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PARATHYROI D HWLO&JES FOR THE
OSTEOPORCSI S leld of the I nvention Thi s i nvgﬁpwsgz

rel ates to anal ogues of hunan parathyroid hornone, whi ch have been
found to be effective in the treatnent of osteopor05| S. 10 Background of

the I nvention bi lity in
the elderly, particularly Egé-g—i

] “
A . A= eal i zed
t hat human parat hyroi d hornone Mﬁ@m#gs@m@mues are
stinul ators of bone growth that are usefu € treatnent of

osteoporosis. Osteoporosis is a progressive di sease which results in
t he reduction pof t. gl ne and increased bone fragility. This

often results ¥n MMV ures of | oad-bearing bones and the

physi cal and nental deterioration characteristic of immobilizing
I njuaries. Post mnenopausal osteoporosis is caused by the di sappearance

of estrogens 20 whi ch Tthis doeentiondeelates- tmm@amma%o&mumamfpauaﬂwmdrhmmne
th d t f
Formatton of new Mieh hiele De2A TBupd g BEEAertlR i i yBairet.olieaiimosis. .

and trabecul ar depletion of | oad- beari ng bones. Osteoporosis is also

associated with hyperthyroidi sm hyper par at hyroi di sm Cushing's
syndrome, andi@ hegﬂgﬂw n dal 25 drugs. Renedies historically
have invol ved increase in dietary cal cium estrogen therapy, and

I ncreased doses of vitamn D, but mainly with agents such as
antiresorptives that i hétBoporssieis’ émdiﬁ? Qaues éﬁdlgmlllgﬁ‘hsthe eIderIy. partlcularly
Par at hyroi d hornmone (PTH) is produced by the parat h¥r oi d gl and and
a maj or regul at or elderly wemera llichamtacenty beepmaalized that paéataucpl@(b\ormone-

t het I
o Merr i1 el o TIRPER RS né)&?é‘he%ﬁfaﬁa@'%a"%"&"“ﬁ?% %ca‘?ﬁ%ﬁ%ss g el
York, 1976, p#§e nbthe tredimsntwichsteepbrogist Dsteppdmdisos d-prbgressive aﬂuse(als@aﬂmich
1

results in the reduction of total bone mass and increased bone fragility. This
“often results in spontaneous fractures of load-bearing bones and the physical
and mental deterioration characteristic of immobilizing injuries.
Postmenopausal osteoporosis is caused by the disappearance of estrogens
20 which trigger a decade-long acceleration of bone tumover with an increased
imbalance between resorption of old bone and formation of new bone. This
results in thinning, increased porosity, and trabecular depletion of load-
bearing bones. Osteoporosis is also associated with hyperthyroidism,
hyperparathyroidism, Cushing's syndrome, and the use of certain steroidal
25 drugs. Remedies historically have involved increase in dietary calcium,
estrogen therapy, and increased doses of vitamin D, but mainly with agents

such as antiresorptives that inhibit bone resorption by osteoclasts.
Parathyroid hormone (PTH) is produced by the parathyroid gland and
is a major regulator of blood calcium levels. PTH is a polypeptide and
30 synthetic polypeptides may be prepared by the method disclosed by Erickson
and Merrifield , The Proteins , Neurath et al.,, Eds., Academic Press, New
York, 1976, page 257, and as modified by the method of Hodges et al (1988)
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WD 98/ 05683 ~ PCT/ CA97/ 00547
Peptide Research 1, 19 or by Atherton, E. And Sheppard, R C. Solid Phase
Pepti de Symjwaaslossss! RL Press, Oxford, 1989. PCEAS7/664yY ™M
calciumis reduced to below a normal |evel, the par at hyroi d gl an

ol ciam by | neelORREREAERA. o br b ABBHRRT ot aRepddidl G, (Sl FERS,
i ncreased renalpg; ﬁiﬂé@frﬁh&.@i@ IRL PrésH, ORfofdogascent urine in the
ki dney tubul es. t hough continuously inf used | ow | evel s of PTH can

rempve cal ci um fromthe B¥hen semnt&ablumvwd@dysedvmebelm arnemmalnievel, the

4 036, 196, oo PP RN ARTLT BRSPS LI ank the calpiyrl JEIRIs iteBasefl BV,

to 34 am nosacirésorpkidnt 6F boRs! calcies! b emcreésambgbrpuon of hﬁl@&hﬁ'ﬂ‘bﬁ‘i IthE
of adenylyl cyclase in an in vitro cel [ assay. Rosenblatt, pat ent

4,771, 124, di s¥restiaeard pydperaasedsrepalreabsorpliane of ¢a tamfrommceat urine

yrosine, Lert 11 AOREH BUIEE ARG SpnbFuudly infihd 38 B0ais'dt PAFL 38

These nodirémesehedicivm arorputie dome, [thgesarhe RwatidsesawWhen tirﬂémm@nﬂy
aci ds renmoved, resulting in |oss of nost agoni st activities when used
to treat diﬁﬁ@@ﬁd?ﬂfb?@tu esematebede gEowWlk e desi gned as i nhi bitors of

T T, o LRI o RN A P T S
5, i e ruariuon e ok s oot s
numer ous ani no %Is@g‘u atien ehadgnylvbeyeiase %@&wmé éﬁ'sﬁ%ﬁﬁy Bé%ﬁﬂ”@ att

cystei ne, 4 neﬁf"gg? 1%é §ed3‘ﬁ'iéjp dlﬂery' MPﬁH%da%QIEes MQJ’é?HeFrBE

| euci ne, nethi ani ne, ol 'ne, serine

tryptophan, tymsabstitutedr byalamlao acids Tﬂwuj!aiamnel, aleugihe, vmmhieuomeupvalme ng
data fromanimal or human trials, to effective in the treatnent of
ost eopor 0s#2 witynesinei frapptiialaniney l‘l’rm‘@éﬂthyla'amﬁﬁe@%lﬂ ETkhantagonist. fhesee.

o o perat s ”i'ﬁ&?iﬁa aﬁPTHardn%Fbﬂ cyc OS%%?EC and err%ﬁgﬁsn&nﬁ% mdFed

Jerr]-protein ' vat ed adeny ase rotern actirva
phosphol i pase cemoved, Tesultingt iy losss wft mosh agomist rattivities) whemarseda tee -theatnd

PCT/ CA97/ 00547 °S?e°P°’BP{§t Thesg analoguss vereslesigned PFJ""“PH@TWCPE@@RH PIthas
been shown to ré%‘ﬂéd e;g)eptlde PThe ( 11?%%}9%? ZﬁlePé) hcgégrrge@‘ﬁss P tu

J. Bone M neral een establishe that tﬁ
i ncr ease i B0bonreaiment of hypercalcemvatésspctalétémthmmtumotasefuI in the

Lreatent of 0t SODYSGRN et |9, CHOkSehds: Dol Ay 18] 1863 Risdbec
shown to have Qirialééuésh%‘ﬁehpfpﬁlWhtchehvoﬂéeshﬁ’iﬂﬂuﬁdnﬁﬁf Arg25 Lys®, Lysz7 with
numerous amino acids, including alanine, asparagine, aspartic acid, cysteine,

glutamine, glutamic acid, glycine, histidine, isoleucine, leucine, methionine,

25 phenylalanine, proline, serine, threonine, tryptophan, tyrosine, or valine.

These are claimed, with no supporting data from animal or human trials, to be

effective in the treatment of osteoporosis with minimal effects on blood

pressure and smooth muscle. '

PTH operates through activation of two second messenger systems,

30 G-protein activated adenylyl cyclase (AC) and G, -protein activated
phospholipase Cy. The latter results in a stimulation of membrane-bound
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sequence is typically shown as (A): Ser Val Ser Au lle Gn Leu Met
Hs Asn Leu G l!¥@f§§'5 s 10 Leu Asn Ser Met Ju Arg Val d “PE,E{‘ L‘ﬁﬁb g
Lys Lys Leu wo'st n Asp Val H s Asn Phe-CH ea 54A;
A 15 The follow ng |inear anal ogu

OW _ ogue hPTI—I-(l-%(algy- NH[ eré{, for which,
data is incl ude@rotain kinase &5 (PKC) aetivify:, ThasPKQ activity hasheen shewadeireauipe
d h b h . | M| i i 3
o he® var i eot D H8siflies 29.1d 8 UckfEriolfime et P ({0#)°) 26078 Rinelfl Rels"Y:
Mner. Res. 9, {47£5-1189). IY\hasfbedrl estabiished that #59 @creSisé dn fhcre Growtke i.e.

Int. 58, 81-87; WIlick et al, U S  Patent No. 5 556,940 issued 17
Sept enber 1996) that effect which is usefull inthe treatment oE gsieoporgsis.dscounledsty the

Hi s -25 CU il Bt beflide AdyubticeAd! iérabEUAL Gchivify. L¥hie [idtive PTH

G n Asp Val -NH2

B 30 The sgfogrceriaschéen sBownetp have all 6f theseaadtivities. cTite P TIHM¢1-34)
of - the am de ending il]ustrated. It is an object of the
present inventi S8QUENEH MNE@aﬁ)‘éﬁﬁWH agBogues with greater metabolic
stability, increased bone restoration activity, increased AC activity,
and mnimal clinical side effects. 35 '
3 VO 98/ 0S@3¥al Ser Glu lle Gin Leu Met His Asn Leu Gly Lys His

PCT/ CA97/ 0Of01 7 Brief Summary of the Invention According to

one aspect of tpauiA8eSbl Nt GluARE \RE Gl BrpUel) ARY DPSBys Leu hPTH and
pharmaceutically acceptable salts thereof are provided, having the

am no acid sequ . : N}ZE
-Val -Ser-d u-11 ?@ﬁ&gﬁl%'ﬁﬂs meu- d y- Lys- R3- R4- R5- R6- R7- .

a u-Arg-Va|1-§8--Trp- Leu-R9--R1 0--R11 -Leu-Rl 2-Asp--Y

The following linear analogue, hPTH-(1-31)-NH,, for which data is included in
Table 1, below, has only AC-stimulating activity and has been shown to be
fully active in the restoration of bone loss in the ovariectomized rat model

20 (Rixon, R. H. et al (1994) J. Bone Miner. Res. 9, 1179-1189; Whitfield et al
(1996), Calcified Tissue Int. 58, 81-87; Willick et al, U.S. Patent No. 5,556,940
issued 17 September 1996):

Ser Val Ser Glu lle Gin Leu Met His Asn Leu Gly Lys His

25
Leu Asn Ser Met Glu Arg Val Glu Trp Leu Arg Lys Lys Leu
Gin Asp Val-NH;
B
30 The above molecule, B, may have a free carboxyl ending instead of
the amide ending illustrated. '
It is an object of the present invention to produce new PTH analdgues
with greater metabolic stability, increased bone restoration activity, increased
_ AC activity, and minimal clinical side effects.
35
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wherein, 10 R = hydrogen or any linear or branched chain alkyl, acyl

or aryl group, Rl =Ser, Ala or Aib, R2 = Met, or a naturally
occurring h% ic am no acid, R3 =Hs or a vvater Z?é@w
acid, 15 eu or a water soI ubI e anmi no acid, er

sol ubl e anmi no aci d R6 = Ser or_ a water sol ubl e am no aC| d,
Met, or a nat ur ROEYoUERTE i Bl ¢ am no aci d, Glu Lys or

Asp. 20 RO = Oys, Gt _
R11 = a naturally occur ri n@ rﬂcgne %s#goggt%o vgwéﬂi %Hlaac%&aﬂ@r&%gﬁ‘?@ne
dn, Arg, du, APOH apd phan@aoeutlcally a¢cepiatiie Sblks thereof are provided Viadvidg the

Val - H s- X, VaI H s- Asn- Va( - Hi s- Asn- Phe- X, Val - Hi s- Asn- Phe- Val - X,
Val - Hi s- Asn- Phe2(iino acid se CQal - Hi s- Asn- Phe- Val - Al a- Leu- X, cyclized-
as between Qe or two amno acid pairs 22 and 26, 26 and 30, 27 and

cyel of Lyser r - RSPER TN SRIT RISl RRI RS EH-A3 LRI VQVS-R3-R£)§% H3RY.
R T e

WD 98/ 05683
PCT/ CA97/ 00547 Exanpl es of the salts include salts of
i norgani c aci dsWhggetrs of organic acids such as formc acid, acetic
acid, tart c acid and citric acid, salts of i norganic bases such as
sodi um and nium and salts of organi c bases such-as triethylam ne,
et hyl am ne and L.h w 0 f the
pr esent |nvent|on Cyﬂ'{lildéégrt?g?]nyllnearorb ect d&%'ﬁ%mf%?%tqg lgrﬁuﬂ
| act ans, invol ang=t8er @ddapriAip, of the side-chains of the selected
am no acid pairs such as between natural_ residues 22 and 26, or 26 and

30. O her typengf =c [Meti o5 BatsIrally eecursingHaydrephabicoamino acid.sul fi de 10
bri dge e.g. bet S _cant aj ni nal Q ues s[err]-Cys[err] and
Cys[err]- Q/s[ erﬁ‘]§e 9{5 oré ‘g%&f scogﬂﬁl 9/ Substitutions of
various anm4g agjgds qu.ﬁ,vg,. Q'v’éﬂte‘?%%ihﬁlamnboaéiﬂ effective. Lys[err] nmay
be replaced by ‘a Leu or by various other naturally occuring

hydr ophobi c or RSl s AsesordaasateAsoluibde aminbacids how wel | the 15 residue

fits to the receptor. Ala is not qs hydr ophobj ¢ as Leu. Lys and Tyr
are generally c r'd§Pé(9"taoWS§e’ gple HMN B8Rk hel ess have hydr ophobic

R7 = Met, or a naturally occuring hydrophobic amino acid,
R8 = Glu, Lys or Asp,

20 R9 = Cys, Gluor Orn,

' R10 = Arg, Lys, Orn, Gin, Glu or Asp

R11 = a naturally occurring hydrophobic or polar amino acid,
R12 = Gin, Arg, Glu, Asp, Lys or Orn,
X = OH, NH2, and

25 Y = X, Val-X, Val-His-X, Val-His-Asn-X, Val-His-Asn-Phe-X, Val-His-Asn-
Phe-Val-X, Val-His-Asn-Phe-Val-Ala-X and Val-His-Asn-Phe-Val-Ala-Leu-X,
cyclized as between one or two amino acid pairs 22 and 26, 26 and 30,
27 and 30, and 25 and 29 when R3 and R6 are Lys, Om, Glu or Asp,
excluding cyclo(Lys?®-Asp**)[Leu?’}-hPTH-(1-34)-NH,, cyclo(Lys?’-Asp™)-

30 h-PTH-{1-34)-NH, and cyclo{Lys?®-Asp®®)-[Leu?’)-hPTH-{1-34}-0OH.
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Interactions with the receptor. Lys, for exanple, can fold so that the
hydr ophobi ¢ part interacts with other hydrophobic residues in the receptor,
and the NH2 i WOy to sol vent. Such substitutions include FRFYVRANDSE,
citrulline, a-am nobutyric acid, alanine, norleucine, isoleucine and
tyrosine, or any |linear or branched a-amno aliphatic acid, having

2-10 b in the si in, h I hayi I .
char ged qroup at " the éﬁm;ms ﬁ{ﬂx'e”sasf;‘s{‘ﬁpfﬁq pAks of gl esdhprats of oroanic
gnd ur ei do. Algt ho%iﬁgﬁi'cgp%%gg@‘tc ?\éa&‘aLgﬁe?%ra F’ﬁl%@k ?ﬂQ%@cﬂﬂc acid, ks of

substitution, it inbryanipbases suchtasrsogdium fand aosdchianband tsalisoofsorganic bases
retain nearly full acti

|ty and could al.so have desired properties, such as
i ncreased pr _ot5e_oI§Hq|'ba% %HY'PW"%@ m'neanﬁbmﬁﬂ%@?m?e, nor | euci ne, Met,
and orni thine ar eAEé&ﬁﬁféﬁ??ité;\étﬁlﬁ%rL ?%tﬂ@bfalﬁbi PF‘es_ent invention, cﬁ%été'%n is

substitution results in a st 7 an a-helix 1n the receptor-
bi ndi ng regi on of effédcted dyrthedormation bftadtams, involvingdite couplingrofithe sides¢hains

the ciroul ar dicheal sm Spectrum of e | act am argloquos. e corpared o Lhe
PCT/ CA97/ 00547 ' ' i : f ' I

T, CTIO0, 7S oS5 ey o B a4 G
sensitive to10he hridgeeea: hetweencCys gontainingsanalogues Gys“trOysf e andrysFeCys®

t echni que has been us'ed t o deriog%rate t he presence of a-helix in hPTH
fragments (NeugebHGAISRCORIEVRIBRH. 5 pj ochenistry 31, 2056-2063).

Furthernore, the stabi§jBsttufitn®fofavaidis dMfiino acidsOhgRei 8RoObebhefciifdl o be
mentioned lactanms in hPTH-(Z%- 34) - NH2 has been shown ( Neugebauer et al
e

(1994) Int. J. Preffadtiverepysdenmys beamsplacsi 928, Leu or Dycvarious other eaturally

anphi philic a-hel|x between residues and 31 of hPT 1- 3

TRECerr] . and dacobHED0h BaRrdarRbin BF AARD Fenbtie., ARag Jrsistof: Bom, el ghe
of this helixXs ntspiiesitd fohthehecBptdr! eARDIsOiot( &€ h?nabic Ws(Ll&P5)Lystad Tyr
Bi ochem stry 34, 8835-8842; Gardella, T. J. et al (1993), Endocri nol ogy ]

132, 2024- 20me) generally considefed f@sbeqalar, obut nongthaless have dydeephohic

cyclisation invol; A s f | f a e t

o ther oot ducs. difirapfhs, vt JRECRGEOET Bys. R0 Braliias (P G, 36' 1R the
cyclisations are fpjdrophobigi pare inteedicts switie toteen hydropHabid essiiues dn Abp[ eidebtor,
al though this | actam has been found to exhibit sone stabilizin

effect on the a- rand the NH; is exPoseﬂp'f%_s@b@@iLf i §§Fr‘yg§h—’~"‘é@'@ﬁ2ﬂ§r _j'lﬁ"#éﬁ rﬂj"ﬂhine:
w thin rosi ag0s GPURRpeptpbptyric adf: SRhf hip Bl Rolgbofle e §b8ie, or
a-helix binds as gspiflnddr drittahidived ac&RiInY aliphatic acid, having 2-10 carbons in the side
chain, any such analogue having a polar or charged group at the terminus of
the aliphatic chain. Examples of polar or charged groups include; amino,
carboxyl, acetamido, guanido and ureido. Although it appears that Leu ¥ is
25 the best substitution, it also appears that many other pos27 substitutions
retain nearly full activity and could also have desired properties, such as
increased proteolytic stability or water solubility, lle, norleucine, Met, and
ornithine are expected to be the most active.
This substitution results in a stabilization of an a-helix in the receptor-
30  binding region of the hormone. This has been confirmed by examination of
the circular dichroism spect?\;m of the lactam analogues, as compared to the
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and that the anphiphilic portion of this a -helix binds with its
hydr ophobi ¢ face to the receptor.[err] This nodel is consistent with

the results dy of recept or bi ndi ng-regi on anal gg‘g.fa?[,

NMVR st udi es‘ﬂén’/aeo j(;wn t hat even a nodel peptlde f()und to be |lgﬁ%
helical by CD al so popul.ates nan non | ical or | ONng. S he
structure of a P@E@EE SIchioiSmy Spe! PHBT?@’ ’Eﬂ [gtﬂﬁ‘ll-l e Bé&ﬁ’\@t‘zﬂ)h"”’}
inferred reliab

anal ogues of b{rcmé}%%ﬁ%or er??nesfaﬁgf/élehgem% %@ggytég‘%l tlh%)? %%e nu %Fh%l
conf or mat i onal secondsa@tstmcaum |artd the tedhmiques hiasdeden m]sedEboademhstrateDthe

t he sequence of hPTH
98/ 05683 presence of a-helix in hPTH fragments (Neugebauerpcet @19#995)17

CCab |1 z0 o5 aeliSatatisty 3, 02Pe82nba)  FirbelHBRre: cirerstibibAtoa, of dobel ron
and Lys[err]  formatith éﬁﬁ@rdﬂovebﬁféﬁtléﬁed\ﬂbéﬂém’d ih wmmmta ?-NH ARbk! B&ern

a- heli x, and between Asp }err] I S expec

dest abilize an shewni (>N€E'-!9ﬁbPUEa@fl@h(1§94 ditosh .Rmtew@tmet Re§e4ae5i55t5ﬁ2)
| d t.th f | abl e, t
T e A S e e 1

T ey

- hel 1&. ®fidhishhelik interacty sfith the @'ﬂﬂarecpptom(l‘és«mabaaért Ww. e‘lggﬁe)aet al

e on'the hyar optREmety S BudeceBZ; GBI T, 7, FCHAB6s). BiAderihiaci, 132,

bet ween positi opg24p 29 can al so occur if Lys or Onreplaces Arg
in position 25, and if gerr] Is replaced with Gu or Asp.
The substitution of lehasobeencfound| that] thee mnstseffectivengydisafionopsivobies tite

o e 0 n, BT R PR o AL s S B

will be  15apprqgist aﬁdbms;s*oseth?éﬂ ¢ @idalldhé Bﬁe aldo pbesibRs Bﬁ&h SésCBetween

substitutions discissed above wou i ke result in anal ogues with
the same or i ncl¥8ecandAspy ua&tbough thls lactam hswe eemfonm torexdibit some de-
substitution an on is 20 expected to stabilize the
a- helix and mcg@é@@égﬁgg ‘?ﬂ} #xto protect this regi on of the

ol ecul e from pr ot eolNfdéreCs Rl o%ﬂ%tﬂeéﬁpto-l:fbﬁ'ldihg%ﬁ!més of PThefragmentyThaee at
the C-terminus is preferred in the sense that it is further expected to

bept | dases can UraRS BicBanAh B Teidr IvR 8RUES 0034, VIERRYBL2) 2
S o aci hdiﬁbstspeaﬁf«t&%%eswsemqs¢ 725 dig i bi%%e&?hﬁm § T goRas

repl aced the oxidation sensitive Met residue J)OSI tions 8,18 with a
nat ural |y occur iang thatithepamphiphilisspartion ofithis aahelix bm with its hydrophobic face

tothe receptor.? This model is consistent with the results of a study of
receptor binding-region analogues.’

NMR studies have shown that even a mode.l peptide found to be

25 highly helical by CD also populates many non-helical conformations. Thus,
the structure of a receptor-bound peptide hormone, such as PTH, can not be
inferred reliably from its free structure in solution. Constrained analogues of

peptide hormones have been used to limit the number of conformational ™~

states available to the peptide’. Examination of the sequence of hPTH
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Japanese Patent publication 61-24598. It is also to be expected that other

30 such -hydro ' sidues like Leu, lie, Val, Phe and Trp - e
Wephsaks _ “Weﬂﬁo%sﬁr

useful, as per 3,869 to Nakagawa et al:
7 WD 98/ 05683 . . o . . .
PCT/ CA97/ 00547 reveals 3 possihje salt |bridoesswithin sesiduesniZz2f which gosid either

Swtoh. 1t i st hor SEMES oy destibfiee KEialRLTASSS ard phest By T At ¥y and Ly

useful ly be made ag B%W”bbﬁﬁ?fz@hﬁﬁi Qféieﬁﬁe@t@d to stabfigé 3HF- a-h@llx ancg between

Anot her substitution at 'the erred 22-26 lactamsite, in addit
t he aforementlonedL@?g apd, Asp Aswhmt'r]lsCex;[)mtedi ttﬁ&:lémlhz@l“mt@-hehx Lactam
illustrate that di fferent |gcl isation/ri ngam zes can usefully be_ made.

In USP 5, 393, 860 NIEplion between Wegspresidde Paiss wouldyfestrich the” confosmations

ot vity and m ont RARDERITe o Bty FEpod foBKh, FIARE. oY ofhese actams
speci fically, Glu#-Lys®.and Seys*3-Aisp®Ni which- ané Neksedied Y id Cstasmﬂé o-helical
2. Lys-27 to G n (reported to have 2.5 x AC activity)

Resi dues 14, 15, 1struature @reyecated omdhe polan fageaot ther spyphiphilic @ortlon of the a -

%Eeaitlyul){‘ﬂfi.se Ty e bR ohl, EIsT ARSI gRBecthl 1ot BRsE Pagially d&SiSbiize
trypsin-like 40 giHefieand m%mescé@eﬁaaal Eyézétwaeﬁ% oﬂﬁ&ﬁdrﬂﬂﬁéb@%é@ of the

incl.) such that there | east ohe’ water so no" acl
exanpl e His-14 or amhiphmé.hehx CychSéttomasbldiween/Wogttfb&s 25and Q9 damalsb.occur

Hci h trull 16, S 16
Gy 6. and 17 serfLys: %,6?# 9Plage o in_pqeliony g5, end it:CI A ds FéplageR Wih GIu or

for exanple. Asp. : Arg 25to ‘H's to mnimze protease attack.
Si nce our | act ans, Eart icularly with Leu or an{C} t her hydr ophobi ¢ am no
acid at position-27, cahhe substifution: of deswion thendystibtesults dnad smorke Hydeaphobic

Lo i ssol ve. s woul e on the HiRRGHTSHS b e ARG el it Fosthed in
skilled in the artinghssed bR éﬁ‘faée stlmulat?nb BctfAty invhe @Sréél! 'kRe, It will be

preferred, it is to be expected fromthe esente hereln hat
cyclic fragment s | appresiated by fbpseskdlelddnlthepmrrat Qihelbsmm subStltuﬁtﬁmdlmHssed

In particul ar, er e that the es

of gddi ![ i gnal am n%g%\}es\ggﬂﬁ,gm%eifgéﬁg ?'e '{]aei? %Y"@f‘gb?éalﬂep? ﬁS'QF sgf% 'Vftl?es'
30 hornone, particul ar Tlegeombiriede effedf iof @utsstitution3 Andabithén tactdRe fwhatioh is
The | actanms according to the invention brrgéﬂbe prepared by known

pr ocedures de2fri bpasted o stabilize the e-helix andrinsraasel bioaetivityo andgtaopratect this
region of the molecule from proteolytic degradation. The presence of the
amide at the C-terminus is preferred in the sense thatitis further expected to
protect the peptide against exoproteolytic degradation, aithough some
peptidases can hydrolyze them. (Leslie, F.M. and Goldstein, A. (1982)
25 Neuropeptides 2, 185-196).

It has also been found that other amino acid substitutions can usefully
be made. Specifically, we have replaced the oxidation sensitive Met residue
at positions 8,18 with a naturally occuring hydrophobic residue, Nle, as per
Japanese Patent publication 61-24598. It is also to be expected that other

30 such hydrophobic residues like Leu, lie, Val, Phe and Trp would also be
useful, as per USP 5,393,869 to Nakagawa et al.
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WO 98/ 05683

PCT/ CA97/ 00547 for restoring bone, and for the pronotion of bone
healing in ci rcunst ances, such as in the treat 8‘&’

ost eopor osi sﬁéﬁg)di‘g?rral fractures. Brief Descripti oang&’F /00547
Drawings 5 Fig. 1 shows the structure of natural human PTH, residues

1-31 (SEQ I D NO 1); Fi 2 shows the structure of
[ Leu] (er rlcycl o(d ufer ﬂev)ﬁﬁq mqmsm%lﬁqc@ﬁemlﬂegr rlforexample. wehaye shown

Fig. 3 shows theysd 22~y 126 :
[ Leu[err}]cycl o tys er rﬁNﬁ&F T)L-yﬁPTﬁ!u( 1_s§%c_h Nl-’[té? rtlimerefore to(%?ESXPBCﬁ& that
4); 15 Fig. 4smmtanssmtuheso¢ould tbiecaseftilly be madecasbetweearothdi 26-300and@7-30

i nvention in denylyl cyclase stimulation of ROS 17/2 cells;.
Fig. 5 shows rep}@g@ﬁﬁatlve hi st ol ogi cal sections of bones prepared at the

end of 8 weeks after ‘Rr%thér‘ éwétrt@ﬁdrﬂat the d#éférﬁoezh-ﬁiddtémeﬁféfm ?aﬁiddtl?n to

hPTH (1-31)NH err] and 1ts | actam derivative 2prevent bone 'dss an
stinul ate bone gthla/\/aforemamlaned(ﬁyﬁnyedlq OmZchas beeh epneatosijlustrate that

Fig. 6 sh th ab | d hPTH
alngl oguz ?\rNZat eg &fﬁrﬁﬁfu 5?[%)& Eg%fﬁeﬁ%ﬁq ';’s§é'b3éf’gl‘§mﬁggl Zt 23 of bone. 25

Treatment of the ani %W@SQ@S&%ékQﬁé\ﬁ %ad&ps{pﬁrestzgdrggﬁ%gf@&&aefeilm

Lys[err] hPTH (1-31)-NH err] was nost™ effective o
restoring the someosubstitutachdhRE Llanalogues were ceparted to chave sobstantial AC

ovar i ot on 21 3860 biAGe MUGRTIEE Sntienceal etaBlties 10 BiplBRIVEC tiack, specificaly,
ES:S”["‘GE rl] fl%P_'F‘ﬂ (erlr ]31) [I‘\Ilh[egi ﬁérlﬂﬁmb(ﬁ-%ﬁdﬂsobutync acid)
[ Leu[err]]cycl o(Lys[ ei2] - ALyyBeB# {0 GlrP(repoded 1o hiave &.5 x; AC activity)

3. Residues 14, 15, 16, 17 to Lys, in whole or in part 9reported to

greatly increase activity - up to 8X. This may be due to increase in water
15 solubility. In vivo, these are expected to be more labile to trypsin-like

enzymes). They claim this tetrapeptide (residues 14-17, incl.) such that there

is at least one water soluble amino acid. For example His-14 or Lys-14; Leu-

15, Lys-15 or Arg-15; Asn-16, Orn-16, Hci (homocitrulline)-16, Asp-16, Arg-

16, Lys-16, DLys-16, Ser-16 or Gly-16; and 17-Ser, 17-Lys, 17-Asp or 17-Arg.
20 Could also include Glu, for example.

4. Arg 25 to His to minimize protease attack. Since our lactams,
particularly with Leu or another hydrophobic amino acid at position-27, can
become somewhat insoluble and also difficult to dissolve, it would be
expected that the same substitutions would be useful in our lactams.

25 it will also be appreciated by those skilled in the art that although the 1-
31 h-PTH cyclics may be preferred, it is to be expected from the data
presented herein that cyclic fragments in the range of 1-30 to 1-37 will also be
effective. In particular, there is no evidence in the literature that the presence
of additional amino acids up to 37 affect the biological properties of the

30 hormone, particularly given the confirmatory 1-34 data included herein.

The lactams according to the invention may be prepared by known
procedures described below, and may be used for stimulating bone growth,

8
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WO 98/ 05683

PCT/ CA97/ 00547 Fig. 8 shows the maxi numdrop in blood pressure and
time to nmaxi nuMWQi985683 in bl ood pressure on addltlon of 0. SPOTHIAIYD0SE7
dose ‘of hPTH (1-31)-NHerr],

[ Leu[err]]cycl o(d g{re [ -tRa) :
[Ceul or 1] byalof Lyl rr?é&_tglgg?ers?ﬁé) 'H?\H"T&ll thé PHE@? ion Hff btione hnge in various
admi ni stered eit heclr@:maiamaeosmrvas tbpﬁbﬂ treatiment of Bsteopomsaanermal fractures

(hat ched bar). Fig. 9 shows the structure of [Leu[err]]-hPTH (1-31
JNH err] (SEQ I D NG 5). Fig. 10 shows the structure of cyclo
(Lys[ err]-Asp[ err] BrisPDdstrptioh oftHeDalw I D 10 No: 6) Fig. 11
shows the structure o eulerr cyclo
(Au[err]-Lys[&r])-hPTH (1-30)-NH err] (SEQIDNO?) 15 Fig. 12
shows the adenyl S L Vit g
according to the |ﬁ@eﬂt§?)°§”é%&}uagﬁ é%naltgr ﬁf&f gl ?1 (Sﬁg%\m NO:
hPTH( 1- 31) NH2 and §ifTH( 1- 30) NH2 and their cyclic anal ogues 20
Fig. 14 is a graph illustrating the effect on bone growh of different .
dosages of linear hPTH(1-31 )-NHerr]. Fig. 15 shows the
structure of [Leu ] $ P H-
(Seq. 1D Not 8 -Fig- DsHRlfs the el of B Telad Bl Eys R RITG Rydie (sEQ
(Gulerr]-Lys[4 r]IDWRO+3)1-34)-NH err] (Seq. 1D No: 9) 30
Fig. 17 shows the structure of [Leu[err]] cyclo
(Quferr]-Lys[err])-hPTH (1-34)-OH (Seq. ID No: 10)
10 :
Fig. 3 shows the structure of [Leu”jcyclo(Lys®-Asp®)-hPTH-(1-31)-NH,
(SEQ ID NO: 4);

15 Fig. 4 shows the activities of the analogues according to the invention in
adenylyl cyclase stimulation of ROS 17/2 cells;

Fig. 5 shows representative histological sections of bones prepared at the

end of 8 weeks after OVX, illustrating the different abilities of
20 hPTH-(1-31)NH, and its lactam derivatives to prevent bone loss and to

stimulate bone growth in ova-riectomized (OVX) Sprague-Dawiley rats;

Fig. 6 shows the trabecular bone volume of control animals and hPTH
analogue treated animals for rats initially severely depleted of bone.

25 Treatment of the animals began 9 weeks after OVX. [Leu”]cyclo[Gqu2
Lyszs]hPTH-(1-31 }-NH, was the most effective of the fragments, restoring the
bones to the values in normal control rats; and

Fig. 7 shows trabecular thicknesses of rat femurs for normal, ovariectomized

30 (OVX), sham, and animals treated with hPTH-(1-31)-NH,, [Leu”Jcyclo(Giu?-
5%)-hPTH-(1-31)-NH,, and [Leu”cyclo(Lys®-Asp®}hPTH-(1-31)-NH,;
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WO 98/ 05683

PCT/ CA97/ 00547 Fig. 18 shows the structure of [Ala[err]] cyclo _
(Auferr] -Lwi{ﬁf]d's&-hPTH(l-Sl JNH err]- (Seq. | Biacaohbdsar ©
Fig. 19 shows the structure of [Nle[err]] cyclo

221 PHi 5 okl ks 8 i ooyt @ M arop
UL 02 e, on sy Mot itiop ot BEAFTRIS 40,
R
CRCHIEE T et AN LA

Fig. 24 shows the struc
(Auferr]-Lys[err])-hPTH (1- 31)-NH err] (Seq. 1D No:

"8 ugerr1- npri F8.S SRORpiaR sfrubhifS of fLali ity ikGishab ey [
26 shows the structure of [Leu[err]] cyclo (Asp[err]- Oxerr])-hPTH (1-31

)-NH err] (Seq. 1D No: 19) 2 30 :
Fig. 10 shows the structure of cyclo (Lys“’-Asp™ }-hPTH-(1-31)-NH,(SEQ ID

10 No:6)

Fig. 11 shows the structure of [Leu®’] cyclo (GluZ-Lys?®)-hPTH-(1-30)-NH,
(SEQ ID NO:7) | -

15 Fig. 12 shows the adenyl cyclase stimulating activites of various analogs
according to the invention.

Fig. 13 shows hypotensive actions of hPTH(1-31)NH, and hPTH(1-30)NH,
and their cyclic analogues.

20 _
Fig. 14 is a graph illustrating the effect on bone growth of different dosages of
linear hPTH(1-31)-NH,.
Fig. 156 shows the structure of [Leu”] cyclo (Glu?-Lys*®)-hPTH-(1-31)-OH

25 (Seq. ID No: 8)

Fig. 16 shows the structure of [Leu®] cyclo (Glu?-Lys?®)-hPTH-(1-34)-NH,
(Seq. ID No: 9)

30  Fig. 17 shows the structure of [Leu”] cyclo (GluZ-Lys*)-hPTH-(1-34)-OH
(Seq. ID No: 10)

10
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11 WD 98/ 05683

PCT/ CA97/ 00547 Fig. 27 shows the structure of [Cys[err]; Cys[err] ;
Leu[err]] cychwoosmssgxrr]-Cys[err])- hPTH- (1 -31 )- NH er r | PCT/CA97/00547
(Seq: 1D No: 20) 5 Fig. 28 shows the structure of [Cys[err] ; Cys[err];
Leu[err]] cyclo ( [ < ; -(&h P NIg28 -(1-

(Seq. 1D No: 21) %Y&l@' é%ﬁ%ﬁ%ﬁuﬁoﬁ—{ﬁm? éﬁl\%a(lég‘éuel'ya )-hPTrlFlie“t?c)ﬁ'?l]’i-'aue
of solid phase peptide(SgqileNos1tevel oped by R B. Merrifield

("Sol i d- Phase Peptide Synthesis", Advancés in Enzynol ogy 32, 221-296,

1969), incorporated herein by reference, is widely and successfully used
for the synthesis of pol ypeptides such as parathyroid hornone. The

strategy is 15 based on having the carboxy 7—term’ nuszzam' gg acid of the
pepti de attach®d Fig. 19 shawsthe structpreef [Nigli¢ cyeloi (@uarkyso )P tid-(Ar31)Nbp

added in high yield. T?g N- . é rmnal a-amno group is protected in
such a way that this pwn gdcid NB(}] up can be renoved w thout renoval
of the peptide fromthe solid support. The chem stry used here

i nvol ves a nodification of the original I\/brri“seld rrgthod, 20 yefepred to
as the Fnoc appr okidh. 20rishosothe( structueeof riplieioxy teuboheyslo (Glu“ghysip)-bRTHyE-
renmoved by mld ab%g_bj e conditions, which | eaves the al kali stabl e

si de-chai n protecti "&oups and the link to the support untouched.

Thi s techniquegis descisegdiPMoE43t herton and R C. Sheppard, "Solid Phase
Peptide Synthesis: a Practical Approach", IRL Press, New York, N.Y., 25

i ncorporated herein by reference.

12 Fig. 21 shows the structure of cyclo (Gluzz-Lyszs)-hPTH-(1 -31)-NH,
(Seq. ID No: 14)

15  Fig. 22 shows the structure of [lle”] cyclo (Glu?-Lys*®)-hPTH-(1-31)-NH,
(Seq. ID No: 15)

Fig. 23 shows the structure of [Tyr*'] cyclo (GluZ-Lys*®}-hPTH-(1-31)-NH,
(Seq. ID No: 16)
20 _
Fig. 24 shows the structure of a-acetyl-[Leu®] cyclo (Glu?-Lys?®)}-hPTH-(1-
31)-NH, |
(Seq. ID No: 17)

25  Fig. 25 shows the structure of [Leu”] cyclo (Lys®*-Glu*®)}-hPTH-(1-31)-NH,
(Seq. ID No: 18)

Fig. 26 shows the structure of [Leu”] cyclo (Asp® Om?®)}-hPTH-(1-31)-NH,
(Seq. ID No: 19)

11
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WO 98/ 05683

PCT/ CA97/ 00547 ExanDl e 1
Synt hesis a j cati on of Linear hPTH-(1-31 )-am de Anal /00547
The a-am no groups of the am no acids were protected by 9-fld %

met hoxycar bonyl (Fnoc) during coupling. Cou ngs ,yer e rformed wi_th a
m xture of hydrEﬁb%ﬁzﬁiW%i&eSmee) of §Cy g‘lzl—l-cg@nzotwt%?bwcb- (Cys*1-Qys8®)s-
10 tetranethyl hgqﬂ(_ N S_w af | uor oborate (TBTU) and di i sopropyl et hyl am ne
(DIPEA). A 4-fo ess Zctivated amno aci ds was used with double
coupling on addition(Séq!iENe6s20)d n, H's, Val, and lie residues. The
coupling times for Arg and Ay addltlons were increased from30 to 60
m nut es. Coupling of the f| rst reS| due (VaI [err]) to the support

(Tenz)?ﬂglr*s&psﬁ\?i%ésr%wg orrre on a rSép ‘é?%%?tgeb% 'I&%gb%

Pl us aut onat ed hpm-l-(j‘a31)-Nstynt hesi zer. Side chal n protections were as
follows: Arg (2,2, 8?5“ anet hyl chr oman- 6-sul fonyl); du, Asp, and
Ser (t-butyl); H|s @ﬁq i o: Asn (trityl); Trp (t-butyloxycarbonyl).
20 After Fnoc renoval fromthe N-termnal Ser, the peptide resin was
washed with DCM then cleaved fromthe resin by shaking with 7.5 m of
reagent K (6.19 mM TFA, 0.38 ml each of water, 90% phenol/water, and

t hi oani sol e, ang . qf 1, 2-et a edlthIO|) for 4 hr at 20 [err]C. The
cl eaved 10 pe pLERATAON O 120 FaQne. ARalog €8y filtration, and precipitated by

centri fugat 2}1 he %ﬁﬁ“*&‘@eé”yd'ﬁ* ?ﬁése REpUE SEohesiy feVidpst by RIS MBlifield
vacuum centri fuﬁt&ohdFPhase Peptlde Synthgaw’ udkd\(am:escm \Enzyd'iabgy \32] 221-296;1
Qerr] - cotum ( 1968 poTsratescherefh by reretanes, s el A3 Sucesefull Lseq for
1% m n. gradi engh@lgyd of bblﬁeﬁ:ﬁ&eé‘@%ﬁ:h aﬂ; gar a}tQYr%u%Eﬁﬁohé Wﬁbeétratéraﬁ is

purity of the final “product was estimated ana i cal
Vydac* C18 tbl uubas(adcor[ bavipg tbe@axbwl-&mmusnanugo rasickofithe panm;e attached to

é?éT/ CA97>/\60022/70%560§36 support. Successive amino acids are then added in high yield. The N-

terminal a-amino group is protected in such a way that this protecti_ng group
can be removed without removal of the peptide from the solid support. The
chemistry used here involves a modification of the original Memifield method,
20 referred to as the Fmoc approach. The Fmoc (fluorenylmethoxycarbonyl)
group can be removed by mild alkaline conditions, which leaves the alkali
~ stable side-chain protecting groups and the link to the support untouched.
This technique is described by E. Atherton and R.C. Sheppard, “Solid Phase
Peptide Synthesis: a Practical Approach”, IRL Press, New York, N.Y.,

25 incorporated herein by reference.
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assay on an el ectrospray nmass spectroneter (VG Quattro). The data for

hPTH (1-31 )-NH err] so forned, is given in Table 1 bel ow. . _
Exanpl e 2 5 woO98/08¢8% hesi s and Purification of Cyclic Anal ogueCT/CA97/00547
[Leu[err]]cyclo(Qu[err]-Lys[err])hPTH (1-31 )NH err]. This peptide
was synt hesi zed as described for Exanple 1, with Lys-Alloc and
AQu-QAll 10 substituted at position 26 and 22, respectively. After the
addi ti on of Fnoc- Ser[err], the peptide-resin was renoved fromthe
colum to a reaction vial (Mnivial*, Applied Science), suspended in
1.7 ml of a solution of tetrakis(tri pf@é)ﬂlﬁl@gl‘phi ne) pal | adi um(0) (0. 24
nmmol ), 5% acetic acid and 2. 5% N- net hyl nor pholine (NMM in

di chl oronet hane (DCM under argon, 15 then shaken at 20[err]C for 6 hr to
remove the al 1§ Sydthddioand Purification oft ness hPTH-(1-84)-amitle Ansloaley 1993)
In Peptides: Chemstiy, Structure, and Bi ol ogy, Smth, J. And Hodges,
R (Eds), ESCOM pp. 93-94), incorporated herein by reference. The

(DEDT) . 0.5 % v i n° DIER(SETI P! SteBpR sithe gmibiicls Weld bRERABY 8 fuargny-
n). The peptide {istA6xyeambonylefFmyes) darng bmu@hﬂ%i Qouplings Werd parffrmsmowitel a
1- hydr oxy-7-azabenzotri azol e ( HOAt ' for 14

4 ) /.0.12 mmol _NWVM.in 2.m DWW -
oo O ol T e of . hydraadnzstigale (HRBORcR-(| Habenzotiazoked wkadsd 3~
The peptide-rgsin ' t "@?B £3QC ' e .

i nt opt IEle col uﬁ?ﬁ, gn wétsM‘gb\ﬁmﬂm Bﬁgaun |§gf)ét}§bletes r%gmd\}lggpw}rﬂ@%mme
'g(]e S:Jspinsi on. Ttl%lﬂ@h)gih:\fijoldy.exd:él@lsﬁzsf \attivated aadno wcids was I(tjlsegl_ with double
anpl e 1 except that _the rm nal C qgr.oup. not . renoved. e .
Fnoc- pepti de was _GP'éB‘&QQiOf‘r _ _'@%O?g'!ﬁ go% E?W Qk?gmgfﬂ" W%i’ed%@“%eﬁhﬁm.h"g
The HPLC was car rfiﬁﬁ'_;;ogﬁr gzg' in@x@fg%ﬁdﬁion‘é" {verd NRclfaHRed 9fr8HP 3018 \&F minutes.

LC. nal ogue

prior to the fina
[ Leu[ err]] cycl o L@oupling- 88 ther fifst - teBidte (Val') toiHher suppad (Fentageld Rp Rapp

gg%ggggs Rl 1 3 Polymere, Tubingen, Germany) was performed manugfly, éigy)q;@ggs\p were
Exanpl e 3 AdgBibiheor 8 FPerSephive Biosystems* Model 9050 Plus automated peptide

synthesizer. Side chain protections were as follows: Arg (2,2,5,7,8-
pentamethylchroman-6-sulfonyl), Glu, Asp, and Ser (t-butyl); His, Gin, and
Asn (trityl); Trp (t-butyloxycarbonyl).

20 After Fmoc removal from the N-terminal Ser, the peptide resin was
washed with DCM, then cleaved from the resin by shaking with 7.5 ml of
reagent K (6.19 ml TFA, 0.38 m! each of water, 90% phenol/water, and
thioanisole, and 0.19 ml of 1,2-ethanedithiol) for 4 hr at 20 °C. The cleaved
peptide mixture was removed by filtration, and precipitated by addition to t-

25 butyl-methylether. The precipitate was collected by centrifugétion, washed 2x
with t-butyl-methylether, then dried by vacuum centrifugation.

The crude product was dissolved in 14 ml of 15% acetonitrile/water,
0.1% TFA and chromatographed on a Vydac* Cyg-column (10 p, 1 x 25 cm).
The product was eluted with a 1%/min. gradient of acetonitrile (14-40%) in

30 0.1% TFA in water. The purity of the final product was estimated by analytical

HPLC on a Vydac* C,g column (10 u, 0.4 x 25 cm), and by molecular mass

13
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5 The ability of the hPTH anal ogues to bind to receptors and

activate the adenyl yl cycl ase coupl ed signalling nmechani smwas ,
determ ned owa9s/05683 di fferenti ati on-conpetent osteobl ast-|i kechfeaotbissy at
ost eosar cona ( ROS) cell line. This activity is known to be tightly

coupled to the a ' ot .t n u tor e S4d.n th
ovari ect om zed rg%é.éJAﬁgn%Pygsggg?%?g- ﬁ%%g g’?é%ﬁ%ﬁeﬁg&g&s%&{&ﬂ?e data for
estimated by prehBUeEl-{1-89)-Nki sodbtmeédyris gVerpnoTable tthbelow. [[err] H - adeni ne
and then nmeasuring the anmount of [[err]H -cyclic AMP produced fromthe
[[err] H-ATP during the first 10 mn of exposure to a particul ar anal ogue.
This was based on the procedure descri bedgg_%éfiel det al, J. Cellular
Physi ol ogy 150, 299--303, 1992, incor porat n by reference. 15

The adenylyl &yclase results are expressed in Table 2 bel ow as the

concentration negessa t 0, expLess a | f-maxi mal increase in the AC
activity. The da2#hts E2UOILON, o @S Fig. 4, the closed
circles show t he adenylyl cyclase-stinmulating activity of

hPTH- (1-31)-NH err], and_t he activities of

[Leu[err]]cycl o( G ul efbeu*ljopdiof@Li-bpstH-tRTHIN-3ENH,]  aThis20 peptide  was
[Leu[err]]cyclo(Lys]err]-Asp[err])-hPTH (1-31)-NH err] are shown by open
and cl osed '?\}l'?thﬁ%ég, ageéﬁﬁ%‘%b@fﬁl@ é;ample » with Lys-Alloc and Glu-OAli
é?:T - \6\8513)3/ OsSstituted at position 26 and 22, respectively. After. rtrlf)? &dgiition of Fmoc-
Det er mi nati on of Serabthe peptidewesinewasf rerhdved\from gthes colutin @vaa i @eictigh 28|
(Minivial*, Applied Science), suspended in 1.7 ml of a solution of
tetrakis(triphenylphosphine)palladium(0) (0.24 mmol), 5% acetic acid and
2.5% N-methylmorpholine (NMM) in dichloromethane (DCM) under argon,
15 then shaken at 20°C for 6 hr to remove the allyl and alloc protecting groups
(Solé, N.A.et al (1993) In Peptides: Chemistry, Structure, and Biology, Smith,
J. And Hodges, R. (Eds), ESCOM pp. 93-94), incorporated herein by
reference. The peptide resin was then washed with 05 %
diethyldithiocarbamate (DEDT), 0.5 % NMM in DMF (50 mi), followed by DMF
20 (50 mi) and DCM (50 ml). The peptide (0.06 mmol) was cyclized by shaking
with 0.06 mmol of _1-hydroxy¥7-azabénzotriazole (HOAt) / 0.12 mmol NMM in
2 ml DMF for 14 h at 20 °C (Carpino. L.A.(1993) J. Am. Chem. Soc. 115,
4397-4398). The peptide-resin was filtered, then washed once with DMF,
repacked into the column, and washed with DMF until bubbles were removed
25 from the suspension. The remaining synthesis was carried out as with
Example 1 except that the N-terminal Fmoc group was not removed. The
Fmoc-peptide was cleaved from the resin with reagent K as described above.
The HPLC was carried out as in Example 1, with the Fmoc group removed
prior to the final HPLC.
30 Analogue [Leu”]cyclo(Lys*-Asp*®)}-hPTH-(1-31)-NH, was prepared in an
analogous manner.
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5 Rat Mbdel Dosages: Doses were based upon dose-response data

on hPTH(1-31)-NH err]. The bone- bui | di ng potency of hPTH (1-31) NH2
was tested using several doses (0.8, 10 0.6, 0.4, and 0.2 nnole/ 100 g of
body. wei ght) aw0l980s683ener ati ve or treat ment - assessi ng, r RCECAITROS4T
preventative, nodel.[err]Ovariectom zed 3- nonths-old rats, were left
for 9 weeks to let the nostly non-lanellar fenoral t rabecul ar bone be
severely depleted before starting the 6 we e aily i njections. By
the end of the 9th week they had | ost abou their 15 fenoral

trabecul ar bone rmagn#@' golase Wesapews t he dose- dependent i ncrease in
the nmean trabecul ar thicknesses caused by |anellar deposition t hat had
been produced by the 36 injections of 4 different doses of the

fragment. The fragnment —coul .aI i L Q-

ol der rats. Thus, 36 | f' gxg?ﬁ’f%hﬁ@ﬁﬁpﬁﬁ%@?ﬂ@tgﬁ‘%@gg@{%@,é@a@%ﬂw
20 body wei ght oédaﬁg (cycfakbNidouphed s’léhélhhg mma‘msmnWas idetemaipedt oh a
mean trabecul ar i ckness above the normal starti ng value in the

pr edepl e;[j edh( 9 . glffewntiailquf-cmn??ent fostﬂlnbiastt-lﬂ@oB@ﬁ E 11 osteo(_?aywna (RQS)
, I . PTH-

éﬁ;lgﬁag,f 0.6’ nmopel 18, BYE 2 wnﬁﬁ%ﬁ@%ﬁ?ﬁa areycoupiel e e il oofhe
A 2

Vi ner al Rescar ch_BnaPgYE toNESicRe Boriel mis iR, the Giriéusiniagg rat, ABBR{HF cyriase-
58, 81- 8t7, ;QHIS)ismnulatngtaSctor\dityrwas[;a ﬁ”ﬁﬁ?f?ﬁmm?h‘f ShﬂutaSE)\AG' P pool with
were purchaseq 1 ERFeenine: S Ben, Measuios 1Be aaputh L { ey, Al Srodiced
and water ad 11 bi fom MEIAEATE, durith €8 el 80 7' Rpt8tr 1 & Parficljiaf BRtfogue.

16 WO 98/ O5FRis was based on the procedure described by Whitfield et al, J. Cellular

PCT/ CA97/ 00547 received 6, once-daily subcut aneous i njections / week
starting at the efhysiology 154, ﬂ@%&%n@%meate reig Ry Q?ﬁlleﬁ‘&eat t he

and 8 v corld or s rat 41PN cygidse’resul ordl EiieBRaq tn, Taidlel 2 BAISY,3E the

cont ai ni ng 0. 001Nctiéentrdtiore n%c&%nyat@ e@resg@lwa!ﬂ-nﬁxﬁnahﬂhereaéef imahenAC
in vehicle/ 100 g of bod th week after

he
OvVX, fenurs were ?@h‘ﬂt)’ea%ﬁs@ﬁtaﬂ%é'swlﬁﬁmﬂd "&Edg c,‘itt'anriQ 4, t erelpﬁe%plrcles show

m d- di aphysi s and t

epi physi s, each h%\rféfq?(gér{&riyl\r/\rzég F-%ﬁ?ﬁél éﬂ ntéf tﬁ%Tgaﬁthi andzt h n%oﬂbe
marrow was fl ushegctvities 10 of [Leﬁﬂqcmgm@wmgwmmqmzaﬁmns the  and
fragments were asses

dfro
20 [Leugﬁcyclo(Lys&‘ -Asp™ )—hPTH-(1-31)-NHz are shown by open and closed
triangles, respectively.
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changes in the nean thicknesses (areal/perineter) of the trabeculae in the
distal half-fenmurs fromthe variously treated aninmals. To nmeasure nean
trabecul ar wWhokesess . the two demineralized hal f-femurs frompes f,a,g? re
dehydrated and enbedded in paraffin. Longitudinal, 10-[err]m sectejlﬂ%ns ')r/\gm
the 15 mddle plane of each bone were cut and then stained with

Sanderson's rapid bone stain (Surgi path Medi cal |Industries, Inc., .

W nni peg, MBCanada). The mean trabecug | gkness was measured using a
M4 i magi ng system and bone nor phonet ware from | magi ng Research
Inc.,( St. Catherines, ON, Canada). 20 Representati ve

hi st ol ogi cal seq 1,0 'Oft' bone Led .at of 8 Jweeks after
OVX are shown i FFPrOdrE~S-= ‘¥ ith Ovariectomized

formof a bag gRHiIMbae |g 7. The bars show the val ues for trabecul ar
t hi ckness of the normal, ovariectom zed (OvVX), sham hPTH (1-31)-NHerr],

[Leu[err]]cyclo(d@ u[err]-Lys[err])-hPTH (1-31 )-NH err], and
[ Leu[err]]cyclo rr]-Asp[err])- 25 hPTH (1-31)-NH err].
[Leu[err]]cyclo?:@é\%sr]-Lys[err])-hPTH—(l-31 )-NH err] shows an

especially supep ey | - [ I I - N
P y supeDd¥esawere baded UPON §6sd ﬁestdaﬁse ﬁ?loyrﬁggmg-%i‘l ) %HGT% Bdne-

NH2. This |inear anal ogue has been shown to b

restoration, butbuilding patepcynef BEBTH:(1a81NHn avas testedusing severaladasts (0.8,
th . T , [ lLi ke thei [ i | ,
DTN 8180 b BB s S b 4 e 5

| onger count er paeatmentiaBséssing, rather than preventative, model."! Ovari '
17 WO 98/ 05683 g p : variectomized 3-

PCT/ CA97/ 00547 monthsiqid hats; veere lgft fepBweeks 4y lethecmostly inom-laneliian femoral

cel lul ar signal L ' . .

Beampl o 5 o webfoular b K'sB0Eiely depleted befarn. stafting.the 6 wrelks of daly

Depl et ed Tirjeetionsar Bprthe end of the Oth week! they RagdBst AkBUP78% fofbPRst

restoration, _t abI|I#%§POI tgg_lactamlo fragments to restore severely
@OECHIAE o

h
depl et ed tr%ec?ﬁ’&?@’o BecMmassn thigyre 14 shewsi thent doserdependent
rogram of once ' 0] et ' hod
Rt gnt of young "oieake ifl e imeah Gabkdlar fitthd¥ees, cadttPby ainbide g8hSfiny
o9th week after et had bees produced By dhe t3I®iinjettions of 4rdifferent dosesaf the

PRPTH (1 - 15 FapRFertathe Freohtint Sonld alsb RIEte kabreulhe hobe rown teh
the trabecular older rats. Thus, 36 injections of the mid-range dose of 0.6 nmole/100g of
20  body weight of hPTH-(1-31)NH, were able to significantly increase the mean

trabecular thickness above the normal starting value in the predepleted (9

weeks after OVX femoral trabecular bone of 1-year- old rats, and they did so

as effectively as hPTH-(1-84). Accordingly, the dosage of 0.6 nmole/100g of
body weight was used in further tests.

25

A full description of the protocol is given in Rixon et al, J. Bone &

Mineral Research 9, 1179-1189, 1994 and Whitfield et al Calcif. Tissue Int.

58, 81-87, 1996 incorporated herein by reference. Normal, Sham-OVX
(ovariectomized), and OVX Sprague-Dawley rats (3 months-old ;255-260g)

30 were purchased from Charles River Laboratories (St.Constant, QC). The rats
were randomized into groups of 8 animals which received Purina rat chow -

and water ad libitum. There were no unscheduled deaths. The animals
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bone volune to the values in normal control rats.

Exanple 6 20 ~ Hypotensive Effects of hPTH Anal ogues

Fenal e SpraguwddsAisess rats (wei ghing over 290 g) were ana G TEAITA0847
with intraperitoneally injected sodi um pentobarbital (65 ng/kg 25 body

wei ght). Rectal tgiaqraf g En&@éﬂaffg?ubgg%é@u%hnfécﬁ?ﬁéqzwégﬁ?ﬁﬁi_h@rat_ thedend of

(Yel l ow Springs I-nstrument Co., 'l ow Spr1ngs, mai nt ai ne

bet ween 36.0 and & sedond Week aften Ot andhendingeat therand ehthepBtimweek after OVX

brtory vmse elliedn BiefHOA I B SRpTOR abE B DVX bl fats 8eelAd 36
(Johnson and JohnggartidRs dfbgtice (Of MNdGlr@rﬂainirT%(hD_.@UﬁN mnemnéigt%vx rats

St at ham pressure-trfansducer, the signals fromwhich were recorde

digitally wittha oeped Gosnmote affragment in vehictesr1Q0-a10f abady meightyeAt the end

fgi nt La\%)egg} Oggggt%%raﬂ%éeklzgﬁeri BV)@,‘ ‘fSH\?,‘#sS were removed isolated, cleaned, and cut in

PCT/ CA97/ 00547  paif at W%ﬁ@sisiénﬂﬂé Proxamal RaIfiwas disaardyd. SAfter ferieviag the
vein was al so exposed. fter surgery, the rat was allowed to

stabilize for 8 nepiphysisr eaphhalfFferwrwas split igngtbwise inte twgnparts and the bone
(dissolved in acidifie |4 aining 0.001 N HCl) was I nj ected
into the fenoral V‘a@v’gwségrﬂ%ﬁe@%'ski n of the abdonen. Data were 5
col lected forqgl2 m n afTherbdrd-balding poterdies of tie Graghtints veferasdidssed from the
subcut aneous 1 njection. Fi gh 8 shows the maxi mum drop in bl ood pressure

&

and tine to maxi nchargesinthedasan dhickresses (afen/perimetes) of dhe trabeculae in the

[Leul o111 1 of g b RIS SRVl AAEE) ol Vo moasure mean

admi ni stration bytrgbéd\dar shibkngssnethes two ieminaralized Half-femursafrenpeach rat were
(hatched bar) route. The [Leu27]cyclo(Gu [err]-Lys[err])hPTH (1-31 )-

NH2 anal ogue showdehydrated and ignabeddeadsin panaffin.abobgiydinatbl 10oum sections from the

mch ST oivadinptang BLEaEY s Wets ¢4k i ipad liped vl SeBlbBlchi bl
i nj ection. Behé st (SurgipdthoMedicah dndastriasc enc.nwW ), MB,Canadby. The
when injected 15 subcutaneously, when conpared to hPTH (1-31)-NH2. Thus,

each cyclic megex EAbasIAD Hiisknegrwasnmaastred wsing ankuinggingssystem and
expected to have gpg orfietic! Sotvearky ﬂ'Bﬁ'IF i@ f#@%éé&?cﬁ'!ﬁ?.gg §t, Catherines,

counterpart. These :énrgP[Pci‘e great er oav I'tles, Ing from
enhanced resi st anON,tCanadd)eases and/ or i ncreased ability to be
transported fromlipidic environne | d 20 be ,due

stabi | i zati or2®f the aﬁﬁﬂfﬁﬁﬂtﬁﬁv%g{ﬁiék“’a@} !Sgétt&oefé otbanes prenared at 6 end'6f 8
hor mone. weeks after OVX are shown in Figure 5. The results are further presented in
the form of a bar graph in Fig. 7. The bars show the values for trabecular

thickness of the normal, ovariectomized (OVX), sham, hPTH-(1-31)-NH,,
[Leu®icyclo(Glu®-Lys®**)-hPTH-(1-31)}-NH,, and [Leujcyclo(Lys*-Asp™)-

25 hPTH-(1-31}NH,.  [Leu®lcyclo(Glu®-LysZ®)-hPTH-(1-31)}-NH, shows an

especially superior activity compared to the linear analogue, hPTH-(1-31)-

NH,. This linear analogue has been shown to be fully active in bone

restoration, but uses only one cellular signalling (the AC-activated) pathway.

Thus, these cyclic analogues, like their linear analogue, are expected to have

30 fewer undesired clinical side-effects than their longer counterparts, such as
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Further results: For the purpose of these results, the peptides are
identified as follows. 25 hPTH (1-31)-NHerr] (1);

Leu[err hPTH- (1-31)-NH err 2 Fig. 9); [Leu[err]]cyclo(dulerr]-
[Lys[[err]%]h‘y? §1g NH%err% EB% EFig. 2;; [ [ Hey l(CT’CL” 7
[Leu[err]]cyclo(Lys[err]-Asp[err])-hPTH (1-31 )- NH2 (4);

cycl o( Lys[ er r] - WBPH&E3): h6FTHhPTH-@LB4 \Hweriich (dolivats gbothD) celldi+ bibnaliilg
NH2(6); [Leu[err]]hPTH (1-30)NH err](7); [Leu[err]] cyclo(Qu [err]

Lys[ err]) - hPTHMechagisms.  NH2(8) .

19 WD 98/ 05683

PCT/ CA97/ 00547 Adenyl yl Cyclase Activities. W
previously reported that [Leu27]- Exdthplgd 8- 34)-NH err] is nore active
in stimulating AC activity in the ROS cell line t han

hPTH- ( 1- 34) [err] [err] W have al so found that peptrde 2 (EC[err] 11.5
5 2 D & N ( l

4 ([err] ) 5 (Qrableau@ g@matronbetween Glu[err] and Lys[err] (3)

I nduced a still greater AC-stimulating activity, with ECerr] val ues

of 3.3 0.3 nM(Fig. 12). Thus, the net effect of this cyclization and

repl acenent of Lys[eg i L Vi I n
contrast, l|actamfor rrrr{airhrlé(/)\%né%b'%@\/\g)e(?\ﬁ' %gPoaequr r '%ﬂ?h%\sa%tﬁlewrlﬁ Bfg%é’(l)érd(am

Lys[err] ar® 1itagmepfstoriesiap sevel:ely deplaheda trabssular rbgnefaredmmpgfedc y|n|th|se
stimulation, with res

|
The 26-30 I act HARSIFEES the; Gieey Peagiem o brickgaly fechSE -0 pinpls: of
form with an Eﬁrﬁfdd”@ég &7 bBdy weight\btJouhg! sexwally Mitr8rats was delayed until

the end of the 9th week after OVX. At this time, 75% of their trabecular bone
had been lost. As can be seen in Fig. 6, [Leu”]cyclo[GluZ-Lys®}-hPTH-(1-

16 31)NH, was the most effective of the fragments. It restored the trabecular
bone volume to the values in normal control rats.

Example 6
20

Hypotensive Effects of hPTH Analogues

Female Sprague-Dawley rats (weighing over 290 g) were
anaesthetized with intraperitoneally injected sodium pentobarbital (65 mg/kg

25 Dbody weight). Rectal temperature was monitored with a YS1402 thermistor
(Yellow Springs instrument Co., inc. Yellow Springs, OH) and maintained
between 36.0 and 38.5 °C throughout the experiment. Ear pinna temperature

was ailso monitored using a YSI banjo thermistor. The tail artery was
exposed and cannulated with a Jelco 25-glV catheter (Johnson and Johnson

30 Medical Inc,, Aﬂingtoh. TX) and connected to a Statham pressure transducer,
the signals from which were recorded digitally with a Biopac Systems MP100
Monitor (Harvard Instruments, Saint Laurent, QC, Canada). For intravenous

18
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2. The 27-30 lactam (5) nore markedly reduces the activity of the parent

| i near pepti-de, having an ECerr] of 40.3 4.4nM as conpared to 19 3.9 nM
for 15 7 1. WO 98/05683 W have previously reported that hPTHPCT/CASP/00842
(6) has an AC stinmulating activity (EClerr], 20 nM, close to that

of anal ogue 1. Ve JMGioROY PTH or orLaflits rf?aﬁ)@eﬁuzy tee o%r@%ﬁ%srgiposed
(7) and cyclo(Q u[e -Lys[err] ) -

have similar AC stAftel' surgeryathe vat wes albmmq)to statdlize ﬁII 8 min aftesywhicn BTt or

and cycl i 1 act am 916 B S g e Rt H Hokind{ Sulie Sontelrifd o, BTG wes

in blood pressure jpjected »ﬁwomérﬂen@&taweﬁﬂopnnuérmé SkiB dfthe” dbdorheR. D&ta were
nnmol / 100 g of body Wwei ght of th

20 5 collected for ﬁzcmlnrl ﬁBlSHHtHVQm!mE idjgction orwfpo8225a638 after
PCT/ CA97/ 00547 ue .and th t akep to attain.the.

drop in bl ood pres§"fﬁ%’§ane° S '?’?M) %'Q'hgesﬁmﬁso maqrpgin deon |rgﬁFJorHJpressure

peptides 8, 7, 6, éﬁdV\/ﬁﬁiélfd Qﬁhﬁﬁhlﬁht f&ﬁ'be on addaﬂsﬁaaﬁrmslnmbﬁ dd{a@é)of
or subcut aneousl y bar al [err] : o5 esul tedzé 34

anal ogues 6, 7, a 98’ eyclaBlyi ghyﬁ;é mﬂ-ﬂ'@ﬂ%@“ﬂﬁ)orr&ﬁmdqycloﬁ.ys 2A8p " HPTH-

Syatem (Fi g 13). retiiPha ot plMidsigions By, e shBbueRBEHs onen fan) qor
wer gr nonet hel{gss, infraveAbasi(hatohed! bai rougs.ehe U DRy clblGIIPE-DySE )P TIE-31)-

—

NH, analogue shows increased bioavailability, as' compared to
[Leu®Icyclo(Lys®*-Asp*)hPTH-(1-31)-NH,. This is indicated by the much
shorter time needed to drop to the minimum bp after subcutaneous injection.
Bofh cyclic analogues show enhanced hypotensive effects when injected

15 subcutaneousty; when compared to hPTH-(1-31)-NH,. Thus, each cyclic
lactam analogue, when injected subcutanebusly, is expected to have more
desirable properties than the I.inear counterpart. These include greater
bioavailabilities, resuiting from enhanced resistance to proteases and/or
increased ability to be transpbrted from "lipidic environments. The latter could

20 be due to the stabilization of the amphiphilic helix near the C-terminus of the
hormone.

Further results:

For the purpose of these results, the peptides are identified as follows. |
25  hPTH-(1-31)-NH, (1); [Leu™}-hPTH-(1-31)-NH, (2) (Fig. 9); [LeuZJcyclo(Glu?-

Lys®)-hPTH-(1-31)-NH, (3) (Fig. 2); [Leu®Jcyclo(Lys?>-Asp®®)-hPTH-(1-31)-

NH, (4); cyclo(Lys®’-Asp )-hPTH-(1-31)-NH, (5) (Fig.10); hPTH-(1-30)-

NH,(6); [Leu”'ThPTH-(1-30)-NH,(7); [Leu®] cyclo(Glu® Lys®*)-hPTH-(1-30}-

NH,(8) .
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anal ogues, whet her subcutaneously or intravenously adm nistered, with the
exception of peptide 5. 10 ASSAY CORRELATI NG HYPOTENSI VE EFFECT W TH.
OSTEOGENI C WO 98/08883 VI TY As descri bed i n Exanpl epcrienshooss7
illustrated in Figure 8, a fast 15 hypotensive effect observed foll ow ng
subcut aneous i njection of hPTH anal ogs correlates with osteogenic

activity. Accordingly, theAdeaplyl CoclaseiAdtivities. Weoprevisushigpbricdfiatifict?’]-
hPTH anal ogs for osteogenic effect and to elimnate non- hypot enl ve

constructs, wit hﬁptgtﬁ&%%\% i$Aoré bchite hﬁél%afaﬁhp A@%Etiﬁgﬁiliﬁ?hgh%O%cell line

By way of backgroun used a uni que set "of osteog

non- ost eogeni c - RLC- Pls ' ' t

definitively pr é\ggntlﬁﬁHTL(? '%45)9%“?yCX@,&b?y%'sg}gff)gﬁytthé{3%&%@&&@%3&5 5.2
pressure and to conpare the hypotensive actions_of these fragnents
when they are D stnﬁ“Qgg éﬂg‘é%ﬂ'ﬂﬂ%‘ﬁ B’Ieﬁ%”eﬂﬁ?r"a\@%ws"lgyg DM fige 12).
rats. We have shown t hat the hypotensive response is triggered only by

AC- or AC/ PLC5st | Showniarg peptides Ak 2 () 3dA) dai~ ) 6 (03. Ltaotamcforniation betwaeh
hypot ensi ve response to subcut aneous injection, and not the nuch

| ar ger response 2 i i ' : . s Wi b
ost gogeni cpact i VIG?JI eghg;EL ‘Sﬁm(mldu3cle)dNé|‘_|§ﬁIF§fé%?erhétrlﬁtl(r§&l§g§§ égﬁgt%\ﬁlﬁ %??’%4)
In QVX-rats, b”t\éﬂgés bP 31613 v (P25 THus, the net effect of this cyclization and

21 WO 98/ 05 _
é_stﬁ%t? es .AC an{zlareg%w:es bl ood pressure, .but

PCT/ CA97/ 00547 | whi.c i£Sh
does not sti nul JEpaceme Yeor H.1s abou GERASE RAGtiyity. In

hPTH (1-84), and its hPTH (1-34), hPTH (1-31)NHery], and a0

hPTH ( 1- 30) NH2 fecqirast lactasa fermationdetween gi yar eandhep T {dhaekysfainded

5 fenale Sprague-Dawl ey rats by 42.4-67.1 %wthin about 1 mnute after

i nj ection inbo aAspthiBptesuvited in aUessening efladbryipr exdasesthmulatiby, With reéSped
2-19 m nutes after subcutaneous injection. hPTH (1-84) and hPTH (1-34)

stinula botte thei fraht e s2quences: T e 26-30 iaciai t4)Nds siRjhaGliess

cells, but the hypot ensi ve acti on mnust have been sti mul'at ed

specifically by I ; oNTE | i 0 (A N#roznd
hPTH ( 1- 31) NH2, StiAty tian 8 1in8iElo W wihL Ay 8Os gﬁéﬁ%ﬁé?ﬂ Pg??éﬁ,g?% ot
tentl h t [ I_nj d I nt | ¥ _wh PTH (7-84),
Wi oh can only <1 TR 20 SR IF  mare marked rEdies e adhiRer hanarept”
hypot ensi ve when, i njected intr.avenc 8| y. rﬂ?]l ce PTH s ost eogeni c_action
is al so nediat eglr@)ajr maﬁyﬁa‘wg |3Q2€ o0t 7 -Stﬁ 4AnM @s compared to 19 3.9 nM for
15 1.

We have previously reported that hPTH-(1-30)-NH, (6) has an AC-
stimulating activity (ECs,. 20 nM), close to that of analogue 1. We have now
found that [Leu®}-hPTH~(1-30)-NH, (7) and cyclo(Glu*-Lys*® ) -hPTH-(1-30)-
NH, (8) (Fig. 11) have similar AC-stimulating activities to peptide 6.

20
- Hypotensive Effects:
Figure 13 shows the hypotensive action of linear (6 and 7) and cyclic lactam

analogues (3 and 8). Shown are the maximum drops in blood pressure

(upper) obtained on injecting the rat with 0.8 nmol/100 g of body weight of the
20

RECTIFIED SHEET (RULE 91)



15 was expected that the hypotensive response m ght be used to screen new
PTH constructs for possible osteogenicity. |ndeed, the osteogenic
activities WO9B/08688cut aneously injected hPTH (1-31)NH err], hETiktAb/00547 ,
and HPTH (1-84) correlated closely to their hypotensive activities,

wi th hPTH (1-34) bghalegliECahd the tifie/ &%@Nﬁgﬁgx@eﬁﬁ%ﬁ%&foﬁam Hbo'i’f)éﬁs?ure

the other two nol eculeS. hPTH(1- 20 31 ) "wer e equ

osteogeni ¢ and hyp Y 1S . ti oke down wit
hPTH-( 1- 30) NH[ er r ] (byBR, “The ﬁﬁ'?ﬁ’t@%ﬁvﬁ toAt@i‘l’ R%gf'&% 8.7 5@59\% iRjetted ether
hPTH- (1-31) - NH2 and hPTH-‘(*%‘- 34%: &anf r&duces bl ood pressure _as much as .
hPTH ( 1- 31) - NH2 bulhtr@yeroysly (shaded bap opsubcutanepysly{open bakky Remevalwf Val
the ability to significantly reduce arterial pressure is 25 a common
property of osteogesuedTin allef amalpguesbedi andrli havingrsignificantly (ps®.08) yeduced
determ nable prelimnary indicator of in vivo bioactivity of PTH

fragnents. 5 rates oftiranspoet iof ithal SubcutaridousRT Ehjé&te&%eﬁ!@bs to the vascular
hPTH- (1-31)-NH err] were maxi mal | y hypotensive at 0.8 nnol e/ 100g of

body veight. S0 eyBtém (PIPOISYISTNE dcfidl 1BEF bIH ggj&ggggp% 8 pBpliagd SAl 8

(20-30 m nut e) redden@ng of the rats ears a

ggnSi der 3\% Sg ) 85 68\§ere‘fﬁfJnLélth&E§é{aﬂotastl'§l]1ih&gﬁtiyvgiffg?errlﬁe(rpm.05) from those of the other

PCT/ CA97/ 00547 [ Thi s _hypot epnsi ve response was acconpani ed by a
transi ent (20-30 analogues,wpe %H%Qﬁouﬁ oOF intravengusly adminigterednwith the

can be considered as a . useful visual qualitative marker.

Though AC- or AC/ Fexceptiomefpeptige: agnents were potently 5 hypotensive
when injected intravenously, an intravenous injection of 0.8 nnol / 100
g of body wei dBt of hPTH- (7-84), which can only stinulate PLC, very

slowy (9.8 2.0 m ) n very slightly, reduced the tail arter
pressure by 3.28 %.ggmcﬁéwp‘w@@mh\(fqﬁ%” YREpERREGT WIFH OSTERGENIC
43.2 5.8 nm Hg requtivigy caused by the AC PLC-stimulating hPTH (1-84) 10

or the equally pronmpt 51.6 3.3 nmHg fall caused by the AC stinul ating
hPTH (1 -31 )NH err]. One subcut aneous injection of an AC or

AC/ PLC stinul ati f . d I |1 [

" the tail artery proche tessriped W Exafeig 6, nd. dushiptad n Figurend.c andast

dose. For exangl e.hypotereive / éféctd dbserd b@vp]b(wif@i %?Ibceic?dé%gﬁ jection " 6f YHSTH
3.6 mMm Hg en su

the pressure by only 27.9 ] 'njecte cut aneousl y as
conpared with 50. @nalogs eormplateswith osteogeniecactivity ntAcooedingly, the Essaydswseful

d f h - d,t.h by | )
o B whon 1t et 08t EEieenind Eaflatiefe, BT analggs BHERSt0BRNIs SRectarng foyeliipinate
when i nj ected i nt rrynehypsteriveZdnstructs, withoat ﬁaWﬁ? t8 @attifice fdboraiory tddtnfnafk.

bet weeen the rapid and | arge reductions in The tail artery pressure
caused by i ntravenous| \BY Waycefdeagkareund, we havegssed armiqye setpf ostebgenic and

NPTH- (1-31) Nrbg' I Irfon-88teoBBiid (AC3HACHISC?! dr®Pilc-activating PTH fragments o
definitively prove that it is only AC stimulation that reduces blood pressure
and to compare the hypotensive actions of these fragments when they are
injected subcutaneously or intravenously into female rats. We have shown
that the hypotensive response is triggered only by AC-or AC/PLC-stimulating

25 fragments and that it is the relatively small hypotensive response to
subcutaneous injection, and not the much larger response to intravenous
injection, that correlates with the osteogenic activities of hPTH-(1 -31)NH,,
hPTH-(1-34), and hPTH-(1-84) in OVX-rats, but not to hPTH-(1-30)NH,,

21
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twce as effective (P<0.01) as the other two nol ecul es when injected

subcut aneously. 25 One of the factors that affects the hypotensive .
action and WO9805683cogenecity of subcutaneously injected PTHRCT/CAYDOS47
fragment is its ability to nove wi thout being inactivated fromthe
injection site to its targets first in t he vascul ature and then into

the bones. Thi swidH istishtilates eACe anedreduddse bldote pressuré e but des§ Aot sfigulatel
artery pressure to fall to its mninmmvalue after injection. 30 Shortening
the PTH nol ecul boeed@imatig.|y from 84 to 31 residues elininated t he

ability to stimialeoBetintalfOHPTH-(1-845, 4 is"APRRY.3), ' ALY AL, \in

PCT/ CA97/ 00547 hPTH-(1-80)Nid; dragmients reduzedi thestdiharteryopressate tin rmestistizedd
for the tail_artery ressure [ ts i rmviglg one nore

resi due to rakefamalg Spr agu?@%ﬁﬂh&éfgﬁgﬁééﬁﬂl% %ﬁ%&?geovh dnbute_after
0,31 i nut es. i niisGtn IS itemora) iGPBUL R iCetiIne Jristirs ) ShiVYSdeCRk 210
L ettt L3 e R s
present study o oﬁp'ﬂwf)glqutkﬁff angd Rh(qs??‘oiiﬁ#e'c in dhRir; target cslis, bub| the
to stimulate A%?éoﬁetn%W'ébtﬁﬁ dl?@Egs (hWavéHbedn! iMiulated f@%&%ﬁ}ﬁgw %P%‘E%mﬂ

stimul ating nme ne-associ ate activity, has now _
most di r ect1(r ocfclabeackvation, barausehiREHe(d:30NH santd BPFH-{1-811 NIty which caf

activation. Thus,  k although intravenous injection,of. 0.8 npol /100 of .body.
Sl ghtof hPTH phbGSmUlge. ROEONYG Apiase: et DotErYybRyROtERs)Ye, Biten injecied

significantly ag;t%nfo%%lf_ AHBARIAS RPTESLI-84) WHIER \CBAQSH hirEfdtohatbhblifase-

sane dose TH 31)NH err] dropped the pressure as mic
hPTH (1- 34). 15C, was nofisignificantly hypotaefisive-when imested dutcavenausiyl aSince

oF S hypor enay vETH SshERGEH Hoe 480 Pblfaied ByRHA s hihaToh!
sinpl e, rapislywaasKpecka thﬁ}i rt]taé Wub@éng;\i,@fregpﬂéé ARt beGised RPSEFENEnew

osteogenicity. On the other . lure to reduce arterial pressure
woul d el i m nat e PTH cagstructs fos massible Qsteogenisits s dnderd, theuastgogericraptivities

unnecessary, ex j : t Nf4C4 Sy 4 BS54 15
hypot ensi ve res%%z‘@éﬁ%%{% r‘# Va@%‘ﬁg '?ﬁ?g'g‘f%mwz’t%%ﬁ% Sg’r%év@ﬁ;ﬁngfg 4
correlated to ogbaeﬂaﬁeﬂdclisewsto ﬂteiielgwotehbi?eractﬂvittesahﬁhthTH-(HSApchreéngs'mLmhd
responses to subcutaneously. injected, hPT 1-31) NH2 PTH 1-
NPT (3. 54) Ccl o FAleRYRAtenSiNe AReb Siasikanty Jgom thensthehicmeleruléss ETH-AT
hPTH- ( 1- 34) phavi e 0 L Anp ROt bV OW" [ ;
and t he ot h%drj] t%%mpgecﬁc{asﬂggﬁ]g ggPe?%Z%t %\@gg each ot Igr%ﬁgut é‘)é%nswe.
effective than IHoWever; HHis correlatiohibrake tdownbivith chRTid«$+80)Nk;3dvisich refinaulates
bone formati on. t this coryelation € i th - NH2, whi ch
stinul ates AC afﬁgsﬂ'm&’gﬁsr 8{58'? Y88 ﬁ'%((i%%ﬁﬁéﬁﬁﬁﬁ%ﬁa} (anSﬁ?&"éﬁﬁ?
30 reduced bl ogfodd Préssutedss MHEEh s hPTH-(ﬂ-mf-mglt*bef dbeBUrotigifiuRe bone
stimulate bone formation[err]. The reason for this |ack of .
ost eogeni ci ty i fommatiarwn Nevertheless, the ability to significantly reduce arterial pressure is
25 a common property of osteogenic PTH and PTH fragments and is thus a

rapidly determinable ‘preliminary indicator of in vivo bioactivity of PTH

fragments.
More specifically, both hPTH-(1-34) and hPTH-(1-31)}-NH, were
maximally hypotensive at 0.8 nmole/100g of body weight.
30 — This hypotensive response was accompanied by a transient (20-30
minute) reddening of the rats' ears and paws, which can be considered as a
useful visual qualitative marker.
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PCT/ CA97/ 00547 cannot be due only to subcutaneously injected
hPTH- ( 1- 30) NWPOR8/856831 more tinme to reduce the bl ood presBOGTEAIHBSATSe
subeut aneously injected hPTH- ( 1- 84) needs the sane amount of time to
reduce the bl ood pres R
‘ost eogeni ¢ response dmﬁé'lgpotensg\@ réﬁp&*f’f?%‘%ﬁ?é?@gtﬂg@gc'fm% r%leﬂg?%%so
enabl e the arri valhmﬂte)rreddenlngj @fdhecmtsmaes and pmﬂsmb@hcmb&/@ﬂmmeamla

hor rone fragnent at .ece expressi ng mature
ost eobl ast s. Theuﬁﬁf @aﬁ)g@ﬁ@h ﬁﬁl ating, bl ood

pressur e. educi ng. hPTHYGGRO) N2 L6 SHIPLAL SirkafinkO" FBYIeRIST direbo pbihty

result of a conbination of greater |nst hi gher EC[err]
for AC 10 stb rrulhgpotansweswhammjededeuuravenouelyleammtrayenwsmﬁectkm 2 0.8

Chection site. nmothdd'g & b8RPwilh bf pERHTZ AT, Wik pah i Salis PLC.
osteogenic, the g Qesfdm%% 8+ 2. Q'rﬁiﬂhiésgaa’ﬁd ¥n & hil?rfetﬂhudébeﬁéufa% aftery

still a common property ost éogeni c"PTHS and Ts erefore a

rapi dly determ n@béssurad:y@rza# .0 mosHghdotngdredi witly theopionptc(0.9 H §.08fminilites)
fragnents. It follows that the hypotensive response shoul d al so serve

as an effective HA3R da9.8 Mol HQ“I@ lonpaglsedrbxbﬂxeaA@HLs-s‘trmulatlng hfb'ﬁldt(ﬂtﬁ:‘l)
routen. 10 SR thereadaiy it ST Ak o8 iy beL1all eAtissil by JBeghES Simbiating

hypot ensi ve reacq,pq-ln_%p_m NHgach injection mght limt the wllingness of
osteoporotic patients'to acc | ong-termtreatnent with PTH or a PTH
fragment. Fortunately, Ome]subcutaneuus injectianuotan &x(éomsACfﬁ’bGtsthabng fragment

I d I d
ol ecul o5 ar e al ConEd 2 blich, HeR ShgcSaler requcBPETh ' 1BE Arlely Hessie,than
than when inject gq jn vaﬁsa@wﬁédnmﬁéfm BaiR 4bse. %ﬁt@ebraﬁe P8 HABIFI00 g of

[err]. hPTH (1-31 )NH err] have the added advant age of
stinmul ating #& \/\muyurvelght oﬁthl'I-h(j-Mﬁemlﬂ:edrtylenmesmneaby ocajye2v19 £ Zifdnm Hg
PKCs- nmedi at ed sj de- effects it mght tri

Exarpl e 7 30~ when nigeg(aqitaneciell e cOMBAFEAWith §0\%gr 56 mmskia when

synt hesi s was peg X 0
[ Leu[err]]-cycl o @E@rr e en L&l ﬁﬁgﬁfﬁ??égﬁﬁﬁ'ﬁﬁﬂ Ntagmtliﬁfreduce uthe nggd
an estimat ed purlpWsSUre>B§%nlw tm 1airrt1l 6 cinar Hgawhen injected subcutaneously as

25 :
compared with 51.6 £ 3.3 mm Hg when injected intravenously.

20 There was no significant difference betweeen the rapid and large .
reductions in the tail artery pressure caused by intravenously injected hPTH-
(1-84), hPTH-(1-34), and hPTH-(1-31)NH,, but hPTH-(1-34), was at least
twice as effective (P<0.01) as the other two molecules when injected
subcutaneously. |

25 One of the factors that affects the hypotensive action and
osteogenecity of subcutaneously injected PTH or a PTH fragment is its ability
to move without being inactivated from the injection site to its targets first in
the vasculature and then into the bones. This ability is reflected in the time
required for the tail artery pressure to fall to its minimum value after injection.

30 Shortening the PTH molecule C-terminally from 84 to 31 residues eliminated
the ability to stimulate PLC without diminishing the ability to stimulate AC and
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WD 98/ 05683
PCT/ CA97/ 00547 3700.64 ([err]0.38) (expected M1 = 3700.14). The

pepti de was wigogissesrd to confirmthe |lactam position. pCI/CA97/00547
[Leu[err]]-cyclo(Gu[err]-Lys[err])-hPTH (1-30)-NH2 (8). This peptide was

t hesi zed f ti 3.. W t.hout | addif.i f .Val ;.to,the.
support. s ritcledtehd By nindl HEE! 1A Bl ot ok iR, rdrine ol avtery,
mass of 3pressiife (@ rddoh e Aipkhes. RemoviR§BndRore residue to make WRTH-

anal ogues of thg resent invention may be adm nistered to a
war m bl ooded maﬁhgo)NHm draroatically insreases thecamouny of tineaaquised far the dieod

The 10 " anal ogubCssie b bl il o 2l £ D mhuss iR o cese feTe-

form COTPOZY HEREYS 8L 203 Hifltes VoRuBR it WirindPlarf 85 74 Mt heTH-

conventi ona exci pr ent reservative, stabilizer,
col or, agent or(t-B¢)NHktbokno longet td teriidecthelblood peexdstrtie tivars NRTEH4{1-84).

practice. For parenteral admnistraji 0 ni pai nl ess
subcut aneous 15 i nj &B®j U# t!ﬁ‘rgﬁﬁhp'&?eﬂm&HSYiﬁ{e r%tﬁiaéﬂ'wyé. fhe HetqaPdH
woul d need to b IV : 0 \ OQ‘EFT-Z eak

dependi ng on thgogsét{/uecrtiqlpysa Qﬁ]eg?f ?ﬁe |geg\g.a§‘la'ﬁgxpﬂlj9e(é:?e n%lt 1r:|5 IW\}@BIUH
contai n one of atiivatingseioC and stimulatingimembrare-associated, PKEOst activity, hasmdve

o e B e o TR R o kb
(EDTA)) . - Among A@a@tﬁﬁﬁﬁﬁ?ﬁ*?ﬁls‘!ﬁﬁhéﬂaﬁﬁ intraven%ﬂ%é@?bté&%?O.td“ﬁltnoWWOlbeof body

enpl oyed are water, y aci diftired water, sol uti on “and
i sot oni ¢ sodi unweighdr oflechBTH(7-84), whichidtan oonlyststinulate fRLEGHPKCS,.s did not

monoglycer | des. SGPHRPBLY SEe By Pta i, RRETOR dgther & 1Y RatidSse
a 25 fixed Oi|ofﬁPTPﬁUP:Bﬁmedrjp@Pﬁgfthéfﬁr@ﬁu’té'a%smuch as hPTH-(1-33).re rectal

adm ni stration, the anal ogues o e present_invention can be prepared
in the forM®f suppoSince Absalsp mediatgs \thenPiHsindueed stirydation of qarticalaamdg

%Ci pi enbmsgg?ogégégﬁlg? I?éﬁet Formbtidi? liXeUW “its, 9 llﬁ’é: c“"i?;gering of a hypotensive
PCT/ CA97/ 00547 response in intact female rats appears to be a simple, rapidly measurable
indicator of a PTH construct's possible osteogenicity. On the other hand,

failure to reduce arterial pressure would eliminate a fragment from further

20 assessment, thus avoiding unnecessary, expensive, long-term osteogenicity

test in OVX rats. The hypotensive responses to intravenous injection of the

PTHs were not correlated to osteogenicities. However, the much smaller

hypotensive responses to subcutaneously injected hPTH-(1-31)NH,, hPTH-

(1-34), and hPTH-(1-84) did parallel the osteogenicities of these molecules,

25 with hPTH-(1-34) having the strongest hypotensive and osteogenic actions

and the other two molecules being as effective as each other, but less

effective than hPTH-(1-34), in reducing the blood pressure and stimulating

bone formation. But this correlation broke down with hPTH-(1-30)NH, which

stimulates AC almost as strongly as hPTH-(1-31)NH, and hPTH-(1-34) and

30 reduced blood pressure as much as hPTH-(1-31)NH,_but does not stimulate

bone formation'!. The reason for this lack of osteogenicity is unknown. It
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For topical use, the anal ogues of the present invention can be
prepared in t ;Wf oi nt rrent s, jellies, solutions, suspensig®fcRb7/00547

der nal adhesi ve patches. For inhalation, this can e
achi eved, for exanple, by means descrl i n PCT publi Ilcatlon
no. \W94/07514. cannot be dyg conlyi 1, %@%W&V iRjectes, ﬁ" Ha. needing

my/ kg of Dbody wei glyre time toofeo‘i}%%“fhef”gﬁdt%gr%%g‘f&\/\glégﬁt{”se %@?@Ugﬁrﬂ}%&w ffiécted

activity of the specifi oun
condi tions of t heh?trbi-(sfb84))aeegsttheesame aoust ofotime: focradiide theohioodt pmssure
anopunt of active in red| ent that ma cqQnbi n?d wi th the carr

materials to prodM@ SFYeC‘é '% IQWIVy e OStQRIRINGi MRSPARSH QREWSE”‘
treated and t cﬁr{ tféfef Pgth%@%mb?ﬁéﬁ eRable the darnval @:om thSnj g.ctlon site
at e anar OguEs

foll owi ng tabu were all produc accordance
with the proceduref emesghi betiveathormone or hormone fragment at target PTH receptor-
21 expressing mature osteoblasts. The failure of the AC-stimulating, blood
pressure-reducing hPTH-(1-30)NH, to stimulate bone formation might be the
result of a combination of greater instability, a slightly higher ECs, for AC
10 stimulation i.e. 20nM instead of the 16 nM for hPTH-(1-31)NH, and hPTH-(1-
34) and a long time to enter the circulation from the injection site.

Despite the failure of hPTH-(1-30)NH, to be osteogenic, the ability to
significantly reduce arterial pressure is still a common property of the
osteogenic PTHs and is therefore a rapidly determinable indicator of possible

15 in vivo bioactivity of PTH fragments. It follows that the hypotensive response
should also serve as an effective indicator of the abiity of an osteogenic PTH
construct to reach its targets after administration by oral or other noninjectble
routes.

The discomfort and other possible sequelae of a hypotensive reaction

20 to each injection might limit the willingness of osteoporotic patients to accept
long-term treatment with PTH or a PTH fragment. Fortunately, intermittent
subcutaneous .injections of the PTHs are currently used to stimulate bone
formation and these molecules are all far less hypotensive when injected
subcutaneously than when injected intravenously. As we have also argued

25 previously °. hPTH-(1-31)NH, would have the added advantage of
stimulating AC without stimulating PLC and any potential Ca®* - and PKCs-
mediated side-effects it might trigger.

Example 7

30 Cyclo(Lys?’-Asp>*)-hPTH-(1-31)-NH, (5). The synthesis was performed
in an analogous manner to that of [Leu®}-cyclo(Glu® Ly ®}-hPTH- -(1-31)-
NH,. The product had an estimated purity of >85%, with a molecular mass of
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10

15

20

25

3700.64 (+0.38) (expected M+1 = 3700.14). The peptide was sequenced to
confirm the lactam position.
[Leu*}-cyclo(Glu*-Lys)-hPTH-(1-30)-NH, (8). This peptide was

synthesized as for peptide 3, without manual addition of Val to the support.
The product had an estimated purity of >97%, with a molecular mass of
3586.14 (£0.19) (expected M+1 = 3685.99).

The analogues of the present invention may be administered to a

~ warm-blooded mammal, in need thereof, particularly a human, by parenteral,

topical, or rectal administration, or by inhalation or by oral delivery.. The _
analogues may be conventionally formulated in a parenteral dosage form
compounding about 1 to about 300 mg per unit of dosage with a conventional
vehicle, excipient, binder, preservative, stabil'izer, color, agent or the like as
called for by accepted pharmaceutical practice.

For parenteral administration, a 1 to 2 ml painless  subcutaneous
injection through an ultra-fine 30-guage syringe needle would need to be
given no more than once daily, for one to 2 years, depending on the severity
of the disease. The injeqted material would contain one of the present
invention in an aqueous, isotonic, sterile solution or suspension (optionally
with a preservative such as phenol or a solubilizing agent such as
ethylenediamine tetraacetic acid (EDTA)). Among the acceptable vehicles
and solvents that may be employed are water, mildly acidified water, Ringer's
solution and isotonic sodium chloride solution. In addition, sterile, fixed oils
are conventionally employed as a solvent or suspending medium. Synthetic
monoglycerides, diglycerides, fatty acids (such as oleic acid) find use as a
fixed oil in the preparation of injectables.

For rectal administration, the analogues of the present invention can
be prepared in the form of suppositories by mixing with a suitable non-
imitating excipient such as cocoa butter or polyethylene glycols.
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For topical use, the analogues of the present invention can be
prepared in the form of ointments, jellies, solutions, suspensions or dermal
adhesive patches. '

5 For inhalation, this can be achieved, for example, by means described
in PCT published application no. W094/07514.

The daily dose should not have to exceed 0.05 mg/kg of body weight,
or about 3.5 mg/ 70 kg human, depending on the activity of the specific
| compound, the age, weight, sex, and conditions of the subject being treated.

10 As would be well known, the amount of active ingredient that may be
combined with the carried materials to produce a single dosage will vary
depending upon the host treated and the particular mode of administration.

The following tabulated list of analogues were all produced in
15 accordance with the procedures described above.
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(A) MEDI UM TYPE: Fl oppy di sk (B). COVPUTER: | BM PC
conpati bl e (C) OPERATI NG SYSTEM PC- DOS/ Ms- DOS
(D) SOFTWARE: Patent | n Rel ease’ #1. 0, Version #1.30 25 (v)
CURRENT APPLI CATI ON DATA: (A) APPLI CATI ON NUVBER:
PCT/ CA97/ 00547 (B) FI LI NG DATE: 01- AUG 1997 30 (vi)
PRI OR APPLI CATLON DATA: (A) APPLI CATI ON NUVBER: 08/ 691, 647
(B) FILING DATE: 02- AUG 1996 | 35| (B) | NFORMATI Ff_]? SEQ IE 1:
(i) SEQUENCE RACTERI ST} CS: (A) | LENGTH: m nd aclds
(B) TYPE: ami n& a¢id 40 C) BTRANDEDNESS | (D
TOPOLOGY: Iinegr ({i) MOLECULE|TYPE: ptote{n 45
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Table 2 Adenylyl Cyclase (AC) Activities of Péptide Analogues

Leu?jeyclo(Glu?-Lys?®)-hPTH-(1-31)-OH
[Leu®)cyclo(Glu?-Lys®)-hPTH-(1-34)-NH,
[LeuZjcyclo(Glu-Lys®)-hPTH-(1-34)-OH
[Ala®jcyclo(Glu?-Lys?®)-hPTH-(1-31)-NH,
NleFeyclo(Glu*-Lys®)-hPTH-(1-31)-NH,
[NIe®'®:Leu?]cyclo(Glu?-Lys?®)-hPTH-(1-31)-NH,
[Ne¥jcyclo(Glu*-Lys®)-hPTH-(1-31)-NH,

[Leu¥]cyclo(Glu?-Lys®®}-hPTH-(1-31)-NH,
[Leujcyclo(Lys?®-Asp*®)-hPTH-(1-31)-NH,

[Leu?Jeyclo(GluZ-Lys?®)-hPTH-(1-30)-NH,

cyclo(Lys®-Asp®™)-hPTH-(1-31)-NH,
cyclo(Glu?-Lys®*®)-hPTH-(1-31)-NH,

hPTH-(1-31)-NH,

SEQID | Analogue

10
11
12
13
14
15

30
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(xi) SEQUENCE , DESCRIPTION. SEQ ID NO1: 50 Ser val Ser Qu lle

G@n Leu Met Hi u dy Lys H s Leu Asn 1 5
10 . Wwd m"ﬁ@ BGTICAIT0547

98/ 05683 PCT/ CA97/ 00547
Ser Mt Qu Arg Val GQu Trp Leu Arg Lys Lys Leu G n Asp Val

20 25 30 "5 (2) | NFORVATI ON FOR SEQ
| D NO 2: (i) SEQUENCE CHARACTERI STI Cs: _ (A
LENGTH: 31 ami no acids (B) TYPE: anmino acid 10 '

(C) STRANDEDNESS: : (D TOPOLOGY: |inear (i)
MOLECULE TYPE: protein 15 (xi) SEQUENCE DESCRI PTION: SEQ I D
NG 2: 20 Ser Val Ser Au lle @n Leu Met His Asn Leu Gy Lys His
Leu Asn 1 5 10

15 Ser Mt Qu Arg Val GQu Trp Leu Arg Lys Leu Leu G n Asp Val
20 25 3

Adenylyl Cyclase
(ECxp)
9
24
4
>200
16
24

Lys®)-hPTH-(1-31)-NH, .

Table 2 Adenylyl Cyclase (AC) Activities of Peptide Analogues
y-”4

[Leu®]cyclo(Lys®%-Glu®)-hPTH-(1-31)-NH,
[Leu®]Icyclo(Asp®-0m?®)-hPTH-(1-31)-NH,
[Cys®:Cys;LeuJcyclo(Cys?2-Cys®)hPTH(1-31)NH,
[Cys*®;Cys®;LeuT]eyclo(Cys®*-Cys*)hPTH(1-31)NH,

[Tyr*“leyclo(Glu
| o -acetyl-[Leu®Jcyclo(Glu?-Lys?®)-hPTH-(1-31)-NH,

SEQID | Analogue

16
17
18
19
20
21

* Fig. 4
** Fig. 12
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25 (2) 1 NFORMATI ON FOR SEQ I D NO 3: (i) SEQUENCE

CHARACTERI STI CS: (A) LENGTH: 31 amino acids 30 .
(B) TYPE: anVR§843683 (C) STRANDEDNESS: PCT/CA97/00547 D)
TOPOLOGY: circul ar (ii) MOLECULE TYPE: protein 35

(xi) SEQUENCE DESCRI PTION: SEQ I D NO 3: 40 Ser Val Ser Gu lle
G@n Leu Met H's Asn Leu Gy Lys Hs Leu Asn 1 5

10 15 Ser Met u Arg Val Gu Trp Leu Arg Lys
Leu Leu G n Asp Val 45 20 25

30 35 WD 98/ 05683

PCT/ CA97/ 00547 (2) I NFORVATI ON FOR SEQ I D NO 4: (1)
SEQUENCE CHARACTERI STI CS: (A) LENGTH: 31 amino acids 5

(B) TYPE: am no acid ( REFERBNCGES\ESS: : (D
TOPOLOGY: circul ar (i) MOLECULE TYPE: protein

The disclosures of the following references are incorporate herein by
reference.

(1)  Caulfield, M. P.; McKee, R. L.; Goldman, M. E.; Duong, L. T.; Fisher, J.
E.; Gay, C. T.; DeHaven, P. A.; Levy, J. J.; Roubini, E.; Nutt, R. F.; Chorev,
M.; Rosenblatt, M. The Bovine Renal Parathyroid Hormone(PTH) Receptor
Has Equal Affinity for 2 Different Amino Acid Sequences - The Receptor

10 Binding Domains of PTH and PTH-Related Protein Are Located Within the
14-34 Region. Endocrinology 1990, 127, 83-87.

(2) Neugebauer, W.; Barbi_ef, J.-R.;Sung, W.L.; Whitfield, J.F.; Willick, G.E.
Solution Structure and Adenylyl Cyclase Stimulating Activities of C-Terminal

15 Truncated Human Parathyroid Hormone Analogues Biochemistry 1995, 34,
8835-8842.

(3) Gardella, T. J.; Wilson, A. K.; Keutmann, H. T.; Oberstein, R.; Potts, J.
T.; Kronenberg, H.M., and Nussbaum, S. R. Analysis of Parathyroid

20 Hormone's Principal Receptor-Binding Region by Site-Directed Mutagenesis
and Analog Design. Endocrinology 1993, 132, 2024-2030.

(4) Marqusee, S.; Baidwin, R.L. Helix Stabilization by Glu ...Lys+ Salt

Bridges in Short Peptides of De Novo Design. Proc. Natl. Acad. Sci. U.S.A.
25 1987, 84,8898-8902.
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10 (xi) SEQUENCE DESCRI PTION: SEQ I D NO 4: 15 Ser Val

Ser Au tle d t Hs Asn Leu Ay Lys H s Leu Asn 1

5 ‘%L’%’M%o 15 Ser Met ECFGAY00547
Gu Trp Leu Arg Lys Leu Leu G n Asp Val 20 20

25 . 30 (2) | NFORMATI ON FOR SEQ I D NO 5:

(i) SEQUENCE CHARACTERI STICS: 25 (A) LENGTH: 31 am no acids
(B) TYPE: am no acid (C) STRANDEDNESS: (D)
TOPOLOGY: |inear 30 (i) MOLECULE TYPE: protein 35 (xi)
SEQUENCE DESCRI PTI ON: SEQ I D NG 5: Ser Val Ser Au lle An Leu
Met His Asn Leu Ay Lys His Leu Asn 1 5 '
10 15 40 Ser Met Qu Arg Val Gu Trp Leu Arg Lys
Leu Leu G n Asp Val 20 25

30 45 (2) | NFORMATI ON FOR SEQ I D NO 6: (i) SEQUENCE
CHARACTERI STI CS: (A) LENGTH. 31 ami no acids

(B) TYPE: ami no acid 50 (C) STRANDEDNESS: (D)

TOPOLOGY: circul ar . 36

(5)  Surewicz, W.K.; Neugebauer, W.; Gagnon, L.; MacLean, S.: Whitfield

J.F.; Willick, G.E.  Structure-Function Relationships in Humén Parathyroid

Hormone: The Essential Role of Amphiphilic-Helix. In Peptides: Chemistry,

Structure, and Biology 1993; Smith, J.; Hodges, R., Eds.; ESCOM Leiden,
5 The Netherlands, 1993, pp. 556-558 |

(6) Whitfield, J. F.; Morley, P.; Willick, G. E.; Ross, V.; Barbier, J. R.:

Isaacs, R. J.; Ohannéssianbarry, L. Stimulation of the Growth of Femoral

Trabecular Bone in Ovariectomized Rats by the Novel Parathyroid Hormone
10 Fragment, hPTH-(1-31)NH2 (Ostabolin) Calcif. Tissue Int. 1996, 58, 81-87.

(7)  Whitfield, J. F.; Morley, P. Small Bone-Building Fragments of
Parathyroid Hormone: New Therapeutic Agents for Osteoporosis Trends

Pharmacol. Sci. 1995 16, 382-386.
15
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WD 98/ 05683 ' PCT/ CA97/ 00547

(i) MOLECULE TYPE: protein 5 (xi) SEQUENCE DESCRI PTI ON: SEQ-
| D NO 6: WO9805683 o1 \val Ser Gu Ile Gn Leu Met His Asn LBOTAGA97/00547 Hi s
Leu Asn 10 1 5 _ 10

15 Ser Met Qu Arg Val Gu Trp Leu Arg Lys Lys Leu @ n Asp Va

20 25 30 15 (2) | NFORMATI ON FOR
SEQ I D NO 7: (i) SEQUENCE CHARACTERI STI Cs: _ (A
LENGTH: .30 ami no acids 20 (B) TYPE: am no acid. N

(C) STRANDEDNESS: (D) TOPOLOGY: circular (1)
MOLECULE TYPE: grot (xi) SEQUENCE DESCRI PTION. SEQ ID

NO 7: PCQ/&I'I%@?'GGU Ile @ n Leu Met His Asn Leu Ay Lys H s
Leu Asn 30 1 5 T ] . ] 10L an A

15 S u u Tr eu Ar ys Leu Leu n p

20 5 *h %Eﬁb wshuiliiof IO30 35 ) (2) | NFORMVATI ON FOR SEQ

I D NO 8: (1) APPLICANT:

(A} NAME: National Research Council of Canada
(B) STREET: Intellectual Property Services
Montreal Road, Bldg. M-58, Room EG-12
10 {C) CITY: Ottawa
{D) STATE: Ontario
(E) COUNTRY: Canada
(F) 2IP: K1lA OR6

15 (ii) TITLE OF INVENTION: PARATHYROID HORMONE ANALOGUES FOR THE
TREATMENT OF OSTEOPOROSIS

(1ii) NUMBER OF SEQUENCES: 33

20 (iv) COMPUTER READABLE FORM:
(A) MEDIUM TYPE: Floppy disk
(B) COMPUTER: IBM PC compatible
(C) OPERATING SYSTEM: PC-DOS/MS-DOS
(D) SOFTWARE: PatentIn Release #1.0, Version #1.30

25
(v) CURRENT APPLICATION DATA:
(A) APPLICATION NUMBER: PCT/CA97/00547
(B) FILING DATE: 01-AUG-1997
30 (vi) PRIOR APPLICATION DATA:

(A} APPLICATION NUMBER: 08/691,647
(B) FILING DATE: 02-AUG-1996 ’

35 (2) INFORMATION FOR SEQ ID NO:1:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 31 amino acids
{(B) TYPE: amino acid
40 (C) STRANDEDNESS:
(D) TOPOLOGY: linear

{ii) MOLECULE TYPE: protein

45
(xi)ﬂSEQPENCE,DESCRIPTION: SEQ ID NO:1:
50 Ser Val Ser Glu Ile Gln Leu Met His Asn Leu Gly Lys His Leu Asn
1 5 10 15
34
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(i) SEQUENCE CHARACTER! STI CS: o (A) LENGTH 31 anino acids

(B) TYPE: am no acid 40 (C) STRANDEDNESS: ££p
TOPOLOGY: ci r WP $4/05683 (ii) MOLECULE TYPE: protein PCT/CA97/00

37 WD 98/ 05683 -

PCT/ CA97/ 00547 (xi) SEQUENCE DESCRI PTI ON: SEQ | D NO 8:
Ser Val Ser Qu lle dn Leu Met H's Asn Leu Ay Lys Hs Leu Asn 5 1
5 10 15 Ser Met Qu Arg Va
Gu Trp Leu Arg Lys Leu Leu G n Asp Val 20

25 30 10 (2) | NFORMATI ON FOR SEQ I D NO 9:

(i) SEQUENCE CHARACTERI STI CS: (A) LENGTH: 34 amino acids 15
(B) TYPE: am no acid - (C) STRANDEDNESS: (D)
TOPOLOGY: circul ar (ii) MOLECULE TYPE: protein 20

Ser Met Glu Arg Val Glu Trp Leu Arg Lys Lys Leu Gln Asp Val
20 25 ’ 30

5 (2) INFORMATION FOR SEQ ID NO:2:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 31 amino acids
{B) TYPE: amino acid
10 (C) STRANDEDNESS:
(D} TOPOLOGY: linear

(ii) MOLECULE TYPE: protein

15
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:2:
20 Ser Val Ser Glu Ile Gln Leu Met His Asn Leu Gly Lys His Leu Asn
1 5 10 15
Ser Met Glu Arg Val Glu Trp Leu Arg Lys Leu Leu Gln Asp Val
20 25 30
25

(2} INFORMAIION.FOR SEQ ID NO:3:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 31 amino acids
30 (B} TYPE: amino acid
(C) STRANDEDNESS:
(D)} TOPOLOGY: circular

{ii) MOLECULE TYPE: protein

35

40 {xi) SEQUENCE DESCRIPTION: SEQ ID NO:3:
Ser Val Ser Glu Ile Gln Leu Met His Asn Leu Gly Lys His Leu Asn
1 s 10 _ 15
Ser Met Glu Arg Val Glu Trp Leu Arg Lys Leu Leu Gln Asp Val

45 . 20 25 30

35
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(xi) SEQUENCE DESCRI PTION: SEQ I D NO 9: 25 Ser Val Ser Gu lle

G@n Leu Met H's Asn Leu Gy Lys Hs Leu Asn 1 5 -
10 WO 98/05683 15 Ser Met Qu Arg Val G u TrRCT/CAITROF4T ys
Leu Leu G n Asp vVal H's 30 ' 20 25

30 Asn Phe 35 (2) | NFORMATI ON FOR SEQ | D NO 10:

(i) SEQUENCE CHARACTERI STI CS: (A) LENGTH: 34 ami no acids 40
(B) TYPE: am no acid (C) STRANDEDNESS: (D)
TOPOLOGY: circul ar (ii) MOLECULE TYPE: protein 45

(xi) SEQUENCE DESCRI PTION: SEQ I D NG 10:

38 WD 98/ 05683

PCT/ CA97/ 00547 (2) INFORMATION FOR SEQ TRNOyA} Ser Qu Ile G n Leu Met His Asn
Leu Ay Lys His Leu Asn 1 5 10

15 (i} SEQUENCE CHARACTERISTICS:

{(A) LENGTH: 31 amino acids
5 (B) TYPE: amino acid

{C) STRANDEDNESS:

(D) TOPOLOGY: circular

(ii) MOLECULE TYPE: protein

10

15 (xi) SEQUENCE DESCRIPTION: SEQ ID NO:4:
Ser Val Ser Glu Ile Gln Leu Met His Asn Leu Gly Lys His Leu Asn
1 5 10 15
Ser Met Glu Arg Val Glu Trp Leu Arg Lys Leu Leu Gln Asp Val

20 20 28 30

{2) INFORMATION FOR SEQ ID NO:5:

(i) SEQUENCE CHARACTERISTICS:
25 (A) LENGTH: 31 amino acids
: {B) TYPE: amino acid
{C) STRANDEDNESS:
{D) TOPOLOGY: linear

30 (ii) MOLECULE TYPE: protein
35 - (xi) SEQUENCE DESCRIPTION: SEQ ID NO:S:
Ser Val Ser Glu Ile Gln Leu Met His Asn Leu Gly Lys His Leu Asn
1 5 10 15
40 Ser Met Glu Arg Val Glu Trp Leu Arg Lys Leu Leu Gln Asp Val
20 25 . 30

45 (2) INFORMATION FOR SEQ ID NO:6:

{i) SEQUENCE CHARACTERISTICS:
~ .. (A} LENGTH: 31 amino acids
' * (B) TYPE: amino acid R
50 (C) STRANDEDNESS:
(D) TOPOLOGY: circular

36
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5 Ser Met Qu Arg Val Gu Trp Leu Arg Lys Leu Leu G n Asp Val His

20 . 25 30 Asn Phe 10 (2)
| NFORVATI ON FOQROS8/0568D NO 11: (i) SEQUENCE CHARACTERPGUCAS1/00547
(A) LENGTH. 31 anmino acids 15 (B) TYPE: amino acid
(C) STRANDEDNESS: (D) TOPOLOGY: circular (1)
MOLECULE TYPE: protein 20 (xi) SEQUENCE DESCRI PTI ON: SEQ I D
NO 11: 25 Ser Val Ser Au lle @n Leu Met His Asn Leu Gy Lys His
Leu Asn 1 5 10
15 Ser Met Qu Arg Val Gu Trp Leu Arg Lys Ala Leu G n Asp Va
30 20 25 .30 (2)
| NFORVATI ON FOR SEQ I D NG 12: (1) SEQUENCE CHARACTERI STICS: 35
(A) LENGTH: 31 ami no acids (B) TYPE: am no acid
(C) STRANDEDNESS: (D) TOPOLOGY: circular 40 (1)
‘MOLECULE TYPE: protein 45 - (xi) SEQUENCE DESCRI PTI ON: SEQ I D
NO 12: Ser(iVYh|MOSEEULH FYPE:ep@bteineu Met His Asn Leu Ay Lys His
Leu Asn 1 5 10
15 50 5'Ser Met Gu Arg Val Qu Trp Leu Arg Lys Xaa Leu A n Asp Val
20 25 _ 30
39 (xi) SEQUENCE DESCRIPTION: SEQ ID NO:6:
Ser Val Ser Glu Ile Gln Leu Met His Asn Leu Gly Lys His Leu Asn
10 1 5 10 15

Ser Met Glu Arg Val Glu Trp Leu Arg Lys Lys Leu Gln Asp Val
20 25 30

15 :
(2) INFORMATION FOR SEQ ID NO:7:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 30 amino acids
20 (B) TYPE: amino acid.
(C) STRANDEDNESS:
(D) TOPOLOGY: circular

(ii) MOLECULE TYPE: protein

25

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:7:

Ser Val Ser Glu Ile Gln Leu Met His Asn Leu Gly Lys His Leu Asn
30 1 _ 5 10 15

Ser Met Glu Arg Val Glu Trp Leu Arg Lys Leu Leu Gln Asp
20 25 30

35 (2) INFORMATION FOR SEQ ID NO:8:

(i) SEQUENCE CHARACTERISTICS:
{(A) LENGTH: 31 amino acids
(B) TYPE: amino acid
40 (C) STRANDEDNESS :
(D) TOPOLOGY: circular

(ii) MOLECULE TYPE: protein
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WO 98/ 05683 PCT/ CA97/ 00547

(2) I NFORMATI ON FOR SEQ I D NO 13: (i) SEQUENCE CHARACTERI STI CS: -
5 WO PRIS68-NGTH: 31 ami no aci ds (B) PCRICASTN0HD
acid (C) STRANDEDNESS: (D) TOPOLOGY: circular
10 (ii) MOLECULE TYPE: peptide 15 (xi) SEQUENCE

- DESCRI PTI ON: SEQ I D NO 13: Ser Val Ser Qu lle @n Leu Xaa H s
Asn Leu Ay Lys H s Leu Asn 1 5
10 15 20 Ser Xaa Qu Arg Val Ju Trp Leu Arg Lys
Leu Leu G n Asp Val 20 25
30 (2) I NFORVATION FOR SEQ I D NO 14: 25 (i) SEQUENCE
CHARACTERI STI CS: (A) LENGTH: 31 am no acids
(B) TYPE: am no aci,d, S DNESS.: (D)
TOPOLOGY: ci rcul ar ‘%t SEQUENCE D’fﬁ?}%@Eé@Eﬂ Biprotein

Ser Val Ser Glu Ile Gln Leu Met His Asn Leu Gly Lys His Leu Asn
5 1 5 10 15

Ser Met Glu Arg Val Glu Trp Leu Arg Lys Leu Leu Gln Asp Val
20 25 30

10
(2) INFORMATION FOR SEQ ID NO:9:

(i) SEQUENCE CHARACTERISTICS:
(2) LENGTH: 34 amino acids
15 (B) TYPE: amino acid
(C) STRANDEDNESS:
(D) TOPOLOGY: circular

{ii) MOLECULE TYPE: protein

20
25 {xi) SEQUENCE DESCRIPTION: SEQ ID NO:9:
Ser Val Ser Glu Ile Gln Leu Met His Asn Leu Gly Lys His Leu Asn
1 5 10 15
Ser Met Glu Arg Val Glu Trp Leu Arg lys Leu Leu Gln Asp Val His
30 20 25 -~ 30
Asn Phe
35

(2) INFORMATION FOR SEQ ID NO:10:

(i) SEQUENCE CHARACTERISTICS:
{p) LENGTH: 34 amino acids
40 (B) TYPE: amino acid
(C} STRANDEDNESS:
(D) TOPOLOGY: circular

45 (ii) MOLECULE TYPE: protein

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:10:
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35 (xi) SEQUENCE DESCRI PTION: SEQ I D NO 14: Ser Val

Ser Qu lle dn Leu Met Hi's Asn Leu Gy Lys H's Leu Asn 1
5 WO 98/056831 15 40 Ser MRCHEAIAN047
Val ' Au Trp Leu Arg Lys Lys Leu G n Asp Val : 20
25 30 40
WD 98/ 05683 , PCT/ CA97/ 00547
(2) I NFORVATI ON FOR SEQ I D NO 15: (i) SEQUENCE CHARACTERI STI CS:
(A) LENGTH: 31 amino acids 5 (B) TYPE: am no acid
( ©) - STRANDEDNESS: (D TOPOLOGY: circular (i)
MOLECULE TYPE: protein 10 _ (xi) SEQUENCE DESCRI PTION: SEQ ID
ﬁg’uli-snw 1 5L Vel &5 o] gllel &0 het YL A"s"nsxiéf b ChYs S ALS
15 Ser Met'du Arg Val u Trp Leu Arg Lylso Ile Leu Gn AsplsVaI

‘ 5 Ser Met Glu Arg Val Glu Trp Leu Arg Lys Leu Leu Gln Asp Val His

20 25 30
Asn Phe
10

(2) INFORMATION FOR SEQ ID NO:11:

(i) SEQUENCE CHARACTERISTICS:
{(A) LENGTH: 31 amino acids
15 (B) TYPE: amino acid
{C) STRANDEDNESS:
(D) TOPOLOGY: circular

(ii) MOLECULE TYPE: protein

20
2 (xi) SEQUENCE DESCRIPTION: SEQ ID NO:11:
5
Ser Val Ser Glu Ile Gln Leu Met His Asn Leu Gly Lys His Leu Asn
1 5 10 15
Ser Met Glu Arg Val Glu Trp Leu Arg Lys Ala Leu Gln Asp Val
30 20 25 30

(2) INFORMATION FOR SEQ ID NO:12:

{i) SEQUENCE CHARACTERISTICS:
35 (A) LENGTH: 31 amino acids
(B) TYPE: amino acid
(C) STRANDEDNESS:
_ {D) TOPOLOGY: circular

40 (ii) MOLECULE TYPE: protein
45 (xi) SEQUENCE DESCRIPTION: SEQ ID NO:12:
Ser Val Ser Glu Ile Gln Leu Met His Asn Leu Gly Lys His Leu Asn
1 5 10 1s
50 Ser Met Glu Arg Val Glu Trp Leu Arg Lys Xaa Leu Gln Asp Val
20 25 30
39
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20 20 ' 25 30

(2) I NFORVATI ON FOR SEQ I D NO 16: (i) SEQUENCE CHARACTERI STI CS:
25 WO 98/08683 LENGTH 31 ami no aci ds ( BCTIOADED054T1 NO
acid ' (C) STRANDEDNESS: (D) TOPOLOGY:
circular 30 (i) MOLECULE TYPE: protein 35 (xi) SEQUENCE
DESCRI PTI ON: - SEQ | D NG 16: Ser Val Ser Qu Ile @n Leu Met Hi s
Asn Leu Ay Lys H s Leu Asn 1 5

10 15 40 Ser Mt Qu Arg Val Ju Trp Leu Arg Lys
Tyr Leu A n Asp Val 20 25

30 (2) INFORVATION FOR SEQ I D NO 17: 45 (i) SEQUENCE
CHARACTERI STI CS: (A) LENGTH: 31 am no acids

(B) TYPE: am no acid (C) STRANDEDNESS: (D)
TOPOLOGY: circul ar 50 (1i1) MOLECULE TYPE: protein

41 WD 98/ 05683

PCT/ CA97/ 00547 (5} INFORMATION FOR SEQ ID NO:13:

(1) SEQUENCE CHARACTERISTICS:
5 {A) LENGTH: 31 amino acids
(B} TYPE: amino acid
{C) STRANDEDNESS:
(D) TOPOLOGY: circular

10 (ii) MOLECULE TYPE: peptide
15 (xi) SEQUENCE DESCRIPTION: SEQ ID NO:13:
Ser Val -Ser Glu Ile Gln Leu Xaa His Asn Leu Gly Lys His Leu Asn
1 5 10 is
20 Ser Xaa Glu Arg Val Glu Trp Leu Arg Lys Leu Leu Gln Asp Val
20 25 - 30

(2) INFORMATION FOR SEQ ID NO:14:

25 (i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 31 amino acids
(B} TYPE: amino acid
{C) STRANDEDNESS:
(D) TOPOLOGY: circular

30
(ii) MOLECULE TYPE: protein
35
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:14:
Ser Val Ser Glu Ile Gln Leu Met His Asn Leu Gly Lys His Leu Asn
1 5 10 15
40 '
Ser Met Glu Arg Val Glu Trp Leu Arg Lys Lys Leu Gln Asp Val
20 ' . 25 30
40
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5 (xi ) SEQUENCE DESCRI PTION: SEQ I D NO 17: Ser Val Ser G u
Ile dn Leu Met His Asn Leu Gy Lys H's Leu Asn

10 WO 98056835 10 Ser Met A u Arg Val G u Trp EEG’%”MZ
Leu 'Leu G n Asp Val 20
30 (2) 1 NFORVATI ON FOR SEQ I D NO 18: 15 (| ) SEQJENCE
CHARACTERI STI CS: (A) LENGTH. 31 ami no acids
(B) TYPE: am no acid (C) STRANDEDNESS: . (D)
TOPOLOGY: |inear 20 (ii) MOLECULE TYPE: protein 25
(xi) SEQUENCE DESCRI PTI ON: SEQ I D NO 18: Ser Val Ser Gu Ile dn
Leu Met H's Asn Leu Gy Lys H's Leu Asn 1 5
10 (2) INFQRMRFION FOR SEQ IBNOS: (g u Arg Val Lys Trp Leu Arg
A u Leu Leu G n Asp V, 25
30 (2) INFCRNAT‘? O R S O O T o354 (i) SEQUENCE
CHARACTERI STIZS: (B) TYPE: Q nd-& A %1 am no aci ds :
(B) TYPE: am no acid (c) STRANDEDNESSS) STRANDEDNESS: 40 (D)
TOPOLGGY: circul ar () Tokduokby MJAikghdder TYPE: protein
10 (ii) MOLECULE TYPE: protein
15 (xi) éEQUENCE DESCRIPTION: SEQ ID NO:15:
Ser Val Ser Glu Ile Gln Leu Met His Asn Leu Gly Lys His Leu Asn
1 5 - 10 : 15
Ser Met Glu Arg Val Glu Trp Leu Arg Lys Ile Leu Gln Asp Val
20 20 _ 25 30

{2) INFORMATION FOR SEQ ID NO:16:

{i) SEQUENCE CHARACTERISTICS:
25 (A) LENGTH: 31 amino acids
(B) TYPE: amino acid
{C) STRANDEDNESS:
{D) TOPOLOGY: circularx

30 (ii) MOLECULE TYPE: protein
35 {xi) SEQUENCE DESCRIPTION: SEQ ID NO:16:
Sexr Val Ser Glu Ile Gln Leu Met His Asn Leu Gly Lys His Leu Asn
1 5 10 is
40 Ser Met Glu Arg Val Glu Trp Leu Arg Lys Tyr Leu Gln Asp Val
20 25 30

{2) INFORMATION FOR SEQ ID NO:17:

45 (i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 31 amino acids
{B) TYPE: amino acid
(C) STRANDEDNESS:

50 (D) TOPOLOGY: circular
(ii) MOLECULE TYPE: protein

41
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42 WO 98/ 05683

PCT/ CA97/ 00547 (xi) SEQUENCE DESCRI PTION: SEQ I D NO 19:
5 SeWOP80S683r G u Ile G n Leu Met Hi s Asn Leu Ay LysPERCABHOOSAZ n
1 5 10 15 Ser
Met Gu Arg Val Asp Trp Leu Arg Xaa Leu Leu A n Asp Val
20 - 25 30 10 (2) I NFORMVATI ON FOR SEQ
| D NO 20: - (1) SEQUENCE CHARACTERI STI CS: (A
LENGTH: 31 amino acids 15 (B) TYPE: am no acid
(C) STRANDEDNESS: (D) TOPOLOGY: circular (1)
MOLECULE TYPE: protein 20 (xi) SEQUENCE DESCRI PTI ON: SEQ I D
NG 20: 25 Ser Val Ser Au lle Gn Leu Met His Asn Leu Gy Lys His
Leu Asn 1 - 5 10
15 Ser Mt Qu Arg Val Cys Trp Leu Arg Cys Leu Leu A n Asp Va
30 20 25 30 (2)
| NFORVATI ON FOR SEQ I D NG 21: (i) SEQUENCE CHARACTERI STI CS:
5 (xi) SEQUENCE DESCRIPTION: SEQ ID NO:17:
Ser Val Ser Glu Ile Gln Leu Met His Asn Leu Gly Lys His Leu Asn
1 5 10 15
10 Ser Met Glu Arg Val Glu Trp Leu Arg Lys Leu Leu Gln Asp Val
20 25 30

(2) INFORMATION FOR SEQ ID NO:18:

15 (i) SEQUENCE CHARACTERISTICS:
{3) LENGTH: 31 amino acids
{B) TYPE: amino acid
(C) STRANDEDNESS:
(D) TOPOLOGY: linear

20 _
(ii) MOLECULE TYPE: protein
25
(xi) SEQUENCE DESCRIPTICN: SEQ ID NO:18:
Ser Val Ser Glu Ile Gln Leu Met His Asn Leu Gly Lys His Leu Asn
1 S : 10 15
30 :
Ser Met Glu Arg Val Lys Trp Leu Arg Glu Leu Leu Gln Asp Val
20. 25 a0
35 (2) INFORMATION FOR SEQ ID NO:19:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 31 amino acids
(B} TYPE: amino acid
(C) STRANDEDNESS:
40 (D) TOPOLOGY: circular

{ii) MOLECULE TYPE: protein
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35 (A) LENGTH: 31 am no aci ds (B) TYPE: am no

acid ) C) STRANDEDNESS: (D) TOPOLOGY:
circular 40 Wo”’“ﬁé) MOLECULE TYPE: protein 45 (xi®

DESCRI PTION: SEQ | D NO 21: Ser Val Ser Au lle An Leu Met H's
Asn Leu Ay Lys H s Leu Asn 1 5 .

10 15 50 Ser Met Qu Arg Val Au Trp Leu Arg Cys
Leu Leu @ n Cys Val 20 25

30 43 WD 98/ 05683

PCT/ CA97/ 00547 (2) | NFORMATI ON FOR SEQ I D NO 22:

(i) SEQUENCE CHARACTERI STICS: 5 (A) LENGTH. 34 ami no acids
(B) TYPE: am no aC| d (C) STRANDEDNESS: (D)

TOPOLOGY: | YR i
SEQUENCE DEIS?ZeRﬁerTI ON: "%ch?r"gzkéf %%gk%k% Sk g v{iﬂe Ser GI ulle Gl()r(ll )Leu

Met His Asn L%‘ a y L%@r"%a"l b@i" Cﬁﬁnlle Gln Leu Met His Asn Leu Gly Lys His Leu Asn
1 5 10 ' 15

Ser Met Glu Arg Val Asp Trp Leu Arg Xaa Leu Leu Gln Asp Val
20 25 30
10
{2) INFORMATION FOR SEQ ID NO:20:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 31 amino acids
15 : (B) TYPE: amino acid
{C) STRANDEDNESS:
(D) TOPOLOGY: circular

(ii) MOLECULE TYPE: protein

20

25 (xi) SEQUENCE DESCRIPTION: SEQ ID NO:20:
Ser Val Ser Glu Ile Gln Leu Met His Asn Leu Gly Lys His Leu Asn
1 5 10 . 15
Ser Met Glu Arg Val Cys Trp Leu Arg Cys Leu Leu Gln Asp Val

30 20 25 30

(2) INFORMATION FOR SEQ ID NO:21:

(i) SEQUENCE CHARACTERISTICS:
35 (A) LENGTH: 31 amino acids
(B) TYPE: amino acid
(C) STRANDEDNESS:
{D) TOPOLOGY: circular

40 (ii) MOLECULE TYPE: protein
45  {xi) SEQUENCE DESCRIPTION: SEQ ID NO:21:
Ser Val Ser Glu Ile Gln Leu Met His Asn Leu Gly Lys His Leu Asn
1 5 10 15
50 Ser Met Glu Arg Val Glu Trp Leu Arg Cys Leu Leu Gln Cys Val o
20 25 30
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1 5 10 15 20 Ser
Met Qu Arg ngﬁkmﬂp Leu Arg Lys Lys Leu @ n Asp Val H's PCT’S%”’““S"’

20 25 30 Asn Ph 2)
| NFORMATI ON FOR SEQ | D NO 23: (1) SEQUENCE CHARACTERI STI CS:
(A) LENGTH: 31 am no acids 30 (B) TYPE: am no acid
(C) STRANDEDNESS: (D) TOPOLOGY: i near (i)
MOLECULE TYPE: protein 35 . (xi) SEQUENCE DESCRI PTION: SEQ I D
NG 23: 40 Xaa Val Ser Qu Ille @n Leu Xaa H's Asn Leu Ay Lys Xaa
Xaa Xaa 1 5 10
15 Xaa Xaa Qu Arg Val Xaa Trp Leu Xaa Xaa Xaa Leu Xaa Asp Xaa
45 : (2) INFORMATION FOR SEQ ID NO:2225 30
(2) 1 NFORVATI ON FOR SEQ I D NO 24: (1) SEQUENCE CHARACTERI STI CS:
(A) LENGIFQUENCE {HABACERRIBTICS : (B) TYPE: am no
aci d 5 (A) LENGTH: 34 amino acigg WO 98/ 05683
(B) TYPE: amino acid
ASILES S T T , (C) STRANDEDNESS :
(D) TOPOLOGY: linear
10 (ii) MOLECULE TYPE: peptide
15 ' (xi) SEQUENCE DESCRIPTION: SEQ ID NO:22:
Ser Val Ser Glu Ile Gln Leu Mét His Asn Leu Gly Lys His Leu Asn
1 5 10 15
20 Ser Met Glu Arg Val Glu Trp Leu Arg Lys Lys Leu Gln Asp Val His
20 25 30
Asn Phe

25
{2) INFORMATION FOR SEQ ID NO:23:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 31 amino acids
30 (B) TYPE: amino acid
(C) STRANDEDNESS:
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: protein

35

40 (xi) SEQUENCE DESCRIPTION: SEQ ID NO:23:
Xaa Val Ser Glu Ile Gln Leu Xaa His Asn Leu Gly Lys Xaa Xaa Xaa
1 5 . 10 15
Xaa Xaa Glu Arg Val Xaa Trp Leu Xaa Xaa Xaa Leu Xaa Asp Xaa

45 20 25 30

(2) INFORMATION FOR SEQ ID NO:24:

(1) SEQUENCE CHARACTERISTICS:
50 (A) LENGTH: 4 amino acids
(B) TYPE: amino acid
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(C) STRANDEDNESS: (D TOPOLOGY: |inear (i)

MOLECULE - TYPE: ' (xi ) SEQUENCE DESCRI PTION: SEQ I D
NO 24: 10 WBM Hi s Asn Xaa 1 (2) 1 NE Op547
FOR SEQ I D. NO 25: 15 (i) SEQUENCE CHARACTERI STI CS:

(A) LENGTH: 5 am no acids (B) TYPE: am no acid

(C) STRANDEDNESS: 20 (D) TOPOLOGY: |i near (ii)
MOLECULE TYPE: peptide 25 (xi ) SEQUENCE DESCRI PTION: SEQ I D
NG 25: Val Hi s Asn Phe Xaa 30 1 5

(2) | NFORMATI ON FOR SEQ I D NO: 26: (i) SEQUENCE CHARACTERI STI CS:
35 (A) LENGTH: ' i ds (B) TYPE: ami no
acid (O ST@N%@%E?&H;‘C (D) TOPOLOGY: |i near
40 (ii) I\/D_ECULE TYPE: peptide pii (xi) SEQUENCE

DESCRI PTI ON: SI%Q | D NQiZ$:MOLECUSHE) TYPE: peptide

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:24:

10
Val His Asn Xaa
1
15 (2) INFORMATION FOR SEQ ID.ﬁO:ZS:
(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 5 amino acids
(B) TYPE: amino acid
: {C) STRANDEDNESS:
20 (D) TOPOLOGY: linear
(ii) MOLECULE TYPE: peptide
25

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:25:

Val'His Asn Phe Xaa
30 1 5

(2) INFORMATION FOR SEQ ID NO:26:

(i} SEQUENCE CHARACTERISTICS:
35 (A) LENGTH: 6 amino acids
(B) TYPE: amino acid
{C) STRANDEDNESS:
(D) TOPOLOGY: linear

40 (ii) MOLECULE TYPE: peptide
45 ~ (xi) SEQUENCE DESCRIPTION: SEQ ID NO:26:
50 e

45
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45 WO 98/ 05683

PCT/ CA97/ 00wé/98/05683 _ Val H's Asn Phe Val Xaa pcricasrooss?
5 5 (2) I NFORVATI ON FOR SEQ I D NO 27: (1) SEQUENCE
CHARACTERI STI CS: : (A) LENGTH: 7 amino acids 10
(B) TYPE: am no acid (C) STRANDEDNESS: (D)
TOPOLOGY: |i near (i1) MOLECULE TYPE: peptide 15
(xi) SEQUENCE DESCRI PTION: SEQ I D NO 27: 20 Val H's Asn Phe Val
Al a Xaa 1 5 (2) I NFORVATI ON FOR SEQ I D NO 28:
25 (i) SEQUENCE CHARACTERI STI CS: (A) LENGTH 8
am no acids (B) TYPE: am no acid (O
STRANDEDNESS: 30 (D TOPOLOGY: |inear (i) MOLECULE
TYPE: peptide Val His Asn Phe Val Xaa
1 5
5

(2) INFORMATION FOR SEQ ID NO:27:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 7 amino acids
10 (B) TYPE: amino acid
(C) STRANDEDNESS:
(D) TOPCLOGY: linear

(ii) MOLECULE TYPE: peptide

15
20 (xi) SEQUENCE DESCRIPTION: SEQ ID NO:27:
Val His Asn Phe Val Ala Xaa
1 e e 5
25 {(2) INFORMATION FOR SEQ ID NO:28:
{i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 8 amino acids
(B) TYPE: amino acid
{C) STRANDEDNESS:
30 (D) TOPOLOGY: linear
{ii) MOLECULE TYPE: peptide
35

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:28:

Val His Asn Phe Val Ala Leu Xaa
40 1 5

{2) INFORMATION FOR SEQ ID NO:29:

(i) SEQUENCE CHARACTERISTICS:
45 (A) LENGTH: 4 amino acids
(B} TYPE: amino acid
{C) STRANDEDNESS:
(D) TOPOLOGY: linear

~5g—
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35 (xi) SEQUENCE DESCRI PTION: SEQ I D NO 28: Val His

Asn Phe-Val Apgpbggsea 40 1 5 (2) PAHERMMBSEN
FOR SEQ | D NO 29: (1) SEQUENCE CHARACTERI STICS: 45

(A) LENGTH: 4 ami no acids (B) TYPE: am no acid

(C STRANDEDNESS: (D TOPOLOGY: linear 50

46 WD 98/ 05683

PCT/ CA97/ 00547 5 (i) MOLECULE TYPE: peptide 10

(xi) SEQUENCE DESCRI PTI ON: SEQ I D NO 29: ' H's Lys Lys Lys

1 15 (2) I NFORVATI ON FOR SEQ | D NO 30: (1) SEQUENCE

CHARACTERI STI CS:

5 (ii) MOLECULE TYPE: peptide

10 (xi) SEQUENCE DESCRIPTION: SEQ ID NO:29:

His Lys Lys Lys
1

15 (2) INFORMATION FOR SEQ ID NO:30:

(i) SEQUENCE CHARACTERISTICS:
{A) LENGTH: 4 amino acids
(B} TYPE: amino acid
20 (C) STRANDEDNESS:
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: peptide

25
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:30:
His Leu Lys Lys
1

30

{(2) INFORMATION FOR SEQ ID NO:31:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 4 amino acids
35 (B) TYPE: amino acid
(C) STRANDEDNESS:
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: peptide

40

45 (xi) SEQUENCE DESCRIPTION: SEQ ID NO:31:
Lys Lys Lys Lys
1

50 (2) INFORMATION FOR SEQ ID NO:32:
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(A) LENGTH:. 4 am' no aci ds (B) TYPE: am no acid 20

(C) STRANDE (D) TOPOLOGY: i near ’§é87
MOLECULE TYPE: peptide 25. (xi) SEQUENCE DESCRI PTI ORFT: 7
NO: 30: HIS Leu Lys Lys 1 30 (2) I NFORVATI ON FOR
SEQ I D NO 31: (i) SEQUENCE CHARACTERI STI CS: (A
LENGTH. 4 am no aci ds 35 (B) TYPE: am no acid

(C) STRANDEDNESS: - (D) TOPOLOGY: |i near (i)
MOLECULE TYPE: peptide 40 (xi) SECUENCE DESCRI PTION: SEQ I D
NG 31: 45 Lys Lys Lys Lys (2) I NFORVATI ON FOR
SEQ I D NO 32: 50 47 WO

98/ 05683 PCT/ CA97/ 00547

(i) SEQUENCE CHARACTERISTICS:
5 (A) LENGTH: 4 amino acids
(B) TYPE: amino acid
(C) STRANDEDNESS:
(D) TOPOLOGY: linear

10 (ii) MOLECULE TYPE: peptide

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:32:

15 His Leu Lys Ser
1

(2) INFORMATION FOR SEQ ID NO:33:

20 (1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 5 amino acids
- (B) TYPE: amino acid
{C) STRANDEDNESS:
(D) TOPOLOGY: linear
25
(ii) MOLECULE TYPE: peptide

30 (xi) SEQUENCE DESCRIPTION: SEQ ID NO:33:

Val Leu Asn Phe Xaa
5§ 5

48

RECTIFIED SHEET (RULE 91)
ISA/EP



(1) SEQJENCE CHARACTERI STI CS: (A) LENGTH: 4 am no acids

(B) TYPE: am no acid (O SIRANDEDNESS: (D)
TOPOLOGY: | i nou® 98/05%83 BET{PI: pept |H PCT/CA97/00547
SEQUENCE DESCRI PTI ON:  SEQ I& Lell hYS r 1
(2) I NFORVATI ON.FOR SEQ I D RACTERI STI CS:

She
(A) LENGTH: 5 ami no acids i"’ﬁ .
(C) STRANDEDNESS: (D) Tcpq_

MOLECULE TYPE: ped®e

(i)
(xi) SEQUENCE DESCRI PTION: SEQ I D NO 33:

30 Vel Lpu AfilimBRGaiathyroid hormone hPTH-(1-31)analogu in which position 27

10

15

20

25

30

is Lys or has been substituted by a suitable hydrophobic residue, and which
has been cyclized to form a lactam.

2. An analogue according to Ciaim 1, wherein the cyclisation is either as
between Glu? and Lys? or as between Lys? and Asp®.

3. An analogue according to Claim 1, wherein the hydrophobic residue is Leu.

. 4. An analogue according to Claim 1, wherein the hydrophobic residue is

selected from the group consisting of ornithine, citrulline, a-aminobutyric acid,
or any linear or branched a-amino aliphatic acid, having 2-10 carbons in the
side chain, any such analogue having a polar or charged group at the
terminus of the aliphatic chain.

5. An analogue according to Claim 4, wherein the hydrophobic residue is
selected from the group consisting of lie, norleucine, Met, and omithine.

6. An analogue according to Claim 1, having either a C-terminal amide
ending or a C-terminal carboxyl ending.

7. An analogue according to Claim 1, having the SEQ ID NO: 3.
8. An analogue according to Claim 1, having the SEQ ID NO: 4.
9. A composition for administration to a warm-blooded -animal in need
thereof, comprising a human parathyroid hormone (hPTH)-(1-31) analogue

according to Claim 1, in association with a pharmaceutically acceptable
carrier or excipient.

o U
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48 49 1. A human parat hyroid
hor mone hPT rmaceutically acce - L Of | '

am no acid &%M R-NH R1- Val -1l e-Sp N Pﬁ%ﬁﬂq’“&gﬁ
Leu- R2- Hi s- Asn- Leu- 3 y- Lys- R3- R4- R5- R6t
R11 -Leu-R12-R13-Y wherein, R = hy rogen 'near or branded

chai n al kyl or .ar rQu = Met, or
nat ural | yyoccur)4pn ﬁ\/d%’&ﬂf?ﬂﬁ%‘ﬁ" eﬁﬁ%d'agl &0%"‘“ ﬁA\I Whﬁfe'a \’\B‘Fe?“@QQHSI he

amno acid, R4 g gﬂ#bhdy'cééimiéfsﬁéﬂ uble amno acid, R5 = Asn, or a water
sol ubl e am no ac?l = Ser, or a water sol uble am no aci d, R7T = Met, or a

natural ly occurring hydrophobic amno acid, R8 = Qu, Lys, Cys, On or Asp,
RO = Arg, - Lys, nHls S O 0 = LlLys, .Ox s, .4y or As 1= a
natural Iy occur ing ﬁ\/cﬁ"%‘mﬂ{qp oﬁcﬁ%&aﬂ Q‘Pnéfl?'@cr% %ﬁem &}% lBgugsﬁhe
Lys or Qrn, %o ?eé?duéYsSse%cfecﬂ?o&Nﬁ% b Yorsiding/of 1

Val - Hi s- X, VaI ?d b@l Val - H s- Asn- Phe VaP H's- Asn- Phe- \}éi' n>c<)rleucme
Val - Hi s- Asn- PheMat| and ornithing. Val - Hi s- Asn- Phe- Val - Al a- Leu- X, cyclized as
bet ween one or two amno acid pairs 22 and 26, 26 and 30, 27 and 30, and 25
and 29 when RO is Lys or Onand R12 is Qu or Asp, wherein one of the
cyclisation Is 3, bat é@mr)oéiﬁbﬂ%dwrdiﬁ ga3 GRIM?Y, e éﬁab?héﬂ%\nﬁ@“tﬁ@ SEQID
25 and 29. ) An anal ogue according to claim 1, i zed in the form of
a | actam betweenNQn&no acid pairs 22/26, 26/30, 25/29 when R9 is Lys or Orn
and R/I2 is u or Asp, or 27/30 when R11 and R13 are Lys or Asp; or
cyclized in"the formof a disulfide bridge between Cys pairs 22/26, 26/30
or 25/29. 3. 13AnA268MnpPBLitioACastofding thoCHim 9) the BhakguB hddng\tati SEQ MY

isinthe form’
NO:4.

14. A method of treating a warm-blooded animal in need of such treatment,

15  comprising administering to such warm-blooded animal, a therapeutically
effective amount of a human parathyroid hormone (hPTH)-(1-31) analogue
according to Claim 1.

15. A method according to Claim 14, wherein the analogue the hydrophobic
20 residue is Leu.

16. A method according to Claim 14, wherein the analogue the hydrophobic
résidue is selected from the group selected from the group cohsisting of lle,
norleucine, Met, and orithine.

25
17. A method according to Claim 14, the analogue having the SEQ ID NO: 3.

18. A method according to Claim 15, the analogue having the SEQ ID NO: 4.

30 19. A human parathyroid hormone hPTH and pharmaceutically

acceptable salts thereof, having the amino acid sequence

I ————
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50 of a Iactam and V\/nereln the c cllsatlon isinthe formof a

di sul fide br| rding to Claim3, wher
lactamis a 22 é’am mm mﬂﬁl (o]s) Lo d ai mq' ’%@M
the Tactamis Qu[err]- .SHEWnHABaBEE je accor di ng to

Caim3, wherein the Iact amis .a 25-29 | actamEPLAGED An‘janal ogue according
to daimany one of Clains 1-6, wherein R i1s H ano—x= Herr]. 8. An

anal ogue accordi ng f . f RAR7.
9. An anal ogue algc'\gHﬁI ﬂi%e&Glg I?%@nmkg'f’& n andf%% ?L%R@R R6 R7
10.  An anal ogue agRpAYHNEal-RE-THpALEu-RI-VWEDLRN 1Rled-R126AspRY IS Met, R7 i's
Met, RBis Qu, RO is Arg, R10 is Lys, R12|sGInandR13|sAsp 11 An
anal ogue according to Caim 10, wherein R3is Hs or Lys, R4 is Leu, Lys or
Arg, RS is Asn, On, Hci, Asp, Arg, Lys, DLys, Ser or Ay, and R6 is Ser,
Lys, Asp or Arg. Whereinan anal ogue according to O aim10, wherein R3-R6 is
Hi s-Lys-Lys-Ly% Hi s-Leu-Lys-Lys, Lys-Lys-Lys-Lys or His-Leu-Lys-Ser. 13.
An anal ogue according to C aim10, wherein Y=X 14. An anal ogue

according to C ai nR1Q, hy#@igehbriandalingar or branched chain alkyl, acy! or aryl group,

R1 =Ser, Ala or Aib,

R2 = Met, or a naturally occurring hydrophobic amino acid,

R3 =His ora water soluble amino acid,
10 R4 =Lleu or a water soluble amino acid,
R5 = Asn or a water soluble amino acid,
R6 = Ser or a water soluble amino acid,
R7 = Met, or a naturally occurﬁng hydrophobic amino acid,
R8 = Glu, Lys or Asp,
15 R9 = Cys, Gluor Orn,
R10 = Arg, Lys, Orn, Gin, Glu or Asp
R11 = a naturally occurring hydrophobic or polar amino acid,
R12 = Gin, Arg, Glu, Asp, Lys or Orn,
X = OH, NH2, and _

20 Y = X, Val-X, Val-His-X, Val-His-Asn-X, Val-His-Asn-Phe-X, Val-His-Asn-
Phe-Val-X, Val-His-Asn-Phe-Val-Ala-X and Val-His-Asn-Phe-Val-Ala-Leu-X,
cyclized as between one or two amino acid pairs 22 and 26, 26 and 30,
27 and 30, and 25 and 29 when R3 and R6 are Lys, Orn, Glu or Asp,
exciuding cyclo(Lyszs-Aspso)[Leu”]-hPTH-{1-34)-NH2, cycloiLys?’-Asp®©)-

25  h-PTH-{1-34)-NH, and cyclo(Lys?*-Asp®®)-[Leu®’}-hPTH-(1-34)-OH.

20. An analogue according to Claim 19, wherein the cyclisation is in

- the form of a lactam.

o NN G R
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51 15. An anal ogue ac ng_t ajm 10 &“{ val - Leu- Asn- Phe X
An an a‘h@ S '1% %Reepl]{as nq{eq 3@(‘@ SEQ DNO 6 .
anal ogue ac %ﬁﬁ% to ' e 18. mxmmsébue
according to Caim1, D) 19. An anal ogue accordi ng
to daim1l, hawngthe SEQIDNO 9 " An anal ogue according to Claim

1, having the | D, ccor di. ng aim1, .having
the SEQ ID NO Sﬁ? ‘%9'% ai%%%é?’%%w%ggaéf'gﬁ'ﬁ?qa Whetgint Ee??m%f‘hlf and ieth ©
ID NO 12  23.jac@imanal ogue according to Claim1, having the SEQ ID NO 13
24. An anal ogue according to Claim1, having the SEQ ID NGO 14 25. An
anal ogue according to Claim1l, having the SEQ ID NO 15 26. An anal ogue
according to CI al m 1, having the SEQ ID NGO . 16 . ,An anal ogue accordi ng
to daim1, hadég the @E@Q@ rResording t2§|a'nAr?1aﬁé{h§§Q!'é the dartanis e leR2r m

1, having t 29. An anal ogue according to Caim1, having
the SEQ I D %O ﬁlﬁgi&a@% m-

23. An analogué according to Claim 21, wherein the lactam is Lys26-

Asp30 lactam.
10 24. An analogue according to Claim 20, wherein R is H and X is NH,.

25. An analogue according to Claim 24, wherein R11 is Lys or Leu.

26. An analogue according to Claim 25, wherein R2 and R7 are Met or
15 Nle. '

27. An analogue according to Claim 26, wherein R1 is Ser, R2 is Met,
R7 is Met, R8 is Glu, R9 is Arg, R10 is Lys and R12 is Gin .

20 28. An analogue according to Claim 27, wherein R3 is His or Lys, R4 is
Leu, Lys or Arg, Rb is Asn, Orn, Hci, Asp, Arg, Lys, D-Lys, Ser or Gly,
and R6 is Ser, Lys, Asp or Arg.

29. An analogue according to Claim 27, wherein R3-R6 is His-Lys-Lys-
25 Lys, His- Leu- Lys-Lys, Lys-Lys-Lys-Lys or His-Leu-Lys-Ser.

30. An analogue according to Claim 27, wherein Y = X.

31. An analogue according to Claim 27, wherein Y =Val-X.

2 | O A VA
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30. An anal ogue according to Caim 1_'_""_\Xh_erW s, Leu, Asp,
An, Ala, Nle, Ile or Tym.ssheetnasneen gg\-w@ "\ A huran
par at hyroi d hGVODNMPTI—I— % L) | 7 | BCTACAIYO0S4Z S

Replaced ™.
e m*\ms
bi ¢l resi
cyclized as between A ufer ] t forma | act am 32. An

been substituted by a SUI whi ch has been

anal ogue according to C aim 31, V\/nerel n the hydrophobic residue is Leu; and
havi ng either a C32r i Anlaraligte acetirdingoto Slaim a/xivvbereda vyo Vpl-LeudhsmyPhe-
33. An anal ogue agcording to Caim 31, wherein the hydrophobic residue is
selected fromt he%éroup consisting of Ile, norleucine, Mt and

a- am nobutyric acid. 34. An anal ogue according to Caim 31, having the
SEQ ID NO 3. 35. A conposition for adm nistration to a warm bl ooded

ani mal in need thea®of AR GMAIddiedccordiitpto CHiAT Y, diadinP @ BEQ ID NO: 6.
(hPTH) - (1-31) anal ogue according to Caim31, in assom ation with a

phar maceuti cal®y acceptable carrier or excipient. A conposition

according to d ai ere n the a he dro hobl s_Leu.
37. A conpositi oﬁécco&giaﬁ\j q%*e@%ﬁ%%@gt%ié Rgt' F'?)eggga ﬂg?"é

hydr ophobi ¢ residue is selected fromthe group consisting of Ile,

nor | euci ne, Met, and a-am nobutyric acid. 38. A conposition according to

G aim 35, the analggue AR \dnatgutcadddedirg d¥OClaim 193haviry tise SEQ D NO: 8,

t herapeutically effective anount of a human parat hyroid

10 36. An analogue according to Claim 19, having the SEQ ID NO: 9,
37. An analogue according to Claim 19, having tr';e SEQ ID NO: 10.

38. An analogue according to Claim 19, having the SEQ ID NO: 11.
16 _
'39_. An analogue according to Claim 19, having the SEQ ID NO: 12.

40. An analogue according to Claim 19, having the SEQ ID NO: 13.
20 41. An analogue according to Claim 19, having the SEQ ID NO: 14.

42. An analogue according to Claim 19, having the SEQ ID NO: 15.

43. An analogue according to Claim 19, having the SEQ ID NO: 16.
25

44. An analogue according to Claim 19, having the SEQ ID NO: 17.

A 45. An analogue according to Claim 19, having the SEQ ID NO: 18.

30 46. An analogue according to Claim 19, having the SEQ ID NO: 19.
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hor mrone (hPTH)-1-31) anal ogue accor di ng to daim31, in a preparation of a
53 nedi cagRyésdseds tmasheag{aaBebﬁREﬁtd)oded animal in need t 070054720

A use according to C ai ekague t he hydrophobic ™ resi due
is Leu. 41. A use: 'g, HAGVBERNh t he anal ogue the

hydr ophobi ¢ residue i tﬁEP@mep selgcted fromthe group
consisting of |Ile, norleucine, a- ric acid. 42. A use

according to Caim 39, the anal ogue haV| ng the SEQ ID NO 3. 43. A

met hod for scred4fi ngApeethokd fooscreenirigspéptide sbastrastsfdryosteogphicitylg a
use of an effective dosage of a candi date peptide or a pharmaceutically
accept abl e sal t COMPFERTY di ssol ved in a pharnmaceutically acceptabl e sol vent

ost eﬁgﬁrn.ef??{ S‘“‘”‘ 4t SR ey P& 45 Unerein (ne sol vent 1<

aci dified. tl\lgﬁi
I ncl udes, 0001 N HC@(MSQJE&Q%%U&F agg; mg4?g ﬁ%mgheav@gtfé?ﬂbtehe t est
animal is a ratdosage bhe cdnidmntememm or dipharivtac8uticaly 36céptabld saltt o 19

m nutes post injection, A use according to C aim 46, wherein the
peptide is an h ot atyﬁiqived mzaasharmwt@éuwmpngtahbe spiemt4@ndiher ei n

t he dosage of hPTH | Fc)aljg éur?ng8 tﬁérgl't%/nalaﬂ Q%O%fplpe%gxre oi‘ ghe animal, whereby a

small blood pressure drop after a short time period, is indicative of

10 osteogenicity of the peptide.

48. A method according to Claim 47, wherein the solvent is acidified

saline.

15  49. A method according td Claim 48, wherein the solvent includes
.0001 N HCI.

60. A method according to Claim 49, wherein the test animal is a rat,
and the blood pressure drop is 8.5 to 36.2%, at 2 to 19 minutes post

20 injection.

51. A method acccording to Claim 50, wherein the peptide is an hPTH

fragment according to Claim 19.

25 b52. A method according to Claim 51, wherein the dosage of hPTH is
about 0.8 nmole/110 g of body weight.

53. A method according to Claim 52, wherein the hPTH is of SEQ ID
NO: 3.
30
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