- THERAPEUTIC AGENTS FOR REDUCING PARATHYROID HORMONE LEVELS
CROSS-REFERENCE TO RELATED APPLICATIONS

GO This application claims the benstlt of LS. Provisional Application No.
B81/223,695, filed July 29, 2000, and of 1.8, Provisiona!l Application Mo, §1/255,816, filed
Qctober 28, 2008, and of U3, Provisional Application No. 81/313 835, filed March 12,
2010, Each of these applications is incorporaied herein by reference in its entirety.

REFERENCE TO SEQUENCE LISTING, TABLE OR COMPUTER PROGRAM

10021 A Sequence Listing is being submitied slectronically via EFS in the form of a lext
fite, created July 28, 2010, and named "§32008017WO00segiist.oet” (85,400 bytes), the
contents of which are incorporated hersin by reference in their entirety,

TECHNICAL FIELD

16003) The current subject matter refates o compounds with activity 1o decrease
parathyroid hormone {(PTH) levels, fo pharmaceulical compositions comprising the
compounds, and to the use of such compounds and compositions in methods of
freatment, including but not limited to treafing hypercaicaimia or hyperparathyroidism or
modulating in vive PTH levals.

BACKGROUND

J00041 Calcium homeostasis is the mechanism by which the body maintains adequate
caloium levels. The process is highly regulated, and involves a complex interplay
betwaen calcium absorption, ransport, storage in bones, deposition in other tissues, and
excretion. PTH is a regulator of circulating calcium levels, and funclions o increase the
concentration of calcium in the blood by enhancing the release of calclum from bone
through the process of bone resomption; iIncreasing reabsorption of calcium from the
renal tubules,; and enhancing calcium absorption in the intestine by increasing the
proguction of 1,25-(CH}» vitamin D, the active form of vitamin D. PTH also stimulates
phospharus excretion from the kidney, and increases release from bone,

[B0081 PTH secration is regulated by the calcium sensing receptor (CaSR), a G-protein
coupled receptor expressed by several cell types on the swrface of parathyroid cells,
which detects srall fluctuations in the concentration of extraceliuter caleium ion (C&™")
and responds by altering the secretion of PTH, Activation of the CaSR by Ca* inhibits
PFTH secoretion within seconds fo minutes through inhibiflon of vesicular transport, and



this process may be modulated by protein kinase C (PRC) phosphorylation of the
recepior. The CaSR is also expressed on osteoblasts and in the Kidney, where it
regulates renal Ca®" excration.
{00067 In addition, PTH regulates phosphorus homeostasis, PTH stimulates the
parathyroid hormone receptor 1 (FTHRT) on both apical {rush border membrane) and
basolatersl membranes of cefls in the Gl iract. PTHR1 stimulation leads {o an increase
in urinary excretion of phosphate (Pl as a conseguence of reduction by internalization of
the renal Na'/phosphate (NaPi-ila) co-transporter on the brush border membrane.
[0007] PTH is also involved in the regulation of osteoblasts and osteoclasts in bone,
BTH increases circulating Ca”' by increasing bone resorption and renal reabsompiion of
calcium. PTH stimulates osteoblasts fo produce RANK figand {(RANKL), which binds o
the RANK receplor and activates the osteociasts, ieading (o an crease in bone
resorption and an increase in serum Ca®”. Osteoprotegerin (OPG) s a decoy receptor
for RANKL which blocks bone resorption. Osteoporosis is caused by an imbalance
betwean the processes of bone resomption by osteoclasis and bone formation by
osteohiasts.
[O008] The human body containg approximately 1 kg of calsium, 88% of which resides
in bone, Under normal conditions, circulating calcium jon {Ca”") is tightly maintained at
a tevel of about § to 10 mg/dl. (e, 2.25-2.5 mmollL, ~800 myg). Approximately 1 g of
elemental calclum (C&™) is ingested daily. Of this amount, approximately 200 mg/day is
absarbed. and 800 mg/day is excreted. In addition, approximately 500 mgiday is
released by bone resorption or is deposited into bone. About 10 g of Ca®" is filtered
through the kidney per day, with about 200 mg appearing in the urine, and the remainder
being reabsorbed.
0008} Hypercalcemia is an elevated calcium level in the blood. Acute hypercalcemia
can rasult in gastrointestinal (anorexia, nausea, vomiting); renal {polyuria, polydipsia),
nauro-muscutar (depression, confusion, stupor, coma) and cardiac (bradycardia, first
degree atrio-ventricular) symptoms. Chronic hypercalcemia is also associated with
gastrointestinal (dyspepsia, conslipaiion, pancrealitis); renal {(nephrolithiasis,
nephrocalcinosis), neuro-muscular (weakness) and cardiae (hyperiension block, digitalis
sensitivity) symptoms. Abnormal heart rhythms can result, and ERG findings of a shaort
T interval and a widened T wave suggest hypercalcemia, Hypsrealvemia may be
asymptomatic, with symptoms more commoniy ocsurting at high caicium levels (12.0
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mgfdl or 3 mmoif). Severe hypercaicemia {above 15-18 mgfdl or 2.75-4 rmoll) is
considered a medical amergency. &t these levels, coma and cardiac arrest can result.
f0010} Hypercalcamia is frequently caused by hyperparathyroidism, leading to excess
bone resorplion and elevaled levels of serum calclum, In primary sporadic
hvperparathyroidism, PTH is overproduced by a single parathyroid adenoma; less
commaenly, muifiple adenormas or diffuse parathyroid gland hyperplasia may be
causative, Ihoressed PTH secretion igads to 3 netincrease In bone resorption, with
refease of Ca’’ and phosphate {P}. PTH also enhances renal reabsorption of Ca™ and
inhibits reabsorption of phosphale (P, resulling in a net increase in serum calcium and
a decraase in phosphate.

0644) Secondary hyperparathyroldism accurs when a decrease in circulating levels of
Ca®" level stimulates PTH secretion. One cause of secondary hyperparathyroidism is
chronic renal insufficlency (also referred to as chronic kidney disease or CKDY, such as
that in rengl polycystic disease or chronic pyelonephiitis, or chronis renal fallurs, such as
that in hemodialysis patients {(also referred 10 as end stage renal disease or ESRD).
Excess PTH may be produced in response to hypacaicemia resuliing from low calcium
intake, Gl disorders, renal insufiiclency, vitamin D deficiency, and renal hypercalciuria,
Tertlary hyperparathyroidism may occur after a long period of secondary
hyperparathyroidism and hypercaicemia.

{0012] Malignancy is a comunon cause of non-PTH mediated hypercalcemia.
Hypercalcemia of malignancy, is an uncommon but ssvere complication of cancer,
affecting between 10% and 20% of cancer pafients, and may sccur with both solid
tumors and leukemia. The condition has an abrupt onset and has a very poor prognosis,
with & median survival of anly six weeks. Growth factors (GF) regulate the production of
parathyroid hormong-related protein (PTHIP) in tumor calls. Tumor cells may be
stimulated by avtocring GF to increase production of PTHrP, leading to enhanced bone
resorption. Tumor cells metastalic to bone may also secrete PTHP, which can resorb
bone and release additional GF which in turn act in a paracrine manner to furthers
snhance PTHrP production.

[00131 Accordingly. compounds with activity to, for example, modulate PTH lavels
andfor calcium levels in vive are desired.



BRIEF SUMMARY

[0013a] in one aspect, there is provided a compound, comprising a peptide and a
conjugating group, wherein the peptide comprises an amino acid sequence having the
formula:
Ki=Xa=Xg=-Xq - X5 -Xg - Xy
wherein
X, is D-cysteine;
X, is an amino acid selected from the group consisting of D-arginine, D-alanine,
D-valine, D-leucine, D-phenylalanine, D-serine, D-glutamine, D-norlelucine and D-norvaline;
Xz is D-arginine;
X, is an amino acid selected from the group consisting of D-arginine and a non-
cationic amino acid, wherein X, is not glycine, proline or an amino acid with an
acidic side chain;
Xs is D-arginine;
X, is D-alanine or D-glycine;
Xy is D-arginine; and
wherein at least two of X5, X; and X, are independently a cationic subunit; and
wherein the peptide at its N-terminus is linked to the conjugating group by a
disulfide bond.

[0014] Also disciosed is a compound, comprising the formula

Xy = Xg = Xz = Xg = Xg—Xg = X7
wherein X, is a subunit comprising a thiol-contfaining group; Xs is a cationic subunit; Xs is a
non-cationic subunit; Xy is a cationic subunit; and at least one, preferably two, of X;, X; and
X4 is/are independently a cationic subunit; and wherein the compound has activity to
decrease parathyroid hormone concentration. In one embodiment, the decrease in
parathyroid hormone concentration is a decrease in blood or plasma parathyroid hormone
concentration in a subject treated with the compound relative to the blood or plasma
parathyroid hormone concentration in the subject prior to treatment. In another embodiment,
the decrease in parathyroid hormone concentration is achieved in the absence of a
histamine response.
[0015] In another embodiment X; and X, are non-cationic while X, X5 , Xg and X; are

cationic.
[0016] In one embodiment, the X subunit is a thiol-containing amino acid residue. In

another embodiment, the thiol group of the X, subunit is an organic thiol-containing moiety.



[0017] In another embodiment, when the X, subunit is a thiol-containing amino acid
residue, it is selected from the group consisting of L-cysteine, D-cysteine, glutathione, n-
acetylated cysteine, homocysteine and pegylated cysteine.

[0018] In yet another embodiment, the organic thiol-containing moiety is selected from
thiol-alkyl, or thioacyl moieties such as 3-mercaptopropyl or 3-mercaptopropionyl,
mercaptopropionic acid, mercaptoacetic acid, thiobenzyl, or thiopropyl. In still another
embodiment, the organic-thiol-containing moiety is mercaptopropionic acid.

[0019] In still another embodiment, the X4 subunit is modified chemically to comprise an
acetyl group, a benzoyl group, a butyl group, or another amino acid such as acetylated-
beta-alanine.

[0020] In yet another embodiment, when the X, subunit comprises a thiol moiety, the X,
subunit is joined by a covalent linkage to a second thiol moiety.

[0021] In another embodiment, the formula X4 - X3 - X3 — X4 — X5 — X — X7 is comprised
of a contiguous sequence of amino acid residues (designated herein as (Xaa1)-(Xaaz2)-
(Xaaz)(Xaaa)-(Xaas)-(Xaas-{Xaa7) SEQ ID NO:1) or a sequence of organic compound

subunits (non-amino acid residues).
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[0022] In another embodiment, the contiguous sequence of amino acid residues is a
contiguous sequence of L-amino acid residues, a contiguous sequence of D-amino acid
residues, a contiguous sequence of a mixture of L-amino acid residues and D-amino acid
residues, or a mixture of amino acid residues and non-natural amino acid residues.

[0023] In another embodiment, the contiguous sequence of amino acid residues is linked to
a compound to facilitate transport across a cell membrane. In another embodiment, the
contiguous sequence of amino acid residues is linked to a compound that enhances delivery
of the sequence into or across one or more layers of tissue.

[0024] In another embodiment, the contiguous sequence of amino acid residues is
contained within a sequence of amino acid residues from 8-50 amino acid residues, 8-40
amino acid residues, 8-30 amino acid residues or 8-20 amino acid residues in length. In yet
another embodiment, the contiguous sequence of amino acid residues is contained within a
sequence of amino acid residues from 8-19 amino acid residues, 8-18 amino acid residues,
8-17 amino acid residues, 8-16 amino acid residues, 8-15 amino acid residues, 8-14 amino
acid residues, 8-13 amino acid residues, 8-12 amino acid residues, 8-11 amino acid
residues, 8-10 amino acid residues, or 8-9 amino acid residues in length.

[00625] In ancther embodiment, the X; subunit is a cationic amino acid residue.

[0026] In another embodiment, the X, subunit is a non-cationic amino acid residue, and in
another embodiment, the X, subunit is a non-cationic amino acid residue. In one
embodiment, the non-cationic amino acid residue is a D-amino acid.

[0027] in another embodiment, X; and X, are cationic D-amino acid residues.

{0028] in another embodiment, the X5 subunit is a D-amino acid residue.

[6028] In ancther embodiment, the contiguous sequence in any of the described
compounds is covalently attached via the thiol-containing group in the X, subunit to a
second contiguous sequence. For example, the second contiguous sequence can be
identical to the contiguous sequence (to form a dimer), or can be non-identical, as would be
the case when attached to a moiety that facilitates transfer of the contiguous sequence
across a cell membrane.

[0030] In another embodiment, a conjugate comprised of the peptide carrrar (SEQ ID NO:2)
is provided, where the peptide is conjugated at its N-terminal residue to a Cys residue.
[0031] In one embodiment, the peptide is chemically modified at the N-terminus, the C-

ferminus, or both.



[06032] In another embodiment, the N-terminus of the peptide is chemically modified by
acetylation and the C-terminus is chemically modified by amidation.
[0033] In another embodiment, the conjugate is Ac-c(C)arrrar-NH; (SEQ 1D NO:3).
[0033a] In one aspect, there is provided a compound comprising Ac-c(C)arrrar-NH; (SEQ
ID NO:3).
[0033b] In one aspect, there is provided a compound comprising Ac-c(C)arrrar-NH, (SEQ
ID NO:3), wherein the conjugating group is acetylated.
[0033c] In one aspect, there is provided a compound comprising Ac-c(c)arrrar-NH, (SEQ
ID NO:142).
[0033d] In one aspect, there is provided a compound comprising Ac-c(C)rrarar-NH, (SEQ
ID NO:28).
[0033e] In one aspect, there is provided a compound comprising Ac-¢(C)rrarar-NH, (SEQ
ID NO:28), wherein the conjugating group is acetylated.
[00323f] In one aspect, there is provided a compound comprising:

Ac-crrarar-NH, (SEQ ID NO:25)

|

Ac-crrarar-NH, (SEQ ID NO:25) ‘
[0033g] In one aspect, there is provided a compound comprising:

Ac-carrrar-NH, (SEQ 1D NO:26)

I

Ac-carrrar-NH, (SEQ ID NO:26)
[06033h] In one aspect, there is provided a pharmaceutical composition comprising a
compound as defined above and a pharmaceutically acceptable excipient or carrier for use
in treating secondary hyperparathyroidism (SHPT) in a subject.
[0033i] In one aspect, there is provided a pharmaceutical composition comprising a
compound as defined above and a pharmaceutically acceptable excipient or carrier for use
in decreasing parathyroid hormone levels in a subject.
[0033}] In one aspect, there is provided use of a composition comprising a compound as
defined above for manufacture of a medicament for treating secondary hyperparathyroidism
(SHPT) in a subject.
[0033K] In one aspect, there is provided use of a composition comprising a compound as
defined above for manufacture of a medicament for decreasing parathyroid hormone levels

in a subject.



[0034] In another embodiment, a method of treating secondary hyperparathyroidism
(SHPT) in a subject is contemplated, wherein a compound as described herein is
provided to the subject. In various embodiments, the subject can be suffering from
chronic kidney disease or other condition.

[0035] In another embodiment, a method of decreasing parathyroid hormone in a
subject is contemplated, wherein a compound as described herein is provided fo the
subject.

[0036] In another embodiment, a treatment regimen is provided, the regimen
comprising providing a compound according to any of those described herein, in
combination with a second agent.

[0637] in one embodiment, the second therapeutic agent is vitamin D, a vitamin D
analog or cinacaicet hydrochloride.

[0038] In any of the aspects or embodiments described herein, any one or more of the
sequences is contemplated to be individually excepted or removed from the scope of the
claims. In certain embodiments, the peptides identified by any one or more of SEQ ID
NOs: 162-182, individually or in any combination, are excluded from the claimed

compounds, compositions and methods.

BRIEF DESCRIPTION OF THE DRAWINGS

[0039] FIG. 1 is a graph of parathyroid hormone level, as percent of the baseline pre-
dose value, as a function of time, in hours, in rats with acute renal insufficiency (1K1C
model), where the rats were dosed with Ac-crrrr-NH; (SEQ ID NO:4, diamonds),
Ac-crrrrr-NH, (SEQ 1D NO:5, closed squares), Ac-crrrrrr-NH; (SEQ D NO:8, triangles),
Ac-crrrrrr-NH, (SEQ ID NO:7, open squares), or saline control (x symbols);
[06040] FIG. 2Ais a graph of IP4 concentration, in nM, as a function of compound
concentration of Ac-carrrar-NH, (SEQ ID NO:26, squares) and Ac-arrrar- NH, (SEQ ID
NO:29, triangles), as a measure of the compound’s ability to activate the human CaSR
in an in vitro cell assay when the human CaSR is expressed as a stable transfected
HEK-293 cell line;
[0041] FIG. 2B shows the reduction in PTH concentration upon in vivo administration of
peptides identified as SEQ ID NO:26 (Ac-carrrar-NH3) (squares) and as SEQ 1D NO:29
(Ac-arrrar-NH;) (diamonds), where the peptides were administered as an IV bolus to
Ga



normal Sprague Dawley rats at doses of 8 mo/kg for SEQ D NO:20 and at 0.5 mgékg for
SEGID NO28. An intravencus (V) bolus of saline was used as a conirol {dashed line).
Plasma PTH levels were assessed prior 1o dosing and 1, 2, 3 and 4 hours after dosing.
Resulls are presented as group average + standard deviation {(8D), and PTH is shown
as percent of the baseline pre-dose value,

0042} FIG. 3 is @ bar graph that compares the releass of histamine following IV Dolus
administration of various compourdds in normal Spragus Dawley rats, where the
compounds Ac-orrrr-RNHy (SEQ 1D NO4), Ac-crrmme-NH, (BEQ 1D NO:B), Ac-crmrmr-NH,
(SEG D NOB) and Ac-crrrrmrer-NH; (SEQ 1D NGi41) were dosed in an eguimolar [V
botus dose of 2.1 pmolkg, and plesma histamine was measured before dosing {pre-
dose), 5, 15 and 30 minutes after dosing;

00431 FIG. 4 is a bar graph that compares the releass of histamine following ¥ bolus
administration of two compounds i normal Sprague Dawley rats, where the compounds
Ac-o{ClarmanddH; (SEQ 1D NO3, cross halched bars) and Ac-crrrmmr-NH, (3EQ 1D NGS,
apen bars) were dosed at 3 mgikg, and plasma histamine was measured before dosing
{time zero) and 5, 15 and 30 minutes after dosing;

10044] FiG. 5is & graph of parathyroid hormone level, as pevcent of the baseline pre-
dose valug, 8s 8 funchion of tme, In hours, in nonmal rats dosed with 0.5 mglky by v
bolus of Ac-crrrerr-MNH, (8EQ 1D NGB, diamonds), Ac-carrrre-NH; (SEQ 1D NOE,
squares), Ac—-crarmr-NH, (SEQ D NC'8, tiangies), Ac-crrarrr-NH; (SEQ 1D NGOG0, x
symbols), Ac—crirarr-NH, (SEQ 1D NO:11, * symbols), Ac-crrrar-NH, (SEQ 1D NOM2,
circles) or Ac~crrrrraeNi, (8EGQ 1D NO13, + symbols);

(00457 FIGS. BA-GR are graphs of parathyroid hormone jevel, as percent of the basaline
pre-dose vahe, as a function of ime, in hours, in healthy rats dosed with 0.5 mgfkg by
IV bolus of Ac-carrrar-RHg (SEQ D NO:28, open diamonds), Ac-crrarar-NH; (SEQ 1D
NQ:25, open squares), Ac-caar-NiHy (SEQ 1D NOR2, triangles), Ac-crraarr-NH; (S8EQ
1D NO:47, closed squares), Ac-c{Clarrrar-NH, (SEQ 1D NO3, diamonds Fig. 68), Ac-
craarrr-Ni: (SEQ 1D NO:24, x symbols in Fig. A}, Ac-o(Cirrarar-NH, (SEQ 1D NO28, x
symbois, Fig. 8B,

f00481 F1G. 7 shows the decresse in parathyroid hormone levels in the blosd as &
function of ime, for the compound Ac-¢{Clarrrar-NHy (SEGQ 1D KOu3) administered as an
1V bolus to nonmal Spragus Dawley rats at doses of 1 mgfkg (diamonds), 0.5 moarkg
(squares), 0.2 mg/kg {riangles), and 0.1 mg/kg (x symbols). An intravenous {(IV) bolus of
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saline {circles) was used as a control, Plasma PTH levels were assessad prior to dosing
and at 1, 2, 3 and 4 hours after dosing.

f0047] FIG. 8 is a graph of parathyrold hormons level, as percent of the baseling nre-
dose value, as a function of time, in hours, In rats with acule renal insufficiency (1K1C
model), in rats with TK1C mode! of acute renal insufficiency, whare the rats were dosed
via IV bolus with the compound Ac-o{Clarrrar-NH, (SEQ ID NO:S) at doses of 3 mykg
{diamonds), 1 mg/kg (rlangles), 0.5 malkg (squaras) and 0.3 mg/kg & symbols), or
saline (squares), the dashed ine in Fig. 8 indicating basaline PTH level pre-dosing;
0048} FIG, @ s a graph of parathyroid hormone level, as percent of the base%iné pre-
dose value, 25 g funclion of time, in hours, in rats dosed intravenously with saline {x
symbols} or with the: cormpounds Ac-trirrr-NiH {SEQ 1D NGOG, open diamonds), and Ac-
carrrar-NH, (SEQ 1D NO:28, apen squares) at 1 mgfkg vie a 30-minute IV infusion,
where plasma PTH levels were assessed prior fo dosing, 16 hours and 24 hours after
dosing,

[00481 FIG. 10 s a graph of parathyroid hormone level, as percent of the baseline pre-
dose value, &s a funclion of time, in hours, in rats with acute renal insufficiency (1K1C
model), where the rats were dosed via IV bolus with the compounds Ac-c(Carrrar-Nid,
(SEQ ID NC:3, squares, © symbols) and Ac-c{Ac-Clarrar-NH, (SEQ 1D NG 148,
tfrisngles, diamonds) at doses of 0.3 mp/kg (squares, irangles) and 0.5 mgikg (%,
diamonds);

§00507 FIG. 11 Is 2 graph of parathyroid hormone lsvel, as percent of the baseling pre-
dose value, 83 a function of tims, in hours, in rals freated via micropore-faciitated
transdermal delivery of Ac-orrerre-NH; (SEQ 1D NO'8, two animals, souares and
friangles) or with saline via transdermal delivery {diamonds);

[60811 FIG. 12 is a graph of parathyroid hormone level, as percent of the bassline pre-
dose value, 88 a function of time, in hours, in rats reated via micropore-facilitated
fransdermat delivery of Ac-o(Clarrrar-NH, (BEQ 1D NO3);

[0082} FIG. 13 18 a graph of mean PTH (as percent of baseling) during and following 2 8
hour IV infusion of Ac-c{Clarrrar-NH, (SEQ 1D NC:3j in normal Sprague-Dawley rats,
where the compound was infused at rates of 1 pg/kg/hr (squares), 3 pglwgfhr {sirclss),
and 10 pgikg/hr (rianglesy;

FOO831 FiC. 14A shows PTH (as & percent of baseline} during and following a 8 hour 1V
infusion of Ac-c{Clarrrar-NH,; (SEQ D MO:3) in the 1K1C rat moded of acute renal



msufficlency, where rats were intravenously infused at dose rates of 30 ugfkafhr
{diamonds) and 100 pg/kgihr (souares);

{00B4] FIG. 148 is a bar graph showing serum calcium, In moidL, for the 1K1C modef
rats treated as in FIG. 14A

FO085] The present subject matier may be undersiood more readily by reference to the
following detailed description of the preferred embodiments and the exampies included
herein.

DETAILED DESCRIPTION
i Dedintions

fEO56T Within this application, unless otherwise stated, definitions of the terms and
ustration of the technigues of this application may be found in any of several wel-
known references such as: Sambrook, J., et al, Molecular Cloning: A Laboratory
ianual, Cold Spring Harbor Laboralory Press (1880}, Goeddsl, D, ed., Gene
Expression Technology, Methods in Enzymology, 185, Academic Preses, Ban Dlego, CA
(1991} “Guide to Protein Purification” in Deutshear, M.P., ad., Methods in Enzymology.,
Academic Press, San Dlego, CA (1888); Innis, &t al., FCR Protocols: A Guide o
Wethods and Applicalions, Academic Press, San Diege, CA (1980); Freshney, R.L,
Cultire of Animal Celle: A Manual of Basic Technique, 2ng BEd., Alen Liss, Inc. New
York, NY (1887); Murray, E.J., ad., Gene Transfer and Exprassion Frotocols, pp. 109
128, The Humana Press inc., Cliffor, MJ and Lewin, B., Genes Vi, Oxford University
Prass, New York (1087).

FO0BTY As used herein, the singular form "a”, "an”, and “the” include plual references
uniess indicated otherwise. For example, “a” modulator peptide inciudes one of more
modutator peplides,

[ODE8T As used herein a compound has "activity to decrease parathyroid hormong level”
or “PTH-lowering activity” when the compound, ypon adminisiration o a subject, lowers
ptasma parathyroid hormone (PTH) relative o the plasma PTH concentration prior to
administration of the compound. in one embodiment, the decrease in PTH level s at
feast 20%, 30%, 40%, 50%, 60%, 70%. 80%, 0% or 85% lower one hour afler
compound administration that the PTH level prior o administration of the compound.
F00891 As used herein, "absence of a2 hislaming response” or "lack of g histamine
response” inlends a dose of a compound thatl produces a less than 15-fold, 14-fold, 13
foid, 12-fold, 11-fold, 10-fold, 8-fold, 8-foki, 7-fold, 8-fold, 5-foid, 4-fold, or 3-fold increase



in histamine, measured in vitro in an assay as desoribed hersin, whare the fold change
is determined based on histamine levels before Incubation with the compound and affer
15 minutes incubation with compound,

{0068} As used herein, *amino acid” refers o natural and non-natural aming acids. The
twenty naturally occurring amino acids (L-isomers) are dasignated by the three lelter
code with the prefic “L-" (exeept for glycine which is achiral) or by the one fetler code in
upper-case: &alanine ("L-Ala" or "A™), arginine ("L-Arg” or “R"), asparagine ("L-Asn” or
“N™, aspariic acid ("L-Aap” or ‘D7), cysteing (“L-Cys” or "CM, glutamine ("L-Gin" or “Q"},
glutamic acid ("L-Glu” or “E"), glycine ("Gly" or “G”), histiding (*L~-Hig” or “H"), isoleucine
{"Ldle” or “1), leucing ("L-Leu” or "L7}, lysine ("L-Lys” or “iK"), methionine ('L-Met" or “}47),
phenviglaning ("L-Phe” or "™}, profing (‘L-Pr¢” of "P"), serine {“L-8er” or “8"), threonine
{"LThe” or °T7), tryptophan CL-Trp" or "W, tyrosine ("L-Tw” ot Y™} and valine {"L-Val" or
“W1. L-noteucing and L-norvaling may be represented as (NLeau) and (NVal),
respectively. The nineteen naturally occurring amine acids that are chiral have 3
corresponding D-isomer which is designated by the three lefler cotle with the prefix “D-
or by the lower-case one lelter code: alaning (‘D-Ala” or 8"}, arginine ("D-Arg” or 1%,
asparagine ("D-Asn” or “a"), aspartic acid ("D-Asp” or "d™), cysteine ("D-Cys” or “2"),
glutamine ("D-GIn” or g}, giutamic acid (D-Glu” or “e”), histidine ("D-His" or "#"),
isoleucine ("D-lig” or ‘T, leucine {"D-Ley” or 1), tysine (*D-Lys” or “K"), methicnine ("D~
Mat” or ‘m’"), phenvialanine ("D-FPhe” or ‘T, proline (‘'D-Pro” or “p™, serine ("D-Se” ot
“a™y, threonine ("D-The” or '1"), trypfophan ("D-Trp" or "w™), tyresine (*D-Tyr" or “v") and
valing {*D-val’ or V"), D-norleucine and D-norvaline may be répresenfefi gs {tNLeau)
and (gNvall, respectively. Although “amino acid residue” is ofien used in refarence o a
manomeric subunit of a peptide, polypeptide or profein, and “amine acid” is often used in
reference 10 & free molecule, usage of these ferms in the art overlaps and varies. The
term "amino acid” and “amino acid residus” are used interchangeably and may referto a
free molecule or & monomeric subunit of a peptide, polypeptide or protein, depending on
conigxt,

[o081] To determine the percent “homology” or percent “identity” of two amino acid
sequences, the sequences are sligned for optimal comparison purposes (£.4., gaps can
be infroducad in the ssquence of ong polypeptide for oplimal alignment with the other
polypaptide). The amino acid residues at corresponding amino acid positions are then
compared. When 3 position in one seguence is occupied by the same amine acid
residue as the corresponding position in the other seguence, then the molecuiss are



identical at thal position. As used herein aming acid or nucleic acid “hnmology” is
stuivalent to amino acid or nucieéﬁ acid “identity”. Accordingly, the percent sequence
identity between the two sequenceas is a function of the number of identical positions
shared by the sequences (1.s., percent sequence identity = numbers of identical
positions/total numbers of positions x 100). Percent seguence identity hebween two
polypeptide sequences can be determined using the Vector NTi software package
{tnvitrogen Corporation, 5781 Van Allen Way, Carlsbad, CA B2008). A gap opening
penalty of 10 and a gap exiension penaily of 0.1 are usad for determining the percent
identity of two polypeptides. All other parameters are set &t the default setfings.
{00821 A “cafionic amino acid” intends an aming acid residue that has a net positive
charge at physiclogic pH (7.4}, as is the case, for exampie, in the amino acid residuss
where the side chain, or "R group”, contains an amine funclional group or other
functionat group that can accept @ proton 1o becoms positively charged at physiologic
pH, such as a guaniding or imidazole moiety. Cationic aming acid residuss include
arginine, ysine, histidine, 2, 3-diaminopropionic acid {Dap), 2 4-disminobutyric acid
{Dab), ornithine, and homoarginine,

[0083] A “cationic subunit” intends a subuni that hes a nel positive charge at
phystologic ph (7.4},

F00847 As used herein, "consarvative amino acid substitutions” are substifutions which
do not result in a significant change in the aclivily or tertiary struclure of 2 selecied
potypentide or protein. Such substitutions typically involve replacing & selectad amino
acid residus with a different aming acid residue having similar physice-chamical
properties, Groupings of amino acids and amine acid residues by physico-chemical
properiies are known o those of skill in the art. For example, among the naturaly-
oceurting amingo acids, families of amino acid residuss having similar side chains have
heen defined in the art, and ipclude basic side chains {e.g., lysine, arginine, histiding),
acidic side chaing (e.g., aspartic acid, glulamic acid), uncharged polar side chains (e g,
giycine, asparagine, glutamine, serine, threoning, tyrosing, cysieine), nonpolar side
chains {e.g., alaning, valing, leucine, isoleucing, profing, phenylalaning, mathioning,
tryptophan), beta-branched side ohains (8.g., threonine, valing, isoleucing) and aromatic
side chains (e.g.. tyrosing, phenyvlalanine, tryptophan, histidine).

[60658] As used hersin, “chemical cross-linking” refers o covalent bonding of two or

mare molecules,
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{0086} A peplide or peptide fragment I8 “derived from” a parent peptide or polypepiide if
it has an amino agid sequence that is identical or homologous o at least & contiguous
seguence of five amine acid residues, more preferably sight amine acid residuss, of the
parent peptide or polypeptide.

[OGEY] As used herain, the lerm "hyperparathyroitism” refers to primary, seoondary and
fertiary hyperparathyroidism, unless otherwise indicated.

(00881 The ferm tintradermal” intends thet in the methods of treatment described hersin
a therapeutically effective amount of a2 calcimimetic compound is applied to skin fo
deliver the compound to layers of skin peneath the stratum comeum, and thus achieve a
desired therapeutic sifect.

FO088] As used herein, an “isclated” or “purified” polypeptide or biclogically active
pottion thereof i free of some of the cellular material when produced by recombinant
DNA technigues, or chemical precursors or other chamicals when chemically
synthesized. The language “substantially fres 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
polypepiide or biclogically active portion thereof is recombinantly produced, it is aiso
preferably substantially free of culture medium, La., cullure medium represents iess than
about 20%, more preferably lsss than about 10%, and most preferably less than about
5% of the volume of the polypeptide preparation. The languege "substantially fres of
chamical precursors or other chemicals” includes preparations of polypeptides in which
the polypeptide is separated from chemical precursors or other chemicals that are
ivolved in the synthests of the polypeptide. in one embodiment, the languags
“subsiantially free of chemical precursors or other chemicals” includes preparations of a
polypeptide having less than about 30% (by dry wsight) of chemical precursors of other
chemicals, preferably less than about 20% chemical precursors or other chemicals,
more preferably legs than about 18% cherndcal precursors or ather chemicals, still mors
preferably less than about 10% chemical precursors or other chemicals, and most
preferably lass than about 5% chemical precursors or other chemicals. In preferred
embodiments, isolated polypeptides, or biologically aclive portions theredf, jack
contaminating polypeptides from the same organism from which the domain polypeptide
is derived.



160751 As used herein, “macromoiecule” refers 10 3 molecule, such as 2 peptide,
nolypeptide, protein or nucleic acid, that typieally has 3 molecular weight greater than
about 800 Daltons.

{00741 A "non-catfionic amino acid” intends an amino acid residue that has no charge or
a net negative charge at physiclogic pH (7 .4), as is the case, for example, in the amino
acid residues whare the side chain, or "R group”, is neuiral (neutral polar and neutral
non-potary and ackdic, Non-cationic aming acids ntlude those residues with an R group
that is a hydrocarbon alkyt or aromatic molety {e.g., valine, alaning, leucing, soleucine,
phenyialanine); a neutral, polar R group (asparagine, cystaine, glutaming, serine,
threonine, tryptophan, tyresine); or a neutral, non-polar R group {glycine, methionine,
profing, valing, isoleucing). Non-cationic aming acids with an acidic R group inciude
asparatic acid and glutamic acid.

{0073 A "polymer” refers fo 2 linear chain of two or mors identical or non-identical
subunits joined by covalent bonds.

{0073} As used hersin, “peptide” and "polypeptide” refer fo any polymer made up of 5
chain of amino acid residuss linked by peptide bonds, regardiess of its size. Although
“protein” is often used in reference to relatively large polypeptides, and “paptide” is often
used in reference to small polypeptides, usage of these farms in the an overlaps and
varies. Thus, for simplicity, the ferm "peptide” will be used herein, although In some
casas the art may refer {o the same polymer as & ‘polypeptide.” Unless otherwise
indicated, the sequence for 2 peplide is given in the order from the amine terminus to the
carboxy! terminus.

[0G741 A “thiol-containing group” or “thick-containing moiely” as used herain intends a
functional group comprising a sulfur-hydrogen bond (-8H), and that is capable of
reacting with another thic! ynder physiclogic condifions o form a disuifide bond. A thiol
that is capable of forming a disuffide bond with another thiol is referred fo hersin as a
“reactive thicl” In a preferred embodiment the thiokcontaining group is less than 8
atoms away from the backbone of the compound. In a more preferred embodiment, the
thiol-containing group has the struciure ((8H-CHa-CH-C(O)-0-)-.

[0078] As used herein, “small moleculs” refers to a molscule other than a
macromolecule, such as an organic molecule, and typically has & molecular weight of
less than 1000 daltons,

{ﬁﬁmj As used herein, “subject’ refers 1o a human subject or an animal sublect.
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{GO771 A fsubunil” intends a monemeric unit that s joined to more than one other
monomeric undt (o form & polymeric compound, where a subunit is the shortest repeating
pattern of elements in the polymeric compound. Exemplary subuniis are amino acids,
which when linked form a polymer compound such as thoss referred foin he artas a
paptide, a polypeptide or a protein,

G781 As used herein, 3 "therapeutically effective amount” s an amount required to
produce a desired therapeutle effect. For example, in methods for reducing serum
calcium in hypercalcemic subiects, a tharapeutically effective amount is the amount
reguired to reduce serum calcium levels by at least 1%, 2%, 3%, 4%, 5%, 8%. 7%, 8%,
9%, 10%, 11%, 12%, 13%, 14%, 158%, 16%, 17%, 18%, 18%, 20% or 256%. Calclum
may be measured as totel calcium or as lonized calchum. By way of another exampls, in
methods for lowering in vive PTH, a therapeutically effective amount is the amount
required o reduce PTH levels by at least 1%, 2%, 3%, 4%, 5%, 8%, 7%, 8%, 8%, 10%,
11%, 12%, 13%, 14%, 15%, 16%, 17%, 18%, 18%. 20% or 25%.

[0O79T As used herein, the term "ransdermal” means that in the methods of treatmeant
described herein a therapeutically effective amount of a calcimimetic agent is applied to
skin to deliver the compound o syslemic circulation and thus achievs & desired
therapeutic effect.

{0080} Unless otherwise specified, all documents referred {o herein are incorporated by
reference in their entirety.

i Compounds

[0021} in one aspedd, a compound somprising the sequence of subunits X - Xo -~ Xz —
Ky~ Kg —~ Kg ~ X7 is provided, where X, is @ subunit comprising a thiol group; Xz is a
cationic subunil; Xg is a non-gationio subunit; X7 is 2 cationic a subunit and at least two
of Xy, Xy and X4 are independendly a calionic subunit. The compounds have activity o
devrease parathyroid hormone (PTH) levels and/or decrease calcium levels in a
sublect’s biood. A decrease in parathyroid hormone levels, as will be Hlustrated below,
intends a lowering of plasma or blood PTH concentration in a subject relative to the
piasma or biood FTH concentration prior {o freatment with the compound. Inone
embodiment, the compoiind achieves a reduction in plasma PTH congentration by at
least 0% within one hour afer dosing, relative fo the plasma PTH prior to dosing. The
compounds arg exemplified by peptides, although a skilled ariisan will appreciate that



non-peplidic compounds that have the desired aclivity can be designed based on the
structure-gotivity relationship studies described harain.

[0082] As used herein parathyroid hormone or PTH is an 84 amino ack! peptids
produced by the parathyroid gland and its breakdown products. Besides full length PTH
{which consists of residues 1-84 and is sometimes referrad to as “intact” of “bicactive”
PTH) verous PTH fragments generated by proteclysis and other routes of metabolism
are present i blood. The amino-deminal 1-34 region of the intact PTH molecule is
biologically active. This region of the molecude contains the amino acid sequance that
enables PTH to bind to the parathyrold hormone receptors in farget tissues, The middis
and carboxy-terminal 35-84 region of the intact PTH moleculs is belisved 1o be
biclogically inert but possesses immunological resctivity. PTH 7-84 s thought fo exen
effects that are opposite to those of 1-84 PTH. Various assays have been developed o
measure PTH levels including vatious breakdown products and are reviewed by
Souberbielie et.al., Kidney Inferngtional, 77:93-100 (2010}, which is incomporated herein
by reference. In one embodiment, a compound having activity to decrease PTH level as
defined herein s ascertained using a validated PTH guantification method that detects
the intact bicactive form of PTH(1-84), and commercially available kils are known in the
art (2.g., seg Example 3 herein).

[0083] in a first study, compounds comtaining 4 to 7 cationic {e.g., argining) subunits
were generated and tasted for their ahifity to lower PTH as compared with baseline PTH
vaiues and saline-treated animals. Specifically, 8 1K1C model of acute rena!
insufficiency was esiablished for use in characterizing the PTH-lowering activity in a
renal dysfunction environment, The 1K1C model is described in Example 1A, and the
compounds synthesized for testing included () Ac-orrre-NH (SEQ 1D NOWy, (d Ac-crr-
B, (BEQ 1D NOS), i) Ac-crrrre-NH, (SEQ 10 NOW®), (W) Ac-crrom-NH, (SEQ 1D
NO7) and {v) saline control,

[0084] As described in Example 18, the compounds identified as SEQ D NOY, SEGHD
NO5, SEQ 1D NOB and SEQ D NO7 were each administered by a 30-minute IV
infusion fo 1K1C mode! antmals. Fig. 1 shows the reduction in plasma PTH levels as a
percent of the pre-desing (baseling) level. All four compounds dosed at 3 mg/kg
produced a significant drop in plasma FTH, but differences in the potency and duration
of PTH reduction suggest a relationship between the net positive charge and PTH-
fowering activity. For example, the compaound Ac-crmrr-NM, (SEQ 1D NOE; triangles)

with six cationic {arginine) subunits had increased efficacy as well as the duration of
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action compared o the compounds Ac-orr-NH, (SEQ 1D NOk4, diamends) and
Ac-crerrr-pifs (SEQ D NO:B; squsres), containing four and five calionic {arginine)
subunits, respectively. Surprisingly, the compound Ac-orrrerr-NH, (SEQ 1D NO:8;
triangles) with six cationic {(arginine) subunits had increased duration of action compared
to the compound Ac-orirrrr-ivH,  (SEG 1D NOT, open squares) with seven cationic
{arginine) residues, suggesting that activity or potency of the compounds does not
correlate merely with increasing cationic charge of the compound. Thatl is, the
compound Ac-orerrrrr-Ri, (SEQ 1D BOIT) with seven cationie subunits (arginine
rasidues) produced a simitar initial drop in PTH as the compounds with fewer cationic
residuss, but cver the 24 hours following dosing was less efficacious than Ac-crimrr-NH;
{SEQ D NOB) and Ac-orrrrr-NH: (S8EGQ 1D NOXB). These latter two compounds
produced a mean FTH reduction of ~40% and 80% at the 24 hout time point,
respectivsly. Both the extent of PTH reduction and duration of PTH are important
criteria for oblaining oplimal therapeutic banefit for patiente in need of reatment.
should be noted that the compounds In this study were administerad at the samea mgrkyg
dose but, dus to differencas in molecular weight, @ differant number of moles of aach
compound was actually dosed. Therefore, Ac-crrrrrr-MH; (SEQ 1D NO:B) was
significantly more potent than Ac-orrr-NHg (SEQ 1D NO4) and Acecrrre-hiF, (SEG D
NQO:5 )Y on a per mole basis,

fp0as; Further studies wers done o explore the structure-activity relationship of the
compounds. The compound Ac-crrrrr-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 i1 vifro human calcium-
sensing receptor (CaSR) assay, described in Example 2, wherein HEKX 283 celis that
express the human calcium-sensing receplor were used fo measure aclivity of
exemplary compounds, Without wishing to be bound by theory, it is thought that the
mechanist by which the described compounds lower PTH in vivo is through the
activation of the Ca8R, which is expressed in the parathyroid gland and controls PTH
secrelion. Activation of the CaBR lsads 1o an increese in infraceliuiar calclum and
inositol-3-phosphate (IP3) and the subseguent accumulation of incsiiol-phosphate-1
(P4}, Accordingly, in this in vifro assay, the half maximal effective concentration of
compound to reduce 1P, generation by 50% was determined (ECse). The same
compounds ware also tested in vivo to determine thelr FTH-lowering activity, as

describad in Example 3. Resuits are shown in Table 1. The numbers in the column
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titled "% PTH AUC {1-4 hrs) of saiine control” of Table 1 define activity as reduction in
Area Under the Curve {AUC) of PTH over 4 hours as a percent of PTH AUC derived
from saline-treated control rats. For example, an AUC (compound freated)/AUC (saline
control*100 that is equal to O would be indicative of & highly active PTH-lowering
compound that completely suppresses PTH (fo an undetectable level) for 4 hours afier a
single IV administration of isoflurane {IF)-anesthetized normal rats. In conirast, a valus
of AUC (compound freated)/AUC {saline contrell*100 that is equal to or greater than 100
would be indicative of an inactive compound.

Tabls 1
in vitre and In vivo activity of Exemplary Compounds
i vive activity in normal rate®
SEQ 01 g . [%Fm .raﬁi-u-oﬁan‘céi’" — In vito
NO. | Stucture” 8 T T TR 1 OBmalkgly | ECm
- beweline at 1 holr s , ;
- . ‘ . X e e botus - {uh)
‘ » Jpost BV athnin, of % PTH AUC.of | - -
o e e L chmpotind o BREE SORREE S v
SEQD |
NO'B As-crrrr-NHy 1 4 ¢ 0.5
EQID . :
NO8 Ag-carrrr-NiHg |1 0 0 1.1
SEQID . -
NOD Ac-cramr-NH, | 0 7 1.0
SEQID
NG Ac-vrranridH, 0 0 1.1
SEQ D
NG Ac-crrrarr-NHy 1 8 48 58
SEQID v
NOD Ao-grrraniH 13 3 0.45
SEQ D z
NO 13 Ac-crrrrra-NH, [ 4 28 1.1
Saline 128 100 N

*Rolded fond Indicates D-alanine substitulions of cationic amino acids (D-argining w SEQ 1D NOA8.
RTH reduction following 0.5 mg/hg IV administration in isofiucrane-anesthetized normal rafs - FTH
was measured at 1, 2, 3 and 4 hours post administration and cumulative AUC was caloulated. PTH
dats wers catculeted according to the following formule: AUC g wesied AU Csatme conror™ 130,

§0088] In Table 1, the compounds Ac-orrrre-NHp (8EQ D NO8), Ac-carrm-Ni, (SEQ
1D NO:Bj and Ac-crrarer-NH, {BEQ 1D NOUG) were quite potent, as evidenced by the
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decrease in percent PTH to below the detection limit or essentially zero as measured in
vivo after a single IV amindstration in normal rats. Substitution of the cationic (argining}
residus af positions 2, 3, 4 or 7 of Ac-crrrrr-NH, (SEQ 1D NQ:8) resulied in an
approximately iwo-foid loss in in vifro potency. The substitution at position § fo produce
the compound Ac-crrar-NH, (SEQ 1D RO produced g 5-10 fold reduction in in vitro
potency, although the /n vivo peroent PTH AUC reduction of 45% could be sufficiently
getive for clinical therapy. Surprisingly, the substitution of the cationic arginine residus at
position 8 with the uncharged {alanine) residue actually improved potency. The data
Hustrate that cationic and uncharged residues at different positions are not all equal and
ihere are changes in activity as a result of change in the compound structure,

[QUB7] To further evaluate the effect of change in activity as a function of change in
compound structure, another series of anaiogs of Ac-crrrme-NH, (SEQ 1D NO'6) was
generated confaining double amino acid substifutions, where two cationic {arginine)
residues were replaced by uncharged {alanine) residues, and fested for potency. Dala
are shown in Table 2. 1 is worth noting that this series of compounds have the sams net
cationic charge as SEQ 1D NO:4 (four cationic residues) vet surprisingly same are very
active (SEQ 1D NO:28) with very low %PTH AUC of saline control while others are
inactive (e.g., SEQ 1D NO:14). Unexpeciedly, this suggests that position of charges as
well gs fotal cationic charge can influence potency of the compounds for reduction of
PTH., The data shown in Table 2 is consistent with the data shown in Tabide 1
suggesting that the cationic residues of SEQ 1D NO'S are sssential at positions Sand 7
but Is nol regquired at position 8, for PTH-lowering activity.
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Table 2

In vivo Activity of Exemplary Compounds

H
H

in vive sctivity in.hormal rats”

L
i

2

SeQiD NO ' Eﬁfﬁg&ﬁ? o b:iefgg g{é&ﬁgﬁ p{ii £ 0.5 rhgikg 1Y bolus
- C VW oasminisiration of 0.5 | % PTH AUC of saline
mgrkg compoind: | controf*

Saiine Saline 128 100

SEQ 1D NOC14 Ao-crratia-Nity 88 130

SEQIDNO1E | Ac-carar-hiis 75 116

BEQ ID NO18 g Ac-carrar-hH; 118 105

SEQ 1D NOT Ac-ciraarr-Nks 3¢ 102

SEQ D NO:18 Ac-crararr-fNit, 72 87

SEQ IDNOUIE Ac-carrera-NH, 28 72

SEG 1D NCG:20 Ac-crarira-Ni 45 a8

BEQ 1D NC2Y Ac-crrraar-Nit 36 50

SEGQ D NO22 Ac~caarrrr-Ni; 24 48

SEQ D NOES Ac-crarrar-Niz O 43

SEQ 1D NG24 Ac-craar-NH;z 8 9

SEQ D NGiEE Ac-crrarar-NHz 4 8

SEQ 1D NO.26 Ac-carrrar-Niy O 4

SEQIDNQO:ZY 1 Ac-o{Clarrrar-NH; 2 8

SEQ 1D NCHE8 Ag-c{Cirrarar-NH: & 18

*Hoided ford indicates respsactive D-alanine subsiitutions of cationic amino acids (D-argining) in Ac-
crerer-NHy (SEQ 1D NOS)

*PTH reduction following 0.8 mg/kg IV administration in isofiuorine-anasthetizad normal rats - PTH
was measured at 1, 2, 3 and 4 hours post administration engd cumulative AUC was calculated. PTH
data were caiculated according o the following formula: AUC g reated AUCsatne sonrer™ 100
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[0088] The data in Table 2 Hlustrates the structural changes that influence activity. in
one embodiment, the compound is Ac-caarmr-NH; (SEQ 1D NO22) and in another
ambodiment, the compound s Ac-craant-NH, {SEQ 1D NO24).

[0083} Further structure-activity refationship studies were conducted using the in vitro
cell assay in HEK 283 cells that express the human caicium-sensing receptor, as
described in Example 4. The ability of the peplides Ac-carrrar-MNi; (SEQ 1D NO:28) and
Ac-arrrar-NH, (SEQ D NO:29) to activate the human CaBR was asceriained by the
measuring accumuiation of inositol monophesphate (P4, which is reflective of 1Py
production. 1Py production is an important cell signaling second messenger and its
production is 3 direct downstream consequence of CaSR activation. Accumulation of
iP4 following 1P production can be oblainad by treating the cells used in the assay with
Lithium Chdoride {LICkE) which inhibits the enzyme that converts 1Py to inositol. in the
studies described in Example 4 accumuiation of [Py was measured in the presence of
the exemplary compounds Ac-carrrar-NH, (SEQ 1D NOG.26) and Ac-arrrar-NM, (SEQ D
NCLZ8). Results are shown in Fig. 2A,

[0G80] The concentration of 1Py is reported as nM along the Y-axis and compound
concentrations of SEQ D ROZ8 or SEQ (D NO:25 are reporied as M along the X-axis.
Absenos of the N-terminal D-cysteine residue from SEQ 1D NO:Z8 dramatically reduced
the ability of the compound to activate the CalR as compared to SEQ 113 NO:28. That
i3, elimination of the N-terminat cysieine residue significantly reduced the potency of the
compound, as the peplides Ac-carrrar-Ni4 (8EQ 1D NO.28Y and Ac-artrar-KH, (5EQ 1D
NO:28) differ only by the presence or absence of the N-terminal D-cysteine.

100811 The coniribution of the thiolcontaining group in the X, subunit of the compound
{e.q., in certain embodiments where the compound is & peptide on the N-{erminal
residue), was also investigated in an in vive study. The PTH-lowsring activity of the
peptides identified as SEQ 1D NO:28 {(Ac-carrrar-Nihy) and as SEQ 1D NO:28 (Ao-arrrar-
N} was evaluated in vivo acoording to the procedures in Example 4. Plasma PTH
levels were assessed prior to dosing and at 1, 2, 3 and 4 hours afier dosing. The results
are shown in Fig, 2B, As seen, a 0.5 mg/kg dose of the peptide Ac-carrar-NH, (BEQ 1D
MNO:28) (sguares) decreased PTH blood concentration to a non-detectable level for up to
4 hours after dosing. In contrast, the peplide lacking an N-terminal residue with a thiok
containing group, Ac-arrral-NH, (SEQ 1D NO@8), diamonds, did not reduce PTH
concentration, even at a substantiatly higher dose (l.e., B myg/kg).
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{0082} The structure-activity refationship of the thivlcontaining group In the X, subunit
of the compound was further analyzed by preparing compounds with differing X,
subunits. The compounds, shown in Table 3, were tested in vive In normai rats for
activity fo reduce FTH,

Table 3
In vive Activity of Exemplary Compounds

in vivo activity in
normal rats*
SEQ D NO, Compound Structure 0.5 mgfkg IV boius
% PTH AUC of
saline control™

Saiine Saline 100

SEQ IR NOB
Ac-arresrr-NH; 3

SEGQ D NO:30
Ac-bada-crrrrr-NH, G

SEQ 1D NO:31
Moa-rrrrrr-NHs 2

SEQ D NGGE2
Ag~grioy-rrerrr-Nida 21

SEQ I NOAS
AR er-rrorr-NHy 8

*Bolded font indicates respective substiution of thiokcontaining residue (D-cysising)
inn Ac-orrrr-iH; (SEQ Y NOB).

*ETH reduction following 0.5 mgikg IV administration in iscfurane-anesthetized
normal rats ~ TR was measured at 4, 2, 3 and 4 hours post adiministration and
cumulative AUC was calculated. PTH dala were calculalsd accoriing o the foliowing
formula; AUC mpe trsaied'iAUCsalina cemmre 100

[G093% The data in Tabie 3 iHusirates that the thisk-containing X, subunit can be varied,
Compounds with the foliowing in the N-terminal residue were tasted — D-gystaine (oys),
D-penicifamine (dPen), d-homocysteine (dHoy) and mercaptopropionic acid (Mpa). in
addition, & natural of non-patural amino acid, such &8s bets slanine, can be conjugsied o
the N-terminal thicl-containing residue. The data Hlustrates that cationic compounds
such as Ac-crrrrr-hNH, (B£0 (D NO:8) containing different thiol-containing groups in the
Xy subunit effectively reduce PTH in vivo. Subsiliuting the N-lerminal cysieine residue
with methionine, which does not contain g thiol group, resulted in a compound with very
poor it vive PTH-lowering activity (data not shown)

[0084] Based on the studies sbove, compaunds of the contiguous sequence of subunits
Xy Ky = Ky = Ky~ Ky - Xg — Xy, where X4 I8 & subunit comprising a thiok-comiaining
group, have activity to decrease parathyreid hormene levels. In one embodiment, the



thickeontaining group on the X, subunit is selected from the group consisting of thiol-
confaining amine ackd residues and organic thiol-containing moleties. in another
embodiment, the ihiol-containing agrougy is capable of reacting with another thiol group
under physicicgic pH and temperature. In certain embodiments where the thick
sontaining residue is an amino acid residue, the X, subunit can be any one of cysteine,
glutathions, mercapio-propionic ackd, n-acelylated cysieine and PEGylated cysieine. In
embodiments where the thiolcontaining group is on 3 non-aming acid residue subuni,
such an organic small molecule with a thick-containing group, the X subunitcan be &
thiol-atkyl, or thicacyl moleties such as S-mercaptopropyt or 3-mersaptopropionyt
residues, in one embodiment, the thiol is not homooysteine,

[R098] Accordingly, and in another embodiment, the compounds described hergin have
“clinical activity to decrease parathyroid hormeone level”, which intends that the
compound, upon administration to a subject, lowers plasma parathyroid homone as
measured by the cumulative PTH area under the curve {(PTH AUC) over 4 hours post
administration compared fo FTH AUC of & corresponding vehicle treated contred sublect,
The plasma PTH concentrations are measured using, for example, a commercially availabla
ELISA kit that detects bicactive intact PTH 1-84 {see Example 3 for a specific kit).
compound with clinical achivity fo decrease parathyroid hormone level reduces the PTH
AUC by at least 20%, 30%, 40%, 50%, 60%, 70%, 80%, 80%, 95% compared o the PTH
AUC of a corresponding vehicie treated controt subject.

[0088] The sfudies above, and others described below, MHusirate further embodiments of
the compounds described herein, wherein the X subunitin some embodiments can be
modified chemically, such as by chemical modification to include an acstyl group, a
benzoyl group, & henzyl group, a bulyl group, 8 natural or unnatural amine aold such as
acetylated-beta-alanine or is joined by a covalent iinkage to another thiol moiety,
Paptide therapeutics may be vuinerable to attack by peplidases. Exopeplidases are
typically non-speciic enzymes which cleave amine acid residues from the aminc or
carbodty termini of a peptide or profein, Endopepiidases, which cleave within an amine
acld sequence, can also be non-specific; however endopeptidases frequently recognize
parbicular amino segquences {recognition sites) and cleave the peptide at or near those
sites. Accordingly, modifications lo the compound 1 protect §f from profeclytic
degradation are conternplated,

f00871 One method of protecting & peptide from proteoiytic degradation involves
chemically modifying, or “capping,” the amine and/or carboxy termini of the peplides. As



used hergin, the terms “chemically modified” or "capped” are used inferchangeably ¢
refer o the introduction of 2 blotking group fo a terminus or to both termini of the
compound via a covalent medification. Suitable blocking groups serve fo cap the termini
of the peplides without decreasing the biclogival aclivily of the peplides, Any residus
positioned at the amino or carboxy termini, or both, of the described compounds,
including the thivl-containing subunits can be chermically modified.

[0088) In a preferred embodiment, the amine terminus of the compound is chernically
modified by acetyiation, to provide an N-acety! peptide (which may be represented as
"Ac-" In a strycture or formula herein). In a preferred embodiment, the carboxy tenninus
of the described peplides, s chemically modified by amidation ¢ provids a primary
carboxamide at the T-terminus {which may be represented as "-NH»" in & peptide
sequsnce, shucture or formula hereinl. In a prefered embodiment, both the aming
terminus and carboxy terminus are chemically modified by acetylation and amidation,
respectively. Howaver, other capping groups are possible. For example, the amino
terminus may be capped by acylation with groups such as an acelyl group, a benzoyl
group, of with natural or unnatural amino acids such as bele-alaning capped with an
acetyl group, or by alkytation with groups such as a benzy! group or a buty! group, or by
sutfenylation to form sulfonamides. Simnilarly, the carboxy terminus may be esterified, or
converted io a secondary amide, and acyl sulfonamide, or the like. In some
embodiments, the aming terminus o the carboxy terminus may comprise a site for
attachiment of a polyethylene glyeo! (PEG) moisty, Le., the amino or carboxy fermint may
be chemicaily modified by reaction with z suitably funclionalized PEG.

{00881 Protecting peptides from endopeptidases typically involves identification and
elimination of an endopeptidase recognition site from 3 peptide. Protease recognition
sites are well known o those of ordinary skill in the art, Thus it s possible to identify a
potential endoprotease recognition site and then efiminating that site by aliering the
amine acld ssquence within the recognition sife. Residues in the recognition sequence
can be moved or removed io destroy the recognition site. Preferably, a conservative
subsstitution is made with one or more of the aminge acids which comprise an identified
protease recogiition site.



A. Additionad Structure-Activity Relationship Studies

{00100]  Additionad structure activily studies were conducted, 1o further evaluale the
affect of properties of each subunit in the compound on its therapeutic activity. These
studies are now 10 be described with reference 1o Dxample 5.

80401} A series of compounds having an L-amino acid residue substituted fora D-
aming ackd residue were prepared based on the PTH-lowering scaffold Ac-c(Charrrar-
NH, (SEG 1D NG:3). The compounds wers adminisierad {6 subjects and plasma PTH
levels were gasessed prior to dosing and 1, 2, 3 and 4 houwrs after dosing, a5 described
v Example § and the AUC wae calculated as the sum of the PTH concaniration values
gt the time points of 1, 2, 3 and 4 hours, normalized by the AUC for the saline control at
the same time points, multiplied by 100, The resulls arg shown in Table 4.

Table 4
Effect of L-Amino Acid Substilution on Potency

| In vive dctivity In sormal Tats |
C el w0 (OB o maikg IV bolus
‘Compdund Mame | Structurg - | % PTHAUCY of saline control
SEQTO NGOG | AeclCrarmar-NH; | B
SEQ D NG:34 Ac-C{Carmrar-Nie 17
SEQ D NO3S Ac-c(ChArrar-NH, | 68
BEQ D NOH38 Ac-c(CyaRmrar-NH, | 87
SEQ D KOSY Ac-c{CrarRrar-NH, | 182
SEQ D NOS38 Ao-o{ClartRar-MH, | 130
SEQ D NO38 An-p{Chamrrar-MH, | 128
SEG D NO:40 Ac-c(CharraR-NH, | 142
Saling 100

*FTH reduction following 0.5 mg/ig IV adminisiration in isoflurane-anesthetized normal
rabs — PTH was measured at 1, 2, 3 and 4 hours post admiristration and cumulative
AUC was calculated. PTH data were caloulated according to the following formula;
;k\ucnmpd iraateé’i'&'ugssline mmmiw.t 00

jo0102]  The exsmplary compounds shown in Table 4 were chemicafly modified at
both the N-ierminus and the C-terminus, a3 indicaled 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 at a tme with an L-amino
acid. The X subunit was g D-Oys residue (or L-Cys residue in SEQ 1D NO:34)
conjugated via a disulfide linkage 1o an L-Cys residue, as indicated by the parenthetical

o
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designation {T). The PTH-lowering in vivo data in Table 4 shows that chirality of Arg
and Ala affect activity of the compounds. I ong embodiment, a compound of the
saguence Xy - Xy - Xa - X, - X5 ~ X ~ X5 I8 contemplated, where af least the subunits
identified as X, and Yo are D-amino acld residue subunits. in another embodiment, the
sutbunits idertiffed as X, Xs, Xs and X; are D-amino ackd residue subunits. Ina
praferred embodiment, the subunils identified as Xy, X, Xs, K¢ a3nd Xy are D-amino acid
residue subunils. In most preferred embodiments, the subunits identified as Xg, X3, X,
Kg, Xp and X; are D-amine acikd residue subunits, and all of the subunits X, Xa, X3, X4,
Xz, X angd X; are D-amino acid residue subunis.

[60103)  In other studies, & also was found that substitution of a peptide having alt
L-aming ackis with all D-amino avids did not reduce the in vitre activity of the paptlides
testad, in fact, peplides composed antirely of D-amino acids appearsd to enhance the
potency for activation of the CaBR. & was also shown that some of the cationic
{arginine} residues, af specific posiions relative o the cysteine residue, could be
substifuted with uncharged {alanine) residues with minimal effect on the activity toward
the Ca8SR.

001843 Vo further characterize the relationship hetwesn sivucture and activity against
the CaSR, a varlety of cationic peplides with different numbers (4 {0 8) of arginine
residues {all of which contained an N-terminal cysteinge) were tested using the HEK-283
in vifro celi assay. A direct correlation was found belween the number of cationic
subunits and the potency of the compound, where potency is evidencad by ability to
activate the CaSR. Reducing the number of cationic (2.q., arginine) subunits from 1o 4
rasulted in the largest shift in potency (> 10-fold) suggesting that there may be an sdlivity
inflection point etween compounds having these net charges, that a cationic subunit at
subunit Xs is preferred for activily. Accordingly, the compounds of the structure X, « Xz -
Ky = Ky Ky~ Kg —~ X7 are contemplated, wherein Xs is a cationic subunit. In certain
embodiments the Xs is e subunit comprises a thiol group that is capable of reacting with
another thiol group under physiclogic conditions (a “reactive thinl”, intending & thiof that
regcts with another thiol (e.g., cysteine with eystaine) under physiclogic conditions of pH
7.4 and body lemperature).

{00108 Unexpecitedly, Ac-crirm-NHy (SEQ 1D NOB) with six cationic residues, when
evaluated in vivo, exhibited grealer and more prolonged activily than Ac-crirerirr-MH,
(SEQ 1D NO:41), which has eight cationic residues. This is in contrast fo the observation
that SEQ 1D NC:41 was more potent at activating the CaSR in this in vifro cell assay.



Without wishing to be bound by theory, i is thought that the superior performances of
Ac-crrrrrr-hiby (SEQ 1D NOB)Y in vivo may stem from better pharmacokinetic properties of
Ac-crrrrm-NH, (BEQ 1D NGIE), because Ac-ormrr-Ni, (SEQ ID NO6441 is expeciad o
& taken up info cells by virtie of its cell-penetrating characiaristic, and thus removed
from provimity o the active porfion of the CaSR.
00108}  To further axplore the shructure-activity relationship of Ac-crrrmrr-NH. (SEQ 1D
K08}, some of the cationic (arginine) residues were replaced with uncharged (alanine)
residues. | was found thal replacing the cationic (siginine) residuss at subunit positions
Xy and X, resulted in a compound (SEQ 1D NO:15) that had significantly reduced
potency in vitro in activating the CaSR. By contrast, replacing the calionic (arginine)
residues at subunit posfiions X, and Xg resulted in a compound (SEQ D NO:26) that
retained much of the potency seen with Ag-crrrrr-NH, {SEQ 1D NO8). These resulis
suggest that the position of charged residuss in the compound contributes 1o polency
andd, in some embodimenis, may oubwelgh the contribution of total posilive charge of the
peptide. i alse appears thal cationic (arginine) residues al certain posilions, such as
subunit position X, contribute dispropartionately to potency.
[o0407Y ¥ was found that the presence of an N-terminal oysieine markedly enhances
the potency of the peptides for activating the CaSR. The Ca8R is a T-ransmembrans
G-protein-coupied recaplor with a large extracellular domain that functions as a
homodimeric receptor. Thare are 18 cysieine residuss in the extracellular domain, some
of which have been shown by polymomhism or mutational analysis © be important for
receptor activity,  Of parficular note are cysteines 129 and 131 of the Loop 2 region of
the exiraceliular domain., Cysteines 128 and 131 are thought fo form an infermolecular
disulfide bridge between the two monomers of the receptor complex, which is in a closed
of inhiited configuration. Mutation of cysteing 129 activates the CaSR, a8 do a number
of other mutations including 2 full deletion of the Loop2 region. The enhanced polency
provided by the N-ferminal cysteine residue in the described compounds could result
from a8 specific interaction with one or more of the cysteine residuses in the extraceiliar
dornain of the CaSR,
(04081 To further svaluale the effect of chiralily of amine ackd substitutions on in vitro
CaSR activity, a seties of analogs of Ac-crerrm-Nip (BEQ 1D NOB) were generated
sontaining L-smino acid or achiral amine acid (plycine) subsiitutions af various positions
and tested for polency against the Ca8R. Tesied analogs included Ac-cGrirGr-NH;
(SEQ 1D NG42), (D Ac-cArrAr-NEH, (BEQ 1D NO43), and (8D Ac-CaRrRaR-NH; (S8EQ
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D NG:44). Al of the foregoing analogs bad significantly lower potency than Ac-ormrm-
N (SEQ 1D NO:6), ranging from a 10-lold difference for SEQ 1D K44 (the most
potent of the ihree analogs) and a more than 2000-foid difference for SEGQ 1D NO:43 (the
teast potent of the three analogs). Ac-carrrar-NH, (SEG 1D NG:28), in which cationic D-
amino acid residues (D-arginine residuss) at positions 2 and 6 of SEQ 1D NO:6 were
replaced by uncharged D-amine acid residues (D-atginine residuss), the change in
activity was much less (~3 fold difference). Thus, surprisingly, it was found that
interrupting the all D-amine acid residue of Ac-orrrmr-hH, (BEG 1D NO:S) with two or
more L-amine acid residuss resulied in a significant reduction In potency. Also
surprising was that potency was decreased more than B0-fold when the interrupting
residue was an uncharged achiral amine acid residus (glycine residue) compared to
when it was an uncharged L-amino acid residue (L-alanine residue),

[G010%]  Also surprising was that replacing the two uncharged D-amino acid residues
{[-alaning residues) of Ac-carrrar-NH; (SEQ (D NO:28) with their L- countarparts (SEQ
1D NO43), resulted in a greatar than 800-Told decraase in potency, while replacing them
with an uncharged achiral amino acid residue (glycine residue) (SEQ 1D N(O:42) resulted
in less than an 8-fold reduction in poiency; and that replacing thres cationic D-amino
ackd residues (D-argining residues) of Ac-canrar-NH; (SEQ 1D NO:28) with their L-
counterparts (BEC 1D NO:44), resulted in less than 2 4dold difference in potency.
1004101 The activity of a variety of peplides and conjugaies was tested against the
human CaSR. Thase studies were conducted by measuring 1Py production in HEK283
celis that express the human CaBR. The ECg; values are shown in Tabie 5. Each
peptide was tested in eight different concentrations, in duplicates, to establish a dose
response curve, Curve fitling was performed using GraphPRad Prism. In Table &, and
thoughout {he specification, residues provided in capital letfers are L-amino asids, while
fower case letters indicate D-amino acids. "Ag” indicates an acety! capping group, “NM,°
indicates an amide capping group, “Ac-bAla” is an acetyiated beta-alaning, "G8H"
indicates reduced glutathione, "G87 indicates oxidized glutathions, “PED” refers to
poiyethylens giveol, "PEGZ” and “PEGSE” refer to polyethylene glycol moleties of 2kDa
and 5kDa, respeciively, and "Mpa” refers to mercaplopropionic acid. A group bracketed
by parantheses indicates that group or moiety is aftached to the side-chain of the
preceding subunit or amino acid residus.



Table &

EC s values for cationic peplides in CaSR in vifio assay

P -]

CompoundName [ 'Structure | + ECsp (1)
(SEQ 1D NOHE) C}HQAP!S‘%’D
(SEQ ID NO47) A&é‘?’GRKi{RRQRR%NHZ 41
(SEQ 1D NO4E) CPOYHDAG]
(SEQ 1D NC4T) A(:—(“EYG?‘Z%(KRRQRRR«NHE <!
{SEQ 1D NO:4T) AC-CYGREKKRRARRR-NH; 4.5
(SEQ 1D NC:48) ACYBRKKRRQRRR-NH; 16
{SEQ D NO4Y) Aceorerrrr-MNs ¢.3
{8EQ 2 NOB) Ac-crrrrer-NHy 0.5
{(SEQ 1D NGy Ac~cararrr-NH; 13
{SEQ 1D NO:26) Ac-carrrar-N, 1.8
{SEQ D NG:4) Ac-creri-hid, 18
{SEQ 1D NO:B} Ac-crreer-NH: 2.5
{SEQ 1D NDT) Ac-crrrerr-hiy 08
(SEQ 1D NC4D) Ac-caraarn-Nit 1006
{SEG D NO:B) Ac-carrrrr-iHe 11
{(SEGQ 1D NCngy Ac-orarrrr-Miy 1
{SEQ D NGO Ac-crrarrr-Ni, 11
{(SEQ 1D NG5G Ac~ovgrikkerarm-NH, 2
i HN-orrrrrr-NH,
(SEQ D NOST) 0.44
HaN-crrrrrr-Nirp
{SEQ D NO3) Ac-o{Crarrrar-NH, 10
: Ac-carrrar-NH,
(SEQ 1D RO:52) ‘ : 0.7
Ae-parrrar-ii,
{SEQ ID NG:3D | Ao-bAla-crrrrrr-NH; i
(SEQ 1D NO:53) Ac-c(G8)rmm-NH; 78
(SEQ 1D NOBES) GS-crerrrr -
(SEQ 1D NO:BB) Ac-c{Ac-Charrrar-NH; | 21




Gmmuﬂﬁ Mams Structore ECs (uhh
{SEQ 1D NOSG) Ac-c{bpa)arrar-Nid, 21
{SEQ D NO:ET Ac-tfPEGZ-Clarrrar-NHg 2.3
(SEQ 1D NO:58) Ac-c{PEGS-Chrrrr-NH, 0.58
(SEQ D NOER Ap-GPEG2-Cirrrr-Ni, g.02
{SEQ 1D NOE4) Ac-C{Clarrrar-Niy 2.5
(SEQ 1 NO:B80) o{Clarrrar-hiH, 3.1
{SEQ 1D NOET) Ac-hAla-o{Clarrar-MNH, 2.8
{(SEQHD NOER) hala-c{Ciarmrar
(SEQ ID NO:4Z) Ac-oGrrGr-NH; 12
(SEQ 1D NOG3) Ac-cGrrrlr -
(SEQ D NO:64) AC-CAFTTAT
{(SEQ D NO:43) Ac-oArTAr-NH, >$000
{SEQ 1D NO44) Ac-GCaRrRaR-NH; 56
{SEG 1D NO.85} Ac~gvrrryr-Nitdy 35
(SEQ D NO:E8) Ar-cuTrreT -
(SEQID NOET Ac-Crrrrre-did, 6.2
{SEQ D NOEB) Ac-carrrer-hNiy 82
{(SEQ 2 NOED) Ag-cerrrar-MH; 34
{SEQ D NO:T72) Ac-cakrrar-bi, 35
(SEQ 1D NT73) Ac-carkrar-NH, 31
(SEQ D NO743 Ac-carrrar-OH 3
{(SEQID NOU) Ac-crrrarr-Nis 5.8
{SEQ D NOZ) | Ac-crrrar-NH; 0.48
(SEQ 1D NO13) | Ac-crirrra-NH; 1.1
L{SEQ ID NO75) AC-CARRRAR-NH; 58
{SEQ 1D NOTS) Ac-caarrm-Nidg 4.5
{(SEQ ID ROTT) Ao-caaarrmr-NH, 4.8
{SEQ D NOTE) Ac-carararar-NH; 83
(SEG 1D NO:29) Ac-arrrar-NH; >1000
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| Compound Name | Btucture 0. ECe (M)
(SEQIDNOCTS Ac-carrrarar-iH; 13 |
{(SEQ D ROSH orrrre-iNH, 1.1
(SEQ D N3 Ac-diHoy rerrrr-NHy 2
{SEGQ 1D NDEY | Ac-o(Benzoyhmrr-NH, 36
{(SEQ 1D NO:82) Ac-clacetyirrrimr-NH, 4.1

FO0{11}  In another study of the structurs activity relaticnship, the contribufion of non-
cationic aming acilds o the polency of the peplides was evaluated by preparing a series
of peptides with vartous D-amino acid residues or glycine {Table 8) or with sterically-
hinderad non-natural amine acids (Table 7), substituled at variogs positons in the
peptide Ac-carrar-Nidy (SEQ 1D NO:28) and in the peptide Ac-crrarar-NH, (SEQ D
KO1183). The peptides were adminisiered as an IV bolus to normal Sprague Dawley
rats at & dose of 0.5 mglkg. An intravenous {1V) balus of saling was used as a confrol.
Plasma PTH levels were assessad prior fo dosing and 1, 2, 3 and 4 hours after dosing.
The resuits are shown in the tables below, and indicate that: 1) a small amino acid such
as alanine, glycing or serine is preferred at position § in the Ac-carrrar-NH, peptide
(SEQ 1D NO:26), and 2} the alanine i position 2 in Ac-carrrar-NH, (SEQ 1D NO:26) is
mmych more permissive to substitutions and can be substiuted with hydrophobic {g.g. D-
Val, D-bew), aromatic (e.g. D-Phe), or polar (e.q9. D-8er, D-Gin) natural aming acids as
well ag non-natwal bukky hydrophobic amine acids {e.g. diNle, dNva) but not acidic ones,
and that 3) the alanine residue in position 4 of the Ac-crrarar-KNiH, (SEQ 1D NO.25}
peptide is also very permissive to substitulions and can accommodaie most types of
natural aming acids (as well as non-natural butky hydrophobic amino acids (2.g. dNie,
giva) but is not permigsive 1o amino acids that aflec! secondary conformation, namaly
glycine or proline or amine acids with acidic side chain,



Table 8

Activity of Examplary Peptide Compounds

fry vivo activity
in normad ratg*®

SEQ D NO. Compound Structuse® 0.5 mgfkg v
holus
% PTH AUC of
saling controt
Saline Saline 100
SEGQ D NOSS As-carrir-NH, 177
SEGQ D NOB4 Ac-garrrir-NH, 181
SEQ IDNOBSE Ac-carrrir-NH, 146
SEQ 1D MG:S8 Ac-carrrer-NHs 31
SEQ D NO:BT Ac-Carrrer-MH, 74
SEQ D NOER Ac-carrrpr-NH, 76
SEQ D NC:8B Ag-tarrrhr-Nb, 48
SEQ ID NOWBo Ac-carrrgr-Ni, 41
SEQ D NO:81t Ag-carrrir-Nta 18
SEQ ID NO:82 Ac-carrrer-NH, 8
SEC D NOG3 Ac-carmGr-NH, 5
SEQ ID NO94 Ac-cartrar-Nhy 103
SEQ D NCiEs Ac-clrrar-Nib 45
SEQ 1D NGES Ac~cirrrar-MNi, 33
SEQ D NG.g7 Ac-cprrar-NHs a0
SEQ D NOO8 Ac-clrrar-NH, 28
SEQ ID NC:88 Ac-~carrrar-NH, 24
SEQ D NG 100 Ac-ctrrrar-NHy &3
SEQ 1D NO: 13 Ac-cyrrrar-NiHs 19
SEQ D NOI102 Ac-cgrirar-NH, 13
SEG 1D NO1O3 Ac-ohirrar-iits 1
SEQ ID NO:104 Ac-cirrrar-MNHs a
SEC D NG105 Ac-crr3rar-NHs ag
SEQ D NONIOSG Ac-criptar-NHy 88
BECQ ID NOID7 Ac-prrerar-NH, 58
SEG D NO108 Ac-creirar-NH, 13
SEQ 1D NO10S Ac-orrhirar-Ni. 9
SEQ D NCH110 Ac-crrirar-NHs &
SELQ D NO1 Ac~crrerar-Nids 4
SEQ D NO112 Ac-crrarar-NH, 4
SEQ I NO13 Ag-crivrar-NH, 3
SEQ D NQ:114 Ac-crrirar-NH, 9
SEQ D NOITIS Acmorrirar-NH, g

L3
Brend

* Bolded font indicates respactive substitution of alaning residues in Ac-carmar-Ni,y
(BEQ 1D HO: §) or As-crrasar-Ni, (SEQ {0 NOu28).




> BTH reduction foliowing 0.5 mgikg PV administration in isoflurane-anesthetized normal
rats - PTH was measured at 1, 2, 2 and 4 hours post administration and cumulative AUTC
was calcidated. PTH data wars caloulated gocording o the following furmsa AUC s
f:satedf AUC’SQBFI{: cunlmi*‘f O ‘

Table 7
Activity of Exemplary Peplide Lompounds
i vivo activity
in normal rats®
SEQ 1D NO. Compound Structure® | 0D ‘s;glézg W
% FTH AUC of
saling controi™
uuuuu Saline Saline 100
SEQ D NO116 Ac-crr-Sar-rar-NH, 144
SEQ 10 NO117? Ag-carrr-Sar-r-Nty 111
SEQ D NO118 Ac-C-Nrma-rrr-Nma-r-Mi, 105
SEGID NG11e Ac-crrar-ma-r-NH, 1M
SEQ D NO20 Ar-C-Ail-rrr-Ath-r-NH, 84
SEQ D NO 12T Ac-crr-Nma-rar-liH, 86
SEQ IR NOC1122 Ac-carrr-Nrma-r-Nrs 74
SEQ ID NGH123 Acer-Aib-rrrar-NHs 70
SEQ D NO124 Ag-carrr-Alb-r-NH, a8
SEQ D NO:i128 Ac-g-Sar-rrr-Bap-r-NH, 85
SEQ D NOt28 Ac~orrar-Sarr-NHo 82
SEQID NO:127 Ac-c-Hma-rrrar-NH; 58
SEQ D NO28 Ao-o-Sar-rra-Nky 50
SEQ ID NO128 Ac-carr-Mig-r-NH, 84
SEQ D NO:130 Ac-g-ciilig-rir-gNie-r-NH; 54
SEL D NO3 Ac-carr-diva-r-MNHs 54
SEQ D NO:132 Ac~-c-dMva-rrr-giva-r-NH, 27
SEQ 1D HO123 Ac-crrar-ciie-r-NH, 26
SEQ ID NO134 Ac-c-dile-rrar-NH, : 10
SEQ 0 NDI3E Ac-crrar-ciiiva-r-NH, 8
SEQ D NO36 Ao-o-adNva-rrrar-ii, 7
SEL 1D NO:137 Av-cr-diiva-rar-NHy 3
SEQ ID NO:138 Ac-orr-ciMig-rar-pitd, 3

*Boided fort indicates respective substitution of alaning residues in Ac-carmar-NH. (BEQ
10 NOI26) o Ac-crrarar-ii (SEG D NO2E). Sar = the non-natural amine acid
SBarcosine; Nma = N-mathyl sianineg; Al = amino iscbulyric acid; diva = D-Norvading,
difte = D-Norlsucine

=PTH radustion following 0.5 mgfke IV administration in isefiurane-anesthetized normal
rais - PTH was measured at 1, 2, 3 and 4 hours post adninigiration and cumulative ALIC
was nalculated. PTH data were caloulated according to the following formula: AUC 04

B :es!edlr AU Gﬁalmt} mnim:*? Go.
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Tabie §
Activity of Exemplary Peplide Compounds

in vivo activity in
normal rats™

SEQ D NO. Compaund Structure® 3.5 myg/kg 1V bolus
! % PTH AUC of saline
sontrot
Saling Salipes 100
SEQID NG g7 Ac-e{arrrar-NH,y B
SEQ D NG 101 AC-C{ESrrrirr-NH, 12
SEQ D NO:138 Ac-c{dHoyiarrar-NH, a2
SEQ D NO:140 Ac-clMipalarrrar-NHq 25
SEQ D NG:141 Ao-c{Ac-Clarrrar-NH,p 38
SEQ 1D NOi42 Ac-clociarmar-hNidy {
SEQ D NOj43™
Ao-o(G-PEG2Drrre-NH, 248
SEQ 1D NOjdgs
Aol B-PEGARrTrr-NHg 15
SEQ D NOI145 CEEEEEE
A&imm«!\mg 44
SEGID NOM4E CEEEEER ;
SEQ 1D NO:128 Ai»c&rrmrmk\i‘r{z 42 ;
SEQID NG Ag~orrarar-NH,
SEQ ID NO:25 Ag-crrarar-NH, 2
SEQ 1D NO:26 Ac-carrar-iH, :
SEQ ID NO2ZS Ac«l:ars'rar»m—iz 4 !

*Boldad font showing in paranthesis indicates respective thiol-containing conjugating groups,
G5 = oxidized glutathions; dHoy = D-homocysteing; 8ipa = Mercaptoprogionic asid; PEG =
polyethylens glycol
= DTH reduction foflowing 0.5 mofkg IV adminisiration in isofiurane-anesthetized normal rats
« PTH was measured at 1, 2. 3 and 4 hours post administration and cumulative AUC was
caiculated. PTH data wers calculated acoording to the following formula: AU gnea
i3 Eiﬂd’{ A ucmﬂﬂe mn&fmwf oo
“Compound was dosed at 10 mg/kg (~ equivalent molarity 1o & 0.8 my/kg non-PEGyiated
peptide) )

Compound was dosed at 20 mg/kg {~ equivalent malarity to a (.5 mgikg non-PEGYlated
peptide]

B. Hisiamine Response and Structure-Activity Relationship Studies

§001121  Poly-cationic compounds have heen reported in the literaturs o trigger the
release of the active biogenic aming histamine. See Church et al., J. immunol.,
128(51:2116-2121 (1982); Lagunoff et al., Ann. Rev. Pharmacol Toxicol., 23:331-51

{1983). 1t is thought Hhat histaming release is a result of mast cell and basophil

1
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activation ocousring i g Gl dependani manner. See Aridar et al| J Cell Biol,
TH{31808-17 (18580). Reducing or eliminating this physiological reaction is desirable,
inter afia, for improving the therapeutic margin of cationic peplide calcimimetics for the
treatment of SHPT.
001131 Studies were conducted tp evaiuate the histamine release induced upon in
vivo administration of the compounds dascribed herein. In a first study, described in
Example 6, dosing by IV bolus or infusion into nomma! Sprague Dawley rats was usaed o
gvalyate histaming ralease associated with varibus compounds. To svaluate the effect
of net positive charge on the histamine release gssociatad with a compound, peplides
containing 4 to 7 cationic (arginine} residues were generated and tested for their ability
o trigger histamine release /n vve, according to the procedure described in Example 8,
The tested peptides included () As-crirv-NH, (SEQ 1D NOG:4), () Ac-orrr-Ni, (SEQ D
NO:E)Y, (il Ac-crrrre-NL (SEQHID NOWG) and (V) Ac-errrrrr-NH, (8EQ 1D NO41).
(001141  As shown in Fig, 3, when an eguivalent number of moles of each peptide was
administerad by 1V bolus to normal rats, SEQ D NOM1T {8 arginine residues) displayed
the largest induction of histamine, Other compounds with fewer Arg residues, including
SEQ ID NGE (8 arginine residues), SEQ 1D NO:5 (5 arginine residues), and SEQ ID
NO:4 (4 arginine residues), also produced a spike in histaming level, but to a lesser
sxient compared to SEQ D NO:41. SEG I NO:8, SEQ 10 NCSE and SEQ D NG:4
generated roiider responses in thelr histamine release activity (~2-3 foid above
baseling). SEQ D NS and SEQ 1D NO4 were, howaver, j8ss potent than SEQ 1D
NS with respect o loweting plasma PTH,
(1481 Because the PTH-reduging achivity of Ac-crrrrrr-NH, (SEQ 1D NO8) was
ceompanied by lack of a histamine response, additional evaluations were conducted
based on Ac-crrrrr-ME, (BEQ D HOQB) in order o evaluats whether i was possible to
still further decrease hislamine response without sacrificing PTH-Jowering activity. As
will be shown in the dale below, substitution of cationic {arginineg) residues in Ac-crrern-
NH. (SEQ 1D NO:6) with non-cationie [alenine) residuss was performed to produce a
series of analogs with an overall reduced net charge and reduced charge density, Of
these analogs, both Ac-carart-NH, (SEQ 1D NOUS) and Ac-carrar-iH, (SEQ D
NOL28) were associated with lack of a histamine response wher administered 1 rats by
IV bolus. Importantly, these two paptides refainsd their polent calcimimetic properties
and were able to reduced PTH secretian in both nomal rats and rats with renal
dysfunction.
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{00118]  The compound Ac-orirr-Ni; identified as SEQ 1D NOS (2.1 umolefg = 2.3
mglky} triggered an obiservable histamine response of about 2-3 fold aver baseline
compared to 6-8 fold with SEQ 1D NO:4T when dosed by 1V belus (given over less than
1 minute} in normal rais. The histamine release tiggered by Ac-crr-NHg (SEQ 1D
NG8) peaked et § minutes after dosing and retumed o baseiing levels 15 minuies later
{Fig. 3). Further reduction in the number of charged subunils 1o 5 and 4 arginine
resldues per peptide (SEQ 1D NC:E and SEQ 1D NQ4, respectively) further reduced the
histaming response as compared with the longer oligo-arginine peptides; however, a 2-3
fold increase in histamine over baseling was stil observed 8 minutes after IV bolus
dosing (Fig. 3). These results suggest 2 relationship between the net charge of the
peplide and the associated release of histamine. it is also noted that arginins-rich
pepltides with fewer than 7 arginines arg quife limited in thelr ability io enter cells,
suggesting that cell penetration is not required 1o trigger histamine release.

f001171  The histamine release associated with the PTH-lowering compounds
Ac-crrere-MH (SEQ 1D NGIB) and Ac-c{Clarrrar-NHy (SEQ 1D NOC3) was evaluated in
vivo, The compound Ac-o(Clarrrar-NH, (SEQ 1D NO:3) has the following struciure:

~

L
Ac—éarrfarnixﬁﬂg
(BEQIDNO: 3)

This conjugate structure is denoted herein as Ac-c{Carrar-NH: (SEQ 1D NO:Z73 where
the L-Cys residue finked o the thickcontaining residue in the X, subunit of the
sompownd (here, a B-Cys residue) vig a Cys-Cys disulfide bond, is placed in parenthesis
in the formula. This notation is u&ed throughout to designals that the parenthetical
rmciety is nked to & sscond thiokconiaining group. Relative fo Ac-crrmmr-NH; (8EQ 1D
N8} the compound Ac-o{Clarrrar-Ni (SEQ D NO: 3) has two cationic {argining)
residues substitided with uncharged (slanine) residues at subunit positions Xz and X5, In
addition, the D-Cys residue in the X, position is conjugated fo an L-Cys residue,

{00118] These two compounids wers administered o isoflurane-anesthatized rats
{Sprague Dawiey) at 3 my/kg by intravencus {IV) bolus (given over less than 1 minute).
Blood was drawn prior to dosing and a §, 15 and 30 minutes afier dosing. Histarine
soncentration was measured, and the fold changs in biood histamine concentration
refalive to the pre-dose blood histamine conceniration is shown in Fig, 4. The
sompound Ac-crrrr-hiH, (SEQ 1D NOB, open bars) induged a histamine response,
observed at the data point 5 minutes post-dosing where a 7-fold crease in histamine



level was ohserved. The compound Ac-c{Clarrar-NHy (SEQ 1D NO:2, oross hatched
bars) induced ne apparent histamine response, as seen by the data points at 5, 10 and
15 minutes post dosing where the histaming level was not increased ralative 1o the pre-
dose (fime zere} histamine level,

00118] Vo further evaluate the relationship betwsen compound structure and
Histamine release, a series of compounds was prepared and assessed for their ability to
trigger induction of histaming in an & vilro assay using rat peritoneal mast cells. In this
assay, compounds gre incubated at 10 pM for 15 minutes at 37°C with celis isolated
from paritoneal lavage of 8D rats. Fellowing incubation, cell medium is collected and
histamine is defermined. The dala is shown in Table 9.

Table 8
in vitro Histaming Induction in Rat Peritones! Mast Cells of Exemptlary Peptide
Compoimls
*Migtaming i
SEQ D NO. Compoung Sequence vitro Pfi"j
change of non-
treated at 10uM®
Saline Sadine 1.0
SEQIDNOG. & Ac-errerrr-hty 14.5
SEGID NG 8 Ac-carrr-iNH, 6.6
SEQ D NOS Ac-crarr-hhy 8.8
SEQ D NO:10 An-rrarr-NH, 53
SEQ D NO1 Ac-crrearr-MNHy 5.0
SEQ D NOZ Ac-rorrar-NH; 5,0
SEQIDNG:H3 Ag~crrrrra-MNH; 4.1
SEQ IDNOS Ac-cararr-hH; 2.5
SEQ 1D NOZ2 Ac-cagrrr-Ni 1.2
SEGID RO Ac-crraarm-NH, 1.3
[EGD NO 148 AC-Crrrraa-Ni, 1.8
SEQ D NO28 Ac-carrrar-Ni, 1.4
SEQIDNO3 Ac-o{Carrar-NH, 0.8
SEQID NOG:1& Ac-carrars-ib, 1.4
SEQID NG Ac-carrrra~-Ni. 1.3
SEQ D NO23 Ac-crarrar-NH, 1.5
SEQ D N8 Ac-crarars-MHz 1.4
SEQ I NG20 Ap-crarrra-MH, 4.9
SEGIDNO2S Ac-crrarar-NH; 1.2
SEQID NO14 An-crrarra-iNiy 1.6
SEQID NOH30 Ac-p-gdiis-rri-dNia-r-NH., o2
SEQ D NO32 Ac-c-diva-rrr-giva-r- N 4.1
SEG D NO2B Arsc{Tirrarar-Nide 6.7
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“Mistamine in
witre Fold

SEG 1D NG, Compound Sequence
change of non-
treated at 10up®
SEQID NCH24 Ac-cragrrr-idHs 1.0
SEGID NO2Y Ac-crrraar-NHy 1.4
SEGQ D NG 134 Ac-c-adNle-rrrar-NiH, 2.2
SEQ D NO128 Ac-carre-tiig-r-Ni, 2.8
SEQ ID NO36 Ac-c-adNva-riras-Ni 2.1
SEQ D NO13d Ag-carrr-diva-r-NH, 1.8
SEQ D NO33 Ac-grrar-gMig-r-NHs 4.3
SEQ D NO:13E Ac-crrar-dNva-r-Nids, 1.1
SEQID NO:RS Ac-cGrrrar-Nty 1.5
SEQ 0 NCSS Ac-carrrar-Ni, 1.8
SEQID NO103 Ac~-ohrrear-Ns 1.8
SEQ D NGRS Ao-cirrrar-NHy 3.0
SEGID NO88 Ac-girrrar-Ni, 2.2
SEQ D NO9T Ac-oprra-NH: 0.8
SEG D NO1DZ Ac-csirrar-NH, Qe
SEQ D NOMD0 Ao-ctrrrar-dH, 1.1
SEQ 1 NO101 Ac-ovrrrar-NiH, 1.5
BEQ D NG Ac-carrisr-RNHy 0.8
SEQ D NOgh Ag-cargr-Nt, 0.8
SEQ I NOBS Ac-carrrhy-Niy 2.4
SEQID NG:84 Ac-carrrir-Nbi, 1.8
SEQ I NCGES Ac~carrir-Niy 2.5
SEQ 1D NGBS Ac-carrpr-Mi, 1.0
SEQ D NC:g2 Ac-catrrsr-hHs 1.2
SEQ D NO:91 Ag-garrir-bliH, 1.7
SEQ D NOET Ac-carrrer-Mi, 1.2
SEQ ID NO:147 Ac-pakkkak-NH; 1.4
SEQ D NOTZ Ag-cakrrar-ib 1.4
BEQIDKOCT3 Ac-carkrar-NH: 1.4
SEQID NOIOE Ac-orrGrar-Ni 1.8
SEQ D NO12 Ac-crrgrar-MH, 1.2
SEG D NG10R Ao-crrhrar-Ni 2.3
SEQ D NO11E Ac-oreirar-MH, 3.4
SEGID NQ114 A-crrirar-pH; 4.5
SEQ D NO108 As-crprar-idid, 1.1
SEG D NOH Ac-orrsrar-M, 2.0
SEQ I NO08 Ac-orirar-NH; 1.2
SEQ D NOI13 Ao-orrvrar-Niy 1.8
SEQ D NOT04 Acwofrrrar-MH, 6.8
SBEQ D RO:E3 Ac~carrir-NH, 4.0




*Histamineg in
SEQ D NDL Compound Sequence chZi;f; ;ﬁriin—
traated at 10U
SEQ D RO:BS Ag-garrrer-hi; 1.3
h SEQ i NO1g Ac-crrfrar-NH, 8.2
SEQ D NCHo7 Ag-orrerar-MNig 0.6
"""" SEG 1D NOBB Ac-carrkar-NH, 1.0
SEG D RO Ac-varrrak-NH, 8.8
SEQ 1D NO148 Ac~cararar-iNiz 0.8
SEQ ID NO:28 As~orrarar-iNH, %3
Ac-carrar-NHy
SEQ D NO:148 Ag-CrrarGr-Ni, 1.8
SEQID NO8S Ac-prrargr-iNHs 1.8
SQ T NOEY Ac-orrarir-Nep 2.5
SEQ D NO82 Ag-orrarir-Ni, 4.1
SEQ D NO:153 Ac-ca{DAP)vaniH, 1.8
SEGHID NO54 Ac-ca(dHan{dHaridtar)ar- 27
NHz

Abbravietions: See Exampie 7

(601201
histamine release, a series of compounds was prapared assessed for thelr abiiity ©

To further evaluate the relationship between compound structure and

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

Tabie 10
In vive Histamine induction of Exemplary Peptide Compounds
* Histamine
response in vivo |
SEQ 1D NO, Compound Struziure Fold changs from
pre~-gose levels
5 post injection
2 mglkg IV bolus
Baline Saline 1.0
SEQ ) NCs Ac-orrrrrr-ie 2.7
SEQ D NORs Ac-carrrar-hHs 1.0
EQID NO2s Ac~crrarar-MHs 0.8
SEQ D NQs Ac-cararrr-NH, 1.0
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* Mistaming
response i vive
SEQIDNO. Compound Structure Fold change from
pre-dose levels
& post injection
SEQID NGB Ac-crararr-NH. 1.4
SEQ D NO2o Ac-crarra-MH;g 1.0
SEQ D NO18 Ac-carrrra-NH, 0.8
SEQ D KNO23 fo-erarrar-NH, 0.8
BEQ D NG 8 Ac-crarvart-NNi, 1.0
SEQ D NO27 Ac-ciCharrear-fNH, .8
SEQID NO28 Ag-o{Cyrrarvar-Ni, 0.4

*fethod set forth in Example 7,

201211  Accordingly, and as can be appreciated in view of the PTH daia and the
histamine data described hereinabove, in one embodiment, a compound that has activity
o decrease PTH level in & sublect in the absence of a hisfamine response is
contemplated. In certain embodiments, absence of 3 histamine rssponse Intends 2 dose
of the compound that produces a less than 10-fold, more praferably 8-fold, st more
preferably S-fold, and even still more preferably 3-fold, increase in hislaming, msasured
in vitro in an assay as deacribed herein, where the fold changs is delermined based on
histamine levels before incubation with the compound and afier 15 minmdes incubation
with compound. In a specific embodiment, the histamine response is determined in an
in vitro assay Using rat peritoneal mast cells isclated from peritonsal lavage of normal
Sprague Dawley rats, and whers the fold change s delermined based on hisfamine
fevels belore inoubation with the compound and after 15 minutes incubation with
compound. In the studies conducted herein. the in vitro evaluation of histamine raleasge
was performed using isolated rat peritoneal mast cells isolated by peritoneal lavage
using cold HBSS + 25 mM HEPES pH 7.4 containing heparin (Bu/ml). Cells were
washed twice In stimulation buffer (HBBS+25 mb HEPES pH 7.4) and incubated with 10
ubd of compound in stimulation buffar (HBSZ+25 mM HEPES pH 7 .4) for 15 minutes in a
g8-well plate (108/well) st 237°C. Cell supernatant was analyzed for histamine using
histamine EIA kit (Cayman & 588651).

(084227 In ancther embodiment, a compound that has activity o decrease PTH level
in & subject In the absencs of an ciinical histamine response is contemplated. As used
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herein, ahsence of a “clinical histamine response” infends ie that a therapeutically
effective amount of a compound as described herein is administered to the subject
without producing & clinically adverse increase in plasma or blood histamineg as
measured 5-10 mintes after cormpletion of dosing or over the course of freatment. For
example, when & compound requirsd 1o produce a desired therapeutic effect is
administerad {o a8 subject by balus (88 used herein “bolus” means administered over one
minute or less) produced an increase in plasma or biood histamine 5-10 minutes after
compietion of dosing that is less than 15-fold, 10-fold, S-fold, 8~fold, 7-fold, 8-fold, 5-fold,
4-fold, 3-fold, 2-fold above pre-dose levels.

[00123] As cen be appreciated from the studies descriped above, in one embodiment,
the compound comprises a sequence of 3 to 35 aminc acid residues, wherein a plurality
of positively charged aming acid residue subunits s present in the sequence. in some
embodiments, the described compounds comprise 5 to 25 subunits, and in a praferred
embodimant eath subunit is an amino acid residue. In other embodiments, the
described compounds comprise 8 {0 12 subunits. In stilf other embodiments, ths
dascribed compounds compirise 3 10 8 amino acid subunits. In alternative embodiments
the descriped compounds comprise 3,4, 5,6, 7, 8,9, 10, 14, 12, 18, 14, 15, 18,17, 18,
18, 20, 21, 22, 23, 24, 25, 28, 27, 28, 29, 30, 31, 32, 33, 34, or 35 subunite.

[001241  The subunits of the described compounds are, in one embodiment,
independently selected from natural or unnatural amino acids, or their analogs, and may
have sither the L or D- configuration {(except for glycine which is achiral). Slycine, the
aliphatic residues alanine, valine, jeucine, or iscleusing, proline, the hvdroxy! residues
serine and threoning, the acidic residues aspartic acid and giuternic acid, the amide
residues gsparaging, and glitamine, the basic residues lysine and arginine, histidine. the
aromatic residues phenylalanine, tyrosing, and iryplophan, and the sulfur-containing
residues methioning and cysieine are all confemplated for use in the described
compounds. The number of positively charged subunifs, and their density can affect the
potency of the compeound for reducing PTH, in some ambodiments, positively charged
subunits are separated by one or more other subuniis (“separating subunits”). In one
aembodiment, the separating subunils are alanine residues. in some embodiments, the
chirality of the separaiing subunit affects the potency of the compound.

(001257  Positively charged amino acid residues of the described compounds may be a
specific natural or unnaiurat residus, or analog thereof, having either the L-or D-

corfiguration (e.g., L-arginine] that is repested in the sequence, or may be a varisty of
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natwral or unnaiural residues, or analogs thereotf, having either the L~ or D- configuration.
in some smbodiments, the compound i3 a peplide comprisad of Fom 3 to 20 positively
charged aming ackd residues, 6 1o 12 positively charged amino aoid residues, 310 &
positively charged amine acid residuss. In some embodiments, the peplides comprise
3.4,5.6,7 8 8 10, 11,12, 13, 14,18, 16, 17, 18, 18, or 20 positively charged anmiino
acitd residuss.

001281 n some smbodiments, the positively charged amine acid residues are
independently selected from natural amine acids. In some embodiments, the positivedy
charged amine acid residues are independenily selected from nalural and/or unnatural
aming acids. in some embodimenis, the positively charged amino acid resiguss are
independently selected from the group consisting of arginine, lysine, histidine, 2,3~
diaminopropionic aclkd {Dap), 2.4-diaminobutyric acid (Dab), omithine, and
homoargining, In a preferred embodiment, the positively charged amino acid residues
are arginine residuss.

[O01271  In some embodiments, the compound is a peplide and is a single continuous
peptide chain or strand. In cther embodiments, the compound is a peptide that is
branched. in oiill other embodiments. the peptide & conjugated 1© one or more thiok
containing moisties {each, a “thickcontaining conjugating group” or a “conjugating
group™}. in a preferred embodiment, and as marely ilustrative, the peptide compound is
conjugated to 2 Cys conjugating group, via a {~8-3-) disulfide bond (for example -Cys-
Cys-. Ag used hereln, the term “compound” is infended to encompass poth such
peptides and such conjugates.

[604281  The compounds typically comprise one or more thiol moieties, preferably one
or more reactive thiol moieties. Subunits that have a thiol group include non-aming acid
compounds having a thicl group and aming acids with a thiol group. The thiol group of
the thinl-containing subunit may be in a conjugaied form (8.g., via & disulfide bond o &
conjugating group) or In an unconjugatad form (Le., as a reduced thiol). In a preferred
embodiment, whan the thiol group is in either an ynconjugaied form or a coniugated
form, #is capable of forming a disuifide bond with a thicl-containing group. The thiol-
containing residue may be localed at any position along the peptide chain, including the
amino fetminus, the carboxy lerminus, or some olher position. In a preferred
embodimert, the thiolk-containing residue or subunit may be located at the amino
terminus. In other embodiments, the thiol-containing residue or subunit may be lncaled
at the carboxy ferminus or within the peplide sequence.
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081281 Some representative examples of thickcontaining residuss include, without
limitation, cystelne, mercaploproplonic 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 cysieine.
01301 in some embodiments, the crass-linkage betweasn the thiol containing subunit
gt the Xy position in the compound and the thishcontaining conjugating group may be
cleavable and/or exchangeabie with other thiok-containing conjugating groups such as
oysteing {8.9.. by reduction of the disulfide linkage) i vivo o yield a bivtogically aclive
form of the compound. in this way, the conjugaie may funclion as a pro-drug of the
compound. A conjugating group also may be used fo modify the physicochemizal,
pharmacokinetic and/or pharmacodynamic properties of the described compounds (e.g.,
conjugation via a disulfide linkage o 8 large PEGylated moisty to enhance the
pharmacokinetics].

131 In some embodiments, the compound 18 @ peptide comprised of the amino
acid 3equence (Kae - {heai-{RaaarRass - e {Rami-{Kar) (SEQ 1D NOUIES), wharsin
{Xae1) I8 @ thiokcontaining amino acld residue, (X} I8 8 non-cationic amino acid
residue, {Xaea) 18 any amino acid residue, (Kaes) I8 any aming acid residue, (Kl 8 3
cationic aming acid residue, (Xage) I8 a non-cationic residue, and (X2} I8 any amino acid
residue. The peptide may be modified at the N-teaminus, the C-erminus, orboth, ina
preferred ermnbodiment, the peptide Is mudified af both the N-terminus and C-terminus by
acetylation and amidation, respectively.

[05132]  In some embodiments, 2 peptide comprises the amino acid sequence

(0-Cys 3 Haag I (Kaaa) (K asa)~(Kass (Ko )-(aar) (BEQID NO:188), whereint (Kzq) is a non-
cationic amino acid residue, (M) i any amine atid residus, (Xaee) I any aming acid
rasidue, (X} 18 selecied from the group consisting of D-Arg, L-Arg, D-Lys and L-Lys,
{Kaae) I8 @ non-gationic residue, and Kasr) Is any 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-ferminal cap and a C-terminal cap,

[60133]1  In some embodiments, a peplide comprises the amino acid sequence

{00y ) Honz) Raash{ X aaadKaas i (Kaas)Doar) (BEQ 1D NOUET), wherein as), (Kuw)
and (e} 218, indspendently, any amino acid residue {but in & preferred embodiment
are, independently, selectad from the groun consisting of D-Ala, D-Val, D-Leu, D-Norval,
and D-NorLeu), (Xas) and (Xar) are, indspendently, any cationic amino asid residue (hut
i a preferrad embodiment are, independently, selected from the group consisting of D-



Arg, L-Arg, D-Lys and L-Lysh, (aap) 18 @ non-calionic aming acid residue {in a preferred
embodiment, selected from the group consisting of D-Ala, D-Val, D-Ley, D-NorVal and
D-Norleud, The peplide may have an N-temminal cap, a C-terminal cap, orboth, Ina
preferred embodiment, the peplide has both an N-terminal cap and a C-terminal cap.
[00134]  in some ambodiments, a paptide comprises the amine acid seguence
{D-Cys)-{Rag-Faas)lana (K aas ) (Kaasi~(Kazz) (SEQ D MNO188), wherein () 8 2 non-
cationic amino acid residue, (X,,s) s any amine acid residue, (K.} is any amine acid
residus, {(Xyas) B selectad from the group consisting of D-Arg, L-Arg, D-Lys and L-Lys.
{Xae5) I8 @ non-cationic residue, and (Xae) I8 any amine acid residue, The peptide may
have an N-terminal cap, a C-temminal cap, or both. in & preferred embodiment, the
peptide has both an Ne-terminal cap and a C-terminal cap.

1001381 in some embodiments, a peplide comprises the amino acid sequence
{D-Cys i D-Als{Koas-(Kanai-{ D-Argi-{ D-AlR-{Xer) (SEQ 1D NO158), whersin (Xes) Is
any cationic amino acid residue, (Xuuq) s any cationic amino acid residue, and (Kur) s
any cationic amine acid residue.  The peplide may have an N-terminal cap, g C-
terminal cap, or both. In g preferred embodiment, the peplide has both an N-terminal
cap and a C-terminal cap.

1001361 In some embodiments, & peplide comprises {he aming acid sequence
(D-Cye )l XonodMaaah(D-Ada)-(D-Arg-{ D-Ala)-(¥07) (SEQ 1D NOI180), wherein (Kaan),
{¥4s2) and (Mg 8re, independently, any cationic amino acid residue. The peplide may
have an N-lermvinal cap, a C-terminsl cap, or both. In a preferred embodiment, the
peptide has both an N-terminal cap and & C-lerminal cap.

[D0137]  Ancther embodiment is 2 calvimimetic peptide, comprising a sequence of
amine acids Hinkad by peptide bonds, wherein the sequance comprises § to 10 amino
acid residues, and wherein the sequence comprises an amino terminus, s carboxy
torminus, at least one thick-containing residue, and frorn 3 o 8 positively chargsed
residues. In ong embodiment, the al least ong thivlcontaining residue is & cysteine
residue. In another aspact, the cysteine residue 18 positioned at the aming terminus of
the peptide. in cerlain embodiment, the cysteing residue s an L-Cys residue, & D-Cys
residue, or an L- or D-homoCys residue. In other embodiments, the aming acid residuss
of the peptide are D-amino acids or L-amino avids.

001381  Also encompassed within the scope of the claimed compounds are
peptidomimetic molecules that comprise approximately seven subuniis, wherein al lsast
one subunit containg z thiol molety, preferably a reactive thiol moisty, and other subunits
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are a plurality of non-cationic suhunits, and from 1 {o 4 positively charged subunits.
Such peptidomimetic molecules may comprise nor-peplide bonds between two or more
of the subunits. The various Teatures of the compounds discussed above apply
generally fo the peptidomimetic molecule. For example, as discussed above, the
subunils used to construct the molecules can be naturaiiy-occurting amino agids, or
residues with non-natural side chains, the termint of the modules can be capped or non-
capped in the manner discussed above. Similarly, the amino acid residues of the
motecule can be L~ or D-aming acid residuss. Also as discussed ghove, the thiok
containing residuss can be in a reduced or oxidized form with any of the hiocl-containing
moisties discussed gbove.

001381 Many peplidomimetic framewerks and methods for thelr synthesis have besn
developed (Babing, R, E.; Bender, 8. L., Chem. Rev, 8721358, 1997, Hanessian, 5.,
et al., Teirahedron, 53:12788, 1887 Fleipher, M. D.; Cambell, M, C. Chem. Rev,,
08.783, 1998); Peptidomimetics Protocols; Kazmierski WM., Ed.; Methods in Molecular
Medicine Serieg, Vol. 28; Humana Press, Inc.; Totowa, N.J. (1989).

Conjugates

F601407  in some embodiments, the compound is chemically cross-linked to a thiok
containing conjugating group via a disulfide bond beiween the thiol of the compound and
a thiol from the conjugating group. The thick-containing conjugating group canbe a
smal moleculs, such as cysteine, or a macromolecule, such as a polypeptide containing
a cysteine residue. Examples of suitable thicl-containing conjugating groups include
cysteine, glutathions, thicalkyl, moleties such as thichenzyl, mercaptopropionic acld, M-
acetviated cysteing, cysteamide, N-acelyloysisamide, homooysising, peniciliaming and
poly (sthylene glycofy (PEG) modified (referred o as ‘PEGylated”) thiols such as
PEGylated cysieine or a duplication of the compound (ie., o form a homodimer inked by
& disulfide linkage). In a preferred embodiment, the thiol-containing conjugating group is
cysteine. Other cysteine homologs are aiso contemplated for use as thickcontalning
conjugating groups, efther alone or comprised in 8 larger conjugating group. Similarly,
sisrepisomers of oysiaing, homooysteine, and cysleamide are sultable for use as thinl-
zontaining moleties. Conjugating groups can be used o improve chemical stability and
therefore shelf-iife of & pharmaceutical product, In ceriain embodiments the thiol-
containing conjugating group and the peplida are the same (Le., the conjugate is a
gimer), which unexpsectediy showed very good chamical stability compared o

heterologous conjugating group such as cysteine. Wikhout being bound by theory,
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presumably when the thivk-containing conjugating group and the peptide are the same,
then any disproporionation (e.q. scrambling of the conjugating group) will reconstifute
the original dimer compound. In condrast, disproportionation of a compound with 3
heterclogous conjugating group such as cysieing can lead to formation of homo-dimers
of the peptlide plus cystine (cysteins ~ cysteins homodimer) plus residual parent
sompound, A homo-dimer of the paptide {i.e., conjugating group and the peplide are the
sarne) would be convarted to @ cysieine conjugated form of the peptide in vivo due io the
high conceniration of reduced cysieine in systemic circulation.

[Be141]  In some smbodiments, the teachings include a disulfide conlugate of a thicl
containing conjugeiing group and a peplide comprising the amine acid saquence (K1)
{Koart(Kaant{Kond{¥aasi{Xeae - (Ranr) (SEQ 1D NOUIEE)Y, whersin (X '8 an aming acid
residue with a thiokcontaining molety, (Xas) Is & non-cationic amine acid rasidue, (o)
is any amino acid residue, {Xges) is 20y amine acid residue, (Kaas) Is a cationic aming
acid residus, (Kaas) 5 & non-cationic residue, and (.7} s any amino acld residue. The
peptide may have an N-temminal cap, & C-lerminal vap, or both, In a preferred
emboediment, the peptids has both an N-terminal cap and a C-ierminal cap. ina
praterred embodiment, the thickcontaining conjugating group is selectad from the group
conststing of 0-Cys, L-Cys, a peptide containing D-Cys, and a peptide containing L-Cys.
When the thiok-containing conjugale group is an aming acid or & peptide, it may have an
N-terminal cap, a C-emminat cap, oy both. In 3 preferred embodiment, the thiol-
containing conjugate group has both an N-terminal cap and a C-arminal cap. in soms
embodiments, the thicl-containing conjugating group is Hisel a peptide comprising the
amino acid sequence of SEQ 13 NOUES, In some embodiments, the thiokcontaining
conjugating grodp and the peptide are the same {Le., the conjugate is  dimer).

001427 In some embodiments, the teachings include a conjugate of a thigh-containing
conjugating group and a peptide comprising the aming acid sequence (D-Cys)-(Haa)~

{ X aan i K e FaasH{Kaas)Daar) (SEQ HD NO:BB). wherein (Xaae) s @ non-cationic amino
aoid residue, (Kas) Is any amino acid residue, (X s 8ny amino acid residue, (Kegs) 15
selected from the group consisting of D-Arg, L-Arg, D-Lys and L-Lys, (Xaa6) i3 8 non-
cationic residus, and (Ka,y) Is any amine ackd residus. The peplide may have an N-
termingl cap, & C-lemmingl cap, or both. 1n g preferred embodiment, the peptide has both
an N-terminat cap and a C-terminal cap. in g prefened embodiment, the thiclk-containing
conjugating group is selected from the group consisting of D-Cys, L-Cys, & peptide
comaining D-Cys, and a peptide containing L-Cys. When the thickconlaining conjugate
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group I8 an amino aoid or a peptide, it may have an N-terminal cap, a O-terminal cap, or
both. in a preferred embodiment, the thivkcontaining conjugate group has both an N-
ferminat cap and a C-lerminal cap. In some embodiments, the thiokcontaining
conjugating group s iself a peptide comprising the aming acid sequence of SEQ D
NO188. in some embodiments, the thiol-containing conjugating group and the peptide
are the same {Le, the conjugats is a dimmer).

j60143]  In some embodiments, the teachings include a conjugate of a thiol-containing
conjugating group and a peplide comprising the amino acid sequance {L-Cysi{Xaaz)
{Kass i (Kaas FKaas(Kaash-(Haar) (SEQ 1D NO:183), wherein (o) Is a non-cationic aming
acid residue, (Xags) is any amine acid residue, (Xae) is any amine acid residue, (Ku,s) is
selected from the group consisting of D-Arg, L-Arg, D-Lvs and L-Lys, (Xaas) is 2 non-
cationic residue, and (Xayr) Is any aming 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 hH-terminal cap and 2 C-terminal cap. in a preferred embodiment, the thiok-containing
conjugating group te selected from the group sonsisting of -Cys, L-Cys, a peplide
sortaining D-Cys, and a peptide containing L-Cys. When the thicl-containing conjugals
group is an antno acid or a peplide, i may have an N-terminal cap, a C-terninal cap, or
both. In & preferred embodiment, the thiolcontaining conjugate group has both an N-
terminal cap and a C-terminal cap. In some embodiments, the thicl-containing
conjugating group s iiself a peplide comprising the amine acid sequance of BEQ ID
NO:183. In some embodiments, the thiol-containing conjugating group and the peplide
are the same (L.2., the conjugale is a dimer).

[00144]  in some embodiments, the {eachings include a conjugale of a thick-containing
conjugating group and a peptide comprising the amine ackl sequence {D-Cys)-(D-Ala)-
(X aazKaaaH{D-ATQ DAl - { Xy} (SEQ D NOE1), wherain (az) is any amino acid
residue, (Xaae) 18 any aminoe acid residue, and (Xaa7) Is any aming acid residus, The
peptide may have an N-lerminal cap, a C-terminal cap, or both. In & preferred
embodiment, the peptide has both an N-erminal cap and a Cerminal cap. Ina
sreferred embaodimant, the thick-containing conjugating groun is salected from the group
consigting of D-Cys, L-Cys, a peptide containing D-Cys, and a pepfide containing L-Cys,
When the thickcontaining conjugate group is ah amino acid or a peplide, it may have an
N-terminal cap, & C-terminal 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 thivl-containing conjugating group is ifself a peplide comprising the



amino acid sequance of SEQ 1D NO:161. In some embodiments, the thiok-conlaining
conjugating group and ihe peplide are the same {La., the conjugate b a dimer),

i, Methods of Lise

[0iri48]  In one aspect, metheds fo prevent, ireat or ametiorale hyperparathyroidism,
bone disease and/or other hypercaloemic disorders by adiministering the compounds
described heregin are contemplated. As lllustrated above, the compounds have activity to
decrease PTH andfor calcium tevels in a target dssus or tissues, of in a subject. In
cartgin embaodiments, the desaribed compounds are capable of decreasing PTH and/or
calclum levels when & therapeutically effective amount of the compound s administered
to a sukiscl in need of such reatment. The methods of use will now be describad with
raference to Examples 3 and 8-11.

001461 With reference again to Example 3, and as discussed above with respect 1o
Table 1, the serles of compounds where & cationic (argining) residue was sequentially
reptaced with a non-cationic residue (alanine) were adminigtared to rats. Fig. 5 shows
ihe time profile of each compound's ability to reduce blood PTH and the duration of
action of the varying compounds. in Fig. 5, the compounds Ac-crrr-NH, {(SEQ D
NO:S, diamonds), Ac-carmr-NH, (SEGQ D NO:8, sguares) and Ac-grranr-NH, (SEQ 1D
NQO:0, x symbols) and Ac-orrrar-NHg (SEQ D NOH2, circles) wers polent in vivo, as
evidenced by the decreass in percent PTH of predose baseline to essentially zero and
provided a duration of polency, where the PTH blood conceniration ramained decreased
for at least four hours. The compounds Ac~cramre-NH, (8EG 1D NO:D, triangies), Ag~
errrart-MH, (SEQHD NG, * symibols) and Ac—erivra-NHg (8EQ D NOI13, + symbols)
decreased paercent PTH of hassline for about 2-3 hours, and thereafier the blood
concentration of PTH began o increase. Substitution of the cationike (arginine) residue
at subunii positions 5 or 7 of Ac-crimrr-MH, (SEQ 1D NG:8)Y impacted the duration of PTH
iowertng activity,

(001471 The profile of PTH reduction for 2 series of compounds containing double
amiine acld substitutions was also evaluated, Selested compounds set forth in Table 2,
above, were adrainistered to nermal rats by IV bolus at 2 dose of 0.5 mafkg and the
reduction in PTH relative to predose PTH biood level was evaluated. stz are shown in
Figs. 6A-88, where the compound are identified as follows:  Ac-carrrar-NH; (SEQ 1D
NO28, open diamonds), Ac-crrarar-NH, (SEQ 1D NOZS, open squares), Ac-caamm-Nid,
{SEG D NO:22, triangles), Ac-crraarr-NH, (SEQ D NCH7, circles), Ac-o{Ciamrar-NH:
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(SEQ D NO:3, diemonds Fig, 6B), Ac~-c{Chrrarar-NH, (SEQ 1D NC:28, x symbaols, Fig.
8B},

[O0148]  Another study was done to further eveluste the potency of the compound Ac-
ofCarrarhNr, (SEQ 1D NO: 3). The compound was intravenously adminisiered 1o
normal rats, as detailed in Example 2, al doses of 1 mosky, 0.5 mgikg, 0.3 mofkg, and
0.1 mg/kg. Plasma PTH levels were assessad prior 1o dosing and for 4 hours thereafier.
Fig. 7 shows the resulis, where the PTH blood concentration is shown as percent of the
baseling pre-dose value, A dose-relgted PTH reduction was observed foliowing 2 single
IV bolus administration with the highest dose of 1 mg/kg (diamonds) had the largest
reduction in PTH, followed by the 0.5 ma/kg (squares), 0.3 mgfkg (triangles), and 0.1
mgikg (x symbols), The saline control is shown by the circles symbols. As seen, the
peptide when administersd at 8 therapeutically effective dose achieves a reduction in
PTH of greataer than 50% relative fo the concentration of PTH before dosing (“bassline”),
Specifically, the psplide when administered at doses of greater than 0.1 mglkg reduced
PTH concendration fo fess than 80% of the baseline FTH concentration 1 fiour after IV
administration. These doses of the peptide idantified as SEQ 1D NO:3 also achieved an
ares under the curve (AUC) of less than 50%, the AUC calculated as the swn of the
PTH conceniration values st the tims points of 1, 2, 3 and 4 houwrs, normalized by the
ALIC for the saline conlrol at the same time points, mulliplied by 100

{00148 The same compound was also {ested in subjests (rais) with renal
insufficiency. In this study. the 1K1C modet of acule renal insufficiency was used to
avatuate a the compound Ac-c{Clarrar-Mi; (SEQ 1D NO: 3} o characlerize its PTH-
iowering activity in a renal dysfunction environment. The mode! is described in Example
1A, The compound was intravenpusly administered as a bolus o renaily compromised
animals (rats) at doses of 3 mofkg (n=2), 1 mg/kg (n=5), 0.5 malkg (n=B) and 0.3 mg/ky
(=5}, A control group of animals was dosed with ssline. Plasme PTH lesvels were
assessed prior to dosing and for several hours thereafter. Fig. 8 shows the resulis,
where the saline treated animals (squares) had an increased FTH 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 tregied with the
towast dose of 0.3 ma/kg (% symbols) exhibiting reduced PTH at the sarliest time point
and an increase in PTH betwesn hours 1-24 after dosing. The dose levels of 3 mg/kg
{digmonds), 1 mgrkg (riangles) and 8.8 mg/kg (squares) provided a reduced PTH blood
concentration for more than 15 hours, and for the highest dose, for more than 24 hours,
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[B01501  In another sfudy to evaluate the sffect of substituting calionic subunits with
uncharged subunits, as exemplified by alanine amino acid residues, i the confext of a
subilect with renal insufficlency, an analog of Ac-orrrr-NH, (SEQ D NO:6) was
generated and tasied for its ability io lower PTH In 1K1C model animals following a 1
mg/kg single intravenous administration. In the tested analog Ac-carrrar-NH; (SEQ 1D
NO:28), the cationic subunits at positions X and Xe of Ac-arrmr-MH, (SEQ 1D NG
were substituted with uncharged amine )eids.
FOG154]  As shown in Fig. 9, Ac-carrrar- NiH; (SEQ 1D NGO.28, open squaras) shows
activity that is equivalent to Ac-criver-NE, (SEQ D KOS, open diamonds) at the dose
tested {1 mg/kg) with similar exiended durstion of aclion over 24 hours. The analog of
Ac-crrrrr-NH, (SEQ 1D NO8) with uncharged subunit substitutions was found to retain
chivity and may, in Tact, have In vivo potency and duration of action superior to that of
the compound identified as SEQ 1D NO:B, in the compound, Ac-carrrar- NH; (SEQ D
NO28), D-Arg residuss at positions X, and Xg were substiluted with D-Ala residuss
relative to the compound identified as SEQ 1D NO:E,
[00152]  Significantly, as discussed above, administration of the compound Ac-carrvar-
KM, {(SEQ 1D NO:28) was nof accompanied with histamine release, an undesirable side-
effect that is seen with Ac-ctrrer-NH, (SEQ 1D NG:8) and other shmiiar compounds when
administered at kigher doses (> 1 mg/rkg) by 1V bolus. The marked attenuation of the
histamine release with the compound identified SEQ 1D NO.28 increases the therapeutic
margin between the desked PTH-lowering activity and the undesired histamine-inducing
activity foflowing administration by [V bolus. Accordingly, in a preferred embodiment,
compounds having activity io reduce PTH concentration /n vivo in the abssnce of a
histamine response are provided. Accordingly, in one embodiment, & compound s
provided that has activity to decreass PTH whate the compound when administered an
& sublect, human or otherwizs, decreases PTH level to below 50% of the pre~-dose level
within one hour after dosing. In 2 specific embodiment, a compound that has significant
aofivily o decreass FTH intends a compound thal when adminisiered to a nommal rat
decreases PTH lsvel fo below 50% of the pre-dose level within one hour after dosing by
1Y bolus,
[OU5831  In another study, detailed in Example 8, compounds in the form of a
conjugate, whare the thickoontaining subunll i posilion X, was linked through a
disulfide finkege to an L-Cys residus. These compounds have the following structures:
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AC-carvrar-Ni, and Ag~earrrar-Ni,
G ID WO 3) (SEG ID NO:141)

{00154]  In thé notation used herein, the compound that is finked to the thiokcontaining
moiely in fhe Xy subunit is dentified parenthetically, where in these exemplary
conjugates the compound L-Cys is indicated (C) is finked to the thiolcontalning moisty in
the X, subunit, Ac-c{Oarrrar-NH, (SEQ 1D NGB and Ac-g{Ac-Clarrrar-NH, (SEG 1D
NO141). These compounds were administered via IV bolus fo antmals with acute renal
insufficiancy {1110 model} at doses of 0.3 and 0.5mg/ky, and the results are shown in
Fig. 10. The compound Ac-o{Chamrrar-NH, (SECQ 1D NO:3} s represented by squares
(3.3 mg/kg, n=5) and * symbols (0.5 mg/kg, n=8} and the compound Ac-c{4c-C)errrar-
MNH: (SEQ 1D NQ:141) by triangles (0.3 myg/kg, n=8) and diamonds (0.5 mgfkg, n=T7}.
This iy vive dose response with SEQ 1D NO3 displays a dose-dependent reduction in
PTH very similar {0 Ac-crrrm-Ni (8EQ 1D NOE),

(001881 in some of the 7 vivo studies described hereln, the compounds, including
compounds in conjugate form where the thiol in the X5 subunit is cross-linked via a
disulfide bond o ancther subunit, were administered as a 30-minute 1V infusion.
However, i should be nofed that shorter infusions (8.9., <5 minutes) or defivery by IV
bolus typically produce comparable pharmacodynamic reduction of PTH as a longer 30~
minute infusion. Subcutanecus bolus administration also proved {6 be an efficacious
rauie of delivary that generated a smalier inftial drop in PTH bt displaved 2 sustalned
reduction in FTH similar 1o the profile seen by the IV route. As shown in Fig. 11, the
sormpound Ac-crirrr-Ni, (SEQ D NGB}, was also adminisisred by micropore-Tacilitaled
{e.q., micreporation of the stratum comeum) transdermal delivery, and demonstrated &
reduction in plasma PTH for the several hours it was monitored. The compound
Ac-crrrerr-Niy (SEQ 1D NOB), was aiso administered by the transdermal route after
rricroporation resulting in & reduction in plagma PTH for seversl hours. Transdenmal
defivery of Ac-crrrrre-Nip (SEQH D NOE) provides an addition option for clinical delivery
of the described compounds.

(001881  To evaluate the effect of administration reute on the activity of Ac-criar-NH,
{SEQ 1D NO:B) In the context of a sublect with rena! Insufficiency, rats in the 1K1C
modet were given 1 mgfkg of the peptide as either a subcutaneous (8C) bolus or a 30-
minute 1V infusion. Both routes of administration effectively reduced plasima PTH levels
for over 24 hours, When Ac-crrrmr-NH; (SEQ D NOB) was delivarad by IV infusion,
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PTH levels fell rapidly by 80-80% from baseline. By 18 hours after dosing, PTH levels
had started to rise although they were siill reduced by ~80% from baseline. When
Ac-crrrr-NH, (SEQH D NO:6) was delivered by SC bolus, FTH lsvels exhibited a more
moderats initial drop 1o ~40% of baseling, but exfibiled a similar duration of reduction as
when the peplide was delivered by the IV route. Twenty-four hours after dosing, PTH
tevels in animals dosed by either route had partially rebounded although both stif
digplayed reduced PTH levels that were ~40-80% from baseline. The results showed
that this route of administration provides & similar profite with respect to efficacy and
duration of PTH reduction as IV administration, thus providing an alternative path for
clinical dosing {data not shown).

{OG1587]  Accordingly, in & prelerred embod iment, 2 subject having secondary
hyperparathyroigism (SHPT) is treated using the described compounds 1o reduce
plasima PTH levels and/or caicium. Unireated BHPT patients with moderately severe
nyperparathyroidism often have baseline circulating intact PTH levels »300 po/mi, and
levels tha! can excead 800 pg/mi. In a preferred embodiment, the decrease in FTH
levels is maeasured as 2 decraase in inlact PTH below pretreatment haseling levels. in
another embodiment the desired decraase in PTH s to bring the plasma PTH levels into
generally recoghized guidelines established by the National Kidnay Foundation or other
experts in the treatment of kidney disordars and renal insufficlency.

[00158]  In another aspect, methods for treating hyperparathyroidism, hypercalcemia
and/or bone disease are provided, comprising administering a therapeutically effective
amount of a describad compound. i another embodiment, the subject can be trealed
with a described compound in combination with one or more other therapeutically
effective agents.

(01881 In another aspect, the described compound is administered i an amount
effective o reduce FTH or PTH sffect. in some embodiments, the reduction in plasma
PTH is at least 1%, 2%, 3%, 4%, 5%, 8%, 7%, B%. 8%, 10%, 11%, 12%, 13%, 14%,
15%, 16%, 17%. 18%, 19%, 20%, 25% or 30% below prefreatment bassling levals for al
ieast 10 hours post administration of the described compound. In specific embodiments,
the raduction in plasma PTH 15 atleast 20% at 1D howrs post administration. in
preferred embodiments, the reduction in plasma PTH is 15 o 40%, preferably 20 to
50%, more preferably 30 16 70% below pretreatment baseline levels for at least 48 hours
post administration of the described compound.



{00801 in another aspect, the described compound is administered in an amount
effective {0 decrease serum caicium or calcium effect. In some embodiments, the
reduction in serum calolum is al least 1%, 2%, 3%, 4%, 5%, 8%, 7%, 8%, 9%, 10%,
1%, 12%. 13%, 14%, 15%, 16%, 17%, 18%, 18%, 20% or 25% below prelreatment
leveis for at least 10 hours post administration of the polycationic peptide. In some
preferred srmbodiments, the reduction in serum calcium is at least 5% at 10 hours post
adminisirafion.  In some preferred smbodiments, the reduction s serum calclum is 8 1o
10%, preferably 5 to 20% below pratreatment levels for at lsast 48 hours post
administration of the described compound.
{00181]  In another aspsct, a method for treating hyperparathyroidism and/or
nwypercaleamia in a subject in need thereof is provided, comprising: adminisierning a
therapeuically effective amount of a described compound, whereby PTH and/or calcium
is reduced,
(001821 Based on the relationship between serum calcium, bone metabeliam and
BTH, it is thought that the described compounds are beneficial for the treatment of
various forms of bone disease and/or hypercalcemia in addifion to hyperparathyroidism,
The described compounds may have advantages compared o current therapeutic
agents, bacause they may be administered parenterally and may not be associated with
gastroimestinal adverse effecls, are not metabolized by cvlechrome P450 and may
result in more effective reductions in plasma PTH and caloium,
{00183 As discussed above, the described methods may be used alone or in
combination with one or more other therapautically efiective agents. Buch other
therapeutically effective agents include, but are not imited to, treatmers with
antiresorptive bisphosphonate agents, such a3 alendronate and risedronale; integrin
blockars, such as o,f3; antagonists; conjugated estragens used in hormone replgcement
therapy, such as PREMPRO™, PREMARIN™ and ENDOMETRION™: selective
esirogen receptor maduiators (SERMs), such as reloxfene, droloxifens, CP-338,158
{gﬁﬁzef) and lasofoxifene; cathespin K inhibitors; vitamin D therapy; vilamin D analogs,
such as ZEMPLAR™ (paricalcitol); CALCIEX® (calcitriol), HECTOROL®
{donercalciferol), ONE-ALPHAR (aifacaicidol) and the anslogs in development from
Cyinchroma known as CTA01E, CTAP201 and CTAP 101, other calcimimetics such as
Sensipar® (cinacalcel); inhibitors of type §§ sodium-dependent phosphate transporter
family, SL.C34 (including the two renal isoforms NaPi-ila and NaPi-lie, and the intestina]
NaPilin transporter); phosphaloning (including FGF-23, sFRP4, MEPE or FGF-T); low



dese PTH freatment (with or without estrogen); calciioning inhibitors of RANK lgand;
antibodies agaimnst RAMNK ligand, osteoprotegrin; adensosine antagonists; and ATP
proton pump inhibiiors,

001841  In one embodiment, & desoribed compound is administered at a dose
sufficient to decrease hoth PTH and serum calcium fevels, o another embodiment. 2
described compound is administerad at a dose sufficlent o decrease PTH without
significantly affecting serum calcium levels. In a further embodiment. a descrbed
compound 8 administered at 2 dose sufficient {6 increase PTH without sighificantly
affecting serum calciurn levels,

Formulations

[O01881 A pharmaceutical composition comprising a described compound and af least
one pharmaceutically acceptable excipient or carrier is provided. Methods of preparing
such pharmaceutical compositions typically comprise the step of bringing info
assuciation & desoribed compound with a carier and, optionally, one or more aceessoty
tngredients. The described compounds andior pharmaceutical compositions comprising
same may be formutaled into pharmaceuticaliy-acceptable dosage forms by
corventional methods knowt 1o those of skill in the 3t Typically, formulations are
prepared by uniformiy and intimately bringing into association a described compourd
with liquid carrers, or finely divided solid carriars, or both, and then, if necessary,
shaping the product.

004681 Phamacsutical compositions of the present invention suifable for parenteral
adminisiration comprise one or more described compounds in combination with one or
more phammaceutically-acceptable sterile isotonic aguecus or nonaguecus solutions,
dispersions, suspensions or emulsions, or sterife powders which may be reconstituted
into sterile injestable solutions or dispersions just prior o use, which may coriain sugars,
zicohols, amino acids, antioxidants, buffers, bactariostats, solutes which render the
formudation isotonic with the bload of the intended recipiant or suspending or thickening
agents,

f00167] Exampiles of suitable aqueous and nonaqueous catriers which may be
employed in the pharmaceutical compositions of the invention inciude waler, ethanol,
pulyols (such as glycerol, propylene glycol, polyethyiene glyeol, and the like), and
suitable mibtures thereof, vegetabie oils, suth as olive olf, and injectable organic esters,
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such as sty olaste. Proper fluidity can be mainfained, for example, by the uss of
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coaling materials, such as lecithin, by the mamienance of the reoulred particie size in the
case of dispersious, and by the use of surfactants.

[G0168] These pharmacsutical compositions may also contain adjuvants such as
preservatives, wetlting agents, emulsifying agents and dispersing agents. Prevention of
the action of microarganisms upon the described compounds may be ensured by the
inclusion of various antibacterial and antifungs! agents, for example, paraben,
chlorobutanol, phenol sorbic acid, and the fike. H may alseo be desirable to inclida
agents {0 control onicity, 'sueh as sugars, sedium chioride, and the like into the
compositions. In addition, prolonged absorplion of the Injeciabile pharmacsutical form
may be brought about by the inclusion of agents which delay absorption such as
aluminum monostearate and gelatin.

J60168]  In some cases, in order to prolong the sffect of a drug, it is desirable to slow
the absorption of the drug from subcutaneous or inttamuscular injection, This may be
accomplished by the use of a liquid suspension of crysialline or amorphous material
having poor water solubiiity. The rate of absorplion of the drug then depends upon s
rate of dissolution which, in fum, mayv depend upon erystal size and crystaliing form,
Adtemnatively, delayed absorption of a parenteraliy-administered drug form s
accoraplished by dissolving or suspending the drug in an oll vehicls,

(00178 For example, a described compound may be deliverad to a human in & form
of solution that is made by reconsiituiing & solld form of the drug with liguid. This
solution may be further diluted with infusion fluid such as water for inlection, 0.9%
sodiurm chioride injection, 5% dextrose injaction and laclated ringer's injection. Itis
praferred that the reconstifuted and diluted solutions be used within 4-8 hours for
delivery of maximurn potency. Alternatively, a described compound may be delfiversd to
a human in a form of tablet or capsuls.

071 Injectable depotl forms are made by forming microencapsilated maitrices of
the described compounds in biodegradable polymers such as polylactide-polvgiveolide,
Depending on the ratio of drug fo polymer, and the nature of the particular polymer
employed, the rate of drug release can be controlled. Exampies of other biodegradable
polymers include poly{orthoesters) and poly{anhydrides). Depot injectable formulations
are also prepared by entrapping the drug in linosomes o microemulzions which are
compatible with body tissue.

{60472}  When the desoribed compounds are administered as pharmaceuticals, o
humans and animals, they can be given alone or as 2 pharmaceutical composition



containing, for exampie, 0.1 1 89% (more preferably, 10 to 30%} of active ingredient in
combinatfion with & pharmaceutically acceptable carrier. In other embodiments, the
pharmacsutical composition may contain 0.2-28%, preferably 6.5-5% or 0.5-2%, of
active ingredient. These compounds may be administerad to humans and other animals
for therapy by any suitable routs of adminisiration, including, e.g., subcufansous
injection, subculaneous depot, intfravenous infection, infravensus or subcuianecus
infusion. These compounds may be administered rapidly (within < 1 minute) as & bolus
or more slowly over an exiended period of time {over several minutes, hours or days),
These compounds may be deliverad daily or over multiple days, confincously of
intermittently. In one embodiment, the compounds may be administered transdermatly
{.g., using 2 paich, microngedies, micropores, olitment, microjet or nanociet),

73] Regardless of the route of administration selecied, the described compounds,
which may be used in a suitable hydrated form, andfor the pharmaceutical compositions,
are formulated info pharmacsutically-acceptable dosage forms by conventional mathods
known to those of skifl in the art.

[00174]  Actual dosage levels of the active ingredients in the phammaceutical
compositions Mmay be varied 50 as to ablain an amount of the active ngredient which i3
affective to achieve the desired therapeutic response for a paricular patiend,
composition, and mode of administration, without heing foxic to the patient.

[80178] The selected dosage level will depend upon a variely of factors including the
activity of the particular described compound employed, or the ester, salt or amide
thereod, the roule of administration, the time of administration, the rate of excretion or
metabolism of the particslar compound being emploved, the rate and extent of
absorption, the duration of the treatment, other drugs, compounds and/or materials used
in combination with the particular compound emploved, the age, sex, weight, condition,
general health and prior medical history of the patient baing trealed, and like factors well
known in the medical arts,

[801781 A physician or veterinarian having ordinary skill in the art can readily
determine and prescribe the effective amount of the pharmaceutical composition
required, For example, the physician or veterinarian could start doses of the described
compoundds 2mploved in the phamacsutical composition at levels lower than that
reguired in order to achieve the desired therapeutic effect and gradually increase the
dosage untll the desired effect is achisved.
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001771 in general, s suitable dally dose of & described compound will be that amount
of the compound which is the lowest dose effeciive to produce a therapeutic affact.
Such an effective dose will generally depend upon ths factors described abavs.
Generally, intravenous, inframuscular, transdermal, infracergbroveniroular and
subcutansous doges of the described compounds for a patient, when used for the
indicated sffects, will range from about 1 pg to about 5 mg per kilogram of body weight
perhour. iy other embodiments, the dose will range from ebowt 5 pg to about 2.5 mg
pet kilogram of body weight per hour. In further embodiments, the dose will range from
about 5 pg to about 1 mg per kilogram of body weight per hour.

G0178] i desired, the sffective daily dose of a described compound may be
administered as two, three, four, five, six or more sub-doses administered separately at
appropriate ntervals throughout the day, optionally, in unit dosags forms. Inone
smbodiment, the described compound is administered as one dose per day. in further
embodiments, the compound is administered continuously, as through intravenous or
other routes, In oiher embodiments, the compound Is administered lgss frequently than
dally, such as every 2-3 deys, in conjunction with dialysis treatment, weekly or less
frequently.

[00178Y  The subject receiving this treatment is any animat in need, including primates,
in particuiar humans, and other mammals such as equdnes, caltlie, swine and sheep; and
poultry and pets in general.

001801  The described compounds may be adminisiered as such or in admixiures with
pharraceutically acceptable carriers and can aiso be administerad in conjunction with
antimicrobial agents such as peniciiling, caphalosporins, aminogivoosides and
givcopeplides. Conjunctive therapy thus includes sequential, simulianeous and
saparaie adminisiration of the active compound in a way that the therapsutical effects of
the first administered one is not entirely disappeared when the subsequent is
administered,

Roules of Administration for Disclosed Compounds

JOg184]  These compounds may be administered to humans and other animals for
therapy by any suitable route of administration. As used herain, the tenm “route” of
administration is intended to include, but is not limited 1o subculansous injection,
subcutansous depot, infravencus injection, intravenous or subcutaneous infusion,
intraccular injection, infradermal injection, intramuscular injection, intraperitoneal

injection, intratracheal administration, intraadiposal administration, intraariicular
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administration, inrathecal administration, epidural administration, inhalation, intranasal
administration, sublingual administration, buscal administration, recial administration,
vaginal administration, intfracisternal administration and topical administration,
fransdenmal administration, or administration via local delivery {for example by catheler
o stent).

00182 Transdermal drug delivery to the body is 2 desirable and convenient method
for systemic delivery of biclogleally sctive substances to a subject, and in particular for
celivary of substances thal have poor oyaf bicavaiiability, such as proteins and peptides.
The ransdermal route of delivery has been particularly successful with small (e.g., less
than about 1,000 Daltons) pophilic compounds, such as scopolamine and ticotine, that
can penetrate the stratum corneur outer layar of the skin, which serves as an effective
barrier to entry of substances into the body, Below the stratum comeum is the viable
epidermis, which containg no blood vessels, but has some nerves, Deeper siili is the
denmis, which contains blood vessels, lymphatics and nerves. Drugs that oross the
stratum comeum barrler can generally diffuse fo the capiliaries in the dermis for
absorption and systemic distribution.

fO0183]  Technological advances in ransdermal delivery have focused on addressing
the need in the art {o deliver hydrophific, high molecular weight compounds, such as
oioteins and peplides, across the skin, One spproach involves disruption of the stratum
comsurm using chemical or physical methods to reduce the barrier posed by the stratum
carneum. Skin microporation technology, which involves the creation of micron
dimension transport pathways {micropores) in the skin (in particular, the mitropores in
the stratum cornewm) using a minimally invasive technigue, is a more recent approach.
Technigues to create micropores i the skin (slratum comeurn) include thermal
microporation or abiation, microneedie arrays, phonophoresis, laser ablation and
redinfrequency abdation (Prausritz and Langer (2008) Mat. Biofechnology 11:1281-68;
Arora of 8l Inf. J. Pharmaceutics, 384:227 (2008}, Nanda et al,, Surrent Drug Delivery,
3:223 (2008); Meidan ¢f &l Amerfcan J. Therapeutics, 11:312 (2004)).

[G0184]  As noted above, FTH secration is reguiated by the Ca8R which is expressed
on the cell surface of parathyroid cells. Thus, in order to activate the CaSR, the agent or
compound must he defivered o the parathyroid cell. Transdermal delivery of
caicimimetic agents must achieve delivery across the steatum comeum and provide
systemic exposure to reach the parathyraid cel. To date, the art has not demonsirated
whather a calcimimetic compound can be delivered transdermally in an amount sufficient
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for therapeutic berefit and in pérﬁcular it &n amount sufficient for decreasing PTH
and/or the treatment, altenuation, lessening andior relief nypercaloemiz,

1001857 In addition o calcimimatics, 1,25-(0H}, vitamin D, analogs are the most
commonly used treatments for patients with hyperparathyroidism associated with chronic
kidney disgase and end stage renal disease. Vitamin D analogs act by facilitaling
intastinal absorption of distary calcium, and reduce PTH levels by inhibiting PTH
synihesis and secretion, While intravenous and oral delivery of vitamin [ has been used
therapeutically, to date, the art has not demonstrated whether vitamin D analogs, such
as ZEMPLAR™ (paricalcitol), CALCIJEX® (calcitriof), ONE-ALPHA® (affacaicidel) and
HECTOROL® (doxercalciferol) can be delivered transdermally in an amount sufficient for
therapeutic benefit and in particular in an amount sufficient for decreasing parathyroid
hormone (PTH). In addiion, the art has not demonstrated whether the co-administration
by transdermal defivery of a caicimimetic agent in combination with a vitamin D analog
{either as separate formulations or as a co-formwiation) in amounts sufficient for
therapautic bengfl, and in particular in amounte sufficient for decreasing PTH and
provide effective treatment for patients suffering from hyperparathyroidism.

100186  The calcimimetic agents may be administered across the siratum corneum,
and/or other lavers of the epidenmis, for local or systemic defivery, for decreasing
parathyreid hormone (FTH) andfor treating hypercelcemia, in one embodiment. the
cajoimimedic agent is deliverad via microporation. Any one of & number of lechniques for
micropoerafion is contemplated, and severa! are briefly described.

(081871 Microporation can be achieved by mechanical means and/or external driving
forces to breach the stratum corneum o defiver the caloimimetic agents described
herain through the suiface of the skin and into the underlying skin lavers and/or the
bloodstraain.

001881 o a first embodimant, the microporation technigue is ablation of the stratum
cornewm it @ specific region of the skin using g puised laser lighi of wavelengih, pulse
tength, pulse energy, pulse number, and pulse repetition rate sufficient to ablate the
stratum comeurm without significantly damaging the underlying epidermis. The
caloimimetic agent is then applisd io the region of ablation, Another laser ablation
microporation technique, referred to as laser-induced stress waves {LISW), involves
broadband, unipolar and compressible waves generaled by high-power pulsed lasers,
The LISWs interact with tissues to disrupt the liplds in the siratum comeum, creating



intercefiular channels fransiently within the stratum cornaum. These channel, or
micropores, in the stratum corneum permit entry of the caleimimetic agent.

foU1B8]  Sonophoresis or phonophoresis is another microporation technigue that uses
ufirasound ensrgy. Ullrasound is a sound wave possessing frequencies above 20 Kz,
Ultrasound can be applied either continuously or pulsed, and applied at varous
frequency and infensity ranges (Nanda et al, Current Drug Delivery, 3:233 (2008)).
1001807 Ancther microporation technigue involves the use of a micronsedie array.
The array of microneadies when applied to a skin region on a subject pierce the stratum
cormeumn and do not penelrate {0 a depth that significantly stimulales nerves or
punciures caplilaries. The patient, thus, feels no or minirnal discomfort or pain upoen
appfication of the micraneadie array for generation of micropores through which the
calsimimetic agent is deliverad.

fo0191]  Micronesdie arrays comprissed of holiow or solid microneedies are
contemplated, where the calcimimetic agent can be coated on the extarnal surface of the
needies or dispensed from the interior of hollow needles, Examples of misronsedie
arrays are described, for example, in Nanda ef 2/, Current Drieg Delivery, 3:233 (2008)
and Meidan ef al. American J Therapeuiics, 11:312 (2004). First generation
misronsedie arrays were somprised of solid, silicon microneedies that were externally
copled with a therapeutic agent. When the microarray of needles was pressed against
the skin and removed afier about 10 seconds, the permaation of the agent on the
needies into the body was readily achieved, Second generation micronesdie arrays
ware comprised of microneedies of sofid or hollow silicon, polycarbonate, tanivm or
other suitable polymer and coatad or filled with a sclution of the therapeutic compound.
Newer ganerations of microneadie arrays are prepared from blodegradable polymers,
where the Hips of the needies coated with a therapeutic agent remain in the stratum
corneum and stowly dissolve.

(034921  The microneediss can be constructed from a variety of materials, including
retals, ceramics, semiconductors, organics, polymers, and composiies. Exemplary
materials of construction include pharmaceutical grade siainless steel, gold, thanium,
rvicket, ron, tin, chromium, copper, palladium, platinum, alloys of thase or other matats,
sificon, sificon dioxide, and polymers. Representative biodegradable polymers include
polymers of hydroxy acids such as factic acid and giyeolic acid polytactide, polygiyeolide,
polvtactide~-co-giveolide, and copolymers with poly(sthvlene glycol), poivanhydrides,
poly(ortheiesters, polyurethanes, poly(butyric acid), poly{vaieric acid), and poly(lactide-
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co~caprofactone). Representative non-bicdegradable polymers include polycarbonate,
polyester, and polyacrylamides,

[00183]  The micronesadies can have siraight or tapered shafis. In one embodimant,
the diameter of the micronsedie is grealest at the base end of the micronsedie and
tapers to a point at the end distal the base. The micronsedie can alss be fabricated 1o
have a shaft that includes both a straight (untapered) portion and a tapered portion. The
needies may aige not have a tapered end at all, La. they may simply be cylinders with
biunt or fial tips. A hollow micronsedie that has a substantially uniform diameter, but
which does not {aper io a point, is referred 1o herein as 8 “micreiube ™ As used herein,
{he term "microneedis” mcludes both microtubes and lapered needies unless otherwise
indicated.

[00184]  Electroporation is angther technigue for creating micropores in the skin, This
approach usss the application of microsacond or millisecond fong high-voltage slectrical
pulses to created transient, permeable poras within the stratum cormeum.

[oo1es] ther microporgtion technigues inciude use of radio waves o creale
microchannsis in the skin. Tharmal ablation is yet another approach to achieve delivery
of larger molecular weight compounds fransdermally.

100188 Applicanis have discovered that low doeses of calcimimetic agents may be
therapeuticaily administered over an extended perod of time to real SHPT, This
markedly differs from current dose requirermnents of other calcimimetics {e.g., cinacalcet
hydrochioride).

(001871 Transdemnal delivery of the compounds desoribed herein was demonstrated
i the studies desoribed in Examples $-10. In a first study, the compound Ac-crrr-NH;
(SEQ 1D NO:6) was administersd transdermally to rais in which a smalt area of the skin
was microporated by & passes of a 1.0 mm derme rofler under modsrate pressigs. A
solution of either Ac-cremre-RH, (SEQ D NO: 8) or saline was placed on the
ricroporated area of skin,  Blood draws were taken uver a 4 hour period and plasma
was analyzed for PTH levels by ELISA, The results are shown in Fig, 11, whers the
plasma PTH is shown as a percent of pre-dose basefine for the saline weated animal
(diamonds) and the two animals treated with the test compound {squares, triangles).
These data indicats that the compound Ac-orrrerr-NHy (SEQ D NO: 8} can be delivered
sysiemically in sufficient quantities by transdernmal route (in this case, micropore-
faciiitated transdermal delivery) using a derma roller to effectively and significantly
reduce PTH levels from baseline for the ~4 hours that were studies. i shouid be noted
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that Ac-errrrr-IH; (SEQ D NO: 8) has been shown o effectively reduce PTH levels
from baseline i the 1K10 rat mode! of acute renal insulficiency when administered by
short IV infusion as well as in normal rats (daia not shown).

[00188]  In ancther sfudy, described in Example 10, the compound Ac-o{Clarrrar-NH,
(SEQ 1D NC3) was administersd micropore-faciiftated transdermal delivery to normal
rats using a wansdermal patch. A fransdermal pateh system containing 10% solution (by
waight} of Ac-c{Clarrrar-NH; (SEQ 1D NG.3) in saline was placed over the microporated
avea and left in place for ~30 hours. Blood draws were {aken from the rats pericdically
aver the 30 hours and plasma samples were analyzed for FTH levels by ELISA. The
results are shown in Fig. 12. Surprisingly. these data demonsirate that micrepore-
facilitated transdermal delivery can achieve sufficient sustained delivery of Ac-c{Ciarrra
NHa (SEQ 1D NO:3) to produced a significant and extended reduction in PTH for »30
hours i rats with normal renal function. These data demonstrate that microporation
faciitated fransdermal delivery of the conjugale Ac-o{Carmar-NH, (SEQ 1D NC:3) using
a patch can achieve sufficient blood exposure of the peptide over the course of
treaiment to produce & significant and sustained reduciion in PTH from baseline for »30
firs. These data demonstrate that transdermal pateh delivery on a daily basis or longsr
would enabie treatment of both dialysis and non-hemodialysis patients in nesd of
treatment. For example, CKD {stage 4}, primary hyperparathyroidism and secondary
hyperparathyroidism (SHPT} in renal transplant patients who are not typically freated
with IV drugs. but could be readily treated by & daily ransdermal paich via microporation
faciifated transdermal delivery,

YO0Me8T  Ancther study was conducted fo further evsluate the route of administration of
the ompounds. As described in Example 11, the compound Ag-c{Clarrrar-Ni; (SEQ ID
NO:3) was administered by very low dose 1V infusion o normal rals and {o rats with
rangl insufficiency to identily the lowest dose needed 10 be administered by infusion,
{ransdermal paich systern or other sustained delivery means {o achisve significant PTH
reduction, Healthy rats were intravenously infused for six hours with very iow doses
{tpg/kgihr, 3ugfkg/hr, and 10uglkgibry of Ac-cf{Clarrrar-NH, {SEQ 1D NO:3). Blood
samples wers taken prior {o dosing (pre) and &t 2 hours, 4 hours, 8 hours Just prior &

the end of infusion; EOD and 8 hours (2 hrs post ECE) afler the start of infusion and
plasma was analyzed for PTH levels by ELIBA. Surprisingly, the data shown in Fig. 13
demonstrate that infusion of very low doses of Ac-o{Clarrar-NH, (SEQ ID NO:3) (1
ugfkg/hr (squares), I paikg/hr (circies), and 10 pg/ikg/hr (rangles)) for 8 hours are
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effective to produce significant reduction in PTH from bassline over the course of
infusion. These dats indicate that low doses delivered continuously could be as effective
a5 {(or even more effective than) much largsr doses delivery as a single bolus.

[0G200]  The PTH lowearing effect was further evaluated in the rat 1610 mode! of acute
renat insufficiency. 1K1C moded rats were intravencusly infusad with low doses of Ac-
c{Ciarrrar-NHy (SEQ 1D NQ:3) (30 ugfko/nr and 100 po/kgitr) for 6 hours, Blood
samples were {aken prior 1o dosing (Pre), and at 2 hours, 4 hours, 8 hours {ust prier to
the end of infusion; EOL, 8 hours (2 hrs post EQ and 24 hours after the start of infusion
and plasma was analyzed for PTH levels by ELISA. The data shown in Fig. 14A
demoenstrate that IV infusion of low doses of Ac-o{Clarrrar-NH; (SEQ 1D NO3)
significantly reduce PTH from baseline levels in the 1K1C model, @ model of renal
insufficiency where bassline PTH levels can be seen 1o be from 400 to »1100pg/mi.
Surprisingly, 6 hours of low dose IV infusion {diamonds, 30 ugika/hr and squares, 100
pg/ka/nn of Ac-o{Clarrrar-NH; (SEQ 1D NO3) wers abls o reducs PTH from basaline for
~24 honurs. Consistent with this dramatic PTH redustion in the 110 rat modsl, Fig. 14B
shows 2 bar graph plotting serum calelum data in this acute renal insufficiency, and
show a corresponding reduction in serum calctum following low dose 1V infusion of Ac-
c{Clarrrar-NH, (SEQ 1D NO3). These data demonsirate that Ac-o{Charrrar-NH (SEQ 1D
N3 is 2 very potent calcimimetic compound that is able o reduces PTH and calchum
following infusion or delivery of low doses {for example by fransdermal delivery) over the
course of ~24 hours. These daltz further support the conclusion et Iow dose susiained
detivery of a calcimimetic agent by IV infusion or by micropore-facilitated transdermal
delivery could be an effective treatment for patients on a daily or less frequent basis.

Combination Therapy

(002017 As described abovs, the methods of use may be used alone of In combination
with other approaches for the treatment of hypercsicamia and/or bone dissase, Such
other approaches include, bul are not limited to, treatment with agents such as
bisphosphonate agents. integrin blockers, hotinone replacement therapy, selective
astrogen recepior modulators, cathepsin ¥ inhibitors, vitamin D therapy, vitamin D
analogs, such as ZEMPLAR™ (paricalcitol), CALCIEX® (calcitriol), ONE-ALPHA®
{gifacaicidol) and HECTOROL® (doxercalciferol), anti-inflammatory agents, low dose
PTH therapy (with or without estrogen), calcimimatics, phosphate binders, calcitonin,
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inhibitors of RANK figand, antibodies against RANK ligand, ¢sigoprotegrin, adensosine
antagonists and ATP proton pumg inhibitors,

1002021 In one embodiment, a combination therapy usss vitamin U or a vitamin D
analog in combination with a calcimimetic agent. Vitamin D alds in the absorption of
calclum and functions o maintain normal blood levels of calcium and phosphorous.

PTH works to enhance calcium sbsorption in the intestine by increasing the production
of 1,25-{QH), vitamin D, the active form of vitamin D, PTH also stimulates phosphorus
excration from he Kidney, and increases release from bone.

02031 As discussed above, secondary hyperparathyroidism is characterized by an
glavation in parathyroid hormone (FTH) assoclated with inadeguate levels of active
vitarnin D hormoneg. Vilamin D or a vitamin D anaiog may be used o reduce elevated
BTH levels in fregiment of secondary hyparparathryoidism, {n one embodiment, the
invention includes a pharmaceutical composition comprising @ calcimimetic agent and &
vitamin D analog.

002041  in one embodiment, the invention includes a pharmaceutical composition
comprising a calcimimetic agert and ZEMPLAR™ (paricalcitol). Paricalcitol is a
synthetic analog of calcitriol, the metabelically active form of vitamin . The
renommended initial dose of Zemplar is based on baselineg intact parathyrokd hormone
(P TH) leveis, [F the baseline IPTH level is less than or equat o 500 pg/ml, the daily
dose is 1 ug and the "thres times a week” dose (to be administered not more than every
other day) is 2 pg. If the baseline IPTH is greater than B00 pg/ml., the daily dose is 2 pg.
and the “three fimes g week” does (o be administered not more than every other day) is
4 pg. Tharsafter, dosing must be individualized and based on serum plasma IPTH
fevels, with monitoring of serum calcium and serum phosphorus. Paricalcitol is
desoribed in U.8. Patent No. 5,245,828 and U.5. Patent Mo. 5,587 ,457..

[DOZOST  in another embodimant, the invention includes a pharmaveutical composition
comprising a calcimimetic agent and CALCUEX® {(caleitriol). Calciiricl is the
metabolically active forn of vitarnin D, The recommended initial dosage for CALCUEX®
{oral} is 0.25 w/day. This amount may be increased by 0.28 pgiday at 4- to 8-wk
intervate. MNomal or only slightly reduced caloium levels may respond to dosages of
0.25 ug svery other day. For patients on dialysis, the recommended initial dose Tor
CALCISEX® (V) is 0.02 pofkyg (1 1o 2 ug) 3 timesiweek, avery other day. This amount
may be increased by 0.5 to 1 ug, every 2 to 4 wk. Calcitriol is described in U.S. Patent
No. 5,051,567 and U8, Patent No. 6,285,382 and U.8. Palent No. 8,274,180,
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[G0208]  In one embodiment, 8 pharmacsutical composition comprising a calcimimetic
agsnt and HECTOROL® (doxercalcifernl) is provided. Doxercalcifers! s a synthetic
anglog of vitamin D that undergoes metabolic activiation i1 vivo to form 1 g, 25-
dihydroxyvitamin D;, 2 naturally cocurring, biologically aclive form of vitamin D, The
recommended initiad dose of HECTOROL® is 10 pg administered three fimes weekly at
dialysis {(approximately every other day). The inllial dose should be adjusied, a8
needed, in order to lower blood IPTH into the range of 150 to 300 pg/mbl. The dose may
be increased at S-wesk intervals by 2.8 ug i IPTH is not lowered by 50% and fails fo
reach targel range. The maximum recommended dose of HECTOROL is 20 g
administerad three times a week at dialysis for a total of 80 ug per week. Doxercalsiferof
is deseribed in U.S. Patent No. 5,802,118 and U.S. Patent No. 5,881,386 and U.8.
Patent No. 5,888,473 and U.5. Palent No. 8,803,083
[06287]  The particular combination of therapies (therapeutics or procedures) fo
smploy In a combination regimen will take into account compatibiity of the desired
therapeutics and/or procedures and the desired therapeutic effect to be achisved. It will
also be appraciated that the therapies emploved miay achisve a desired effect for the
same disorder (for example, an inventive compound may be administersd concurrently
with another agent used o treatl the same disorder), or they may achisve different
sffects {e.g., control of any adverse effects). As used herein, additional therapeutic
agents that are normally administerad 1 treat or prevent a particudar diseass, or
condition, are known as "appropriate for the disease, or condition, being treated”.
[G62081 A combination reatment of the present invention as defined hereln may be
achisvaed by way of the simullaneous, seguential or separate administration of the
individual componenis of said reatment,
(80208} The compounds or pharmaceulically acceptable compositions thersof may
aiso be incorporated info compositions for coaling implaniable medical devices, bio-
erodible polymers, implaniable pump, and suppositories. Accordingly, in another aspect,
a composition for coating an inplantable device comprising a desoribed compound as
described generally above is confemplated, and a carvier suffable for coaling the
implantable device. In still another aspect, included is an implantable device coated with
composition compriging a compound as described generally sbove, and & carrier
suitable for coating said impianiable device.
foe240t  Sultable costings and the general preparation of coaled implantable devices
are described in LS. Pal. Nos. 6,082,562, 5,880,028, and 5,304,121, The costings



are typically blocompatible polymetic malerials such as & hydroge! polymer,
poiymeathyidisiioxane, polycaprolacions, polyethylene glyeol, polylactic acid, sthyiane
viryl acatale, and mixiures thereof. The coatings may optionally be further coversd by a
suilable topcoat of flucrositicone, polysaccarides, polysthylens glycol, phospholipids or
combinations thereof 1o impart controlied release characteristics in the compaosition.

Fotential Clinical Marksrs for Determining Treatment Efficagy ‘

002111  Determination of the effectiveness of a described method of treatment may be
determined by a variety of methods.

FGO2121  Nommal levels of serum calcium are in the range of 8.8mg/dl to 10.4 mg/dl
{2.2 ramo¥l 10 2.6 mmoliL). In certain cases, the efficacy of freatment may be
determined by measwrement of serum and urinery markers related to calcium, Including
but not Emited to, fotal and onized serum calcium, albumin, plasma PTH, PTHP,
phosphate, vitamin U, and magnesium,

f00213]  in other cases, efficacy may be delermined by measwement of bone mingral
density (BMD), or by measurement of hiochemical markers for bone formation andfor
bone resorption in serum or urine. Potential bone formation markers include, buf are not
fimited to, total atkaling phosphatase, bone alkaline phosphatase, osteocaicin, under-
carboxyiated osteccalcin, C-terminal procoliagen type | propeptide, and N-terminal
procolingen type | propeptide. Potential bone resorplion markers include, but are not
fimited, hydroxyproline, hydroxylysine, glycosyl-galactosyl hydroxylysing. galactosyl
hydragylysine, pyridinoling, deoxypyridinoling, N-erminal crosslinking felopentide of type
I collagen, C-terminal crosslinking tetopeptide of type | collagen, C-tarminat crosshinking
felopeptide of type | collagen generated by MMPS, bone sialoprotein, acid phosphatase
and tartrate-resistant acid phosphatass.

[00214]  In other cases, efficacy may be determined by the peroent reduction in PTH
refative to s pre-dosing (baseline) level and/or by achieving a desirable PTH levet as
generally accepted as being beneficial to patients (for exampls, guidelines established
by the National Kidney Foundation).  Siill in other cases, efficacy may be determined by
measurement of the reduction in parathyreid gland hyperplasia associated with a
hyperparathyroidism disease.

[60215] i is expecied that when 2 described mathed of reatment is administered o a
subject in naed thereo!, the mathod of reatment will produce an effect, as measured by,
for exampie, one or mors of: total serum caicium, lonized serum calcium, total blood
calcium, jonized blood calclum, albumin, plasma PTH, bleod PTH, PTHP, phosphats,
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vitarmin O, magnesium, bone mineral density {(BMD), total slkaling phosphatase, hone
alkaline phosphatase, osteocalcin, under carboxylated osleccalen, C-emminal
procoliagen type | propeptide, N-arminal procollagen type | propeptide, hydroxyproling,
hydroxylvsing, glycosyl-galactosyl hvdroxylysine, galaciosyl hydroxylysine, pyridingiine,
deowypyridinoline, N-terminal crossiinking {slopeptide of tvps | collagen, C-lerminal
crossiinking telopeptids of type | collagen, C-erminal crosslinking telopeptide of type |
collagen generated by MMPs, bone sialoprotein, acid phosphatase and lanrate-resistant
acid phosphatase. Effects include prophylactic treatment as well as freatment of existing
disease.

IGO2181 A bvlogically effactive molecule may be operabiy linked o & described
peptide with & covalent bond or a non-covalent interaction. In specific embodiments, the
operably finked biologivally effective melecules can alter the phamacokinetios of the
described compounds by virtue of conferring properties to the compound as partof a
inked molecule. Some of the properties that the biviogically effective melecules can
cunfar on the described compounds include, bul are not limited {o; delivery of a
compound o & discrete location within the body,; concantrating the activity ot a
compound at a desired location in the budy and reducing it effects eisewhers; reducing
side sffects of treatment with a compound; changing the permeabiiity of a compound,
changing the bioavaliability or the rate of delivery to the body of a compound; changing
the tength of the effect of treatmant with a compound; altering the in vifro chemical
stability of the compound; aliering the i vivo stability of the compound, half-iife,
clearance, absorption, distribution andfor excration; allering the raie of the onset and the
decay of the effects of a compound; providing a permissive action by allowing &
compound o have an offest

Fon2171  in afurther aspect, the described compound may be conjugated to
poyethytene givoo! (PEG). The selecied PEG may be of any convenient molscular
weight, and may be linear or branched, and may be optionally conjugated through a
linker. The average molecular waeight of PEG will preferably range from about 2
kiiolralton (kDa) to about 100 kDa, more preferably fram about 5 kDa to about 40 kDa.
Alternatively, the PEG molely used canbe 2, 3, 4,5, 8,7, 8,9, 10, 11, 12, 13, 14, 15,
16, 17, 18, 19, or 20kDa.

f0a248%  The described compounds may be conjugsated to PEG through a suitable
amine acid residue lncated at any position on the compounds. The described
compounds may optionally contain an additional amino acld residus to which PEG is
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conjugated, mciuding for example, an additional amine-containing residue, such as
fysing,

[6u218]  PEGylated peplides are known in the art to increase serum half-life of
conjugated peptide. A varisly of methods are known in the art for the formation of
PEGyiated peptides. For exampde, the PEG molety cany be linked to the amine terminus,
the carboxy terminus or through a side chain of the claimed peptide, optionally through
the presence of & inking group. In other embodiments, the PEG moiety may be linked
to the sulfur of a thiokcontaining amino acid, such as cysteine, or may be coupled to the
sidechain of an amine-containing amino acid, such as lysine,

002207 The PEG groups will generally be allached to the described compound by
acytation or alkylation through & reactive group on the PEG moiety {e.g., an aldehyde,
aming, oxime, hydrazing thiol, ester, ar carboxylic acid group) 10 a reactive group on the
described compound {e.g., an aldehyds, amine, oximeg, hydrazine, ester, acid or thiol
group), which may be iocated af the amino terminus, carbosy {emminug, or 2 sidechain
position of the described compound. One approach for preparation of PEGvlation of
synithetic peplides consists of combining through a conjugale linkage in solution, a
peptide and 2 PEG meisly, each bearing a functional group that is mutually reactive
fowards the other, Peptides can be easily prepared using conventional solution or solid
phase synthesis techpiques. Conjugation of the peplide and PEG is typically done in
aqueous phase and may be monitorad by reverse phase HPLC, The PEGylated
peptides can be readily purified and cheracterized, using standard techniquas known fo
one of skill in the art.

F02211  One or more individual subunits of the described compounds may also be
modified with various derivetizing agents known 1o react with specific side chains or
terming! residues. For example, lysinyt residues and aming terminal residues may be
reacted with succinic anbydride or other similar carboxylic acid anhydrides which
reverses the charge on the lysinyl or amino residue. Other suitable reagents inciude,

¢ 4., imidoesters such as methy! picolinimidate; pyridoxal; pyridoxal phosphate,
chioroborohydride; trinitrobenzenesulfonic acid; O-mathylisoures; 2.4 -pentanedions;
and ransaminase-catalyzed reaction with glyoxalate, Arginyi residuss may be modified
by reaction with conventional agents such as phenviglyoxal, 2,3-butanediong, 1,2-
cyciohexanedione, and ninhydrin,

(002221 In addition, the describad compounds may be modified {o include non-cationic

residues that provide immunogenic residues useful for the development of antibodies for
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bioanalytical ELIBA measurements, as well as {o evaluate immunogenioity. For
exampls, the described compounds may be modified by incarporation of tyrosine andfor
giycine residues. Specific madifications of tyrosy! residues ars of particular interest for
introducing spectral labels into twosyl residues. Non-limiting examples include reaction
with aromatic diazonium compounds or letranitromethans. Most commonty, N-
acstylimidazole and tetraniiromethane are used to form O-acetyl tyrosyl and 3-nitro
derivatives, respectively.

Kils Somprising the Disclosed Compotunds

[002231  The invention alse provides kits for camying out the therapeutic regimens of
the invention. Such kits comprise therapsutically sfiective amounis of the described
compounds having activity as a CaSR modulator, in pharmacautically acceptable form,
alone or in combination with other agents, in pharmaceutically acceptable form,
Preferred pharmaceutical forms include the described compounds in combination with
sierile saline, dexirose solution, buffersd solution, sterife water, or ather
pharmaceutically accepiable sterfie fluld. Alternatively the composition may include an
antimicrobial or bacterivstatic agent. Alternatively, the composition may be lyophilized or
desiceated. in this instance, the it may further comprise a pharmaceutically acceptable
solution, preferably steriie, W form 2 solution for injection purposes. In another
embodiment, the kit may further comprise a needis or syringe, preferably packaged in
steriie form, for injecting the composition. In other embodiments, the kit further
comprises an instruction means for adrminisiering the composition fo & subject. The
instruction means can be a written insert, an audiotape, an audiovisual tape, or any
other means of instructing the administration of the composition i 2 subject,

f002241 o one embodiment, the kit comprises (i} 2 irst container containing a
described compound having aciivity s & CaS8R modutaior; and (i) instruction means for
use. in another embodiment the kit comprises (i) a first container containing &
compound as described herein, and (i} 2 second container contalning a
pharmaceutically acceptable vehicle for dilution or reconsiitution.

I60225] In anothar embodiment, the kit comprises (i) a first container containing a
described compound having aclivity as a CadR modulator; () a second container
containing an anticaloemic agent; and () instruction means for use.

1002261 in one embodiment, the anticalcemic agent is and agent selecied from the
group consisting of bisphosphonate agents, hormone replacement therapeutic agents,
vitarin D therapy, vitamin D analogs, such as ZEMPLAR™ (paricaiciioll; CALCIIEX®
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(calcitriol), ONE-ALPHA® (alfacalcidol) and HECTOROL® (doxercaleiferol), low dose
PTH (with or without gstrogen), and calcifonin,

(002271 inrelated aspects, the invention provides articles of manufacture that
comprise the contents of the kits described above. For instancs, the invention provides
an article of manufaciure comprising an effective amount of a described peplide, alone
a7 in combination with other agents, and instruction means indicating use for treating
diseases described herein.

EXAMPLES

[00228]  The following examples are offerad o fllustrate but not o fimit the cornpounds
and methods described hareln. Various maodifications may be made by the skilled
persan without departing from the frue spirit and scope of the subject matier described
herein,

Example |
Cationic Compounds with PTH Lowering Activity

Model of Renal Insufficlency

002281 A ret mode! of acute renal insufficlency (also referred o as the 1K1C model)
wag developad to simulate the pathology of SHPT assaciated with end slage renal
disease. The mode} exhibits pathological charactaristics of hyper parathyroldsm
associated with a lack of renal function, specifically the significant elevation of plasma
PTH and reduction In serum calcium, The development of this modei allowed for the
further characterization of described compounds in the context of & subiect with renal
dysfunction and elevated PTH. Typical baseline PTH levels in this mode! averaged
~45{ pgfml.,

{002301  The 1K1C model of acuie renal insufficiency invoives the removal of one
kidney followed by exposure of the remaining kidney 10 45 minutes of ischemia and 48
howrs of reperfusion, The ensuing ischemiafreperfusion (R} damage 1o the remaining
kidney resufis in significant necrosis and renat faflure.  Serum crealinine levels were
edevated for over 24-48 hours folfowing ¥R insull {data not shown). Alsc dua o the
resulting renal dysfunction, total PTH levels are dramatically increased from the pre-l/R
fnfury levels of ~ 108 pa/ml. By 48 hours post-iR, plasma PTH levels were glevated o
~ 450G pg/mi. {~5 fold incresse) and in some instances reach as high as ~1200 pg/mb.



This reproduciible increase in serum creatinine and PTH provided a robust mode] that
mimics the physiclogy seen E8RD patients.

082311 Cinacalcet hydrochioride (SENSIPAR®), an approved calcimimetic agent that
is used to lower PTH for the {reatment of SHPT, was tasted in the 1K1C mada! of acute
renal insufficiency. Oral administration of cinacalcet gt 30 mo/kg significantly lowered
PTH by approximately 50% for up 1o & hours. This result iz consistent with the published
praclinical data for cinacaleet (Nemeth ef al., J. Pharmacol Exp. Ther, 308(2):.627-35
{2004)) and validates that the TK1C modei of acule renal insulficiency is an aporopriate
made! for svaluating the activity of calcimimeltics for this indication,

[O0232]  The protocol used in this study is as follows. Male Sprague Dawley rats were
purchased from Charles River Laboratories (Mollister, CA; requested purchase weight
280 - 2758 g). For studies with test articles, animals wers pre-cannulated in the femoral
and jugular veins for drug administration and blood draws, respectively. Animals were
mainteined in & lemperature~conirolied environment with  constant 12 hours lighV/12
hours dark cycle and free accass fo food and water af all imes. Al experimenial
procedures with animais were performed according o IACUC guidelines.

FO0233]  Genersl enesthesia was induced and mainiained by intraperitoneal (IP)
injection of sodiurn pentabarbiial (5.2%, 0.4 mbU/rath. For animals that received 45
minutes of renal ischamia an additional IP injection of sodium penicharbital (5.2%, 0.1
rlirat) was given o mainiain the anesthetic plans. Blood sampling for FTH
mesgsurements following administration of compounds in normal rats was done under
contingous isoflurans anesthesia,

[082347 A clean, aseplic technigue was used for the entire procedure, Afier rats were
aresthetized, the abdomen was shaved with electric clippers prior to the operation and
the skin cleaned with 70% alcohe! seiution,

(002381 For mode! development studies, the lofi femoral vain was cannulated with a
PE-10 tube for biood drawing. Both kidneys were exposed via a laparofomy. A right
nephraciomy was performed after the night renal pedicle and ureter were ligated with
double 2-0 sitk sutures. Afler confirmation of non-bleeding in the right pedicie, the left
renal artary was carefully dissected and clamped with & micre vasculsy clip (o 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. After 45 minutes, the
designaied pericd of ischemia, the clip was removed and left renal artery flow was
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considerad restored upon observation of 2 global restoration of red color. The
abdoming! incision was ciosed in fayers with 2-0 silk sutures. The animal was then
recoverad from anesthesia. Physiviogical parameters including body temperature (36~
37.5°CY and body weight wers messured throughout the procedure. Body temperature
was monjtored and maintained using a heat pad rectal probe feedback system.

{00238]  Approximately 48 hours after the TK1C surgery (/R injury), animals were
dosed with various compounds to measure effects on plasma FTH and caicium. In mosi
cases, test arlicles were administerad by IV infusion {infusion time 5, 10 or 30 minutes)
although in some studies compounds ware administered by IV bolus or subcutaneous
{8C) bolus injection. For drug administration and blood draws, animals were
anesthetized with isoflurane.

fOB2377  Biood samples were collected periodically throughout the course of the study,
Serum samples were analyzed for of calcium levels and plasma samples were analyzed
for PTH. Due to the range of baseline PTH values for individua! rats, all date are
normalized to pre-dosing (bassline) levels. Serum creatinine was measwred using a
commercially avaliable kit from BioAssay Systems (Hayward, Caj}, catalog #DICT-500.

Analyses were performed according o the manufacturer’s instructions.

8. Testing Compounds in Renal insufficiency Model

{60238]  Compounds with the following sequences were prepared for testing in the
renal insufficiency model; Ac-crrrr-NH, (SEG 1D NO4}, =4, Ag-crrrrr-biH, (SEQ 1D
NOLE), =g, Ac-orrmre-NH, (SEQHID NOB), =7, Ac-crrrm-MHy (SEQ D NOTY, n=d, and
saline cantrol, n=2,  The peptides were adiministered {o animals at 2 duse of 3 mglkg by
a 20-mingte IV infusion. Pror to dosing 2 blood sampie was drawn fo defermine
baseline, pra-dosing PTH plasma conceniration. Resulis are shown in Fig. 1 as follows:
Acecrrrr-iH,y (SEQ 1D NO4, diamonds), Ac-crrrr-NH, (SEQ 1D NG5, squares),
Ac-crrrrr-hiH, (SEQ 12 NOB, triangles), and Ac-crrmirr-NH (SEQ 1D NG 7, open
sguares).

Example 2

e,

nvitro Cell Azsay in HEK-Z82 Expressing the Human Calclum-Sensing Recegior

LA

[0023%]  Human embryonic kidney (MEK) 20937 celis were seeded info g T25 flask at 2
mitfion cells per flask and allowed 1o incubale at 37°C in 5% CO; overnight. The day

after, these celis were iransfected with human Ca8R recepior using lipofectamine 2000



transfection reagent 24 hrs post ransfection, cells were seedet in 384 well plates at
§,000 celisfwell. Assays were carried out 48 hours after the fransfection. nh some
cases, ECy values were determined by measuring inositol monophosphate production
in the HEKZ203 cells, stably transfectsd with the human calcium-sensing receptor {see
Tabie 1),

[002407  The cell culture medium was aspirated from the walls and replaced with 28 yl
of 1X stimulation buffer (Mepes 10 mi, CaCi2 1 mM, MgCIZ 0.5 mi, KCI 4.2 miM, NaCl
146 mM, giucose 5.5 mM, LICE 50 mM pH 7.4). Cells were incubated with compounds at
various concentrations {Tmdd or 300 uM as the highest and further %4 log seral dilutions)
at 37°C for 1.5 hrs before reaction fermination. Py production was determined in celis
ysing the Cisbio 1P-One Th kit (821PAPEC) and atcording to manufacturer instructions.
in brisf, incubation with the compaund was terminated by seguentially adding D2
iabeled-IP; and oryplate-labeled anti-IPy in lysis buffer and further incubating at room
femperaturs for 80 minutes. Plates were read al 820 nm and 888 nim with 314 nim
excitation. Nondransfected 283 celis were used a5 negative control,

(002411 The rallo of fluorescence at 668 nm and 820 nim was determined, [P,
concentirations ware caiculated from slandard curves (gensrated with Graph Pad Prism
ver 4} using known concenirations of [P, standards. ECg s were calculated based on
the valyes of the fluorescent ratio OD{EEE nmHQDE20 nm) using non-iinear regression
curve fitling in Prism software.

[602427 Peptides and conjugates were prepared by solid-phase chemistry 8t 0.25
rmol soale on an ABL automatad synthesizer. Seguential coupling of Fmoc-amino acids
{4 a4, Anasped! {o Rink-amide resin (NovaBlochem) was accomplished using
HBTUDIEA activation, The assembled peplide was cleaved with & TFA cockiail (phenol
{5%}, trisopropylsilane (2.5%) and water (2.8%); 10 mb per gram of resin) and isolsted
by precipitation with diethy! ether. Afler purification by Cqg HPLC the final product was
isolated in the TFA saff form by vophilization of appropriate fractions, and characterized
by HPLC {(»>858% purity) and LC-M3 {confirmed MW),

Exampie 3

in vive Administration of Compounds with Calionic Subunits

[O0243]  The peptides were administered intravenously al a dose of 0.5 mglkg into
isoflurane-anssthetized normal Spragus Dawley rats. A conirol group of rats was reatsd
with saiine. Bilood was drawn prioy to dosing and every hour for 4 hours. Rals were
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maintained under isoflurane anesthesia for the entire study. The concentration of PTH
in the plasma was measured by ELISA, detecting the bitactive intact PTH 1-84
(mnutopics international catelog number 80-2700), and the cumuiative area under the
curve for AUC was caloulated for the data points inclusive of 1-4 hours, Percent PTH
reduction was caicuiated aocording 10 the following formula AUCmu reatsd AUCsatine

*
caantral 100,

Example 4

tructure-Activity Relationship Studies: In vivo Activity

{00244] The peplides tested identified herein as SEQ 1D NOQ: 28 (pe-carrear-NiH,) and
as SEQ 1D NO:28 (Ac-arrrar-NH;) were tested in vifro using the HEK293 CaSR
franstecied celis, according W the procedure in Exampie 2. The paptides wers aiso
tested in vive, by administering as an 1V bolus to normal Sprague Dawley rats af doses
of @ mg/kg for SEQ 1D NO28 and at 0.5 mo/ky for SEQ 1D NO: 28, An intravenous (IV)
belus of saline was used as a control. Plagma (KEDTA) PTH levels were assessed
prior o dosing and 1, 2, 3 and 4 hours affer dosing. Rats were maintained under
isoflurane anesthesia for the entire study. The resulls are shown in Figs. 2A-28,
presenied as group average $ slandard deviation (8D). In Fig. 28, PTH is shown as
parcent of the basslineg pre-dose vaius.

Siructure-Activity Relationship Studies: D- and L- Aming Acid Subunits

FOD24ET A series of compounds having an L-amino acid residue substituted fora D-
amino acid residue ware prepared. The compounds were adminisiered as an [V bolus
to nanmnal Sprague Dawley rals at g dose of 0.5 mg/kg. An intravencus (V) bolus of
saline was used as a control, Plasma (FGEDTA) PTH ievels were assessed prior i
dosing and 1. 2, 3 and 4 hours after dosing, and the AUC was calculated as desoribed
above. Rafs were mainiained under isoflurane anesthesia for the endive study. The
results are shown in Table 4 above.

Example §
Structure-Activity Relationshin Studies: Histamine Release

082487 Vo evaluale the effect of net positive chargs on the histamine relgase
associated with & compound, peplides containing 4 1o 7 cationic (arginine) residues were
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genarated and tesied for thelr ablily to tigger hisiamine release in vivo, The esied
peptides inciuded () Ac-crrr-NHg (SEQ 1D NO4), (i) Ac-crrrrr-NH, (SEQ 1D NO:S). (73
Ac-crrrrre-Ny (SEQ D NO:8) and (iv) Aceorrmrrrr-hiHy, SEG D MO41).

[060247F Male Sprague-Dawley rats were obtained (Charles River) pre-cannutated in
the fernoral and jugular veins for drug infusion and blood draws, respectively. Al IV drug
reatments were conducted under anesthetic (isoflurane). Animals were dosed by & 1-
minute IV push in & {otal volums of 0.8 mi. Blood sampies were {aken at 5, 15 and 20
minutes following IV bolus to generate plasma (KGEDTA) samples for histamine analysis,
For 30 minute 1V infusion studies, sample was taken at the end of infusion. In some
case rals in the TK1C mode! of acule renal ischernia were usad.

[002481  An guual volume of saline was injected following sach blood draw fo replace
lost volume. Approximately 0.2 mb of blood was withdrawn st each time point using pre-
coated EDTA ayringes to faciliiate serum collection,

002487 Histamine ELISAs were performed on diluled plasma using the Histamine
Enzyme mmunocassay (EIA) Kit {Cat # AQSE80, SPI-BIO, Montigny le Bretonneu,
France}. The Histamine ElA kit is a derivitization-amplified campetitive enzyme
immunoassay which detects hislamine within the range of 40 pg/ml to 5 800 pg/mL.
The samples were analyzed in duplicate according 0 the manufacturer's protocol.
[po2s0l  Lyophilized peptides (TFA salis) were weighad and the recorded mass was
adiusted for peptide content. Solutions were prepared by dissolving the malerial in
normal saline {o generate the desired peplide concentration, in some cases the molarity
of peptide was adjusted to allow for inter-peptide comparison. The peptides were
administered by IV bolus st an equivalent doss on a per mole basis as SEQ 1D NC:41
{i.e., 0.7 ymole/rat) by & T-minule IV bolis and plasma histamine was maasured before
dosing (pre-dose), 5, 15 and 30 minutes after dosing. Data are presenied as group
averages (n=2) £ 8D Hislamine release is shown as fold change from pra-doss
{bassline} levels. Resulis are shown in Fig. 3. Data are presented as group averages
{n=2y x SO,

Structure-Activity Relationship Studies: Hisfamine Releass
1a02811  Forin vitro evaluation of histamine release, isolated rat periioneal mast cafls
were is0lated by performing peritonsal lavage using coid HESS + 2B mM HEPES pH 7.4
cortaining heparln (Swml). Cells were washed twica In stimulation buffer (HBSS+25

74



mii HEPES pH 7.4) and incubated with 10 b of compaound in stimulation buffer
{HBSS+28 mM HEPES pH 7.4) for 15 minutes in a 96-well plate ( ‘iﬁﬁlweilé at 37°C. Ceil
supematant was analyred for histaming using histaming EIA kit (Cayman # 588651},
Data is shown in Table 10

mp262]  Forthe in vivo svaluation of histamine release, compounds were dosed in
isofiurang-anesthetized nommal rats at 2 mg/kg by IV bolus {administered over less than
one minute}, Plasma histamine was measured 5 minutes after compound administration
{Cayman histamine EIA # 589851). Data is shown in Table 11,

1002831 The abbreviations used herein, and in particular in Tables 10-11 are
surpmnarized here.

Al { gammohexansic acic

Alp 2-grrinoisobutyric acid

baAle beta-alaning (3-aminopropionic aciul

dHey D-homooysteine

dNig Denorieucing

dNva D-nosvating

dPen D-peniciitamine

EG athylens glycol spager, H2ZNH{CH2OUH2-O4-CHZ-
LOZH

Hey noIMOGYSigine

Mpa Jmercapidpropionic atid or mercaptopropionic acid

Nma nN-methyialanine

PEG poly {ethviens giveol

Sar Sarcosine (N-methyighycine)

dHay D-hompargining

G8 Glutatione {conjpugated)

DAP 1, 3-diaminopropionic acid

-
Exsrnle 8

RS 4

[o0284]  The compound Ac-o(Clarmar-NH; (BEQ 1D NOS) was prepared for
compaison with the compound  Ac-carrrar-hb, (SEQ 1D NO:28). In the compound Ac-
e(Carmrar-Kb, (SEQ 1D NO:3) the thiokcontaining subunit in position X is conjugated
via a disulfide linkage o an L-Cys residue. The two compounds were administered via
IV holus to animals with the 1K1C model of acule renal insufficiency at doses of 0.3 and
G.5me/kg. Plasma PTH levels were assessed prior (o dosing and periodically for 24
tours after dosing. Results are shown in Fig. 10, where data shown are group averages
+ SEM, where as & function of time, in hours, in rats with 1K1C model of acute renal
ingufficiency, the compound Ac-c{Clarrrar-Ni, (SEQ D NO:3) is represented by

squares (0.3 mg/kg, n=5) and ¥ symbols (0.5 mo/ky, n=6) and the compound Ac-c{Ac-
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Charrar-NH, (SEQ 10 NO14Y) by tnangles (0.3 miglkg, n=8) and diamonds (0.5 mg/kg,
n=7).

Exarmple 9

fRA TS LY 2AA

Micconore Facliialed Transdermal Delivery of Calgimimelic Agents

002551 To evaluate systemic delivery of a calicimimetic agent, Ac-crrrrr-NH (SEQ 1D
NO:8) was administered to CD hairless rats transdermally using a ressrvoir. Ac-CrrmT-
NM, (REQ 1D NOB) was applied ag a 10% sclution in safine to an approximately 1 o’
area on the back of CD¥ hairless rats that were microporaied by 5 passes of 6 1.0 ﬁ*m
Derma Roller under moderate pressure. A polyatyrene chamber (LD, 8.5 mm) was
glued over the microporated area of skin o create a drug reservoir in which the solution
of either Ac-crmrr-NH (8EQ 1D NO: 8) or a saline solution were applied. A 10% solution
of Ac-crrerer-NHz (SEQHD NO: 8) was administered in the reservoll chamber on two rats,
a saline soiution alone was adminisierad in the reservoir chamber on one rat. The
rasenoivs wels coverad with (ape 10 prevent evaporation. Blood draws were taken over
a 4 hour period and plasma was analyzed for PTH levels by ELISA, The results are
shown in Fig. 11

Hxamuie 1

Sustained Delivery of Caloimimetic Agents by Micropore Faclliisted Transdermal Faich

[D025E1  Tofurther evaluate systemic delivery of a calcimimetic agent, Ac-c{Carrrar-
NH, (BEQ 1D NO:3} was administered frangdermally to normal rats using a ransdermal
patch, Normal rals were trealed with microneedie array and iransdermal pateh system.
A small arse of fur on the back of Sprague Dawley rats (~350 g) was sheared using
clippars and an area of skin was microporated using a 14x14 array (~1 cm? of
microneedies (~0.8 mm). A transdermal patch system containing 10% solution (by
weight; of Ac-C{Chatrrar-Ni (BEQ 1D NO:3) in saline was placed over the microporated
araea and left in place for ~30 hours. Blood draws were faken from the rats petindically
nver the 30 hours and plasma samples was analyzed for PTH lavels by ELISA. The
resuils are shown in Fig. 12.

~1
o



Example 11
infusion of Calcimdmetic Ausnls

[O02571  To further evaluate the PTH lowering effect of the calcimimetic compound Ac-
o Ciarrrar-NH, (BEQ 1D NG 3) was administered by very low dose 1V infusion fo nomal
rats and rats with renal insufficlency o identify the lowsast dose nesded o be
administered by infusion, transdermal patch system or other sustained delivery means
achieve significant PTH reduction. Mormal Spragus-Dawley male rals (250 - 300 @)
were intravenously infused for 8 hours with Ac-o(Clarrrar-NH; (SEQ 1D NO: 3) at dose
rates of Tugfkglhr, 3ugko/hr, and 10pg/kgfhr. Blood samples were taken prior to dosing,
at 2 hours, 4 hours, 8 hours {ust prior fo the end of infusion; EOI) and 8 hours {2 hrs
post EQD and plasma was analyzed for PTH levels by ELISA. The data are shown in
Fig. 13, where rats freated with 1 ugfhko/hr (squares), 3 ugfhkg/hy (diamonds), and 10
ugfkgfnr (rangles} for 6 hours were effective io produce significant reduction in PTH
from baseling aver ths course of infusion.

{60258 A simitar study was conducted in rats with the 1K1C mode! of acute renal
insufficiency. 1K10 modet rals were infravenocusly infused with Ac-o{Carrrar-NiH; (SEQ
D NGO 273 at dose rates of 30 pg/kg/hr and 100 pgfkg/hr for 6 hours. Blood samples
were taken prior {o dosing (Pre), st 2 hours, 4 hours, 6 hours (just prior to the end of
infusion; EOH), 8 hours (2 hrs post EOJ) and 24 hours and plasma was analyzed for FTH
levels by ELIBA. The data are shown in Fig, 14A {30 ug/kg/hr, diamends, and 100
ugfka/hr, squares) and the serum calcium for the animals is shown in Fig. 148,



Glaims
We claim:

1. A compound, comprising a peplide and a conjugating group, wherein the peplide
comprises an amino acid sequence having the formula:

X - Xz Xg= Xa-~ Xz~ X~ X7

wherein

Xiis D-oysiaine;

Xzis an amino acid selected from the group consisting of D-arginine, D-
alanine, D-valine, D-leucine, D-phenylalanine, D-serine, D-glutamine, D-norlelucine
and D-norvaline;

Xsis D-arginine;

X4 ls an amino acid selected from the group consisting of D-arginine and a
non-cationic aming acid, wherein Xsis not glycine, proline or an amino acid with an
acidic side chain;

Xsis D-arginine;

Xs is D-alanine or D-glycine:

X7is D-arginine; and
wherein ai least two of Xz, Xsand Xsare independently a cationic subunit; and
wherein the peptide at its N-terminus is linked to the conjugating group by a disulfide

2. '?‘zzéc;ompsund of claim 1, wherein the N-terminus of the peplide is acetylated.

3. The compound of claim 1, wherein the C-terminus is amidated.

4, The compound of claim 2, wherein the C-terminus is amidated.

5. The compound of claim 1, wherein the conjugating group is seilecied from the group

consisting of cysteine, homocysteine, glutathione, pegylated cysteine and a
polypeptide containing a cysteine residue.

8. The compound of claim 5§, wherein the conjugating group is acelylated.
7. The compound of claim 1, wherein the conjugating group is cysteine.
8. The compound of claim 7, wherein the conjugating group is acetviated.
a. The ;:ompouﬂd of claim 1, wherein the compound is & homodimer,
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10.

11.

12,

13.

14.

18.

16.

17.

18.

19.

20.

21,

23.

24.

25.

26.

27.

28.

29,

30.

The compound of claim 1, wherein Xzis D-arginine.

The compound of claim 10, wherein the N-terminus of the peptide is acetylated.
The compound of claim 11, wherein the C-terminus of the peptide is amidated.
The cﬁmpound of claim 10, wherein the compound is a homodimer,

The compound of claim 5, wherein Xsis D-arginine,

The compound of claim 14, wherein the conjugating group is cysteine.

The compound of claim 15, wherein the conjugating group is acetytated.

The compound of claim 14, wherein the N-terminus of the peptide is acylated.
The compound of claim 17, wherein the C-terminus of the peptide is amidated.
The compound of claim 5, wherein the conjugating group is cysteine.

The compound of claim 19, wherein the conjugating group is acetylated.

The compound of claim 10, whérein Xais D-alanine.

The compound of claim 21, wherein the conjugating group is L-cysteine.

The compound of claim 21, wherein the conjugating group is D-cysteine.

The compound of claim 22, wherein the conjugating group is acetylated.

The compound of claim 23, wherein the conjugating group is acetylated.

The compound of claim 21, wherein the compound is a homodimer.

The compound of claim 21, wherein the N-terminus of the peptide is acetylated.
The compound of claim 27, wherein the C-terminus of the peptide is amidated.
The compound of claim 14, wherein the compound is a2 homodimer.,

The compound of claim 14, wherein Xzis D-alanine.
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31.

32.

33.

34.

35,

36.

37.

38.

39.

40,

41.

43.

44.

48,

48,

The compound of claim 30, wherein the conjugating group is L-cysteine.

The compound of claim 30, wherein the conjugating group is D-cysteine.

~ The compound of claim 31, wherein the conjugating group is acetylated.

The compound of claim 32, wherein the conjugating group is acetylated.

The compound of claim 30, wherein the compound is a homodimer.

The compound of claim 30, wherein the N-iemﬁinus of the peptide is acetylated.
The compound of claim 36, wherein the C-terminus of the peptide is amidated.

The compound of claim 1, wherein the peptlide is 8 to 15 amino acid residues in
fength.

The compound of claim 38, wherein the peptide is 8 to 11 amino acid residues in
fength.

The compound of claim 38, wherein the peptide is 8 {o 9 amino acid residues in
length.

The compound of claim 1, wherein the peptide consists of the amino acid sequence
having the formula:
X1~ X2-Xa-Xe- Xs~Xe~ X7

A compound comprising Ac-c{C)arrrar-NHz2 (SEQ 1D NO:3).

A compound comprising Ac-c(C)arrrar-NH2{SEQ ID NO:3), wherein the conjugating
group is acetylated.

A compound comprising Ac-c{c)arrtar-NHz (SEQ 1D NO:142).
A compound comprising Ac-¢{C)rrarar-NHz (SEQ 1D NO:28).

A compound comprising Ac-c{C)rrarar-NHz (SEQ 1D NO:28), wherein the conjugating
group is acetylated.
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47.

48.

49,

50.

51.
52.
53.

54.

56.

57,

58.

A compound comprising:
Ac-crrarar-NH2 (SEQ 1D NO:25)

|
Ac-crrarar-NHz (SEQ 1D NO:25)

A compound comprising:
Ac-carrrar-NH2 (SEQ 1D NO:26)

l
Ac-carrrar-NHz (SEQ D NO:26)

A pharmaceutical composition comprising a compound according to any one of
claims 1-48 and a pharmaceutically accepiable excipient or carrier for use in treating
secondary hyperparathyroidism (SHPT) in a subject.

A pharmaceutical composition comprising a compound acceording to any one of
claims 1-48 and a pharmaceutically acceptable excipient or carrier for use in
decreasing parathyroid hormone levels in a subject.

The pharmaceutical composition according to claim 49, wherein the composition is
provided intravenousty.

The pharmaceutical composition according to claim 49, wherein said composition is
provided transdermally.

The pharmaceutical composition according to claim 50, wherein the composition is
provided transdermally.

The pharmaceutical composition according to claim 50, wherein the composition is
provided intravenously.

Use of a composiiion comprising a compound according to any one of claims 1-48
for manufacture of a medicament for treating secondary hyperparathyroidism
(8HFT) in a subject.

Use of a composition comprising a compound according to any one of claims 1-48
for manufacture of a medicament for decreasing parathyroid hormone levels in a
subject. ‘

The use according fo claim 55, further comprising a second therapeutic agent.

The use according to claim 57, wherein the second therapeutic agent is vitamin I, a
vitamin D analog or cinacalcet hydrochioride.
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58.  The use according to claim 56, further comprising a second therapeutic agent.

60.  The use according fo claim 59, wherein the second therapeutic agent is vitamin D, a
vitamin D analog or cinacalcet hydrochloride.
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