrgneedietuenSuisstler a8 epie abosidha s ahy ot ity 8. 1 °
pol ypept i the @oArpslypentidé ofgny of claimsol tp 7 wbeteiddhegtolypepiede smtheticandtheaminmacld i r st
pol ypept de i %eé‘d%ﬁéﬂ?ﬂ a'%/ol&u Jérhﬁtmh%&dd#fré’rﬁibdwm tedoopngent conditions
\_M4t2 h DNA enc Od I da vﬁnﬁ:ﬁ n\dugos u\égoegé éogseécuﬂve amino aclds sufficlently duplicative of
a second polypepﬂde corresponding to a polypeptide of claim 1 such that the first polypeptide ls
encoded by a DNA that hybridizes under etringent conditions wdh DNA encoding the second
20 polypeptide.
10. A first polypeptide which includes up to 25 consecutive amino acids sufficiently duplicative
of & second polypeptide corresponding to a polypeptide of claim 2 such that the first
polypeptide is encoded by a DNA that hybridizes under stringent conditions with DNA encoding
the second polypeptide.
25 11. A first polypeptide which Includes up to 20 consecutive amino aclds sufficlently duplicative
of a second polypeptide corresponding to a polypeptide of claim 3 such that the first
polypeptide is encoded by a DNA that hybridizes under stringent conditions with DNA encoding
tha second polypepﬁde. _
12. Afirst polypeptide which includes up to 15 consecutive amino acids sufficiently duplicative
30 ofaecaecond polypeptide corresponding to a polypeptide of claim 4 such that the first
polypeptide ls encaded by a DNA that hybridizes undar stringent conditions with DNA encoding
the second polypeptide.
13. Afirst polypeptide which includes up to 14 consecutive amino acids sufficiently duplicative
of a eecond polypeptide corresponding to a polypeptide of claim 5 such that the first
35 polypeptide is encoded by a DNA that hybridizes under stringant conditions with DNA encoding
the second polypeptide.
14. A first polypeptide which Includes up to 10 consecutive amino acids sufficiently duplicative
of a second polypeptide corresponding to a polypeptide of claim 6 such that the first
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40. A C¢hineri c_,boneR PLMEMENIOSHEI:‘[ pr conpri sing an am no add .sequence of
cl ai m 25,26, 27 br  28. An agent for use in prevention and
treatirent of a bon¢ {eduztBbE 13% a.ed di sease whi ch conprises a

pol ypopti de of cl aifmj25, 20, 27 or 2B. 6 42." A pharmaceuti cal composition
for promoting bonelgrowrm, _conprising. a.kerapeutically effective
amount of a polypeptide of claim 25, 26 27 or 28. 43. The use of a

pol ypepti de bawweas arodediny e mamtdymgzéunaérammmmemﬁ with DR ehcodinge

preparation gf gglgidgmt for use In pronoting bone growth or the
t r eat ment of oporosis. 10 44, A diagnostjc Kit I ni ng
t he presence ﬁ'f gonseivatively pybtt WW?%PHW@% "%‘P °];8a"“5§h‘b "sing an
anti body to as.sm:hlmplld bope atimuthting facthecdmposing amanﬂdo ofapy okslaimh ttoctiSn t he
reporter %?mﬁo w&eauoﬂ%h&eéaﬁmfwﬁ%aemecwmm dieBtalfsnTT ned

P lyge

AR ere o vt g S om an et e ) 270 05 26, 27 or

45. An antib
28 synt hesi z48. Apharoecentcal Mmdﬂwmmﬂc bone grosth, comprision B theeapeuticallyr r agnent

whi ch encodesédide @nsunfétaipd nydf cleif 1948, pept i des of cl ai m 25,

26, 27 or 28, egener ac
of the dgﬁ%%ﬁ@lfp@pﬁ%ﬁé&%&eﬁ@% 8"’?‘1% Psfwggﬁugnge whi CK
encodes tHe W@ﬁ‘!ﬂ‘!ﬁﬂ"!Fﬁ'cﬂnynt&"UWEP'ZU“‘WII’?MP\‘“HGSﬂ‘Bf"‘%ﬂ“aWM25 26,27 or .
28. 48. o&gws for producing a pol ypeptide of any of claim 25,26, 27

or 28, whichag RQiagdsie kutﬁordeternamméal)ze PleEdnas b ipofypiphide memmcmw ning a

nuol eot i de sgquen 8ept I de;

b) Incorpora@ﬁgﬁsiﬂﬂsﬂamﬂP&gﬁ'éﬁ?‘YﬂeﬁﬁdG“deE%@mbmeﬁm BrePREeLi n a
reconbi B?nt 2fstemn produces a detbbtidblé regnesWhental ptédetelmihed mmbofmeWpﬁm) and
I S capa o : replication

t ransf or m%ng at%%‘u[dgm rh%und%eﬂgeal d reconbi nant ment to i solate a

t ransf or mant 21. Anantibody which binds t;q RelyPepiide %fﬁb\f@§§“%‘éltﬂ1§%YW Yring ong 9f

d) culturing saialpdypepmf ormant to allow the transformant to produce sid

pol ypept i de %dAﬁﬁolmdonefmgmﬁt%Bept i3 %@bm X e@odr@%g%&%pmw“ ing

cul tured m xt

ato
activity In reiaimilte 16.9nd %Wﬁlﬁg fragmentdygto edequergyog@ﬁgggép, ve
am no acigs feoden a sequence Identlfled as SEQ ID NO 4. SEQ ID NGO 5, SEQ

1D NO 6. SEQADACUdr cordiing 3 R dhnusbe TS dRodlOU o RRIASHES o 6! o

wherein the amn e sequence may be" subst or del et ed,
so long as t (relypptdessf igime A8, activity in 35 nammls derived the three
di mensi onal 24r Apracess foff prédacing & piolypeptidie iofany brciaimy ¢ th 15, which cothpridgespol ypept i de

of any of clai myQlafidil ONA RgrRiat doRRRIng %uéléoﬁﬁé‘?eihé’ﬂ& Which ¥ndddédsaif?d t he
25 polypeptide;
b) Incorporating said DNA fragment into an expression vector to cbtain a recombinant
DNA fragment which contalne sald DNA fragment and Is capabls of undergolng
replication;
c) transforming a host cell with said recombinant DNA fragment to isolate a transformant
30 which can express sald polypeptide; and
d) culturing said transformant to allow the fransformant to produce said polypeptide and
recovering said polypeplide from resulting cultured mixture.
25. A synthetic polypeptide having in vivo bone stimulatory activity in mammatls and which
increases mineral content in bones of mammals, having an amino acid sequence which Is at
35 leastabout 19% conserved and up to 83% conserved in relation to the amino acld sequence
identified as SEQ [D NO:1.
26. A synthetic polypeptide having /n vivo bone shmulatoty activity in mammals and which
increases mineral content in bones of mammails, having an amino acid sequence which is at
least about 22% conserved and up to 68% conserved In relation to the amino acid sequence
40 identified as SEQ ID NO:1.
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am nQ aci d sequence has a nolecul ar .wei ght in the RE&%}%M N
to 4000. ° 51. A first pol ypeptide which incl Jd°S u
am no adds sufficiently duplicative of a sefohdd oI%e@ﬂQ‘&d
corresponding to a pol ypeptide of claim48 or 50 such that the fji rst

43 pol ypeptide I's encoded by a DNAgfhat hypridi zes under st ri ngent
conditions wi.th DNA-encodi ng "~ the second poliypeptide

chimeric bonzr sumbiﬂpolvgepmcﬁﬂhgmrbuaeagmmwmmmmndmemmm of claim
49 or 50. ncreg%s |sease %%ﬂ\%hﬂ&é?mhanmse%%hpﬂn M&&g&ﬁ??&g{?i}a@ bone

reduction rel at aim 49,

tl
50, 51 or 62leaetafept %%F%'E"i"?ﬂﬁ'\?d?&?s “‘W%R’B%¥ﬁﬁ(%§m% %‘f?ﬂfﬁ)smlon
for pronoti nyenﬁﬁmgﬁﬁﬂ\uﬂotonpom ng a therapeutically ef fective

a”FU”t ?f c?a E@'N%ﬂkﬁé’ﬁl ‘ﬂ'ﬂgvo@neﬁﬂnuﬁb hgtangﬁalsimz le ?L a
pol ypepti de havin nee accordin a or n,the
prepar ati on f’%\%’f’é@g@ﬁ?? émﬁwﬂ'ﬂi‘om Hﬁ"B@ﬁS""bf‘&‘f&'}?‘&Mﬁe“
treatnent of Ietﬁabon!ﬂ&%pmseuedsand upto 4zssans¢mmmwmmqamlnoraﬂd sdqueneeri ni ng
t he presencefusicd aseeNo.de of claim49, 50, 51 or 52 conprising an

anti body to r e he
reporter %. 5@%8@@%&% dg}(‘é'%fég‘f‘@ #Eg%g%gém%g%s ﬂ'%& gar'ém ned
anount of10; heequersepept i de and the anti body are bound together. 15 57.
An anti body wiltbolh:iepdﬂofﬂanﬁzsmeszM(ﬁMﬁHmdlmﬁhcmcﬁdéggleﬁﬂfroﬁl or 52,
synt hesi zed ﬁ“fd dad the polypopti de 68. An isolated DNA fragnent
whi ch encodes t expr | des, of cl.ai m 49,

50, 51 or 52°%1 a’f\&dmﬂﬂgq(;/r%!f&;lf"gsfﬁ]é? h‘gﬁ th&dﬁ@ﬂ’f arpine.acks dejeted f0fb ner acy

of the galdedquencepde. 20 59. A vector conprising a DNA sequence which

or 20 T FEPARDTRReR ofsids 1 28 heiod )RR o Biide i ged o) )

or 52, whi cheRsaidsequence. a) preparing a DNA fragment contai ning a
nucl eot i de seq.uﬁpdypepﬁdecohclmnmm&enzs having at least twenty-eix amino acads deleted from

said sequence.
34. A polypeptide of claim 25, 26, 27 or 28 wherein the polypeptide has a molecular weight in

20 the range of from about 1000 to 4000.

35. Afirst polypeptide which includes up to 30 consecutive amino acids sufficiently duplicative
of a second polypeptide corresponding to a polypeptide of claim 25 such that the first
polypeptide is encoded by a DNA that hybridizes under stringent conditions with DNA encoding
the second polypeptide.

25 36. Afirst polypeptide which Includes up to 25 consecutive amino acids sufficiently duplicative
of a second polypeptide corresponding to a polypeptide of claim 26 guch that the firat
polypeptide s encoded by a DNA that hybridizes under stringent conditions with DNA encoding
the second polypeptide.

37. Afirst polypeptide which includes up to 20 consecutive amino acids sufficiently duplicative

30 of asecond polypeptide corresponding to a polypeptide of claim 27 such that the first
polypeptide is encoded by a DNA that hybridizes under stringent conditions with DNA encoding
the second polypsptide. '

38, A first polypeptide which Includes up to 15 consecutive amino acids sufficiently duplicative
of a sacond polypeptide cotresponding to a polypeptide of clalm 28 such that the first

35 polypeptide is encoded by a DNA that hybridizes under stringent conditions with DNA encoding
the second polypeptide. '

38. A first polypeptide which includes up to 10 consecutive amino acids sufficiently duplicative -
of a sacond polypeptide corresponding to a polypeptide of claim 28 such that the first
polypeptide is encoded by a DNA that hybridizes under stringent conditions with DNA encoding

40 the second polypepfide. '
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pbl ypeptide; 25 - b)) ncorporal ng said DNA prssion
vect’or to obtain a reconbi nant i ch
contains said DNA fragnment and is capable of u

replication; - c) transform ng a hos onbi nant
DNA fragnent to isolate a transformant .42- ' - express
sai d pol ypeptide; and 30 d) culturing sa all ow t he
t ransf or mant 4Q.A dﬂmnhccben@dn‘dlaﬂm fogiersoinpkising a0l amino acid sequence of claim 25c28@%r | n g
sai d pol ypepgigge fromresulti ng cul tured m xture. 61. An isol at ed DNA

sequence enc am no_aci equ forth,ln of cl aj
to 18, 25 togggﬂpwn‘i@’ o, A pepvergon 2o esltve gﬁ&#ﬁ“?@%@"\ﬂﬁg‘?&ﬁﬁ*‘?ﬁ@ i o
solds In themmlwemdem;ema.@awwa ted or deleted so |ong as bone
conf or mat Pontaik ?'L'E'“é‘e‘"‘“’“‘“*"“““"‘"ﬁ“ gg“"‘ e R SRl 70 the
anmino acid s® @g ?CMEE‘W? @ﬁmﬁ; 'o the DNA and encode an .
amino acid 43. Tlvequeﬁmlmpﬁde haying psgauence asparding toiclajm 28, 26,23 9e2&intheul at ory
actvity in ”Pmﬁnoame%emmuwm&&n%Bme%MWﬁmﬁﬁmeme due to the
o

degener acy enetic code
- 44- - vypeptide exhibiting bone stinulatory actlivty in

el s, mhewmﬁmqurnwmmhwesence of@polgpeptident sleim 25, 36 2201 25 aci ds
frgmt at stquee&ﬁpmﬂeaﬁhﬁm:a&s bbb lirtke 3 rESUNBALySaM Whelelt the reporte
supstitute \ 1.Nn
O AR i rvoe st s SO A .
consecut i ve theisptbodyargsoyndsagethescquence identified as SEQ I D NO 5 and
consei vat i vels., An antibédywhich bilids6 a polypeptidesefided incondim 25, 26, 270of 28 dynfiebiyge Pt | de

exhibiting b | ry activity in mammals, the pol ypeptide including
up to 28%‘%%% am no acids froma sequence identified as SEQ ID

NO 6 and con$@rAmisqlated DNA fragragntwhich encedes the expipssion ofny atthe palypepiiies of

pol ypepti de ensiti 48, 26,29 obZ8) EndNATWAICH difars fesm thi frdgméntdutertothe degeniefaey srahe/ pepi de
I ncl udi ng up 15 consecutive am no acids froma sequence identified

ot
as SEQ ID Noq?m%ﬁf’dgonservat ively

47. A vector comprising a DNA sequence which encodes the expression of any of the
20 polypeptides of claim 25, 26, 27 or 28.
48. A process for produdné a polypeptide of any of claim 25, 26, 27 or 28, which comprises:
&) preparing @ DNA fragment containing & nuclectide sequence which encodes said
polypeptide;
b) incorporating said DNA fragment into an axpregsion vactor to obtain a recombinant
25 DNA fragment which contains sald DNA fragment and is capable of undergoing
replication;
¢) transforming a host cell with said recombinant DNA fragmaent to lsolate a transformant
which can express sald polypeptide; and
d) cutturing said transformant to aliow the transformant to produce said polypeptide and
30 recovering said polypeptide from resutting ouftured mixture.
49. A polypeptide exhibiting bone stimulatory activity in mammals, the polypeptide including up
to 30 consecutive amino acids from a sequence identified as 8EQ ID NO:4, SEQ ID NOS, SEQ
ID NO:8, SEQ ID NO:7, SEQ ID NO:8, or SEQ ID NO:0; analoguee thereof wherein the amino
acids in the sequence may be substituted or deleted, sc long as the bone stimulatory activity in |
35 mammals derived the three dimensional structure of the sequence is preserved.
$0. A polypeptide of any of claim 46 wherein the polypeptide is substantially pure and the
amino acid sequence has a molecular weight in the range of from about 1000 to 4000.
§1. A first polypeptide which includes up to 30 consecutive amino acids sufficlently duplicative
of a second polypeptide corresponding to a potypeptide of claim 48 or §0 such that the first
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substituted variants't her eof . 66. A pol.ypept{i*

: ofe *
stirnulatory activity in mammals, the polypepti-de ji fcl udi ng.up {to 14
consecliti ve ami no acids froma sequence identifigd adl %E@‘-LD@I@J and

conservatively 15 substituted variants thereof. L 07. A polypeptide
exhbi ting bone stinmulatory activity in maggals, tjhe pol ypetide Incliuding up
to 10 consecutive amno acids froma sequence. i dntified—as~SEQ--b-NO 9 and
conser vat i vel yolypeptidesis! Britodddbyta DN that hjisidizésunderfstringent condBonsAvith DN extading

pol ypeptide e 1. timulatory activity in mammal s, consisting 20
essentially o&%@#ﬁ%}gﬁ?d- sequence identified as, SEQ I D NO 4 and

conser vat i vel yi2- Achimgtighone stimulaing fectopspmprisisgAnamino acid sequpnce of clajm 49 9750

pol ypepti de exshj Ahadenpfob@ain grévertidhahdtryatiféritofd bone reductionreldted dissasswhith Ng

essenti al | Y5 of“&p&eggh%g@e%a&&%%ﬁ{eggg#%g ' . I D NO 6 and

conservati vel varl ant _ 1sol ated.

pol ypepti de e%ﬁi Hpharmgeelicabcanpoptipnierromating PWM%WREP@%’&Q%W ng
essential |y ofefiédtes méunbof@(piolﬂmphlmﬂiﬁmsﬂ Bt& as SEQ ID NO 6 and
ol ypept de. ekt L e aPf bl b aladuro Kickiingt olam 450, S¥r 20 4 °C
essentially ofrﬂ@&%ﬁqﬁﬁ%ﬁﬂ"gﬁﬂwﬁgmﬁg%*%‘? Mgpggb'*%‘ 7 and
conservat i | ywst@fporesisbst i t ut ed vari ants thereof. 72. An lsol ated
pol ypepti de exsi RidlagAadtdIis dalotrihihgthe phésatiek bbd folypbgbd&oreNdith 49, S008¥drgbi Ng
essentially of ‘the.am no.acid _sequence.i dentifl r D an
conservati vel ﬁmp&mﬂlﬂgq 83"33‘? %%Pe%%m?‘é&%eﬁ\%ga@%d
pol ypepUde ex isvatem pragudes a detestabietespanss whenta predetermined-amavnt of theqrolypeptide engd 35
essential |y ofihd dibciiyefdodnd togetiguence identified as SEQ ID NO 9 and

ol ypepti dl eSf Bn e9dReitich B o sRalvafRode det{AR im0, For 2 pynPiind]”
5012 24 D Al N A BT Rt VN S
{ t While : f f Hha! ,
consi sting 40 Los el Eh s of 62 and BRA WA S i Bs HagmSit cbeE Bd deagrarasy oring |
. genetic code.
20 58. Avector comprising a DNA saquence which encodes the expression of any of the
polypeptides of claim 49, §0, 51 or 52.
60. A process for producing & polypeptide of claim 48, §0, 51 or 52, which comprises:
a) preparing a DNA fragment containing a nucleotide gequence which encodes said
polypeptide;
25 b) incorporating said DNA fragment into an expression vector to obtain a recombinant
DNA fragment which containe said DNA fragment and Is capable of undergoing
replication; - ’
¢) transforming & host cell with sald recombinant DNA fragment to isolate a transformant
which can express said polypeptide; and
30 d) culturing eaid transformant to allow the transformant to produce said polypeptide and
_ racovering said polypeptide from resulting cultured midure.
61. An isolated DNA sequence encoding the amino acld sequencae set forth in any of ¢laims 1
to 15, 25 to 39, or 40 10 62, or an analogue theraof, wharain the amino acids In the sequence
may be substituted or deleted g0 long as bone stimulatory activity in mammals derived from the
- 35 three dimensional conformation of the sequence is presarved in & polypeptide comprising the
amino &cid sequence; sequencas which hybridize to the DNA and encode an amino acid
sequence of a polypeptide which displays bone stimulatory activity in mammals; and DNA
which differs from the sequence due to the degsneracy of the genetic code.
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-45- 76 An |sol at ed potypepl e exh| b|t|ng bone sfmul atory acii in
manmal s, ~consi sting essentially of the amno afd} s quemz&gggge iffi ed as
SEQ I D NQ 6. 77. An isolated polypeptide e*ibitipg bone si mul ry acly
in mammal s, consi sling essentially of the am np |
Identified as SEQ ID NO 7. 5 78. An isokated polypeptide exhibitng jpone
sinulatory act - in.mammals, ‘consi sti ng essentlally of the am no add

sequence | degbi Aj eﬁﬁde%&n@ bdKs simulatory atfiity iAimannedis; the olypdplidesinéludilg up

of the. ;%gng%%‘é‘%‘a“ﬁ%%“ﬂ el TR TR B oo consiitisty 11

REPLACEMENT Syipsfityted variants thereof.
07 DEC MgM. &3. A polypeptide exhibiting bone shmulaton/ amty in rnammals. the polypeptlde Including up

5§ to 26 congecutive amino acids from & sequence identified a¢ BEQ 1D NO:S and coneervatively
substituted variants thereof.
84. A po!ypeptlde exhibiting bone stimulatory adivily in mammals the polypeptide including up
to 20 consecutive amino acids from & sequence ldemiﬁed as SEQ ID NO:6 and conservatively
substituted variants thereof.

10 65. A polypepﬂde exhlblﬂng bane stimulatory activity in mammals, the polypepfide including up
to 15 consecutive amino acids from @ sequence kientifled as SEQ ID NO:7 and consenranvely
substituted variants thereof.

88. A polypeptide exhibiting bone stimulatory activity in mammals. the polypeptide including up
to 14 consecutive amino acids from a sequence identified as SEQ ID NO:8 and conservatively

1§ substitutad variants thereof.
67. A polypeptide exhibiting bone stimulatory activity in mammals, the polypeptide including up
te 10 consecutive amino acide from & sequence identified as 6EQ ID NO:9 and oonservatively
substituted variants thereof. '
68. Anisolated polypeptide exhiblting bone etimulatory activity in mammals, conasisting

20 essentially of the amino acid sequence identified ae SEQ ID NO:4 and coneervatively

. substituted vartants thereof.

€9. An isolated polypeptide exhibiting bone stimulatory activity in mammals, consisting
essentially of the amino acid sequence identified as SEQ ID NO:5 and conservatively
substituted variants thereof.

25 70. Anisolated polypeptide exhibiting bone stimulatory activity In mammals, consisting
essentially of the amino acid sequence identified as SEQ ID NO:6 and conservatively
substituted variants thereof,

71. An isolated polypeptide exhibiting bone stimulatory activity In mammals, eansisting
essentially of the amino acid sequence identified as SEQ ID NO:7 and congervatively

30  substituted variants theraof. -

72. An isolated polypeptide exhibiting bone stimulatory activity in mammals, consisting
essentially of the amino acid sequence identified as SEQ ID NO:8 and conservatively
substituted variants thereof.

73. An isolated polypeptide exhibiting bone stimulatory activity in mammals, consisting

35 easentially of the amino acld ssquence identified as SEQ ID NO:9 and conservativaly
substitutad variants thereof.

74. An isolafed polypeptide exhibiting bone stimulatory activity in mammals, consisting
essentially of the amino acid sequence identified as SEQ 1D NO:4.
75. An isolated polypeptide exhibiting bone stimulatory activity in mammals, consleting

40 essentially of the amino acid sequence identified as SEQ ID NO:5,

-
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76. An isolated polypeptide exhibiting bone sﬁmulsiory activity in mammals, consisting
essentially of the amino acld sequence dentified as SEQ 1D NO:6.
77. Anisolated polypeptide exhibiting bone stimulatory activity in mammals, consisting
essentially of the amino acld sequence identified as SEQ 1D NO:7.
78. An isolated polypeptide exhibiting bone stimulatory activity in mammals, consisting

sssénﬂally ofthe amino acid sequence identified as SEQ ID NO:8.

78. An isolated polypeptide exhiblting bone stimulatory activity In mammals, consisting

' essentially of the amino acid sequénca identified as 8EQ ID NO:B.
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Polypeptides which stimulate bone growth: Gly Ile-Gly Lys Arg Thr Asn Glu His Thr Ala Asp Cys Lys Ile Lys
l-lisLysLysAlaAlaGlu'IhrLeuMetValI.mAspGlnAmGlanandsubsequences.parﬁcularly Arg Thr Asn Glu
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Pro Asn Thr Len
His Thr Ala Asp




