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THERAPEUTI C AGENTS FOR REDUCI NG PARATHYRO D HORMONE LEVELS CROSS- REFERENCE
TO RELATBROAPRHLIICATI ONS [ 0001] This application clains Phe/usenefdui7onf U. S.
Provonal Application No, 61/229,695, filed JUlyPRYY oPHIYC BRHIBT WIS,

Provi si onal Application No. 611255, 816, filed Cctober 28, 2009, and of U. S
Provi si onal Application No. 61/313,635, filed March 12, 2010. Each of these

0P Cat SPRERACEIIR BRSO LS PRS0 ), FEFERENCE
bei ng su@m§seﬂasézﬁ§&bgnﬂc9mwn &Aﬂacﬁ\lse formof atext file, created
July 29, 2010, and naned "63 801 seqllst txt" (85,400 bytes), the

cont ent sgoafiyirheh gmwwe:ag!nmwb@ﬁefh%f 8id R GlLREARSud N hei T entirety,
TECHNI CA Fl ELD e current fﬁi%’ ect matter relates to conpounds with

activity 182%@53 !ﬁa?fga?ﬁ% G chermbiey iSppbpeplisqbrsNot &/ b Watledt i cal
conposi EOG&@@%&C’MD@§ i=Rg of t:se:-i m@?a@mtmp mqm ﬂ@t@gsg@,f%ﬁl@%wmg@%mogndst and
conposi S s of treatpment, 1ncluding but not |imted to treating
hypor cal S 4GP SRYBEF SaReHy Rt BESIPEICFRIN I R oVt VOEHIED | evel o.
BACKGROUND [ 0004] Cal ci um honeostasis is the nmechani sm by which the body

vol veeRG CRBE BT %F%&ﬁ%ﬁwﬁ%%&?ﬁ% TRk hspor . ot or age

i n bones p e an d, excreti S Iat or of
ci rcul at Qﬁgﬁcg%ceﬁher?n eegir}sét%éqs éﬁihg;% ﬁé%ﬁ Cttr%m?aﬂ%ly @%gl:es Wﬁg t?o‘ﬁé’éﬁt tion of
cal ci um filta, arémed g @930 16nkrahed g d ‘tﬁtﬁé@@@‘ie‘aﬁmméqi@mxc’l(amm byrediome t hr ough
t he proc L, | n of calciumfromthe
r enal :%%?eerg Qﬂﬁg&eﬁnﬁgﬁf&? égrgt%g Ihcfé%{ E ie?é}gn{ ﬁ%e(?sr @r{tsﬁeq intestine by
increa5| ng the production of 1,25-(0H)2 V|tam n D t he active form of

vitam n B~k Al Q?Lﬁtl mul at es phosphorus excretion fromthe kidney, and

i ncreases rel ease from bone. [0005] PTH secretion is regulated by the

cal ci um i%@@ﬂ' ‘?'Qe EQEHRE e d GARR) reiﬁe&a@a@rt&'&sﬂd&@kﬁpéﬁﬁ tf REGRI Qs eXpr essed by
several cell ﬁﬂqu on the surface of parathyroid f whi ch detects snall

f1 uct uat FBAEYICH 1WBOBH HCEMIPES. hrisrmagtiiss Orfmﬂaiﬁiw&%ﬁimﬂm%ﬁ(mzﬂ and

r espondscdaypohi€ahbgo thlaamg%%@iﬂ éym&bmﬁ’%a Arbposabh® M AbinbhesCaSR by Ca2+
inhibits PTH secretio hin seconds to m nutes through inhibition of

vesi cul afeaiirf‘ﬁ?ltsﬁ{ﬁgf"fgmg QHHWE\?\@“?@i‘?LV%’YE‘ﬂ?@YWEW‘@P@PW?@?”‘MWﬁFﬁ@? Docket
No. 63200884M0n b STprieaass may be nodul ated by protein ki nas(PKC)
phosphoryl ati on of the receptor. The CaSR is al so expressed on osteobl asts

and in the- ki where it regul ates renal Ca2 excretion. [0006] In

addi ti on; regtﬁ at es phosphorus honeostasis. PTH stinul ates the
ar at hyr h r. ical.. (. 8 er

par 2t b6l ORTRR RSP hel I P ALE A0 d A BB

sti mul atdedium exdls. (Toe arodentisdugey iaguatadnamj/memmea conplef intbroephat e (Pl) as
a_consequencs, OficifAaHEdhah, % HeLn %%@&eg% %épats!?s%ﬁ 5&?!6 tggfé«ggﬁﬁphate

(NaPi -lia) co-transporter on t brushi "bor nor ane. is al so
i nvol ved®¥tipheP T ddup sgubhoct Ctﬁ@ﬁ@@ﬁl@?ﬁ%‘ﬂ nels oycidoestinss & inprebende PTH

i ncr easegnehiiehabi é&s@ﬁ%x"‘th@%ida@q{y%%hﬁ‘@ﬁ@@x@?&i&g@éf@aﬁcﬂﬁn and o

r eabsor pt| on of calcium PTH stinmul ates osteoblasts to produce %ANK | i gand
( RANKL ) , PiRkip e e iers s 06 b e i sRARICT duaptssi raaeostionvitalsiupreorotieoc! ast s,

| eadi ng ré@aiQ{Ebdiﬁ&céﬁ:ﬁ§:@1én@an@%l@m§r€§&fapét!ﬂﬂ'”h ﬁl%dn&@&arierlﬁiriﬁ‘&§§ss peerum Ca2+.
Ost eopr ot eger.in decoy receptor for RANKL which b ocks bone

r esor pt iABPHUCERT %é%%? @HE Vitﬁmi‘f‘afﬁéié‘:dﬁﬁﬁyeéﬁ’fm WOHREACE Bet\ierstemiatay ocesses of
bone r egvBpiiem Hitrasheos] AskananthrBone=42k MALLY Y pest eobl ast s.

[DO0S] PTH secretion is regulated by the calcium sensing receptor (CaSR), a G-protein
coupled receptor expressed by several cell types on the surface of parathyroid cells,
which detects small fluctuations in the concentration of exiracellular calcium ion (Ca®")
and responds by altering the secretion of PTH. Activation of the CaSR by Ca®” inhibits

FTH secretion within seconds to minutes through inhibition of vesicular transport, and



[ 0008] The human body contains approximtely 1 kg of cal cium 99% of which
resides in bone. Under normal conditions, circulating calciumion (Ca2+) i's
tightly msiOnvavne®7at a | evel of about 9 to 10 ng/dl (PC@/uszmom@ZQZ

mol /L; -600 ng). Approximately 1 g of el ement al" €&Vt {CA2LP*'6 PAgest ed
daily. O this anount, approximtely 200 ng/day is absorbed, and 800 ny/day
is excreted. In addition, approxi mately 500 ng/day is released by bone
resorption or is deposited into bone. About 10 g of C2 is is filtered

t hr ough thiepieicehsayapes madyiatedity lpradio kina20 (MY Cappeahiontptiocnof the uri ne, and
the remaiddei, behigasRADSAS Deflesd 00U IHRCLCALGLINIRS Pleglevat ed

cal ci um _bl ood. cute hypercaicema can res

gastroi nf%’iaﬁi?ﬁaﬂeﬂ%i&ﬁ)r@W@Oﬂnausea vom ting); renal (pol yurl a,

pol ydi pS{tﬁ%s 1, MeHARIRIBEH @?utét@@@ﬁ&*’?}ﬁb@a@1?30%%@&%&%OPTHssttHﬁ%ﬁes #gma) and

cardi ac (bradycardia, fir g triro-ventricu ons. Chronic
hyper cal BN G4 halrse saeetar dt BAHR1T en @%@état?@ﬁﬁt}éﬁ?lh@ﬁiﬂ W@iﬁfglc’iﬁd

const | paﬁé%tet@%%ﬁ?&ﬁe& Io$dsiisiealcienephs Bkt BiASheHn a@é‘:&%%ﬁ%&éé&%s' s).
neur o- muscul ar (weakness) and cardi ac (hypertension italis

sensi ti vintyyasiaistoiRg of pinsehaialPhanp cortRivange ¢fapdycdsupby mt%ﬁ%iizﬁ’@ #i ndi ngs

of a shome @aiN@l’@hM@Jha@:ﬂﬁEa@s %5@%&%«5&:’1@\6@ 18419988 boRUPREERILR NI a.
ons nore comonl Yy occurri ng at

Hyper cai omati c,

e o Rt TR B0 SRR B e s ton 16 SRy i 610 PO SY9BS A F0ucy Donre:
No/ 6|3Eoosmggw@am/cﬁmam@rcﬁ B?%é;v‘ek%agg5@?@(@?@0&%‘(9@&@@?&@5 Wa@«:&ré@ﬁwﬁ 1|5 15I
ng/ Cc or ) consi re a | engr at these evel s,
coma and“¥&HE; }iég?‘i’@é%m%ﬁﬁe? Sl g" erM%S@’%W@ whic pigdiuiént | y
c?used 3mlewfp‘a{ matohyn@adlvare@ thd M'mti,maﬁxgasgﬁms@eﬁaérml OE andcI

el evat e V. serum cal ci um rlmar erparat rol di srn,
o s orspstateat B RsE M Mo o Bk ar et iRl s R E AL EN Y

mul ti pl efeadenbirashidr bideHsfiuse rw;atohymmt@pgtmmds bymtipﬂyam imbaaycde

¢ asorpti el PR AR AbARRI o R iR oS BHRGY cnhances

renal reaﬁs@ri@m on of Ca2+ and inhibits reabsorptl on of phosphate (Pi),
resultin sphat e.
[0011]  SR90BLTrS FheR BEAPER s AT HINER) KAl GRE1 SRRk RRREC I Frg
| evel s of iosg+ Undertorsnl santiipes cPTipigemaisiinoion (Oae) sdighty obingsuuimlar y

hyper par ig i i le- f y rgd to as
chronic iﬁé{}g{& Flztre%tgeﬁ)prﬁgﬂpgﬁp i%‘% ? rhi%t?‘ xgﬁﬁ%gnéé%%&a&%?l c di sease or
chroni ¢ PyersRbpieiTi(Ea b fwmmﬁy eﬁﬁthfsréamw@mw&natéiy ’?@ ;Maiday is

henodi al a@@%a@sath@mmg%@% setakd e duas, %@ox‘%@t@@ %@@ﬁé sl gease or

ESRD). Excess P roduced in response to %{ pocal cem’a resulting
from | oweteded Ly %“é@m“@ oUiE SePerdied Inty epag. Mgt f igcﬁf@ﬁcys kg ehmi n D

defi ci engysughnsk: KigRal pdIVRSTGIB Lol 2@ md@bbéaTy ihvRalRar Mk eddhiage-may
occur after a Iong (gerl od of secondary hyper parat hyr oi di sm and

hyper cai %&H £22F9B99] Mal i gnancy is a common cause of non- PTH nedi at ed

hyper cal meospHyhdPELeakieah 3ic0hteiBAILUMABEY in 1h8 HARIURCOITMBeRHeSRVEr €
conplicatio affecti n bet ween 10% and 0% of canﬁer patients,

n can
oty e i SRS ST ot he R RN Ral PR RAVSPBA) et an
abr upt m&ﬁn&@dwibz&(ﬁieﬁre‘#ﬁbw qaamzﬁsmpr@gmsa:csinamnttmam;mdra@pcmnwmﬁl of only

six weeks. G o ate the praduction of ra hyr0| d
or oo Jesren SHbpBEEIRD BebEey, T B L RS Rt Sesar e e
stimul at@itrbmt@unai@tysnep@ d@osumm&aeamecrpamdsm%mmWMarcmﬂFh#sl‘% I ead| ng to

T e e i LT R T b
a par acrsm@atsanptomsf Witthhenal érhd noghni wsﬂepnibdeudﬁmfm{zr@@lsp sAceor di ngly,

conpoundsy 1V t , d/ or cal ci um
| evel s ?‘?i :{/Hli%/lga ar g ad\'gzggnéﬂo—f V'faVé) %%%%ﬁ%%%ﬁiﬁlﬁﬁg‘}% 63%%5% t{l't or ney
Docket NgymeS2EUB0LTVELTBRINEFSUMMARYN Y00 L4TIng At gl caisipedeyeia(lédhpound,
conprising the formula - X2 - X3 - X4 - X5 - X5 X7 is provided, wherein X1
is a subunit conprising a thiol-containing group; X5 is a cationic subunit;
X6 is a non-cationic subunit; X7 is a cationic subunit; and at |east one,
preferably two, of X2, X3 and X4 is/are independently a cationic subunit;
and wherein the conpound has activity2to decrease parathyroid hornone
concentration. In one enbodi ment, the decrease in parathyroid hornone
concentration is a decrease in blood or plasm parathyroid hornone
concentration in a subject treated with the conpound relative to the bl ood
or plasma parat hyroid hornone concentration in the subject prior to
treatnent. In another enbodlnent the decrease |n parathyr0|d hornDne

. o o o - . e o - ~NNaA M~



[0016] In one enbodinent, the X, subunit is a thiol-containing am no acid
residue. In another enbodi nent, the thiol group of the X1 subunit is an

or gani ¢ tWOabtigo#t0di ni ng NI ety [0017] In another enmbodCRaAISRO10MMETA2 t he X1
subunit is a thiol-containing amno acid resi duétiofay Dogetlin 82088146 t he
group consisting of L-cysteine, D cysteine, glutathione, nacetyl ated

cystei ne, hornocystei ne and pegyi ated cysteine. [0018] in yet another
enbodi ment, the organic thiol-containing noiety is selected from

t hi oi - al mrqz w3 rembgacydvenoingteredoestis atase 358 MeEPL ops OPYImablt) is

3-nmercap I r iC Aaci d, ner.captoac

hi obeney e re e B A R P e G R ehge oot

or gani c- {6t 8] Faparcalteiags freduently caused by dbapirpprOprodise, !aeﬁmdg to $@649] In
still an cally to conprise
et f%geagg@% &éVﬁiédﬂgg%& oP R gic!u R e ca Y O P er
as acet yhweatselhwoigisanitie] 55[0@@1230]&!3[3@ 5739@ Smjg@tmthﬂnﬁ(ﬂ;ﬁ@ma lesthen the X
subuni t cOAREHS &8uApb Bl ﬁﬁy&% a coval ent

| i nkage to a sgcoingpt hl%?o noi et La&%ggzaﬁy ?‘ﬁggﬁg?} bé{pléeﬁ%i)r}ﬁd%rfﬁt the formul a
X1 - X2 cauggtive. yycreases PTWWQFW lgagisdo apet Bewass !@anmgiﬁmswsi@quence of
ani no aCs'e%a%@%be!‘e%n(i%%i nal @d henein, &%&é@éé&q (%88%kstio

(X8a3) - (Xaa4) - ( Xaab Xaa%] - @a? SEQ I'D NO 1 3r a se%iﬁgngégaofangrgam c
conpound gegg%;ﬁapgcrp fé)ﬁpfrﬁj'iaé% Pd) F@gitsagg‘g net iggrase in serum calcium and

2011/ 0147 Q486445203 HAA3792 Attorney Docket No. 632008017WD0 [ 0022] In
anot her O@g? di.ment, the contiguous sequence of am no acid residues is a
contigu G BT YD PEPAFATHE O S EMIP CE S YASSE J9rreasRtT SrotRng &ygrée of

D- ami no @i thvepgingligss Pchs@eetete@uogse 5@%@3@@@%@ H‘{fbé@dﬁ!l‘z@h;@éad lsnﬁénl no acid
resi dues ,and D-a g1 @f r;e5| ues % g am noh(g resi dues and
non- nat UF B S ML ME “ﬁﬂ%’é?ﬁ?}é Wr‘f%@ﬁ]c f??‘%iﬁ fffﬁ’edr’s‘@é‘ﬁﬁgﬂp ASUCE g

cont i guotist is egfue peigeiafic dBtae Achebnigsictineshits, &i etk o ane8RAYRdst O

facilit trans t. ac nbrane. I n another e ient, the
cont i gugtbgh gamgﬁ S‘Sﬁpag?ﬁ%ﬁba%%g’@her?eggfjﬁﬁgggi's?g?ir?ﬂ@ga‘s?%seac’%%ﬁnd t hat
enhancestdebs Y€Hynaf bd fredsegue mehmio hopoatlcods r&méﬁngﬁromﬁm chayers of

tissue. | nent nti guous. s ce _of amno acid
resi dues[%ggé%an({’%r%%% fgg%’h'%% L& G“et%@ieh@fjeécrﬁ (%Srﬁn%g’éipﬁﬁﬁigiuf?om 8- 50
am no acT&ﬁia?fe@Vmasratf’@FMsmmmavmcacn édtare%edu&mod&f 8@coanemo aci d residues or
8- 20 amf}@ ? lregh%gags g@g ek:%g:g é in yet another enbodi nent, the

conti equence o 0 aclid residues is contained within a seguence
of am n&gﬁﬁld?ﬁﬁmadgseﬁ a‘m&m@z dBisam non-8é Hdnedsipd hewrcBest8aani no aci d

resi due 1) -15 am no
acid rezi;i cfércgc% Bﬂg%@ﬁ%f}%ﬁ%ﬁ?@%@g@ qu%\g@e%&s gg%@?gﬁgr%&ce ues, 8-12

am no acﬁf@ﬁ?iéibiiﬂﬁﬁ(%%ﬁ 185 pod 2RV caped ﬁﬁé@iﬁﬁlﬁ@ﬁ m@: Fouawithbothepid! r esi dues, or
8-9 am ngmad shd 8L ST RAGE has &aQ%?zJpz bﬁlse@aﬁ& a%é@g&%bmg% dsaéﬂe X3

subunit is a cationic anino acid resid [0 I n anot her ment, the
X? suburftith 3 Segian SHIVGA! Plomilesane e a(émwﬂr ‘?@§i<>ém ) apiyiate tenvpdetioarbodi ment ,

the X4 %Mﬁyrbadﬁﬁnﬂmﬁkﬁ%ﬁ&@& b%a@(mr@%ﬁﬁhﬁr ESRI GUlwor EISORS, ©bodi ment the
non-cati oni amno acid resi due is a am no_aci @@2{0027 In anot her

enbodi nERTIHBER PLAgosiedse BEERM ROBIERN 96T AT vakicdusehansoraTe | n

anot her reghpghimENimortcbls Xbtastbd Bl BoneSnay SR AR ATIHIPT @SEIEYS r=k8829] I n
anot her asgect t he coqllg&gﬁs se ence i.n_any of the described conpounds
or s

i s coval@hE A StlEaEEd! ?é’hicﬁ I BFIAR RRIRGTEE BEpTETi° €K1 subunit to
a secondntentd uewsprsegience. For exanpl e, the second contiguous sequence

non.- i aerof ol A%t s e GrEe T oh R G oL ramolod e e RafBR g

facil it andsr talanstleveinln wieare@pbsiregguous sequence across a cell nenbrane.

[ 0030] In another aspect, a conjugate conprised of the peptide carrrar (SEQ
ID NO 2) is provided, where the peptide is conjugated at its N-term nal
residue to a Cys residue. [0031] In one enbodi nent, the peptide is
chemcally nodified at the NNtermi nus, the CGterm nus, or both, W

2011/ 014707PCT/ US2010/ 043792 Attorney Docket No. 632008017W0




[0032] In another enbodiment, the N-term nus of the peptide is chemcally
nodi fi ed by acetyiation and the CGtermnus is chemcally nodified by

am dat i o0 2p0@3&J071 n anot her enbodi nent, the conjugat ePC3/US2010/043792
Ac-c(Qarrrar-NH2(SEQ I D N 3). [0034] in anot hérO&gSEee! Na ShgbHidVer
treati ng secondary hyperparathyroidism (SHPT) in a subject is contenplated,
wherein a conpound as described herein is provided to the subject. In

vari ous enbodi ments, the subject can be suffering from chronic kidney

di sease BRIlot REMMAGNdi tion. [0035] In another aspect, a method of
decreasing parathyroid hornone in a subject is contenplated, wherein a
conpound{®g4hdsend wwdcherceimpois! ppopiidesithedorhia subj ect . [0036] | n anot her
aspect, a treatnent xrew RO |>§wg(ov ded, the reginmen conprising providing a
conpound_according to any of ‘those descfibed herein, in conbination with a
second a§dhievidgioaBTiei ki bReusrbbeITmsFNG a his-sedantyithuraleistd catiagent | s
vitam n Qpaivkd @ Hdnlda00a¢ 8%08 )@) 0acalGal 55&9&%'6@%&@?%&1 Q‘Rﬂ@éhﬁign any of

t he aspects or ‘enbodi ment's_described her el n, any one or nore

sequencet®¥q & Eeﬁ?é%ﬁatﬁéﬂeﬁwe%"qﬁﬁﬁy ¥ icainaig %}Jbeﬁﬁéi@ﬁe@e&iﬁ Henswaguid om t he
scope of hé@@ciﬁkﬁ!c%mé&@e%@@ &g ﬁmbrﬁ%ﬁée%tra%b ReRkidealdenthd i ed by any
one or re of SEQ@I D NOs: 2-182, individual Iy or in any conbination, are
excl uded ‘?Cfr%?ﬁetiﬁé F%’r%ﬂo%’m&?ﬁ%“é‘mé@hﬁd%‘ﬁcf’?ﬁ% imblactret Platsd BRI EF

DESCRI PTbm%aﬂhﬁnﬁRA%N%irbﬁlﬂﬁah dobfect Hedisa @ategf@%n%uw@étw E&ih@ hor none
| evel aa gg%pnt of t (?Eel i ne pre-dose val ue, a function of time, in

hour s, WrTHPaE Yém HEICTE SORFF VR HhEY ] Tf@_@t ﬁﬁ?fefp)“"e?‘Wf‘e‘%‘ ethe rats
Wer e dosezdatmrtémb%@mm rife MR e4SERpR RN hofheORASIntrafi6n &l ddhlkedi2 (SEQ 1D
?‘ %Rﬁ%u e%)iAccrrrrrr NH2(SEQ I D NO 6, triangles),
Ac cr| rr PP PeRED S (SRS T B B P88 en squares), or saline control (x symbols):
[ 0040] HOGIER A drstiergnaphinait XPineBpsentonatktion; whie AV ;a%; and Mpetsl on of
conmpound -SQneent ration of Ac-carrrar-NH2 (SEQ I D NO 26, squares) and
Ac-arrrars 2 (SEQ ID NO 29, triangles), as a neasure of the conpound's
ability E@’iﬁcm’ gt Evivdugmeniniia XCaSRuiniins anhicicontdiniag eelnk msisayadu@eim t he human
CaSR is Mﬁ ?ﬁ%éﬁﬁerﬂ t%%_&%i ug%@?ﬁeefts%%umH( %ge?f%é?r% il ch%am[ﬁrgO41] FIG 2B

shovvsther lon 1n ntratlonuonl m ni'st rati on of
pept i desmp@éfhtl fied as SEQ I D NO 26 (Ac- carrrar-NH2) (squar es) and as SEQ

| D NG 29 ni st ered
bs an 10T B A b TR M BT oS BB bR R ALY R

6320080 1'PN00 ribik reiecisp freguibe BeaMoaipniialing eit-weteew, Bfoysteing) tz@taﬁmm@m ID

NG 29_ anstcifiarQs B, hohloy GG, L B eq i r avenous (1Y) bol us of
saline was ‘'used as a control (dashed™line), Plasma PTH | evel s were assessed
prior toP88) H‘gy%ﬁﬂ@fﬁefeznb@”aﬁﬁ the REANE: iﬁipi“‘ei?m%i%ﬁ ﬁ@i@fﬁeﬁfﬁfﬁ‘dﬁw pr esent ed
as groumnevemgerth@hé\ﬁ@lﬁﬁ&seg%%@éé ]Qﬁheﬁc%@efr@@@eﬁ_ e SaptlpoWi A percent of

t he basel i ne E}re- dose val ue; iS a bar graph that conpares the
rel ease 'BPTCAPSPERIORE ac8) MRFaRPaceibatididhiabrAzt St hoPTEN! o sSUAPIBIR conpounds

in nor WBémﬁWraQMem@%V\qu@z‘x’c ih@ii%ent%@:@@nés&? s§¥€%ﬂ§%§5&@; #Cdcid r - NH2(SEQ I D
crr Q 1 D NO 6) and

NO 4), H2 | D c

N o ur rEPTINPES ) SR P RESRIT Stiell HGBHT it e SPTGE A CIoWMBORUE dose of

2.1 prmla(deg/i gand, Phasni diosd, amuae owRS, feastedrief Aiesdesisngefprardose), 5,

15 and ?,D ut es after dosing; [0043] FIG 4 is a bar graph that conpares

the rel 5% §P "Hi st ami ne fol | ow ng |V bolus adm nistration of two conpounds

| n nor MEBOBHr Mg'teeaemndsreynhmﬁnsemmhé b(esamn‘mm:mqbsaedk:a HOhangty ane NH2(SEQ 1 D

he [ AC-Crrrrrr D NO 6, open bars) were

dosed at3%§ampgli&ﬁeqd Q ?Qaé aéFa%FﬁSCWNFQﬁé 8@ Med before dosi ng (tine

zer o) ariﬁﬂ%‘i] Ebﬁmatwr meqai:mn‘e&eamtswiadosi?(@gxg{»w-'léﬂs -G Xﬁewemanmaph of

parat hyrgi.d . he i r alue, as a

Finet i ort 6 f aaeSed @Y or ARcBRLERRhaRL, HGaRaRF bBh & E-ibike by TV bol us

of Ac- Cr{Xpan adiHX aseepmmwa di Widonas p sedusncanf orgeriNkRmESER | D NO

squares) L beroNEZ DN09 triangles), Ac-crrarrr-NH2 (SEQID
xs"”??%ng’c(ﬁ% aﬁ“”c---c“ie?rég?&l’r- NH2 (SEQ ID NO 11, *synmbol s),

Ac crrrrar-Nl 12 (SEQ I D NO 12, circles) or Ac--crurra-NI -12 (SEQ I D NG 13,

+ synbol s); [0045] FIGS, 6A—68 are graphs of parathyroid hornone |evel, as

percent of the baseline pre-dose value, as a function of time, in hours, in

healthy rats dosed with 0.5 ng/kg by 4V bolus of Ac-carrrar-NH2 (SEQ I D

NG 26, open dianonds), Ac-crrarar-NH2 (SEQ I D NO 25, open squares),

Ac-caarrrr-NH2 (SEQ ID NG 22, triangles), Ac-crraarr-NH2 (SEQ ID NG 17,

cl osed squares), Ac-c(CQarrrar-NH2 (SEQ ID NO 3, dianonds Fig. 6B),

Accraarrr-NH2 (SEQ ID NO 24, x synbols in Fig. 6A); Ac-c(Crrarar-NH2(SEQ

| D NO 28, x synbols, Fig. 6B);



[0046] FIG 7 shows the decrease in parathyroid hornone levels in the bl ood
as a function of tinme, for the conpound Ac-c(Carrrar-NH2 (SEQ I D NO 3)
adm ni st eWe0u 14171 V bol us to nornmal Sprague Dawl ey raPSTAIS2009¢379Df 1

ng/ kg (di anonds), 0,5 ny/ kg (squares), 0.3 ny/ kfgm(ftewa‘ﬁ@ Es§I0NEEYD ny/ kg
(x synmbols). An intravenous (IV) bolus of WO 2011/014707PCT/ US2010/ 043792
Attorney Docket No. 632008017W)0 saline (circle,) was used as a control.

Pl asma PTH | evel s were assessed prior to dosing and at 1, 2, 3 and 4 hours
af ter doE¥Rg, H[@@W:‘%}" efib@lingnl, sheacgtigphusclgparatdiprmaicdadibresoines Isavel , as

per cent | , cl.i fotd hours in
ot e wi ¢ AR R o B e85 B EorBloN SRl of o HREC

of acut erepidhed. aiqvstigucusisemence whe rexttisef Latrsinpuetid rebded anid £-anbol us Wi t h
the compaund.fte (a@a{&ef?é %ﬁ

(di armndé%w 5 b§ bl 0%?é§§@§és%dgga§ g@hgrggiz:?%n%gc% Hgé!s@ﬁs

synbol s)@@@ﬂ %"iaﬁ"i@ﬁ“@f @WG@’F‘”@@} ihe eretigadagarente df armgae %raSW@E%:&tl ng

basel i neyfgdiid £YshpRig-tdertings vhIM8lacGa f%ii'n%n%rgﬁépilﬂ RbiRar at hyroid
hornone | evel, as percent of the baseline pre-dose value, as a function of
time, i reTRBRHBENY Hecaptiouass serushe? alERBASEY raFduesTalithed 10 2 cOYWEIS) or with
t he COWDEQHM&&G@%QIEH&MW Iyt N@%@é&&bé@ﬁ@@r QGmQ@@:ﬂb i rAsRNAR)s o@Rdue.

Accarrra pen squares) ng/ kg via a 30-mnute |1V

NH2
i nfusi ont? ﬁﬂeﬁ“ﬁ E‘&%ﬁﬁ‘b@*iﬁi‘ﬁ“é@@ @%‘ﬁ%“a‘%ﬁ%‘é@f@d’fﬁﬁ"ﬁ’rdct‘%reﬁ@é‘?%é 16 hours

and 24 h@iﬂzﬁ@na&xf\hﬁﬁn Q@@d}iﬁ@me bOS4ARDL KhiGesidled ﬁerﬁsgfoaé?ﬁn@fac@@é@&d&r 9kd hornone
| evel , as percent g{%gbasel In e dosgﬁéal ue, a functjion of time, in

hours, i#A"FPEEEAFY uegc FTERRRCT HSUEP & BreyP ! ‘_’L‘P@ FEUEISF ' RAg¥e M he rats
wer e dO%&ﬁl aldbtaed émm;mgmmbfmhmwomnd@aAﬁma&é GriaresidbesNE2o (1SR | ID NG: 3,
squar es S ar 4 tri ang es,

i anondsy iy Geeielbe AP it B U R P AR gre T iRs. BB kg (-

di anondsjgid {86, 8 TGamibd sick raszgsnapb ‘a@fanmam atsby&m@shaﬁ fanend svel , as
percent of. bas e e Hnet of ti n_hours, in
rats tr e% égwga‘%m crggggg g?“g%el%f ﬁé;t ﬁﬁmfg sdg‘ uﬁﬁlé gﬁe]ﬁw\/né}ra rBE‘;‘eSEdJ&S

Ac-crrr r&—ﬁ-’i B2 (SER !Ie@dhal@s 611 swinamcivaksivasquad-Ssandnd atid remieed) or with

sal i ne v ggégransdernal delivery (dianonds); [0051] FIG 12 is a graph of
parathyro hornone | evel, as percent of the baseline pre-dose value, as a
f unct i onfG8ES]H inrempthen ehgadiment, tha &t Sibunik isteethlivhig aimimt evidporeef aci it at ed

t ransder del r F 13 is a
graph ofg@ég i a!]a\éﬁ*f)/e;(?s%g@@éeﬁg g%e?xbga%g ayﬁg%%ura:tsﬁnfwﬂ%% ch@%%l riiw"s Jir%6 hour |V
i nfusi oﬂﬁ@ﬂﬂm@t@(*@%mﬁmamﬁmﬁ@w@ £ B AO3ichip amgirad @pﬂa@umw ey rats,

wher e t henGOmaMNEe Was. caﬂ@sﬁ@%ﬂm@%;fﬂ@%&éu@fﬁ alalé%:zlﬁgéé?é (squares), 3 ug/ kol hr
(mrcles% and 10 pg/kg/hr (triangl w& @] FIG 14A shows PTI--1 (as a
per cent 62 ﬁa%‘élri@ﬂ‘@} cEgPEIRG aid ap IF’(F 6W oBic F-HBP aF% TRHFYS on of

Ac- ¢( C) oty mNrofel SRR NOiD xJ dunt:Reis HG Gntidd ad@dalqef acute renal WO
2011/ 014707 CT/ US2010/ 043792 Attorney Docket No, 632008017W0

i nsuf fi dPEA8YN ARREEE3FRACS t%?‘é‘iiﬁﬁ?‘fsﬁéiﬁﬁ@l*?ﬁf‘)‘]f}iﬁé%(?e%i”bﬁ%%m%‘f%@ of 30

pg/ kgThrssemmN&écm@sé@@ tiﬂ@ld@%d\ﬂng{é@@UﬁErﬁi&% X, 005 # o BldecoddB is a bar
graph showi ng serum cal for the 1K1C nodel rats treated as

i

P FiG TR B S5 e EPSiniPks i SEeni P ahoay b ek & 668 Hor o
readi | y sbyhg @frﬁgmme@@eﬁd@qwmhﬁ ew }d,%am bedoslerantptdason:od bé he preferred
enbodi nment s E e %ﬁanp es | n(% q%\q her ei.n. TAI LED DESCRI PTI ON

case w en attached 10 a' moiétly that faciilales fansfer of the configuous seqguence

across a cell membrane.

[0030] In another aspect, a conjugate comprised of the peplide carrrar (SEQ 1D NGO

is provided, where the peptide is conjugated at its N-terminai residus o a Cys residue.

{0031] In one embodiment, the peplide is chemically modified at the N-ferminus, the C-

terminus, or both.
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Definitions [0056] Wthin this application, unless otherw se stated,
definitions of the terns and illustration of the techniques of this

appl i cat iwo 20myp1®7f ound i n any of several well-known r@CEUSpCIem430Zh as:
Sanbrook, J,, et al., Mdlecular Coning: A Labof*%ft’%?ﬁ’;?f’%h?ﬁfafﬁ?”?ﬁﬂqaf\’@%rl ng
Har bor Labor atory Press (1989); Goeddel, D., ed., Gene Expression

Technol ogy, Methods in Enzynol ogy, 185, Academ c Press, San Di ego, CA
(1991); "Quide to Protein Purification” in Deutshcer, MP., ed., Methods in
Enzynol off#32Abagenia cPrbegsnenBdne me@mnuw t6d 889)e id thEngcaigtnalfied tFOR

Pr ot ocol i dem c Press, San Diego,
CA (1990 Cet@m% gt f&gﬁh{gmg&‘r“%ﬁg@% e R PR \enums ot Bagi ¢
Techni quE@@‘i@Q}léﬁ E@??ﬁeimdlmw the m}ﬂ%s%«ﬁ}%&r{ﬂ@&ﬁhﬂ KOy, E.J., ed.,

Gene Tra i r 2r ess

el @I&%{n ir?:%g:t %@ﬁé& e?e@ze@ogto%fe?'ga!aﬁg@%emégphyg%@%’mt g;d sm”%n

York (1998 s Wbﬁmemﬂmm&j wHerain A corpeurs argidsaribddorarei &' pmmaﬂﬁ fo taad "t he"

i ncl ude I S "a"

Ul at ot T et o e 3 REie R} po " usec

her ein adfé%ﬁ’ﬁdhﬁéi‘ehﬁgnd‘ﬁ%*tl vity to decrease parat hyr oi d hornmone | evel' or
" PTH- | ovneiob 80 iregddindr a¥pedthen oIR8 Q@Q@ﬂ?% péi'@iﬂ mrﬁbﬁé fhar}é &Q a

subj ect, | ower s pl asma, par at hyroi d hor none %ﬁ tive %e pl asma PTH
concent r ZVHHP! Bgr"’fjo‘f"h?f%‘“é‘d‘?ﬁmﬁoé’f‘# as Pesrriged ﬁ‘ﬁ@"b‘e rﬁ’fﬁﬁ’ﬁ*‘r‘é o fhe ?eﬁe%e nbodi ment ,

the decr gass ima R ey, a@eaas&aehz&egsknem% 03R%, AD%5imbYeoB8MIng’ 0% 80%

90% or 95% | ower one hﬁur after conpound adm ni stration that the PTH | evel
prior toPREMAIPSTFHEHD a%‘f““@‘ﬂ%“’c‘?ﬂ?ﬁ%me depeef hﬁ?"bé’eﬁpfﬁ@f*@i% withghsence of
a hi st amgwend @agpanse” or "lack of a histam ne response” intends a dose of a
conmpound roduces a l.ess than 15-fold, 14-fo 3- fold, 12-fold,
11-fol d, toba 7 5P %“?O&?’Hme 1‘58?%0?"‘37‘%@“8?%4“3@9?8“1%l\“t%“‘f‘b V9P d, or 3-fol d
increaseahawg @mcemmammu&?ow/ 043792 Attorney Docket No 63200801700

i n histam.ne, syred in vitro. in described herein, where the
fol d chﬁégﬁi LR 9B 2L SR OB et v e OBV S HETG PB TR BT | on wi t h
t he eorrpmﬂgmdnmds edrttenpli®arth betretviduatiy bateptant osirérhoeaniou the. schf960he As used
teenty e eant e saearpeal ol n8 PBids MR o Bl Ly the
three | e@@eﬁ@@oﬁ Wr:it\imaheorpn efy gombindtichexmeptiutier franyics ciemmi chis

AT i R S el S e QEpSHf“caac?& o
("L-Asp" or D') cystei |utamne ("L-An" or "Q"),

gl ut amc acid ("L-d ﬁﬂi%ﬁﬁécﬁ??%wicﬁ?%% %M\%Wf‘s 'G'), histi di ne (L Hi s"
or cin | eucine ('L-Leu" or "L" si ne

("L- Lys {Qg?g% %l% AR ﬁ%f‘fﬂhéﬁlpﬁ@”(y”ﬂd K?B’Emm@rie"‘q{/laf’ pﬁﬁ?@h?ﬂﬁ?ﬁﬁ?%éef-’r% Phe" or
"F), prcﬂisel’\lfa u@La&PzE Qinchdn efl?'h)e irSiefurden (at d—Wﬁ@écut@fehaﬁhiuffeés@rﬁﬁqmﬁ@ ("L-Thr"

or "T" - L-Tr r Y") and valine
("L- VaI %ﬁa"ﬁ gﬁf? W& dé‘ﬂtg"{"‘ﬁﬁ?@ éga#&@ﬂo% @%B‘F‘@?en% ed asV(N:_eu)
and (Wmécrawmhemﬂa/m MO:8T hesm aglee), m&mm\w (:@{e@wﬂ) NG, emdgres)aci ds t hat

are chir hav D-i_ soner desi ed by the three
letter ¢ d%rrrrm %%%Egggrx}d Qﬂgn SHEAB: ‘E*r?&"l‘ mE cASE™ g &'letter code:
aI an| ne {EOEBIAFIE. 28ns & glgph diligicontentrglid, Ar g, @ a Yuntdon efspamaghae ("D Asn" or

AR P N RO b o Sl
| e‘éﬂi*éﬁchﬂae;!eegms & gleapure'of Jhe dosyoiungs Gbilly teattvate the h)nah ylsuSﬁe ( D-Lys"
" k" |
pr oI | ne {/!p{%&?‘?‘&(ﬁa&&{}{gééﬁaﬁﬁ%ﬁ %ﬂ %@Q@e&ﬁ é%$g&lagg Sgab% %]ﬁéec%ﬁ[} Thr" or
8%&?«“ feD-Trp" or "wW'), tyrosine (" DTyr or "y") and valine
D Va' g:e@éf} MG) 28 2Tl h%%a;ﬂf&oﬁf}ﬂe% EQ&&é@lrb{tﬁx LW iPGivh %E&w%ﬁ;‘?ﬁ&%@'oﬁs

(dNLeu) and " (d | ), respectively. acid resi Is often
used |n5%@?@%@%@@*?%a§S§§W@H§9@§ﬁéﬁﬁé%“ﬁ >@Qw¥ﬁ¥fﬁ@€wﬁﬁﬂ@ﬁ%ﬁﬁia% or
prot ei n,aaBerar N Qi@EbHs) whed HRMHMBED Wdte LBHATEBGE a%%n@‘xf%b%@ ol ecul e,
usage of these terms in the art overlaps and varies. The term "am no acid"
and "am no acid residue" are used interchangeably and may refer to a free
nol ecul e or a nononeric subunit of a peptide, polypeptide or protein,
dependi ng on context. [0061] To deterdri ne the percent "honol ogy" or percent
"identity" of two am no acid sequences, the sequences are aligned for

opti mal conpari son purposes (e.g., gaps can be introduced in the sequence
of one polypeptide for optinmal alignnent with the other polypeptide). The
amno acid residues at corresponding anmno acid positions are then
conpared V%en a p05|t|on |n one sequence |s occupled by the sane anlno

o o " ) .



WD 2011/ 014707PCT/ US2010/ 043792 Attorney Docket No. 632008017W0 [0066] A
peptide or peptide fragment is "derived fron' a parent peptide or

pol ypept iWO 20f1/d1870has an ami no aci d sequence that is i deqaTiusad10043792

honol ogous to at |east a contiguous sequence of AFIRAS Pafrichty- &ECHEY 88Plues,
nore preferably eight am no acid residues, of the parent peptide or

poi ypepti der [0067] As used herein, the term "hyperparathyroidisnt refers
to primary, secondary and tertiary hyperparathyroidism unless otherw se

i ndi cat et r@GOEBkgTh Bawey mutsiah tivsder fmhd/kd fmt SRdsit haRoiandtane smed/heds of
treat nen d eff i.ve

calcim n%?%?ﬁﬁ\g?rgguﬁﬂ%%@n % (Rﬁ bt%gggk%%% e“ise % t%éggg%giﬁgan%o | ayers
of skin B@ﬁf@atf:ﬁ"?t ?neeiwmta;ﬁwwdmeemm c@mdsgta}mdg& achiey ¢ haudedter égbitgher apeut i ¢
ef fect, I i - i " olypepti de or
bi ol ogi cal %gaé{?rﬁg&g%ﬁ ??g&;‘u?her &8 }%%n?j%gfeidec\f mn fahc?%THR P(cp np

mat eri al 3%/\?@‘?\@%‘36%&@@85@ meée%vath DNA technl ques or chem cal

precur 50{@%4@? FRE ek a%?ﬁ? %ﬁlﬁ%t\fy@ﬁﬂaz%g;%{% laby 0§9(Qtta!%?r§é fé%mgnﬁbéi&?guage

"subst an |all%/ ree of lul ar nater "hcludes preeparatTons
pol ypept FHBE SRR oAr “?%éﬂﬁmﬁyb‘éﬁp@lﬁ@é“@isg%%@r%vé@y fatomheomideof t he
cel I ul armwmaen&@nﬂfwweeeﬁblmw AR Ns&fs? (5eQnBtws al |4 Qf L gGoNNbI nant [y
en

pr oduced the poly de or_biologically active portion t éreof is
r econbi namtd (P %963&@5%3‘3 “t“"*'i'l”si\*%Z %%%N&%%IWW%W%W grigpofar 86 of culture
medi um mas@s wﬁwimr Emamgi aHn ;ﬁi@ﬂﬁ@ﬁﬁf&vﬁné 888 rihall-abotte 200y @RI
prefera ?%S %s§ g abhout 10% and nost preferably |ess than about 5% of
the vol ufEEHF {REN % P yiyuies @& PP ati on. The | anguage "substantially free
of | c hemt gﬁam}pr@waeemr @z’fapm meom?m aad Bleabdel | uﬁg&;@@%ﬁ@é l\,%tlsuspf

ol ypept | ept i separated from cheni ca ecursors
br ot mor sl R B e B TER e s EBRY Y hetsi o Tttt  de.
I n one er’hdaqd)\mt NHE t‘EﬂE(I} angiay erdsthsihaobhal byd beearafnieheriocal Npmsecur sor s

about | SGU( By 0y eI oo R B B e Bt A S e

preferabﬂtamelzegsamﬁém.abmjﬁﬁm%tmmm%ingrecursors or other chem cals nor e

prefera eg rsor t her .cheni cal s,
still ﬁ&%}r %?ﬁeﬁjess p%%@r}’wg M%g?%%%%a en? ftg rgg%erhgegfe*ot her
cheni cal @Sea’atﬂfem% fusrtdrestdivley in lesss, thagrmab ogs dwcfhérﬁ Ealg/qgrigdur sors or

ot her cmscelﬁecmn nnﬁ%%@@@%@&@% $acl S0l Rhed é$$§¥B%R§bdes or

bi ol ogi y active ions ther ¢k ‘contam i Ypeptides from
t he san@%ﬁ@éh@ﬁiﬁriﬁrﬁw@&@ %@O&bﬁ@miepbnngtrr &e?ﬁeﬁewumm X WO

20111 OTAZRERET/ASEOLO QA3EER M ket f1eY sPpckiet AN S3RAORYTWORA. L0701 As
used herein, "nmacronol ecu refers to a nol ecu , such as a pepti de,

pol ypepti§is) PrisreiriraoN-n{REQIR NSe1 %+ syA&e!stypi cal |y has a nol ecul ar wei ght
greater foba) @WBA%@&@%’%&@Q}? pﬁf@@@/gd d RorPBIERY 19 HefecRIMMNA: Bidane | Nt ends

an am no acid residue that has no charge or a net negative charge at
physi ol JYFECRH T 25,2 HEctios of heecadeurst Brhealtaniateedose whd- tume Raci d
r esi duesvwheref agagiAeichsEn IDNOLR AfelUPimonds), Mrfa@éwé eicpdp pol ar and

neut r al pol ar) and oni.c_am n i ncl ude_t hose
r esi dueé\‘@nr}?h‘mfﬁ Qﬂ“ﬁflﬁéhgc’f%ﬁf”l%&SEW%\&%@BOW&%EWI "“%F”%‘”f%ﬁ‘ﬁ% i Hoi ety
(e.g., valnmea7y, @bseﬂlsqeafesﬁuewemm@oheqemem whenybalamd Pg) 68}3A83Ut ral,

P o By PR A5 SRR Gl oD 0B S Lol RS

met hi onlstysnbo;sr Bdglm valine, isoleucine). Non-cationic am no aC| ds with an

acidic ude asp aratic ac 0072] A "polyner"
refers %05‘% Q%L% &’ihﬁ gfzreta\zf\%mo?m%&gwg(ﬁj‘%ﬁ? @i&m h‘&%’k{ deltd cal subunits
j oi ned l:fym:dovaf @ne. fhohd sompOd¥Bic-AS JarsadNRgf & D 1D i\m:e@;tadtkea’nsmmﬂi as an

" pol ypepyi t acid

reS| dueg{llblgﬁil% t{éﬁ rs{ aégg?alﬁgééD%gﬁn r’E‘E{Sragg §$e5%8?qj\%?g C{%a d%é Aﬂg%gugh

" pr ot ei Htgyasesnfd @ madeettianplesp ot éri(mgfm {r sinsitdlay edvy intrargreup OMy pelps bides, and
"peptide" is often used in reference to small pol ypeptides, usage of these
terns in the art overlaps and varies. Thus, for sinplicity, the term
"peptide" will be used herein, although in sone cases the art may refer to
the sane polyner as a "polypeptide..." Unless otherw se indicated, the
sequence for a peptide is given in the order fromthe amno termnus to the
carboxyl termnus. [0074] A "thiol-containing group” or "thiol-containing
noi ety" as used herein intends a functional group conprising a

sul fur-hydrogen bond (-SH), and that is capable of reacting w th another

t hi al under physiologic conditions to forma disulfide bond. A thiol that
|s capable of form ng a dISU|fIde bond W|th another t hi ol |s referred to

. Y I Y L "



MD 2011/ 014707PCT/ US2010/ 043792 Attorney Docket No_ 632008017W0 [0077] A
"subunit" intends a nononeric unit that is joined to nore than one ot her
nononer i cwort/tigrofor m a pol yneri ¢ conpound, where a sulbGmitS2019/083762
shortest repeating pattern of elements in the polYiCoEtynBEIRE "ERenpl ary
subunits are am no acids, which when |Iinked forma pol yner conpound such as
those referred to in the art as a peptide, a pol ypeptide or a protein.
[0078] As used herein, a "therapeutically effective anount” is an anount

r equi r edsatioe frictst waa usebay 2dortivér Bpeut iF0 Habéee verchoseexcampbeto doginget hods
for redugihg e 5%&3'&1%[;%’2%9? er rcal cem c subjects, a therapeutically

ef fective anount 9 eqte}u red to reduce serumcal cium | evels by
at | east {20947 P¥%. 33*%3 m%E’G%EJaV%WB%hOQ%nal@%E aslt%r?em%th&matbé%e 15% 16%
17% 8% 9 0% qr, i y m or as
oni zed cé%&%ﬁa&ur% a(%g fun%@ct/ﬁ ?%%ﬁﬁgg}ﬁg)fgpﬁf %Q%gtatgq?r%%ﬂts&%gﬁ m ng in vivo
PTH, a t*l*téﬁ%tbémﬁf%‘alﬂt §/Ké$f¥l§t§§§«iktf@caﬁﬁﬁafﬁﬂi inssfficlsacambert the egfaiveedddsedr educe
PTH | evel; ) 7, % % 12%
Tave 1o 150 S e S B BT bR e abd e, e
term" @Wﬁhlt "R AERTEREY. §-h Mt maﬁ@a@néﬁ? 1 mekurtermeescel bed her ein
a therapﬁ!ﬁé@s’iﬂtﬂab@s@%@@ééh\ég3@@9@5 PhaRak) M&@:WT@E@@Q?& -ghSingPPl i ed to

skin to del iver_ the conmpound t ystem c circulation and thus achi eve a
desi red PR&FpENLS B agr t%‘b‘tf ?a[atﬁ@g@@}i horeeste v ey Rireast epibe bpreddiae pag-|
docunent g;geaffl @Qa?@mh@:{ 8f tind@i€hdiRE OF ROE abRL s@t)’av%ﬁ&%ri}e\ﬁ)@%?séiaﬂet(@e' r

entirety. oun I n_one a ect a co ound conpr|3|n t he
sequence® Y(S‘?%%ggﬁﬂﬁ%ﬁ theep p}é“ds &%Cmﬁ% Ha (REQID . SR HapYsH. d8H Acmher e X1
is a SUM’HI!&?—NE{K@E@IWQQ@Z@I Bt sciaaidp at *Xﬁsgvs@ B e@aﬁJn@sﬁtt@ PBAMMA ; X6 is a
non- catlonlc ubu

ti d | tt f X2,
X3 and X" %[?é) 3!) %ﬂt?gﬁaﬁl‘%?r%g%%??%qﬂﬁ’%?%ég%%ﬁQ&%ﬁﬁg%%dﬁgg’%s%\émagt ivity

to decre@smgpar at hyr0| d hornmone (PTH) levels and/or decrease cal ciumlevels

inasu crease in parat hor vels as wll be
illustr gétgﬁgégb %tg ar?g Qaragwé?g g”‘tf’f“@g Vfir?ﬁ pc?tcegF %386 "8oR®ant r ati on
in a subtﬁ@etvatuel as aﬁmcttm dthengliralsoras, or rddd edid afFErdnaCongiénenat{t@nCprior to
treat me t dac i.eves a
reducti gfgrtoel%rPt Qm%%%%%%}égeg%%n%} ra E| onq%% W”EF 838 Q%Iﬁg/o nCp?QE Hon % “hour after
dosi ng, (ﬁélﬁhtﬂ Ne'X eatdies, jlsasirals P @cr C@‘iﬁ -GlerrdodihgSETHE Nonpdunds are

w0 o141/ BEEY R 0SB 5 Bas o5 Refsney B B R s Bivoo” -

non- pept§i@hnendonpounds t hat have the deS| red activity can be designed based
on Lhe SObS! A% b Yldak of Bhal AP R AL Sl B GRREN Dol Blghdipre [ 0082] A
used herei n parathyroid hornone or am no aci d pept F&e pr oduced
by the pHE&VRYEORYE Hinghen aifing. trshwwkﬁﬁéwe@%waéts@mpg@s‘a@@@xeﬁu|| | engt h

PTH (whisednsgonsi ééﬁaeﬁ%fafrﬁ%%rﬂHﬁﬁHlf% andols OBk IESILLLEfLd 1O as
"intact" of "bioactive" PTH) various PTH fragnents generated by proteol ysis
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suggests tha p05| Lharges as well as total cationic charge can
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Table 2 qmaﬂmasrs; @ﬂ?bicmhérh( Lh“ep”d:atw 1SRyl mT@-bbe vy SUO0GRRE DAt the

cationic, 2 are esse |on and 7 but is
not r equfv{ e Q?F%b‘b@?laﬁgg “éwaﬁ’a? ”WIQ-@ rﬁ%??fﬁ%‘?ﬁ%ﬂlﬁj ?né
2011/ 014887 RET# ISR Bih6%:37 B 2tuAtily caeyindatiketache. thﬁ%mwm ér able 2 In

\éio\r/rgoﬁ‘ﬁgé ggég?r%r@?sra%%éa Wik ;ggsra?gnua%gwgg%' C%:'!:%c%[ t‘%sth the pref é) rats®
or by the lower-case one Eatteﬁ' code: alanine (“D-Ala” or “a ), arginine {"D-Arg” or 1"y,
asparagine {"D-Asn” or "a”"), aspartic acid ("D-Asp” or "d"), cysteine (“D-Cys” or “¢”),
glutamine ("D-GIn” or °q"), glutamic acid ("D-Giu” or “g"), histidine (*D-His" or *h"),
isoleucine ("D-He" or “1"), leucine ("D-Leu” or 1), lysine (*D-Lys” or “K"), methionine ("D~
Met” or “m’}, phenylalanine (“D-Phe” or “f"), proline (*D-Pro” or “p"), serine (“D-Ser” or
“e™), threonine ("D-Thi” or *t), tryptophan ("D-Trp" or "w"), tyrosine (“I-Tyr” or "y") and
valine (*D-Val’ or 'v"). D-norleucine and D-norvaline may be represented as (dNLeu)
and (dNVal), respectively. Although “amino acid residue” is often used in reference to a
monomeric subunit of a peptide, polypeptide or protein, and “amine acid” is often used in
reference fo a free moleculs, usage of these terms in the art overlaps and varies. The
term "aming acid” and "amino acid residue” are used interchangeably and may refer to a
free molecule or a monomeric subunit of a peptide, polypeptide or protein, depending on
context.

[0081] To determine the percent “homology” or percent “identity” of two amino acid
sequences, the sequences are aligned for optimal comparison purposes (8.g., gaps can
be introduced in the sequence of one polypeptide for optimal alignment with the other
polypeptide). The amino acid residues at corresponding aming acid positions are then
compared. YWhen a position in one sequence is occupied by the same amino acid

residue as the corresponding position in the other sequence, then the molecules are
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entical at that position. As used herein amino acid or nucleic acid “homology” is
equivalent to amino acid or nucleic acid "identity”. Accordingly, the percent sequence
ilentity between the two sequences is a function of the number of identical positions
shared by the sequences {i.e., percent sequence identity = numbers of identical
positions/total numbers of positions x 100). Percent sequence identity between two
polypsptide sequences can be determined using the Vector NT1 software package
(invitrogen Corporation, 5781 Van Allen Way, Carlsbad, CA $2008). A gap opening
penalty of 10 and a gap extension penalty of 0.1 are used for determining the percent
identity of two polypeptides. All other parameters are set at the default settings.
[0082] A “cationic amino acid” intends an amino acid residue that has a net positive
charge at physinlogic pH (7.4}, as is the case, for example, in the amino acid residues
where the side chain, or “R group”, contains an amine functional group or other
functional group that can accept a proton to become positively charged at physiologic
pH, such as a guanidine or imidazole moiety. Cationic amino acid residues include
arginine, lysine, histidine, 2,3-diaminopropionic acid (Dap}, 2,4-diamincbutyric acid
{Dab}, ornithine, and homoarginine.

{0083} A “cationic subunit” intends a subunif that has a net positive charge at
physiologic pH (7.4},

[0084] As used herein, "conservative amino acid substitutions” are substitutions which
do not result in a significant change in the activity or tertiary structure of a selected
polypeptide or protein. Such substitutions typically invoive replacing a selected amino
acid residue with a different amino acid residue having similar physico-chemical
properties. Groupings of amino acids and amine acid residues by physico-chemical
properties are known to those of skill in the art. For example, among the naturally-
ocourting amine acids, families of amino acid residues having similar side chains have
been defined in the art, and include basic side chains (e.g., lysine, arginine, histidine),
acidic side chains {(e.g., aspartic acid, ghtamic acid), uncharged polar side chains (e.q.,
glycine, asparagine, glutamine, serine, threonine, tyrosine, cysteine}, nonpolar side
chains (e.g., alanine, valine, leucine, isoleucine, proline, phenylalaning, methionine,
tryptophan}, beta-branched side chains {e.g., threonine, valine, isoleucineg) and aromatic
side chains {e.g., tyrosine, phenylalanine, tryplophan, histidine).

{0065} As used herein, “chemical cross-linking” refers to covalent bonding of two or

more molecules,
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{0088] A peptide or peptide fragment is “derived from” a parent peptide or polypeptide if
it has an amino acid sequence that is identical or homologous to at least a contiguous
sequence of five amino acid residues, more preferably eight amino acid residuss, of the
parent peptide or polypeptide.

{0087} As used herein, the term "hyperparathyroidism” refers to primary, secondary and
tertiary hyperparathyroidism, unless otherwise indicated.

{0088} The term "intradermal” intends that in the methods of treatment described herein
a therapeutically effective amount of a calcimimetic compound is applied to skin to
deliver the compound fo layers of skin beneath the stratum comeum, and thus achieve a
desired therapsutic effect.

[0068] As used herein, an "isolated” or "purified” polypeptide or biologically active
portion thereot is free of some of the cellular material when produced by recombinant
DNA techniques, or chemical precursors or other chemicals when chemically
synthesized. The language “substantially free of celiular material” includes preparations
of polypeptides in which the polypeptide is separated from some of the cellular
components of the cells in which it is naturally or recombinantly produced. When the
polypeplide or biologically active portion thereof is recombinantly produced, it is also
preferably substantially free of culture medium, i.e., culture medium represents iess than
about 20%, more preferably less than about 10%, and most preferably less than about
5% of the volume of the polypeptide preparation. The fanguage “substantially free of
chemical precursors or other chemicals” includes preparations of polypeptides in which
the polypeptide is separated from cherical precursors or other chemicals that are
invoived in the synthesis of the polypeptide. In one embodiment, the language
“substantially free of chemical precursors or other chemicals” includes preparations of a
polypeptide having less than about 30% (by dry weight) of chemical precursors or other
chemicals, preferably less than about 20% chemical precursors or other chemicals,
more preferably less than about 15% chemical precursors or other chemicals, still more
preferably less than about 10% chemical precursers or other chemicals, and most
praferably less than about 5% chermical precursors or other chemicals. In preferred
embodiments, isolated polypeptides, or biologically active portions thereof, lack
contaminating polypeptides from the same organism from which the domain polypeptide

is derived.
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{00707 As used herein, “macromolecule” refers to a molecule, such as a peptide,
polypeptide, protein or nucleic acid, that typically has a molecular weight greater than
about 800 Daltons.

{80711 A “non-cationic amino acid” intends an amino acid residue that has no charge or
a net negative charge at physiologic pH (7 .4), as is the case, for example, in the amino
acid residues where the side chain, or "R group”, is neutral (neutral polar and neutral
non-polar) and acidic. Non-cationic amino acids include those residues with an R group
that is a hydrocarbon alkyl or aromatic moiety (e.g., valine, alanine, leucine, isoleucing,
phenylalanine); a neutral, polar R group (asparagine, cysteine, glutamine, serine,
threonine, tryptophan, tyrosine); of a neutral, non-polar R group (giycine, methionine,
profine, valine, isoleucine). Mon-cationic amino acids with an acidic R group include
asparatic acid and glutamic acid.

{0072] A “polymer” refers to a linear chain of two or more identical or non-identical
subunits joined by covalent bonds.

{0073} As used herein, "peptide” and "polypeptide” refer to any polymer made up of 3
chain of amino acid residues linked by peptide bonds, regardiess of its size. Although
“protein” is often used in reference to refatively large polypeptides, and “peptide” is often
used in reference to small polypeptides, usage of these terms in the art overlaps and
varies. Thus, for simplicity, the term “peptide” will be used herein, although in some
cases the art may refer to the same polymer as a “polypeptide.” Unless otherwise
indicated, the sequence for a peplide is given in the order from the amino terminus to the
carboxyl terminus.

(0074} A “thiol-containing group” or “thiol-containing moiety” as used herein intends a
functional group comprising a sulfur-hydrogen bond {-SH), and that is capable of
reacting with another thiol under physiclogic conditions to form a disulfide bhond. A thiol
that is capable of forming a disulfide bond with another thiol is referred to herein as a
‘reactive thiol” In a preferred embodiment the thiokcontaining group is less than 6
atoms away from the backbone of the compound. in a more preferred embodiment, the
thiol-containing group has the struciure (~SH-CHp-CH,-C(O)-0O-)-.

[O075] As used herein, "small molecule” refers to a molecule other than a
macromolecule, such as an organic molecule, and typically has a molecular weight of
less than 1000 daltons.

{0078} As used herein, "subject” refers fo a human subject or an animal subject.

i3
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[0077] A "subunit” intends a monomeric unit that is joined {o more than one other
monomeric unit to form a polymeric compound, where a subunit is the shortest repeating
pattern of elements in the polymeric compound. Exemplary subunits are amino acids,
which when linked form a polymer compound such as those referred tointhe art as a
peptide, a polypeptide or a protein.

[0078] As used herein, a “therapeutically effective amount” is an amount required to
produce a desired therapeutic effect. For example, in methods for reducing serum
calcium in hypercalcemic subjects, a therapeutically effective amount is the amount
required to reduce serum calcium levels by at least 1%, 2%, 3%, 4%, 5%, 6%, 7%, 8%,
9%, 10%, 11%, 12%, 13%, 14%, 15%, 16%, 17%, 18%, 19%, 20% or 25%. Calcium
may be measured as {otal calcium or as fonized calcium. By way of another example, in
methods for lowering in vive PTH, a therapeutically effective amount is the amount
required to reduce PTH levels by at least 1%, 2%, 3%, 4%, 5%, 6%, 7%, 8%, 9%, 10%,
1%, 12%, 13%, 14%, 15%, 16%, 17%, 18%, 19%, 20% or 25%.

[0078] As used herein, the term "transdermal® means that in the methods of reatment
described herein a therapeutically effective amount of a calcimimetic agent is applied to
skin {0 deliver the compound o systemic circulation and thus achieve a desired
therapeutic effect.

[0080] Unless otherwise specified, all documents referred fo herein are incorporated by

reference in their entirety.

i Compounds

[0081] In one aspect, a compound comprising the sequence of subunits X, - Xz - Xz~
Ky Kg — Xg ~ X7 is provided, where X, is a subunit comprising a thiol group; Xs is a
cationic subunit; X is a non-cationic subunit; Xy is a cationic a subunit; and at lsast two
of Xz, X; and X4 are independently a cationic subunit. The compounds have activity to
decrease parathyroid hormone (PTH) levels and/or decrease caicium levels in a
subject’s blood. A decrease in parathyroid hormone levels, as will be Hlustrated below,
intends a lowering of plasma or blood PTH conceniration in a subject relative to the
plasma or bloed PTH concentration prior to treatment with the compound. In one
embodiment, the compound achieves a reduction in plasma PTH concentration by at
least 50% within one hour afler dosing, relative to the plasma PTH prior to dosing. The
compounds are exemplified by peptides, although a skilled artisan will appreciate that
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assay W ’Pﬁq_‘i’“t% iR TRt H‘riﬁﬁé’aﬁﬁy@@j‘ﬁiﬁﬂ*ﬁf@ﬁeﬁm@%ﬁﬁf@*’ﬁ éﬁi’éiﬁﬁy%@ﬁwhﬁe converts

| Pi to i aastdbbry-tbimibRSsHudhRs odesGhbbad ﬂm%éaf@pé@ee%va%%@' ation of 1P
was neasur ed |n th%a‘@iresence of the exenpl aré ounds Ac-carrrar-N112
)

(SEQ | D RBPSEFNARGT RE.RoPpessps KppUpesd fradey! ig thoygld t_E¥T in Fig.

2A. [009@f}ecﬁwiaam@@@mm@tw m:;@%fi%hﬂ’ﬁﬂ‘@@@ﬁ%%@s %@@e@b@ﬂ%&e‘ﬂﬁae&@ﬂ s and
conmpound concer&é.m E NO.26 or SE NO 29 are reported as N

S
al ong t he 54k ’Hﬁggdﬂ? Vgﬁ%jsﬂg?sé\dﬁwﬁgm %f@?é’%@"fe@?ﬁdﬁe from SEQ i D
NO 29 dr aomtisiigaild st af. eidcedintdieatabid T1:y3-000 (e o ompouatheb@orsdd Nabe It he CaSR
as conp E D rm na
cyst ei nggf%séi Eﬂ% s?{f i @8%ﬁe§7p?§8ﬁ“€88“<% h%vsrﬁ%?cégﬁif:@t‘)é{ﬁc‘iﬁsi‘ée %%ng%‘i?ﬁﬁ? as the
pept i desdeﬁmeéaeiemsamwm usgNGr:263tea N0 HAReatifidation Ndhot SEQdeRCNO 29)
differ e el ne.
Looot) The et B BRFAFRTRG- Bl ER atterh AR T et S bl uni ¢ o
t he corrpmlfﬂﬁ(%e@g‘lxamme ééetedriln enbodi nent s V\/nere the conpound is a peptide

on the h{abgfgmmgrs{sﬁééﬁg&%ﬁgm ceh%% Hgin ﬁ‘zszté §§%@;aﬁ%%@@gtudy The

PTH-1 owering activit dentl
( Ac- car rvée Qﬁﬁﬁ@)eda?ﬁ‘@ ta@e@@@m@ NG Ipveer-RAEH &apwh@’)femh euwedinatddi i n viva

accor di ng s JRaRRGEAN Srlafl. BIRERLAY A, 1R SHIRFIR Yehs were assessed

prior to dosing and ter dosing e results are
shown i nPRifEEieny, WBWS?@W@&WU@ irghRgcietYeg bE ﬁ%i@p’@pw diefivity in a

Ac- car 1 I ahaiNgRG 5@ RvING &, &ﬁ&@ﬁﬁﬁ%m‘é%%%ﬁa@d t&é%a&%ca%ﬁgtfat' on to

a non-detectable level for up hours after 05| n I'n contrast, the
pept i de TCAHIGURES BITHNStEEF ﬁ‘?fﬁ%ﬁimﬁéﬁhﬂf@é (WPetsE- N GECOR MDD g 4Ap-oup:
Ac-arrr aﬂi-iNﬁZ:'(CSﬁQ\EDQXN@) &Q%rrrrdtwl%@% it 50 qtyy F\@QHQ@;’»R@QWM@@M ration,
even atﬁ%;&éﬁé anti al I hi gher dose (i.e., 9 ng/
2011/ 01 éﬁﬁfﬂ@/ A%592 Attorney Docket No. 632008017W)0 [0092] The
st [) uct urgeeaaqgwuéwmai athanehi 18, ﬁi& &@ﬁp%d&ﬁ@éﬁeﬁms@m HIREUP iy Ejs:ﬁle th
subuni t n r ana preparing conpounds Wt
differi n'\ggj E@gg:ﬂ%fg n‘?‘%%bdﬂﬁ?‘e mf wIgdpY @ 98 m\%?enet ested in
Vi vo i n infosi :mh:o tiatGfodel aehbivi By, E@hém@iﬂ:@&uﬂ%ﬁwﬂ' Rl igrds PIHVWR A i vity of
Exenpl arpe cewgﬁﬂggre-d@sing (bassline) level. All four compounds dosed at 3 mg/kg

produced a significant drop in plasma PTH, but differences in the potency and duration

of PTH reduction suggest a relationship between the net positive charge and PTH-

lowering activity. For example, the compeund Ac-crrmr-NH; (SEQ 1D NOE; triangles)

with six cationic (arginine) subunits had increased efficacy as well as the duration of



in viva activity in normal rats* 0,5 ng/kg |1V bolus % PTH AUC of saline
control ** Saline SEQ NO 6 Ac-crrirrr-NH2 SEQ 0 NGO 30

Ac- bAl a- cworar/dWd7SEQ | D NO 31 SEQ I D NO 32 SEQ | D NO PATASPENAMITOUN - NH29
"' Bol ded font indicates respective substitution”&fneyNareebheatiitgVPesi due
(D-cysteine) in Ac-crurrr-N1-12 (SEQ I D NO 6), **PTH reduction foll ow ng
0.5 ng/ kg IV adm nistration in isoflurane-anesthetized nornmal rats - PTH
was neasured at 1, 2, 3 and 4 hours post adm nistration and cunul ative ALIC

was cal catiahedmpBid tda‘*t@ac,mmmﬂdahcmha'twﬁi; @ECOITODG:; taniohes faekl ow ng
data in Table 3

f or mul a: aI|n tro *100. [
i |l ust raﬁe%ﬂggzg% bﬁ ol C§H?§ Cﬁ%a%f”g fﬁfftﬁﬁdﬁvggﬁg%‘éo @5&”“%%’. Conpounds
with t he%tﬁmiﬂﬁ@mmctiwi}t heurpHtimgiymtimatomesind ve-anemreNHe&IFad D ND:& yst ei ne

(cys), Dfr%ﬁ@!%a&'wl/ @ﬁiﬁ(ﬁgpgr@qmes Pﬂggﬁg)ﬁ%?' neasgg %%10 éd %éii}%%g@ r%r Op' oni ¢

acid 1 RBA-TATGF Al as beta
al ani ne tocthn C@@P@tﬁm&ﬁgm@ﬁ"?‘ﬂc}? il N (NEY: i avath snhareb%ﬁrﬂeevmm@nﬁem due. The

data ill %é?éaﬁ‘ﬂ%ﬁ%s%ﬂ%g sb ésﬂfé‘%ﬁ‘karg #‘5‘%?%@%?% é%?np%%ﬁ%&%?lgﬂ%t (SEQ 1D

NG 6) contal ni'n ainin roups i'n subuni t
effecti v@@i‘p@f&f@m@y WWH#%FYR@GSM!@BJ%?;?B&Y@@@T fﬂ?g Gpﬁ\@ﬂwd efheit isathecyst ei ne

resi due Wik naeti-oning:, whbab r@@efrwmge&%&mc Qui:;umié) %mgp resulted in
a conmpound with very poor _in vivo | owering activit not shown),
residues) produced a similar initial drop in PTH as the compounds w&th fewer cationic

residues, but over the 24 hours following dosing was less efficacious than Ac-crrrrrr-NH,
{SEQ 1D NO:B) and Ac-orrrr-NH, (SEQ D NOIB). These latter two compounds
produced a mean PTH reduction of ~40% and 80% at the 24 hour time point,
respectively. Both the extent of PTH reduction and duration of PTH are important
criteria for obtaining optimal therapeutic benefit for patients in need of treatment. i
should be noted that the compounds in this study were administered at the same mg/kg
dose but, due to differences in molecular weight, a different number of moles of each
compound was actually dosed. Therefore, Ac-crrrrr-NH, (SEQ 1D NO:8) was
significantly more potent than Ac-crr-NH, (SEQ 1D NO4) and Ac-crrre-NH, (SEQ ID
NO:5 ) on a per mole basis.

[0088] Further studies were done fo explore the structure-activity relationship of the
compounds. The compound Ac-crirrrr-NH, (SEQ 1D NO:8) was modified by sequential
replacement of an arginine residue with an alanine residue at each of the subunit
positions X,-X;. The compounds were characterized in an i vifro human calcium-
sensing receptor (CaSR) assay, described in Example 2, wherein HEK 283 cells that
express the human calcium-sensing receptor were used {0 measure activity of
exemplary compounds. Without wishing to be bound by theory, if is thought that the
mechanism by which the described compounds fower PTH jn vive is through the
activation of the Ca8R, which is expressed in the parathyroid gland and controls PTH
secretion, Activation of the CaSR leads to an increase in intraceliular calcium and
inositol-3-phosphate {(IF3) and the subsequent accumulation of inositol-phosphate-1
{(IF1). Accordingly, in this in vilro assay, the half maximal effective concentration of
compound {o reduce 1P generation by 50% was determined (ECsp). The same
compounds were also tested in vivo to determine their FTH-lowering activity, as

described in Example 3. Resulis are shown in Table 1. The numbers in the column
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[ 0094] Based on the studies above, conpounds of the contiguous sequence of
subunits - X2 - X3 - X4 - X5 - X6 - X7, where Xi is a subunit conprising a
t hi oi - corwai2znimg4®roup, have activity to decrease par at irgraisdolaosirone

| evel s, In one enbodinent, the 21 WO 2011/ 014707PETLYSRUMOLTABTIDNAE t or ney
Docket No. 632008.017W00 thiol-containing group on the X1 subunit is

sel ected fromthe group consisting of thiolcontaining amno acid residues
and organi c thiol-containing noieties. In another enbodi nent, the

t hi ol - cotiteali“fi PYH QLA -4 BrsE apalth@cafroreAChbBg dtkihd a@nRay heFecubii! in T OUP

under ph H and. .t ure. . In certain s where the

t hi ol con%(gelaﬂf( % ?héﬂf ﬁ%(A%&nﬁ‘?{a{ﬁ%’grﬂ@ﬁagsraé’ﬁ %"tj%e“%gﬁé‘g&ﬁgu%‘?j’f‘{ﬁ? can be any
one of cyshehlie-trefted atriticones. fekeappbeepr APCAdBpackidieattdy¥eeCysatred
cysteine B t. i t hi ol - cont ai ni ng
group i sm%ﬁgﬁlﬁ%%h%ﬁgglﬁgi dw?%gbﬁuiﬁggﬁﬁﬁfegggﬁ@ﬁgﬁﬁggﬁgﬁ fi€%smal |

nmol ecul ecainpdund thdiicompletat aimiragegPoddic drhenddizcabbrunidl) foan hbersafter a

t hi ol - al pr.o

3- 1er Capgﬁﬁig\g%gﬁw s‘?rr%gésﬂ %ﬁgéf%%n%s(ifﬁ %%Q nﬁéﬁ &%d% ng&%]tg fip%altra?t a H%EPe

honocyst &f {(fopogsd K@@@ﬁlﬂi’sﬁ@l(w inandniral* Hiothhids equdd ddomgraster thhe 160nMpounds
descrlbegogg%gh&ﬂgﬁggg ﬁ{hgﬁﬁgkg Liydty to decrease parathyroid hornone

| evel ", which intends t e co%pound upon admi nistration to a subject,

| owers pl asma parathyroid hornone_as neasured by the cunul ative PTH area
under the curve (PTH AUC) over 4 iR s post adm nistration conpared to PTH
AUC of a correspondi pgrivelidineitd Ra1iediCoaheply Suhbeelds The pl asma PTH
concentrati ons a.'eimaasured usHng—t-or--exanpl-e,a P“ﬁﬁELﬁ;&LL¥~avallab|e
EUSA kit that detects bioactive mvmtagaﬁzy &yﬁéﬂ—g(ase@ggﬁxa le 3 for a
specific kit). conmpound with glinical activity to decreage parathyroid

hor none | evel reduces the PTf--1 AUC by at |east 20% 30%, 40% ;50% 60%

70% 80% 9()(?&33539155,b soupared t o % e HAEHLAYE oo orregp di’? "Qehicle
treated contfol supject. [0096Jzaddimeshtuditesr ab ¥ otihere® descri bed

bel ow, illustrate further enbagiosert sabhint e g, %es Pibed her ei n,
wherein thei X1l subunit in sonedhbodi rrenﬁgikg ? d chemcally, such

as by chem(al m)d fication tocompbude an ace ?@133@5955% ~benzoyl group, a
benzyl groupg Lyi group,—a naturat—or—unpat-ur-at-—am-ng-actd-such as
acetyl at ed- bg; g% a'ﬁfmfemmﬁ‘éﬁzs j%oi ned by a covél ent |inkagé.%o another thioi
noi ety. Peptl her apeutics rmy be vulnerable to attack by peptidases,
Exopept i daseSESr @ t{g((pbggerlﬂlpyH nop- speci fic enzyges which cligave apino acid
resi dues froMthe am no or carboxy termni of a pepti de ar protein.
Endopept i dasggg fhi ch Cleave™wi thiman am noraci d-sequencge, _cam al so be
non-speci fi ¢ Ndﬁ@\l\e\f%‘:f"méﬁﬂd\ﬁé@t idases frequentFy recognize garti cul ar am no

sequences (rprnnmflnn si.t.es).jand.cleave the:peptide at qr near;those
sites. Acco §?%W,A@g¢érfrlm@2ti ans to the compgund to protigct it from
proteol ytic dation are contenplated. [0097] One nethod of protecting a
pepti de from;guome tic g‘e radation involves chem cal Ty nodi Tyl ng, or
"cappi ng, " 1M@a~m rfbeé‘érﬁrafr" carboxy termni pfothe peptidés? As, WO
2011/014707 2?24010! 043792-At-t-of Rey Docket{-No-—632008017\W0--used herein,

the terms " al Aycraghidiied’ or ' capped” age used intemcdzangeably to
refer toth duction of a blocking group to a termnus or fo both

term ni of BEQciﬁmp und v oval ent nodi f tion. Sultagbl e b} ocking
groups serveN@oﬁ:ﬁcaﬁ&){th”ﬁeﬁﬁﬁ fni of t he peptid wi t hout décr eas ng the

bi ol ogi cal activit LyS ?‘h t-he pcplﬂagca ARy—r-est-gie-posi-ttoneg—at—t he am no or
carboxy term.ni, $oth. of {he”described co ounds, i ncl lK%E)dl ng t he

t hiol - coﬁt’;@ﬁdﬁ@w cfg:aﬁbaﬁwtasmeam*béwmmﬂem frginanaeie £- erde@OH@@]EDIN@@a preferred
enbodi rrem §0‘§UE;*§@é 'A6e r ?fﬁ%%:&*‘%}ts oﬁé‘j : wfﬁﬁgfﬁé% yaagérgj%gd‘?ggg ed by
acet yl atL8f, dAich EI nted as
"Ac-" i n(!a%r\!vét r%i:?ut?%é%r or rruéf % e| n n"4 e PeFreEd™enbodi ment, the

carboxy termnus of the described pepti des is chemcally nodified by

ar ni dat itBPF& o 1JPEG U SCPIRWERS AESFBE R E F6CHIP VRS Aaer il (B&Ri ch may be
repr esenpe¢: &ﬁandMHcrrarrrLMH?% $Epli Mo B8 AERNERe rold GhUhRieRted @/l @ herein).
In a preferred enbodi nent oth the am no term nus and carboxy term nus are
chem cally nodified by acetylation and am dation, respectively. However,

ot her cappi ng groups are possible. Far exanpl e, the am no term nus may be
capped by acylation with groups such as an acetyl group, a benzoyl group,
or with natural or unnatural am no acids such as beta-al anine capped with
an acetyl group, or by aikylation with groups such as a benzyl group or a
butyl group, or by sulfonylation to formsulfonam des. Simlarly, the

car boxy term nus may be esterl f| ed, or converted to a secondary am de and

I 1 I Y L Y M - e o N Y L M L T I o
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A. Addi tional Structure-Activity Relationship Studies [00100] Additional

st ruct ur evacbinvigip7st udi es were conducted, to further evalist@oITIESf ect
of properties of each subunit in the conpound oAt PPRErNHEIONOTANET vi t y.
These studies are now to be described with reference to Exanple 5. (00101]
A series of conpounds having an L.-am no acid residue substituted for a
Cam no acid residue were prepared based on the PTH | owering scaffold

Ac- ¢( C) adeareashibiz p¢SEQ R D! NGiBjw thEhistawtop it dsessenalgdpicdsstiesated @ subj ects

and pl asfm, & g-{é}l al sgf\égzé Ry X\ﬁ!ﬁ%tf@§&g§%§gﬂgr %i%r Stl 8?‘?&:%&%&3%”03&83 éﬂﬁg{“&g 4 hours

after d05|n d as the
sum of t issidPFHL peicesatr atd on? vfa‘ka:u@grf&f*éitfﬁi@|%Cp®)|ra$tsiedﬁn d 2, 3 and 4

h | |

poi nt s, TR AER (R s o bGP I SR AR e Bha 0 MRS f e
of L- Ani e CAamswoé@ Wﬁsﬁzr%?ﬁz (Sdé %N@n&i)‘r pSEG4D: NOUIod SEQCHD NO 400

Ac- ¢( C) apdbAty, N ol (WAL eABAN1TR Al#9eduction of 45% could be sufficiently

active for clinical therapy. Surprisingly, the substitution of the cationic arginine residue at
position § with the uncharged (alanine) residue actually improved potency. The data
iHustrate that cationic and uncharged residues at different positions are not all equal and
there are changes in activity as a result of change in the compound structure.

{COBT] To further evaluale the effect of change in activity as a function of change in
compound structure, another series of anaiogs of Ac-crrr-NH; (SEQ 1D NO:6) was
generated containing double amino acid substitutions, where two cationic (arginine)
residues were replaced by uncharged {alanine) residues, and tested for potency. Daia
are shown in Table 2. 1t is worth noting that this series of compounds have the same net
cationic charge as SEQ 1D NO:4 (four cationic residues) yet surprisingly some are very
active {(SEQ 1D NO:26) with very low %PTH AUC of saline control while others are
inactive (e.g., SEQ ID NO:14). Unexpectedly, this suggests that position of charges as
well as total cationic charge can influence potency of the compounds for reduction of
PTH. The daia shown in Table 2 is consistent with the data shown in Table 1

suggesting that the cationic residues of SEQ D NO:6 are essential al positions 5 and 7
but is not required at position 8, for PTH-lowering activily.
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142 Sal i ne100 *PTH reduction following 0.5 ng/kg IV adm nistration in

i sof | urane-anest heti zed nor nal

rats

PTH was neasured at 1, 2, 3 and 4

hours poswoadnimi®yrati on and cumul ati ve AUC was cal cul aC@8AIS2HHIIAL a wer e
cal cul ated according to the follow ng formul a: AUCEHPHCHet ¥ fE@PRUCHPP ne
100 [00102] The exenpl ary conpounds shown in Table 4 were

c.ontrol

chemcally nodified at both the N-term nus and the C-term nus,
by the Ac and NH2 desi gnati ons.
subuni ts wefabi€am no aci d residues,

iPvibd ﬁ&'&iv}@% I)%‘E% e _ra':“%i 9y

I D NO 3)

repl aci ng one subunit at

wherein all

The

as indicated
sequence of seven subunits carrrar (SEQ
was nodi fied by

Sid. The X1 subunit was a

D Cys residue (or L-Cys j jugated via a disulfide
| i nkage to an L-Cys residue, as indijcated the gar enthetical VO
2011/ 014707PCT/ US2010/ P43792 Attorney Dock&t ¥ Kp2SBHB0HSPITA 6% desi gnat i on
(©. The PTH lowering |In vivo data iin Table 4 shows that chirality of |Arg
and Al a affgg?_ggq\s' vity ofCcripeusdnpoUndspThieAREsfRbodiment—a conmpound of
the sequence™Xi ~- X2 -| X3 S5 - XeaseiXd at $h6@HLIM! a3 eehghenRat || east
the subunits identified as X4 and X7 argiBnafhie @0 resdUe sWpuRiks. I n
anot her enbodi ment, the subunits idéentifiged @fmpSdnd X5.) Xe apdnil are
D-am no iacid residue subunits. In aipreferred enbodi nent, the subunits
identifiled as }SS, X4, X5, Xe and X7 jare D-ami no acid residue subunits.i In
most pr ef er r ed®&fbodi nent s, *¥F& subunits i déRfified as X2, X300X4: X5, Xe
and X7 are D-amno acig residue subuynits;—and att—of thesubunits—X——X2,
3, X5, Xe, SBRADXCdfe D anrigraditd resi due s®bunits. [00103] 14300t her
st udi es,[~Tt—atsowas—found-t-hat—subst+tut+oen—of—a—pepti-de—havi-ng—at

SEQ D NGHE Ac-cararr-NH, 75 116

SEQ D NO:18 Ac-carrarr-NH; 118 105

SEQ D NO:1T Ac-crraarr-NH; 3¢ 102

SEQ D NG:18 Ac-crararr-NH; 72 87

SEQ ID NG Ac-carrra-NH, 25 72

SEQ D NG:20 Ac-crarrra-NH, 45 69

SEQ 1D NO 21 Ac-criraar-NH; 38 50

SEGID NG:22 Ac-caarnr-NH; 24 48

SEQID NO:23 Ac-crarrar-NH, O 43

SEQ D NO:24 Ac-craarry-NH; g g

SEQID NG:2s Ac-crrarar-NH, 4 6

SEQID NO26 Ac-carrrar-NH, 0 1

SEQ D NQ:27 Ac-c{Charrrar-NH, 2 8

SEQ D NO:28 Ac-c{Clrrarar-NH, 0 18

*Bolded font indicates respsective D-alanine substitutions of cationic amino acids {D-argining} in Ac-
corrrr-NH, (SEQ 1D NQ18)
“*PTH reduction following 0.5 ma/kg IV administration in isofluarine-anesthetized normal rats - PTH
was maasured at 1, 2, 3 and 4 houwrs post administration and cumulative AUC was caloulated. PTH
data were calculated according to the following formula: AUCcmps roated! AUC saiing somrar™ 100,
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L-amino acids with all D-amno acids did not reduce the in vitro activity
of the peptides tested: in fact, peptides conposed entirely of D-am no

aci ds appeared/tig7oenhance t he potency for activation of PChMAISGHBR437PY was

al so shown that some of the cationic (arginine) fesdies! Naf HpEyvPe
positions relative to the cysteine residue, could be substituted with
uncharged (alanine) residues with mniml effect on the activity toward the
CaSR. [00104] To further characterize the relationship between structure
and activity against the CaSR, a variety of cationic pepti des with
differen ues ( whi ch.contai ned an
N-t er mi ng%ﬁ%gw &%a&éntrgbig)ztgﬁsg'g%{ ‘?% &%’m lﬁgi c&ﬁkgezgtgat ‘W?WP‘F BaY | Enassay A
di rect corgehasdioannts dOUm@dmbetAVe@mmdﬁ’éHﬂéﬁﬁﬁei@ D 2Qa9n®mmmmebum ts and

t he pot epeXo@fnelN8C 'y wdenced by ability to
activat o Th ;&ag{; Qﬁﬂ%gﬁg&sﬁ\%&%&rm R C!aafwgn % (e.g., arginine)

subuni t sIH0BBIF5rthey Siruﬁfé?m«?ftﬁé@f ietalipphin sludies wegh¢dnduitad pengtieyin(#10-f o i d)
suggest i pg 4Ra¢ ntifi'@’f QQM?%Q@&@QQ%@% Wl h¥ndi er&&% 's@ﬁbzr&@e@&szF%gee” conpounds

havi ng these net char a cationic su ubu
pr ef er r edeFEPEHE 4 AE%?WW\@T e peplides dippruinashios (SEKeINR@ES andé Xi - X2

- X3 -- )@»arrra?ﬂ\iE@;WQE@}QWWQ%%%NM@{@%JM&%@;&@ ?@fag%éze@{%m‘\ed%ﬁ%@'t In

certain enbodi ments the X1 is a subunit conprises up that is

capabl e Wa%%t@a@ﬁﬁnw%w %Wﬁ%’l‘“?ﬂﬁ%@“@ﬁ%ﬁ B B ‘ﬁh‘;‘fﬁ%‘fﬁ)@‘ﬂ% condi ti ons

(a "reacpiouectichi ob; pmdﬁdﬁ;@sﬂ@dﬁgn@oﬁ@h%LEi &t@ﬁéim@%@@é&i Meddanaholdaes thiol
(e.q. rT%ste ne with cyst ei ne) under SI al Oﬁ%l c conditions of pH 7.4 and
body te

erutIr ey 2 d[r%féfé‘ﬁfs‘*@ﬁ&%’é?%ﬁﬂ“ﬁ ChE2ER PRI RIONHACTSREFID MO 6) wi t h

si x cat i prifgloneg Bussdumharaevaluried byrtfeétwgathee:ém bid.ed t?ﬂi%&aﬁ(mt@nd mor e
as el

prol onged, act i C-Cr rrr rr-NH2
cati oni cEi ey g\ﬂféée %ﬂ?g) Lch i @3?‘1 @WVWS é%%\ﬁ’ N% %"Eﬁ?"if"h%{‘t‘ hSEQ | D NO 41
was nor e&:tpd)éedesca:becamtﬁmatgimg atdren GadR df P tdsInédsud ih heCebber@s Ay .

wi shing. 10 S8 BBa By U REAr g FL e CRaUg RO ehr 320928%&%?8%&5‘?3? rance

of Ac- cr?rdﬁra{ﬁl} R«aa(tea@smmw@ B. B4R vivo may stern from better

recorrr 0B gfie PRI RE R R B e P R i et 1 s by
virtue ofericesiraligh$ opeinetie & PyochaR 4o 1Y 23 visoppaid dshsiangrioy Bdixfsr om
Proxi m { ¥odefol BEBR-ihfin RO L e&né;}es; 18 AeBeal, %%gg% g{%q dubineh @ép' ore the

structure- aCtIVIt atlons C-Ccrrrrrr- sonme of
the cati f@ﬁuﬁéifityaa‘f@?aﬁwé)wr%eéﬁ @m@sﬁe\ﬁm EabBplsacovawidtih SERCRENGES. (kani ne)

resi dues; [ dues at
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Conpound Nane (SEQ ID NO56) (SEQ ID NO57) (SQIDNG58) ..... (SEQ I D
NO 59) (SEQ ID NG 34) (SEQ ID NO 60) (SEQ ID NO61) (SEQID NGO 62) (SEQ ID
NO 42) ( SEQ2hD/MNE0G3) EQ I D NO 64) (SEQ I D NO 43) ( SEQCTIShINA4379% SEQ | D
NO 65) (SEQ ID NO 66) (SEQ ID NO 67) (SEQ | D NOAE8)sY(HSEE MDEMOCBITWESEQ | D
NO 72) (SEQ ID NO:73) (SEQ ID NGO 74) (SEQ ID NO 11) (SEQ ID NO 12) (SEQ ID
NO 13) (SEQ ID NGO 75) (SEQ ID NO 76) (SEQ ID NO 77) (SEQ ID NO78) (SEQ ID
NO: 29) ut,-,tUre Ac-c(rvipa)arrrar-N H2 Ac-c(PE&-C)arrrar-NH2

Ac- c( PEGBOERY The piradUiHR-oAtvig({PRER B ofithe idNctiRaifBrgQr&)pain iifeX - NibkiRit

c(Qarrr H arrr -c(Qarrr rrG - NH2
Ac-cQrr rgthg ol gurnlr&ﬁ\:lﬁfa% 8%%‘%‘”@&?83\#@%&@% i Yiéh ﬁ?i‘” frvr-N H2

Ac- cyr rr subuads. Cfth!er carnpahinbiR. showe daf atie B - IereResAed TarvorianoMNHR rfie fgakr r ar - NH2
Ac- car kr Nf? ACGeRL T ar - OH Ac-crrrarr-N H2 Ac-arrrar-N H2 Ac--crrrrra-N

H2 Ac- CA C- caarrrrrr-NHZ Ac--caaarrnr-NH2 Ac-carararar-NH2

Ac-arrrar-NH2 V\D 2011/ 014707PC'I'/~§LJ%20§.0/ 043792
able

In vivo Activity of Exemplary Compounds

in vivo activity in
nonmal rats®
SEQ D NG, Compound Structure 0.5 mg/kg 1V bolus
% PTH AUC of
saline controf™
Saline Saline 160
SEQ D NGB
Ac-crrrrrr-N, 3
SEQ ID NG:30
Ac-bAla-crrr-NH, 8
SECHID NG 31
Mpa-rrre-NH, 2
SEQIDNG:32
Ac-dHoy-rirrrr-NiH, 21
SEQ D NO33
Ac-dPen-rrrr-NH, 9

"Boided font indicates respective substitution of thiol-containing residue (D-cysteine)

in Ac-orrmrr-NH; (SEQ 1D NO:S).

“*PTH reduction following 0.5 mgikg i\/ administration in isoflurane-anesthetized

normal rats - PTH was measured at 1, 2, 3 and 4 hours post administration and
cumuiative AUC was calculated, PTH data were calculated according to the following

formula: Auccmpd treated'iAUCsaiine comml*? 00.

{00931 The data in Table 3 illustrates that the thiol-containing X; subunit can be varied.
Compounds with the following in the N-terminal residue were tested ~ D-gysteine (cys),
D-penicilfamine (dPen), d-homocysteine (dHoy) and mercaptopropionic acid (Mpa). In
addition, a natural or non-natural amino acid, such as beta alanine, can be conjugated to
the N-terminal thiok-containing residue. The data Hlusirates that cationic compounds
such as Ac-crirmr-NH; (SEQ D NO:8) containing different thiol-containing groups in the
Xy subunit effectively reduce PTH /n vive. Substituting the N-terminal cysteins residue
with methionine, which does not contain a thiol group, resulted in a compound with very
poor in vive PTH-lowering aclivity {data not shown).

[0084] Based on the studies above, compounds of the contigucus sequence of subunits
Xy = Ky = Kg = Ky — X5 — Xg — X7, where X, is a subunit comprising a thiokcontaining
group, have activity to decrease parathyroid hormone levels. In one embodiment, the



Attorney Docket No, 632008017W0 [00111] I n anot her study of the
structure activity relationship, the contribution of non- cationic am no
aci ds to wheopauermecy of the peptides was eval uated by prPepaArS2og/0a379kri es of
peptides with various D-amino acid residues or glyEyReceTibFEISTEHON t h
stericail yhindered non-natural am no acids (Table 7), substituted at
various positions in the peptide Ac-carrrar-NH2 (SEQ ID NG 26) and in the
peptide Ac-crrarar-NH2(SEQ I D NO 153), The peptides were adm nistered as an
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2011/014@75@&@%@%&4%%@& QRNIMPICker et 6AZAABALTHE0 Tabl e 6
Activity of Exe npounds SEQ I D NO, Compound Structure* In

vi vo act f;q;?;ﬁ}mfinug%rqqimmaﬁgﬁzgn 10 @ Sgbjﬁid/ i;gﬁ@fi&\ptwqjgarathymzd hormone as

measured by the cumuiative PTH area under the curve (PTH AUC) over 4 hours post
administration compared to PTH AUC of a corresponding vehicle treated control subject.
The plasma PTH concentrations are measured using, for example, a commercially available
ELISA kit that detests bioactive intact PTH 1-84 (see Example 3 for a specific kit).
compound with clinical activity to decrease parathyroid hormons level reduces the PTH
AUC by at least 20%, 30%, 40%, 50%, 80%, 70%, 80%, 80%, 95% compared to the PTH
AUC of a corresponding vehicls treated controf subject.

[0086] The studies above, and others described below, iHlustrate further embodiments of
the compounds described herein, wherein the X, subunit in some embodiments can be
maodified chemically, such as by chemical modification to include an acety! group, a
benzoyl group, a benzyt group, a butyl group, a natural or unnatural amine acid such as
acetylated-beta-alanine or is joined by a covalent linkage to another thiol molety.
Peptide therapeutics may be vulnerable to attack by peplidases. Exopeplidases are
typicaily non-specific enzymes which cleave aming acid residues from the aming or
carboxy termini of a peptide or protein. Endopeptlidases, which cleave within an amino
acid sequence, can also be non-specific; however endopeptidases frequently recognize
particular amino sequences {recegnilion sites) and cleave the peptide at or near those
sites. Accordingly, modifications to the compound to protect if from proteclytic
degradation are contemplated.

f0097] One method of protecting a peptide from protecivtic degradation involves
chemically modifying, or “capping,” the amino and/or carboxy termini of the peplides. As



% PTH AUC of saline control Saline SEQ ID NO 83 SEQ ID NO. 84 SEQ I D
NO 85 SEQ ID NGO 68 SEQ ID NO 87 SEQ ID NGO 88 SEQ ID NO 89 SEQ I D NO 90 SEQ

| D NGO 91 waQ11D10792 SEQ | D NG 93 PCT/US2010/043792
Atiorney Docket No. 832008017W00

used harein, the terms "chemically medified” or “capped” are used inferchangeably to
refer o the infroduction of a biocking group to a lerminus or {o both termini of the
compound via a covalent modification.  Suitable blocking groups serve {o cap the termini
of the peplides without decreasing the biological activity of the peplides. Any residue
positioned at the amino or carboxy termini, or both, of the described compounds,
including the thiok-containing subunits can be chermically modified.

[0098] In a preferred embodiment, the amino terminus of the compound is chemically
modified by acetylation, to provide an N-acetyl peptide (which may be represented as
“Ac-" in a structure or formula herein). In a preferred embodiment, the carboxy terminus
of the described peptides, is chemically modified by amidation to provide a primary
carboxamide at the C-lerminus {which may be represented as *-NH;” in a peptide
sequence, structure or formula herein). In a preferred embodiment, both the amino
terminus and carboxy terminus are chemically modified by acetlylation and amidation,
respectively. However, other capping groups are possible. For example, the amino
terminus may be capped by acylation with groups such as an acetyl group, a benzoyl
group, or with natural or unnatural amino acids such as beta-alanine capped with an
acetyl group, or by alkylation with groups such as a benzyl group or a butyl group, or by
sulfonylation to Torm sulfonamides. Similarly, the carboxy terminus may be esterified, or
converted 1o a secondary amide, and acy! sulfonamids, or the like. In some
embodiments, the amine terminus or the carboxy terminus may comprise a site for
attachment of a polyethylene glycol (PEG) moiely, i.e., the amino or carboxy termini may
be chemically modified by reaction with a suitably functionalized PEG.

[0083] Protecting peptides from endopeptidases typically involves identification and
elimination of an endopeptidase recognition site from a peptide. Protease recognition
sites are well known to those of ordinary skill in the art. Thus i is possible to identify a
potential endoprotease recognition site and then eliminating that site by altering the
amine acid sequence within the recognition site. Residues in the recognition sequence
can he moved or rermoved to destroy the recognition site. Preferably, a conservative
substitution is made with one or more of the amino acids which comprise an identified

protease recognition sife.



Sal i ne Ac-carrrfr-N H2 Ac-carrrir-N1-12, Ac-carrrlr-N H2 Ac-carrrer-N
H2 Ac-carrrvr-NH2 Ac-carrrpr-N-12 Ac-carrrnr-N H2 Ac-ca rrrg!/-- N H2
Ac-carri twoNdtla4A¢-carrrar-NH2 Ac-carrrG-N H2 =~ 100  PZT/US2016/04374D 81 79
76 48 41 18 6 5 SEQ I D NO 94Ac-cerrrar- N - 1219%7¢ 8p¢ihs RPe5' 49 seQ 1 D
NO 96 SEQ ID NO97 SEQ ID NGO 98 SEQ ID NO 99 SEQ I D NO 100 SEQ I D NO 101
SEQ I D NO 102 SEQ ID NO 103 SEQ ID NGO 104 EQ ID NO 10 SEQ ID NO 106 SEQ

| D NGO 107 SEQ I D NO 108 SEQ ID NO 109 SEQ I D NG 110 SEQ I D NO 111 SEQ ID
NO 112 Ac- cradgoitanaNirR2168 Albvily Nedatiansiip BRE@sAc-crrtrar-N H213 Ac-crrhrar-N

H2 9 [G0100] Additional structure aclivily studies were conducted, to further evaluale the
effect of properties of each subunit in the compound on its therapeutic activity. These
studies are now 10 be described with reference 10 Example 5.
[00101] A series of compounds having an L-amino acid residue substifuted fora D-
aminge acid residue were prepared based on the PTH-lowsring scaffold Ac-c(Clarrrar-
N, (SEQHID NO:3). The compounds were administered to subjects and plasma PTH
levels were assessed prior 1o dosing and 1, 2, 3 and 4 hours after dosing, as described
in Exampie § and the AUC was calculated as the sum of the PTH concentration values
at the time points of 1, 2, 3 and 4 hours, normalized by the AUC for the saline control at

the sams time points, muitiplied by 100. The resulls are shown in Table 4,

Table 4
Effect of L-Amino Acid Substitution on Potenoy

| i vivo activity In normal rals
A BT S e 0.5  malkg B bolus
Compound Name | Structurs % PTH AUC™ of saline controf

SEQ D NGS Ac-c(Ciarrrar-NH; | 8
SEQ D NG34 Ac-C{Crarrrar-NH, | 17
SEQ D NO:38 Ac-c{CiArrrar-NH, | 68
SEQ Y NO3S Ac-c{CiaRrrar-NiH, | 87
SEQ D NG:37 Ac-c{ClarRrar-NH, | 182
SEQ D NO:38 Ac-c{ClarrRar-NH; | 130
SEQ D NO:30 Ac-o(CarrrAr-NH, | 128
SEQ 1D NO:40 Ac-c{ClarrraR-NH; | 142
Saline 100

*PTH reduction following 0.5 ma/kg IV administration in isoflurane-anesthetized normal
rats — PTH was measured at 1, 2, 3 and 4 hours post administration and curmulative
AUC was calculated. PTH data were calculated according to the following formula:
Augnmpﬂd treatedeUCsaline wntmi*‘i 0o

{80102} The exemplary compounds shown in Table 4 were chemically modified at
Both the N-terminus and the C-terminus, as indicated by the Ac and NH; designations.
The sequence of seven subunits carrrar (SEQ 1D NO:3), wherein all subunits were D-
aming acid residues, was modified by replacing one subunit af a time with an L-amino
acid. The X, subunit was a D-Cys residue {or L-Oys residus in SEQ 1D NO34)
conjugated via a disulfide linkage to an L-Cys residue, as indicated by the parenthetical

24



Ac-crrfrar-Nl-126 Ac-crrsrar-NH2 4 Ac-crrgrar-NH2 4 SEQID

NO 113Ac-crrvrar-NH2 SEQ I D NO 114Ac-crrirar-N H21 SEQ ID

NO 115Ac-worntian4M7H20 * Bol ded font indicates respect PC@/USal90#i7a2 i on of
al anine residues in Ac-carrrar-NH? (SEQ | D NO 6Y°réw Dagsetit B38PE0NFPTPSEQ | D
NO 25). 31 PTH reduction following 0.5 ng/kg IV adm nistration in

sof | ur ane- anest heti zed normal rats - PTH was neasured at 1, 2, 3 and 4
hours post admi nistration and cumul ati ve AUG was cal cul ated. PTH data were
cal cul at debigation (i inghed tthiewkohd owihngidianmdbk 4 Ms thpdeHisrabed/gAUCsal i n, a,

contro: *A'spaoﬁ\ia-la;?@&eac%vi@c&f iti%/ei é%ﬁgungéeigpén%rgnb%%%én iea c%omn&%%g %?tthQ D NO
sequence X - Xp - Xz~ X4 — K5 ~ Xg — Xy Is contemplated, where at least the subunits
identified as X, and X, are D-amino acid residue subunifs. In another embodiment, the
subunits identified as X4, X5, Xg and X, are D-amino acid residue subunits. Ina
preferred embodiment, the subunits identified as Xs, Xy, X5, Xe and X5 are D-amino acid
residue subunits. In most preferred embodiments, the subunits identified as X,, Xs, X,
X5, Xg and Xy are D-amino acid residue subunits, and all of the subunits Xy Xy, Xa, X,
X5, Xg and Xy are D-amino acid residue subunits.
{00103]  In other studies, it also was found that substitution of a peptide having all
L-amino acids with all D-amino acids did not reduce the in vitro activity of the peplides
tested; in fact, peplides composed entirely of D-amino acids appeared o enhance the
potency for activation of the CaSR. It was also shown that some of the cationic
{arginine) residues, at specific positions relative to the cysteine residue, could be
substituted with uncharged (alanine) residues with minimal effect on the activity toward
the CaSR.
{00104] To further characterize the relationship between structure and activity against
the CaSR, a variety of cationic peptides with different numbers (4 to 8) of arginine
residues {(all of which contained an N-terminal cysteine) were tested using the HEK-203
in vifro celi assay. A direct corrslation was found between the number of cationic
subunits and the potency of the compound, where potency is evidenced by ability to
activate the CaSR. Reducing the number of cationic {(e.g., arginine} subunits from 5 to 4
resulted in the largest shift in potency (»10-fold) suggesting that there may be an activity
inflection point between compounds having these net charges, that a cationic subunit at
subunit X; is preferred for activity. Accordingly, the compounds of the structure X, - X, -
Xy — Xy~ X5~ Ks ~ X7 are contemplated, wherein Xs is a cationic subunit. In certain
embodiments the X, is a subunit comprises a thiol group that is capable of reacting with
another thiol group under physiclogic conditions (a “reactive thiol”, intending a thiol that
reacts with another thiol {e.g., cysteine with cysteine) under physiologic conditions of pH
7.4 and body {emperature).
[00108]  Unexpectedly, Ac-crirmr-NH; (SEQ 1D NO:8) with six cationic residues, when
evaluated in vivo, exhibiled greater and more prolonged activity than Ac-crrrrrrr-NH,
{(GEQ 1D NO:41), which has sight cationic residuss. This is in contrast {o the ohservation
that SEQ 1D NG:41 was more polent at activating the CaSR in this in vifro celf assay.

[N
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Saline SEQ ID NGO 116 -STEQ I D- NO 117 Conpound Structure* Saline-
Ac-crr-Sar-rar-N-12, Ac-carrr-Sar-r-NH2 In vivo activity in normal rats*

0.5 ng/ kgwD\Vohal1w®7% PTH AUC of saiine control' 100 712CT/US2018037PD NO 118
Ac-c-Nma-rrr-Nma-r-NH20 Attorney Docket No. 832008017W00

Without wishing to be bound by theory, it is thought that the superior performance of
Ac-crrrre-NH, (SEQ 1D NOB) in vive may stem from beter pharmacokinetic properties of
Ac-crrorre-NH, (SEQ 1D NO:8), because Ac-crimrrr-NH, (SEQ 1D NO:6441 is expected to
be taken up into cells by virtue of its cell-peneirating characteristic, and thus removed
from proximity to the active portion of the CaSR.

001068}  To further explore the structure-activily relationship of Ac-crrrmr-NH: (SEQ D
NO:8}, some of the cationic (arginine) residues were replaced with uncharged (alanine)
residues. It was found that replacing the cationic (arginine) residues at subunit positions
Xz andd X4 resulted in a compound (SEQ 1D NC:15) that had significantly reduced
potency in vifro in activating the CaSR. By contrast, replacing the cationic {(argining)
residues at subunit positions X; and X resulted in a compound (SEQ ID NO:26) that
retained much of the potency seen with Ac-crrrrrr-NH; (SEQ 1D NO:6). These resulis
suggest that the position of charged residues in the compound contributes to potency
and, in some embodiments, may outweigh the contribution of total positive charge of the
peplide. H also appears thal cationic (arginine) residues at certain positions, such as
subunit position X, contribute disproportionately to potency.

[00107) it was found that the presence of an N-terminal oysieine markedly enhances
the polency of the peplides for activating the CaSR. The CaSR is a 7-transmembrans
Ge-protein-coupled receptor with a large extraceliular domain that functions as a
homodimeric receptor. There are 18 cysteine residues in the exiraceliular domain, some
of which have been shown by polymorphism or mutational analysis to be important for
recepior activity. Of particular note are cysteines 128 and 131 of the Loop 2 region of
the extraceliular domain. Cysieines 129 and 131 are thought to form an infermolecular
disulfide bridge belween the twe monomers of the receptor complex, which is in a closed
or inhibited configuration. Mutation of cysleine 128 activates the CaSR, as do a number
of other mutations including a full deletion of the Loop? region. The enhanced potency
provided by the N-terminal cysteine residue in the described compounds could result
from a specific inferaction with one or more of the cysieine residues in the exiraceliular
domain of the CaSR.

(00108} 7o further evaluale the effect of chirality of amino acid substitutions on in vifro
CaSR activily, a series of analogs of Ac-crrrrr-NH, (SEQ 1D NO:8) were generated
containing L-amino acid or achiral amino acid {(glycing} substitutions al various positions
and tested for polency against the CaSR. Tested analogs included Ac-cGrrGr-NH;
(SEQ D NQO42Z), (i) Ac-cArrrAr-NH, (BEQ 1D NO:43), and (iil) Ac-CaRrRaR-NH; (SEQ

26



SEQ ID NO 19 Ac-crrar-Nma-r-NH O SEQ I D NO 120 Ac-c-Alb-rrr-Aib-r-NH 94 |
SEQ I D NO 121 SEQ ID NO 122 ,SEQ I D NO 123 SEQ I D NO 124

Ac-crr- NrwWe-20e01oF2 Ac-carrr-Nma-r-N H2 Ac-c- Al b-rrrar PNEAS2010/043792
Ac-carrr-Ai b-r-N112 86 Attorney Docket No, 832008017WQ0

1D NG:44). All of the foregoing analogs had significantly lower potency than Ac-crrrr-
NH: (SEQ 1D NO:8), ranging from a 10-fold difference for SEQ 1D NO:44 (the most
potent of the three analogs) and 2 more than 2000-fold difference for SEQ ID NG:43 (the
icast potent of the three analogs). Ac-carrrar-NH, (S8EQ 1D NO:28), in which cationic D-
amino acid residues (D-arginine residues) at positions 2 and 8 of SEQ I NO:6 were
replaced by uncharged D-amino acid residues (D-arginine residues), the change in
activity was much less (~3 fold difference). Thus, surprisingly, it was found that
interrupting the all D-amino acid residue of Ac-crrrr-NH, (SEQ 1D NO:8) with two or
more L-amine acid residues resulted in a significant reduction in potency. Also
surprising was that polency was decreased more than 80-fold when the interrupting
residue was an uncharged achirgl amino acid residue (glycine residug) compared {0
when it was an uncharged L-amino acid residue (L-alanine residue).

[00108]  Also surprising was that replacing the two uncharged D-amino acid residues
{D-alaning residues) of Ac-carrrar-NH, (SEQ 1D NO:28) with their L counterparts (SEQ
1D NO43), resulted in a greater than 500-fold decrease in potency, while replacing them
with an uncharged achiral amino acid residue {(glycine residue) (SEQ 1D NO:42) resulted
in less than an 8-fold reduction in polency; and that replacing thres cationic D-amino
acid residues (D-arginine residues} of Ac-carrar-NH; (SEQ 1D NO:28) with their L-
counterparts (SEQ 1D NO:44), resulled in less than a 4-fold difference in potency.
(001101 The activity of a variety of peplides and conjugates was tested against the
human CaSR. These studies were conducted by measuring 1P, production in HEK283
cells that express the human CaSR. The ECy; values are shown in Table 5. Each
peptide was tested in eight different concentrations, in duplicates, to establish a dose
response curve. Curve fitting was performed using GraphPad Prism. In Table 5, and
thoughout the specification, residues provided in capital letters are L-amino acids, while
lower case letters indicate D-amino acids. “Ac” indicates an acety! capping group, "NH.”
indicates an amide capping group, "Ac-bAla” is an acetylated beta-alanine, "G8H”
indicates reduced glutathione, “G8" indicates oxidized glutathione, “PEG” refers to
polyethylene glveol, "PEGZ” and “PEGY” refer {o polyethylene glycol moieties of 2kDa
and 5kDa, respectively, and "Mpa” refers to mercaptopropionic acid. A group bracketed
by parentheses indicates that group or moisty is attached to the side-chain of the

preceding subunit or amino acid residue.
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74 70 68 SEQ ID NO 125 Ac-c-Sar-rrr-Sar-r.N H2 65 SEQ I D NO 126 , ---
Ac-crrar-Sar-r-N H2 62 SEQ I D NO 127 Ac-c-Nma-rrrar-N H256 SEQ I D NO: 128 , -
Ac- c- Sar -woantiNHZB7SEQ | D NO 129 SEQ I D NO 130 SEQ | D RCOTAB20108E92 D

NO 132 SEQ ID NO 133 Ac-carrr-Ne-r-N H264 Attorney Dockel No. 632008017W00

Table &

El«n values for cationic peptides in CaSR in vifro assay

Compound Name U Structure ECs0 (M)
(SEQ D N’Oi‘ﬁf)} CHDAPIGYD
(SEQ ID NO4T) Ac—éYGRKKRRQRRRwNHg <1
(SEQ ID NOw48) CPDYHDAGH
{(SEQ 1D NOG4T) Ac{‘EYGRKKRRQRRR»NHg 2!
(SEQ 1D NO:47) Ac-CYGREKRRQRRR-NH, 4.5
(SEQ 1D NO:48) AC-YGRKKRRORRR-NH: 16
(SEQ D NO41) Ac-crrrrrrrr-NH; 0.3
(SEQ 1D NO.B) Ac-crrrrrre-NH, 0.5
(SEQ 1D NO:S) Ac-cararrr-NH, 13
(SEQ 1D NO:.286) Ac-carrrar-NH; 1.6
{(SEQ 1D NO4) Ac-crrr-NH, 18
{(SEQ 1D NO:5) Ag~-crrrer-NH, 2.5
(SEQ D NO:7) Ac-crrirrrr-NH, 0.6
(SEQ D NO4D) Ac-caraarrr-NH, 1000
{SEQ D NO:B) Ac-carrrrr-NH; 1.1
(SEQ 1D NOS Ac-crarrr-NH, 1
(SEQ D NG 1%y Ac-crrarrr-NH; 1.1
{(SEQ 1D NO:5O) Ac-cygrickrrgrrr-NH; 2
HaN-crrrrr-NH,
(SEQ 1D NO:ST) | 0.44
HoN-crrrrr-NH;
(SEQ D NO:3) Ac-c{Charrrar-NH, 10
Ac-carrrar-NH,
(SEQ 1D NO:B2) E 0.7
Ac-carrrar-NH;
(SEQ D NQO:30) Ac-bAlg-crrrrrr-NH; 1
(SEQ 1D NO:53) AC-o{GSyrrrrr-NH, 7.8
(SEQ 1D NOG:54) GS-orerr
(SEQ 1D NO:BS) Ac-c{Ac-Charrrar-NH. 21




Ac-c-dNle-rrr-dNle-r-NH2 54 Ac-carrr-dNva-r-NH2 Ac-c-dNva-rrr-dNva-r-N H2
Ac-crrar-dNl e-r-NH2 Ac-c-dNl e-rrrar-NH2 54 + 27 26 10 SEQ ID NO 134

SEQ | D NOW03811/014707 PCT/US2010/043792
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C@mpqund Name Structure ECs (UM
(SEQ 1D NO:S8) Ac-c{Mpalarrar-NH, 21
(SEQ ID NO:BT) Ac-c{PEG2-Clarrrar-NH, 2.3
(SEQ 1D NO:58) Ac-c{PEGS-Clrrrrrr-NH, 0.58
(SEQ 1D NO:59) AC-G(PEGZ-Chrrrrrr-NH, 0.02
(SEQ 1 NO:34) Ac-C{Charrrar-NH; 2.5
(SEGQ 1D NO:BD) c{Clarrrar-NM, 3.1
(SEQ 1D NO:61H) Ac-bAla-c(Clarrrar-NHs 2.8
(SEQ D NO:62) bAla-c{Clarrrar

(SEQHD NO:42) Ac-cGrrrGr-NH: 12
(SEQ ID NOB3) Ac-oGmGr -
(SEQ D NG84) AC-CAITTAT -
(SEQ 1D NO43) Ac-cArTAr-NH, >1000
{SEQ 1D NO:44) Ac-CaRrRaR-NH: 58
(SEQ 1D NO85) Ac-cyrrryr-NH, 35
(SEQ D NO.68) Ag-cvrerve -
(SEQ ID NOET} Ac-Crrrrre-NH, 8.2
{SEQ ID NG:88) Ac-carrrer-NH, 62
(SEQ D NOHED) Ac-cerrrar-MH, 31
{(SEQ IDNO:T2) Ac-cakrrar-NH; 35
(SEQ 1D NO:73) Ac-carkrar-NH, 31
{(SEG D NO:74) Ac-carrrar-OH 31
{SEQ ID NO:H) Ac-crrrarr-NH; 5.9
{(SEQIDNOHMZ) Agc-crrrrar-NH; (.45
(SEQ ID NOC:13) Ac-crrrrra-NH, 1.4
{(SEQ IDNOTE) Ac-CARRRAR-NH, 58
{(SEQ 1D NG:78) Ac-caarrr-NHs 45
{(SEQG 1D NOTT) Ac-caaarrrr-NH; 4.8
{(SEQ ID NOITE) Ac-carararar-NH, 5.3
(SEQ ID NO:28%) Ac-arrrar-NH; =>1000
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Ac-orrar-dNva-r-NH2 SEQ ID NO 136 Ac-c-dNva-rrrar-NH2 7 SEQ I D NO 137
Ac-crr-dNva-rar-NH2 SEQ ID NO 138 Ac-crr-dNle-rar-NH2_ *Bol ded font

i ndi cat eswpespaasiove substituti on of al ani ne residues i RCAASCE0O#ITO2 NK,
(SEQ I D NO. 26) or Ac-crrarar-NH2(SEQ | D NO 25) . A54iRy Préeiinmd 888 AV °anm no
acid Sarcosine; Nma = N-nethyl aianine; AIB = amno isobutyric acid; dNva =
D-Norvaline; dNie = D-Norieucine **PTH reduction following 0.5 ng./kg IV
adm ni stration in isoflurane-anesthetized normal rats PTH was neasured at

1. 2, 3 and 4 nem@surm)mmadm ni sgetr;,aiur@n and cunul atl\@:,@g@w\as cal cul at ed.
PTH dat a wer e -eal-eul-at-ed—aceordi-ng-t-o-t-he-fol-t+-ow-ng-formi-a—~AUCcnpd
treat edAUCsa: | fEEQHANEOT$100.  Pabpasrgrar-NH, 13

{(SEQ 1D NO:8h orerrrr-Nis 1.4

(SEQ D NO:32) Ag-dHey rrerrr-NH; 2

{(SEQ D NOED) Ac-c{Benzovhrrrrr-NH, 38

(SEQ 1D NO:B2) Ac-clacstybrrrrrr-NH; 4.1

{00111}  In another study of the structure activity relationship, the contribution of non-
cationic aming acids to the polency of the peplides was evaluated by preparing a series
of peptides with various D-amino acid residues or glycine {Table 8) or with sterically-
hindered non-natural amine acids (Table 7), substituted at various positions in the
peptide Ac-carrrar-NH, (SEQ D NO:26) and in the peptide Ac-crrarar-NH; (SEQ 1D
NQ:153). The peptides were administered as an IV bolus to normal Sprague Dawley
rats at a dose of 0.5 mg/kg. An intravencus (V) bolus of saline was used as a control.
Plasma PTH levels were assessed prior fo dosing and 1, 2, 3 and 4 hours after dosing.
The resuits are shown in the tables below, and indicate thal: 1) a small amino acid such
as alanineg, glycine or serine is preferred at position § in the Ac-carrrar-NH; peplide
(SEQ 1D NO:26), and 2) the alanine in position 2 in Ac-carrar-NH, (SEQ 1D NO268) is
much more permissive to substitutions and can be substifuted with hydrophobic {e.g. D-
Val D-Leu), aromatic (e.g. D-Phe), or polar {8.g. D-8er, D-Gin) natural aming acids as
well as non-natural bulky hydrophobic amino acids (e.g. dNie, dNva) but not acidic ones,
and that 3) the alanine residue in position 4 of the Ac-crrarar-NH, (SEQ 1D NG:25)
peptide is also very permissive to substitutions and can accommodate most types of
natural amino acids (as well as non-natural bulky hydrophobic amino acids (s.g. dNle,
diva) but is not permissive to amino acids that affect secondary conformation, namely

glycine or profine or amino acids with acidic side chain,
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Activity of Exenplary Peptide Conmpounds , SEQ I D NO Saline SEQ ID NO
97 Compound Structure* Saline Ac-c(Carrrar-N H2 In vivo activity in nornal
rats" 0, SwogokigpiwM7bol us % PTH AUG of saline control ..PCTABGRIBNSER | D NO
101 Ac-c(GS)rrrrrr-N H2 12 Attarney Dockel No. 832008017W00

Table 6

Activity of Exemplary Peptide Compounds

in vivo activity
in normatl rats®
SEQ 1D NO, Compound Structure” 0.5 g;%i? v
% PTH AUC of
saline control
Saline Saline 100
SEQ D NOES Ac-carrfr-NH. 177
SECQ 1D NO:B4 Ac-carnrir-NH, 161
SEQ 1D NO:85 Ac-carrrir-NH, 140
SEQ ID NOBS Ac-carrer-NH; 81
SEQ D NOB7 Ac-carrrvr-NH, 79
SEQ 1D NO:&8 Ac-carrpr-NH, 76
SEQ D NOBS Ac-carrrhr-NH» 48
SEQ D NO.20 Ac-carrrgr-NH, 41
SEQ D NGB Ac-carrir-NH» 18
SEQ D NO92 Ac-carrrsr-NH; B
SEQ ID NO:g3 Ac-carrGr-Ni, 5
SEQ ID NO.g4 Ac-cerrrar-Ni. 103
SEQ D NOSES Ac-cGrrrar-NH; 45
SEQ D NO:o8 Ac-~cirrrar-NH- 33
SEQ D NOC:§7 Ac-cprirar-NH, 30
SEQ D NG:o8 Ac-clrrrar-NH, 26
SEQ ID NO:88 Ag-cgrirar-NH; 24
SEQ ID NG00 Ac-ctrrrar-NH, 23
SEQ 1D NO101 Ac-cvrrar-NH, 19
SEQ D NOI102 Ac-csrrrar-NH; 13
SEQ 1D NO103 Ac-chirrar-NH, 1
SEQ 1D NOI04 Ac-cfrrrar-NH, i
SEQ 1D NOI105 Ac-crrGrar-NHz 69
SEQ D NO:108 Ac-crrprar-NH; 88
SEQ D NOHMO7 Ac-crrerar-NH, 58
SEQ 1D NO:Q8 Ac-crrtrar-NH, 13
SEQ ID NO:108 Ac~crrbwrar-NH. 9
SEQ ID NO:110 Ac-grrfrar-NH, 8
SEQ D NO:11 Ac~-crrsrar-Ni» 4
SEQ D NO:112 Ac-crrgrar-NH; 4
SEQ D NG113 Ac-crrvrar-NH, 3
SEQ IDNG:114 Ac-crrfrar-NH; 1
SEQIDNO:115 Ac-crrirar-NH, 0

a3
-

* Bolded font indicatas respective substitution of alanine residues in Ac-carmrar-NH,
(SEQ 1D NO: 8} or Ac-crrarar-NH, (SEQ 3 NO:258).




SEQ I D NO 139 Ac-c(dHcy)arrrar-N H2 32 SEQ I D NG 140 SEQ ID NG 141

I D NO 142 SEQ ID NO 143"" Ac-c(Moa_larrrar-NH2 Ac-c(Ac-Cprrrar-N H2
Ac-c(c) arwoantiNikd7Ac-c(C PEQO)rrrirr-N H2 25 | + BCTAISIHQOUI92
NO 144*"* Ac-c(CG PEAO)rrrirr-N H2 Atforney Docket No. B32008017WO0

** BT H reduction following 0.5 mgfkg IV administration in isoflurane-gnesthetized normal
rats - PTH was measured at 1, 2, 3 and 4 hours post administration and cumulative AUC
was calculated, PTH data were calcuiatad according to the following formuta: AUC jpe
l:'eated’iAucsahne c;o.'moédkj U

Table 7
Activity of Exemplary Peplide Compounds
in vive activity
in normal rats®
SEQ 1D NO. Compound Structure” 0.5 mg/kg IV
bolus
% FTH AUC of
saling control™
Saline Saline 100
SEQ D NO:118 Ac-crr-8ar-rar-NH, 141
SEQ D NO17 Ac-carr-Sar-r-NH; 111
SEQ D NO:118 Ac-c-Nma-rre-Mma-r-NH, 108
SEQ D NG9 Ac-crrar-Nma-r-NH, 101
SEQ D NO:20 Ac-c-Aib-rrr-Alb-r-NH, a4
SEQ D NO 21 Ag-crr-Nma-rar-NH) 86
SEQ ID NG22 Ac-carr-Nma-r-NH. 74
SEQ D NO:123 Ac-c-All-ritar-NHz 70
SEQ 1D NO:124 Ac-carrr-Alb-r-NH, &8
SEQ 1D NOCg5 Ac-o-Sar-rir-Sar-r-NHs 65
SEQ D NO28 Ac-crrar-Sar-r-NH, 82
SEQ 1D NGi127 Ac-c-Mma-rrrar-NH. 58
SEQ 1D NO:128 Ac-o-8ar-rirar-NH, 50
SEQ IDNO:128 Ac-carrr-Nig-r-NH, 64
SEQ D NO3D Ac-c-ciNig-rr-ciie-r-NH; 54
SEQ ID NO:131 Ac-carrr-adNva-r-NH, 54
SEQ D NO132 Ac~-c-dNva-rir-diNva-r-NH, 27
SEQ ID NO:133 Ac-crrar-diie-r-NH: 28
SEQ ID NO34 Ac-c-dNle-rrrar-NH, 10
SEQ D NO:135 Ac-crrar-diNva-r-NH, 8
SEQ ID NO:136 Ac-c-gdNva-rrrar-NH; 7
SEQ 1D NO:137 Ac-crr-dNva-rar-NH, 3
SEQ ID NO:138 Ac-crr-giiis-rar-NH; 2

*Bolded font indicates respactive substitution of alaning residues in Ac-carmrar-NH, (SEQ
1D NQ:28) or Ac-crrarar-NH, (SEQ 1D NMO28). Sar = the non-natural aming acid
Sarcosine; Nma = N-methyl alaning; AiB = amine ischulyric acid; diNva = D-Norvaline,;
dNie = D-Naorlsucine

*PTH reduction following 0.5 mg/kg IV administration in isoflurane-anesthetized normal
rats - PTH was measured at 1, 2, 3 and 4 hours post administration and cumulative ALIC
was caiculated. PTH data were calculated according to the following formula: AUC
:reaiediAUCsaiin& c:mimi*i 00,

SEQ



15 SEQ I D NO 145 CEEEEEE 1 Ac-crrrrrr-N H2 40 SEQ I D NO 145 SEQ | D NO 26
SEQ ID NO 25 SEQ ID NO 25 CEEEEEE | Ac-carrrar-N H242 Ac-crrarar-N112

Ac-crrar awoNoHA12703EQ | D NO 26 PCT/US2010/043792
Attorney Docket No. 632008017W00

Table 8
Activity of Exemplary Peptide Compounds

in vivo activity in
normal rats™

SEQ D NO. Compound Structure® 0.5 mg/kg IV bolus
% PTH AUC of saline
control
Saline Saline 100
SEQ D NO: 67 Ac-c{arrrar-NH, 8
SEQ ID NO: 101 AC-S{38 ) rrrrr-NH, 12
SEQ D NG:138 Ac-c{agHey)amrar-NH; 32
SEQ D NO:140 Ac-c(Mipalarrar-NH, 25
SEQ ID NO: 141 Ac-c{Ac-Glarrrar-NH, 38
SEQ D NO:142 Ac-c{glarmrar-NHs {
SEQ 1D NO:143*
Ac-c{C-PEGZDrrrre-NH, 25
SEQ 1D NG 1447
Ac-c{C-PEGAGIrrr-NH, 15
SEQ ID NO:145 CEEEEEE
|
Ac-crrorrr-NHs 40
SEQ 1D NG 145 CEEEEEE
|
SEQID NG:28 Ac-carrrar-Ni, 42
SEQ D NO:25 Ag-crrarar-NH,
SEQ D NG:25 Ac-crrarar-NH, 2

SEQ ID NG:26 Ac-carrrar-NH;

|
SEQ ID NO:26 Ac-carrrar-NH, 1
“Boldad font showing in paranthesis indicates respeactive thicl-containing conjugating groups.
(8 = oxidizad glutathions; dHcy = D-homocysteine; Mpa = Mercaptopropionic acid, PEG =
polyethylens glyool.
** BTH reduction following 0.5 mg/kg IV administration in isofiurane-anesthetized normal rals
- PTH was measured at 1, 2, 3 and 4 hours post administration and cumulative AUC was
caiculated. PTH data wers calculated according to the following formula: AUC 4
z'e;rfaied! Aucsaime <‘.cn‘1m‘*1 oo,
Compound was dosed at 10 mg/kg (~ squivalent molarity to a 0.5 mag/kg non-PEGyiated
eptide)
& Compound was dosed at 20 mg/kg {~ equivalent molarity fo a 0.5 mg/kg non-FEGylated
peptide)

8. Histamine Response and Structure-Activity Relationship Studies

[00112] Poly-cationic compounds have been reported in the literature {o trigger the
release of the aclive biogenic amine histamine. See Church et al., J Immunol
128(5):2116-2121 (1882); Lagunoff et al., Ann. Rev. Pharmacol. Toxicol, 23:331-51

{1983). it is thought that histamine release is a result of mast cell and basophi



SEQ I D NO 26 Ac-carrrar-NH2 | Ac-carrrar-N _ -*Bol ded font showing in
parenthesis indicates respective thiol-containing conjugating groups. GS =
oxi di zed ybuvatthim®ne; dHcy D honocystei ne; Ma = Mercapte mmmm&wa id:
PEG = pol yet hyl ene glycol . ** PTH reduction fo|¢faﬁﬁ8°ﬁeﬁ Oy REC] A OO
adm ni stration in isoflurane-anesthetized normal rats PTH was neasured at
1, 2, 3 and 4 hours post admi nistration and cunul ati ve /WC was cal cul at ed.
PTH data were calcul ated according to the follow ng fornula: AUCcnpd
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The conmpound Ac-crrrrrr-NH2 identified as SEQID NO 6 (2_1 unol ei kg 2. 3
ng/ kg) trwogerigd4mm observabl e hi stam ne response of ab®aT/uB2@0fogd7d2 ove
basel i ne conpared to 6-9 fold with SEQ I D NO 41 WHEN &Y %“S;C’qs@wbﬁéfl’%s
(given over less than 1 mnute) in normal rats. The hi stam ne rel ease
triggered by Ac-crirrrr-NH2(SEQ I D NO 6) peaked at 5 minutes after dosing
and returned to baseline levels 15 mnutes later (Fig. 3). Further
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level was observed. The compound Ac-o{Clarrar-NH; (SEQ 1D NO:3, cross hatched
bars) induced no apparent histamine response, as seen by the data points at 5, 10 and
15 minutes post dosing where the histamine level was not increased relative to the pre-
doss {lime zero) histamine level,

{00115]
histamine release, a series of compounds was prepared and assessed for their ability to

To further evaluate the relationship between compound structure and

trigger induction of histamine in an in vitro assay using rat peritoneal mast cells. In this

assay, compounds are incubated at 10 uM for 15 minutes at 37°C with celis isolated

from peritoneal lavage of 3D rats. Following incubation, cell medium is collected and

histamine is determined. The daia is shown in Table 8.

Table 9
i vitro Histamine Induction in Rat Peritoneal Mast Celis of Exemplary Peptide
Compounds

*Histamine in

SEQ D NG, Compound Sequence ch:fgz é?riin«

treated at 10ulM™
Saline Saline 1.0
SEQID NG 8 Ac-orrrrrr-Ni, 11.5
SEQIDNO: 8 Ac~carrrrr-NH; 686
SEQID NG9 Ac-crarr-NHs 8.8
SEGQ D NGO Ac-crrarrr-NH; 53
SEQID NOt Ac-crirarr-MNH, 50
SEGID NG:12 Ac-crrrrar-NHa 5.0
SEQ D NG3 Ac~crirrra-NH, 4.1
SEQ D NG5 Ac-~cararrr-NH, 2.5
SEQ 1D NO:22 Ac-caarrrr-NH. 1.2
SEQ D NOT Ac-crraarr-NH; 1.3
SEQ D NO:148 Ac-crrrraa-NH, 1.8
SEQ D NQO:28 Ac-carrrar-NH, 1.4
SEQ D NO:3 Ac-c{Clarrrar-NH, 3.6
SEQ ID NG:H16 Ac-carrarr-N, 1.4
SEQ D NG9S Ac-carrmra-NH, 1.3
SEQ IDNG:23 Ac-crarrar-NH; 1.5
SEQ D NG:18 Ac-crararr-NH: 1.4
SEQ D NG:20 Ac-crarrra-NH, 1.1
SEQ D NG.25 Ac-crrarar-NHg 1.2
SEQ D NG 14 Ac-crrarra-NH: 1.6
SEQ 1D NO:130 Ac-g-dMlg-rrr-dNla-r-NH, 9.2
SEQ D NG32 Ac-o-dNva-rrr-gdiNva-r-NH, 4.1
SEQ D NO28 Ac-c(Clrarar-NH, 0.7
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*Histamine in
SEQID NO. Compound Sequence vitro Fold
change of non-
freated at 10ul™
SEQ D NO24 Ac-craanr-Ni 1.6
SEQ ID NO:21 Ac-orraar-NH. 1.0
SEQ D NO:134 Ac-c-dMNie-rrrar-NH; 2.2
SEQID NO128 Ac-carrr-dile-r-NH, 2.8
SEQ D NO13s Ac~c-dNva-rrrar-NH, 2.1
SEQ D NOH Ac-carrr-tdNva-r-NH, 1.8
SEQ D NO:133 Ac-crrar-ghNis-r-NH, 4.3
SEQ D NO:138 Ac-crrar-dNva-r-NH, 1.1
SEQ D NO:85 Ac-cGrrrar-NH. 1.5
SEQ D NO:88 Ag-carrrar-NH, 1.9
SEQ ID NO:103 Ac-~chrrrar-iNH, 1.8
SEQ 3 NOS8 Ac-cirrrar-Nk; 3.0
SEQ D NO:o8 Ac-clrrrar-NH, 2.2
SEQ D NO9TY Ac-oprrar-NH; 0.8
SEQ D NO102 Ag-csrirar-NH, 0.8
SEQ (D NO00 Ac-~ctrrrar-pH, 1.1
SECQID NGO Ac-ovrrrar-hHs 1.5
SECQHID NO:83 Ac-carrrGr-NH, 0.9
SEQ Iy NO:SO Ac-carrgr-NH, 0.9
SECQHID NO:88 Ac-carrrhr-NH, 2.0
SEQ D NO:g4 Ac-carrrir-NH; 1.8
SEQ ID NO:8S Ac-carrrir-NH, 25
SEQ NGBS Ac-carrrpr-NH, 1.0
SEQ ID NOC:92 Ac-carrrsr-NH, 1.2
SEQ ID NO:# Ac-carrrtr-NH, 1.7
SEQ D NO:87 Ac-carrrer-NH; 1.2
SEQ ID NO:147 Ac-cakkkak-MH, 1.1
SEQIIDNOT7Z Ac-cakrrar-NH, 1.4
SEQIDNGT3 Ac-carkrar-NH: 1.4
SEQ D NG:105 Ac-crrGrar-NH, 1.8
SEQ ID NO112 Ac-crrgrar-NH; 1.2
SEGID NO108 Ac-crrhrar-NHs 2.3
SEQ ID NO:11s Ac-crrirar-NHs 3.4
SEQHID NO:114 Ac-crifrar-NH, 4.5
SEQ I NOG:108 Ac-crrprar-Ni, 1.1
SEQID NO: 111 Ac-crrsrar-Nig 2.0
SEQ D NOMG8 Ac-crrirar-NH; 1.2
SEQIDNO:113 Ac-crrvrar-NHs 1.9
SEQ D NO:104 Ac-chrrrar-NH; 6.8
SEQ D NO:B2 Ac-carrrir-NH, 4.0

3
~3
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"Histamine in
SEQ D NG, Compound Seguence ah;igz ;ﬁiﬁu
treated at 10ul”
SEQ D NGBS Ac-carrrer-NH, 1.3
SEQ D NO110 Ac-crifrar-NH- 8.2
SEQ 1D NOH07 Ac-crrerar-MH, 0.6
SEQ 1D NO:8s Ac-carrkar-NH» 1.0
SEQ D NO:TO Ac-carrrak-NH, (.9
SEQ D NO: 148 Ac-cararar-NH; 0.8
SEQ IDNQ25 Ag~crrarar-MH; 9.3
Ac~éarrrar«NH2
SEQ D NO:148 Ac-crrarGr-NH, 1.6
SEQ D NO:150 Ag-crrargr-NH; 1.8
SQ D NO:151 Ac-crrarhr-NH: 25
SEQ D NOi152 Ac-crrarir-Nids 4.1
SEQ ID NQO 183 Ac-ca{DAPrar-NH: 1.6
SEQ ID NO:154 Ac-ca{dHary{dHar{dHanar- 2.7
NH;

*Method set forth in Example 7
Abbraviations: See Example 7

001207
histamine release, a series of compounds was prepared assessed for their ability to

To further evaluate the relationship between compound structure and

trigger induction of histamine in an in vivo assays. The data is shown in Table 10,

Table 10
in vivo Histamine Induction of Exemplary Peptide Compounds
* Histamine
response in vivo
SEQ 1D NO. Compound Structure Fold change from
pre-dose levels
&' post injection
2 mg/kg 1V bolus
Saline Saline 1.0
SEQ ID NOS Ac-crerrrr-NHs 27
SEQ D NG:28 Ac-carrrar-NH. 1.0
SEQ D NG:25 Ac-crrarar-NH; AR
SEQID NGHS Ac-cararrr-NH, 1.0

3
peel
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* Histamine
response in vivo
SEQID NO. Compound Structure Fold change from
pre-dose levels
5" post injection
SEQ D NGO Ac-crararr-NH: 1.1
SEQ D NG20 Ac-crarra-NH; 1.0
SEQ ID NGH8 Ac-carrrra-NH, 0.8
SEQ D NG:23 Ac-crarrar-NH; 0.8
SEQID NGB Ac-crararr-NiH; 1.0
SEQ D NG:27 Ac-o{Carrrar-NH, 0.8
SEQID NGES Ac-o{Cirrarar-NH; 0.8

*Method set forth in Example 7.

[00121]  Accordingly, and as can be appreciated in view of the PTH data and the
histamine data described hereinabove, in one embodiment, a compound that has activity
to decrease PTH level in 2 subject in the absence of 3 histamine response is
contemplated. In cerfain embodiments, absence of a histamine response intends a dose
of the compound that produces a less than 10-foid, more preferably 8-fold, stili more
preferably 5-fold, and even still more preferably 3-fold, increase in histamine, measured
in vitro in an assay as described herein, where the fold change is determined based on
histamine levels before incubation with the compound and afler 15 minutes incubation
with compound. In a specific embodiment, the histamine response is determined in an
in vitro assay using rat perifoneal mast cells isclated from peritoneal lavage of normal
Sprague Dawley rats, and whers the fold change is delermined based on histarnine
fevels befors incubation with the compound and after 15 minutes incubation with
compound. in the studies conducted herein, the in vitro evaluation of histamine raiease
was performed using isolated rat perifoneal mast cells Isolated by peritoneal lavage
using cold HBSS + 25 mM HEPES pH 7.4 containing heparin (Su/ml). Cells wers
washed twice in stimulation buffer (HBSS+25 mM HEPES pH 7.4) and incubated with 10
ulM of compound in stimulation buffer (HBSS+25 mM HEPES pH 7.4) for 15 minutes in a
g8-well plate (108/well} at 37°C. Cell supernalant was analyzed for histamine using
histamine EIA kit {Cayman # 588651},

1001221  In ancther embodiment, a compound that has activily to decrease PTH level
in a subject in the absence of an clinical histamine response is contemplated. As used
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herein, absence of a “clinical histamine response” intends is that a therapeutically
gffective amount of a compound as described herein is administered to the subject
withoul producing a clinically adverse increase in plasma or blood histamine as
measured 5-10 minutes after completion of dosing or over the course of freatment. For
example, when a compound required o produce a desired therapeutic effect is
administered to a subject by bolus {as used herein “bolus” means administered over one
minute or less) produced an increase in plasma or blood histamine 5-10 minutes afler
complgtion of dosing that is less than 15-fold, 10-fold, 9-fold, 8-fold, 7-fold, 8-fold, 5-fold,
4-fold, 3-fold, 2-fold above pre-dose lavels.

(00123} As can be appreciated from the studies described above, in one embodiment,
the compound comprises a sequence of 3 to 35 amino acid residues, wherein a plurality
of positively charged amino acid residue subunits is present in the sequence. In some
smbodiments, the described compounds comprise 5 to 25 subunits, and in a preferred
embodiment each subunit is an amino acid residue. In other embodiments, the
described compounds comprise 8 to 12 subunits. In still other embodiments, the
described compounds comprise 3 to 8 amino acid subunits. In alternative embodiments
the described compounds comprise 3,4, 5,6, 7, 8, 8, 10, 11, 12, 13, 14, 15, 16, 17, 18,
16,20, 21, 22, 23, 24, 25, 26, 27, 28, 28, 30, 31, 32, 33, 34, or 35 subunits,

[00124] The subunits of the described compounds are, in one embodiment,
independently selected from natural or unnatural amino acids, or their analogs, and may
have gither the L- or - configuration (except for glycine which is achiral). Glycine, the
aliphatic residues alanine, valing, leucine, or isoleucing, proline, the hydroxyl residues
serine and threonine, the acidic residues aspartic acid and glutamic acid, the amide
residues asparagine, and glutamine, the basic residues lysine and arginine, histidine, the
aromatic residues phenylalanine, tyrosine, and tryptophan, and the sulfur-containing
residues methionine and cysteine are all contemplated for use in the described
compounds. The number of positively charged subunits, and their density can affect the
petency of the compound for reducing PTH. In some embadiments, positively charged
subunits are separated by one or more other subunils (“separating subunits”™. Inone
embodiment, the separating subunils are alanine residues. In some embodiments, the
chirality of the separating subunit affects the potency of the compound.

[00128] Positively charged amino acid residues of the described compounds may be a
specific natural or unnatural residue, or analog thereof, having either the L- or D-
configuration (e.g., L-arginine) that is repeated in the sequence, or may be a variety of
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natural or unnatural residues, or analogs thereot, having either the L- or D- configuration.
In some embodiments, the compound is a peptide comprised of from 3 1o 20 positively
charged amino acid residues, 6 to 12 positively charged amino acid residues, 310 9
positively charged amino acid residues. In some embodiments, the peptides comprise
3,456,788, 10, 11,12, 13, 14, 15, 18, 17, 18, 18, or 20 positively charged amino
acid residues.

{00128]  In some embodiments, the positively charged amino acid residues are
independently selected from nalural amine acids. In some embodiments, the positively
charged aming acid residues are independently selected from natural and/or unnatural
amingo acids. In some embodiments, the positively charged aming acid residues are
independently selected from the group consisting of argining, lvsine, histiding, 2,3~
diaminopropionic acid (Dap), 2.4-diaminobutyric acid {Dab), ornithine, and
homoarginine. In a preferred embodiment, the positively charged amino acid residues
are arginine residues.

[00127] In some embodiments, the compound is a peplide and is a single continuous
peptide chain or strand. in other embodiments, the compound is a peptide that is
branched. In still other embodiments, the peplide is conjugated {o one or more thiol-
containing moleties {sach, a “thiclcontaining conjugating group” or a “conjugating
group™). In a preferred embodiment, and as merely lHlustrative, the peptide compound is
conjugated 1o a Cys conjugating group, via a (-8-5-) disulfide bond (for example -Cys-
Cys-}. As used herein, the term "compound” is intended to encompass both such
peplides and such conjugates.

[00128] The compounds typically comprise one or more thiol moieties, preferably one
or more reactive thiol moleties. Subunits that have a thiol group include non-amino acid
compounds having a thiol group and amino acids with a thiol group. The thicl group of
the thiol-containing subunit may be in a conjugaled form (.g., via a disulfide bond to a
conjugating group) or in an unconjugaled form (L.e., as a reduced thiol}. In a prefered
embodiment, when the thicl group is in sither an unconjugaled form or a conjugated
form, it is capable of forming a disulfide bond with a thicl-containing group. The thiol-
containing residue may be located at any position along the peptide chain, including the
amino terminus, the carboxy terminus, or some other position. In a preferred
embodiment, the thiol-containing residue or subunil may be located at the amino
terminus. In other embadiments, the thicl-containing residue or subunit may be located

at the carboxy terminus or within the peplide sequence.
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001291 Some representative examples of thiok-containing residues include, without
lirnitation, cysteine, mercaplopropionic acid, homo-cysieine, and penicillamine. When
the thiol-containing residue contains a chiral center, it may be present in the L- or D-
configuration. In a preferred embodiment, the thiol-containing residue is cysteine.
[001301  in some embodiments, the cross-linkage between the thiol containing subunit
at the X, position in the compound and the thiol-containing conjugating group may be
cleavable and/or exchangeable with other thiol-containing conjugating groups such as
cysteine {e.g., by reduction of the disulfide linkage) /n vivo 1o vield a biologically aclive
form of the compound. In this way, the conjugate may function as a pro-drug of the
compound. A conjugating group also may be ussd fo modify the physicochemical,
pharmacokinetic and/or pharmacodynamic properties of the described compounds (e.q.,
conjugation via g disulfide linkage {0 a large PEGylated moietly {0 enhance the
pharmacokinetics).

[001311  in some embodiments, the compound is a peplide comprised of the amino
acid sequence (X ) (Kaaa}-{Kaaal-{Kaaa - {Xaas)-{Kaas)-{Kaaz} (SEQ 1D NOI155), wherein
{Xaa1} is a thickcontaining amine acid residue, {Xaa2) is a8 non-cationic amine acid
residue, {Xaaa) 18 any amine acid residue, (Kaae) s any amino acid residue, (Xaas) 18 2
cationic amino acid residue, (Xaes) I8 @ non-cationic residue, and (X7} s any aminoe acid
residue. The peptide may be modified at the N-terminus, the C-terminus, or both. Ina
preferred embodiment, the peptide is modified at both the N-terminus and C-terminus by
acetylation and amidation, respectively.

(001321 In some embodiments, a peptide comprises the amino acid sequence
(O-Cysi-{Xanzh-{Xaax)~(Xasa (X aas - {Kaas}-(Maar) (SEQ 1D NOI188), wherein (X,.2) is a non-
cationic amino acid residue, (Xa.3) is any aming acid residue, (Xaae) 15 any aming acid
residue, (X,.s) is selected from the group consisting of D-Arg, L-Arg, D-Lys and L-Lys,
(Xase) i5 & non-cationic residue, and ({7} 18 any amino acid residue. The peptide may
have an N-terminal cap, a C-lerminal cap, or both. In a preferred embodiment, the
peptide has both an N-terminal cap and a C-terminal cap.

{001331  In some embodiments, a peplide comprises the aminoe acid sequence
{0-Cy83{Xaaz)-{Raast-(Kaas - (Kass i {(Kaas){Xaa7) {SEQ 1D NOIST), wherein (Kaan), (Kaaz)
and (ae) are, independently, any amino acid residue (but in a preferred smbodiment
are, independently, selected from the group consisting of D-Ala, D-Val, D-Leu, D-NorVal,
and D-NorLeu), (Xaas) and (Xaa7) are, independently, any cationic amino acid residue (bul
in a preferred embodiment are, independently, selected from the group consisting of D-
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Arg, L-Arg, D-Lys and L-Lys), Xz} is 8 non-cationic amino acid residue (in a preferred
embodiment, selected from the group consisting of D-Ala, D-Val, D-Leu, D-NorVal and
O-NorLeu}. The peplide may have an N-terminal cap, a C-terminal cap, or both. Ina
preferred embodiment, the peplide has both an N-terminal cap and a C-lerminal cap.
{00134] In some embodiments, a peptide comprises the aming acid seguence
(D-Cys)-(Kanah(Kaas) D ana) Kaas-laas(Kaar) (SEQ 1D NO:158), wherein (X,43) is 8 hon-
cationic amino acid residue, (X;;3) IS any amino acid residue, (X;,4) IS any amine acid
residue, (Xaa5) is selected from the group consisting of D-Arg, L-Arg, D-Lys and L-Lys,
{Xea5) 18 @ non-cationic residue, and (Xya7) s any amine acid residue. The peptide may
have an N-terminal cap, a C-terminal cap, or both. In a preferred embodiment, the
peplide has both an N-terminal cap and a C-lerminal cap.

[001358] In some embodiments, a peptlide comprises the amino acid sequence
(D-Cvs}-{ D-Ala)-{Xaast-(Kaaa)-{ D-Argi-{ D-Ala)-(Kaar) (SEQ ID NO:159), wherein (Xaa) is
any cationic aming acid residue, (Xa4) is any cationic amine acid residue, and (Xuw) is
any cationic amino acid residus.  The peptide may have an N-terminal cap, & C-
terminal cap, or both. In a preferrad embodiment, the peplide has both an N-terminal
cap and a C-terminal cap.

[00138] In some embodiments, a peplide comprises the amino acid sequence
(D-Cys){ Xaaz)- Xz - (D-Ala)-(D-Arg)-{ D-Ala)-(Xaa7) (SEQ 1D NO:180), wherein (X},
{(¥asa) and (Xy,7) are, indspendently, any cationic amino acid residue. The peplide may
have an N-terminal cap, a C-terminal cap, or both. In a preferred embodiment, the
peptide has both an N-terminal cap and a C-lerminal cap.

[0801371 Ancther embodiment is a calcimimetic peptide, comprising a sequence of
aming acids lnked by peptide bonds, wherein the sequence comprises 5 to 10 amino
acid residues, and wherein the ssquence comprises an amine terminus, a carboxy
terminus, at least one thiol-containing residue, and from 3 to 8 positively charged
residues. In one embodiment, the at least one thiol-containing residue is a cysteine
residue. In another aspect, the cysteine residue is positioned at the amino terminus of
the peptide. In cerlain embodiment, the cysteine residue is an L-Cys residue, a D-Cys
residua, or an L~ or D-homoCys residue. In other embodiments, the amino acid residues
of the peptide are D-amingc acids or L-amino acids.

[00138] Also encompassed within the scope of the claimed compounds are
peptidomimetic molecules that comprise approximately seven subunits, wherein at least
one subunit contains a thiol molety, preferably a reactive thiol moietly, and other subunits
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are a plurality of non-cationic subunits, and from 1 to 4 positively charged subunits.
Such peptidomimetic molecules may comprise non-peplide bonds between two or mere
of the subunits. The various features of the compounds discussed above apply
generaily 1o the peptidomimetic molecule. For example, as discussed above, the
subunils used o construct the molecules can be naturally-occurring amino acids, or
residues with non-natural side chains, the termini of the modules can be capped or non-
capped in the manner discussed above. Similarly, the amino acid residues of the
molecule can be L- or D-amine acid residues. Also as discussed abovs, the thiol
containing residuss can be in a reduced or oxidized form with any of the thiol-containing
moieties discussed above,

[00139] Many peplidomimetic frameworks and methods for thelr synthesis have been
developed (Babine, B, E.; Bender, 5. L., Chem. Rev,, 97:1358, 1887, Hanessian, S,
ef al., Telrghedron, 53:12788, 1987, Fletcher, M. ., Cambell, M. C., Chem. Rav,,
898:7683, 1208); Peplidomimetics Frolocols; Kazmierski WM., Ed.; Methods in Molecular
Medicine Series, Vol 23; Humana Press, Inc.; Totowa, N.J. {(188%).

Conjugales
[00140] In some embodiments, the compound is chemically cross-linked to a thiol

containing conjugating group via a disulfide bond between the thiol of the compound and
a thiol from the conjugating group. The thicl-containing conjugating group can be a
small molecule, such as cysteine, or a macromolecule, such as a polypeptide containing
a cysteine residue. Examples of suitable thiol-containing conjugating groups include
cysteine, glutathione, thicalkyl, moieties such as thiobenzyl, mercapiopropionic acid, N-
acetylated cysteine, cysteamide, N-acetylcysteamide, homocysteine, penicilamineg and
poly (ethviene glycol) (PEG) modified (referred to as "PEGylated”) thiols such as
PEGylated cysieine or a duplication of the compound (ie., to form a homodimer linked by
a disulfide linkage). In a preferred embodiment, the thiolcontaining conjugating group is
cysteine. Other cysieine homologs are also contemplaled for use as thiol-containing
conjugating groups, either alone or comprised in a larger conjugating group. Similarly,
stereoisomers of oysieine, homooysteing, and cysleamide are suilable for use as thiok
containing moieties. Conjugaling groups can be used o improve chemical stability and
therefore sheif-life of a pharmaceutical product. in ceriain embodimsnts the thiol
containing conjugating group and the peptide are the same (i.e., the conjugate is a
dimer), which unsxpectediy showed very good chemical stability compared {o

helerologous conjugating group such as cysteine. Without being bound by theory,
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presumably when the thiol-containing conjugating group and the peptide are the same,
then any disproportionation {(e.g.,scrambling of the conjugating group) will reconstitute
the original dimer compound. In conirast, disproportionation of a compound with a
heterclogous conjugatling group such as cysteine can lead to formation of homo-dimers
of the peptide plus cystine (cysteine — cysteine homodimer) plus residual parent
compound. A homo-dimer of the peplide (i.e., conjugating group and the peptide are the
same} would be converted to a cysteine conjugaled form of the peptide in vivo due 1o the
high conceniration of reduced cysteine in systemic circulation.

[00141] in some embodiments, the teachings include a disulfide conjugate of a thiol
coniaining conjugating group and a peplide comprising the amino acid sequence (Xa1)-
{Xaa2}-{Kaas}-{Kaas}-{FKaas}-{Kaas)-(¥aar) (SEQ 1D NO:158), wherein (X,.4) is an aming acid
residue with a thick-containing moiety, (M.} is @ non-calionic amino acid residue, (%,,3)
is any amino acid residue, {Xaae) 8 any amino acid residue, (X,as) is a cationic aming
acid residue, (Xas) s 8 non-cationic residue, and {(X,,7) is any amine acid residue. The
peplide may have an N-terminal cap, a C-lerminal cap, or both. In a preferred
embodiment, the peptide has both an N-terminal cap and a C-ferminal cap. Ina
preferred embodiment, the thiol-containing conjugating group is selected from the group
consisting of D-Cys, L-Cys, a peplide containing D-Cys, and a peptide containing L-Cys.
When the thiol-containing conjugaie group is an amino acid or a peptide, it may have an
N-terminal cap, a C-lerminal cap, or both. In a preferred embodiment, the thiol-
containing conjugate group has both an N-terminal cap and a C-erminal cap. iIn some
embodiments, the thicl-containing conjugating group is itself a peptide comprising the
amino acid sequence of SEQ 1D NO185. In some embodiments, the thiok-containing
conjugating group and the peptide are the same (L.e., the conjugate is a dimer).

[00142] In some embodiments, the teachings include a conjugate of a thiol-containing
conjugating group and a peptide comprising the amino acid sequence (D-Cys)-(Xa2)-
{Maaz{XKaaa){Kaas ) (Kaas)-(Xaay) (SEQ 1D NO158), wherein (Xaa2) i3 a8 non-cationic amino
acid residue, (Kaaa) I8 any amino acid residue, (Xaae) is any amino acid residus, (Xaas) s
selected from the group consisting of D-Arg, L-Arg, D-Lys and L-Lys, {X..6) is 8 non-
cationic residue, and (X,,47) Is any amino acid residue. The peptide may have an N-
terminal cap, a C-lerminal cap, or both. In g preferred embodiment, the peptide has both
an N-terminal cap and a C-terminal cap. In a preferred embodiment, the thicl-containing
conjugating group is selected from the group consisting of D-Cys, L-Cys, a peptide
containing D-Cys, and a peptide conlaining L-Cys. When the thiol-containing conjugate
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group is an amino acid or a peptide, it may have an N-terminal cap, a C-lerminal cap, or
both. In a preferred embodiment, the thiol-containing conjugate group has both an N-
terminal cap and a C-lerminal cap. In some embodiments, the thiol-containing
conjugaling group is itself a peptide comprising the amino acid sequence of SEQ D
NC:1586. In some embodiments, the thiol-containing conjugating group and the peptide
are the same {i.e., the conjugate is a dimer),

[00143] in some embodiments, the teachings include a conjugate of a thiol-containing
conjugating group and a peplide comprising the amino acid sequence {L-Cys)-{Xaa2)-

(X a3}~ (Kaaa - Xaas - (Kaasi-(Xaer) (SEQ 1D NO:183), wherein (Xaa2) is a non-cationic amino
acid residue, (X..5) is any amine acid residue, (X,,4) is any amino acld residue, (X, is
selected from the group consisting of D-Arg, L-Arg, D-Lys and L-Lys, (Xaas) is 8 non-
cationic residue, and (X,.7) is any amino acid residue. The peplide may have an N-
terminal cap, a C-{erminal cap, or both. in a preferred embodiment, the peplide has both
an N-terminal cap and a C-terminal cap. in a preferred embodiment, the thiol-containing
conjugating group is selected from the group consisting of D-Cys, L-Cys, a peplide
containing D-Cys, and a peplide containing L-Cys. When the thiol-containing conjugate
group is an aming acid or a peplide, it may have an N-terminal cap, a C-terminal cap, or
both. In a preferred embodiment, the thiol-containing conjugate group has both an N-
terminal cap and a C-terminal cap. In some embodiments, the thicl-containing
conjugating group is itself a peplide comprising the amino acid sequence of SEQ 1D
NO:183. In some embodiments, the thiol-containing conjugating group and the peplide
are the same (i.e., the conjugate is a dimer).

001441  In some embodiments, the teachings include a conjugate of a thiol-containing
conjugating group and a peptide comprising the amino acid sequence (D-Cys}-(D-Ala)-
{Kaaa - {Kaaa H{D-Arg)-(I-Ala)-(Kaa7) (SEQ D NO181), wherein (X,a3) I any aming acid
residue, (Xaaa) 1S any amino acid residue, and (X,,7) is any amino acid residue. The
peptide may have an N-ferminal cap, a C-terminal cap, or both. In a preferred
embodiment, the peptide has both an N-terminal cap and a C-terminai cap. Ina
prefarred embodiment, the thiokcontaining conjugating group is selected from the group
consisting of D-Cys, L-Cys, a peptide containing D-Cys, and a peptide containing L-Cys.
When the thiol-containing conjugate group is an amino acid or a peptide, it may have an
N-terminal cap, a C-terminal cap, or both. In a preferred embodiment, the thiol
containing conjugats group has both an N-lerminal cap and a C-erminal cap. In some

embodiments, the thicl-containing conjugating group is itseif a peplide comprising the
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amino acid sequence of 3EQ 1D NO:181. In some embodiments, the thiol-containing

conjugating group and the peptide are the same (i.e., the conjugate is a dimer).

i Methods of Use

[00145] In one aspect, methods o prevent, treat or ameliorate hyperparathyroidism,

bone disease andfor other hypercalcemic disorders by administering the compounds
described herein are contemplated. As Hllustrated above, the compounds have activity to
decrease PTH andfor calcium levels in a target tissue or tissues, or in a subject. In
certain embodiments, the described compounds are capable of decreasing PTH and/or
calcium levels when a therapeutically effective amount of the compound is administered
to a subject in need of such treatment. The methods of use will now be described with
reference {o Examples 3 and 8-11.

[00148] With reference again to Example 3, and as discussed above with respect to
Table 1, the series of compounds where a cationic {(arginine) residue was sequentially
replaced with a non-cationic residue (alanins) were administered to rats. Fig. 5 shows
the time profile of each compound’s ability to reduce bived PTH and the duration of
action of the varying compounds. In Fig. 5, the compounds Ac-crrrr-NH; (SEQ D
NG:6, diamonds), Ac-carrrr-NH, (SEQ 1D NO:8, squares) and Ac-crrarmr-NH, (SEQ 1D
NO:10, x symbols) and Ac-crrrrar-NH, (SEQ 1D NO:12, circles) were potent in vivo, as
evidenced by the decrease in percent PTH of predose bassline {0 essentially zero and
provided a duration of potency, where the PTH blood concentration remained decreased
for at least four hours. The compounds Ac—cramrm-NH, (SEQ 1D NO:G, triangles), Ac—
crrvar-NH; (SEQ D NO: 11, * symbals) and Ac—crrirra-NH; (SEQ 1D NO:13, + symbols)
decreased percent PTH of baseline for ghout 2-3 hours, and thereafter the blood
cencentration of PTH began o increase. Substitution of the cationic {arginine) residue
at subunit positions 5 or 7 of Ac-crrrr-NH, (SEQ 1D NO:8) impacted the duration of PTH
lowering activity,

[001477 The profile of PTH reduction for a series of compounds containing double
amino acid substitutions was also evalusted. Selected compounds set forth in Table 2,
above, were administered o normal rats by IV bolus at a dose of 0.5 mg/kg and the
reduction in PTH relative {o predose PTH blood level was evaluated. Data are shown in
Figs. 6A-8B, where the compound are identified as follows: Ac-carrrar-NH, (SEQ 1D
NQO:26, open diamonds), Ac-crrarar-NH; (SEQ 1D NO:25, open squares), Ac-caarrr-NH,
(SEG 1D NQ:22, triangles), Ac-crraarr-NH, (SEQ 1D NO:17, circles), Ac-o{Clarrrar-NH;
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(SEQ D NGO:3, diamonds Fig. 6B}, Ac-¢{Cirrarar-NH, (SEQ 1D NG:28, x symbols, Fig.
68}

[00148] Another study was done to further evaluate the potency of the compound Ac-
o{Charrrar-NH; (SEQ 1D NO: 3}). The compound was intravenously administered to
normal rats, as detailed in Example 2, at doses of 1 mg/kg. 0.5 mg/kg, 0.3 mg/kg, and
0.1 mgfkg. Plasma PTH levels were assessed prior to dosing and for 4 hours thereafier.
Fig. 7 shows the results, where the PTH blood concenfration is shown as percent of the
baseline pre-dose value. A dose-related PTH reduction was observed following a single
IV bolus adminisiration with the highest dose of 1 mg/kg (diamonds) had the largest
reduction in PTH, followed by the 0.5 mg/kg (squares), 0.3 mg/kg {triangles), and 0.1
mg/kg (x symbeols). The saline control is shown by the circles symbols. As seen, the
peplide when administered al a therapeuticaily effective dose achieves a reduction in
PTH of greater than 50% relative o the concentration of PTH before dosing ("baseline”).
Specifically, the peplide when administered atl doses of greater than 0.1 mg/kg reduced
PTH concentration {o less than 80% of the baseling PTH concentration 1 hour after IV
administration. These doses of the peptide identified as SEQ 1D NO:3 also achieved an
area under the curve (AUC) of less than 50%, the AUC calculated as the sum of the
PTH concentration values at the tims points of 1, 2, 3 and 4 hours, normalized by the
AUC for the saline control at the same time points, multiplied by 100

{001481 The same compound was also tested in subjects (rats) with renal
insufficiency. In this study, the 1K1C mode! of acule renal insufficiency was used {o
avaluate a the compound Ac-c{Clanrar-NH, (SEQ 1D NO: 3) to charactsrize ils PTH-
lowering activity in a renal dysfunction environment. The model is described in Example
1A. The compound was intravenously administered as a bolus to renally compromised
animals (rats) at doses of 3 mg/kg (n=2), 1 mg/kyg (=5}, 0.5 mg/kg (n=8) and 0.2 mg/kyg
{n=5). A control group of animals was dosed with saline. Plasma PTH levels were
assessad prior to dosing and for several hours thereafter. Fig. 8 shows the resulis,
where the saline treated animals (squares) had an increased PTH concentration relative
to the starting PTH level. At various doses of SEQ 1D NO:3, a dose-dependant effect
was observed on the duration and extent of PTH reduction. Animals treated with the
fowest dose of 0.3 mg/kg {x symbols) exhibiting reduced PTH al the earliest time point
and an increase in PTH between hours 1-24 after dosing. The dose levels of 3 mg/kg
{diamonds}, 1 mg/kg (triangles) and 0.5 mg/fkg (squares) provided a reduced FTH blood

concentration for more than 15 hours, and for the highest dose, for more than 24 hours.
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[00156]  {n another study 1o evaluale the effect of substituting cationic subunits with
uncharged subunits, as exemplified by alanine amino acid residues, in the context of a
subject with renal insufficiency, an analog of Ac-crrrre-NH, (SEQ 1D NO6) was
generated and tested for its ability to lower PTH in 1K1C mode! animals following a 1
mg/ky single intravenous administration. in the tested analog Ac-carrrar-NH. (8EQ 1D
NO:26), the cationic subunits at positions X; and Xs of Ac-crrr-NH, (SEQ 1D NO:8)
were substifuted with uncharged amino acids.

[00151] As shown in Fig. 9, Ac-carrrar- NH; (SEQ 1D NO:28, open squares) shows
activity that is squivalent to Ac-crirrrr-NH, (SEQ 1D NO:§, open diamonds) at the dose
tested (1 mg/kg) with similar extended duration of action over 24 hours. The analog of
Ac-crrrrrr-NH, (SEQ 1D NO:6) with uncharged subunit substitutions was found 1o retain
activity and may, in fact, have in vivo potency and duration of action superior to that of
the compound identified as SEQ 1D NO:6. In the compound, Ac-carrrar- NH, (SEQ D
NQ:28), D-Arg residues at positions X; and Xg were substituted with D-Ala residues
relative to the compound identified as SEQ ID NC:8.

[00152] Significantly, as discussed above, administration of the compound Ac-carrrar-
NH, (SEQ 1D NO:28) was not accompanied with histamine release, an undesirable side-
effect that is seen with Ac-crrm-NH; (SEQ 1D NOG:8) and other similar cornpounds when
administered at higher doses (> 1 mg/kg) by IV bolus. The marked altenuation of the
histamine release with the compound identified SEQ {D NO:28 increases the therapeutic
margin between the desired PTH-lowering activity and the undesired histamine-inducing
activity following administration by IV bolus. Accordingly, in a preferred embodiment,
compounds having activity to reduce PTH concentration /n vivo in the absence of a
histamine response are provided. Accordingly, in one embodiment, a compound is
provided that has activity to decrease FTH where the compound when administered an
a subject, human or otherwise, decreases PTH level to below 50% of the pre-dose level
within one hour after dosing. in a specific embodiment, a compound that has significant
activity to decrease PTH intends a compound that when administered to a normal rat
decreases PTH level fo below 50% of the pre-dose level within one hour after dosing by
IV bolus.

(00183  In another study, detailed in Example 8, compounds in the form of a
conjugate, where the thiol-containing subunit in position X, was linked through a
disulfide linkage to an L-Cys residue. These compounds have the following structures:
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C Ac-C

| |
Ac-carrrar-NH; and ACc-carrrar-~NH;
{SEQ ID NO: 3} {(38BC ID NO:141)

{00154] In the notation used herein, the compound that is linked to the thiol-containing
moiely in the X, subunit is identified parenthetically, where in these exemplary
conjugates the compound L-Cys is indicated (C} is linked to the thiol-containing moiety in
the X subunit: Ac-¢{Clarrrar-NH, (SEQ 1D NO:3) and Ac-c{Ac-Clarrrar-NH, (SEQ 1D
NO:141). These compounds were administered via IV bolus (o animails with acute renal
insufficiency (1K1C model} at doses of 0.3 and 0.5mg/kg, and the resulls are shown in
Fig. 10. The compound Ac-c(Clarrrar-NH; (SEQ 1D NO:3) is representad by squares
{0.3 mg/kg, n=5} and * symbols {0.5 mg/kg, n=8} and the compound Ac-c{Ac-Clarrrar-
NH: (SEQ 1D NO:141) by triangles (0.3 my/kg, n=8) and diamonds (0.5 mg/kg, n=7).
This in vivo dose response with SEG 1D NQ:3 displays a dose-dependent reduction in
PTH very similar to Ac-crrrer-NH; (SEQ (D NO:6).

[00188] In some of the in vivo studies described herein, the compounds, including
compounds in conjugate form where the thiol in the X4 subunit is cross-linked via a
disulfide bond to another subunil, were administered as a 30-minute IV infusion.
However, it should be noted that shorler infusions {e.q., <5 minules) or delivery by IV
bolus typically produce comparable pharmacodynamic reduction of PTH as a longer 30-
minute infusion. Subcutanecus bolus administration also proved {0 be an efficacious
route of delivery that generated a smaller initial drop in PTH but displayed a sustained
reduction in FTH similar {o the profile seen by the IV route. As shown in Fig. 11, the
compound Ac-crrrrr-NH, (SEQ 1D NG.8), was also administered by micropore-facilitated
{e.q., microporation of the stratum corneum) ransdermal delivery, and demonstrated a
reduction in plasma FTH for the several hours it was monifored. The compound
Ac-crrrrr-NH, (SEQ 1D NO:8), was also administered by the transdermal route after
microporation resulting in a reduction in plasma PTH for several hours. Transdermal
delivery of Ac-crrrrrr-NH, (SEQ 1D NO:6) provides an addition option for clinical delivery
of the described compounds.,

[00158] To evaluate the effect of administration roule on the activity of Ac-crire-NH;
(SEQ 1D NO:6) in the context of a subject with renal insufficiency, rats in the 1K1C
model were given 1 mg/kg of the peplide as either a subcutaneous (8C) bolus or a 30-
minute IV infusion. Both routes of administration effectively reduced plasma PTH levels
for over 24 hours. When Ac-crermrr-NH (SEQHD NO:8) was delivered by 1V infusion,
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FPTH levels fell rapidly by 80-80% from baseline. By 16 hours after dosing, PTH levels

had started o rise although they were still reduced by ~80% from baseline. When
Ac-crrmrrr-NH; (SEQ 1D NO:8) was delivered by SC bolus, PTH levels exhibited a more
moderate initial drop to ~40% of baseline, but exhibited a similar duration of reduction as
when the peplide was delivered by the IV route. Twenty-four hours after dosing, PTH
levels in animals dosed by either route had partially rebounded although both still
displayed reduced PTH levels that were ~40-60% from baseline. The results showed
that this route of administration provides a similar profile with respect to efficacy and
duration of PTH reduction as IV adminisiration, thus providing an aliernative path for
clinical dosing {data not shown).

{00187} Accordingly, in a preferred embodiment, a subject having secondary
hyperparathyroidism (SHPT) is treated using the described compounds to reduce
plasma PTH levels and/or calcium. Unlreated SHFT patients with moderately severe
hyperparathyroidism often have baseline circulating intact PTH levels >200 pg/mi, and
levels that can exceed 600 pg/mb. In a preferred embodiment, the decrease in PTH
levels is measured as a decrease in intact PTH below pretreatment baseline levels. In
another embodiment the desired decrease in PTH is to bring the plasma PTH levels into
generally recognized guidelines established by the National Kidney Foundation or other
experts in the treatment of kidney disorders and renal insufficiency.

[60158] In another aspect, methods for irealing hyperparathyroidism, hypercalcemia
andf/or bone disease are provided, comprising administering a therapeutically effective
amount of a described compound. In another embodiment, the subject can be treated
with a described compound in combination with one or more other therapeutically
effective agents.

[00158] In another aspect, the described compound is administered in an amount
effective to reduce PTH or PTH sffect. In some embodiments, the reduction in plasma
PTH is at least 1%, 2%, 3%, 4%, 5%, 6%, 7%, 8%, 9%, 10%, 11%, 12%, 13%, 14%,
15%, 16%, 17%, 18%, 18%, 20%, 25% or 30% below prelreatment baseline levels for at
least 10 hours post administration of the described compound. In specific embodiments,
the reduction in plasma PTH is at least 20% at 10 hours post administration. In
preferred embodiments, the reduction in plasma PTH is 15 {0 40%, preferably 20 o
50%, more preferably 30 {o 70% below pretreatment baseline levels for al least 48 hours

post administration of the described compound.
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1001807  In another aspect, the described compound is administered in an amount
effective to decrease serum calcium or calcium effect. In some embodiments, the
reduction in serum calcium is at least 1%, 2%, 3%, 4%, 5%, 8%, 7%, 8%, 8%, 10%,
11%, 12%, 13%, 14%, 15%, 16%, 17%, 18%, 19%, 20% or 25% below preireatment
fevels for at least 10 hours post administration of the polycationic peptide. In some
preferred embodiments, the reduction in serum calciurm is at least 5% at 10 hours post
adminisiration.  In some preferred embodiments, the reduction is serum calcium is 8 to
10%, preferably 5 to 20% below pretreatment levels for at least 48 hours post
administration of the described compound.

{00181] In ancother aspect, a method for treating hyperparathyroidism and/or
hypercalcemia in a subject in need thereof is provided, comprising: administering a
therapeutically effective amount of a described compound, whereby PTH and/or calcium
is reduced,

[00162] Based on the relationship between serum calcium, bone metabolism and
PTH, it is thought that the described compounds are beneficial for the freatment of
various forms of bone disease and/or hypercalcemia in addition to hyperparathyroidism,
The described compounds may have advantages comparad io current therapeutic
agents, because they may be administered parenterally and may not be associated with
gastrointestinal adverse effects, are not metabolized by cytochrome P450 and may
result in more effective reductions in plasma FTH and caloium.

(001831 As discussed above, the desciibed methods may be used alone or in
combination with one or more other therapeutically effective agents. Such other
therapeutically effective agents include, but are not limited to, treatment with
antiresorplive bisphosphonate agents, such as alendronate and risedronate; integrin
blockers, such as «,f3; antagonists; conjugated estrogens used in hormone replacement
therapy, such as PREMPRO™ PREMARIN™ and ENDOMETRION™: selective
gstrogen receptor modulators (SERMs), such as raloxifene, droloxifene, CP-338,1586
{Pfizer} and lasofoxifene; cathespin K inhibitors; vitamin D therapy; vitamin D analogs,
such as ZEMPLAR ™ (paricalcitol); CALCIJEX® (calcitrio), HECTOROL®
(doxercalciferel), ONE-ALPHA® (alfacalcidol} and the analogs in development from
Cylochroma known as CTA-018, CTARZ201 and CTAP101: other calcimimetics such as
Sensipar® (cinacalcet); inhibitors of type 1l sodium-dependent phosphate transporter
family, SLC34 (including the two renal isoforms NaPi-lla and NaPi-lic, and the intestinal
NaPi-lib transperter); phosphatonins {(including FGF-23, sFRP4, MEPE or FGF-7); low
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dose PTH treatment (with or without estrogen); calcitonin; inhibitors of RANK ligand,
antibodies against RANK ligand, osteoprotegrin; adensosine antagonists; and ATP
proton pump inhibitors.

[00164] In one embodiment, a described compound is administered at a dose
sufficient to decrease both PTH and serum calcium levels. In another embodiment, a
described compound is administerad at a dose sufficient to decrease PTH without
significantly affecling serum calcium levels. In a further embodiment, a described
compound is administered at a dose sufficient to increase PTH without significantly

affecting serum calcium levels.

Formulations

{00168} A pharmaceutical composition comprising a described compound and at least
one pharmaceutically acceptable excipient or carrier is provided. Methods of preparing
such pharmaceutical compositions typically comprise the step of bringing info
association a described compound with a carrier and, optionally, one or more accessory
ingredients. The described compounds and/or pharmaceutical compositions comprising
same may be formulated info pharmacsutically-acceptable dosage forms by
conventional methods known {o those of skill in the art. Typically, formulations are
prepared by uniformiby and intimately bringing inte association a described compound
with liquid carriers, or finely divided solid carriers, or both, and then, if necessary,
shaping the product.

[001686] Pharmaceutical compositions of the present invention suitable for parenteral
administration comprise one or more described compounds in combination with one or
more pharmaceutically-acceplable sterile isolonic agueous or nonaqueous solulions,
dispersions, suspensions or emulsions, or sterile powders which may be reconstituted
into sterile injectable solutions or dispersions just prior to use, which may coniain sugars,
alcohels, amino acids, antioxidants, buffers, bacteriosiats, solutes which render the
formudation isotonic with the blood of the intended recipient or suspending or thickening
agenis.

[60187] Examples of suitable aqueous and nonaqueous carriers which may be
ernpioyed in the pharmaceutical compositions of the invention include waler, ethanoi,
polyols (such as glycerol, propylene glycol, polyethylene glvenl, and the fike), and
suitable mixtures thereof, vegetable oils, such as olive oil, and injeciable organic esters,
such as ethyl oleate. Proper fluidity can be maintained, for example, by the use of
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resi dues OW% ﬁ%""'&fﬂ% g%?sﬁl he, histidine, the aromatic residues

phenyl al{a#&i 78, Wyfmﬂ'tenescrmw compptiofshaa adeurtktéled asmhémaeeomua&i i ng residues
met hi oni, r N scri bed
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al ani ne residues In sone enbodinents, the chirality of the separating
subunit affects the potency of the conmpound, [00125] Positively charged
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[00126] I n sone enbodi nents, the positively charged am no acid residues are
i ndependently selected fromnatural am no acids. In sonme enbodi nents, the
posi ti velwochavrigemw7am no aci d resi dues are i nde&?ndent I ycsﬂlsemwmm om
natural and/or unnatural amino acids. In sone eMS&EY RETIFINC FRECIFHSVES vel y
charged am no acid residues are independently selected fromthe group
consisting of arginine, lysine, histidine, 2,3- diamnopropionic acid
(Dap), 2,4-diam nobutyric acid (Dab), ornithine, and honmoarginine. In a
pr ef er r exbnérvbog iforendmnpteh 6. ipo Bt wedry p@&ﬁ&@@d’i (Bi01 300 ) a¢ betive esjreiles iar e
arginin 71.1n.so oun a peptide
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enbodi t he conpound tlde ed of the am no acid sequence
(X"1)- ?i&é A A%By%zgi)?”ﬁ“’(a ”8?“%&'9 gina )SRE@E@@@E? T e98E)  wherei n
(X'i) i mearmmemmrﬁr@cﬁb@mea;ﬁeamaaﬁnazm esnhd@aam(a?éeaﬂcax Sorpd@Rncat i oni ¢ am no
acid reS| dueEj §r Q i no acid resi dueh{ﬁéxf? ;}g@ i %an am no acid
resi due, "{X5 5y ° S Rt Wélcé%%‘)’@ ErEPedige ? 8)° |23 sfiditcat i oni c

r esi due coapdugds’ e}ﬁ)pim&edamw@amanoammda%r‘cesipdsrean aih@:epsepwmeamw be nodified

at the o red e di ment, the
pepti de |Cid%]’eg1cf{1 #%gfd&%%hggéﬁ{t e@*@\ﬁ ar‘ﬁl% use%eﬁéa%j &gsﬁ‘i% {US'D ?fnqp%tyl atl on
and am dasagsniynti e plesirad/eiop! ES[%iB@@@] in some enbodi nents, a peptide
conprises the am no acid sequence
(0-Cys)-(X,a2)-(X"3)-(X"4)-(X"5)-(X"6)-(X"7) (SEQ I D NO 156), wherein (X'2)
is a non-cationic amno acid residue, (X'3) is any am no acid residue,
(X"4) is any amno acid residue, (X) is selected fromthe group consisting
of D-Arg, L-Arg, O-Lys and L-Lys, (X%6) is a non-cationic residue, and
(X,.,7) is any amno acid residue. The peptide may have an N-term nal cap,
a CGtermnal cap, or both. In a preferred enbodi nent, the peptide has both
an N-termnal cap and a Ctermnal cap, [00133] In sonme enbodi nents, a
pepti de conprises the am no acid sequence
(D-Cys)-(X"2)-(X"3)-(X"4)-(X"'5)-(X""6)-(X"7) (SEQ I D NO 157), wherein (X2),



Arg, L-Arg, D-Lys and L-Lys), (X 6) is a non-cationic am no acid residue
(in a preferred enbodi nent, selected fromthe group consisting of D Al a,
0-Vvat, D-weupiidikwrVal and D-NorLeu). The peptide nay h&Ce/Us2018H083pM nal
cap, a C-terminal cap, or both. In a preferred &ifHediraERtNC $REIHEWPYe has
both an N-termnal cap and a C-term nal cap. [00134] In sone enbodi nents, a
peptide conprises the am no acid sequence
(D-Cys)-(X"2)-(X"3)-(X"4)-(X"'5)-(X"6)-(X"7) (SEQ ID NO 158), wherein (X3, 2)
I's a nonfgariloningyeaniane miaderdasg dhse of@)éfegamjea cﬁﬂr}éo@rm Wi bachal aheshdue,
(X4)|s m o .acl romt
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resi due, Sra:rh‘chr(f)ﬁel)rve @s&nryii g@ndﬂ@iiympdnd egmrdbefad’dfredeﬁpmdebmy have an
N-termn ( , [ odi ment, the
pept i de !m&ger %a%r‘kﬁ;[\sn}r{?%m c%%r traﬂrs%&%@b r%irac%e%rcﬁe %@6 er[ 135] In sone
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t he peptide has bot term nal cap an C-termnal cap, In

some enbyHiheHE 40 3%0%&5{‘@ B 'R @éﬁ@df weigghpaidiodei d sequence (DQ/S) (
X"2) - (X' g@@i?d;D AL Airek Db cilve B @dse(oXB)deb R4 B NLABALy ruher ei n (Xaa2),

(X"3) and are, 1 ndependently, any cationic amno acid residue. The
pepti de nmw - ThERsiTo ffveaﬁx Ghmewc Borosas admpisiypd pataatelypta

pr ef er r eghresre rﬁ%'ﬁ&ai% ﬂhhﬁj ﬁ@&ﬁtﬁh@@a;}”‘@&r@@ti@ r@ﬂnri\&ds%?@fd}ﬁsls Gapnand a

C-term nal %jarg g0137% other%qrrb ment is a ca crmrretrc&\%ﬁtrde
conpr i si HHPH 8RR EEsHRe r‘PPWeS’O LIS T"i‘ﬁ?@%‘&ﬁﬁﬁgﬁﬁﬁf)?%%”t%ﬁdén &rein the
sequenceezﬁmmﬁbﬁesthé cbrﬁpé&d&ﬂ%ﬂrﬂm@ﬁérécﬂ E‘@r&lr}dﬂ&ﬁg a@.r?rdorr@rememnbheqsequence
conpri Se{% n % F us, a. g box%/ te%m %?A

t hi ol - conti RF SR ﬂgﬁaefr? a0 ;5%% ff“"\? @ﬁ% f@%@ﬂré@ra&rues In
one enbodhsimb ats kecgt2-3 east incovejuhbicel wittofisigdin iraginmees mely ic8 lc8s Cy St el ne
resi due eew ot her aspect, the cysteine residue is positioned at the am no
term nus o(jfu e peptide. In certain enbodinment, the cysteine residue is an
L- Cys resbeim, BheDubyst ressiviligehis dealamentis aoy sBred ho@est, inelsiidy @rimlatesot her
enbodi . i NO ' t 10O . ds or
[ arm no eras AP TE ofF beL ARLIESAE itk RER, orER Bh e B e B g
conpoundgudnengasts daxnesti c nol ecul es that conprise approximtely seven

subuni t Fi\i/}g){\éf}ﬁr gTrQ-} Mscl r&%séang% rr%gg‘égb%&%?{ﬂijs%%ag shid 8l in MBhEhYes RiET erably

a react noi et
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plurali téﬁtrﬁ{scrﬂi%‘i a%%hﬂs%'ﬁhﬁ a® HQM&!HE@@@FMQJ;J@QH& LoliQohyReake Lyel y charged
subunits. Such C@g dom netic nol ecules ma npri’se non- peptr de bonds
bet ween ¥V@grept r@ﬂﬁfﬁm‘%th’é tagipRinihys inclpyes §%ﬁ*~i“36'(ﬁ fiegtanesys 8pd t he conmpounds

di SCUSSeéépéﬁa@élﬁdrﬁrﬂﬂwtr@se&%@&&we Tc@mgﬁ'@uﬂﬁ%tvt:ﬂﬁ%mé bferdPRhBCH bBectE RN
exanpl e, as di scussed above, the subunits used to construct the nol ecul es

can be r&f UFAPFPINEECE PPt "é’ﬁ?’ﬁde b cisgrreaspd vEeR HESEPMAR Hen- nat ural si de

chai ns, ddaaniterdd ni of the nodul es can be capped or non-capped in the

manner di scussed above. Simlarly, the am no acid residues of the nolecule

can be LRQu?r QAaa nggO acrfdr esid AI sq as di scussed above, the

t hi ol contar i T e otied- Larm e =4 ¥4t ed or oxidized formw th any of

t he t hi déetipt a"i“rrwsagmmnpmmdsesa}dvesw:imrsetimbm\msmz{n@@ﬂaa%}hewamrmapsefpt| dom netic

frarrevvor r es el oped. (Babi ne, R
£ aendizPEl B B Blue P Elp Rl A IR AR (e IR (O

Tetr ahecﬁddnr‘rsmmmzﬁragmd&tggwmﬁdifeﬁwhemt vhited, tp s@agvibwicoys MiecGon, Chem Rev.

98: 763, go . Met hods | n

Mol ecul a&'rhg%g%?ecoraﬁ% e“!(‘g‘érg@é r{/ﬁf m%g&r;&qﬁ,ﬁg r(’r’epss"gﬁ&}%%\é{&/l f%Sl%\g/\jn/ai N. J.

(1999), *“@&ﬁ@u@éﬁ‘&ﬁ%@ﬁﬂ@}?mﬂﬁ injestien dntdisreier Biectipe igitapeoigngali s chemical ly

cross- | ifkafnt @ir@trédﬂb@il é&@ﬂﬁ@raﬂbﬂgmﬁ%ﬂré&étéd?ﬁnrg{r&% ?ﬁ&r@ar@crﬂérsu' fide bond

between the thiol of the compound and thiol fromthe conjugating group.

The thiol-containing conjugating group can be a small nolecule, such as

cysteine, or a macronol ecul e, such aséa pol ypepti de containing a cysteine

resi due. Exanples of suitable thiol-containing conjugating groups include

cysteine, glutathione, thioal kyl, noieties such as thiobenzyl,

mer capt opr opi oni ¢ aci d, Nacetyl ated cystei ne, cysteam de,

N-acetyl cyst earni de, hornocyst ei ne, peni cillamne and poly (ethylene

gl ycol) (PEG) rmdrfr ed (referred to as PEGyI ated ) thr ol s such as
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presumably when the thi -containing conjugating group and the peptide are
the sanme, then any di sproportionation (e.gescranbling of the conjugating
group) WWwD20H00#487i tute the original dinmer conmpound. | RCTAISRO18HE3792

di sproportionation of a conmpound with a het er ol U§oas PedaiNeg@ER WG G¥Yup such
as cysteine can lead to formati on of hono-dirners of the peptide plus
cystine (cysteine cysteine honodi ner) plus residual parent conpound. A
hono-di ner of the peptide (i.e., conjugating group and the peptide are the
sane) \Amﬁndmbseamnmeme@bstaamaum&ﬁtxeiamucz@ahmﬁétedmt ofAIRknileaReRt | de in

vi vo due _hi .concentra reduced cysteine in systemc
ci rcul aﬁ%H“‘W%ﬁfn%%“?%uagSﬁ%‘“@&fﬁgﬂ} %ﬁ?ﬁaéagif Wé'mtaé%{bh‘?%?jé F‘r‘ﬁf%[?d@”a di sul fide
conj ugatwagof! airtihisohiton tréb ok Boat edringatiicrgargl iopipaianehi@istaeph] de conpri si ng

| B e e Rak e? S ARGR G aodieuRlod AR i B IR B ot ot o g

noi ety, Xt} is a non- catlonlc am no acid reS|due (X"3) is any amno acid
residue ) L . tioni.c o acid
resi due, P14 St dRmBRNSARAE LY B451c 4T lan o R GV ARG

r esi due. foMhusiguep tiéldenmipidiaimila actiNetsgbsibneds iea[wbﬁCCatt@mmaﬂmwa;&p or both.
In a pr I t and a
Cterm ﬁt%tsl% géfggf &fﬂr%%%b%ge%g%@ﬁ@ﬁ%ﬁ&@ﬁmhﬁ é!w %S r%%ﬁ al nkd%%tgzonj ugati ng
group i sT@etF?é@tf%’H‘aﬁ Favia eieiarphps b@ﬁs@agtw@%mm@s@ew%msm%(e @, pept i de

cont ai niyfgy Bsdex 8 008 B PERLLAE &%@Mﬁ Qgctt-as@c%%aeiw}% el drhel mgont ai ni ng
conjugate group Is an amno acid or a have an N-term nal
cap, a G dEfpie Neapialgr cpigenm qu??*“éﬁ&’ﬁf@ i8¢ Bl \étw%éﬁrﬁew% an gigective

thi ol confaiidyith 88,08 Su8Rh Lol R B0 Helbvpihe Nt bR ALy @PHaRdpR C term nal
cap. In sonme enbodi nents, the thioi-containing conj u%@tl ng group is itself

a pept i &R WEFh@Q’tEﬁ@S gmbﬁgdggﬁwt% LRI NESERS. [iFPaRel 11855 ten sone

enbodi Mefnsis, Wheh Ehhgins GoRbILEINY E;&%aﬂ%dﬂ%r@so@u@@ﬁaai f8sPept i de are the
I n sone enbodi nents, the

sanme (i.e. t he conuatelsa
t eachi ng@aﬁ‘i‘%r?ﬁi@”ﬁ b@%i‘ﬁr GREE 5! yé“ﬁ‘%?é& g‘ééétzi‘f}éf’rﬁﬁ“’rfﬁtf@o?ﬁ’ﬁ‘g‘saﬁ ng group and a
pepti de feopkitsbngsideniamisa®uast.d sequence (D Cys)-(X'2)-

o car BB AL F R RS ™ hpsiid e M Bl Shatifindine (xra) 16

any am npe aeecdsnrtmaaduedmh@ét t’fy)fmgﬁ:shset’a@ctneekgtﬁeowetghe;cmgmupd@@ostt X ng of
D-Arg, L- anonict nic.res (X"7)
sy dipRgs e et e e s, ey R RE TG SRLPE RS S

Cterm mlrna;aapz,as:mcimmmi of phwaigal eftedeth edbadibagatrisr peesdiepbe deathms bot h an
N Lerm KA A0y Ghd SHBAl R0l BB S REEdiBRBRRI RN the

t hi ol -contai'ni'ng con is Se ect ed Tromthe group consisting of
D- Cys, Lldigyssiomtrpeptit getheont aiiniopgred Gylss slmdn aagiepel, e wompaiasiing L- Oys.
When th I i | 792

At tor ney bos e R BRa A, Pyttt SO P R e ¢y
have an Techepnwsaialcrespmicioreeinibaaiin Gdjglunp pobeen) intindatherastlerred

enbodi nﬁﬂtmpt)tt%t Bt gtsaz%nt@ermét %ntsﬁo&{]&é@%h&%r BOLflrAih N\ term nal cap

and a C-term nal I'n' sone e i ol -cont al ni ng conj ugati ng
group i §aqisp§@m&n§y ﬁ@@tfqnc{g FRUSRBT 1““’§i kg oen@OBRI W Blelaghadeiehic B2898EQ |1 D
NO: 156. Ar@rasé?@? f%ﬂboﬂhm&:&:z‘m% h@&z@ﬂb@tﬁ&@%aﬂdd&'é‘% C@tﬂi’é#ﬂ@{n g‘geig’eﬂup and the

peptide are he "conj.ugate is a di mer In"sone
embodi nehts, {2?% Et’%géﬁleh@’s’c‘mﬁ@ﬁfde Té?%*dﬁj”ﬁﬁ&l@& (28 ‘@hl oI cont ai ni ng
?Enlq/ugatm%‘t rm&wam@emt @ecr@@csmrslr iunded BEHRNTAER ABicH i 6€

S -

32%{ ﬂ%aa% %a4 - % ( Xaab) aa? EQ 1D wher ei n
(Xcl a2) “'i he, CHBHI@5E PorTR! éfﬁt‘h‘d—* usré‘s?fﬁﬁf %W%%%h%\sa%ﬁh%h@%%m d
resi due m@é@éh)d mst%%yd@t%ﬂ@@tcaﬁtbcirafﬁﬁyr&u%eﬁ(?@aﬁ}ddrﬁtaﬁ@h@@aﬁf@ﬂ fromthe group

consistin of on cationic
ConT e Midiness S5 mhl Aot bt e MR ertFni st Sl Rl Ry e
N-term makieaapexpasaﬁeﬁ@ramhﬂie mﬁahw@m datit Ao diste, atemre%&rmedeeammtm:em t he

pepti de th,.an er m ¥ teQ m ref

Erbod nefee s oot STk e e s liRed Ty HPuiEh S B amale it { ne

group consi sting of DQ/S L Cys, a pept| de containing D Cys, and a pept| de
contai ning L-Cys. Wen the thiol-containing conjugate group is an am no
acid or a peptide, it may have an N-&serm nal cap, a C-term nal cap, or
both. In a preferred enbodi nent, the thiol-containing conjugate group has
both an N-termnal cap and a C-term nal cap. In sone enbodi nents, the

t hi ol -containing conjugating group is itself a peptide conprising the am no
acid sequence of SEQ ID NO 183. In some enbodi nents, the thiol-containing
COI’]] ugatlng group and the peptlde are the sanme (|. - the COI’]] ugate is a

~rNaAaA A o o e - e o - . Y o



[00146] Wth reference again to Exanple 3, and as di scussed above with
respect to Table 1, the series of conpounds where a cationic (arginine)
residue VWO 28Hifuénwi al |y replaced with a non-cationic resirdiseo10akn: ne)
were adnministered to rats. Fig. 5 shows the tin&prePPie of SR ¢¥pound’ s
ability to reduce blood PTH and the duration of action of the varying
conpounds. In Fig. 5, the conpounds Ac-crrrrrr-N-12 (SEQ I D NQO 6,

di anonds), Ac-carrrrr-NH2 (SEQ ID NO' 8, squares) and Ac-crrarr-NH2 (SEQ ID
NG 10, xosywhoksc m@fammmamamam&n(a&mnt BufNErk 201 cRicreab@gPTWer e potent in
Vi vo, PTH o redose baseline to
essenti a"f']%ymg §e§ﬁ1§>{tpﬁo?/?u§g jesaam '8¢ gﬁﬂb‘fegiﬁf&ygﬁ@§;cce&}?ere the PTH bl ood

concent r{éﬁi%ﬁj r lerssidied td@ﬂmm&‘s@dquzﬁ -gbH] eastinflpumahgu ks thdmessconpounds

2 NGO,
Soynbol RS e s bl Al R A S L R N Rt e B Eene P
of basel figrevfdieaapout c2d Siaho tang] disgrdet Mipwaf  enalbeadilbgdabiddmgent rat i on of
PTH begap: L@, O6LRARE: of§H§l€‘?§r§fk%iyﬁ,x!ﬁo@m??edkal%?g%éé\%%” %g@§%h§g%%> resi due at

subunit positions crrrrrr acted the
dur at i ordysthePFRNH sReietiony Wete pireyencpoend plal Rivepradviidreindt hRTiearagadt i on for

a seri espof 8&%%@@328@5&%&@3@39%&ﬁifé@ﬁ%ﬂ@rgst%ﬁ?}értaliﬁdsc’%h""as al so
eval uat ed. el ect g corrpoun S set ove, were
admi ni st@&r&MbARor(rwiicardels WQE‘W%O calsitiah), 9%@&’%‘?\ Gifscalgiddgangnd t he

reducti C}@&:dmﬂﬁ@d@ '{&Jx@?da?éﬁerb@ cBh %Q%ﬁ:@?@&‘ir&!s@@%éi@\’rﬁén %@urﬁ‘é@h‘;@@hﬁ@r Dat a
are shown in Flcgbgg B6A- 6B, where the conpound are’identified as foll

Ac- car r riBFeREgHC(bSEESi A NP2 U @ﬂd%ﬁ“d‘i%*ﬁh%‘f)“e%éﬁéﬁﬁf&ﬁ%m@ RighysES) | D NO. 25,

(820 Th Rerahe “’“‘”f‘”‘:?@éﬁf‘ D e oo A Rt ) 3792
Clrcles arrrar -

At t or newyéﬁ%ﬁé?‘%de*é@é’dﬁ@d‘i%%"@(‘@ééﬁfw Renatpnanrietaniiy L Beies

Ac- c((]I O r{ eamaa][aswbﬁaré@&@m%m@s%asxcsycb‘f’aﬁzlaeﬁ Dnﬁtﬁ@ma@&s su[‘f%(élaéﬁ;]« Anot her st udy

was oneto rther_evaluate.t epoten . .t conmpoun

Acc(C) arPFape ﬁfﬁg%? igartigyia r?@%@%ﬁ%ﬁ‘%ﬁfﬁ% diegl{%ﬁﬁ’%ﬁgﬁsw adni ni st er ed

t o nor nadrovidd sffewise deétmeheﬁsr pa‘tseﬁi@aqﬁ’eBng?froraﬁayﬂmsmti@fa“djsmg/ kg, 0.5 ng/kg,

0.3 nog/ Pl asna PTH re assessed prior to dosing
and 1or HonBr s PreeaBinf e SoRTE oy st e A e R SO B b3 b 9o
concent ratiionites E@bmm ﬁasegp@rmifmcmat tresybimsed deieepr Br dogeasa ue, A
dose- reI I ol us
adm ni st'r t{%g%ﬁgvl_égtﬁﬁgt%gﬁg aﬁ@@{ ggﬁ?«{ thlg eiffggcgﬂg q?(?ﬁea%@%g&% had he | ar gest
reduct i omldgiminkETs agelis éw@drddyﬂa e rgnoBatiog/ L@*@y @sq ohe eg)belnf eamgiokegs for

triangl control is shown by the
((3I rcl eg ﬁérsgo@igﬂ%&m@#ﬁ&eﬁ)%nﬁk %?‘W{’ggﬁ” C!H&Fbgdtered at a Y
t her apedﬁ%%?ﬁl W@f@@éﬁtﬁF’VéaﬁlbgéC*a@‘fﬁdem’é@e@aﬂ@ﬁUﬁ@@Wﬂdmﬂ@m%ﬁ dgriedat er t han
20% I el bloke b @dif (RONERNK LBILOR PleRE e BRAFR0AgLN0atsbase! | ne').

Speci fically, ept i when adm ni stered doses™of greater than 0.1
my/ kb r émééhrmir ﬁgéﬁé*é%ﬁerﬁ?itm%?‘iﬂft #nd iglpsthe Haﬁéﬁfw%sésfn letfes pagel e PTH
concent r@gd&@egmhour after |V adm ni stration. These doses of the peptide
identified as SEQ NO 3 al so achi eved an area under the curve (AUC) of
| ess t hdROHEY, ‘f‘ﬁé‘"ﬁ@@@%”&‘dﬁaif‘%a“%%p‘{rﬁtémstﬁ?ﬁ%ﬁ“et‘%@biﬁ*ﬁ# FoME Y EL i on

val ues aoridien il B eRBt Rosorodt e ssan uﬁngl@u&e@m&saigm@{Mé@@m Byisé he AUC for
t he sali ne conEroI at the sa ’ghp%iﬁm nts ied by 100, [00149] The

sane corfiihPUREE S Yot e FUdD %%E@@e%tfﬂgt@f SRR BLAens et 11 o ency.
I n this sdaudycotien mﬂs&ztngdﬁlca@ﬁy Mﬁg&agjiﬁ@@hdé mﬁdgfef;ssmmcthas used to

eval uat e t he co ) characterize
ro PTHEBRP RIS SERTA Do FRS e A RS FLALETEh AT Biakertaine. nodel -1 s
descri beﬂacmlpoﬁmasmdce;fvﬂgi@e rdleeed oN@OBE - smwmtmmsi@v@dmm& ered as a

bol us t aII onpr.om sed _a ) t esof (n=2), 1
Sy S e Sl R T G N R

ani mal s Wiad. |96s edewt Wtsasiaeto Pragirtbe R inehesmtwerwrrwses&mdng)rl or to
dosing and for several hours thereafter. Fig. 8 shows the results, where
the saline treated animals (squares) had an increased PTH concentration
relative to the starting PTH I evel. At various doses of SEQID NO 3, a
dose- dependant effect was observed on the duration and extent of PTH
reduction. Animals treated with the lsewest dose of 0.3 ng/ kg (x synbol s)
exhi biting reduced PTH at the earliest tinme point and an increase in PTH
bet ween hours 1-24 after dosing. The dose levels of 3 ng/kg (dianonds), 1
ng/ kg (triangles) and 0.5 ng/ kg (squares) provided a reduced PTH bl ood
concentration for nore than 15 hours, and for the highest dose, for nore
than 24 hours. WO 2011/014707PCT/ USZOlO/ 043792 Attor ney Docket No.
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WD 2011/ 014707PCT/ US2010/ 043792 Attorney Docket No. 632008017W)0 Ac-C
Ac-carrrar-NHandAc-carrrar-NH2 (SEQ ID NO 3)(SEQ ID NG 141) [00154] In

t he not atworzougadroner ei n, the conpound that is |inked t®CThS$2010/043792
thiol -containing noiety in the X1 subunit is id&ReFPedeidlr EREWSTTE | y,
where in these exenplary conjugates the conpound L-Cys is indicated (C) is
linked to the thiol-containing noiety in the X1 subunit:
Ac-c(Qarrrar-NH2(SEQ I D NGO 3) and Acc(Ac-C)arrrar-NH2 (SEQ I D NG 141),
These conpowidsr sienesia duhsiesiyerith Mbatmwrrbm:n@;m onﬁembSnw d¢rh acute renal

i nsuffic 1 at dose and, 0, 5 and the results
are sh0\/5/%1]&’90?%%*14S !ﬂ%@%ﬁgc&n ou%%% E’(&%@ P%&meﬁ ¢ ?“%ﬁ& ID NO3) is

r epr eseniB8tédy %mhe@se@@f shaovgiokgresis.iSnaine misypbekisn (@hbiqagilegusen=6) and
the co (AG- LLrarNL- 0.3 no/ kg,
n=8) agggﬁ%%ﬁoﬁ% g 'Ag g)t%ﬁ#%%ﬂy%:s%né %E\%é}%ﬁ@w%ﬁﬁ%ﬁsem% ggo szggsmgth SEQ I D
NO 3 di siphragaind c@n@w@@p@rﬂf@m cargdumisivon puisePTHMdeppiedsitniatiars t o

Ac-crrrr I di es

descri befEIs'r ugr ein, %PS @paﬁ%eﬁn{m?&?%%?i g %%rggé%ﬂ%d/ :gnyécgo{ggéé gt e form
wher e thr@@iw}mA“Qﬁh%fﬁ@ﬂwﬂﬂ@ﬂ%ﬂu?ﬂﬁhmﬁ%ﬁ @F@E@ﬁﬂhﬁwkééfWﬁ@pfaﬂ@dmrfayde bond to

anot her s tos rMﬁBﬁemwﬂé}taﬁ:" 6eh 8S; @q%g@ %taesdb)éez g?‘e@ 9 II{IBII{ever
shoul d be noted that shorter |m‘pu3|ons gd. or 8 Ivery by IV
bol us t Y{F el §rhFBRicenenHp &t aﬁﬁ@héwﬁwﬁé@ww ﬁ“i“@'@ﬁefmi&ﬁ%n of PTH as a

longer 30mcitkddiR kA STHRIbatSHD Gk 488 WS PaliMaPgliddisk bALAiR L& SO proved
to be an efficacious route of delivery that generated a snaller initial

drop i n #PPEFBGE chirepraipaaede atiay ﬁ%’é?’?féﬂmfﬁmﬁﬁp?’ﬁs BTRHE Wik et o t he
profil e sesnirticthentiVasinuied. As shown in Fig. 11, the conpound

Ac-crrrr H2 D .NO. 6), was als dmnls red cropore-facilitated
(e.qg. E:Qé?:% (’ﬁﬁ’%"gﬁd%@”ﬁ‘gﬁ%c@f‘?r&‘?ﬁﬁ?@%?ﬁﬁeﬁrﬁ’ ‘f éggﬁﬁpe 8e| ivery, and
denonst r%in&{ﬁgﬁat&&dﬂ(ﬁr& R aamm;haesaﬂagéﬂfldafé E@ cb%@d s:e\ésear @lteﬁﬂﬁwl’iﬁfat‘é 31\/% g
noni tore e rerr ] al so m ni stere
byt he. (ISSHEREF ARPPREA B E diEl oF DSt lor EatmpeRg T T SR uct | on | n

pl asma RiFtdvk ere sevabal, fheusspleTnahsdersial, CletanyBry DdvAg: BEsE (A006NH2( SEQ | D
NO 6) pr.Qui : . | deliver f t he descri bed
conmpoun %\é ?%%ng]aqf%%{/% ufglltl;-‘l ;'eéf% ﬁ%J‘i§%f1q I‘@é?%“a F ftﬁenéra? Oh route on the
activi t yngfonAedie rripyy wel2n(p8EEQ v oNQ sBlon midrbezecizstieattweod elesuaby ect with
renal i | Ghe Y t he
pept i deq“z}é%ﬁ Q&graﬁ ggiﬁ?dénteoﬁge%%%gpﬁ%wgy\gfﬁeged%-\ﬁ?% %ﬁ%%/d:%%ai%% usi on.
Bot h r oubeskioknddivherestaltat ot & peetndydhy perethatied cphasgantPTItke 1 | evel s for

Tnt Ls?gn&%u(x%“%ﬁ%?%d%g% ] EJ§%N%\8/ 043#55% %?%%%o Iﬁgct%%grq9632008017m0

PTH IeVeIf%*efCQIﬁpﬁ%@mfmmwemcg‘@%ff @fo‘mfi@wép@m@ofywbgmiﬁdamurawer dosi ng,
PTH | eveligeadagt agssyﬁgr 5 &daBR &'fﬁi&%@&ha%@@%oﬁ"@ﬁﬁe %féﬂeuﬁ@g&ﬁﬁﬂmgy - 80%
from basel i ne, When  Ac-crrrrrr-NH2( NO 6) was delivere SC bol us,
PTH | evé‘#@"’%%ﬁi"ﬁ??‘é’& fﬁ”ﬁﬁﬁ’%‘“%ﬁﬁjéﬁ“ﬁ&ﬁ@’? ﬁi@@ﬁ@lﬁf froplodepradas @$5§”B§V§el i ne, but
exhi bi t aghede @Iempk%'? ek Bofbd Krﬂﬂ%@ﬁér@ﬁe@@ apBeNeiif iReRt 4@ Mas delivered
by the IV route, Twenty-four hours after dosing, PTH levels in aninals
dosed bf"éri‘fi“ﬁéﬁ*”q%ﬁ{”édﬁéﬂ“’%artl al l'y rebounded al t hough both still displayed

reduced [Bitdd) evelesnihabe B Barr YO ERUEED FRASRIrefitsf rThSiiE Shilshgshowed t hat
this route of adm nistration provides a simlar profile with respect to

ef fi cacy"&AG GUPEER GTP U BYRIC e BRRICBIPORENTY aﬁﬂr?Pmpg?‘I@a?t F¥PENUs provi di ng
an alt ermamaaaeombtrmbn alctude @RbrrolaRLNg:! @daaé@tmésﬁsdﬁw@oid L6 ]

Accordin in.a preferred enbo ect VI n eco
hyper par“gik%g/ FoN i st E ST COPRE T ¥ 3?&5‘ 8@?%&“1%8”’%‘% ?FI%%CI} r%eg%ﬁds to
reduce pshias;mgass iPddioexe) afzdamyamrs d%mematauémmeagredai&rleaiymatg ietitige Wi t h

d i f h b I |.ati
tace PRt B BB ETRERI LR RO AL SR a8 MR BLIE SBhEREI R P,
preferr wemwsmmss@h@wmp}@aw with Pt ethgiesk ghicsl) medsohetlidas, a decr ease

AR e e T g e A e e R e

recogni zed gui deli nes established by the National Kidney Foundatlon or

ot her experts in the treatnment of kidney disorders and renal insufficiency.
[ 00158] I n another aspect, nethods fe¢ treating hyperparathyroidi sm
hyper cal cem a and/ or bone di sease are provi ded, conprising adm nistering a
therapeutically effective amount of a described conpound. |In another

enbodi ment, the subject can be treated with a described conpound in
conbination with one or nore other therapeutically effective agents,



[ 00169] I n another aspect, the described conpound is adm nistered in an
anount effective to reduce PTH or PTH effect, In some enbodi nents, the
reducti orwproplasm™a PTH is at |east 1% 2% 3% 4% 5% PE¥USZON/ 08312 9%
10% 11% 12% 13% 14% 15% 16% 17% 18/0, 19%"<p09gked5nsEroe0oibel ow
pretreatnment baseline levels for at |east 10 hours post adm nistration of
the described conmpound. In specific enbodi nents, the reduction in plasm
PTH is at |least 20% at 10 hours post administration. In preferred

enbodi nest-szprolhaonadBepicomiaiveploadimicBEidabe pbiyricos #Qiie pogtepainly 20 to
50% e .. (0% bel ow pretreatnment baseline levels for at

| east 48&?1%{3%Ii é%&yag%iénﬁ%gfzgatl on of the described conmpound. WO

2011/ 0148 T¥RET/ W@Wm@mm%ﬁaw steygiDoc leptrebah6 8200 801 ZWMBEHINE0160] | n
anot her gspect. ..t j i 1.0 unt
effective to egéiﬁgeﬁﬁ%ﬁ&ﬂl?%gfga @gg%gg% ﬂ(?:éaia%’%rjérﬁr&e ?ecﬁ%rqnﬁéggr‘%ﬁﬂgmodl ment s,
t he redu@ps@nc roépiiie eall distatitiesaat. TheastorafpdiYen 35y mo‘iabr&%ecﬁﬁ% 7% 8%
9% 10%?3&!%%39&%%5&?%%96@%%5 h 4&@'@ﬁ@?ﬁ?taﬁgﬁﬂ} A% da]w%%?ta% %Er’ngg% eI ow

pretreatnent levels for at eas m ni s |on
pol ycat i #fidesgept seenclingve srepgspeert pled, Wﬁm@n%impiyth@ecyri@w%wmn | n serum

cal ci um pignial rheast A RUR ml&mﬂ%fesmé&%‘é aasfés%bz%h%s %!f&ﬁw /dzés‘?!et% Ty Preferred

enbodi ments, the reduction is serumcalciumis preferably 5 to
20% bel O‘W”B‘F Begnit MASE 19 20EPs IxTgerae tp Bergh asg H‘@Gﬁf«"&ubﬁos’cﬁ waditalestrati on of
the desciiath sacmessith: it AL b MicAl@RahiasResd nedud®inad dinvkEeat i ng
hyper par at h%t i di smand/or hypercalcema in a subject in need thereof is
provi ded ﬁ%rl sing: adm nistering a therapeutically effective anount of a

descri b@@aﬁwomﬂﬁmg}&é’@k}ﬁbé/arfb'ﬁkéraékﬂ*/n@{ueﬁw (ﬁéaiﬂglnﬁm’@?&@§ ﬁdt%‘g (sgﬁ/lleais Based on
i.sm an

t he relatloncgp g? E eru caImuga ge net abo
t hought TRET*THE“HESAPEE L ShPBImTE 4 ¥ B BBFANGiN0 Kigh V?’W@“@P@HP’%M of
vari ous gulgesgo @feabmnm:ﬂleaeasew@aw ;mfrawpmm SemA chieaddi tion to

hyper par The esq bed conp ound have dvan ages conpared
to curr e@??ﬁi gﬁ‘&ﬁ“ﬁé‘mé%é?f‘ ec%’é“ﬁ*ﬁﬁé’? Wl r?g?él?ew‘a"(? %P‘?ﬁ%r ed

par ent ermaictochamesimpyhaeitin bEhassoghiateds witdnotas bppbathestachiale adiveryse

ef fects, P450 and may result in nore
effecti v()ef%frgdﬁg%;sgﬁ%ﬂ?%ﬁt%gg‘r?gyrﬁ%—tl a%% r£I'Fflél um (00163] As discussed above,
t he desdfiPtd nisihiosiys ha‘oye Hecarsed thdidme dosesi of caloimbivatt agmisvnelhbene or nore
ot her t . RV, ! J u aI |y

of fect i v aen e bl 3n3ERLS) petiibiAhis™ pLCHAPE i

ant i r esorppEdie dfesps pwmtdésﬁg‘émtf@ne@a@hma@ wignranales. aﬁdaaaffssédr onat e;
integri rhylap&g!g%@, such as (1\03 antagoni sts; conjugated estrogens used in
hor none re acerrent t herapy, such as PREI\/PROlM PREVARI NI m and

ENDOVETHP Fanrglernoldadisery 65ba coepeptiriasodiaddies s wesERMSstradeth as
ral oxi f epene ﬁ{;@éé)éégcﬂ&%i zn@m%@s@% (BT mer s)tuc@“gxel RAphaxd IA@ @ﬁrrrrg@i hespin K
inhibitors; vitamn ; vitam n D anal ogs, such as PLAR-

(pari cal §?@0‘F})NO@AE’@%JEWW“@@QW@F%W%FW mlﬁfﬁm%ﬁ@mﬁ%ﬁém @?“@)I ),

ONE- AL PRy &ac(cﬁﬁmfaﬁ‘é‘@ﬂ))ﬁﬁ Qﬁé%s@mg 1tdﬁ@n@$@#ﬁg§ idr ngla Ve RPIE Rtesk@MCyt ochr oma
known as other calcimnmetics such as

Sensi par¥{ef ﬁé@%@ééﬁm”f‘ﬂﬁﬂﬁr&?@r@ NP~ §yhEaline vasch#rAtfiidBRdent phosphat e
t ranspormefopbaidd yrea SEEGE Biotel diglv N GetenBidiGret aRa1our §@fcﬁjrzﬂ@ Nafhs [ 12 and

AR e e Ry M ST e A Rl et
2011/ O1437&7?%&&)%%%3}7;%@&&b@pn&ey)s@@Gk@h& INer. ths@%&@@@é‘%ﬁ%wﬂ@se PTH

treatme or MA hout estro tonln |nh|b|t RANK

| i gand; Qénﬁmbgg |ﬁ%¥mﬁ§hﬁaggéﬁﬁa§a%? kI L e g@ﬁ%%%ﬁne
antagonf@@sed&a@xﬁ%ﬂaﬁmbﬁmnmpmmpndhbmbnkawg,85@0&6«?éﬁmaomedemmﬂﬂinent, a
descri bey I.Sle ient .to decrease both
PTH and g%ﬁﬁ?@%PQM% E%gghﬁﬂﬁégéf %g%ﬁ§$gg§ Eﬁgae %ﬁm 5%%%(?bed conmpound
i s admi rediteieddaatdeandioiedvayl fhing edtrmeootiede efisaivETHEndsighdusntsi gni fi cantly
af fecti f N t ed
compouna S e B LSy g - e R BB e o
significantly affecting serumcalciumlevels. Formulations [00165] A

phar maceutical conposition conprising a described conpound and at | east one
pharmaceutical |y acceptabl e exci pi entéor carrier is provided. Methods of
prepari ng such pharmaceutical conpositions typically conprise the step of
bringing into associ ation a described conpound with a carrier and,
optionally, one or nore accessory ingredients. The descri bed conpounds
and/ or pharmaceutical conpositions conprising same may be formulated into
pharnaceutlcally acceptable dosage forns by conventlonal nethods knomn to

o - o, o o o



WO 2011/ 014707PCT/ US2010/ 043792 Attorney Docket No. 632008017W0 coati ng
materials, such as lecithin, by the naintenance of the required particle
size in tWe20u3a4m7 di spersions, and by the use of surf &CTAISREGL0/0§IFOLE68]
These pharmaceuti cal conpositions may al so cont@PMeadpUedin 328UEh V30
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monost ol anfl Ehel s by ARETRBe IR g B EESRP R AR TR BReng (o
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achi eve the desired therapeutic response for a particular patient,
conposition, and node of adm nistratison, w thout being toxic to the
patient. [00175] The sel ected dosage |level will depend upon a variety of
factors including the activity of the particular descri bed conpound

enpl oyed, or the ester, salt or am de thereof, the route of adm nistration,
the time of administration, the rate of excretion or metabolismof the
partlcular conpound belng enployed the rate and extent of absorptlon the
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determ ne and prescribe the effective anmount of the pharnaceuti cal
conposition required. For exanple, the physician or veterinarian could
start doswe®20fr/a®7descri bed conpounds enpl oyed i n the poarmrsacensizeoanl
conposition at levels lower than that required 6y Bekeithy. HERIEVEVehe
desired therapeutic effect and gradually increase the dosage until the
desired effect is achieved. WD 2011/014707PCT/ US2010/ 043792 Attorney
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adm ni stratron, intrathecal adm nistration, epidural adm nistration,
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admi ni sty 40, &pﬁ}ﬁﬁ%ﬁéﬁs ReMenicathailtio? BypeY@diandh -AG8 MRt di@lasON such
intraci stemal adm nistration and topical adm nistration, transdermal
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conpoundsiH Seciyawsitls copitdlcaestegand caticohens, pmh@ha@amn@eneammﬁewthe stratum
corneum outer |ayer of the skin, which serves as an effective barrier to
entry of substances into the body. Below the stratumcorneurn is the viable
epi derm s, which contains no blood vessels, but has sonme nerves. Deeper
still is the derm s, which contains blood vessels, |ynphatics and nerves.
Drugs that cross the stratum cone= baprier can generally diffuse to the
capillaries in the derms for absorption and system c distribution, [00183]
Technol ogi cal advances in transdermal delivery have focused on addressing
the need in the art to deliver hydrophilic, high nolecular weight

conpounds, such as proteins and peptides, across the skin. One approach

i nvol ves dlsruptlon of the stratun1coneun1u5|ng chenlcal or physi cal
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t herapeutic benefit and in particular in an anmount sufficient for

decr easi WORIH/a#m/or the treatnment, attenuation, |esseRChg/Sand/Ned792 el i ef
hypercal cemia. [00185] In addition to cal ci m netiogsy PpckeBis GRPENI¥Ehi n 03
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Therapeutics, 11:312 (2004). First generation m croneedi e arrays were
conprised of solid, silicon mcroneedies that were externally coated with a
t herapeutic agent. Wen the m croarray of needl es was pressed agai nst the
skin and renoved after about 10 seconds, the perneation of the agent on the
needl es into the body was readily achi eved. Second generation m croneedie
arrays were conprised of microneedl es of solid or hollow silicon,

pol ycarbonate, titaniumor other suitable polymer and coated or filled with
a solutlon of the therapeutlc conpound hbmer generatlons of nlcroneedle
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Exanpl e f36zo08) herreompoundd Jﬁ{aﬁ)a@éeruh@é;wb@egéa?eﬁ&cé@pé\ﬁ&k tf\/@éof%w hi st ered

mcroporﬁ facilitated transdermal delivery to nornmal rats using

t r ansderdfil "HEFYRO ARG DG FEHER P RS faaﬁwn%mieﬁ?%m%ﬁ”ﬁi ‘F\%}’%W%‘ol uti on (by

wei ght) epddidie pelyka, Frﬁ;&éntbﬂﬂé(aﬁﬁ@ bk M@p@éstdn@e Sﬁbédﬂ&n?‘@%n RhaGedaQ¥er E hE
ood draws were taken

m croporated area,an or -30 hours

't om & nd st RiER 8 Pai 4 P e ol  2Ha draditd SaBPE ner e
anal yzec&eémbee'@elnémiﬁehmvbys ErtSApiafEieandes uhitisr anebls h@%ats@ fht:g. 12
Sur pr| Si. )

dat ns ra mcro C|I|tate nsder mai
del i very ga}{fagc?hq%&'f% Z"tﬁ% a@f) Y a%{i?gféﬂsﬂ@adéﬁe?q VQD?V?%? g\%vs%e(@ag Wik NH2( SEQ
| D NO: 3 doongestidu cedpdsig gnohpoanitasaizdodbaiepdediy esuet boha camBTH for >30
hour s '%u{ta%e?fe CI’Q’@ {ga\h‘ a%&%lge Jm%%tl on. These data denonstrate that
m cr oporation [ ransdermal deiivery of the conjugate
Ac- c( C) 4PGa18l - N SEQuatboNGng fhauganege! arqpatathn chrodehimeieiaié fitdisnt bl ood
exposur d \ t 0 a
signifi %éé;{jeggﬂge%ﬁg% %.I %Sg ?gesdué;tg?%ﬁég ﬁ%é%gzbr om %gégeﬁ%ﬁe% o%%gg%? hrs. These
data denonstrate that transdermal patch delivery on a daily basis or |onger
woul d enabl e treatment of both dialysis and non-henodi al ysis patients in
need of treatnent. For exanple, CKD ($tage 4), primary hyperparathyroidism
and secondary hyperparat hyroidism (SHPT) in renal transplant patients who
are not typically treated with 1V drugs, but could be readily treated by a
daily transdernmal patch via mcroporation facilitated transdermal delivery,
[00199] Another study was conducted to further evaluate the route of
adm n| stratl on of the corrpounds As descrl bed |n Exarrpl e 11 the corrpound

o ~N\ NS SN~ 1 I~ 1~ ~\ -, S



[ 00200] The PTH |l owering effect was further evaluated in the rat 1K1C nodel
of acute renal insufficiency. 1K1C nodel rats vvere intravenously i nfused

wi th | owwo=es/af#7oacc(C)arrrar-NH2(SEQ | D NO 3) gi RgrhuS2@nm43ren
lig/kg/11r) for 6 hours, Blood sanples were tak&H ”’m’Pé‘rkE‘*tf‘é? HESPHG Y RY ©) ,

and at 2 hours, 4 hours, 6 hours (just prior to the end of infusion; EOI),
8 hours (2 hrs post EOlI) and 24 hours after the start of infusion and

pl asma was anal yzed for PTH |l evels by ELI SA. The data shown in Fig. 14A
denonst rakdyriduiy blovoiphtitdd mﬂqu‘snd ounicdeis @sclofs Aby&rodi kel - NH2( SEQ I D NO 3)

signific TH, f.L | | ne veI a nodel of
r enal ﬁﬂﬁ#%&h gg%&%mﬁﬁ (3_:); Cﬁgf@ i%%g @Wthy Ve %yagaﬁcgga é(é%(ﬁd {Tghﬁ%ﬁef rom400 to
>1100pg| vim! acetSigr pind gixigky theGediolins coftinhomag @ptorlally baf&umleom\(adacmmds 30

il o to ¥ odue SRR o SRR Rl e A Al B B O T

dr amat i ccoPTHPatiedsterend 4 ehaeotkaiedraiasmdwrgctdistcs ih4i8 showsitenbar gr aph
plotting serumcalciumdata in this acute renal insufficiency, and show a

cor r esporglbmei Cﬁﬂb&%@ﬁbrh%rm&mz&@ @s'eﬂfﬁsér@'filﬁ%‘éh{'g | ow dose |V infusion of

Acc(C)arrrgr-NH 3%‘ fa denponsirate that
Ac- c( C) dPPfFEd @ S;% 95 N ﬁ%@ﬁ%?‘w petcehied eather o Heatrent@apdand t hat
is able a@emﬁgﬁz&m ﬂd’d;a@’]ﬁkrﬁ@h&!wm foll owi ng infusion or delivery of |ow

doses (f transdernal deliver over the course of -24 hours,
These da{gégfﬁrgﬁ %éﬁﬁé@?"’?%@%@ﬁﬁ iSﬁX‘% ape phy et e (8ediedl del i very
of a caI(Qlammt’lmag@mhoiny InE ek o) tieF efﬂ&adiﬂcﬁtr@&ﬁfeﬂt magbki t at ed

t ransder r n tyeré coul d tb? an effective t%eat rrie fori ,gati e@ S on a
gaily ord Ot ST s mAHaT PN S apy oFU0260 PURS GRSER! bed
above, tihenostiieddo dbtalused ivayedecrusathiclnongoonin] pageabiAaeTion, Wi t h ot her
appr oac t tr of . hypercal cem a and/or bone disease. Such

ot her a %%8&9 tees“nlg?‘fc %dénr&eﬁ%%negmgynot limted to, treatment with agents
such as Biaiosphtmacesagefitssy may eydetarmbhat kemsasthrenaning boephaeesent

ther apy, | 1 | AL LS ooy 0 K. plhi bi t

Ul o S REE o O P e b AL TR RS re ARSIl DL o7
CALCl J Emnecawmiqni i B3rumONETAE PRAEN)iA] bahé Aurakititdukikeandc HECTORE Oot

(doxer cal,Gicfi8% Qb ai%ﬂ?ﬁé whb{Ammi QLY Mﬁé ?hc%ﬁ%\fgggso%iéogﬁcﬂ\hgﬁa%?y (with or

wi t hout estrogen cirnimetl cs, phos citonin
2011/ owmﬁm@w S@M@ﬁ@@B@gQFWMEMWHM@m? MBpertg2 CoB0L™Be:a i nhi b| tors

of RANK drb&ﬁe&n fpt, 's Qs%ebaaeawaags M@@aam pﬁa&a@m}@%m%ﬁgg@nsom ne

antagonlsts and I‘O on urrplnl bitors. In one e OIITEI’lt a
conbi nat'isiEdt M%yfmg%§v€iqxa?msﬁe ShEpsE: g@i&@@ﬁviﬁymﬁm% gelgctes¥bi nat i on

Wi th a cakedhemt G riaesie, dé@)&/ﬁ%%d@ﬁ@'?@%rhﬂﬁa@ bR ahRA% %ié;fé’&ti@é Oﬁ%&' um and

functions to maintain nornal | evel s of cal cium an orous. PTH
wor kst d “ei#RRcE A1 GReABYGIEPBRPticE of heeil relegeT. rfef%waﬁ%%%@mﬁ@ the
product lt@@péﬁtsdé o Bpe Ochidgéh bandBeB by iR racidny @ialrdieaf add badpRatse PTH al so
stimul at es horus excretion fromthe kidney, and increases release from
bone. g’f f%’iﬁ?@h@%@ g@?%secondary hyper par at hyroi dismis

char act qm;mgl by oatter ebesatificatyiriaypes adtbytitddnhoe penen( Bdticasspeiated with

i nadequate,..l evel s of active.vitamn ormpne. Vitam ravitamn D
anal og &y FePis¥s dﬁ%’“?é%%?@&f‘eéﬁ%&f%‘g@f&m%gwig% eﬁ”"t’&%%ﬁé?ﬁei 8% secondary
hyper parghbrjiphdieptad dsrbetmebeenboditopatentd Jﬁ@ exaneR! [odelings kudeihad

phar maceut,j cal .. c ri cal cinm.fnetic and V|tarrinD
el oo, ks BarRIRERE! BRI Phefrrdeht PRy B SR BRG Ruceut t cal
conposi tiasuconpY tEihageductat tipwratelrod gaentypamibsZENMRLAREMw(par i cal citol ).
Pari cal gj j synt anal og of calcitriol, the metabolically active
f or m of %\},F?Jg?ﬁ!aﬁh%?g& é@é‘ag%m‘mnded initial dose of Zernpiar is based on
basel i nd¢#3#Shct!t iparpadigd Girtwhor adessripePTihaday okatmenf istddenibsseditne | PTH
l'evel i %uhﬁ%@ﬁn‘h@@@ﬁﬁfa ?qH@I’ﬂ@rE %d%@@r %@%‘Wi!fﬁ?{&%tﬁg'ak%ﬁg&sg hSaduB@p@nd the
three tines a wee ose dm ni st e more’ { han every’ ot her
day) i s for ygmpler cpger ‘ﬁé?efﬁ fﬁéai FWF% Gadciyg danierd 1aian cBBONpdtalLioathe daily
dose i s 2icheh, i ddod dNies, ésM}ﬁﬁ SadeekT10088: TR, ﬁ%x@%&pﬁ%@ ed not
nore than every other day) is 4 pg. Thereafter, dosing mist
i ndi vi dual i zed and based on serum pl asma i PTH | evel S, wWth m)nl toring of
serum cal ci um and serum phosphorus. PRaricalcitol is descri bed in U S
Patent No. 5,246,925 and U. S. Patent No. 5,587,497,. [00205] In anot her
enbodi nent, the invention includes a pharnmaceutical conposition conprising
a calcimmetic agent and CALCIJEX(r) (calcitriol). Calcitriol is the
metabolically active formof vitamin D. The recommended initial dosage for
CALCIJE X(r) (oral) is 0.25 p/day. This amount nmay be increased by
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[00209] The conpounds or pharmaceutically acceptable conpositions thereof
may al so be incorporated into conpositions for coating inplantable nedical
devi ces, Wpaerigdi#wre pol yners. inplantabl e punp, and suppo4aiSt@0ioesy2
Accordingly, in another aspect. a conposition fof RY&CHAYIARSICHEN aNPaDI e
device conprising a described conpound as descri bed generally above is
contenpl ated, and a carrier suitable for coating the inplantable device. In
still another aspect, included is an inplantable device coated with a
conposi t ¥iamic Snpriséaign coavenpoeratkiasiyg EH¢D), bed sgefer pﬂtdsybhaibwemn@nd a
carrier 0 [ evice. 21 ] Suitable
coating s§i§éi}é‘%whgsgh%&agga@t%&&% ﬁ d%rn@%%) Xé%%td e&g Oﬁ%; ‘Qni“é%m evices are
descri beﬁﬁﬁﬁ?am@w@a@mm@me 65 i@@‘@m&&ﬂpcoﬁammwmaﬂmdé a@mmfamsma he

coati NgSpy / v/ n 2006017W00
are typl?(i: yy%%?%c %%bé?t%%é&?ﬁ%rx%@ﬁg & a?sr%/ ﬁ%dr ysé %&’t”gge pol ymer,
pol ymet h‘}@%ﬁ’%ﬁiﬁWé% N- théaipﬁwfabﬁ@ﬁ@pepmey@ﬁm 3eft®éa@lny6fiprmsp:ﬁil yI act ic
acid, ethytangnvi age tadr t t

opti onal | y bie n%rﬁtwdeerg co%%%% | %‘ﬂggéﬂ Pk ﬁﬁ%i Cta%jsggg;a?g %E%F%%r%s [ cone

pol ysaccH#PavsIes6Ige PhiINTe b@t‘%@é@?*’%ﬁ%ﬁﬁoﬁﬁ%ﬁmaw ansdatiatextasstest t her eof
t 0 i npar 4ci¢ eRdgpRhiaes Eﬁép@ﬁﬁa@iu@@@fo;%ﬁ&i@ét!fsééa%ent'&stv@ﬂ S 0ROSA L 1,00, Rt ent i al
Clinical Mrkers for Determ ning Treatnent ficacy [00211] Deterfination
of the ePF&EEiveness of a described method of treatment may be det erni ned

by a vartmzvﬁtofAmm eff&ﬁ@é%]mé}i@ferfﬁay ih@é’g%!fébi?fmt@a%%‘%‘dé@&&ieﬁm are in the
range of 8. L.). In certain

. 2.6
cases, W“gﬁggﬂig &é&?V@F“W@@g&’ﬁﬁ e ﬁé&’/agﬁ"é ‘Qi%‘taét“ﬁ’i Héépﬁ‘iﬁﬂ%ﬁ%‘iﬁ”@%ﬁt h®f serum

and uri nmeyammk@msm@j wseeﬁé@w@atwaourés c@ﬂ@lt&dﬁ@gxmﬁta@teﬂcgmth@d to, total
and ionized sg); um ca PTI--1rP, phos hat e,

vitam n B CAR W&‘ﬁ’é@%ﬂ% tﬁ%?‘%ﬁ"ﬁ W’P%s?rﬁg?m 5&?9 CHPPPEEE
dfet gr mi Lﬁeﬁedby}umaml: roemenf mi pshpeeeem m:amltmd@gasasttfyeﬁéat\@)mi@cruze{g»eaﬁeasur ement
i oc er. r.bon [t i n esorption in serum

gr uri neg gt%er%%@ ?%Bgeé 8?%??%@?? 8w uf?ﬁ’r;kL PE mﬂ(@fﬁh{fﬁg% gﬁ VR @ "hot limted to,
t ot al al dcahgoned ph@sphr&tmiseatsob@n%arﬂhk&bdmeapﬁmﬁph&jtasept;\mstoeecal ci n

d tide,
undr oo A0l 5F 8312998601, 5 LEATLORRERFELLAGSD LR BagREP ! de
mar ker s Qid&%ftﬁj:és offipetragnd ‘Mtbta dompicued  chhygnoiopmeoheaialty hﬁ@lcmgcbw\stl ne,

gl ycosyl t%ﬂ%ﬂﬁtt@?%?\{y%ﬁ? 2108 of atv@ﬁtm%@ EF&%%% ﬁ%ﬁtﬂf chqutqg' nol i ne,

deoxypyri i ne cross I nkKi'n e ol | agen,
C-term riag 3@@85@‘Ittwmﬁﬁ@®t€éetaepeptwﬁtﬁtea @tmncyspé Flecod ttaegerarﬁm@heeami nal

crossl i nighigh bed h@@@ %b% Qfiedr¥RBe | by ot ésaaap oP8ReLALEGh P MRS, bone

sialoprotein;, acid hatasé and tartrate-resistant acid phosphat ase.
[ 00214] TeRrBtIre ﬁbféa%@e "fﬁét"ihtﬁt%wfdﬁ?ﬁ;ﬁ%’é‘ti%eé@rmgﬁé@ g of We opestaedthe educt i on
in PTH rala bt’t@feteﬁ’e@s Bf 826108678 (RIBBL NSImiseNE acRtEPhIAFhi eving a

desirabl e PTH | evel @gf neral Iy accepted as being beneficial to patients
(for exdipIReungin ?ﬁé’?ﬁﬁ‘ eglst abl i shed by the National Kidney Foundation).
Still inoogtver | easeﬁherefsbmaﬁudaaahbb@ca%amarﬂadb@yowemm of the

reduction i ara hy p iasla associated with a

hyper par’?fﬁ%ﬁ{}? {141?3 g?e[sﬁ‘ééf MpY, D@ ghat G Ve HEM TiRien '3 descri bed
met Eog Q?e;@ﬁteﬁidmw bé sTeladm mdaat;maeanct Mhad bs bty t,n:;@@g@tx fhhargaaf . t heI

met ho t nent W odu as  neasure ¢ S Or exanpl e,
one or %F%r e‘%e atvgt’agig”%e‘rqg réf"gfg(%f ﬁﬁf"e{;&‘ﬁif??t? {#OE APT %ot al bl ood
cal ci umkiibDaitcngdDy) toadc;ctaﬂmm matdpratanabhphasmd ol B DbloonduPI kDL TH P,

53200801 33 VF Lt hoD, PRRGEEH SR Phant ronbr aF- Bele! (v BV, Bot a

al kal i neéigphasighadasefkbane al kal i ne phosphat ase, ost eccal cin, under

car boxy| 5???% %Ooceglc%e@ o%p%ghég rgg%tagagrﬁ&kajt%g%%éé( 0 1.Ps %@%r Licle,

N-ternt oco | agen ty pro r oXypr ol'i 5&y|y5|ne
gIycosywmgata@@Ggthhvuﬁ%kwkmymn@ﬁO@awﬁﬁﬁmﬁymuhyﬁrﬁwykﬁsmn@ pyri di nol i ne,
deoxypyr, col | agen,
Cot ot m o eRRalefo Qe PELATRP RGN Sark i ARERLLER Mol KRB
crosslinking tel opeptide of type | coIIagen generated by MwPs, bone

si al oprotein, acid phosphatase and tartrate-resistant acid phosphatase.

Ef fects include prophylactic treatnedt as well as treatnent of existing
di sease. [00216] A biological y effective nolecule may be operably |inked
to a described peptide with a coval ent bond or a non-coval ent interaction.
In specific enbodinments, the operably linked biologically effective

nol ecul es can alter the pharmacokinetics of the described conpounds by
V|rtue of conferrlng propertles to the conpound as part of a I|nked

~ Y " o o " o 2 1. " . a o N



[00217] In a further aspect, the described conpound may be conjugated to
pol yet hyl ene glycol (PEG. The selected PEG may be of any conveni ent

ol ecul arwaenghti47oand nmay be |inear or branched, and maycChasepuiogitat |y
conjugated through a |inker. The average nol ecuf*&i‘““\y\épdﬁi“»‘biﬁéﬁ@@ {PY
preferably range fromabout 2 kiloDalton (kDa) to about 100 kDa, nore
preferably fromabout 5 kDa to about 40 kDa. Alternatively, the PEG noiety
used can be 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19,
or 20kDacorj@@2t8nciiagdesorivipid ac anpiturd smireycdpeigon fasgat edichas PEG t hr ough
a suitablg,amno acid residue located at any position on the conpounds. The
descri bed conpounds may optionally contain an additional am no acid residue
t o whi chilPEB]i sPEADeR0PeP0ies707 R@'WM@Z@&M@:AW&ZS&\B@@W Eﬁbcfket No.

gffﬁ??éﬁ%m ngd #em ﬁvaﬂ&gbﬁ%ﬁg g{en!%é%%@?@?ﬂﬁﬁé& b%p pt| des are

known i nPERgaisepepitasnoeasunae r?t}i“rf"ﬁéﬁ holplyfaandk liober ghe emi!rm%épim e, A
variety @f cﬁﬁfb?@@?m%ﬁ@ ckﬁmgwarg;&ma%r b tR@E;aEwk@j iﬁ%@ﬂ?tdpﬂﬁnﬁi uPES@q at ed

pepti des. For exa&p EG noi ety can be m Nno term nus
the car HERPISERSH PESITSINSEHPEUGR oFhes pEGOBRENTS. 816 fiHe moliedy med bpdiptddde,

opt i onal dynd &Eiﬂb'gha Emﬁ»c@sﬁt@ﬁi%%s% afid) éd&lﬁ'a@%%/ﬁéﬂé'por rhdl R DRERTbaL ment s,

t he PEGm)let%/ be linkedto the sulfur o hi'ol -"contai ning am no
aci d, sutiPEess “é&;@f‘@f’“ﬁ’é‘f CHIeREg AP D ISEE! BDVERR si dechain of an

ani ne- combREi n‘gh@mz@q;r@msdwza §é&ﬁdﬁas@%el HSLRR 1o[tPD 320 bddgorREErgQuUPS Wil |

gener al | e described conpound by acyl ation or aikyl ati on

t hr ough %C %gf%f’f %Q@tfg@dﬁmﬁﬁh ?ﬁ%aqﬁﬁ’?}gﬁ?ﬁpé’f’);h? BEl. Mol i%ﬁdéﬁ@ﬂ%*hy%n ne,

oxi e, f’afdha,zmd’lﬁetﬂtiwzmmaﬁabieés?eofm @@bb@ﬁ&bbi@ aﬁjpt)iicgé Q*él@?svet@oﬁs peaetive
group onthedscrl % n‘g @h%&g Sﬁ% oXi e,

hydr azi n S”%ﬁ STOTREEY (S PRRGE e %'i“@hh V"ﬁee?@&%@dﬁ’gﬁmt he ani no
term nusgma;ﬁr‘bmw rriegrom itised Sitha@asindashahys, pestiy Bimahs the tesksihbed

conmpound rpa reparation of P | ation o theti.c peptides
consi st s 6t chng‘% nd%ﬁg%eﬁrggﬁgﬁﬁ“gaa @Pﬁ et Ak Fh %’t@@fag?f” E{ﬁ%ﬂ)’({’%‘}?“ A4 peptide
and a PES@niteliepgpiideachndrenni mgnianifigitictugoreteongmatpirkbad inisslutiug,ual |y reactive
t owar ds e e y._nor r JoReToly\ nt i onal

sol uti o eg}r dfg%{?&%p a’g&e}!eg/ n?ﬁ%@%%gﬁgﬂéﬁég?ﬁ%ﬁ i}mt ;Ewaaﬁ fre pepti de
and PEG iﬁ@é@@&:aﬁﬁ%ey deﬁéea mreéwm$ pErase wming maywbsemm‘wnluﬁsgm edsdiyi reverse
phase HP p i.f

char act e%%zegwﬁg%%&m g&éa% “”%ﬁ%‘g L&%\?ﬁ“’? 35«"59.‘;’{3 iﬁigﬂgﬁ%pﬁel n the art.

[ 00221] afmféwﬁphﬁseé&nﬂﬁ@ﬁmedﬁa$fiﬂs%ﬁzmﬁevgr8@ﬁﬁh@$mHﬂb%cﬁ“iﬁ%@'&%@munds may al so
be nmodi fied L %%g&%u@%a gﬁé&@%&%@ﬂ&ﬁa@gm& RehAgEL dwgm igpeci fic
side chains or termnal" residues. For exanple, Tysinyl ues and am no
ter m nal eeSiElllEsthadl- be reacted with succinic anhydride or other sinilar
car boxyligeBgi %@é“@ayrQISJQQQ&vaME%Db&r@M%? %%e%%e%%&ﬁ%u% r‘h%%aigy% nyi or

am no residue, ther suitable reagents include, e. esters such as
met hy!| gredischvih aicus dpRMatiapg apen %)i?’ﬁi?vﬂb%@éfﬁa%h‘{%ﬁﬁﬁ%i 5E@%P%¥‘Eﬁb@r ohydri de;

trinit rQ@@gﬂﬁﬁ@@ﬁ&Uésomoﬁemhﬂe sﬁmmﬁé&ﬂws@u& @s?qmo%eﬁmnm@g Anedh and
t ransam nase- cat al on Wt yoxal ate.  Ar yl residues may be

modi fi ed®Byet wa%ﬁ?%?%fm% %W&%F%fmﬁiarga@mmﬁ@rﬁ ¥dffﬂﬁ§ér\“§ﬂ“§‘l yoxal ,
2h3 3ut a@ﬁﬁs?me charde oa \igd Qﬁﬁmm%mzm@gm@@dﬁmefﬂ@%’ﬁﬂbtaﬁeb@&gg%hiuli@ add:jt Ion,
t he descri bed, conmpoun tg.inclu non-cati oni c residues
that prdv¥ d@’??ﬁ?ﬁ%@‘é a@"?é@?‘d%fngmﬁ‘é‘g%lpyf%‘?xa l‘?é”%@‘%?ql?ﬁﬁjéﬂ? of anti bodies
for WO @tddedda0dE TSRO 1M B48402aA4 t@mwi:mﬂwtz NepeoB208864. 7O
bi oanal yt i as,to ate | icity.
For exar‘raﬁifj(%gnf’%l?mﬁ% .{6%3(3;%%@&? ’(?Sﬁi?gdﬂ% EW;aBe %@V? aiguﬁmﬁ%gmu 8 i on of
t yr osi névanaatftion with wonveatives lag«ems suSpacpifdnglgyoeif 2,8 dlt=oedions, 13 osyl
resi dues, %g Ea&@ﬁ& a%iglﬁ% M erest for introducing spectral labels into
tyrosyl eS| g exanples include reaction with aromatic
di azoni dﬁ@??@hpdﬁﬁd@ﬁ@’r thée@a‘sanibetﬁmmdmam may b stodfedrio iciude Nacee@mi dazol e
and tetr,
Gor vat | el IR AR, AR AT BRE g bPRU AR [ 00229y
The i nvention al so provi des kits for carrying out the therapeutl C reginens
of the invention. Such kits conprise therapeutically effective anmounts of
t he descri bed compounds having activify as a CaSR nodul ator, in
pharmaceutically acceptable form alone or in conmbination with other
agents, in pharmaceutically acceptable form Preferred pharmaceutical forns
i ncl ude the descri bed conmpounds in conmbination with sterile saline,
dextrose solution, buffered solution, sterile water, or other
phar ITB.CEUtI cal I y accept abI e st erl |l e fl uid. A ter nat| vel y t he corrp05| t| on

[T oy Al 1+



[00224] In one enbodi nment, the kit conprises (1) a first container

contai ning a described conpound having activity as a CaSR nodul at or; and
(1) instwoepilgnd4meeans for use. In anot her enbodi nent théTRﬁM&@@gpﬂlses (1)
a first container containing a conpound as descti°BEHPHERIC 2GR (YT a
second contai ner containing a pharmaceutically acceptable vehicle for
dilution or reconstitution. [00225] In another enbodi nent, the kit
conprises (i) a first container containing a described conmpound havi ng
activi t yiemnatytiCal SR ivb dekatremenisl 89 wall sebondiveEntaiunegemdiyt doni ng an
antical c age ' ! . US I n one
enbodi nmen amp‘?\% é.%smgk?el[&gemdé) uéds!éﬁ% y %g%égﬁg@gggﬁ%&s%ﬁ?%?ﬁ ec}gtyf&%g%z%%émgr oup
consi st i ghgrif r@bidsm]o%mmma@@:ﬁsfa@émmf thorvaseiuee preadiemdivular ndgrapdut | c

soun = ISR S ARG o) BT SR, v

No. 63208980a7vebe (teadrdint cropPundeNEoRiaCEiharal Meshtenaotly, dnd HECTOROL(r)
(doxer Caéa%%yfisﬁar (%L?)a%& én@%i%?@r@tﬂne@% el me’r b%%i}@@/ d:905M 3., R8d
calcitonin,” [00227] In related aspects, the invention provides articles of
manuf act‘iﬁ”éagﬁ%ﬁtf""éﬁﬁ’ﬁﬁiw%e the contents of the kits described above. For

i nstance, the invention provides an article of manufacture conprising an
effecti wegmums;@fma{n&mé@ @@mp@m de, alone or in conbination with other

agents ructi n ans i.ndi.cati ng use fo reat| di seases
descri be@gﬁ%ﬁ """ %ﬁi%% kﬁ% C%BWP%W%& é%é’?ﬁ?lu "RB*BtYered to
illustrate E@Ghiidﬂ’ﬁt"sdﬁﬁ ks mmmﬁﬂwhmmﬁhﬁ@&f&ﬂﬁkmmwdﬁsddésidﬁsedd her ei n.

Various nodi fi i ons e b he ski departl ng

{r om ¢ nepspuhEEh PR s RER ERSR Whulelf Pétop Rt Rt gt ond b

. Exanapi giorte €t smnbma@ymmmasr agehtshinRRdrhawetitapetcanidye Model of Renal

| nsuf fi I , e i ffli 1 | so

referre rt% %;‘?%g [ﬂgg%ﬁ%ﬁf%& %ﬁfquﬁsde eﬁ%%%%“@us“:nﬁ%%at{%ﬁtﬁﬁ %éﬁétﬁol ogy of

SHPT assﬁ@miawd}ewi&twOeﬂd@istcagéuﬁf@ﬁ@bmidﬁksea@éie Witer, noeleér exhi bits

pat hol o t G e ol q%gns J h a | ack
renalgg %ur%%%gjg%ﬁ& a%&c}ﬁ%g; §eﬂefﬂc&° AE?QPY%E?E’E gﬁiet beI ev%??gﬁgyg#&gﬁ \z,igsntna PTH and

r educt i mismrs@ﬁmb@aﬂeawwc ag@éi d@ma@ww ritie ebmpdigrrogebe éfppimb@é o or the

further e t; f QIR subj ect

wWthr en%lgﬁ%%?ug\dc%%&}ﬁﬁgﬁ ﬂﬁgﬁtgﬁ%gﬁg%ﬁ T F?%ipw%i%%?%%ﬂ% &Iﬁ;ef)%{%e? s in

this md@iutﬁave?fa@éaw%mﬁgﬁw a PP TiFeiaKar#isdeln 8o ut e renal

insuffi CésﬁMmésRlee%ﬁ%éyh@rtﬁ&@%ﬁbs@i nQélﬁe ki dngye, Bﬁéfb%\ﬁ%cbaléb(a pesure of
the remai nin ney m nutes of ischema an hours o reperfusmn

The ensui'$i§e ?@@h@ﬁimqis@%&af%‘f%ﬁfiiew ARFrEFE O el A%g ki dney

resul ts domgsis8abih lr@@ﬁ&&mﬂ@:@é@@@lf@ a@ﬂﬁwaét@f&%ﬁ thk &b bﬁtmrﬁ%&%ﬂb@rceamdﬁl ne |evels
were el evated for over 24-48 hours fo ata not shown).

d
Al so dud™iiBrctpmeaufan My? el ma?/’éf&ﬁ‘rﬁf‘fji%‘??% ?%t"é‘i’““‘ﬁﬁ*ﬁs Fag\‘?e? re
dramat i Qﬂhérynemr&a&edctfngam hdrRinpEratide ﬁtmmmyoshtmed)s s0fjeet. 100 pg/m ... By

48 h Y ed to - /nL (-5 fold
ncr oasdpBEA | B oo RE RN Etn e Y SRS The g1 B a*ai%f?f@n&é?%qgg e

described compound having activity as a CaSR modulator; and (i) instruction means for

use. In another embodiment the kit comprises (i) a first container containing a
compound as described herein, and {ii} a second container containing a
chanmaceutically acceptable vehicle for dilution or reconstitution,

[60225)  In another embodiment, the kit comprises {i) a first containgr containing a
described compound having aclivity as a Ca3R modulator; {ii} a second container
containing an anticalcemic agent; and (i) instruction means for use.

{60226] In one embodiment, the anticalcemic agent is and agent selected from the
group consisting of bisphosphonate agents, hormone replacement therapeutic agents,
vitamin D therapy, vitamin D analogs, such as ZEMPLAR ™ (paricalcitol); CALCIJEX®
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WD 2011/ 014707PCT/ US2010/ 043792 Attorney Docket No. 632008017W)0 Thi s
reproduci bl e increase in serumcreatinine and PTH provi ded a robust nodel
that m mwe 20h1pteysi ol ogy seen ESRD patients. n$00231] ecmasad 1003792

hydr ochl ori de (SENSI PAR(r)), an approved cal ci mEE Eo%gdn SERE 1T ¥E0sed to
| ower PTH for the treatnment of SHPT, was tested in the 1K1C nodel of acute
renal insufficiency. Oral adm nistration of cinacalcet at 30 ny/kg
significantly lowered PTH by approxinately 50%for up to 6 hours. This
resul t ifsaicmdi SNERLRIIA W attheipdil peh B8 CIORIG (doakredatiaod ow dbamcal cet
(Nenet h i r, 308(2):627-35 (2004)) and

val i dat eff?%léa%??r#at 5&?‘%@%@%{3[ &éc{é i renal insufficiency is an

appr opr i @f@2fodelrelpise aspedtudne 'rmgemthﬁ@ m@{ifiaﬁl arijclesf ofgedroifantyretiads for this

i ndi cat i Q. r&@%@ni@%@ﬂﬁ@ Rﬁ d@@ bbism&%%ég/ tﬂess tstss‘?ks g, Male
Sprague DaV\A ey rats were purc ase Eharl 63 ver ora ories

(Hol I'i st‘rmaﬂ@ﬁ-ﬂf Wéﬁ%%ﬂ@dt%ﬁf‘@ﬁé@@ af@pv‘@ﬁta%mi of azq@cgsved Fantidgtajeliees with
test artd;GhesmbRBidMBlit WeESRME; ér%ﬂ'zﬂé'ih%agﬁaﬂe@n& t?w%scfaﬁr‘?ﬁ)u@ fo@@%tiﬂ!ﬁgu' ar veins
for drug adm nistration and bl ood draws, respectively. Ani S Were

mai nt ai rfEFISAS detBhpeheelr e- control | ed environnent wi t h a constant 12 hours
light/ 12 hours dark cycle and free access to food and water at all tines.
AU expergxiiiepksprocedures with animals were performed according to | ACUC
gui del i nes. [00233] Ceneral anesthesia was induced and mai ntai ned by

i nt raperiotaiigal THd Bowing ectirhpes ek cﬁfeeﬁcﬂmcimemmb}af witttalimit Sre2%mp@uddarr at ) .

For ani e itional IF

i njecti 2% 93 éﬁqgé %%%ﬁ%eﬁggbﬁaﬂw @ (gﬁfahgg ﬁa@e%g%g? \%ﬂ 7% 0 mi ntain

t he anestansti \&iﬂ]@luaﬁ@aﬂ&go’mdn Hartplei sm»gat ot s mﬁmmmgefdﬂstng

adm ni stgation of conpounds in normal rats was done under continuous

i sof | urane anest hesia. [00234] A clean, aseptic technique was used for the
entire procedure. After rats were anesthetized, the abdonen was shaved wth
electric clippers prior to the apgsaliion and the skin cleaned with 70%

al cohol solution. [00235] For nodel devel oErrent studies, the left fenoral

vein was cannul at ed w2Ronic pempeundsnutheRbit bowinadidiithg. Bot h ki dneys were

exposed r ot ri ght nephrectony was perforned after the right
r enal eﬁ?%sgf éﬁgﬁm‘*&&g%é“%re ligated with double 2-0 silk sutures. After
confir nqtmmgof;\ red Mrdaleeeidicn renastsmmrclegb; (hdetdred t beﬁeea‘wcma@és) artery

was careful i ssected, ang m Ccr.o,v ar clip,to induce
left renX %5%68%3?&?3%@8?% ge p@%ﬁn&gy oﬁ%ﬁg%aé 9%3’2}???%39% F8bservation of
a gl obaldisduise eThs eydeloixaibite hathgegichl mmmgpscs ﬂh@p@bﬂm‘rhyraidbmnm si on was

t enpor ar o h of t he
abdom na Sﬁ%ffiéigﬁs%ﬁig%ﬁ&r&i%%%u% {E SS%%EQ SI g mcggp%%%gg §# gasc%em a, the
clip was’Tiépnvedusiita i eémm"rfmiraibmaﬁ"hedyve‘kbmwnhlaéih;s\mtodei ailowed for the

2011/ 01 0 si dered
rest or eq hSon BCEr v on darorba SR HREEL Pex e B b

abdom nalysiunctioi and astas] vEed Tyncd! agsatige Wil HHe@Qinghik Im@atmﬂdThe ani mal
was then_gz8 8¢ ugred from anesthesia. Physiol ogical paraneters including body
t enper ature 36- 37.5T) and body wei ght were nmeasured throughout the

pr oceduriB®238pdy Heetipér mrdhle! atige row pevideientvdnypdiestle wewbvasiigea heat pad
rectal pioR féa%ﬁe@@c%xmwmm& Q@@éﬁhg ﬁ@@éf%‘@h%héés%&s@%é a?afitd@r the 1K1C
surgery (I/Rinjury), animals were dosSed various conpounds to neasure
ef f ect s "ONTH AhAETVSTPR AR\ eBHieg ﬁﬁhemwrw&w@aéﬁe@ demge tafhe eredtinger e

adm ni stigfred rddii W é;@fiﬁ&h@ﬁb&ésﬂf&% QRAallthilBe. 5862']059{1 QEaihdeiIs g8)e al though in
sone studies congoun were adm nistered b bol us or subcut aneous (SC)

y IV
bol us i ifR@ISIIRT 4Ed L4 P BgURdRIa YAfnssl (R N#l H6a U AR dUalkithal s were
anest hetrbzaghgwshdl d&§f@ﬁétl¢hai@%i Pire023H arglmdaﬂmnmhe@aw o6 ¢hd getied

peri odi cal | Y thr ou e course of sarrpl es

el yoednniett Sar LR ibver 8intrgioab g, Shated Brierd SRaRpar Ror prH
Due to t%magmge gﬂﬁf fahaseieﬁm aAd h yaha eStahoss deach wé dghlasr-apss pghll. data are
normal i zed to pre-dosing (baseline) |evels, Serumcreatinine was neasured
using a comrercially available kit from Bi oAssay Systens (Hayward, Ca),

cat al og #DI CT-500, Anal yses were performed according to the manufacturer's
instructions. B. Testing Conpounds in Renal Insufficiency Mddel [00238]
Compounds with the foll ow ng sequencé8 were prepared for testing in the
renal insufficiency nodel; Ac-crrrr-NH2 (SEQ ID NGO 4), n=4, Ac-crrrrr-NH2
(SEQ ID NO5), n=4, Ac-crrrrrr-NH2 (SEQ ID NG 6), n=7, Ac-crrrrrrr-NH2 (SEQ
ID NO:7), n=4, and saline control, n=2. The peptides were adm nistered to
animals at a dose of 3 ng/kg by a 30-minute IV infusion, Prior to dosing a
bI ood sarrpl e was drawn to det erm ne basel | ne, pre- d05| ng PTH pI asna

~ 1 o r 1 S N~ 1 I~
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fr? vitro CO Assay in HEK-293 Expressing the Human Cal ci um Sensi ng Recept or
[ 00239] Human enbryoni ¢ ki dney (HEK) 293T cells were seeded into a T25
flask at worpitdilgrm7cel | s per flask and all owed to i ncub@Ce/sR018PB7O¥N 5% 002
overni ght. The day after, these cells were tran$f&&ckal Yh SHERN EASR
receptor using lipofectam ne 2000 WD 2011/ 014707PCT/ US2010/ 043792 Att or ney
Docket No. 632008017W)0 transfection reagent 24 his post transfection,
cells were seeded in 384 well plates at 8,000 cells/well. Assays were

carri ed ot retBohoinsinafier intdeeurt caméfiee ko RTHImMoGdRe: cassismodeCHR: val ues

wer e detﬁhmsggg &}é?*%gfgéé’?@%@gﬁgéf? nonophosphat e production in the

HEK293 ce ansfecte t he human cal ci um sensi ng receptor
(see Tabiﬁg?lﬁi {L@@Q&f@ﬁt fiYHectlelide ﬁlﬂf‘iﬁj?éﬁﬁbdn appwesd aspinirattecigenohet he wel | s

and repl @%@Qd YM EE\QG?@T %ﬁ’lfor‘?tge ﬂ‘%tﬁh h‘n&f m&'?'/f!j"'oﬂfaglféét mgw&%ﬁ}“ %%FE&?M@S&%G 21m

MyCl2 0,5 l'ucose m pH
7,4). ?ler@f ‘Wfﬁ“ﬁr&u@a&f?@éﬁwiﬁfﬁfiéﬁﬁb@w@@a@i 3tanpbasisonedivtieetredns (1M or

300 pM asTiihe aﬂbt@;ﬁﬁﬁ%ﬁei@@@%‘cfw ﬁ;ht%rb ?@zré d§?€s‘uﬁ‘ks Qb ':19\9!%? th@ é)é(é s@e&or 1 >

hrs before reaction term nati on. uction was determn In ce

usi ng t h&eeins %aiﬁlfﬂ’G‘T@C%i‘%ﬁ?f’(@@@@@\%@mﬁﬁ@%e@@r dherg 3B (HRAFEct ur er

i nstruct {2008 rhdﬂ Dibek ihdneiDatd Adaw drh &t@e 0 RO d by
sequent i al?@ addi D2 rabe |l ed-1P1 and. c ¢ gfzat e-| BQn%%g&%IE}@?agﬁétlén l ysi s

buf f er ai’?ﬁd%tﬁ?rt*’r‘(@%ug B Ay Oéf‘agi;‘%ﬁ?ttﬂéﬁ?}’é?“ét”iﬁ“"émﬂ%r 60 ninutes. Plates

wer e reagn@a:szg62©hmmw¢da 668 ;mmsfm&diy s%é@i@b«@xmﬁeﬁ'&b:@@ue NeRrt ranskact ed 293
cells were useg,ﬁ atl ve ntro &9@@@ ﬁThe rati o of fluorescence at
e

668 nrn AR %5 eagt“?rr tﬁ‘@am”ﬁ’ £ REVEY DEFesedredditat ed from
st andar dZ@HEW@SQ}( geﬂﬁa@éﬁdﬂtmdshaa&ﬁp harifagls Rieks fReveRhnditet S ﬁh@ fReWN

concentrat n ar re cal cul at ed on the val ues
of the fﬂ?’d %r Vr?fns fg’i(? %f('é raﬁ?ﬁ ??%%%%GWP‘P{F ’L?ésf’%“’ﬁ%na #ePegr essi on
curve fimbinfdnednn Préspersofd-vanelicd 60248hePepti desstad 12 0bidgabes were g
prepare h r t scale on .an ABl aut omate
synt he5|dhz(‘gr$ é%k ﬂ ?? %ogaﬁggﬁ %8$ Egr?ﬁ‘f@‘eér#%g “’ﬁ%%é&?ﬁ)egﬁ‘?“g aspec) to

Ri nk- am mgca@s&mi(ﬁwveaaism@gyrfmdmc@dpgm el gi:idglindBTU/ DI EA acti vati on.
The ass p (5% ,

trii sop?iggé i l%@;’iéy?;} %@}e%gﬁ%ﬁf& %g” %2%’18‘9‘1@% r%ipe%rg&%gpn‘lfm resin) and
i sol at edﬂ}lﬁy‘fiofﬁlﬁ@rJWMffﬂnmamﬁﬁﬂ divetthy mLéeheFor Afinels tmirdédeivedtdSon by C 8
HPLC th I 1. philization
of apprg{S{n}jgé? eafgrﬁ%gig %ﬁﬁ}@%n ag& ﬁf‘aeﬁgé![n rclEé}g?jf {ﬁiﬁﬁ%té%@f guérl]pt@? and LC- M5
(conf i r el Tlpas Exanis reaigtain{ho Gneethetis Maneathilend sidos fid Wi t h Cati oni ¢
Subuni t s, QQ24R3dntd ﬂﬁax@ﬁ@%ﬁgﬁfﬁbi?@ﬁﬁaﬁéjd??rﬁyu%ﬁn%rﬁnﬂir%%‘&@z%ai‘b%%%ﬁgérsa iose of

0.5 ng/ kg into i1soflurane-anesthetized normal Sprague Da
cont rol GroHPUsfsoiuEse RaestheeHt ed with saline. Blood was drawn prior to

dosi ng andzanery :Bayraskofic BchOMicSwadfides MERe enprocedure. After rats were
2011/ 014707PCT/ US2010/ 043792 Attorney Docket No. 632008017W)0 mai nt ai ned

under i SOEFUIFHFE: DRSOPRDEDN yap spaaevithritipsier drnasy.privhie tBeRedAtea®i%on of PTH

in the nh@smcmsgmmsm%@@mﬂ@h@& detecting the bioactive intact PTH
1-84 (1 cat al nber 60-2700), and the cumulative

ar ea unméﬂgc%:“\%%g (g?a"te On?\?\‘éﬁt”%‘ﬁ? 38‘? %éﬁ“f“@ YRR SR YRFHIEN Bncl usi ve
of 1-4 heims wbRascendd m‘wm@em kigieyeas€ akakaiet BEAOM/IR fgnt he
fol I ow n‘%parm{’%‘ny was pucn%med a&er tfb‘a nght renal pedicle and ureter were ligated with

double 2-0 silk sutures. After confirmation of non-bleeding in the right pedicle, the left

renal antery was carefully dissected and clamped with a micro vascular clip to induce left

renal global ischemia. Renal ischemia was confirmed by observation of a global white-

grey color change (blanching). The abdominal incision was temporarily covered with

gauze to help maintain the temperature of the abdominal organs. Affer 45 minutes, the

designated periad of ischemia, the clip was removed and left renal artery flow was
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(:ontrol * Oa Exanplc 4 Structure-Activity Relationship Studies: 111 vivo
Activity [00244] The peptides tested identified herein as SEQ ID NO 26
(Ac-carr reo2nHA)4mMmd as SEQ I D NO 29 (Ac-arrrar-NH) wePETISS010043702 vitr o
usi ng the HEK293 CaSR transfected cells, accor dfH§% 8°tREPFEERIITET n
Exanpl e 2. The peptides were al so tested in vivo, by adm nistering as an |V
bolus to normal Sprague Dawl ey rats at doses of 9 ng/kg for SEQ I D NG 29
and at 0.5 ng/kg for SEQ ID NO 26. An intravenous (IV) bolus of saline was
used as ereiatatiokstoRidagwa obK2EDTA)of BT Uaexelcsativere rassdesddepri or to dosing
and 1, 2, r, n u der i sof | urane
anest heS| %C%P%?é! taﬁssrbgﬁ%% &cf,sée% m %ggt?hfgth f@tsﬁ} %’tﬁur%s n?‘h@%aﬁ %?\gi'a_.? 2A- 2B,

pr esent egcaserel Hop aavethasge Petmadﬁ@emea&m miu@@@)bmdy mrﬁw&jatuzﬂ?:@PTH is
shown asy nPasel

structur epﬁgﬁl%\%tbgg g\!thl onsh%éﬁggdﬁﬁ!%gaﬁﬁ{%eﬁgaiﬁ% r@&%&gwge@u%un ts

[ 00245] Wes@PNENeHRANE HRPGIMISUINN2 heptaad recphimmeedesdback siders. substi t ut ed
for a D a . ni st ered
s an IV e s o st o TR SRS R

i nt r avendirsd OYE%VHBWWWWU§%§ ’iﬁrfée@%? ﬁ‘{@@éﬁ AsPiasted At Hoind @picamin(rmgom) PTH

level s weys@s asSesm@d Wik QbimiBst8@8 b Oy Mickidn (irdusich ARE s41heusPmaldal dosing,
and the AUG was cal cul ated as descri bed above Rat s were mai nt ai ned under

i sof | ur afBOHHE B HEE HUIBF CHTROUBHT MeEs adrofBitereehiy IMesiifs @ sHPRISHOWA i n Tabl e
4 above. (%mmbeﬁ SctibHr eoﬁateg\awwﬁﬁsla@tm 8RS Blbp Sl 8Finaldvid:am ne Rel ease

[ 00246] To t ef fect of net positive charge on the histam ne

rel ease %ﬁ‘@ t%ﬁ@tﬂ%t "g**conmpound, peptides containing 4 to 7 cationic
(argi ni nga):szmsn dues smptee W &ﬂéd@@#éﬁ@?@@ éHd&BﬁtbQi 04 3692e At thersnely. Docket

No. a320080 enera Edelcﬂtn tedfO{s s abi | i totr@?e({

hi stam n ef|Wé’|&’(-i?§ SR iAg YL é?r? A" FEpEies §qsﬁﬁ§?§é‘) SV REEFTS 1 - NHY7
( SEQ | D iR, tXuleft«) ttﬁcaﬁga mfri:raeélh‘@ RISEQ i DNONB)idubi riais) aNata g rrr- NH2( SEQ
| D NG 6) | CEITELLLE Q

Spr ague-%?wtg Eii(edr%ts d%ﬁ {5) e“’”ﬁ ?i:hg |“%“s“"%9‘v“é"‘%w%4f3 3 ‘tﬁ%ﬁdut’%t‘t%ﬁ in the

f enor al tamdnw@m a\rasia@eﬁmtrmesdm@ylfﬂ”yﬁiarmsqhiamadb@a}radatdtoa\ﬁ@m'féﬁﬁect ively.
Al Ivd r : e c(isoflurane)

ni el s SR SRR AR E R B sl e of 0.6 rri L.

Bl ood sanmpl es were taken at 5, 15 and 30 minutes following IV bolus to
gener at ey pkasia K iystam ne analysis. For 30 mnute IV
|nfu5|on st Uares &~ Wa ' 2 e -nd of infusion. in sone case
rats in iﬁﬁ%’i’éﬁiKl@mﬁﬁ@etdsa‘tfthéh@f@éoweaéﬁqw@ﬁew&t@ mMepwed fudestpoEZas] An equal
vol unme qtmaatgm;éteg maaeeetge&wt ﬂt-—t' ‘{M:E@Q:} %:tt tai:mct: aﬁ@mege&aqbace | ost

vol une. ?Qgpr oxI mat e was W thdrawn at each tine OI nt

using pr e*éa’t“é‘dAEﬂTﬁ”e\i)ﬁaﬂﬁé@s‘Dt?@ﬁaét"‘l |@\%{§%”@%Nﬁrﬁ?&@ b B4 (90@49]

Hi st am naykd b webe perdonmedya8 Liiviedqanb aﬁgmayalmsetmltgst@@g ne
Enzynme Irrrrunoassay gEI A) k|t (Cat # A05890, SPI-BI O, Montigny

Br et onnelxV-"EREREeTUSPRe FHOE IOARSHE HEHPPFATIRIG WaS H@*’Y’\/ﬁpt‘%@%’wr@n anplified

conpet | tua&easwémameaﬁm cOhtcsiatlal eRdsuib bl avAen Wigl hiaB rdibesr ange of
| i.cat e according

40 pgi e sampl es wer ed_in du

to the n%%?fffégtrhﬁ\%?‘g émﬁo%ﬁmgmf%o%ﬁfmL@%@&%C?/@eﬁeéeﬁ?‘f%‘& (TFA sal ts)
wer e weigheerangh, {Hreq ne ey g ada s, amsiadirtatied, Gen pepdirdeseont ent .

Sol utions were prepared by dissolving the nmaterial in normal saline to
gener at esqt“’ﬁrfﬁgesi red peptide concentration. In sone cases the nolarity of
pepti de was adjusted to allow for inter-peptide conparison. The peptides
were adm ni stered by 1V bol us atg, gui val ent dose on a per nole basis as
SEQID NO 41 (i.e., 0.7 urnolelra‘?%%ﬂ%ya 1- mnute 'V bol us and pl asna

hi st ani ne asioBakAssry inEER 20 az;\:! fgjingibe Hdoe Rum-Pensing Bgeemithut es after
dosing. Data are presented as gro averages (n=2) SD. H stam ne rel ease

i s showl®8&3% ol ABHaAGEYPRIE ﬂﬁdﬁ?ei e290h &8 Wﬁi@)%f‘v‘é%iﬂéo a Résfigtkatdre shown
in Fig Biichb i okl SRENLEE S indhD 18YREag8% EOremi@R: The day

after, these cells were fransfected with human Ca8R receptor using lipofectamine 2000
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Exanple 7 Structure-Activity Relationship Studies: H stam ne Rel ease

[ 00251] For in vitro evaluation of histamne rel ease, isolated rat
peritoneaWormas0o1¢®7l s were i sol ated by perform ng perit ®@a&alS20129a3y62 usi ng
cold HBSS + 25 rnM HEPES pH 7.4 cont ai ni ng hepaffavsf Sagailyo. 6LaPInd7Wes e
washed twice in stimulation buffer (HBSS+25 WO

2011/ 014707PCT/ US2010/ 043792 Attorney Docket No 632008017W0 mM HEPES pH
7,4) and incubated with 10 OA of conpound in stimulation buffer (HBSS+25 niV
HEPES pHrahsfctiborealBninkfbitsgmst NarasiQfomealklis wé@t@e@é@ﬁ/mlwés; oAftes3diC.  Cel |

k Ca #
585651, . Lt RN KRR 1tk 6PeBe 3T BB PR LA RToh: Gt uatf on o
hi st am n@seel%eaiues)wpmmwmydomﬂn@msm knm*:anims@heﬁstpmmcﬂ@d nor mal
rats at sl?r tﬁ@hlégzéél céiig Q%iﬂ%&é&%&@wﬁﬁ @\r a\{‘:ecr élﬂ%%%u%\sd%g (f%?%f}s SF%t i on

Pl asma hi stamn AUt 65 a
( Cayman Tﬁ@@ém ne EIA # 589651). Data is shown in Table 11. [00253] The

abbr evi dobegs USRHLAEISIR m@d?i%n W35 Rak At&y{r% thdwd AP Settest & grmmari zed

here, AhX peni CI I am ne ' ene spacer, CH2-
CcoR1- 1 40fﬁféﬁﬁ3i8’m§%i@ﬂ@f~iﬁ%” HSWﬁai mb/iéi@%ﬁa'i oni, d\’?g(aiélf}eﬁ oM, ﬁﬁlé#@a’p?tﬂom@pl oni c

acid N meighabRBides s Bak YL id el MbeRer 8l YEQl)wesH008EA Gk NoMBLMM G yCi ne)

various concentrations (TmM or 300 pM as the highest and further ¥4 log serial dilutions)
at 37°C for 1.5 hrs before reaction termination. 1Py production was determined in cells
using the Cisbio IP-One Th kit (621PAPEC) and according to manufacturer instructions.
in brief, incubation with the compound was terminaled by seguentially adding D2
labeled-1F; and cryptate-labeled anti-1P, in lysis buffer and further incubating at room
temperature for 80 minules. Plates were read af 620 nm and 688 nm with 314 nm
excitation. Non-transfected 283 celis were used as negative conirol.

[60241] The ratio of fluorescence at 888 nm and 820 nm was determined. P,
concenirations were caiculated from standard curves (generated with Graph Pad Prism
ver.4) using known concentfrations of 1P standards. ECss were caloulated based on
the values of the flucrescent ratio ODH{E68 nm/{ODB20 nm) using non-linear regression
curve fitling in Prism software.

{00242] Peptides and conjugates were prepared by solid-phase chemistry at 0.25
mmol scale on an ABl aufomated synthesizer. Sequential coupling of Fmoc-amino acids
{4 eq, Anaspec) fo Rink-amide resin (NovaBiochem) was accomplished using
HBTU/DIEA activation. The assembled peptlide was cleaved with a TFA cockiail {pheno!
(5%, triisopropyisilane (2.5%) and water (2.8%); 10 mL per gram of resin) and isolated
by precipitation with diethy! ether. After purification by Cys HPLC the final product was
isolated in the TFA sall form by lyophilization of appropriate fractions, and characterized
by HPLC (>95% purity) and LC-MS (confirmed MW).

Example 3
in vive Administration of Compounds with Cationic Subunits

[00243] The peptides were administered intravenously at a dose of 0.5 mg/kg into
isofturane-anesthetized normal Sprague Dawley rats. A control group of rats was treated

with saline. Blood was drawn prior to dosing and every hour for 4 hours. Rats were
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D honpargi nine dutatione (conjugated) 1, 3-diarninooropionic acid
Exanple 8 Structure-Activit Relationship Studies: In vivo Activity [00254]
The conpoN0d0An1¢10C) arrrar-NH2(SEQ I D NO 3) was prepar e@Crars2eionpe: son
with the conpound Ac-carrrar-NH2(SEQ I D NO 26) . “¥47% RE-E0ifpbrert ! 7oo
Acc(Carrrar-NH2(SEQ I D NO 3) the thiol-containing subunit in position Xi
is conjugated via a disulfide linkage to an L-Cys residue. The two
conmpounds were adm nistered via IV bolus to aninmals with the 1K1C nodel of
acut e r emalntdimsufrtieciseficynatndssk fof the eBtifadec@ Sivg ekgeenBhtenst FATH | evel s
wer e ass; ' p 4 fter dosi ng.
Resul t o res OpBia s iba0RhRS eLich ARIEAN R bl PGty BH T ages “sem
wher e as&ﬁfémmmsiiﬁﬁﬁﬁ’@iiomw relaiogreumier §0- EF’WHfatssthwctxwm%@remdeie*tbib acute

renal i ngitd FAGE Ghs céi@@af%@?ﬂ?@j&%taﬂ% H% @:%gz(é@fr 1. %'JS ﬁ;yg ﬁg'égt 'PE?FNO 3) is

represented by squares n=, 6) and
t he corrp‘”@ﬁ‘r‘fagﬂt‘f'aé(:‘ﬂ%‘*ate C?Gfl W@W@Hf@% M@?@Q&ﬁf,&fx)ﬁ@mﬂey Docket  No.
63200801 /Wp80&) arrrar - NH2 ( SEQ I D NO 14 by triangles (0.3 ng/kg, n=8) and
di anonds (0.5 ng/ kg, n=7). Exanple 9 Mcropore Facilitated Transder nal
Delivery of Calcim etic Agents [00255] To eval uate system c delivery of a
calicimnmetic agent, Ac-crrrrrr-BadR(SEQ ID NO 6) was admi nistered to CD

hairless rats t rans@%& A%;v!{?h@%h&sh S&(Ma@érm vi o&&ﬂ;ﬁr rrNH2 (SEQ 1D NQ 6)

was applied as alOo 1 cn2 area on the

back of &3 hw,g@p%aeg Ak Btiain e h Sk R Eﬁﬁ’ﬂﬁ ﬁzhe%g ?T%;Pr%ﬁﬁs% My a 1.0 mm

Derma Rol | er “under derate pressure. ol ystyrene (1 0, 9.5 M

was gl uetp %%@ﬁmmz%%ﬁrﬁﬁéféé oveip depiest engwmusﬁ@ i6F U938 Cadig reservoir in
whi ch t hearaedcild c@z‘ﬂs Qicc@ddtn QcB tté%r@éédwé Ay %@EQ T2 N8 wofe Ascsal i ne

sol ution were af % sol uti on of Ac- crrrrrr-NHZ(SEQID NGO 6) was
adni ni st'&Fed 7 HY v aﬁmﬁw&asc%wuw noilBA rrague D avgey 7 a'sloges on al one

was adm gFigshekgthrigEd MENDESRINQItD. 5@@!@@%%%&(3 ab. ARRAFBSALRhIS were
covered wiith ta e to%ﬁsr event evagora i on, raws were taken over a 4

hour perid¢ ‘gr‘fﬁ 15 RS TR, 0P8R (}?’?HTﬁéggﬁé‘aW PP SASE PR results
are showsiok fo disthg &bt 1, Exarpl @ nbOrs after dosing. Rats were maintained under

isoflurane anesthesia for the entire study. The results are shown in Figs. 2A-2B,
presented as group average t slandard deviation (3D). In Fig. 2B, PTH is shown as

percent of the baseline pre-dose value.

Structure-Activity Reiatéﬁnsmp Studies: D- and L- Amino Acid Subunits

{00248} A series of compounds having an L-amino acid residue substituled fora D-
amino acid residue were prepared. The compounds were adminisiered as an IV bolus
to normal Sprague Dawley rals at a dose of 0.5 mg/kg. An intravenous (IV) bolus of
saline was used as a control. Plasma (KEDTA) PTH levals were assessed prior to
dosing and 1, 2, 3 and 4 hours after dosing, and the AUC was calculated as described
above. Rats were mainiained under isoflurane anesthesia for the entive study. The
results are shown in Tabie 4 above.

Example &
Shructure-Activity Relationship Studies: Histamine Release

[00248] To evaluaie the effect of net positive charge on the histamine release

associated with a compound, peptides containing 4 to 7 cationic (arginine) residues were
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Sust ai ned Delivery of Calcirninetic Agents by Mcropore Facilitated
Transdermal Patch [00256] To further evaluate system c delivery of a

cal ci m newoeotgamt7 Ac-c(CarrrarNH2 (SEQ I D NO, 3) was RAFTUSREHO13702
transdermally to normal rats using a transder maft4%y ERCkENG ARACCFIATE 0 r e
treated with mcroneedl e array and transdermal patch system A small area
of fur on the back of Sprague Dawl ey rats (-350 g) was sheared using
clippers and an area of skin was mcroporated using a 14x14 array (-1 cnR)
of m cr offEdkted a(d GsBdriny thelAabilig s tgpendttapatechieays hamoc Oitteaksteig 10%

SOl UtT ONo b UELANLY Pk rLELSELNATORR(SE0 L N SuposRb s res pl aced

over the rni croporat ar ea 4 dr aws
wer e t ak@ererrEiH:RBERdPN BT drotiia AlctoprrovelH HEBD Nouts. and pl asma sanpl es

| T 12.
D031/ 01aaZirl b Eb BBy rdft LBt orkifed RO KB BRI el S 670
| nf usi onthgfercanatadhipagal wingdentryg r@@z@wn%omwmrm@wam@v eAt hedRFH
| ower i ngyr&fihents v@afre E&Qﬂu@@BQ!nﬁé%%&ﬁpwﬂpﬁeﬁcﬁéa%@v{ r@%a%’a’?@ﬁ%@ I D NO 3)

was adm ni stered very | ow dose infusion to normal rat rats with

renal i nStS Eéfﬁé;ﬁ g é?"‘"f* deene s/ thhié‘Ll Sisssatpies wise kg BO5 b adhdthi st er ed

by i nf usinow tfbmq;eammi PAeReaUSHRM OO DITRE s SHSERIP 8! ans to
5 t PTHiedtggt?ro%SéNo (Iz Sp raSueE%Dawl ey a‘éﬁh%&fé‘g Ssgr?ZSO a

hi
ggol g;/emi?’% ‘“ﬁ‘f”i‘%g‘éﬁ’gﬁ%?“ Stf»aﬁi?ﬁs*éﬂ‘pﬁf‘o‘ﬁfa%mh%ﬁ‘s hﬁnef}% ohELEPe) 4P PF7EE - NH2( SEQ | D

NO 3) atasdose amtaaw@fmdambk@m;ensngéﬂs%mereau%dl Qgg/ kg/ hr. Bl ood sanpl es
were tak ours (just prior to the

E%E %IOI& ng, at. 2 hours, § ours, 6

end of ! n%@‘fé} v iﬁa‘ é}fﬁ%iﬁ‘te&a(sznjﬁ?t? @*QW*”@@W“Q}?&@&F%%WQ € anal yzed
for hF>TH ibeivwelsnd yAddid:SAatelie? datd b;ifoe mczmdiagvn;ﬁt@aa%amg\&@@z}t Es;ﬁ%bﬁé—t reated
with 1lp quar e I anonds and 10 pg/ kg

(tri angl%{a?e%é%?r%%’ r}ggg?%\@?gtagg%eé%p C\?i%e(c?% ‘produce significant reduction in
PTH fr onjiBa433| i ristapviesr ELIBE:s cawe serfofmet nhuliiied pia[s@&&&&ig tAe siiswrhiae study was
conduct f e syfficiency. 1K1C
nodel eﬁ]gy&]grgg’%@n%%%gégﬁg%&ﬁ%g@c? % (f‘ﬁ‘:%? %{D&?%ﬂyrg? %f L{RW-’F"?(%EQ ID NO 273
at dose franes. (“ﬁ?emf@'g%m@ﬁmm @rfddtﬂrﬁ)f@azﬁg)’nk@ﬁﬁm@{ﬁ oomBethioeeszyrid ood sanpl es

were, t ok AbOley VAORIAR, (Rrafine Btnif lohgs oIS 1o B sBBUBC] uSt pri or

to the en usi on
pl asma wHE Wfﬁsﬁz‘é@efé‘@ﬁiymﬂ—mld@ﬂma@ WO&MSA ?hél' Hemdfatﬁamm@r@hozwm in Fig. 14A

(30 gg/ di L cal ci um
for The B R e A S A e PR3 e 3762

At t or neyRdpiégckior Wtidegmfesmw@nwsrwemxéd & disapiving donpeisnd inconpri si ng
the for Mi@a: sehindVRESRkhite the desired peptide concentration. In some cases the molarity

of peplide was adjusted to allow for inter-peptide comparison. The peptides were
administered by IV bolus at an equivalent dose on a per mole basis as SEQ 1D NO:41
{i.e., 0.7 ymole/rat} by a T-minute 1V bolus and plasma his{amine was measured before
dosing {pre-dose), 5, 15 and 30 minutes after dosing. Data are presented as group
averages {n=2} £ 8D. Histamine release is shown as fold change from pre-dose
(baseline) levels. Results are shown in Fig. 3. Data are presented as group averages
(n=2} £ 80,

Example 7
Structure-Activity Relalionship Studies: Histamine Release

[80251] Forin vitro evaluation of histamine release, isolated rat peritoneal mast cells
were isolated by performing peritoneal lavage using cold HBSS + 25 mM HEPES pH 7.4

containing heparin (Su/mL). Cells were washed twice in stimulation buffer (HB8S+25



X1 is a subunit conprising a thiol-containing group; X5 is a cationic
subunit; X6 is a non-cationic subunit; X7 is a cationic a subunit; and at
lleast twowofR20XMA14%3 and X4 are independently a cationi cPEWHLSAIN/04302] _
wherein said conpound has activity to decrease PaFatHFEst be FeteHéMevel in
a subject. 2. The conpound of claim1, wherein the thioi group on the X1
subunit is selected fromthe group consisting of thiol-containing am no
acid residues and organic thiolcontaining noieties. 3. The compound of

cl ai m 2, MEBEEER ftrhe 4} dibhegmttcaiati MY Binif tomacird! in etimdiadon ufeel ected fr gm
the group;€ensissti f o [ thiqgne, .n-ac ated .cystej ne an
PEG Igat egi cystéﬁg%%ﬁﬁﬁgﬁgﬁ%ﬁuﬁgggg ¢ %lgﬁﬁwf,m%zﬁﬁ“ﬁtm(%eg‘oﬁg?r‘ﬁﬂc

t hi ol - coRtREMaiAY wisi aeelyzedfos bisbunied ufing histrericaptioipr @piyorh ¢ SBEHHT). _
ner capt opgatik eh@l f Tl Abenzyl, and thiopropyl. 5. The conpound of claim
1, wherein the X1 subunit is nodified chemcally to conprise an acetyl
group, al9éRdloyFogihedpyivastiiaiion gf 6@@5‘“?@1?‘6&@@@:)/!1061;@@ﬁ@%?«am_?iaaﬁd'rme or 11 s f
joined b - 1 ' I, ; und o
L el m 1, “onar o Bhanlots AR s 805 0Ra 1V 2 EDtafifisis B ol e SOMRE LT e
of a conPTYUEUE) SBGEHEREBRInaWRRGeaeEd Cavidige sftercarumuhdadusigatioence of
or gani ¢ GXHYRRMNNSamPE FAA FRbos 8. 16l 8Qhown f TAfe1£OoMmPound of claim 6,
wher ei n {gg ﬁong%uous _s,e%gegce of am no acid residues is a contiguous
sequencetf8FHE - ART A AR EASERhREn. And Brrariubid Sekjereiizd 8f¢ D-ani no acid
r esi duessumgmeodldiigewus sequence of a mxture of L-amino acid residues WO

2011/ 014707PCT/ JS2010/043792-At-torney..Docket - No...632008017W0 and D-am no
acid residues, o a-rixi UPETEPNIMNG i d resi dues.and.ndn- natural ani no
aci d residues, -8-TFhe cORRBERESE S m 1 wherein-the.formila X1 - X2 -
Ca X7 s bAla béfa*aiamne{ ~aminopropionic acid)

X-3 X4 dicy D-homocysteine

dile Denorleucineg

dNva J-norvaline

dFen D-penicifiamine

£G ethylens giveol spacer, H2N-(CH2CHZ-O4.CH2-

COZH

Hey homocysteing

Mpa 3-mercaplopropionic acid or mercaptopropionic acid

Nma N-methylaianine

PEG poly {ethylene ghycol)

Sar Sarcosine (N-methylglycine)

diHar D-homoarginine

&8 Glutatione (conjugated)

DAP 1, 3-diarninopropionic acid

Example 8

Structure-Activity Relationship Studies: i vivo Activity

{00284] The compound Ac-c(Clarmrar-NH; (SEQ iD NO:3) was prepared for
comparison with the compound  Ac-carrrar-NH, (SEQ D NO:26). in the compound Ac-
o{Clarrrar-NH, (S8EQ 1D NO:3) the thicl-containing subunit in position X, is conjugated
via a disulfide linkage to an L-Cys residue. The two compounds were administered via
IV bolus to animals with the 1K1C mode! of acute renal insufficiency at doses of (.3 and
0.5mg/kg. Plasma PTH levels were assessed prior to dosing and periodically for 24
hours after dosing. Results are shown in Fig. 10, where data shown are group averages
+ SEM, where as a function of time, in hours, in rats with 1K1 model of acute renal
msufficiency, the compound Ac-¢(Clarrar-NH; (SEQ 1D NO:3) is represented by
squares (0.3 mg/kg, n=5) and * symbeols (0.5 mg/kg, n=6} and the compound Ac-c{Ac-
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contiguous sequence of amno acid residues. 9. The conpound of claim 8,
wherei n the contiguous sequence of amno acid residues is conjugated to a
conpound WO 2bHgitkTovat e transport across a cell nenbranePCTAB2010h¢378DPOUN
of claim8, wherein the contiguous sequence of AHi'PRY MEfelNe E310EESVPE
contained within a sequence of am no acid residues between 8-50 am no acid
residues in length. 1'1, The conpound of claim®6, wherein the X3 subunit is
a cationic amno acid residue, 12. The conmpound of claim 11, wherein the
X2 subunitarirgr-dHnGHE@E 8 Neni4d) apimogiae (@3 megky uwed) arft3iarkbedscOrspaghg, of claim
11, mherggﬂ X4 is a non-cationic amno acid residue. 14. The conpound of
claim 12 or claim 13, wherein the non-cationic amno acid residue is a .
D-amino acid. 15. The conpound of claim®6, wherein X:3 and X4 are cationic
Dam no acid residues. 16. The cpppoyng of claim15, wherein X5 is a

D-am no acid residue. 17. A conpound according to any one of clainms 1-16,
wher ei n the for AifgEpe fesligiehlpOsdarmal el ;%miﬁ%rah:mmisamamm ai ni ng group
in the uni.t to second contiguous sequence. 18. The conpound of

ol ai m 17009HE o et SEORE vy don o KnUBHE 607y, Actarme ol (5ot he

f or mul a. NOI§ . wakheinrdenpeudnd 0Uf hahaisnd anvheiminnudifes seearRd @@ irguous

sequenceNhgqﬁzQ ID NO:6) was applied as a 10% solution in saline to an approximately 1 em®

area on the back of OD hairless rats that were microporated by 5 passes of a 1.0 mm
Derma Roller under moderate pressure. A polystyrene chamber (1.D. 8.5 mm) was
glued over the microporated area of skin o create a drug reservoir in which the solution
of either Ac-crrrrrr-NH, (SEQ 1D NO: 8) or a saline solution were applied. A 10% solution
of Ac-crrrrer-NH, (SEQ D NO: 8) was administered in the reservoir chamber on two rats,
a saline solution alone was administered in the reservoir chamber on one rat. The
reservoirs were covered with tape to prevent evaporation. Blood draws were {aken over
& 4 hour period and plasma was analyzed for PTH levels by ELISA. The results are
shown in Fig. 11.

Example 10
Sustained Delivery of Calcimimetic Agents by Micropore Facilitated Transdermal Patch

[00286] To further evaluate systemic delivery of a calcimimetic agent, Ac-c{C)arrrar-
NH, (SEQ 1D NO:3) was administered transdermally to normal rats using a transdermal
patch. Normal rats were ireated with microneedle array and transdermal patch system.
A small area of fur on the back of Sprague Dawley rats (~350 g) was sheared using
clippers and an area of skin was microporated using a 14x14 array {~1 cm®) of
microneedies (~0.5 mm). A transdermal patch system containing 10% solution (by
weight) of Ac-c{Clarrrar-NH, (SEQ 1D NO:3) in saline was placed over the microporatad
area and left in place for ~30 hours. Biood draws were {aken from the rais periodically
over the 30 hours and plasma samples was analyzed for PTH levels by ELISA. The

resulls are shown in Fig. 12.
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peptide that facilitates transfer of the conpound across a cell nenbrane.
WO 2011/ 014707PCT/ US2010/ 043792 Attorney Docket No 632008017W)0 20. A

conj ugat evoanpriig®d of a peptide conprising the sequenc@Ctasee1a0437SEQ | D
NO 2) and a conjugating group, said peptide |inkérdyoatisairrdetend at
its NNtermnal residue to the conjugating group. 21. The conjugate of
claim 20, wherein the peptide is chemcally nodified at the N-term nus, the
C-termnus, or both. 22. The conjugate of claim 20, wherein the N-term nus
is chemically nodified by acetyl IAbkinpR jand the C-termnus is chenically

nodi fied by am dation. e c ate of cl ai m 20, wherein the
conjugate is Ac- c(C)arrrar @L&rﬂw A corrposition for use in
treating d r P subj | SI ng
provi di ngﬁ}%ﬁn ?‘5¥ua§%§8\éﬂ8@%§§@f§"@% g?n&%%élg%%)ﬁ h&%&s@mi’ﬂf C8‘?m%0 ugat e
accor di ng(Q)@mahiﬂHaﬁ%fD ﬁ%)mswmﬁste:%y vanclonpiose 1V eriusdior tousenain SHPT in
a subj eCFatéé'vH i »@9@ Je?x&ﬂ?s&ﬂﬂ'&éﬂc icﬂdgﬁt n%th%' %%g@ﬁ%nsézﬁgpd'ed%gg providing a

conpound according to any one o a conjugateé according to
any one é@m@l%ﬁfﬁ%bym@@ﬁ rpgsdepnd oRprdsiyeietroradier geglainad detreeasbag to

par at hyr Qi Ja0sidiand @Mﬂé?}ul:irbna %Mag%rag&s? PRIeS e pﬂ{iggyﬁqglmnﬁgamcorrpound

according to any one of clains 1- conj ugat e accor t'o”any one of
cl ai ns 20eE3nraienqyply BBITES &1 "&%‘%‘&’%‘b’ﬁ@ﬁ@a&f@f (D@ %1‘\%3 234&? @Beor 26

wher ei N sadSbCQaRSK 1 8MkgiS, ﬁﬁ%u@%@/htr RSk d¥fre z?@e% prfor b &%ﬁ

regi men, i sSing a _compound according to any one of claims 1- 6 o a
ol s

conj ugat Py 6 "é’ﬁﬁf Yisere i@ @iﬁﬁ? o GripmoTH P harsel BRis ﬁ%%ﬁ&apeut ic
agent,  2&t ETheariqgidmnwed a@ds 28 TIVREERIHY £l e Secofdla bherapgut i ¢ agent
Is vit an}_n % v%ere ra?s treatgi wﬁh 1 pgikg/rhrcs:qgggg‘l) %e;;[glipg)//grr(gagrr;}lmg{ié\dgnd 10

ug/kg/hr (triangles) for 6 hours were effective 1o produce significant reduction in PTH

from baseline over the course of infusion.

[00258] A similar study was conducted in rats with the 1K1C model of acute renal
insufficiency. 1K1C model rats were infravenously infused with Ac-c(C)armrar-NH, (SEQ

D NG 273 at dose rates of 30 pg/kg/hr and 100 pg/kgihr for 6 hours. Blood samples

were taken prior to dosing (Pre), at 2 hours, 4 hours, 8 hours (Just prior to the end of

infusion; EOI), 8 hours {2 hrs post EOI) and 24 hours and plasma was analyzed for FTH

levels by ELISA. The data are shown in Fig. 14A (30 pg/kg/hr, diamonds, and 100

pgfka/hr, squares) and the serum calcium for the animals is shown in Fig. 14B.
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Claims
We claim:
1. A compound, comprising the formula:
K- Xg= Ky Ky~ Xg— Xg— Xy
wharein

Xy is a subunit comprising a thiol-containing group;

X5 18 a cationic subunit

Xg 8 a non-cationic subunit

Xy is a cationic a subunit; and

at least two of Xz, Xz and X, are independently a cationic subunit; and

wherein said compound has activity o decrease parathyroid hormone level in a subject.

2. The compound of claim 1, whersin the thicl group on the X; subunit is selecled
from the group consisting of thiol-containing amino acid residues and organic thiol-

containing moleties.

3, The compound of claim 2, wherein the thiok-containing amino acid residue is
selected from the group consisting of cysteine, glutathione, n-acetylated cysteine and

PEGylated cysteine.

4. The compound of claim 2, wherein the organic thiok-containing moiety is selecied

from mercaplopropionic acid, mercapioacetic acid, thiobenzyl, and thiopropyl.

5, The compound of claim 1, wherein the X, subunit is modified chemically to
comprise an acetyl group, a benzoyl group, a butyl group, an acetylated-beta-alanine or

is joined by a covalent linkage lo another thiol molety.

g, The compound of claim 1, wherein the formula X, - X0 - Xa~ Ky = X5 - Xg ~ X708
comprised of a conliguous sequence of amino acid residues, a contiguous sequence of

organic compounds, or a mixture thereof.

7. The compound of claim 8, wherein the conliguous sequence of amino acid
residues is a contiguous seguence of L-amino acid residues, a contiguous sequence of

D-amino acid residues, a contiguous sequence of a mixture of L-amino acld residues
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and D-aminc acid residues, or a mixture of amine acid residues and non-natural amino
acid residues.

8. The compound of claim 1, wherein the formula X, - X0 - X - X~ X5 -~ X ~ X is @

contiguous sequence of amine acid residues.

8. The compound of claim 8, wherein the contiguous seguence of amino acid
residues is conjugated to a compound fo facilitate transport across a cell membrane.

10.  The compound of claim 8, wherein the contiguous sequence of amino acid
residues is contained within a sequence of amino acid residues betwsen 8-50 amino
acid residues in length.

11, The compound of claim 8, wherein the X; subunit is a cationic amino acid

residus.

12. The compound of claim 11, wherein the X, subunit is 2 non-cationic amino acid

rasidue.
13. The compound of claim 11, wherein X, is a non-cationic amino acid residue.

14. The compound of claim 12 or claim 13, wherein the non-cationic amino acid

residue is a D-amino acid.
185, The compound of claim 8, wherein X, and X, are cationic D-amino acid residuss.
18. The compound of claim 15, wherein X; is 8 D-amino acid residue,

7. Acompound according to any one of claims 1-16, wherein the formula is
covalently attached via the thiol-containing group in the X, subunit (o a second

contiguous sequence.

18.  The compound of claim 17, wherein the second contiguous sequence is identical

o the formula.

18, The compound of claim 17, wherein the second contiguous sequence is a
peptide that facilitates transfer of the compound across a cell membrane.

~3
N



WO 2011/014707 PCT/US2010/043792
Attorney Docket No. §32008017WO0

20, A conjugale comprised of a peptide comprising the sequence carrrar (SEQ 1D
NO:2} and a conjugating group, said peplide linked by a disuifide bond at its N-terminal

residue to the conjugating group.

21, The conjugate of claim 20, wherein the peptide is chemically modified at the N-

terminus, the C-erminus, or both,

22.  The conjugate of claim 20, wherein the N-terminus is chemically modified by

acetylation and the C-terminus is chemically modified by amidation.

23, The conjugate of claim 20, wherein the conjugate is Ac-c(Clarmrar-NH, (SEQ 1D
NO:3)

24. A composition for use in treating secondary hyperparathyroidism (SHPTYin a
subject, comprising providing a compound according to any one of claims 1-19 or a

conjugate according to any one of claims 20-23.

258, Acomposition for use in SHPT in a subject suffering from chronic kidney disease,
comprising providing a compound according to any one of claims 1-18 or a conjugate

according {0 any one of claims 20-23.

26. A composition for use in decreasing parathyroid hormone levels in a subject,
comprising providing a compound according to any one of claims 1-18 or a conjugate

according to any one of claims 20-23.

27.  The composition according to any one of claims 24, 25 or 26, wherein said

composition is provided transdermaily.

28.  Atreatment regimen, comprising a compound according to any one of claims 1-
16 or a conjugate according to any one of claims 20-23 and a second therapeutic agent.

29, The regimen of claim 28, wherein the second therapeutic agent is vitamin D, a

vitamin D analog or cinacalcet hydrochioride.
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