2009/036448 A 2 I} 1A A0 00 01 00O

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization Vd”Ij

) IO O T O OO O

International Bureau

(43) International Publication Date
19 March 2009 (19.03.2009)

(10) International Publication Number

WO 2009/036448 A2

(51) International Patent Classification:
AGIK 38/18 (2006.01) CO7K 14/58 (2006.01)
AGIK 38/06 (2006.01)

(21) International Application Number:
PCT/US2008/076434

(22) International Filing Date:
15 September 2008 (15.09.2008)

(25) Filing Language: English

(26) Publication Language: English
(30) Priority Data:
60/972,778 15 September 2007 (15.09.2007) US
(71) Applicant (for all designated States except US): MAYO
FOUNDATION FOR MEDICAL EDUCATION AND
RESEARCH [US/US]; 200 First Street S.W., Rochester,

Minnesota 55905 (US).

(72) Inventors; and

(75) Inventors/Applicants (for US only): SIMARI, Robert
D. [US/US]; 1911 Britt Lane SW, Rochester, Minnesota
55902 (US). PAN, Shuchong [US/US]; 2948 4th Street
SW, Rochester, Minnesota 55902 (US). BURNETT, John,
C., Jr. [US/US]; 1088 Fox Hill Place SW, Rochester, Min-
nesota 55902 (US). CHEN, Horng H. [SG/US]; 1205 Fox

(74)

(81)

(34)

Hill Place SW, Rochester, Minnesota 55905 (US). POT-
TER, Lincoln R..

Agent: FINN, Patrick, J.; Fish & Richardson P.C., P.O.
Box 1022, Minneapolis, Minnesota 55440-1022 (US).

Designated States (unless otherwise indicated, for every
kind of national protection available): AE, AG, AL, AM,
AOQ, AT, AU, AZ,BA, BB, BG, BH, BR, BW, BY, BZ, CA,
CH, CN, CO, CR, CU, CZ, DE, DK, DM, DO, DZ, EC, EE,
EG, ES, FI, GB, GD, GE, GH, GM, GT, HN, HR, HU, ID,
1L, IN, IS, JP, KE, KG, KM, KN, KP, KR, KZ, LA, LC, LK,
LR, LS, LT, LU, LY, MA, MD, ME, MG, MK, MN, MW,
MX, MY, MZ, NA, NG, NI, NO, NZ, OM, PG, PH, PL, PT,
RO, RS, RU, SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TJ,
™™, TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM,
ZW.

Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,
ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),
European (AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, FI,
FR, GB,GR, HR, HU, IE, IS, IT, LT, LU, LV, MC, MT, NL,
NO, PL, PT, RO, SE, SI, SK, TR), OAPI (BF, BJ, CF, CG,
CIL, CM, GA, GN, GQ, GW, ML, MR, NE, SN, TD, TG).

Published:

without international search report and to be republished
upon receipt of that report

(54) Title: NATRIURETIC PEPTIDE RECEPTOR-C AGONISTS

(57) Abstract: This document relates to methods and materials involved in preferentially activating natriuretic peptide receptor-C
polypeptides. For example, agonists of natriuretic peptide receptor-C polypeptides as well as methods for activating natriuretic

peptide receptor-C polypeptides are provided herein.



WO 2009/036448 PCT/US2008/076434

10

15

20

25

30

NATRIURETIC PEPTIDE RECEPTOR-C AGONISTS

CROSS-REFERENCE TO RELATED APPLICATIONS
This application claims benefit of priority from U.S. Provisional Application

Serial No. 60/972,778, filed on September 15, 2007.

BACKGROUND
1. Technical Field
This document relates to methods and materials involved in preferentially
activating natriuretic peptide receptor-C polypeptides. For example, this document
relates to agonists of natriuretic peptide receptor-C polypeptides as well as methods

for activating natriuretic peptide receptor-C polypeptides.

2. Background Information

Members of the natriuretic polypeptide family are hormones that regulate
body fluid homeostasis. Atrial natriuretic peptide (ANP) is secreted by atrial
myocytes in response to increased intravascular volume. Once ANP is in the
circulation, its effects are primarily on the kidney, vascular tissue, and adrenal
gland, in which its actions lead to the excretion of sodium and water by the kidneys
and a decrease in intravascular volume and blood pressure. BNP also is of
myocardial cell origin, and like ANP, it circulates in human plasma. BNP is
natriuretic, rennin inhibiting, vasodilating, and lusitropic. The main circulating and
storage form of BNP is a 32 amino acid polypeptide with a ring structure.
Physiological actions of BNP are mediated through a guanylate cyclase-linked
receptor, natriuretic peptide receptor A (NPR-A). Clearance of BNP is promoted by
a NPR-C receptor that removes it from the circulation. BNP also is degraded
through enzymatic cleavage by neutral endopeptidase. C-type natriuretic peptide
(CNP) is of endothelial cell origin and functions as a vasodilating and growth-
inhibiting polypeptide. Dendroaspis natriuretic peptide (DNP) is similar in
structure to ANP, BNP, and CNP, and is isolated from the venom of Dendoaspis

angusticeps or green mamba snake.
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SUMMARY

This document relates to methods and materials involved in preferentially
activating natriuretic peptide receptor-C (NPR-C) polypeptides. For example, this
document relates to agonists of NPR-C polypeptides as well as methods for
activating NPR-C polypeptides. Agonists of NPR-C polypeptides can increase
glomerular filtration rate without lowering blood pressure in a mammal. For
example, agonists of NPR-C polypeptides can increase the removal of sodium from
the body and can be used medically to treat hypertension, kidney disease, cirrhosis,
congestive heart failure, or any sodium overload state.

In general, one aspect of this document features a method for activating an
NPR-C polypeptide in a mammal. The method comprises identifying a mammal in
need of an activated NPR-C polypeptide, and administering, to the mammal, an
agonist of an NPR-C polypeptide. The NPR-C polypeptide can be a human NPR-C
polypeptide. The mammal can be a human. The agonist can be ASBNP.1.

Another aspect of this document features a method for identifying an agent
having an ability to increase diuretic or natriuretic activity within a mammal without
substantially lowering blood pressure. The method comprises determining whether
or not a test agent interacts with an NPR-C polypeptide to a greater extent than the
test agent interacts with either an NPR-A polypeptide or an NPR-B polypeptide,
wherein the presence of the greater interaction with the NPR-C polypeptide
indicates that the test agent comprises the ability. The NPR-C polypeptide can be a
human NPR-C polypeptide. The mammal can be a human.

Unless otherwise defined, all technical and scientific terms used herein have
the same meaning as commonly understood by one of ordinary skill in the art to
which this invention pertains. Although methods and materials similar or equivalent
to those described herein can be used to practice the invention, suitable methods and
materials are described below. All publications, patent applications, patents, and
other references mentioned herein are incorporated by reference in their entirety. In

case of conflict, the present specification, including definitions, will control. In
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addition, the materials, methods, and examples are illustrative only and not intended
to be limiting.

The details of one or more embodiments of the invention are set forth in the
accompanying drawings and the description below. Other features, objects, and
advantages of the invention will be apparent from the description and drawings, and

from the claims.

DESCRIPTION OF DRAWINGS

Figure 1 is a graph plotting pmol cGMP/mg protein/well for HEK293 cells
stably expressing rat NPR-A and treated with the indicated amount (uM) of human
BNP from a first source, ASBNP.1 (also referred to as BNP2.1), or human BNP
from a second source.

Figure 2 is a graph plotting pmol cGMP/mg protein/well for HEK293 cells
stably expressing rat NPR-B and treated with the indicated amount (uM) of a human
CNP, human BNP, or ASBNP.1 polypeptide.

Figure 3 is a graph plotting the amount of binding to human NPR-C.

Figure 4 is a schematic diagram of an ASBNP polypeptide that is 60 amino
acid residues in length (SEQ ID NO:4), an ASBNP.1 polypeptide that is 42 amino
acid residues in length (SEQ ID NO:1), an ASBNP.2 polypeptide that is 60 amino
acid residues in length with an alanine at position 43 (SEQ ID NO:3). The sequence
of ASBNP.2 from the alanine at position 43 to the leucine at position 60 is 18 amino
acid residues in length (SEQ ID NO:2). ASBNP (also referred to as BNP2) is a
variant form of BNP generated by alternative splicing.

Figure 5 is a graph plotting pmol cGMP/well/3 minutes for HEK293 cells
stably expressing rat NPR-A (top; 293GCA cells) or rat NPR-B (bottom; 293GCB

cells) and treated with increasing amounts of the indicated polypeptides.

DETAILED DESCRIPTION
This document relates to methods and materials involved in preferentially
activating natriuretic peptide receptor-C (NPR-C) polypeptides. For example, this

document relates to agonists of NPR-C polypeptides as well as methods for
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activating NPR-C polypeptides. Agonists of NPR-C polypeptides can increase
glomerular filtration rate without lowering blood pressure in a mammal. For
example, agonists of NPR-C polypeptides can increase the removal of sodium from
the body and can be used medically to treat hypertension, kidney disease, cirrhosis,
congestive heart failure, or any sodium overload state.

An agonist of NPR-C polypeptides provided herein can be a polypeptide
having the sequence set forth in SEQ ID NO:1, SEQ ID NO:2, SEQ ID NO:3 or
SEQ ID NO:4. In some cases, an agonist of NPR-C polypeptides provided herein
can contain an amino acid sequence that aligns to the sequence set forth in SEQ ID
NO:1, SEQ ID NO:2, SEQ ID NO:3 or SEQ ID NO:4 with ten or less (e.g., nine or
less, eight or less, seven or less, six or less, five or less, four or less, three or less,
two or less, one, or zero) amino acid additions, deletions, substitutions, or
combinations thercof. For example, an agonist of NPR-C polypeptides provided
herein can contain the sequence set forth in SEQ ID NO:1 with the exception that
first serine residue or the last valine residue of SEQ ID NO:1 is deleted or replaced
with a different amino acid residue.

In some cases, an agonist of NPR-C polypeptides provided herein can
contain (a) a first amino acid sequence that either is set forth in SEQ ID NO:1 or
aligns to the sequence set forth in SEQ ID NO:1 with ten or less (e.g., nine or less,
eight or less, seven or less, six or less, five or less, four or less, three or less, two or
less, one, or zero) amino acid deletions, substitutions, or combinations thereof and
(b) a second amino acid sequence that either is set forth in SEQ ID NO:2 or aligns
to the sequence set forth in SEQ ID NO:2 with either (i) ten or less (e.g., nine or
less, eight or less, seven or less, six or less, five or less, four or less, three or less,
two or less, one, or zero) amino acid additions, substitutions, or combinations
thereof provided that the addition or substitution does not result in the presence of a
cysteine residue or (i1) 15 or less (e.g., 14 or less, 13 or less, twelve or less, eleven
or less, ten or less, nine or less, eight or less, seven or less, six or less, five or less,
four or less, three or less, two or less, one, or zero) amino acid deletions. For
example, an agonist of NPR-C polypeptides provided herein can comprise or consist

of the sequence set forth in SEQ ID NO:3 with the exception that the cysteine
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residue at position 43 of SEQ ID NO:3 is an amino acid other than cysteine (e.g.,
alanine, arginine, asparagines, aspartic acid, glutamine, glutamic acid, glycine,
histidine, isoleucine, leucine, lysine, methionine, phenylalanine, praline, serine,
threonine, tryptophan, tyrosine, or valine).

Polypeptides having one or more amino acid substitutions relative to a
polypeptide sequence set forth in SEQ ID NO:1, SEQ ID NO:2, SEQ ID NO:3, or
SEQ ID NO:4 can be prepared and modified as described herein. Amino acid
substitutions can be conservative or non-conservative amino acid substitutions.
Conservative amino acid substitutions include, for example, substitution of an acidic
amino acid residue (e.g., aspartic acid or glutamic acid) with another acidic amino
acid residue, substitution of a basic amino acid residue (e.g., lysine, arginine, or
histidine) with another basic amino acid residue, substitution of a hydrophobic
amino acid residue with another hydrophobic amino acid residue (e.g., substitution
of leucine with isoleucine, methionine with valine, or alanine with valine), and
substitution of a hydrophilic amino acid residue (e.g., serine, glycine, or threonine)
with another hydrophilic amino acid residue.

Conservative amino acid substitutions also include substitution of an amino
acid residue having a particular type of side chain with another amino acid residue
having a similar type of side chain. For example, conservative amino acid
substitutions include substitution of an amino acid residue having an aliphatic side
chain (e.g., glycine, alanine, valine, leucine, or isoleucine) with another amino acid
residue having an aliphatic side chain, substitution of an amino acid residue having
an aliphatic-hydroxyl side chain (e.g., serine or threonine) with another amino acid
residue having an aliphatic-hydroxyl side chain, substitution of an amino acid
residue having an amide-containing side chain (e.g., asparagine or glutamine) with
another amino acid residue having an amide-containing side chain, substitution of
an amino acid residue having an aromatic side chain (e.g., phenylalanine, tyrosine,
or tryptophan) with another amino acid residue having an aromatic side chain,
substitution of an amino acid residue having a basic side chain (e.g., lysine,
arginine, or histidine) with another amino acid residue having a basic side chain,

and substitution of an amino acid residue having a sulfur-containing side chain (e.g.,
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cysteine or methionine) with another amino acid residue having a sulfur-containing
side chain.

An agonist of NPR-C polypeptides provided herein can be a polypeptide
having any length. For example, an agonist of NPR-C polypeptides provided herein
can be a polypeptide between 25 and 75 (e.g., between 30 and 70, between 32 and
60, between 32 and 57, between 32 and 50, between 32 and 45, between 35 and 43,
or between 38 and 43) amino acid residues in length. It will be appreciated that an
agonist of NPR-C polypeptides that is a polypeptide with a length of 25 or 75 amino
acid residues is a polypeptide with a length between 25 and 75 amino acid residues.

In some cases, an agonist of NPR-C polypeptides provided herein can be
between 37 and 47 amino acid residues in length and can comprise an amino acid
sequence (a) set forth in SEQ ID NO:1 or (b) that aligns to the sequence set forth in
SEQ ID NO:1 with five or less amino acid additions, deletions, substitutions, or
combinations thercof. An example of such an agonist of NPR-C polypeptides
includes, without limitation, an ASBNP.1 polypeptide. In some cases, an agonist of
NPR-C polypeptides provided herein can be between 45 and 65 amino acid residues
in length and can comprise (a) a first amino acid sequence that either is set forth in
SEQ ID NO:1 or aligns to the sequence set forth in SEQ ID NO:1 with five or less
amino acid deletions, substitutions, or combinations thercof and (b) a second amino
acid sequence that either is set forth in SEQ ID NO:2 or aligns to the sequence set
forth in SEQ ID NO:2 with (i) five or less amino acid additions, substitutions, or
combinations thereof provided that the addition or substitution does not result in the
presence of a cysteine residue or (ii) fifteen or less amino acid deletions. An
example of such an agonist of NPR-C polypeptides includes, without limitation, an
ASBNP.2 polypeptide.

In some cases, an agonist of NPR-C polypeptides provided herein can be a
substantially pure polypeptide. As used herein, the term “substantially pure” with
reference to a polypeptide means that the polypeptide is substantially free of other
polypeptides, lipids, carbohydrates, and nucleic acid with which it is naturally
associated. Thus, a substantially pure polypeptide is any polypeptide that is

removed from its natural environment and is at least 60 percent pure or is any
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chemically synthesized polypeptide. A substantially pure polypeptide can be at
least about 60, 65, 70, 75, 80, 85, 90, 95, or 99 percent pure. Typically, a
substantially pure polypeptide will yield a single major band on a non-reducing
polyacrylamide gel.

In some embodiments, an agonist of NPR-C polypeptides provide herein can
lack the ability to stimulate production of cGMP in cells expressing human NPR-A
or NPR-B polypeptides. Intracellular cGMP production can be assayed using, for
example, the BIOTRACK ¢cGMP enzyme immunoassay kit (Amersham Pharmacia
Biotech). In other embodiments, an agonist of NPR-C polypeptides provide herein
can lack vasoactivity. Vasoactivity can be assessed by determining responsitivity of
a blood vessel (e.g., a carotid artery in an organ chamber) to the agonist.

In some cases, an agonist of NPR-C polypeptides can be a non-polypeptide
compound. For example, an agonist of NPR-C polypeptides can be a small
molecule or a peptide mimetic. An agonist of NPR-C polypeptides can have the
ability to activate NPR-C polypeptides without exhibiting any agonistic activity at
NPR-A or NPR-B polypeptides. In some cases, an agonist of NPR-C polypeptides
can activate NPR-C polypeptides to a greater extend than the level oaf activity
observed at NPR-A or NPR-B polypeptides. For example, a agonist of NPR-C
polypeptides can be 10, 20, 30, 40, 50, 60, 70, 80, 90, or 100 percent more active at
NPR-C polypeptides than at NPR-A or NPR-B polypeptides.

An agonist of NPR-C polypeptides provided herein can be formulated as a
pharmaceutical composition by admixture with pharmaceutically acceptable non-
toxic excipients or carriers. Such compositions can be administered to a subject in
need thereof in an amount effective to treat, for example, heart, liver, kidney, or
other sodium retaining conditions. For example, such compositions can be
administered to a subject having a renal dysfunction. A renal dysfunction can
include, without limitation, acute renal failure, glomerulonephritis, chronic renal
failure, azotemia, uremia, immune renal disease; acute nephritic syndrome, rapidly
progressive nephritic syndrome, nephrotic syndrome, Berger’s Disease, chronic
nephritic/proteinuric syndrome, tubulointerstital disease, nephrotoxic disorders,

renal infarction, atheroembolic renal disease, renal cortical necrosis, malignant
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nephroangiosclerosis, renal vein thrombosis, renal tubular acidosis, renal glucosuria,
nephrogenic diabetes insipidus, Bartter’s Syndrome, Liddle’s Syndrome, polycystic
renal disease, interstitial nephritis, acute hemolytic uremic syndrome, medullary
cystic disease, medullary sponge kidney, hereditary nephritis, and nail-patella
syndrome.

Compositions provided herein also can be administered to a subject having a
heart dysfunction. A heart dysfunction can include, without limitation, CHF, dilated
congestive cardiomyopathy, hypertrophic cardiomyopathy, restrictive
cardiomyopathy, mitral valve disease, aortic valve disease, tricuspid valve disease,
angina pectoris, myocardial infarction, cardiac arrhythmia, pulmonary hypertension,
arterial hypertension, renovascular hypertension, arteriosclerosis, atherosclerosis,
and cardiac tumors.

Compositions provided herein also can be administered to a subject having
an inflammatory condition. An inflammatory condition can include, without
limitation, myocarditis, asthma, chronic inflammation, autoimmune diabetes, tumor
angiogenesis, rheumatoid arthritis, rheumatoid spondylitis, osteoarthritis, gouty
arthritis and other arthritic conditions, sepsis, septic shock, endotoxic shock, Gram-
negative sepsis, toxic shock syndrome, asthma, adult respiratory distress syndrome,
stroke, reperfusion injury, CNS injuries such as neural trauma and ischemia,
psoriasis restenosis, cerebral malaria, chronic pulmonary inflammatory disease,
silicosis, pulmonary sarcosis, bone resorption diseases such as osteoporosis, graft
versus host reaction, Crohn’s Disease, ulcerative colitis including inflammatory
bowel disease (IBD), and pyresis.

Pharmaceutical compositions may be prepared for parenteral administration,
particularly in the form of liquid solutions or suspensions in aqueous physiological
buffer solutions; for oral administration, particularly in the form of tablets or
capsules; or for intranasal administration, particularly in the form of powders, nasal
drops, or acrosols. Compositions for other routes of administration may be prepared
as desired using standard methods.

Formulations for parenteral administration may contain as common

excipients sterile water or saline, polyalkylene glycols such as polyethylene glycol,
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oils of vegetable origin, hydrogenated naphthalenes, and the like. In particular,
biocompatible, biodegradable lactide polymer, lactide/glycolide copolymer, or
polyoxethylene-polyoxypropylene copolymers are examples of excipients for
controlling the release of an agonist of NPR-C polypeptides in vivo. Other suitable
parenteral delivery systems include ethylene-vinyl acetate copolymer particles,
osmotic pumps, implantable infusion systems, and liposomes. Formulations for
inhalation administration may contain excipients such as lactose, if desired.
Inhalation formulations may be aqueous solutions containing, for example,
polyoxyethylene-9-lauryl ether, glycocholate and deoxycholate, or they may be oily
solutions for administration in the form of nasal drops. If desired, the compounds
can be formulated as gels to be applied intranasally. Formulations for parenteral
administration may also include glycocholate for buccal administration.

For oral administration, tablets or capsules can be prepared by conventional
means with pharmaceutically acceptable excipients such as binding agents (e.g.,
pregelatinized maize starch, polyvinylpyrrolidone or hydroxypropyl
methylcellulose); fillers (e.g., lactose, microcrystalline cellulose or calcium
hydrogen phosphate); lubricants (e.g. magnesium stearate, talc or silica);
disintegrants (e.g., potato starch or sodium starch glycolate); or wetting agents (e.g.,
sodium lauryl sulfate). Tablets can be coated by methods known in the art.
Preparations for oral administration can also be formulated to give controlled
release of the compound.

Nasal preparations can be presented in a liquid form or as a dry product.
Nebulised aqueous suspensions or solutions can include carriers or excipients to
adjust pH and/or tonicity.

An agonist of NPR-C polypeptides described herein also can be formulated
for topical delivery. Topical application and/or delivery of an agonist of NPR-C
polypeptides provided herein can be achieved using known methods, ¢.g.,
iontophoresis or lipogels.

Compositions described herein (e.g., including an agonist of NPR-C

polypeptides provided herein) can additionally include other active ingredients.
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Various clinical parameters can be monitored prior to, during, and/or after
administering an agonist of NPR-C polypeptides described herein (e.g., formulated
as a pharmaceutical composition) to a subject (e.g., a subject having a renal or heart
dysfunction or an inflammatory condition). For example, vital signs, electrolytes,
serum creatinine, cystatin, urinary BNP levels, plasma BNP levels, urine output,
plasma levels of the administered agonist of NPR-C polypeptides, urine levels of the
administered agonist of NPR-C polypeptides, or any combination thereof can be
monitored. In some cases, plasma renin activity, glomerular filtration rate, urinary
cGMP excretion, plasma cGMP levels, urinary ANP excretion, urinary BNP
excretion, cardiac output, systemic vascular resistance, aldosterone levels, or any
combination thercof can be monitored. Any appropriate method can be used to
monitor clinical parameters including, without limitation, the methods described
herein.

Monitoring clinical parameters can allow a clinician to determine whether or
not an administered agonist is effective, e.g., whether or not the severity of a
symptom of a heart or renal dysfunction or inflammatory condition has been
reduced. In addition, monitoring clinical parameters before, during, and/or after
administration of an agonist provided herein can indicate whether the dose of the
agonist should be increased or decreased, whether administration of the agonist
should be continued or discontinued, or whether the agonist should be re-
administered. Monitoring clinical parameters also can indicate the severity of a
subject’s condition, which, in turn, can provide guidance as to when an agonist
provided herein should be administered and at what dose.

This document also provides methods and materials for identifying an
agonist of NPR-C polypeptides. For example, test agents can be screened for the
ability to interact with NPR-C polypeptides using cell based activity assays or
receptor binding assays as described herein. In some cases, test agents can be
screened for the ability to preferentially interact with NPR-C polypeptides as
compared to NPR-A polypeptides or NPR-B polypeptides. For example, an agonist
of NPR-C polypeptides lacking the ability to activate NPR-A polypeptides and

10



WO 2009/036448 PCT/US2008/076434

10

15

20

25

30

NPR-B polypeptides can be identified using the cell based activity assays or
receptor binding assays as described herein.
The invention will be further described in the following examples, which do

not limit the scope of the invention described in the claims.

EXAMPLES

Example 1 — Natriuretic peptide receptor activities

HEK293 cells stably expressing rat NPR-A or NPR-B were prepared using
methods similar to those described elsewhere (Fan ef al., Mol. Pharmacol., 67:174-
83 (2005); and Bryan and Potter, J. Biol. Chem., 277:16041-16047 (2002)). The
cells were maintained in Dulbecco’s modified Eagle’s medium (DMEM)
supplemented with 10% FBS, 100 units/mL penicillin, 100 pg/mL streptomycin,
and 200 pg/mL G418. The cells were plated in 48-well plates and grown to 90%
confluency. On the day of the assay, the cells were incubated in serum-free medium
for 4 hours. The cells were pretreated for 10 minutes at 37°C in DMEM containing
25 mM HEPES, pH 7.4 and 0.5 mM 1-methyl-3-isobutylxanthine by aspirating the
starvation medium. After pretreatment, the medium was replaced with the same
medium containing the indicated concentrations of natriuretic peptides. The cells
were stimulated for 3 minutes with CNP, rat BNP, human BNP, ASBNP, or
ASBNP.1. The reaction was stopped by aspiration of the medium and addition of
200 pL ice-cold 80% ethanol. Cyclic GMP concentrations were estimated from an
aliquot of the ethanol extract using a Perkin Elmer cGMP RIA kit without
acetylation as described elsewhere (Bryan and Potter, J. Biol. Chem., 277:16041-
16047 (2002); and Abbey and Potter, J. Biol. Chem., 277:42423-30 (2002)).

BNP activated cells expressing rat NPR-A at concentrations in the mM
range, whereas ASBNP.1 did not exhibit any activity for cells expressing rat NPR-A
(Figure 1). CNP activated cells expressing rat NPR-B, whereas BNP and ASBNP.2
exhibited little, if any, activity on cells expressing rat NPR-B (Figure 2).
Concentration curves were determined for CNP, rat BNP, human BNP, and ASBNP
using HEK293 cells stably expressing rat NPR-A (293GCA cells) or NPR-B
(293GCB cells) (Figure 5).

11
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Human BNP and ASBNP.1 binding to human NPR-C was assessed using
methods similar to those described elsewhere (Fan ef al., Mol. Pharmacol., 67:174-
83 (2005)). Both BNP and ASBNP.1 exhibited binding to human NPR-C (Figure
3).
5 These results demonstrate that ASBNP.1 can activate NPR-C polypeptides
and can induce its biological effects preferentially via NPR-C polypeptides and not
NPR-A polypeptides or NPR-B polypeptides.

OTHER EMBODIMENTS

10 It is to be understood that while the invention has been described in
conjunction with the detailed description thereof, the foregoing description is
intended to illustrate and not limit the scope of the invention, which is defined by
the scope of the appended claims. Other aspects, advantages, and modifications are

within the scope of the following claims.
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WHAT IS CLAIMED IS:

1. A method for activating an NPR-C polypeptide in a mammal, wherein said
method comprises:
(a) identifying a mammal in need of an activated NPR-C polypeptide, and

(b) administering, to said mammal, an agonist of an NPR-C polypeptide.

2. The method of claim 1, wherein said NPR-C polypeptide is a human NPR-C
polypeptide.

3. The method of claim 1, wherein said mammal is a human.

4. The method of claim 1, wherein said agonist is ASBNP.1.

5. A method for identifying an agent having an ability to increase diuretic or
natriuretic activity within a mammal without substantially lowering blood pressure,
wherein said method comprises determining whether or not a test agent interacts with an
NPR-C polypeptide to a greater extent than said test agent interacts with either an NPR-A
polypeptide or an NPR-B polypeptide, wherein the presence of said greater interaction
with said NPR-C polypeptide indicates that said test agent comprises said ability.

6. The method of claim 5, wherein said NPR-C polypeptide is a human NPR-C
polypeptide.

7. The method of claim 5, wherein said mammal is a human.

13
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