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ANTIBODIES FOR GUANYLYL CYCLASE RECEPTORS
BACKGROUND OF THE INVENTION

fntracellular signaling via 3'.5-cvclic gnanosine monophosphate (¢cGMP) plays an important
role in many fundamental physiological processes including regulation of vascular tone, renal and
cardiac function, immune responsiveness, thrombocyte activation, retinal phototransduction and
bone growth Becausce the level of endogenous ¢GMP modulates the aforementioned biological
processes, molecules that regulate ¢cGMP synthesis serve as natural targets for new drug discovery
and therapeutic development. Guanylyl cyclases are such molecules.

More specifically, cGMP 1s produaced by the catalysis of guanosine triphosphate (GTP) by
one of two families of guanylyl cyclase enzymes: the particulate guanylyl cyclases (pGCs} and the
soluble guanylate cyclases (sGCs). The pGCs generally exist as homodimers coruprising an
extended intracellular domain which includes the catalytic domain, membrane-spanning regions, and
an extracellular ligand-binding domain. In conirast, the sGCs are mitracclular heterodimeric
molecules containing a prosthetic hemwe group which can be activated by nitric oxide. Upon
formation of the NO-heme complex, sGCs undergo conformational changes resulting in large
increases in catalytic activity. The ¢GMP thus produced can regulate a namber of effector
molecules including protein kinases, phosphodiesterases and ion channels.

Of particular relevance to a host of therapeutic indications is the faruily of patticulate
guanylyl cyclases activated by natriuretic peptides. Natriuretic peptides are cyclic peptide hormones
28 — 32 amno acids long which are synthesized as longer preproproteins and processed to yield the
mature peptides. Examples of natriuretic peptides inclade: A-type or atrial natriuretic peptide
{ANP}, which is released from the heart, urodilatin, the differentially processed form of ANP
produced by the kidney, B-type natriuretic peptide (BNF), which is synthesized in the ventricular
myocardium and C-type natriuretic peptide (CNFP), which is produced by a number of cell types
inclading endothelial cells and chrondrocytes (Potier, et al Endocrine Reviews, 27:47, 2006).

One membrance-bound GC bound by ANP, urodilatin and BNP is the natriuretic peptide
receptor A {also known as NPRA). Activation of NPRA by these hormones leads to a variety of
physiological responses including vasorelaxation, natriuresis, diuresis, lipolysis, inhibition of
cardiac hypertrophy and ventricular fibrosis, mhibition of the renin-angiotensin aldosterone system,
and inhibition of sympathetic nerve activity. NP, on the other hand, serves as a potent agonist for

natriuretic peptide roceptor B (NPRB). CNP-dependent activation of NPRB can also lead to
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vasodilation as well as stimulation of long bone growth. All of the natriuretic peptides have very
short plasma half lives ranging frovo approximately 2 — 20 minutes. One reason {or their rapid
turnover s that they are degraded by proteases such as neutral endopeptidase (NEP}), meprin A and
dipeptidyl peptidase IV, Moreover, ANP, urodilatin, BNP and CINP also bind to the non-guanylyl
cyclase clearance receptor, natriuretic peptide receptor  (NPR{). Binding to NPRC results in
internalization of the peptides subsequent lysosomal degradation, See, e.g., Cohen ¢t al., J. Biol
Chem., 271:9863 1996,

NPRA has been shown to play an important role in the regulation of cardiorenal function.
Activation of this receptor by ANP and BNP leads o a reduction in cardiac filling pressures,
decrease in afterload, diuresis and natiuresis and inhibition of sympathetic and ncurohormonal
systems such as the renin-angiotensin-aldosterone pathway, Extended NPRA activation has cardiac
antihypertropic and anti-fibrotic effects. ANP and BNP are produced by the heart in response to
stress and streteh and are elevated 1n paticnts with heart failure. NPRA contains an intracellular GC
domain and exerts its effects through the production of cGMP. However, as with many single
transmembrane hormone receptors identification of small molecule agonists using conventional
approaches have not been successful,

Recombinant forms of NPRA ligands have been approved for treatment of acute
decompensated heart failure. However, these recombinant Higands have very short half-lives
{typically 20 nunutes or less) and thus must be administered by extended IV infusion. The
recombinant form of BNP (Nesiritide) was approved in the U.S. n 2001 for the treatment of acute
decompensated heart failure. Recombinant human ANP (Carperitide} was approved in Japan in
1995 for the same mdication and recombinant urodilatin (Ularnitide, renal form of ANP} 1s currently
in clinical trials. Review of Nesinitide data submitted to the FDA during the approval process has
further revealed significant safety concerns more particularly, increased mortality and reduced renal
function, with the administration of recombinant BNP. While many of these safety concerns have
subsequently been thought to be speculative, there remains a question as to the potential of the
recombinant natiyretic peptides to induce adverse events, As such, the use of the currently approved
compositions has been limited to an acute indication and there remains a need for additional
therapies targeting the NPRA pathway for managing heart failure in a more chronic setting. A
therapeutic intervention leading to the activation of the NPRA pathway that would allow for the

treatment of both acute decompensated heart fatlure with a single administration and chronic heart
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failure with weekly or monthly injections would greatly benefit pationts suffering from these serious
conditions. To date such a therapy remains to be found.

Although efforts to modify natriuretic peptides and/or antagonize GC receptors have yielded
some therapeutic compositions for use i acute decompensated heart failure, these efforts have failed
to produce a robust therapeutic application for chronic heart failure. Thus, there is a current and
continuing need to develop molecules that regulate pGCs, which are safe, have superior stability in

vivo aud effectively modulate the activation of the natriuretic peptide system,

BRIEF SUMMARY OF THE INVENTION

The object of the present invention addresses the above-identified need through the use of
novel antibodies which act as potentiators or stimnulators of guanylyl cyclase receptors. Specifically,
the invention relates 1o isolated antibody or antigen-binding portion thereof that selectively binds to
an extracellular domain of a mammalian guanylvl cyclase (rGC) receptor in the presence of a ligand
or an activating protein specific to the mammalian G such that the binding of the antibody or
antigen binding portion thercof increases the apparent affinity of the ligand or activating protein for
the mammalian rGC. o specific embodiments i 1s shown that the increased affinity of the igand s
seen as a slower off-rate of the ligand from the mammalian vGC which leads to an apparent increase
in atfinity. In geoeral terms, the wethods descnibed herein resull in an ncrease i molecular potency
of the ligand making the ligand more effective in its biological response at lower concentrations, A
highly potent drug evokes a larger response at low concentrations. As potency 1s a measure of
drug’s activity expressed in terms of the amount required to produce an effect of given intensity,
“increased potency” of ligand using the methods of the invention gencrally means that less ligand or
activating protein is required to produce a response in the presence of antibody or antigen-binding
portion described hercin as compared to the amount of ligand or activating protein that would be
required to produce that level of response in the absence of said antibody or antigen-binding portion
thereof that selectively binds to an extracellular domain of a mammalian guanylyl cyclase (fGC)
receptor.

The mammalian r3C 1s preferably a human rGC, such as for example, NFRA, NPRE, NPRE
or NPRF. In specific ecmbodiments, the human rGC 1« NPRA.

The ligand in certain defined embodiments is an atrial natriuretic peptide {ANP}, a brain

natriuretic peptide (BNP), a C-type natriuretic peptide (ONP), a Dendroaspis natrturctic peptide
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{DNP}, urodilatin (Uro), Pseudocerastes persicus natriurctic peptide, snake venom natriurctic-like
peptide A (TNP-a}, snake venom natrivretic-like peptide B (TNP-b), or snake venom natriuretic-like
peptide C (TNP-¢) or active peptides dertved from them or encompassing them.

In specific embodiments, the human rGC 18 NPRA and the ligand 18 ANP, BNP, Uro, ora
mixture thereof. In other embodiments, the human r(GC 1 NPRA and the ligand 1s ANP or BNP. In
stitl other erbodiments, the human vGC 1s NPRB and the ligand 1s CNP, In yet another
embodiments, the human rGC s GC-C, GC-D, GC-E, GC-F or GC-G (Kuhm, Cire Res 93:700,
2003).

In specific aspects the increase wn apparent affinity of the ligand or the activating protein to
the mammalian rGC is at least 2-fold higher than it would be if the antibody or antigen-binding
portion thereof was not present. In other embodiments, the ECsp of igand induced intraceliular
cGMP production is at least 2-fold lower than it would be if the antibody or antigen-binding portion
thereof was not present,

In certain embodiments, the isolated antibody or antigen-binding portion thereof 1s such that
binding of the antibody or antigen-binding portion thereof enhances or prolongs the catalytic activity
associated with the mammalian rGC. The catalytic activity 18 seen to be enhanced or prolonged due
to there being an enhanced response of the receptor to ligand such that more cGMP is produced at
lower higand concentrations. lu specific embodiments, the catalytic activity is aun increase in
intracellular cGMP production where the 1GC is NPRA or NPRB.

In specific embodiments, the the antibody or antigen-binding portion thereof is a monoclonal
antibody. In more specific embodiments, the antibody is an Ig( antibody and more particularly an
1g(G4 or an IgG 1 antibody

In other embodiments, the antibody or antigen-binding portion thereot 18 selected from the
group consisting of: a human antibody, a humanized antibody, a murine antibody, a chimeric
auntibody, a peptibody, a single chaiu antibody, a single domaiu antibody, a Fab fragment, a F(ab’ )
fragment, a Fv fragment, scF, fragment and a fusion protein.

Agnother aspect of the invention relates to an isolated antibody or antigen-binding portion
thereof that selectively binds to an epitope located in an extracellular domain of a mammalian
receptor guanylyl cyclase (rGC) wherein the epttope torms when the rGC s bound to a ligand or

activating protein specific to the mammalian rGC and wherein the antibody s not reactive with the
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ligand or activating protein binding site of the rGC. In specific embodiments, the antibody
potentiates the activity of the higand or activating protein through the receptor.

in certain enbodiments, the antibody or antigen-binding portion thereof selectively binds an
epitope located i the extracellular domain of NPRA, wherein the epitope comprises residues 7-28
{(NLTVAVVLPLANTSYPWSWARV, SEQ 1D N(:30), 121-129 (VKDEYALTT, SEQ 1D NO:31),
313-320 (TMEDGLVN, SEQ ID NO:32), 327-333 (HDGLLLY, SEQ 1D NO:33) and 347-351
(VIDGE, SEQ 1D N(:34) located in the three dimensional structure of NPRA when NPRA 15
bound to ANP and/or BNP.

In still other erabodimeunts, the antibody or antigen-binding portion thereof selectively binds
an epitope located in the extracellular domain of NPRA, wherein the epitope comprises one or more
of the sequences located in the three dimensional structure of NPRA when NPRA is bound to ANP
and/or BNP. Such peptides include the pink portion shown in Figure 22, which are produced by
peptide sequences 28-87
{(VGPAVELALAQVKARPDLLPGWTVRTVLGSSENALGVCSDTAAPLAAVDLKWEHNPAVYE
LY (SEQ 1D NO:35), 96-113 (APVGRFTAHWRYVYPLLTAG) (SEQ ID NO:36), 293-301
(PEYLEFLEQ) (SEQ ID NG:37), 310-312 (FNF), 334-335 (1Q), 352-362 (NITQRMWNRSF)
(SEQ 1D NO:38).

Certain aspects of the invention relate to an 1solated antibody or antigen-binding portion that
selectively binds an epitope located in the extracellular domain of NFRA when the NP-A is bound
to a ligand, the epitope being defined by a discontinuous region formed by the peptides shown above
for NPRA.

Also conternplated 1s a monoclonal antibody having the same epitope specificity as
monoclonal antibodies described herein wherein the monocional antibody 1s produced by host celis
engincered to express nucleic acids that encode said antibody molecules.

Also contemplated s a specific isolated antibody or antigen-binding portion thereof that
selectively binds to an epitope located in an extracellular domain of a mammalian receptor guanylyl
cyclase (rGC) 10 the preseuce of a higand or activating proteiun specific to the mammahian vGC, 1s not
reactive with the ligand or activating protein binding site of the rGC and competes for binding to
said epitope with a monoclonal antibody selected from the group consisting of an antibody

comprising a VH and VL chain, each VH and VL chain comprising hypervariable regions CDR1,

§
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CDR2 and CDR3 separated by framework amino acid sequences, the hypervariable regions having
amino acid sequences 1o each VH and VL wherewn

YVHPR of said antibody has a sequence of SEQ 1D NO:3;

VH R of said antibody has a sequence selected from the group consisting of SEQ ID NO:4,
13 and 10,

VH ™ of said antibody has a sequence of SEQ ID NO:13,

VLM of said antibody has a sequence of SEQ 1D NO: 14,

VL* of said antibody has a sequence of SEQ 1D NO:15; and

VL™ of said antibody has a sequence selected from the group consisting of SEQ ID
NO:16, 17 and 18 or an antibody shown in Tables 1 and 2.

Another aspect of the invention relates to an isolated antibody or antigen-binding portion
thereof that binds to an epitope that is essentially the same epitope bound by an antibody comprising
a VH and VL chain, cach VH and VL chain comprising hypervariable regions CDR1E, CDRZ and
{CDR3 separated by framework amino acid sequences, the hypervariable regions having amino acid
sequences in cach VH and VL wherein

VHPR of aaid antibody has a sequence of SEQ 1D NO:3;

VH PR of said antibody has a sequence selected from the group consisting of SEQ ID NO:4
and 10,

VH Y™ of said antibody has a sequence of SEQ 1D NO:13,

VLR of caid antibody has a sequence of SEQ ID NO: 14,

VL® of said antibody has a sequence of SEQ 1D NO:15; and

VL™ of said antibody has a sequence solected from the group consisting of SEQ ID
NO:i6, 17 and IR,

Other specific isolated antibody or antigen-binding portion thereof contemplated are those
that bind to an epitope in an extracellular domain of a mammalian receptor guanyiyl cyclase GGC)
in the presence of a ligand or activating protein specific to the mammalian rGC, wherein said
epitope is bound by an antibody coruprising 2 heavy chain variable region (V) and a light chain
variable region (V. }, each Vyand V; comprising hypervariable regions CDR1, CDRZ and CDR3
separated by frarmework amino acid sequences, the hypervariable regions having amino acid
sequences in each VH and VL chain of cach VH and VL chains of:

VH® having a sequence of SEQ 1D NO:3;
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VH"" having a sequence selected from the group consisting of SEQ 1D NO:4 and 10,

VHP® having a sequence of SEQ 1D NO:13,

VL having a sequence of SEQ ID NO: 14,

VL having a sequence of SEQ ID NO:15; and

VL™ haiving a sequence selected from the group consisting of SEQ 1D N(:16, 17 and 18.
Other preferred antibodies arc those specific for NPRA, comprising: a) a heavy chain

variable region having the following amino acid sequences for complemeutarity determining

regions, respectively: GDSVSSNSAAWS (SEQ 1D NO:39); RTYYR-SHWYFEYAVSVKS (SEQ

13 NG:40) and MDVPSFRYFDV (SEQ ID NO:41) and; b) a light chain variable region having the

following amino acid sequences for complementarity determining regions, respectively:

RASQSVRS -~ - -~ NYLA (SEQ ID NO:42), GASNRAT (SEQ ID NO:43) and QQISNPP—V

(SEQ 1D NO:44), wherein said antibody binds NPRA in the presence of an NPRA ligand and

increases the affinity of said ligand for said NPRA as compared to the atfinity of said higand for said
NPRA in the absence of said antibody.

Also contemplated are cell lines that produce an antibody or antigen-binding portion of an
auntibody described herein. Specific cell lines melude those that produce an antibody wheremn said
antibody has a heavy and light chain CDRs 1, 2 and 3, wherein

VHP® of said antibody has a sequence of SEQ ID NO:3;

e DR Ny . ~ .o ~ T T

VHP® of said antibody has a sequence selected from the group consisting of SEQ ID NO:4
and 10,

rCDR3 o : QIO TTY N

VH® of said antibody has a sequence of SEQ 1D NO: 13,

VL of said antibody has a soquence of SEQ ID NO: 14,

VL of said antibody has a sequence of SEQ 1D NO:15; and

VLY of said antibody has a sequence selected from the group consisting of SEQ ID
N16, 17 and 18,

Also contemplated 1s an isolated nucleic acid molecule comprising a sequence encoding an
antibody or antigen-binding portion thereof which binds to natriaretic peptide receptor A (NPR-A),
wherein said antibody or antigen-binding portion thereof comprises a heavy chain hypervariable
region CDR2 having a sequence selected from the group consisting of SEQ 1D NO:4 and 10,

{Other embodiments describe an isolated nucleic acid molecule comprising a sequence

encoding an antibody or antigen-binding portion thercof which binds to natriurctic peptide receptor



10

20

30

WO 2010/065293 PCT/US2009/064840

A (NPRA), wherein said antibody or antigen-binding portion thereof comprises a light chain
hypervariable region CDR3 haviog a sequence selected from the group consisting of SEQ ID
N{k16, 17 and 18,

Yt another embodiment relates to an 1solated nucleic acid molecule comprising a sequence
encoding an antibody or antigen-binding portion thereof which binds to natrturetic peptide receptor
A (NPRA), wherein said antibody or antigen-binding portion thercof comprises a heavy chain
hypervariable region CDR2 having a sequence selected from the group consisting of SEQ ID NO:4
and 10 and a light chain hypervariable region CDR3 having a sequence sclected from the group
consisting of SEQ 1D NO:16, 17 and 18,

Another aspect of the invention describes a nucleic acid molecule comprising a sequence
encoding an antibody or antigen-binding portion thereof which binds o natriuretic peptide receptor
A (NPRA}, wherein said antibody or antigen-binding portion thereof comprises a heavy chain
variable domain (V ), wherein the Vy comprises hypervariable regions VH ™™ having a sequence
of SEG 1D NO:3; VH"* having a sequence selected from the group consisting of SEQ 1D NO:4
and 10, and VH""™ of said antibody has a sequence of SEQ ID NO:13, wherein the hypervariable
regions are separated by framework arnno acid sequences. Also contemplated are 1solated nucleic
acid molecules comprising a sequence encoding an antibody or antigen-binding portion thereof
which binds to natriuretic peptide receptor A (NPRA), wherein said antibody or antigen-binding
portion thereof comprises a light chain variable domain (V. ), wherein the V; comprises
hypervariable regions VL™ having a sequence of SEQ ID NO:14; VL™ having a sequence of
SEQ I NO:15; and VLY having a sequence selected from the group cousisting of SEQ ID
NO:16, 17 and 18, wherein the hypervariable regions arc separated by framework amimo acid
sequences. In specific embodiments, the hypervariable regions are provided in a human framework
region.

The present invention also relates to solated nucleic acid molecule comprising a sequence
encoding an antibody or antigen-binding portion thereof which binds to natriurctic peptide receptor
A (NPRA), wherein said antibody or antigen-binding portion thereof 1s selected from the group
consisting oft Abl, Ab2Z, Ab3, Abd and AbS, wherein Abl-AbS comprises a VH and VL chain, each
VH and VL chain comprising hypervariable regions CDR1, CDR2 and CDR3 separated by
framework amino acid sequences, the hypervariable regions baving amino acid sequences in each

VH and VL chain of Abl-AbS selected according to the following table:
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Abl: DR /CDR2 PR3
(SEQ 1D NO:3) (SEQ ID NO:4) (SEQ 1D NO:13)
V\/,VLCDRl "ZLCURZ \ZLCDRS
(SEQIDNO:14)  (SEQIDNO:I5)  (SEQ ID NO:16)
Ab2: \'YHCBR 1 \/vHCDRZ \/vHCDR?)
(SEQ 1D NO:3) (SEQ 1D NO4) (SEQ 1D NO:13)
1R +/p CUR2 /PR3
(SEQID NO:14)  (SEQID NO:15)  (SEQID NO:17)
Ab3: VehR yR2 R
(SEQ 1D NO:3) (SEQ 1D NO4) (SEQ 1D NO:13)
Vi ‘CDRI Vi CDR2 Vi CDR3
(SEQIDNO:14)  (SEQIDNO:I5)  (SEQ ID NO:18)
(SEQ 1D NO:3) (SEQIDNO:10)  (SEQ ID NO:13)
AV LCDR 1 '\/’IL(j DRZ v LC DR3
(SEQIDNO:14)  (SEQIDNO:15)  (SEQID NO:17)
,/X‘bg . ‘(vr }iCDRJ \/E_E CDR2 -\/}_i(DR’S
(SEQIDNO:3)  (SEQIDNO:10)  (SEQIDNO:13)
Vi {DR1 Vi ’CDF\Z Vi ‘CDR:"
(SEGIDNO:14)  (SEQIDNG:S)  (SEQID NO:S).

WO 2010/065293

PCT/US2009/064840

Also contemplated are vectors comprising and capable of expressing the nucleic acid molecule
cucoding an antibody or antigen-binding portion described herein and host cells transformed with
such vectors. Such host cells may be bacterial host cells or mammalian host cells. Also
conteraplated 1s a method of producing an isolated antibody or antigen-binding portion thereof
comprising the steps of culturing such a host cell. In specific embodiments, the nucleic acid
molecule encoding the heavy and light chain hypervariable regions separated by framework amino
acid sequences is coexpressed in the host cell.under suitable conditions and recovering the antibody

or antigen-binding portion thereof,
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Also contemplated is a pharmaceutical composition comprising the purified antibody or
antigen-binding portion thereof according to any one of claims 1-36 and a pharmaceutically
acceptable carrier or excipient thereof.

The pharmaccutical composition of claim 50, wherein the antibody 1s monoclonal anti-
natriuretic peptide receptor A antibody comprises a VH and VL chain, each VH and VL chain
comprising hypervariable regions CDR1, CDR2 and CDR3 separated by framework amino acid

sequences, the hypervanable regions having amno acid sequences 1o each VH and VL chain of

Abl-AbS selected according to the following table:

(SEQ 1D NO:3) (SEQ ID NO:4) (SEQ 1D NO:13)

AV LCDR 1 \/LCDR 2 vV LCDRS

(SEQIDNO:14)  (SEQID NO:1S)  (SEQID NO:16)
Ab2: \/}_{CD}U \Y E'{CDR 2 VF iCDR'ﬁ

(SEQ ID NO:3) (SEG ID NO:4) (SEQ ID NO:13)

VLCDRl \/vLCDRZ \v/-LCDR}

(SEQIDNO:14)  (SEQIDNO:13)  (SEQID NO:17)
Ab3: DRI VECDR? VDR

(SEQ ID NO:3) (SEQ 1D NO:4) (SEQ 1D NO:13)

VLCDRl wVLCURZ \7LCDR3

(SEQ IDNO:14)  (SEQIDNO:15)  (SEQID NO:18)
Al HCPRS HCPR2 VHOPRS

(SEQ 1D NO:3) (SEQ IDNO:10)  (SEQIDNO:13)

Vi CDR1 Vi ’CDRZ Vi ‘CDR:"

(SEQIDNO:14)  (SEQIDNO:13)  (SEQID NO:17)
AbA: \’YHCBRI \/vHCDF’Q w;vaCDRS

(SEQ 1D NO:3) (SEQ IDNO:I0Y  (SEQID NO:13)

‘VLCDR} \I;'LCDRZ ‘V'LCDW,

(SEQ IDNO:14)  (SEQIDNO:15)  (SEQID NO:18).

210 -
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Also contemplated is a method for increasing the apparent affinity of a ligand or an
activating proteiun to an extraceliular domaiun of a marmmalian receptor guanyiyl cyclase (rGC),
comprising contacting the mammalian rGC with the purified antibody or antigen-binding portion
thereof according to any one of claims 1-36 in the presence of the ligand or activating protein. The
potentiation may be performed in vive or in vitro.

Also contemplated herein are methods of treating a disorder or condition associated with a
decreased level of catalytic activity of a mammahan vGC in a subject conprising administering to
the subject in need thereof an effective amount of a purified antibody or antigen-binding portion
described herein,

Other treatment methods include methods of treating a disorder or condition associated with
a decreased level of catalytic activity of a mammalian rGC in a subjoct comprising administering to
the subject in need thereot an effective amount of the pharmaceutical composition described herein

The disorders to be treated include but are not imited to a disorder selected from the group
consisting of heart failure, hypertension, resistant hypertension, pulmonary hypertension,
atherosclerosis, diabetes, diabetic nephropathy, stroke, atrial fibrillation, ventricular arrythmias,
deep vein thrombosis, myocarditis, valvular heart disease, pulmonary ewbolism, pericardial disease,
coronary vasopasi, metabolic syndrome X, renal insufficiency (CKD, ESRD), obesity, asthma and
allergic rhinitis.

The heart discase may be selected from the group consisting of non-tschemic chronic heast
fatlure, post myocardial infarction heart fatlure (ischemic CHF), acute myocardial infarction,
reperfusion injury, left ventricular dysfunction, cardiac fibrosis, diastolic heart failure, hypertrophic
cardiomyopathy, acute decompensated heart failure and ischemic heart discase.

In specific embodiments, the invention involves treating acute decompensated heart fatlure
in a subject comprising administering to the subject in need thercof an effective amount of the
pharmaceuntical composition according to the fnvention,

Other methods involve treating hypertension resistant hypertension or pulmonary
hypertension in a subject comprising adwmnistering to the subject in need thereof an effective
amount of a purified antibody or antigen-binding portion or a pharmaceutical composition

comprising such an antibody or antigen binding portion thercof.

~11-



WO 2010/065293 PCT/US2009/064840

Other methods involve treating atherosclerosis in a subject comprising administering to the
subject in veed thereof an effective amount of a purified antibody or antigen-binding portion or a
pharmaceutical composition comprising such an antibody or antigen binding portion thereof,

Other methods involve treating a disease in a subject, the discase being sclected from the

5 group consisting of Type 1 diabetes, Type 2 diabetes, diabetic nephropathy, stroke, atrial
fibrillation/ventricular arrhythimias, deep vein thrombosis, mycocarditis, valvular heart disease,
pulmionary embolism, pericardial diseases, coronary vasospasm, metabolic syndrome X, renal
insufficiency, allergic rhinitis, asthma, inflammatory disease, septic shock, obesity and cancer,
comprising to the subject 10 need thereof an effective amount of a purified antibody or antigen-

10 binding portion thereof described herein or a pharmaceutical composition comprising such an
antibody or antigen binding portion thereof.

Also contemplated are methods of treating heart fatlure in a patient comprising administering
a therapeutically effective amount of a purified antibody or antigen-binding portion thercof
according to present tnvention and and a second therapeutic agent for the treatment of heart failure.

15 For example, the second agent may be selected from the group consisting of ARB/ACEL, ADP
inhibitors, aldosterone antagonists, vaticuretic peptides, anti-arrhthroe agents, HMG-CoA
inhibitors, beta blockers, cardiac glycosides, calcium channel blockers, diuretics, fibrates, GPHb/Ia
inhibitors, heparins, nicotinic acid derivatives, nitrates and nitrites, oval anticoagulants,
thrombolytics, TZDs, cholesterol absorption inhibitors, acetyl salicylic acid, diapyridamole,

20 phosphodicsterase mhibitors, CETP inhibitors/apoAl mimetics, thrombin inhibitors, Factor Xa
inhibitors, renin inhibitors, chymase inhibitors, Rhok inhibitors, LpPLAZ inhibitors, Endothelin
receptor antagonists, HDAC inhibitors, nuclear receptor agonists, nuclear receptor antagonists,
vasopeptidase inhibitors, fatty acid oxidation inhibitrs, ACAT inhibitors, microsomal triglyceride
transfer protein inhibitors, adenosine receptor modulators, AGE/RAGE interaction modulators, gene

25 therapy, cell therapy.

In specific embodiments, the second agent 1s ANP, BNP or urodilatin. More specifically,
the secoud agent 1s selected from the group consisting of Nesiritide, Carperttide, Ulanitide, and
combinations thereof.

Other methods of the mvention comprise prolonging or increasing the therapeutic efficacy of

36 an NPRA ligand in a patient comprising administering the NPRA ligand in combination with an

antibody deseribed herein or antigen binding portion of such an antibody, In specific aspects, the
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patient is suffering from heart failure. More specifically, the patient is suffering from acute
decompensated heart faiture. In other aspects, the patient is suffering from chronic heart failure,
The NPRA ligand may be selected from the group consisting of s selected from the group
consisting of Nesiritide, Carperitide, Ularitide, and corabinations thercof. In specific aspects, co-
administering the antibody with the NPRA ligand prolongs the effect of the NPRA ligand by at least
two-fold the time of the NPRA ligand activity scen in the absence of the antibody. In specific
embodiments, the antibody is admimistered concurrently with, prior to, or after administration of the

NPRA ligand.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1A and Fig. 1B: Binding of 5064 to HEK NPRA cells (FIG. 1A} and non-transfected
HEX cells (FIG. 1B) in presence or absence of ANP or BNP. 5064 Fab, 5064 Fab-dHLX, a negative
control Fab-dHLX (n.c.dHLX) and 4880 Fab arc tested at 20, 2 and 0.2 ug/ml for binding to HEK
NFRA cells and untransfected cells by FACUS. 4880 Fab serves as a positive control as it is a Fab

Fig. 2A, Fig. 2B and Fig. 2C: Dose Response of Binding of 5064 in Differeut Formats to
NPRA transfected HEK cells. FIG.2A and FIG. 2B: Binding of 5064 in Fab and Fab-dHLX formats
+/- ANP or BNP to HEK NPRA is determuned by FACS. An urelevant Fab or Fab-dHLX are
utilized as a negative controls. FIG. 2C: Binding of 5064 in Ig( format is compared to 5064 Fab
binding by FACS.

Fig. 3: Demounstration of Binding of 5364 Fab-dHLX to NPRA-Fc by ELISA. Binding was
tested in presence and absence of ligands. Binding to control Fe antigen (nog control antigen) was
tested in presence and absence of ANP.

Fig. 4: 5064 Fab-dHLX Does Not Bind to Biotinylated ANFP Alone by ELISA. 5064 Fab-
dHLX, a negative control Fab-dHLX, and an anti-ANP mouse monoclonal antibody are tested for
binding to plate bound biotinylated ANP by ELISA.

Fig. 5: Free ANP Does Not Compete with ANP Complexed NPRA for Binding of 5064 Fab.
5064 Fab is pre-incubated with various concentrations of ANP prior to adding to HEK NPRA cells
ioaded with 100 nM ANP. Binding was analyzed in FACS. MFI - mean fluorescent intensity

Fig. 6: 5064-dHLX Enhances NPRA-mediated ¢cGMP Production in the Presence of

Suboptiroal Concentrations of ANP. HEK NPRA cells are incubated in the presence or absence of

- 13
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increasing concentrations of 5064-dHLX or a control antibody and 40 pM ANP and ¢GMP is
reasured as described.

Fig. 7: 5364 Enhances NPRA-mediated cGMP Production in the Presence of Suboptimal
Concentrations of BNP, HEK NPRA cells are incubated in the presence or absence of increasing
concentrations of 5064-Fab dHLX or IgG, or control (3207) and 40 nM BNP and cGMP is measured
as described,

Fig. 8A and Fig. 8B: Effects of 5064 Fab and Fab-dHLX on ANP and BNP stimulated
cGMP responses in HEK WNPRA cells, 20 pg/ml 5064 Fab or Fab-dHLX or control Fabs are
incubated with HEK NPRA celis n the presence of increasing concentrations of ANP (Fig. BA) or
BNP (Fig.8B) and ¢GMP is quantitated as described.

Fig. 9: The 5064 1gG uniquely potentiates ANP mediated NPRA activation, 200 nM 5064
1g(G1, and other NPRA binders 4878, 4879, 4880 are added to NPRA HEK cells in the presence of
increasing concentrations of ANP and ¢GMP is measured as described.

Fig. 10: Affimity matured Fabs bind to HEK NPRA cells complexed with ANP to a greater
extent than the parental Fab 5064, HEK NPRA cells are loaded with 100 nM ANP. Whole cell Fab
binding 1s monitored by FACUS analysis and the non-potentiating NPRA-specific Fab 4880 and
negative control Fab 3207 are also included as controls. MFI - mean fluorescent intensity

Fig. 11: Affimty matured Fabs enhance the ¢GMP response in HEK NPRA cells to
suboptimal levels of ANP., HEK NPRA cells are incubated with 400 nM Fabs and 400 pM ANP.
cGMP 18 quantitated as described,

Fig. 12A and Fig 12B: Affinity matured Fabs enhance the NPRA mediated cGMP response
to both ANP and BNP. HEK NPRA celis are incubated with 400 nM Fabs and increasing
concentrations of ANP (Fig. 12A) or BNP (Fig. 12B). ¢GMP is quantitated as described.

Fig. 13A and Fig. 13B: Affinity matured (Fig 13A) and cross combined (Fig 13B) IgG4 Pro
auntibodies bind to ANP loaded NPRA with better affinity than the parental antibody 5064, HEK
NPRA celis are incubated with 100 nM ANP and increasing concentrations of antibodics and
binding 1s determined by FACS. MFI - rucan fluorescent inteusity

Fig. 14A and Fig. 148: Affinity matured (Fig 14A) and cross combined (Figl48) igG4 Pro
antibodies enhance the NPRA mediated ¢GMP response to ANP. HEK NPRA cells are incubated
with 200 oM antibody and increasing concentrations of ANP. ¢GMF is quantitated as described.

50064 1s the parental antibody and 3207 1s a control antibody.

- 14 -
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Fig. 15A and 15B: Affinity matured (Fig 15A} and cross combined (Figl5B) IgG4 Pro
auntibodies enhance the NPRA mediated ¢cGMP response to BNP. HEK NPRA cells are incabated
with 200 oM antibody and increasing concentrations of BNP. ¢GMP is quantitated as deseribed.
50064 1s the parental antibody and 3207 1s a control antibody.

Fig. 16A and Fig. 168: Affinity matured (Fig.16A) and cross combined (Fig. 16B) IgG Pro
antibodies do not cross react with NPRB, HEK NPRA cells +/- 100nM ANP, HEK NPRB cells +/-
100 oM CNP and noun-transfected HEK celis +/~ 100 oM ANP or CNP are incabated with 20 nM of
antibody and binding is assessed by FACS. 3207 1s included as a negative control antibody, MFI -
mean {luorescent intensity

Fig. 17: Affinity matured and cross combined IgGPro antibodies do not cross react with
NPRC. HEK NPRA cells +/- 100uM ANP or BNP or HEK NPRC cells +/- 100 nM ANP or BNP
are incubated with 20 nM of antibody and binding is assessed by FACS. 5064 ts the parental
antibody.

Fig. 18 KinExA binding curve used for calculating the apparent K, of 5591 1gG binding to
HEK NPRA cells. 75 pM (black, squarc) and 200 pM (red, circle} 5591 igG

Fig. 19. 5591 Potentiates NPRA-mediated ¢cGMP Responses over time in HEK NPRA Cells.
HEK NPRA cells are incubated with §, 200 pM or 1 uM ANP in the absence or presence of 10
ug/ml 5591 IgG and cGMP levels are quantitated up to 120 mimtes,

Fig. 20. 5502, 5504 and 5064 cnhance the binding of I ANP to HEK NPRA cells as
compared to the control antibody 3207, HEK NPRA cells are incubated with increasing
concentrations of "I ANP in the presence of anti-NPRA or control antibodics and cell associated
radiocactivity 1s quantitated. Nou-specific binding in determined by adding an cxcess of cold ANP.
CPM/well = counts per minute/well

Fig. 21. 5502, 5504, 5591, 5592 and 5064 slow the off-rate of 1T ANP from HEK NPRA
cells. HEK NPRA cells are incabated in the presence of anti-NPRA or control antibodies and 100
aM P T ANP. Excess cold ANP is then added and the cells associated radioactivity is quantitated
over timae. The points to the left of the zero tirmepownt reflect cell associated radioactivity prior to the
addition of cold ANP. CPM = counts per minute

Fig. 22: Mapping of peptides from the extracelhular domain of NPRA showing changes 1o
deterium exchange rates upon 5591 binding. Arcas shaded in pink represent strong protection from

exchange and arcas shaded in red very strong protection. The arcas shaded in red are represented by
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an epitope that comprises residues 7-28 (NLTVAVVLPLANTSYPWSWARYV} (SEQ 1D NO:30),
21-129 (VKDEYALTT) (SEQ ID NO:31), 313-320 (TMEDGLVN) (SEQ 1 NO:32), 327-333
(HDGLLLY) (SEQ 1D NO:33and 347-351 (VTDGE) (SEQ [D NO:34) located in the three
dimensional structure of NPRA when NPRA is bound to ANP and/or BNP and the arcas shaded in
pink represent epitopes that have peptide sequences 28-87
(VGPAVELALAQVKARPDLLPGWTVRTVLGSSENALGVCSDTAAPLAAVDLKWEHNPAVE
Ly (SEQ ID N(:35), 96-113 (APVGRFTAHWRVPLLTAG) (SEQ 1D NG:36), 293-301
(PEYLEFLKQ} (SEQ ID NO:37), 310-312 (FNF), 334-335 (1Q), 352-362 (NITQRMWNRSF)
(SEQ ID NO:38).

DETAILED DESCRIPTION OF THE INVENTION

Heart failure remaains a common and growing public health concern in the industrialized
world. With currently available therapies approximately 50% of paticnts with heart failure dic
within § vears of their diagnosis. The inadequacies of the currently approved therapies for heart
failure have led to a continued scarch for robust and efficient therapeutic conpositions that can be
used in the treatment of acute decompensated heart {athure as well as management of chronic heart
failure. The present disclosure provides methods and compositions for potentially meeting this
unmet need.

In general, the invention provides novel antibody compositions and methods of using
therapeutically cffective amounts of the same, cither alone or in combination with other therapeutic
agents, for the treatment or prevention of disease. The term "guanyivl cyclase or GC" refersto a
family of enzymes (lyases) that catalvze the conversion of guanosine triphosphate (GTP) to 3',5'-
cyclic gnanosine monophosphate (¢cGMP) and pyrophosphate. GCs are subdivided into two forms:
{1} sohuble GCs and (2) particulate GCs. The soluble GCs can be activated by nitric oxide, whereas
particulate GCs can be activated by peptide hormones, including natriuretic peptides. Particulate
G{s are also referred to as receptor guanylyl cyclases (rGCs).

The term "natriuretic peptide receptors” as used herein refers to membrane-bound receptors
that are bound by natriuretic peptides. Guanylyi cyclase A (GC-A isoformy) or natriuretic peptide
receptor A {INPRA) acts as the receptor for the natriuretic peptides ANP, urodilatin and BNP, The
sequence of human NPRA is known to those of skill in the art. For example, a human NPRA

nucleic acid sequence has been deposited at Genbank accession No. NM_ 000906, The nucleic acid
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sequence for NPRA is reproduced herein as SEQ 1D NO:1. The amino acid sequence of NPRA is
reproduced herein as SEQ 1D N2, Guanylyl eyclase B (GC-B) or natriuretic peptide receptor B
(NPRB) serves as the receptor for the natriuretic peptide CNP. Additionally, natriuretic peptide
receptor C (NPRC) acts as a receptor for ANP, urodilatin, BNP and CNP. The clones of these
various receptors may readily be purchased from OritGene Techuologies, Inc. (Rockville, M.

The term "natriuretic peptides or ligands” refers to a family of peptide hormonces each
containing a 17-amino acid long ring that is closed by a disulfide bond between two cysieine
residucs. A “ligand” is any molecule that binds to another molecule via non-covalent bonds, In
biological processes, a ligand, binds specifically to another molecule, such as an enzyme or protein
receptor, and is cither transformed into something else or initiates a celhular process. ANP,
urodilatin, BNP and CNP represent peptide hormones ligands that bind to pGCs. As meuntioned
above, ANP, urodilatin, and BNP bind to and activate NPRA. As used herein, the term "natriuretic
peptide receptor A (NPRA) or guanylate cyclase A (GC-A)Y" may be used mterchangeably with the
following terms and/or acronyms: atrionatriuretic peptide receptor A, ANPa, ANP-A, ANPRA,
Atrial natriurctic peptide A-type receptor, Atrial natriuretic peptide receptor A precursor, GUCZA,
GUCY2A and NPR-A.

The biological activities associated with NPRA activation include, but are not limited to,
vasodilation, diuresis, natrinresis, whibition of cardiac remodeling, anti-fibrotic effects, anti-
inflammatory eftfects, lipolysis and decreased sympathetic nervous system activity {see, e.g., Levin
etal, NEJM, 339:321, 1998; Kuhn, Circularion Res., 93:700, 2003, and Denus et al., Chest,
125:652, 2004). The compositions of the invention may be used in the treatment of a vartety of
discases that involve these cGMP-mediated biological activities. Such discases include but are not
limnited to disorders such as hypertension, resistant hypertension, pulmonary hypertension, chrounic
heart failure, acute decompensated heart fatlure, myocardial infraction, stable, unstable and variant
{Prinzmetal) angina, atherosclerosis, cardiac edema, renal insufficiency, nephrotic edema, hepatic
edema, stroke, asthma, bronchitis, chronic obstructive pulmonary discase {COPD), cystic fibrosis,
dementia, immunodeficiency, premature labor, dysmenorrhoea, benign prostatic hyperplasis (BPH),
bladder gutlet obstruction, tncontinence, conditions of reduced blood vessel patency, e.g.,
postpercutancous transiurminal coronary angioplasty (post-PTCA), peripheral vascular disease,
allergic rhinitis, cystic fibrosis, and ghicoma, and diseases characterized by disorders of gat motility,

e.g., rritable bowel syndrome (IBS). In these methods, the antibody compositions and/or the

t
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additional therapeutic agents can be administered separately or as components of the same
composifion in one or more pharmaceutically acceptable carrers,

Particular aspects described herein relate to the treatment of various heart conditions,
including chronic heart fatlure, hyperiension, unstable angina, sudden cardiac death, and acute
myocardial infarction, and particularly, acute decompensated heart failure. As described herein,
natiuretic peptides such as ANP, and BNP arc elevated 1 biological samples from patients with
farling hearts but are at low levels in biological samples from conitrol patients.  BNP and ANP are
ligands for the receptor NPRA. The antibodies of the present invention specifically recognize the
activated ligand-receptor complex. Indeed, studics presented herein show hitle or vo binding by the
antibodies to either the receptor alone or to cither of the ligands alone. Thus the antibodics of the
invention are powerful and specific potentiators of the ligands only in the activated receptor
complex. As these antibodies potentiate the effects of the activated complex {e.g., by prolonging the
effect or by mcereasing the magnitude of the effect), these antibodies present a significant advance
over the currently available recombinant peptide based therapies which are short hived.

Thus, it is contemplated that the antibody compositions described herein can be used in the
therapeutic intervention of any disorder in which it ts desired to increase, potentiate, or otherwise
upregulate the production of ¢cGMP mediated through the activated NPRA-ligand complex. While
the antibodies alone have been shown to be effective 1o potentiating the effects of the NPRA
receptor, it is contemplated that the antibody compositions also will be useful when used in
combination with existing therapeutic compositions for the freatment of heart failure. In particular,
it is contemplated that the antibody compositions will be used in combination with recombinant
natiuretic peptides or dertvatives thereof. Intravenous therapy with recornbinant BNP (Nesiritide,
Natrecor®.) significantly decreases pulmonary capillary wedge pressure and systemic vascular
resistance and increases cardiac index. BNP is not pro-arrhythmic and has no effect on heart rate.
Burger and Burger, Curr. Opin. Investig. Drugs 2:929 2001, It 18 contemplated that the antibody
compositions will be administered in combination with Nesiritide. It is contemplated that such a
combination therapy administration will result o decreased pulmonary capillary wedge pressure and
systemic vascular resistance and increased cardiac index in an amount and manner that the
therapeutic effect is longer than the effoct typically observed in the use of Nesiritide alone. Thus,

one embodiment described herein is a method of increasing the time and/or magnitude of one or
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more of decreases of pulmonary capillary wedge pressure and systemic vascular resistance and
increased cardiac wdex observed on the treatment with recorubivant natuiretic peptide.

Thus in some embodiments, the antibody compositions provided herein can be used to
stimulate ¢GMP and/or vasodilate arteries in a mammal, In addition, the antibody compositions
provided herein can be used to treat hypertension, pulmonary hypertension, resistant hypertension,
acule decompensated heart fatlure and/or chronic heart failure. In other embodiments, the antibodies
particalarly are useful in necreasing diuresis and/or patriuresis m a roammal. For example, an
antibody composition described herein can be administered to a mammal to increase urinary flow
and urinary excretion of sodium, In addition, the antibodies can be used to treat a fluid overload
state {e.g., chronic heart failure, liver failure, and kidney fatlure) and/or to treat a sodium overloaded

state {e.g., chronie heart fatlure and kidney tatlure).

Antibody Compositions

The present invention relates to antibody compositions that specifically bind the activated
NPRA-ligand complex and potentiate the effects of the ligand of that receptor.

Typically, the term “agowist” refers to a ligand that binds to a receptor and activates it
biological activity. “Agonistic activity” is defined as activation of a pGC leading to the production
of cGMP. In some varrower and specific aspects, the term “NPRA agonist” 1s used to refer to an
agent that causes an activation of an NPRA in the absence of its ligands ANP or BNP.

The term “potentiator” refers to a molecule(s) that aftects the “on-rate” or “off-rate” of a
ligand binding to its receptor and causes an tnerease in the effectiveness and/or duration of the
agonistic activity. “Potentiating activity” 1s defined as an cuhanced activation of a pGC in the
presence of suboptimal concentrations of its ligands.

The foliowing table provides exemplary CDR 1, CDR 2, CDR3 regions of the heavy and

iight chawns of preferred antibodies of the present invention.

TABLE 1 HEAVY CHAIN

Anﬁb(}dy VH CDR 1 VH CDR2 VH CDR 3
5064 GDSVSERSASWE RIYYRSKWYNDYAVSVKS MDVPSEFRYFDV
ia TN
i L)
5503 R
{
55158 3 SERSASWS R RYFDV
(SEQ ID NC:3) { D NO:i3)
BEQE GVSSREASWS R RYFLV
EQ ID NO:3) {SEQ ID RNO:7) (SEQ ID NO:13}
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5508 GDSVSSRSASWS RTYYRSHWYFEYAHSVKS MOV E
(3EQ ID mo 3) (SEQ NO:8) (SEQ
5508 SLEVSSREASWS RTYYRSHWYFDYAVSVES MDVES
(SEO 1D mo 3» (8EQ ID NO:8) (880
5540 GDISVSSRSASWS BTYYREHW ASVKS MDVES
(SEQ ID NO:3) (SEQ ID (SEQ
5514 GDSVSSRSASWS RTYYRSH AQOSVKS MDVD
(SEQ ID NO:2) (SEL ID ) (SED
8543 ELSVSSREASWS RTYYRSH HEVES MDVES
(SEQ ID NO:3) (3EQ ID 3 (SEQ
5546 GDSVSSRSASWS RTYYREK HSVKS MDVE
(8EQ 1D NO:3) (SEQ ID ) (SEQ :
5503 GDSVSSRSASWS RIYYRSK VSVKS MOVESFRTFDV
2) (SEQ ID (520 ID NO:
85504 g RIYYRSKWYNDYAVSVES MDVESF
3) (SEQ ID NO:4) (a
5507 S RIVYRSKWYNDYAVSVKS 1T
3) (SEQ ID NO:4)
5543 is RIYYRSKWYNDYAVSVES
:3) (SEQ ID NO:4) (SED
8544 GDEVAoRE A% ‘s BLYYREKWYNDYAVSVKS MDVPERRTPOV
(SEQ ID NG:3) (8EQ ID NO:4) (8EQ ID NO:13)
5581 GDSVSSRSASWS RTYYRSHWYYEYAQSVKE MDVPSPFRYFDV
(“”Q ID NO:3) (SEQ ID NO:iG) (SEQ NO:1
5593 SLEVSSREASWS RTYVYRSH MDVES
(sdg ID NC:3) (8EQ ID ) (880
5533 GDSVSSRSABWS RTYYRER \OSVKS MDVE
(SEQ ID hﬂ.3) (SEQ ID } (SEQ
5584 ISSRSASWS RTYYRSH OSVKS MDVD
Q I NO:3) {SEQ ID ) (SED
5584 VSSREASWS RTYYRSH QEVES MDVES
ID NG:3) (3EQ ID 3 SEQ

TABLE 2

LIGHT CHAIN

Vi. CDR 1

Vi. CDR 2

Vi, CDR 3

5064 RASOSVRSNYLA GASNREAT CQISNPEVT

(3EQ IL NO:14) | (SEQ ID NO:15) | (SEQ ID NO:16)
ERGS RASQSVESNYLA GASNRAT COISKEPVT

(SEQ ID NC:14) | (SEQ ID NO:15) | {(SEQ ID NO:16)
551§ RASOSVRENYLA GASNRAT QQI SNEPVT

(SEQ ID NO:14) | (SEQ ID K0O:15) | {SEQ ID WNO:18}
5505 RASQEVRSNYLA GASNRAT OQISNPRPVT

(3EQ ID NC:14) | (SEQ ID NO:15) | (SEQ ID NO:16)
BR0S RASQOSVRENYLA GASMRAT CQISNPPVT

(SEQ ID NG:14) | (SEQ ID NO:15) | {(SEQ ID NO:18)
5509 RASCSVRSNYLA GASNEAT CQISNPPYT

(SEQ ID NO:14) | (SEQ ID NO:15) | {(SEQ ID NO:18}
8540 RASQSVRSNYLA GASNRAT GOISNEPVT

(SEQ ID NC:14) | (SEQ ID N0O:15) | (SEQ ID NO:16)
5514 RASOSVRESNYLA GASNRAT QQI¢

(SEQ ID NG:14) | (SEQ ID NO:15) | {(SEQ ID NO:18)
8542 RASOAVRSNYLA GASNEAT CQISNPEVT

(8EQ 1D NO:14) | (SEQ ID NO:15) | {(3EQ
5515 RASQSVESNYLA GASNRAT OIS

(SRG ID NO:14) | (SEQ ID NO:15) | {(SEQ
BR02 RASOSVRENYLA GASNEAT Q01S

(SEQ ID NG:14) | (SEQ ID No:15) | {(SEQ ID NO:17)
5504 RASOSVRSNYLA GASNEAT OQISRAPAT

(3EQ IL NO:14) | (SEQ ID NO:15) | (SEQ ID NO:18)
ERGT RASQSVESNYLA GASNRAT o i

(SEQ ID NC:14) | (SEQ ID NO:15) | {(SEQ ID NO:19)
5513 RASOSVRENYLA GASNRAT QQISESPAT

(SEQ ID NO:14) | (SEQ ID N0O:15) | {SEQ ID NO:20}
5514 RASQEVRSNYLA GASNRAT OQISISPPT

(3EQ ID NC:14) | (SEQ ID NO:15) | (SEQ ID NO:21)

200 -
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5501 CVRSKYLA SPPT
ID NC:14) c16) FQ ID NO:17)
ERG2 SVRENYLA
0 NC:14) :1.6)
5583 Y _
NO:16)
5584 20
16D {SEQ II
BRGS 7RQL «LA QQISISPAT
20 ID NCO:d4) NO:16) {(SEQ ID NO:21)

The framework of regions of the heavy chaius for the exemplary antibodies were as follows:

FR 1 for the VH regiow: Qvor KOQSO% WWRPSOTLSL (SEQ ID NO:22}
FR 2 for the VH region: WIRQSPGRGLEWLG ({SEQ ID N0:23)

5

FR 3 for the VH region: RITINPDTSKNQFSLOLNSVTPEDTAVYYCAR(SEQ ID NO:24)

FR 4 for the VH region: WGQGTLVTVES (SEQ ID NO:25)

The framework of regions of the light chains for the exemplary antibodies were as follows:
10

ATLSLEPGERATLSC (SEQ ID NO:Z26)
OAPRLLIY (SE Q ID NO:27)
I LEPEDFAVYYC (3EQ ID NO:28)
NC:29)

15

(Given that the present invention has identified unigue antibodies that have therapeutic
applicability, cach of the heavy and light chains depicted in the present application can now be
prepared using recombinant methods and processed i a recombinant cell line to a mature form.
Accordingly, by using recombinant production in mammalian cells, the mature form of the antibody

20 1s processed proteolytically and also mcludes other post translational modifications such as
glycosylation,

Nucleic acids encoding light chain variable regions can be constructed and co-expressed with
nucleic acids encoding a heavy chain and vice versa, and optionally may be hinked to constant
regions. Any heavy chain and light chains may be combined as long as suitable NPRA binding

25 affinity i1s maintained. The desired genes encoding the light and heavy chans are mitroduced mto
marmalian cells and the resultant recombinant immunoglobulin products are expressed, purified
and characterized using standard recombinant methods,

An “anttbody” generally refers to a protein that recognizes and binds to a specific antigen
and an “mmmunoglobulin” generally refers to a glycoprotein that functions as an antibody. In native

30 form, an immunoglobulin molecuale consists of four chains, two identical heavy chams (about 50-70

kDa each) and two identical light chains {about 25 kDa cach), which are held together by disulfide
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bonds, Specifically, cach heavy chain is linked to a light chain by one disulfide bond, whereas the
number of disulfide bonds between heavy chains varies depending on the immunoglobulin 1sotype
(IgG, IgA, 1gM, tgD and IgF). Additionally, sach heavy chain and each light chain has regularly
spaced intrachain disulfide bonds or bridges, In both heavy and light chains, there are constant
domains and variable domains., For example, cach heavy chain (v, 6, g, porgyhasatone end a

1 ~N

variable domain (V) followed by a number of constant domains {(Cry, Cop, Crs, Cry), whereas cach
iight chain (etther A or ¥} has a variable domain (V) at one end and constant domain (Cr) at ifs
other end. C; 18 aligned with Cyy and C; 15 aligned with Vi,

it is contemplated that the antibodies of the invention may be an 1gG molecule of any isotype
(i.c., the framework may be an IgG1, 1gG2, 1gG3 or an 1gG4 type IgG). Depending on the amino
acid sequence of the coustant domaiu of their heavy chains, human tmmunoglobulins can be
assigned to different classes. There are five major classes, 1gA, fgD, IgE, 1gG and IgM, and scveral
of these may be further divided into subclasses or isotypes, e.g. IgG1l, g2, 1g(G3, 1G4, IgAl and
1gA2. The heavy-chain constant domains that correspond to the different classes of
immunoglobulins are called alpha, delta, epsilon, garama and mu respectively, The subunit
structares and three-dimensional configurations of different classes of immunoglobuling are well
known. Different 1sotypes have different effector functions; for example, IgG1 and IgG3 isotypes
have ADCC activity,

In certain embodiments, the therapeutic antibodies of the invention are 1gG1 molecules. itis
now established that IgG4 does not activate coruplement, as such, the chance of an ummunogenic
response and inflammation due to antigen- antibody-complement complexes is greatly reduced with
the use of 1gG4 molecules as compared to other 1sotypes. This makes [gG4 a very attractive
candidate for therapy as it is expected to be a safe therapeutic modality: 1gG4 should simply bind to
antigen and should not trigger any additional response in human body. For example, in nature, an
{g(G4-based response is generated in response to, for example, antigens such as dust mite, grass
policn or bee sting. These antigens are typically climinated without significant immune response and
mflammation. Thus, in some embodiments i 1s desirable that the antibodies of the invention are
1g(G4 antibodies. Regardless of the isotype used, when the compositions are formulated, it is
destrable to include 1n the formulation agents that will aliow the conformation and refolding of the
isotypes to be as homogencous as possible by for example including agents such as chaotropic and

redox reagents to limit the refolding of double bonds (see WO 2006/047340).
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As used herein, the term “antibody” refers to an intact immunoglobulin and “an antigen-
binding portion thereof” refers to a proten molecule that competes with the intact antibody for
specific binding. An auntibody may be monoclonal, chimeric, humanized, human, CDR-grafted or
murine anithody. In specific embodiments, the antibodies described herein are fully human
antibodies that are identified through phage display from human combinatorial libraries such as for
example HuCal® (Morphosys, Munich, Germany). Antigen-binding portions may be produced by
recombinant DNA techniques or by enzymatic or chemical cleavage of iutact antibodies. Antigen-
binding portions include, but are not limited to, Fab, Fab’, F{ab"),, Fv, a single domain antibody
{dAb), and coraplementanity determining region {CDR) fragments, single-chan antibodies (scFv),
diabodies and polypeptides or fusion proteins that contain at least a portion of an immunoglobulin
that 1s sufficient to confer specific antigen binding to the polypeptide such that the polypeptide still
binds to an NPRA receptor and preferably exhibits a biological activity of the antibodies described
herein.

An “epitope or determinant” generally relates to a specific chemical domain on an antigen
that stimulates the production of, and is recognized by, an antibody. An individual epitope on a
rolecule such as proteiu elicits the synthesis of a ditferent antibody (also known as an antigenic
determinant}. The epitope is defined by the three dimensional structure of the molecule to which the
antibody binds. In the present disclosure, antibodics have been identified which specifically bind to
one monomer of the NPRA dimer that is formed upon binding of ANP to the receptor. Figure 29
summarizes mass spectrometry data of the three dimensional structure and eptiopes of the NPRA to
which the antibodies of the invention bind.

Hydrogen/Deuterium Mass Spectrometry {HXMS) analysis showed that the strongest
binding is to a region of the extraceliular domain of NPRA that contains the peptides encompassing
residues 7-28 (NLTVAVVLPLANTSYPWSWARV} (SEQ 1D NOG:30), 121-129 (VKDEYALTT)
(SEQ I NG:31), 313-320 (TMEDGLVN) (SEQ 1D NO:32), 327-333 (HDGLLLY)Y (SEQID

N33y and 347-351 (VIDGE) (SEQ 1D NO:34), These peptides form one discontinuous region in

the three dimensional structure of NPRA when NPRA has bound thereto ANP.
The term “antigen” refers broadly to any substance that elicits an immune response.
The complementarity determining regions of the NPRA may be inserted into a unique

combination of the human heavy and light chains of structurally differing [gG1 and Ig(G2 and Ig(G4.
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The binding of these antibodies to NPRA and their efficacy as NPRA agonists or potentiators of
NPRA ligands can be readily assessed using assays such as those described in the examples below.,

The term "specific binding agent” includes antibodies as defined above and recombinant
peptides or other corupounds that contain sequences derived from CDRs having the desired antigen-
binding properties. Specifically included in the term are peptides countaining amino acid sequences
that arc at least 0%, 90% or 100% identical to one or more CDRs of NPRA antibodices described
hervewn, preferably 1ncluding a variable heavy chain CDR2 having a sequence
RIYYRSKWYNDYAVSVKS (SEQ ID NO:4) or RTYYRSHWYYEYAQSVKS (SEQ ID
NO:10and/or a light chain CDR3 having a sequence of QUQISNPPVT (SEQ 1D NO:16) or
QOQISNSPPT (SEQ ID NO:17) or QOISRAPAT (SEQ D NO: 18}

Other antibody-related molecules also are contemplated. In particular, the antibodies of the
invention can form the basis for "peptibodies.” These antibody related molecules which comprise an
antibody Fe domain as the "vehicle™ attached to at least one antigen-binding peptide. Antibody
CDR's from the NPRA antibodies, particularly those that include the heavy chain CDR2 and/or the
light chain CDR3 described above, may be suitable for incorporation into a peptibody. For a more
detailed description of peptibody production, see WO 00/24782, published May 4, 2000,
Peptibodies can be made by linking peptides in tandem {(1.¢., sequentially) either directly to cach
other or separated by linkers. Those peptides that contain cysteine restdues may be cross-hoked
with another cysteine-containing peptide, either or both of which may be linked to a vehicle. Any
peptide having more than one Cys residue may form an intrapeptide disulfide bond, as well.
Antibodies technologies often will use derivatization of such peptides using for example, capping of
the carboxyl terminus with an amino group, capping cysteines residucs or substituling amino acid
residues by moieties other than amino acid residues (see, e.g., Bhatnagar et al., J. Med. Chem. 39:
3814, 1996, and Cuthbertson et al,, J. Med Chem. 40: 2876, 1997}, 1n addition, optimization of the
peptides for NPRA binding properties akin to the affinity maturation of the antibodies also can be
performed.

The antigen binding portion of the antibodies of the inveution also can be modified with
various molecules that can be inserted within the peptide portion itself or between the peptide and
vehicle portions of the specific binding agents, while retaining the desired activity of specific
binding agent. Exemplary such insertions include insertion of an Fc domain, addition of a

polyethyvlene glveol or other related molecules such as dextran, a fatty acid, a lipid, a cholesterol
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group, a small carbohydrate, a peptide, a cyotoxic agent, a chemotherapeutic agent, a detectable
roiety as described herein (including fluorescent agents, radiolabels such as radioisotopes), an
oligosaccharide, oligonucleotide, a polynucleotide, interference {or other} RNA, enzymes,
hormones, or the like, Other molecules suitable for incorporation in this fashion will be appreciated
by those skilled in the art, and are encompassed within the scope of the invention, This includes
insertion of, for example, a desired molecule i between two consecutive amino acids, optionally
joined by a suitable huker,

An "isolated” antibody is one that has been identified and separated from a component of the
cell that expressed it. Contaminant components of the cell are materials that would nterfere with
diagnostic or therapeutic uses for the antibody, and may include enzymes, hormones, and other
protenacecus or nonproteinaceous solutes. In preferred embodiments, the antibody will be puritied
{1} to greater than 95% by weight of antibody, and most preferably more than 99% by weight, (2) to
a degree sufficicnt to obtain at least 1S residues of N-terminal or internal amino acid sequence, or
{3} to homogeneity by SDS-PAGE under reducing or nonreducing conditions using Coomassie blue
or, preferably, silver stain. Isolated naturally occurring antibody includes the antibody in situ within
recombinant cells since at least one component of the antibody's natural envivonment will not be
present. Ordinarily, however, isolated antibody will be prepared by at least one purification step.

The term "hypervariable” region refers to the amino acid residues of an antibody which are
responsible for antigen-binding. The hypervariable region comprises amino acid residues froma
complementarity determining region or CDR [ic., residues 24-34 (L1}, 50-56 (L2) and 89-97 (L3}
in the light chain variable domain and 31-35 (H1), 56-65 (H2) and 95-102 (H3) in the heavy chain
variable domaiun as described by Kabat et al., Sequences of Proteins of Immmunological Interest, Sth
Ed. Public Health Service, National Institutes of Health, Bethesda, Md. (1991}]. Even a single CDR
may recognize and bind antigen, although with a lower affinity than the entire antigen binding site
countaining all of the CDRs. It is understood that the CDR of an antibody may include additional or
fewer sequences outside the specified limits above so long as the antibody retains its ability to bind
the target molecule.

“Framework” or “FR” residues are those variable region residues other than the
hypervariable region residucs.

“Antibody fragments” comprise a portion of an intact full length antibody, preferably the

antigen binding or variable region of the mtact antibody. Examples of antibody fragraents include
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Fab, Fab', F(ab')2, and Fv fragments; diabodies; linear antibodies (Zapata et al., Protein
Eng R:1057, 1995); single-chain antibody molecules; and multispecidic antibodies formed {rom
antibody fragments.

Papain digestion of antibodics producces two identical antigen-binding tragments, called
"Fab" fragments, each with a single antigen-binding stte, and a residual "Fc" fragment which
contains the constant region. The Fab fragment containg all of the variable domain, as well as the
constant domain of the light chain and the first constant domain {Cwy ) of the heavy chain, The Fe
fragment displays carbohydrates and is responsible for many antibody effector functions (such as
binding complement and cell receptors), that distingwish one class of antibody from avother,

Antibodies that are treated with pepsin yicld a F{ab)s fragment that has two "Single-chain
Fv" or "sFv" antibody fragments comprising the VH and VL domaiuns of antibody, both of which are
present in a single polypeptide chain. Fab fragments differ from Fab' fragments by the inclusion of a
fow additional residues at the carboxy terminus of the heavy chain CHI domain including one or
more cysteines from the anttbody hinge region. Preferably, the Fv polypeptide further comprises a
polypeptide linker between the VH and VL domains that enables the Fv to form the desired structure
for antigen binding. For a review of sFv see Pluckthun 1n The Pharmacology of Mounocloual
Amntibodies, vol. 1 13, Rosenburg and Moore eds., Springer-Verlag, New York, pp. 269-315 (1994},

“Fv” is the mmnimum antibody fragmeut that contains a complete antigen recognition and
binding site. This region consists of a dimer of one heavy- and one light-chain variable domain in
tight, non-covalent association. It is in this configuration that the three CDRs of cach variable
domatn interact to define an antigen binding site on the surface of the VH VL dimer. Collectively,
the six CDRs confer antigen-binding specificity to the antibody. However, a single variable domain
{or half of an Fv comprising only three CDRs specific for an antigen) bas the ability to recognize
and bind antigen, although at a lower affinity than the entire binding site.

The term "diabodies” refers to small antibody fragments with two antigen-binding sites,
which fragments comprise a heavy-chain variable domain (VH) connected to a light-chain variable
domain (VL} in the same polypeptide chain (VH VL. By using a linker that is too short to allow
pairing between the two domains on the same chain, the domains are forced to pair with the
complementary domains of another chain and create two antigen-binding sttes, Diabodies are
described more fully in, for example, EP 404,097; W 93/11161 and 3(; Hollinger et al,, Proc.

Natl. Acad. Sci. USA, 90:6444, 1993,
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Various technigues have been developed for the production of antibody fragments.
Traditionally, these fragmeunts were derived via proteolytic digestion of intact antibodies, but can
also be produced directly by recombinant host cells. See, for example, Better et al., Science

240:1041, 1988; Skerra et al. Science 240; 1038, 1988; Carter et al., Bio/Technology 10:163, 1992,

Methods of Identifving the Antibodies

Antibodies of the present mvention may now be produced using recombinant DNA
methodology using one of the antibody expression systems well known in the art (see, ¢.g., Harlow
and Lane, Antibodies: A Laboratory Manual, Cold Spring Harbor Laboratory (1988}).

The amino acid sequence of the VH and VL regions of interest have been described heretn.
The suttable encoding nucleotide scquences can be designed according to a universal codon table
using techniques known to those of skill in the art. The nueleic acids are then amplified and cloned
into any suttable vector, ¢.g., expression vectors, minigene vectors, or phage display vectors, It will
be appreciated that the particular method of cloning used 18 not critical, so long as it is possible to
determine the sequence of some portion of the immunoglobulin polypeptide of interest,

As used herein, an Misolated” nucleic acid molecule or Misolated” nucleic acid sequence is a
nucleic acid molecule that 1s either (1) identified and separated from at least one contaminant
nucleic acid molecunle with which it is ordinarily associated in the natural source of the nucleic acid
or (2) cloned, amplified, tagged, or otherwise distinguished from background nucleic acids such that
the sequence of the nucleic acid of interest can be determined. An isolated nucleic acid molecule is
other than in the form or setting in which it 1s found in nature. However, an isolated nucleic acid
molecule includes a nucleic acid molecule contained n cells that ordimarily express the antibody
where, for example, the nucleic acid molecule 18 in a chromosomal location different from that of
natural cells.

The sequences encoding immumoglobulins or immunoglobulin polypeptides specific for
binding to NPRA were identified using phage display technology. Phage display is described in e.g.,
Dower et al,, WO 61/17271, McCalfferty et al., WO 92/81047, and Caton and Koprowski, Proc.
Natl. Acad. Sci. USA, 87:6450, 1994, cach of which is incorporated herein by reference. In preferred
aspects, the antibodies of the present invention were 1dentified using phage display techniques using
a human combinatorial ltbrary (HuCal®; Morphosys, Munich, Germany). This library comprises

more than ten billion different, fully human antibodies. HuCAL® allows rapid and automated

1
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production of high-affinity antibodies. The most important feature of the library is its capability of
optimizing fully human antibodies to meet predefined specifications. Detailed experimental
protocols for the identification of the antibodies described herein are provided in Examples 3
through 6 below. Bricfly, however, the antibodies were wdentified after several pannings were
performed with the HoCAL GOLD® library in order to select agents from the library thathad a
binding affinity tor NPRA similar to the activitics found for the NPRA ligands ANP and BNP,
Although antibodies specific for NPRA could be selected from the library, none of the antibodies
induced activation of NPRA on their own. It may be possible that the binding site of the cyclic
peptides ANP and BNP on NPRA is structurally not accessible by a Fab with a mass more thag 10
times bigger than the peptides.

As an alternative, the next sets of selections were performed agaimnst the receptor-ligand
complex. These selections succeeded in identification of a binder, which specifically recognizes this
complex. This antibody, designated 5064, stabilizes the receptor-higand complex and enhances the
potency of ANP or BNP in NPRA dependent cGMP production. This antibody now may be used in
a varicty of therapeutic applications in which the effects of ANP and/or BNP or any other NPRA
agonist are desired. In particular, the potentiating antibodies 1dentified herein will be particularly
useful in boosting the activities of natriuretic peptides. According to data presented herein the 5064
antibody is able (o decrease the dissociation of ANP from cellular NPRA.

The antibody 5064 was then subjected to affinity maturation in H-CDRZ and L-CDR3,
which resulted not only in significantly increased binding to the receptor-ligand complex on cells,
but also to increased biological activity. Thus in the presence of sub-optimal concentrations of
natriuretic peptides the matured antibodics increased the cGMP response stronger than the parental
New combinations of matured L- and H-chains even resulted in a further improved activity of the
auntibodies, Of interest is the fact that the five most potent matured antibodies were all optimized 1o
the L-CDR3, while H-CDR2 matured binders showed weaker activities. Maybe the L-CDR3
provides crucial binding sites (o the receptor, so that optimization of L-CDR3 has a greater effect
than optimization of H-CDR2. In the H-CDRZ sequences only a few residues of the parental
sequence were changed, which indicates that the H-CDRZ2 may also be important in binding but docs

not allow major modification of its sequence.

2 -



10

20

30

WO 2010/065293 PCT/US2009/064840

The data presented herein show that affinity maturation starting with only one candidate can
be successful. For the first time a potentiating antibody was isolated from the HuCAL GOLD®
library, which, however, was not agonistic by itself, but strongly amplifies the activity of the natural

peptide ligands.

Methods of Making the Antibodies

The sequence of the identified nucleic acid is then determined. Typically the sequence
encoding an entire variable region of the immunoglobulin polypeptide is determined, however, it
will sometimes be adeguate to sequence only a portion of a vanable region, for example, the CDR-
encoding portion. Typicaily the portion sequenced will be at least 30 bases in length, more often
bases coding for at least about one-third or at least about one-halt of the length of the variable region
will be sequenced.

QOuce isolated, the DNA encoding the various portions of the antibody may be operably
linked to expression control sequences or placed into expression vectors, which are then transfected
into host cells such as E. coli cells, simian COS cells, Chinese hamster ovary (CHO) cells, human
embryonic kidney cells (HEK), or myeloma cells that do not otherwise produce immunoglobulin
protein, to direct the synthesis of monoclonal antibodies in the recombinant host celis. Recombinant
production of autibodies is well known in the art.

Expression control sequences refer to DNA sequences necessary for the expression of an
operably huked coding sequence n a particular host organism. The control sequences that are
suitable for prokaryotes, for example, inchude a promoter, optionally an operator sequence, and a
rihosome binding site. Eukaryotic cells are known to utilize promoters, polyadenylation siguals, and
enhancers.

Nucleic acid is operably linked when it is placed into a functional relationship with another
nucleic acid sequence. For example, DNA for a presequence or secretory leader is operably hinked to
DINA for a polypeptide if it is cxpressed as a proprotein that participates in the secretion of the
polypeptide; a prorooter or enhancer is operably linked to a coding sequence if it affects the
transcription of the sequence; or a ribosome binding site is operably linked to a coding sequence if it
is positioned so as to facilitate translation. Geunerally, “operably linked” means that the DNA
sequences being linked are contiguous, and, in the case of a secretory leader, contiguous and in

reading phase. However, enthancers do not have to be contiguous, Linking 1s accomplished by

229 -
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iigation at convenient restriction sites, If such sites do not exist, the synthetic oligonucleotide
adaptors or linkers are used in accordance with conventional practice,

Cell, cell ine, and cell culture are often used interchangeably and all such designations
herein include progeny. Transformants and transformed cells include the primary subject cell and
cultures dertved therefrom without regard for the number of transfers. It is also understood that all
progeny may not be precisely identical in DNA content, due to deliberate or inadvertent mutations.
Mutant progeny that have the same function or biological activity as screened for n the originally
transformed cell are included.

The invention also provides isolated nucleic acids encoding specific binding agents or
antibodies of the invention, optionally operably linked to control sequences recognized by a host
cell, vectors and host cells comprising the nucleic acids, and recombinant techniques for the
production of the specific binding agents or antibodies, which may comprise culturing the host cell
so that the nucleic acid 1s expressed and, optionally, recovering the specific binding agent or
antibody from the host cell culture or culture medium.

Many vectors are known in the art. Vector components may include one or more of the
following: a signal sequence (that voay, for example, divect secretion of the specific binding agent or
antibody}, an origin of replication, one or more selective marker genes (that may, for example,
confer antibiotic or other drug resistance, complement auxotrophic deficiencies, or supply critical
rutrients not available in the media), an enhancer clement, a promoter, and a transcription
termination sequence, all of which arc well known 1n the art.

Suitable host cells inchude prokaryote, yeast, or higher eukaryote cells deseribed above.
Suitable prokaryotes for this purpose include eubacteria, such as Grame-negative or Gram-positive
organisms, for example, Enterobacteriaceae such as Escherichia, e.g., E. coli, Entercbacter, Erwinia,
Klebsiella, Proteus, Salmonella, e.g., Salmonella typhimurium, Serratia, ¢.¢., Serratia marcescans,
and Shigella, as well as Bacilli such as B. subtilis and B, hicheniformis, Pseudomonas, and
Streptomyces. In addition to prokaryotes, eukaryotic microbes such as filamentous fungi or yeast are
suitable cloning or expression hosts for specific binding agent-encoding vectors. Saccharomyees
cerevisiae, or common baker's veast, is the most commonly used among lower eukaryotic host
microorganistus. However, a nuraber of other genera, species, and strains are commonly available
and usetul herein, such as Pichia, e.g. P. pastoris, Schizosaccharomyces pombe; Kluyveronyces,

Yarrowia; Candida; Trichoderma reesia; Neurospora crassa; Schwanniomyces such as
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Schwanniomyces occidentalis; and filamentous fungi such as, e.g., Neurospora, Penicillium,
Tolypocladium, and Aspergillus hosts such as A, nidulans and A, niger.

Suitable host cells for the expression of glycosylated specific binding agent or antibody are
derived from multicelular organisms. Examples of inveriebrate cells include nsect cells, Numerous
baculoviral strains and variants and corresponding permissive insect host cells from hosts such as
Spodoptera frugiperda (caterpillar), Acdes acgypti (mosquito), Aedes albopictus (mosquito),
Drosophila melanogaster (fruitfly), and Bombyx mori have been identified. A variety of viral strains
for transfection of such cells are publicly available, ¢.z., the L-1 variant of Autographa californica
NPV and the Bm-3 strain of Bombyx mori NPV,

However, typical recombinant protein production employs mammalian cells, and
propagation of mammalian cclls in culture (tissue culture) has become routine procedure, Examples
of useful mammalian host cell lines are Chinese hamster ovary cells, including CHOKI cells
(ATCC CCL61), DXB-11, DG-44, and Chinese hamster ovary cells/-DHFR (CHO, Urlaub et al.,
Proc. Nail. Acad. Sci. USA 77: 4216, 1980}); monkey kidney CV1 line transformed by SV483 (COS-
7, ATCC CRL 1651); human embryonic kidney line (293 or 293 cells subcloned for growth in
saspension cultare, [Graham et al., J. Gen Virol. 36: 59, 1977]; baby hamster kidney cells (BHEK,
ATCC CCL 10); mouse sertoli cells (TM4, Mather, Biol Reprod 23: 243, 1980); monkey kidney
cells (CV1 ATCC CCL 70); African green monkey Kidney cells (VERG-76, ATCC CRL-1587);
human cervical carcinoma cells (HELA, ATCC CCL 2}; canine kidney cells (MDCK, ATCC CCL
34); butfalo rat liver cells (BRL 3A, ATCC CRL 1442); human hung cells (W13, ATCC CCL 75)
haman hepatoma cells (Hep G2, HB 8065); mouse mammary tumor (MMT 860362, ATCC
CCLA1); TRI colls (Mather ot al., dnnals NY Acad. Sci. 383 44, 1982); MRC 5 cells or FS4 cells.

Host cells are transformed or transfected with the nucleic acids or vectors that encode NPRA
specific antibodies of the invention are cultured in conventional nutrient media modified as
appropriate for inducing promoters, selecting transforruants, or amplifying the genes encoding the
desired sequences. In addition, novel vectors and transfected cell lines with multiple copies of
franscription uniis separated by a selective marker are particularly useful and preferred for the
expression of specific binding ageunts or antibodies.

The host cells transformed with nucleic acids that encode for the desired antibodies of the
invention can be cultured in a variety of commonly available culture media, such as for example,

media such as Ham's F10 (Sigma), Minimal Essential Medwm ((MEM), (Sigma), RPMI-1640
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{Sigma), and Dulbecco's Modified Eagle's Medium ((DMEM), Sigma) are suitable for culturing the
host cells. Any of these media may be supplermented as vecessary with hormones and/or other
growth factors (such as insulin, transferrin, or epidermal growth factor}, salts (such as sodium
chloride, calcium, maguoesium, and phosphate), buffers (such as HEPES}), nucleotides (such as
adenosine and thymidine}, antibiotics, trace elements {defined as inorganic compounds usnally
present at final concentrations n the micromolar range), and glucose or an equivalent energy source.
Any other necessary supplements may also be ncluded at appropriate concentrations that would be
known to those skilled in the art, The culture conditions, such as temperature, pH, and the like, are
those previously used with the host cell selected for expression, and will be apparent to the
ordinarily skilled artisan.

When the host cells are cultured, the antibody or portions thereof can be produced
intracellularly, in the periplasmic space, or directly secreted into the medium. If the specific binding
agent or antibody 1s produced mntracchularly, as a first step, the particulate debris, etther host cells or
lysed fragments, is removed, for example, by centrifugation or ultrafiltration.

The antibody composition can then be purified using, for example, hydroxylapatite
chiromatography, cation or anion exchange chromatography, or preferably affinity chromatography,
using the antigen of interest or protein A or protein G as an affinity ligand. The matrix to which the
affinity ligand ts attached 1s most often agarose, but other matrices are available. Mechanically
stable matrices such as controlled pore glass or poly(styrenedivinylbenzene allow for faster flow
rates and shorter processing times than can be achieved with agarose, Where the specific binding
agent or antibody comprises a CH3 domain, the Bakerbond ABX*™resin (J. T. Baker, Phillipsburg,
N.J.} 18 useful for purification, Other techniques for protein such as cthanol precipitation, Reverse
Phase HPLC, chromatofocusing, SDS-PAGE, and ammonium sulfate precipitation are also possible

depending on the specific binding agent or antibody to be recovered.

Antibody Derivatives and Varianis

The antibodies of the wmvention could be derivatized. For example, it 1s possible to inse
amino and/or carboxy terminal fusions of varying amino acid lengths as well as intra-sequence
insertions of singlc or multiple amino seid residucs. Examples of torminal insertions include &
specific binding agent or antibody with an N-terminal methionyl residue or the specific binding

agent or antibody (including antibody {ragment) fused to an epitope tag or a salvage receptor
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epitope. Other insertional variants of the specific binding agent or antibody molecule include the
fusion to a polypeptide which increases the serum half-life of the specific binding agent or antibody,
e.g. at the N-terminus or C-terminus, Other exenmplary mutations that can be prepared include
mutations in [gG4 which prevent chain exchange. The mutations can be formed as described in ¢.g.,
Marijn et al. Science 317:,1554, 2007, That reference describes describe a posttranslational
modification that leads to anti-inflammatory activity of antibodics of tmmunoglobulin G, isotype 4
{Ig(G4). 1G4 antibodies are dynamic molecules that exchange Fab arros by swapping a heavy chain
and attached light chain (half-molecule} with a heavy-light chain pair from another molecule, which
resulis in bispecific antibodies. Mutagenesis studies have shown that the third coustant domain is
critical for this activity. The impact of 1gG4 Fab arm exchange was confirmed in vivo in a rhesus
mornkey model with experimental antotmmune myasthenia gravis, IgG4 Fab arm exchange 1s
suggested 1o be an important biological mechanism that provides the basis for the anti-inflammatory
activity atiributed to IgG4 antibodics. Mutating the third constant domain of IgG4 in order to
prevent chain exchange in the antibodies described herein is particularly useful.

Examples of epitope tags inchude the flu HA tag polypeptide and its antibody 12CAS [Field
et al., Mol. Cell. Biol §: 2159, 1988]; the ¢c-myc tag and the 8F9, 3C7, 6810, G4, B7 and SE1D
antibodies thereto [Evan et al,, Mol Cell Biol 5: 3610, 1985]; and the Herpes Simplex virus
glycoprotein I3 {gD3) tag and its antibody [Paborsky et al., Protein Engineering, 3:547, 1990]. Other
exemplary tags are a poly-histidine scquence, generally around six histidine residues, that permits
isolation of a compound so labeled using nickel chelation, Other labels and tags, such as the
FLAG®tag (Fastman Kodak, Rochester, N. Y.} are well known and routinely used in the art.

The term "salvage receptor binding epitope” refers to an epitope of the Fe region of an IgG
molecule (e.g., IgG1, Ig(G2, 123, or 1g(G4) that is responsible for increasing the i vivo serum half-
iife of the 1gG molecule.

Another type of variant s an amino acid substitution vaniant. These variauts have at least
one amino acid residue in the specific binding agent or antibody molecule removed and a different
restdue inserted in its place. Substitutional routagenesis within any of the hypervarniable or CDR
regions or framework regions is contemplated. Couservative substitutions are particularly
contemplated. Conservative substitutions involve replacing an amino acid with another member of
its class. Non-conservative substitutions involve replacing a member of one of these classes with a

member of another class,
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Any cysteine residue not involved in maintaining the proper conformation of the antibody
also may be substituted, generally with serine, to improve the oxidative stability of the molecule and
prevent aberrant crosslinking. Conversely, cysteine bond{(s} may be added to the specific binding
agent or antibody to improve its stability (particularly where the antibody 1s an antibody fragment
such as an Fv fragment).

Variants of the antibodies described herein can be produced that will have a modified
glycosylation pattern relative to the parcut antibody, for example, deleting one or more carbohydrate
moicties found in the antibody, and/or adding one or more glycosylation sites that are not present in
the specific binding agent or antibody.

Glycosylation of polypeptides including antibodies is typically either N-linked or O-linked.
N-linked refers to the attachiment of the carbohydrate moiety to the side chain of an asparagine
residue. The tripeptide sequences asparagine-X-serine and asparagine-X-threonine, where X is any
amino acid except proline, are the recognttion sequences for enzymatic attachment of the
carbohydrate moiety to the asparagine side chain. The presence of either of these tripeptide
sequences in a polypeptide creates a potential glycosylation site. Thus, N-linked glycosylation sites
riay be added to a specific binding agent or antibody by altering the amino acid sequence such that
it contains one or more of these tripeptide sequences. O-linked glycosylation refers to the attachment
of one of the sugars N-aceylgalactosamine, galactose, or xylose to a hydroxyamino acid, most
commonly serine or threoning, although 5-hydroxyproline or 5-hydroxylysine may also be used. O-
linked glycosylation sites may be added to a specific binding agent or antibody by mserting or
substituting one or more serine or threonine residues to the sequence of the original specific binding
agent or antibody.

Cysteine residue(s) may be removed or introduced in the Fe region, thereby eliminating or
increasing interchain disulfide bond formation in this region. The homodimeric specific binding
agent or antibody thus generated may have improved internalization capability and/or increased
complement-mediated cell killing and antibody-dependent cellular cytotoxicity (ADCC). See Caron
et al., J Exp Med. 176: 1191,1992 and Shopes, B, J. fmmunol. 148 2918, 1992, Homodimeric
specific binding ageunts or antibodies may also be prepared using heterobifunctional cross-linkers as
described in Woltt et al., Cancer Research 53:2560, 1993, Alternatively, a specific binding agent or
antibody can be engineered which has dual Fe regions and may thereby have enhanced complement

iysis and ADCC capabilities. Sce Stevenson et al., Anti-Cancer Drug Design 3: 219, 1989,
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Sequences within the CDR can cause an antibody to bind to MHC Class {f and trigger an
unwanted helper T-cell response. A conservative substitution can allow the specific binding agent or
antibody to retain binding activity yet reduce its ability to trigger an unwanted T-cell response.

Modifications of the antibodies to increase serum half-lite also may desirable, for example,
by mcorporation of or addition of a salvage receptor binding epitope (e.g., by mutation of the
appropriate region or by incorporating the epitope into a peptide tag that is then fused to the specific
binding agent or antibody at either end or 1u the middle, e.g., by DNA or peptide synthesis) (see,
e.g., WO96/32478} or adding molecules such as PEG or other water soluble polymers, including
polysaccharide polymers.

The salvage receptor binding epitope preferably constitutes a region wherein any one or
more amino acid residues from one or two loops of a Fe domain are transferred to an analogous
position of the specific binding agent or antibody or fragment. Even more preferably, three or more
residues from one or two loops of the Fe domain are transferred. Still more preferred, the epitope 18
taken from the CH2 domain of the Fe region {e.g., of an 1gG) and transferred to the CHI, CH3, or
VH region, or more than one such region, of the specific binding agent or antibody. Alternatively,
the epitope is taken from the CHZ domain of the Fe region and transferred to the CL region or VL
region, or both, of the specific binding agent or antibody fragment. These techniques for modifying
antibodies using Fe variants and their interaction with the salvage receptor are well known 1o those
of skill in the art and have been described e.g., iIn WO 97/34631 and WO 96/32478.

Other sites of the constant region have been wdentified that are responsible for complement
dependent cytotoxicity (CDC), such as the Clg binding stte and/or the antibody-dependent cellular
cytotoxicity (ADCC) [see, ¢.g., Mol Immunol. 29:633, 1992; Shields et al,, J. Biol Chem.,
276:6591, 2001, incorporated by reference herein in its entirety]. Mutation of residuaes within Fe
receptor binding sites can result in altered (i.e. increased or decreased) effector function, such as
altered ADCC or CDC activity, ot altered half-life. As described above, potential mutations inclade
inscrtion, deletion or substitution of one or more residues, including substitution with alanine, a
conservative substitution, a non-conservative substitution, or replacerment with a corresponding
amino acid residue at the same position fron a different subclass {e.g. replacing an Ig2G1 residue
with a corresponding 1gG2 residue at that position),

Covalent modifications of the antibody are also contemplated. Such covalent modifications

may be made by chemical synthesis or by enzymatic or chemical cleavage of the antibody, if
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applicable. Other types of covalent meodifications can be introduced into the specific binding agent
or antibody by reacting targeted amino acid residues with an orgaunic derivatizing agent that is
capable of reacting with selected side chains or the N- or C-terminal residues.

Cysteinyl residues most commonly are reacted with a-haloacetates (and corresponding
amines}, such as chloroacetic acid or chloroacetamide, to give carboxymethyl or
carboxyarmidomethyl derivatives. Cysteinyl residues also are derivatized by reaction with
bromotriftucroaceione, a-brorao-P-(5-imidozoylpropionic acid, chloroacetyl phosphate, N-
alkylmaleimides, 3-nitro-Z-pyridyl disulfide, methyl 2-pyridyl disulfide, p-chloromercuribenzoate,
2-chloromercuri-4-nitrophenol, or chloro-7-nitrobenzo-2-oxa-1,3-diazole.

Histidyl residues are derivatized by reaction with diethylpyrocarbonate at pH 5.5-7.0 because
this agent 1s relatively specific for the histidyl side chain. Para-bromophenacyl bromide also s
useful; the reaction is preferably performed in 0.1 M sodium cacodylate at pH 6.0

Lysinyl and amino-terminal residucs are reacted with succinic or other carboxylic acid
anhydrides. Derivatization with these agents has the effect of reversing the charge of the lysinyl
residues. Other suitable reagents for derivatizing a-amino-containing residues include imidoesters
such as methyl picolinimidate, pyridoxal phosphate, pyridoxal, chloroborohydnde,
trinitrobenzenesulfonic acid, O-methylisourea, 2,4-pentanedione, and transaminase-catalyzed
reaction with giyoxylate,

Arginyl residues are modified by reaction with one or several conventional reagents, among
them phenylglyoxal, 2,3-butancdione, 1,2-cyclohexanedione, and ninhydrin. Derivatization of
arginine residues requires that the reaction be performed in alialine conditions because of the high
pKa of the guanidine functional group. Furthermore, these reagents may react with the groups of
lysine as well as the arginine epsilon-amine group.

The specific modification of tyrosyl residues may be made, with particular interest in
introducing spectral labels into tyrosyl residues by reaction with aromatic diazonium compounds or
tetranitromethane. Most commonly, N-acetylimidizole and tetranitromethane arc used to form O-
acetyl tyrosyl species and 3-nitro derivatives, respectively. Tyrosyl residues are iodinated using '}
or ' to prepare labeled proteins for use in radioimniunoassay.

Carboxyl side groups (aspartyl or glutamyl) are selectively modified by reaction with
carbodiimides (R-N=C=N--R"), where R and R are different alkyl groups, such as 1-cyclohexyl-3-

(2-morpholinyl-4-cthylicarbodiirmde or 1-cthyl-3-(4-azonia-4,4-dimethylpentyljcarbodiimide.
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Furthermore, aspartyl and ghatamyl residues are converted to asparaginyl and glutaminyl residues by
reaction with ammonium ions.

Glutaminyl and asparaginyl residues are frequently deanudated to the corresponding
glitarayl and aspartyl residues, respectively. These residucs are deamidated under neutral or basic
conditions. The deamidated form of these residues falls within the scope of this invention.

Other modifications include hydroxylation of proline and lysine, phosphorylation of
hydroxyl groups of seryl or threony] residues, methylation of the e-amino groups of lysine, arginiue,
and histidine side chains (T, E. Creighton, Proteins: Structure and Molecular Properties, W.H.
Freeman & Co., San Francisco, pp. 79-86 (1983}, acetylation of the N-terminal amine, and
amidation of any C-terminal carboxyl group.

Another type of covalent modification involves chemically or enzymatically coupling
glycosides to the antibody. These procedures are advantageous in that they do not require production
of the specific binding agent or antibody in a host cell that has glycosylation capabilities for N- or
(-linked glycosylation. Depending on the coupling mode used, the sugar(s} may be attached to (a)
arginine and histidine, (b} free carboxyl groups, (¢} free sulfhydryl groups such as those of cysteine,
{d) free hydroxyl groups such as those of serine, threonine, or hydroxyproline, (e} aromatic residaes
such as those of phenylalanine, tyrosine, or tryptophan, or (f} the amide group of glutamine. These
methods are described 10 WOE7/05330 published 11 Sep. 1987, and in Aplin and Wriston, CRC
Crit. Rev. Biochem., pp. 259-306 (1981},

Removal of any carbohydrate moicties present on the specific binding agent or antibody may
be accomplished chemically or enzymatically. Chemical deglycosylation requires exposure of the
specific binding agent or antibody to the compound trifluoromethancsulfonic acid, or an equivalent
compound. This treatment results in the cleavage of most or all sugars except the Hinking sugar (N-
acetylglucosamine or N-acetylgalactosamine}, while leaving the specific binding agent or antibody
intact. Chemical deglycosylation s deseribed by Hakimuddin, et al., Arch. Biochem. Biophys.
259:52 1987 and by Edge et al. 4nal. Biochem., 118:131, 1981, Enzymatic cleavage of carbohydrate
moieties on a specific binding ageut or autibody can be achieved by the use of a variety of endo- and
exo-glycosidases as described by Thotakura et al., Mers. Enzymol. 138: 350, 1987.

Another type of covalent modification of the antibody comprises Huking it to one of a variety
of nonproteinaceous polymers, e.g., polyethylene ghyeol, polypropylene glycol, polyoxyethylated

polyols, polyoxyethylated sorbitol, polyoxycthylated ghucose, polyoxyethylated glycerol,

T
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polyoxyalkylenes, or polysaccharide polymers such as dextran. Such methods are known in the art,
see, e.g. .S, Pat. Nos. 4,640,835; 4,496,689; 4,301,144; 4,670,417, 4,791,192, 4,179,337,
4,766,106, 4,179,337, 4,495,285, 4,609,5460r EP 315 456,

Methods of Therapy

“Treatment” i1s an intervention performed with the intention of preventing the development,
progession, or aliering the pathology of a disorder. Accordingly, "treatruent” refers to both
therapeutic treatment and prophylactic or preventative measures, Those in need of treatment include
subjects that already have syraptoms of the disorder as well as those who have been diagnosed as
likely to develop the disorder and hence in whom the disorder is to be prevented. The phrase
"treatment” may include amecliorating, suppressing, cradicating, reducing the severity of, decreasing
the frequency of incidence of, preventing, reducing the risk of, and/or delaying the onset of the
condition.

“Mammal” for purposes of treatment refers to any animal classified as a mammal, including
humans, domestic and farm animals, and zoo, sports, or pet animals, such as dogs, horses, cats,
cows, ete, Preferably, the mammal is human,

As used herein, the phrase "therapeutically effective amount” is meant to refer to an amount
of therapeutic or prophylactic NPRA antibody that prolongs the biological effects of ANP and/or

BNFP through the action of the NPRA receptor. In particular aspects, these methods are effectiv

[¢]

treatruents for a variety of cardiovascular conditions. Such cffectiveness may be realized i, for
example, efficacy, potency, dosing requirements, and/or reduced side effects. The term
"cardiovascular condition” 18 used broadly in this application, and includes, for example,
hypertension {including resistant hypertension and pulmonary hypertension), heart fatlure {such as
chronic heart fatlure (i.e., "CHF")}, or heart failure following myocardial infarction}, arrhythmia,
diastolic dysfunction (such as lefl ventricular diastolic dysfunction, diastolic heart failure, or
impaired diastolic filling}, systolic dysfunction, ischemia (such as myocardial ischemia},
cardiomyopathy (such as hypertrophic cardiomyopathy and dilated cardiorayopathy), sudden cardiac
death, myocardial fibrosis, vascular fibrosis, impaired arterial compliance, myocardial necrotic
icsions, vascular damage 1n the heart, vascular inflarnmation in the heart, myocardial infarction
("MI"} {inchuding both acute post-MI and chronic post-MI conditions), coronary angioplasty, left

veniricular hypertrophy, decreased gjection {raction, coronary thrombosis, cardiac lesions, vascular



10

20

30

WO 2010/065293 PCT/US2009/064840

wall hypertrophy in the heart, endothelial thickening, myocarditis, coronary artery discase (such as
fibrinoid necrosis of coronary arteries), and atherosclerosis.

Administering the antibodies provides an effective treatment for a variety of conditions that
are associated {cither directly or indirectly} with hypertension, heart fatlure, and/or other
cardiovascular conditions. Such secondary conditions inchude, for example, renal dysfunctions,
cerchrovascular diseases, vascular diseases gencrally, retinopathy, neuropathy (such as peripheral
neuropathy}, ederna, endothelial dysfunction, and isulinopathy (iuctuding complications arising
from insulinopathy}. Examples of renal dysfunctions include glomerulosclerosis, end-stage renal
disease, acute renal failure, diabetic nephropathy, reduced renal blood flow, increased glomerular
filtration fraction, proteinuria, decreased glomerular filtration rate, decreased creatine clearance,
microalbuminuria, renal arteriopathy, ischenuc lesions, vascular damage in the kidney, vascular
inflammation in the kidney, and malignant nephrosclerosis {such as ischemic retraction,
thrombonccrosis of capillary tufts, arteriolar fibrinoid necrosis, and thrombotic microangiopathic
lesions affecting glomerult and microvessels). Examples of cerebrovascular diseases include stroke.
Examples of vascular discases include thrombotic vascular disease (such as mural fibrinoid necrosis,
extravasation and fragmentation of red blood cells, and luminal and/or mural thrombosis),
proliferative arteriopathy (such as swollen myointimal cells surrounded by mucinous extraceliular
matrix and nodular thickening), atherosclerosis, decreased vascular cormapliance (such as
pathological vascular stiffness and/or reduced ventricular compliance}, and endothelial dysfunction.
Examples of cdema inchude peripheral tissue edema and lung congestion, Examples of
insulinopathies inclhude insulin resistance, Type I diabetes mellitus, Type U diabetes mellitus,
glucose sensitivity, pre- and diabetic syndrome X,

Thus, in some embodiments, the pathological condition comprises a cardiovascular disease,
renal dysfunction, edema, a cerebrovascular disease, or an insulinopathy. In other cmbodiments, the
coundition to be treated 1s a cardiovascular disease, stroke, or type H diabetes. fo still other
embodiments, the condition to be treated is hypertension, heart failure, left ventricular hypertrophy,
or stroke. In still other embodiments, the condition to be treated 18 a cardiovascular disease. In
some other aspects, the condition to be treated is hypertension. In still other embodiments, the
condition to be treated 1s heart failure, arrhythrma, diastolic dysfunction, systolic dysfunction,
ischeniia, cardiomyopathy, sudden cardiac death, myocardial fibrosis, vascular fibrosis, impaired

arterial compliance, myocardial necrotic lesions, vascular damage in the heart, myocardial
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infarction, left ventricular hypertrophy, decreased ejection fraction, vascular wall hypertrophy in the
heart, or endothelial thickening. The heart fatlure may be acute heart fatlure, acute post-myocardial-
infarction heart fatlure, chronic heart fathure, chronic post-myocardial-infarction heart failure,
hypertension-driven heart fatlure, sudden cardiac death, vascular inflamration 1o the heart. The
condition to be treated may be coronary angioplasty, coronary thrombosis, cardiac lesions,
myocarditis, coronary artery disease, such as fibrinoid necrosis of coronary arterics. In other
aspects, the condition Lo be treated 1s renal dysfunction. In still other ewbodiments, the condition to
be treated is a cerebrovascular disease.

In exemplary comnbination protocols the subject 1s dosed with a first composition corprising
the antibody composition and a second compostition comprising the addition therapeutic agent for
the treatment of the disorder, The first and second compositions together form a therapeutically-
etfective treatment for the targeted condition{s). It should be recognized that the specific dose level
and frequency of dosing for the antibody and other therapeutic agents will depend on a varicty of
factors including, for example, the particular combination of agents selected; the activity, efficacy,
pharmacokinetic, and toxicology profiles of the particular therapeutic agents used (including such
profiles when the agents are used in combination); the age, weight, general health, sex, and dict of
the patient; the frequency of adnmunistration; the rate of excretion; the condition(s) being treated; the
severtty of the condition{(s) being treated; whether a drug delivery systern 18 used; the form, route,
and frequency of administration; and whether other pharmaceutically-active compounds also are
being administered, Thus, the dosage regimen actually employed may vary widely, and therefore
may deviate from the preferred dosage regimens set forth in this patent.

The total daily dose of each drug generally may be adminisiered to the patient in a single
dose, or in proportionate multiple subdoses. Subdoses typically are administered from 2 to about 6
times per day, and more typically from 2 to about 4 times per day. Doses may be in an inunediate-
release form or sustained-release form effective to obtain desired results, I should be recognized
that, although the dosing frequency for the therapeutic agents in this invention is typically daily or
multiple times per day, this imvention also contemplates dosing regimens wherein the preferred
period between administration of one or more of the therapeutic agents is greater than 24 hours. In
such embodiments, the dosing frequency may be, for example, every 36 hours, every 48 hours,

every 72 hours, weekly, or monthly.

- 40 -
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In the combination therapics contemplated, the administration may comprisc administering
the antibody and the second agent in a substantially simultancous manner using either a single
formulation {e.g., a single capsule) having a fixed ratio of the therapeutic agents, or separate
formulations (¢.g., multiple capsules) that each comprise at least one of the therapeutic agents, Such
administration also may comprise administering the antibody and other therapeutic agent at different
times in separate formulations. This may nclude, for example, adnunistering the components of the
combination in a sequential manner. Or i may oclude administering one component multiple times
between the administrations of another component. Or it may include administering two components
at the sarue time, while also separately administering another portion at least one of those
components at a different time as well. Or it may include administering the two components
sequentially for a two-step effect. Where the components of the combination are dosed separately,
the time period between the dosing of each component may range from a fow minutes to several
hours or days, and will depend on, for example, the properties of cach component {e.g., potency,
solubility, bioavatlability, half-life, and kinetic profile), as well as the condition of the patient.

Dosage and dosage-frequency optimization (to the extent desirable) may be determined in
trials. It should be recognized that multiple doses per day typically may be used to increase the total
daily dose, if desired.

Dosing of the first and second corapositions can be determined and adjusted based on
measurement of parameters that would be known to one skilled in the art. Non-limiting examples of
such parameters generally include blood pressure, pulmonary capillary wedge pressure or
appropriate surrogate markers {such as cGMP, natriuretic peptides, endothelins, and other surrogate
markers). Blood pressure, pulmonary capillary wedge pressure and/or surrogate marker levels afier
administration of the combination therapy can be compared against the corresponding baseline
icvels before administering the therapy to determine efficacy of the present method and titrated as
needed. Non-limiting examples of sarrogate markers useful in the roethod are surrogate markers for
renal and cardiovascular disease.

It should be recognized that it is often preferred to start dosing the therapeutic agents of the
combination at an intermediate levels (particularly an intermediate levels falling within the above-
described preferred dosage ranges), and then titrate up or down, depending on observed cfficacy and
side-effects. In many embodiments, treatment is continued as necessary over a period of several

weeks o several months or years until the condition{s}) has been controlled or elirmnated. Patients
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undergoing treatment with the antibodies disclosed herein can be routinely monitored by a wide
variety of methods known 1o the art for determimng the effectiveness of a treatment for the
particular condition being treated. This may include, for example, blood pressure, echocardiography;
MRI; monttoring C-reactive protein, brain natriuretic peptides ("BNP"), fibrinogeu levels, and pro-
inflammatory molecule {e.g., TNFa., MMP-2, MMP-3, MMP-13, etc.) and cGMP levels in the
bloodstrearn; and, for kidney-related diseases, it also may include, for example, monitoring the urea
appearance rate ("UAR"). Kidney function cal also be rocasured using creatinine clearance and
cystatin levels using methods known to those of skill in the art. Continuous analysis of such data
permits modification of the treatment regimen during therapy so that optimal effective amounts of
cach type of therapeutic agent are administered at any time, and so that the duration of treatment can
be determined as well, In this way, the treatment regimen/dosing schedule can be rationally
maodified over the course of therapy so that the lowest amount of each therapeutic agent that together
exhibit satistactory effectiveness is administered, and so that administration is continued only so
long as is necessary to successfully treat the condition.

The antibody treatment and/or the combination therapies of this invention may be
admnistered prophvlactically, before a diagnosis of a cardiovascular condition {or associated
condition), and to continue administration of the combination during the period of time the subject is
susceptible to the condition. Individuals with no remarkable clinical presentation, but that are
nonetheless susceptible to pathologic effects, therefore can be placed on a prophylactic dose of the
combination. Such prophylactic doses may, but need not, be lower than the doses used to treat the
specific pathogenic effect of interest.

In some embodiments of this invention, cardiac pathologies arc identified, and an effective
dosing and frequency determined, based on blood concentrations of natriuretic peptides. Elevated
natriuretic peptide levels in the blood, particularly blood BNP levels, generally are observed in
subjects under conditions of blood volume expansion and after vascular injury such as acute
myocardial infarction and remain elevated for an extended period of time after the infarction.
(Uusimaa ¢t al., It J. Cardiol, 69:5, 1999, A decrease n natriuretic peptide level relative to the
baseline level measured before administration of a therapy (antibody alone or antibody in
combination with another therapy) of this invention indicates a decrease in the pathologic effect
mediated by the therapy, and, therefore, provides a correlation with inhibition of the pathologic

effect, Blood levels of the desired natriurctic peptide level thercfore can be compared against the
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corresponding baseline level before administration of the therapy to determine efficacy of the
present method in treating the pathologic effect. Based on such natriuretic peptide level
measurements, dosing of the combination can be adjusted to reduce the cardiovascular pathologic
effect, Efficacy of the therapeutic agent and determination of the appropriate dosing can also be
based on circulating and urinary ¢GMP Levels. An increased plasma level of ¢cGMP parallels a fall
in pulmonary capillary wedge pressure. Increased urinary exeretion of ¢GMP can be correlated with
the natriuresis.

In some embodiments, a therapy of this invention is administered at a dosage and frequency
effective to cause a statistically-significant decrease in tissue or circulating C-reactive protein {(CRP)
levels.

In some embodiments, a therapy of this mvention 1s administered to a paticnt having an
gjection fraction of less than about 45%, particularly less than about 40%, and even more
particularly less than about 30%. In such cmbodiments, the therapy preferably is admimistered at a
dosage and freguency effective to cause a statistically-significant increase {(or preserve, or at least
partially preserve} left ventricular cjection fraction. In other embodiments, the therapy is
adomnistered in an amount effective to achieve hemodynamic improvements such as improved
cardiac cutput, pulmonary capillary wedge pressure. The therapy also may be useful in producing a
decrease in 1nfarct size post-ML

In some embodiments, a therapy of this invention is administered at a dosage and frequency
ctfective to cause a statistically-significant increase {or prescrve, or at least partially preserve) stroke
volume.

In some embodiments, a therapy of this invention 1s administered at a dosage and frequency
effective to cause a statistically-significant decrease in left ventricular end systolic area, end
diastolic arca, end systolic volume, or end diastolic volume.

Iu somie erabodiraents, a therapy of this fovention 1s adunistered at a dosage and frequency
effective to cause a statistically-significant decrease in loft ventricular mass.

In some embodiments, a therapy of this invention 1s administered at a dosage and frequency
effective to cause a statistically-significant decrease in interstitial collagen fraction in the heart
{which can be monttored by, for example, measuring collagen markers or measuring the stitfaess of

the heart using, for example, an echocardiogram).
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In some embodiments, a therapy of this invention is administered based on the presence of
rayocardial infarction or heart failure or lefl ventricular hypertrophy. Left ventricular hypertrophy
can be identified by echo-cardiogram or magnetic resonance imaging and used to monitor the
progress of the treatment and appropriateness of the dosing.

For the treatment of hypertension, the subject is typically first identified as normotensive,
borderline hyperiensive, or hypertensive based on blood pressure determinations. For humans, in
particular, such a deterrmnation may be achieved using a seated cuff mercury sphygmomanometer,
individunals may be deemed normotensive when systolic blood pressure and diastolic blood pressure
are tess than about 125 mm Hg and less than about 80 wam Hg, respectively; borderline hypertensive
when systolic blood pressure and diastolic biood pressure are in the range of from about 125 to
about 140 mum Hg and from about 80 to about 90 mm Hg, respectively; and hypertensive when
systolic blood pressure and diastolic blood pressure are greater than about 140 mm Hg and 90 mm
Hg, respectively. As the severity of the hypertensive condition increases, the preferred dose of at
least one component of the therapy typically increases. Based on post-administration blood pressure
measurement, the doses of the components of the combination may be titrated. After an initial
evaluation of the subject’s respounse to the treatment, the doses may be increased or decreased
accordingly to achieve the desired blood pressure lowering effect.

Dosing and {requency to treat pathologies of renal function can be determoined and adjusted
based on, for example, measurement of proteinuria, microalbuminuria, decreased glomerular
filtration rate (GFR), or decreased creatinine clearance. Proteinuria is wdentified by the presence of
greater than about 8.3 g of urinary protein in a 24 hour urine collection. Microalbuminuria is
identified by an imcrease in assayable urinary albumin. Based upon such measurements, dosing of
the dosing and frequency of a combination of this invention can be adjusted to ameliorate a renal
pathologic effect.

Neuropathy, especially peripheral neuropathy, can be wdentified by, and dosing and
frequency adjustiments based on, neurologic cxam of sensory deficit or sensory motor ability.
Retinopathy can be identified by, and dosing and frequency adjustients based on, ophthalmologic

exXamni.

- 44 -



10

20

30

WO 2010/065293 PCT/US2009/064840

Animal Models for Monitoring Therapy

Various animal models are available for testing the therapeutic compositions of the
invention. For example, the antibody preparations either alone or in combination with other
recognized treatments for heart fatlure may be tested in rat models for spontancously hypertensive
heart fatlure. Such a rat model has been descrived in the art, Heyen et al,, "Structural, functional,
and molecular characterization of the SHHF rat model of heart failure”, 4dm. J. Physiol., 283:H1775,
2002 (ucorporated by refereuce into this patent). This roodel may be used as described below to
evaluate the therapentic potential of the antibodies and or combination therapies contemplated
herein.

For example, lean, male SHHF rats (Genetic Models Inc., Indianapolis, Ind.) are used as the
test models and age-matched Sprague-Dawley (SD) rats (Charles River Labs, Raleigh, N.C.) are
used as controls. All animals are acclimated to their environment, e.g., housed in a room lighted for
12 hours per day at an ambicnt room temperature,

Another model that can be used is the volume expanded hypertensive rat model (also known
as the aldosterone/salt rat model} which has been described in the art. See, e.g., Rocha, R, etal,,
Am. J. Physiol. Heart Cire. Physiol., 283: H1802, 2002. Sce also, Blasi, E. R, et al,, Kidney
International, 63: 1791, 2003, Sce also, PCT Patent Publication No. WO (1/95893,

Following acclimation, unnephrectomized rats are given 1% NaCl drinking water and
infused subcutancously with aldosterone (0.5 g/kg/hr} via an Alza osmotic pump, Model 2002,
These rats are assigned to one of the following treatment groups: (1) rats receiving no treatment; (2)
rats receiving a second therapeutic agent of interest at a dosing of interest, {3) rats receiving an
antibody of interest at a dosing of interest, and {(4) rats receiving a co-adminsiration of the
aldosterone antagonist at a dosing of interest and the antibody at a dosing of interest. The treatments
continued for 3 weeks. Over that period, blood pressure and heart rate are evaluated continuously by
telernetry via animplanted transmitter connected to a pressure transducer cannulated to the
abdominal aorta, The blood pressure and heart rate data is averaged over 24-hour periods.

The stroke prove spontaneously hypertensive rat (SHR-SP) model has beeu described 1o the
art. See, ¢.g., Rocha, R., et al., Trends in Endocrin. & Mer., 12: 308, 2001,

The study is conducted over a defined period of time, ¢.g., 12 weeks, with measurements and
samples taken at baseline, and at set intervals thereafter (e.g., after 4, 8, and 12 weeks). Following

acchimation, baschine measurements are performed, and 1 week later, the rats are assigned to one of
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the following treatment groups after being randomized based on genotype: (1} rats receiving no
treatruent; (2} vats recetving the antibody at a dose of interest, (3) rats receiving a a second agent of
interest at a dose of interest, and {4) rats receiving a co-administration of the antibody at a dose of
interest and the second agent at a desired dose of interest.

The rats are monitored {or transthoracic echocardiography. See Heyen, J. R R, et al. The
examinations are performed at baschine, and atter 4, 9, and 13 wecks of treatment during the
progression of heart fatlure. During these examinations, cach animal is lightly anesthetized, the chest
is shaved, and echocardiograms are obtained.

Intra-ventricular systolic blood pressure is measured following 12 weeks of treatment.
Druring this analysis, cach animal is anesthetized and the right common carotid artery is cannulated
with a Millar catheter transducer {Millar, Houston, Tex.) passed under constant pressure into the left
ventricle. Data is collected every 10 seconds for 3 minutes and analyzed using a HPA-210 heart
performance analyzer (Micro-Med, Louisville, Ky.).

Alternatively, tail-cuff systolic blood pressure 1s analyzed non~-invasively at baseline, and
after & and 12 weeks of treatment using the Visitech BP-2000 Blood Pressure Analysis Systom
{Visitech Systers, Apex, N.C.). Six measures are taken for gach animal and averaged for a mean
SBP reading.

Serum electrolytes are analyzed using a Hitachi 912 astomated diagnostic clinical chemistry
analyzer (Roche Dhagnostics Corp., Indianapolis, Ind.) according to standard procedures,

At the end of the experiruent, cach animal 1s ancsthetized and weighed. The abdominal
cavity is opened to expose the abdominal aorta. An 18-guage needie is then inserted into the
abdominal gorta, and the animals are exsanguinated. The resulting blood is immediately transferred
into serum collection tubes and the samples are then centrifuged for 15 min at 3,000 rev/min at 4°C
to form a scrum that s, in turn, collected and frozen at -80°C until further analysis.

Following exsanguination, the heart is isolated, removed, rinsed in cold PRS (Gibeo,
Gaithersburg, Md.}, blotted dry, and weighed. Tibia also are removed (documented by X-ray
analysis), and the length is deterroined using calipers. The observed heart weight 1s then normalized
to tibial length (HW/TL). A 6-mm section is cut transversely through the middle of the heart and
placed wnto 105 neutral-buffered formalin for 24 hr, followed by 70% aleohol until crabedded into
paraffin. The remaining apical portion of the heart is snap frozen in Hquid nitrogen and stored at -

80°C for molecular analysis.
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Urinary proteinuria is determined by using the Bio-Rad protein dye reagent (Hercules,
Cahtl). The assay s modified to a 96-well plate format according to the manufacturer's 1nstructions.
During this experiment, the groups of rats are compared with respect to, for example,
systolic blood pressure, gjection fraction, stroke volume, left ventricular end diastolic area, lefi

ventricular end systolic area, left ventricular end diastolic volume, left ventricular end systolic
volume, urinary protein, TINFa in the serurn and heart tissue, left ventricular mass (absolute and
normalized to tiial length), plasma osteopontin, and MMP levels and activity.

Another rat model that has been commonly described in the art and could be used for testing
antibody preparations alone or in combination with standard treatments is a coronary artery Hgation
model (eg Raya, et. al., Circ Res 64:330, 1989). Adult male Sprague-Dawley rats undergo
experimental myocardial infarction (MI) by standard techniques in which the animals are
anesthetized and a left thoracotomy is performed, the heart is expressed from the thorax, and a
ligature is placed around the proximal left coronary artery. The heart is then returned to the chest
and the thorax closed. Following recovery, the rats are treated with antibody alone or in
combination with a second agent of interest as outlined above. After 3-5 weeks of treatment the
animals are anesthestized and cardiac function is measured as outlined above.

Canine models of chronic heart failure have also been described in the art. See, e.g., Suzuki,
G., "Effects of Long~Term Monotherapy With Eplerenone, a Novel Aldosterone Blocker, on
Progression of Left Ventricular Dysfunction and Remodeling in Dogs with heart failure”,
Circulation, vol. 106, pp. 2967-2972 (Dec. 3, 2002) (incorporated by reference mnto this patent). Sce
also, Sabbah, H. N., et al., "A canine model of chronic heart failure produced by multiple sequential
coronary microembolizations”, Am. J. Phvsiol,, 260: H1379 1991 (incorporated by reference into
this patent}. This model can be used to evaluate the therapies contenplated herein,

In this study, mongrel dogs undergo serial coronary microembolizations to produce heart
farlure. Embolizations are performed 1 1o 3 weeks apart, and are discontinued when left ventricular
gjection fraction is 30% to 40%. Microembolizations are performed during cardiac catheterization
under general anesthesia and sterile conditions. Anesthesia consists of a combination of intravenous
injections of oxymorphone (0.22 mg/kg), diazepam (0.17 mg/kg}, and sodium pentobarbital (150 to
250 mg to ctfect).

Two weeks after the last microembolization, the dogs undergo a pre-randomization Jeft and

right heart catheterization. One day later, the dogs are randonmized, and then assigned to one of the

t
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following treatment groups: {1} dogs receiving no treatment; (2} dogs receiving an antibody of
interest at a dosing of interest, {3} dogs receiving a combination therapy of the invention, and (4)
dogs recetving the second therapeutic agent used in the combination therapy at a dosing of interest.
This treatment is continued for 3 months. Final hemodynamic and angiographic measurements are
made at the end of the 3 months. While under anesthesia, the cach dog's chest is opened, the heart i3
rernoved, and tissue 18 prepared for biocherical and histological evaluations.

During this experiment, the groups of dogs are cornpared with respect to, for example,
changes in left ventricular ¢jection fraction; end-diastolic volume; end-systolic volume; peak left
veniricular +dP/dt; peak left ventricular -dP/dL; pulmonary artery pressure; the time constant of
isovolumic relaxation, 1, left ventricular end-diastolic and end-systolic axes ratios (which, 1n turn,
indicate changes n left veniricular chamber sphericity); left ventricular end-diastolic wall stress;
body weight; heart weight (normalized with body weight); left ventricular wall thickness; Na+, K+,
BUN, and creatinine; mean aortic pressure; and heart rate. Comparisons also are made with respect
to, for example, cardiac myocyte cross-sectional area (which, in turg, is a measure of cell
hypertrophy), volume fraction of interstitial fibrosis, and volume fraction of replacement fibrosis,
and capillary deunsity, gelatinase activity, and transcription of basic {ibroblast growth factor.

Another exemplary model that may be used to monitor treatiment is a canine model of pacing
induced heart failure. This model i1s well known to those of slall and is described in for example in
Katsuya, et. al., J Cardiovasc Pharmaco! 43: 860 2004. . To induce heart failure by rapid right
ventricular pacing, a modified multiprogrammable pacemaker (Medtronics, Inc.) is implanted in
healthy adult male, mongrel dogs. After full recovery from the instrumentation (10 to 14 days after
surgery), the animals are subjected to rapid ventricular pacing at 240 bpm. On the eighth day of
pacing the dogs are assigned to the one of the following treatment protocols: {1} dogs receiving no
treatment; (2} dogs receiving an antibody of interest at a dosing of interest, (3} dogs receiving a
combination therapy of the wvention, and (4) dogs receiving the second therapeutic agent used in
the combination therapy at a dosing of interest. After 4 weeks of pacing, the pacemaker was turned
off and the animals were allowed to equilibrate for 30 to 40 minutes. Hemodynamic and cardiac

measurements are then done as outlined above.
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Pharmaceutical Preparations

The NPRA specific antibodies used in the practice of a method of the wnvention roay be
formulated into pharmaceutical compositions comprising a carrier suitable for the desired delivery
method. Suttable carriers melude any material which, when combined with the antibody, retains the
high-affinity binding and ligand potentiating properties of the antibody and is preferably nonreactive
with the subject's immune systems. Examples include, but are not limited to, any of a nurber of
standard pharmaceutical carriers such as sterile phosphate buffered saline solutions, bacteriostatic
water, and the like, A variety of agueous carriers may be used, e.g., water, buffered water, ¢.4%
saline, 0.3% glycine and the like, and may nclude other proteius for enhanced stability, such as
albumin, lipoprotein, globulin, etc., subjected to mild chemical modifications or the like.

Excmplary antibody concentrations in the formulation moay range from about 0.1 mg/ml to
about 200 mg/ml or from about 6.1 mg/mL to about 50 mg/ml, or fron about §.5 mg/mL to about
25 mg/ral, or alternatively from about 2 mg/mL to about 10 mg/mL. An agueous formulation of the
antibody may be prepared in a pH-butfered solution, for example, at pH ranging from about 4.5 to
about 6.5, or from about 4.8 to about 5.5, or alternatively about 5.0. Examples of buffers that are
suitable for a pH within this range inclade acetate (o.g. sodium acetate), succinate (such as sodium
succinate}, gluconate, histidine, citrate and other organic acid buffers. The buffer concentration can
be from about I miM to about 200 mM, or from about 10 wM to about 60 mM, depending, for
example, on the buffer and the desired isotonicity of the formulation.

Tonicity agents to stabilize the antibody may be included in the pharmaceutical formulation,
Exemplary tonicity agents include polyols, such as mannitol, sucrose or trehalose. Preferably the
agueous formulation 1s 1sotonic, although hypertonic or hypotonic solutions may be suitable,
Exemplary concentrations of the polyol in the formulation may range from about 19 to about 15%
wW/V.

A surfactant roay also be added to the antibody formulation to reduce aggregation of the
formulated antibody and/or minimize the formation of particulates in the formulation and/or reduce
adsorption. Exemplary sarfactants include nonionic surfactants such as polysorbates (e.g.

s

polysorbate 20, or polysorbate 80) or poloxamers {e.g. poloxamer 188). Exemplary concentrations

of surfactant may range trom about 0.001% to about 0.5%, or from about 0.005% to about 0.2%, or

alternatively from about 0.004% to about 0.01% w/v.
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The antibodies also may be formulated with various preservatives (e.g., benzyi alcohol,
phenol, m-cresol, chlorobutano] and benzethonium €1} H preservatives are present, they may be
included in the formulation at concentrations ranging from about 8.1% to about 2%, or alternatively
from about 0.5% to about 1%. One or more other pharmaceutically acceptable carriers, excipients or
stabilizers such as those described in Remington's The Practice and Science of Pharmacy 21%
Edition. (2005) may be included in the formulation provided that they do not adversely affect the
desired characteristics of the formulation. Acceplable carriers, excipients or stabilizers are nontoxic
to recipients at the dosages and concentrations employed and include; additional buffering agents;
co-solvents; antoxidants including ascorbic acid and methionine; chelating agents such as EDTA;
metal complexes {¢.g. Zn-protein complexes); biodegradable polymers such as polyesters; and/or
salt-forming counterions such as sodum.

Therapeutic formulations of the antibody are prepared for storage by mixing the antibody
having the desired degree of purity with optional physiologically acceptablc carriers, excipients or
stabilizers {(Remington's The Practice and Science of Pharmacy 217 Edition. (2005)), in the form of
iyophilized formulations or aqueous solutions. Acceptable carricrs, excipients, or stabilizers are
nontoxic to recipients at the dosages and concentrations employed, and mclude buffers such as
phosphate, citrate, and other organic acids; antioxidants including ascorbic acid and methionine;
preservatives (such as octadecyldimethylbenzyl amamonium chloride; hexarvethoniom chilonide;
benzalkonmm chloride, benzethonium chioride; phenol, butyl or benzyl alcohol; alkyl parabens such
as methyl or propyl parabern; catechol; resorcinol; cyclohexanol; 3-pentanol; and m-cresol); low
molecular weight (less than about 10 residues) polypeptides; proteins, such as serum albumin,
gelatin, or immunoglobulins; hydrophilic polymers such as polyvinylpyrrolidone; arnino acids such
as ghycine, glutamine, asparagine, histidine, arginine, or lysine; monosaccharides, disaccharides, and
other carbohydrates including glucose, mannose, maltose, or dextrins; chelating agents such as
EDTA; sugars such as sucrose, maunitol, trehalose or sorbitol; salt-forming counter-ious such as
sodium; metal complexes {¢.g., Zn-protein complexes); and/or non-ionic surfactants such as
TWEEN™, PLURONICS™ or polyethylene glycol (PEG).

In one embodiment, a suttable formulation of the claimed invention contains an isotonic
buffer such as a phosphate, acctate, or TRIS buffer in combination with a tonicity agent suchas a
polyol, Sorbitol, sucrose or sodivm chloride which tonicifies and stabilizes. One example of such a

tonicity agent is S% Sorbitol or sucrose. In addition, the formulation could optionally include a
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surfactant such as to prevent aggregation and for stabilization at 0.01 to 8.02% wt/vol. The pH of the
formulation. may range from 4.5-6.5 or 4.5 t0 5.5, Other exemplary descriptions of pharmaceutical
formulations for antibodies may be found in US 2003/0113316 and US Pat. No. 6,171,586,

The formulation herein may also contain more than onc active compound as necessary for
the particular indication being treated, preferably those with complementary activities that do not
adversely affect cach other. For example, it may be desirable to further provide an
immunosuppressive agent. Such molecules are suitably present in combination in amounts that are
effective for the purpose intended.

The active ngredients may also be entrapped in microcapsule prepared, for example, by
coacervation techniques or by interfacial polymerization, for example, hydroxymethylcellulose or
gelatin-microcapsule and poly-(methylmethacvlate} microcapsule, respectively, 1n collowdal drug
delivery systems {for example, liposomes, albumin microspheres, microemulsions, nano-particles
and nanocapsules) or 1 macroemulsions. Such techniques are disclosed 1n Remington's
Pharmaceutical Sciences 16th edition, Osol, A. Ed. (1980).

The formulations to be used for inn vivo adnunistration must be steriie. The compositions of
the invention may be sterilized by conventional, well known sterillization technigues. For example,
sterilization is readily accomplished by filtration through sterile filtration membranes. The resulting
solutions may be packaged for use or filtered under aseptic conditions aund lyophilized, the
iyophilized preparation being combined with a sterile solution prior to administration. Methods of
frecz-drying polypeptides for long term storage are well known, (Williams and Polly, Journal of
Parenteral Science and Technology, 38:48, 1984, The lyophilization cycle involves freezing,
primary drying, and secondary drying. The process produccs a material known as a lyophilized
cake. Thereafter the cake can be reconstitated prior to use.

The standard reconstitution practice for fyophilized material is to add back a volume of pure
water (typically equivalent to the volume removed during lyophilization), although dilute solutions
of antibacterial agents are sometimes used in the production of pharmaceuticals for parenteral
admundstration: Chen, Drug Development and Industvial Pharmacy, 18: 1311, 1992,

Excipients have been noted in some cases to act as stabilizers for freeze-~dried products;

lr
I

Carpenter et al., Developments in Biological Standardizarion, 74: 225, 1991, For example, known
excipients include polyols (including manuitol, sorbitol and glycerol}; sugars (including glucose and

sucrose}; and amino acids (including alanine, glycine and glutamic acid),
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In addition, polyols and sugars are also often used to protect polypeptides from freezing and
drying-induced damage and to enhance the stability during storage 1o the dried state. In general,
sugars, in particular disaccharides, are effective in both the freeze-drying process and during storage.
Other classes of molecules, including mono- and di-sacchandes and polymers such as PVP, have
also been reported as stabilizers of lyophilized products.

For injection, the pharmaceutical formulation and/or medicament may be a powder suitable
for reconstitution with an appropriate solution as described above, Examples of these mclude, but
are not limited to, freeze dried, rotary dried or spray dried powders, amorphous powders, granules,
precipitates, or particulates. For injection, the formulations may optionally contain stabilizers, pH
modifiers, surfactants, bioavailability modifiers and combinations of these.

Sustained-release preparations may be prepared. Suttable examples of sustained-release
preparations inchude semipermeable matrices of solid hydrophobic polymers containing the
antibody, which matrices arc in the form of shaped articles, ¢.g., films, or microcapsule. Examples
of sustained-release matrices include polyesters, hydrogels (for example, poly(2-hydroxyethyl-
methacrylate}, or poly{vinylalcohol}), polylactides (U.S. Pat. No. 3,773,919}, copolymers of L-
glutamic acid and vy ethyl-L-glutamate, non-degradable ethylenc-vinyl acetate, degradable lactic
acid-glycolic acid copolymers such as the Lupron Depot™ (injectable microspheres composed of
lactic acid-glycolic acid copolymwer and leuprolide acetate), and poly-D-(-)-3-hydroxybutyric acid.
While polymers such as ethylene-vinyl acetate and lactic acid-glycolic acid enable release of
molecules for over 100 days, certain hydrogels release proteins for shorter time periods. When
encapsulated antibodies remain in the body for a long time, they may denature or aggregate as a
result of cxposure to moisture at 37°C, resulting in a loss of biological activity and possible changes
in immunogenicity. Rational strategies can be devised for stabilization depending on the mechanism
involved. For example, if the aggregation mechanism is discovered to be intermolecular S--5 bond
formation through thio-disulfide interchange, stabilization may be achieved by modifying sulthydryl
residucs, lyophilizing from acidic soliutions, controlling moisture content, using appropriate
additives, and developing specific polymer matrix composiiions,

The formulations of the invention may be designed to be short-acting, fast-releasing, long-
acting, or sustained-releasing as described heremn. Thus, the pharmaceutical formulations may also

be {formulated for controlied release or for slow release.
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Specific dosages may be adjusted depending on conditions of disease, the age, body weight,
general health conditions; sex, and diet of the subject, dose intervals, administration routes,
excretion rate, and combinations of drugs. Any of the above dosage forms containing effective
amounts arc well within the bounds of routine experimentation and therefore, well within the scope
of the instant invention,

The specific binding agent or antibody is admunistered by any suitable means, including
parenteral, subcutancous, intraperitoneal, intrapulmonary, and mitranasal, and, if desired for local
treatment, intralesional administration, Parenteral infusions include intravenous, intraarterial,
intraperitoneal, intramuscular, intradermal or subcutaneous administration. In addition, the specific
binding agent or antibody is suitably administered by pulse infusion, particularly with declining
doscs of the specific binding agent or antibody, Preferably the dosing s given by gjections, most
preferably intravenous or subcantaneous injections, depending in part on whether the administration
18 brief or chronic. Other administration methods are contemplated, including topical, particularly
transdermal, transmucosal, rectal, oral or local administration e.g. through a catheter placed close to
the desired site. Most preferably, the specific binding agent or antibody of the invention is
adomnistered witravenously in a physiological solution at a dose ranging between 0.01 mg/kg to 100
mg/kg at a frequency ranging from daily to weeldy to monthly {(e.g. every day, every other day,
every third day, or 2, 3, 4, 5, or 6 times per week), preferably a dose ranging from 0.1 to 45 mg/kg,
0.1to 15 mg/kg or 0.1 to 10 mg/kg at a frequency of 2 or 3 times per week, or up to 45 mg/kg once

a month. Another preferred method of administration 1s through inhalation.

Combination Therapy
The term "combination therapy” means the administration of two or more therapeutic agents

to treat a pathological condition. In this specification, the pathological condition generally comprises
a cardiovascular condition or a condition associated with a cardiovascular condition, The therapeutic
agents of the combination generally may be co-administered in a substantiaily simultaneous manner,
such as, for example, (a) in a single forrmaulation {e.g., a single capsule) having a fixed ratio of active
ingredients, or (b) in multiple, separate fornulations (e.g., multiple capsules) for each agent. The
therapeutic agents of the combination may aliernatively (or additionally) be administered at different
times. In either case, the chosen treatment regimen preferably provides beneficial effects of the drug

combination in treating the condition,
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In the context of combination therapy, the phrase "therapeutically-cffoctive” qualifies the
amount of cach therapeutic agent that will achieve the goal of ameliorating, suppressing, eradicating,
reducing the severity of, decreasing the frequency of incidence of, preventing, reducing the risk of,
and/or delaying the onset of a pathological condiution,

The treatment of heart disease includes standard treatments such as use of angiotensin I
converting enzyme (ACE) inhibttors, B-adrenoceptor inhibitors, and aspirin. Any such standard
therapics may be combined with therapeutic intervention using the antibodies of the present
invention. Angiotensin receptor blockers may also be used in patients who do not tolerate ACELs,
and candesartan has recently been approved for use in combination with ACEs.  Aldosterone
auntagonists such as for exaruple, eplerenone, also have proven effective in the treatment of heart
failure and hypertension. The antibodies of the invention also could be used in combination with
statin therapy o heaxt failure.

The antibodies described herein may be used in combination with renin inhibitors, such as
for example aliskiren (Tekturna, Rastlez, Novartis). Endothelin antagonists and vasopeptidase
inhibitors {dual ACE/neutral endopeptidase (NEP) inhibitors) also may be useful in combination
therapics. Cornbination therapies with vasopressin antagonists also may be uscful, Also
conteraplated for combination therapy are diuretic agents such as Al adeunosine receptor antagonists,
Other useful agents include beta blocker agents for the treatiment of CHF.

Iuotropic ageunts such as digoxin have long been used to relieve the symptorns of severe
CHF. Milrinone is a PDE3 mhibitor and inotropic agent that is used only for short term treatment of
acute CHF because this class of agents is proarrhythmiagenic and can have a negative impact on
survival with chronic use. Cardiac myosin activators also may prove useful in combination with the
therapies of the present invention. Also conteraplated for use in the combination therapics of the
present invention are PIXES inhibibitors e.g., Viagra, Cialis as well as soluble GC
activators/stimulators currently in clinical trials.

Combination of the antibodies of the invention with Nesivitide (hBNP) and other natiuretic
peptides {either recombinant or naturally isolated) is particularly contemplated. The antibodies may
be combined with Nesititide, Carperitide {ANP, Suntory, now Daiichi-Sankyo), Ularitide
{(urodilatin, PDL., EKR Therapeutics} and combination of all three are particularly contemplated.

The phrase "aldosterone antagonist” ernbraces an agent or compound, or a combination of

two or more of such agents or compounds, which counteract the effect of aldosterone. Such agents
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and compounds, such as mespirenone, may antagonize the action of aldosterone through a pre-
receptor roechanism. Other agents and compounds, such as spironolactone and eplerenoue, fall
generally within a class known as aldosterone receptor antagounists, which bind to mineralocorticoid
receptors to prevent natural ligand activation of post-receptor events, Many suitable aldosteronce
antagonists are described by, for example, Perez et al. in UK. Pat. No. 6,410,524 (issued hun. 25,
2002; tiled Nov, 5, 1999 as U.5. patent application Ser. No, 09/434,685) (incorporated by reference
into this patent).

The aldosterone antagonists used in the methods of the present invention generally are
spirolactone-type steroidal compounds as exemplified by spirolactone itself. The epoxy-steroidal
aldosterone antagonist compounds also may be used in the combination therapies contemplated
hercin, Of particular interest s the compound eplerenone (also known as epoxymexrenonc).
Eplerenone is an aldosterone receptor antagonist, and has a greater specificity for aldosterone
receptors than does, for example, spironolactone. Selection of eplerenone as the aldosterone
antagonist in the present method would generally tend to be beneficial for reducing certain side-
effects, such as, for example, gynecomastia (which tends to occur when less-specific aldosterone
antagonists are used).

The term "diuretic” includes, for example, diuretic benzothiadiazine derivatives, diuretic
organomercurials, diuretic purines, diuretic steroids (including diuretic steroids having no
substantial activity as an aldosterone receptor antagonist), diuretic sulfonamide derivatives, diuretic
uracils, ete. Exemplary such compounds include amanozine, amtloride, arbutin, chlorazani,
gthacrynic acid, mannitol, metochalcone, muzolimine, perhexiline, and urea which can be purchased
from commcreial sources. The diurctic compound also may be a benzothiadiazine derivative, a
sulfonamide derivative an organic mercurial diuretic such as mercaptomerin sodium,
merethoxylline, procaine, and mersalyl with theophylline. In specific examples the diuretic is
amiloride, sthacrynic acid, triamierene, hydrochlorothiazide, chlorothiazide, bumetamide,
furosemide, or hydrochlorothiazide,

The present juvention further comprises kats that are suitable for use m performng the
methods of treatment described above. In one embodiment, the kit comprises a first dosage form
comprising antibody of the invention and a second dosage form comprising a second agent for a
pathological condition (e.g., a cardiovascular condition or a condition associated with a

cardiovascular condition} in quantities sutficicnt to carry out the methods of the present fvention,



LA

10

20

30

WO 2010/065293 PCT/US2009/064840

Preferably, the first dosage form and the second dosage form together comprise a therapeutically-

effective amount of the agents for the treatment of the targeted condition(s).

EXAMPLES
The following examples are offered by way of illustration and are not meant to be limiting in any

Way.

Example 1: Generation of Stable Cell Lines expressing Natrniuretic Peptide Recentors

Full-length human NPRA, haman NPREB, human NPRC, rhesus monkey NPRA and

canine NPRA sequence containing plasmids are purchased from OriGene Technologies, Inc.
{Rockville, MDY} or the sequences arc synthesized by DNAZ.G then sub-cloned into the
pcBNA3ZD mammalian expression vector (Invitrogen Corporation, Carisbad, CA).  Insert
orientation and nucleotide sequence of cach construct is verified by an outside vendor, The
pelPNA3.D NPR clones are transfected using Lipofectamine (luvitrogen) into HEK293 celis
where stable cell lines are selected using G418, NPRA and NPRB clones are screened using the
ANP- or CNP- (Sigma-Aldrich, St. Louis, M) mmdoced ¢cGMP assay described below, NPRC

125y
i

clones are screened using the “I-ANP binding assay outlined below. High ¢cGMP producing or

high '"I-ANP  binding clones are expanded in DMEM coutaining, 100 pg/mL
peniciliin/streptomycin, L-ghitamine, 400 pg/mb of G418, and 10% fetal bovine serum
{Hyclone, Logan, UT), HEK293T-GCA, rat NPRA expressing cells obtained from Dr, Lincoln
Potter {University of Minnesota}, are grown i DMEM containing 100 ug/mL

penicillinvstreptomycin, L-glutarmine, Hygromycin B and 10% fetal bovine scrum.

Example 2: Generation of NPRA-F¢ Fusion Protein

A. Construction of the NPRA-F¢ Fusion Protein

The extracellular domain (ECD}) of NPRA is fused to human Fe {gamma 1} to obtaina
soluble form of NPRA. To accomplish this, plasmid pcDNA3. T+kappa-leader-MORxx-Fe i
first restricted with Kprl (MORXxx encoding for unnamed control protein). An oligolinker
containing a Clal site is nserted into the Kpnl site via cohesive ends. The oligolinker 15 produced
by annealing two oligonucleotides {with partial complementarity. The resulting plasmid is

restricted with Clal and EeoRY, which entails excision of the MORxx cncoding sequence. The
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sequence encoding the extracellular domain (ECD) of NPRA is amplified from the NPRA
cucoding plasmid (pcDNA3 ID/VS-His-TOPO-NPRA by PCR using primers introducing
restrictions sites for Clal and Smal, respectively. The PCR product is restricted with Clal and
Smal, purified and the fragment was ligated into the above plasmid yielding a fusion of the
kappa-leader, the extracellular domain of NPRA and human Fe. The resulting plasmid is called
pceDNA3 L kappa-leader NPRA-ECD Fe.

B, Expression of the NPRA ~Fc Fusion Protein

HEK293 cells are transfected with pcDNA3.1 kappa-leader NPRA-ECD Feusinga
calctum phosphate-based transfection procedure. Ou days 5 or 6 post-transfection, the cell
culture supernatant (1500 mL) is harvested, cleared by centrifugation and sterile filtrated (0.2

um}. Aliguots of the supernatant are frozen at -20 °C.

Exampie 3: Methods Used for the Identification and Generation of Human NPRA-specific

Antibodies from the HuCAL GOLD® Library

For the generation of therapeutic antibodies against the human NPRA protein, selections
with the MorphoSys HuCAL GOLD® phage display library are carried out, HuCAL GOLD" is
a Fab library based on the HuCAL® concept {Knappik er o, J. Mol Biol, 296, 57, 2000; Krebs
et al., J Immunol. Methods, 254, 67, 2001; Rauchenberger et of., J Biol Chem., 278, 38194,
20031, in which all six CDRs are diversified, and which employs the CysDisplay '™ technology
for linking Fab fragruents to the phage surface [Léhning, WO 01/05950, (200131

A. Phagemid Rescue, Phage Amplification, and Purification

The HuCAL GOLD™ library is araplified in 2xY T medium containing 34 pg/mi
chloramphenicol and 1% glacose (2xYT-CG). After infection with VUSMI3 helper phages at an
ODgoonm of 0.5 (30 min at 37°C without shaking; 30 min at 37°C shaking at 250 rpm}, cells are
spun down (4120 g; 5 nun; 4°C), resuspended in 2xYT/ 34 pg/mi chloraraphenicol/ 50
ng/ml kanamycin/ 0.25 mM PTG and grown overnight at 22°C. Phages are PEG-precipitated
from the supernatant, resuspended n PBS/ 20% glycerol and stored at -R0°C. Phage
amplification between two panaing rounds is conducted as follows: mid-log phase &. coli TG
cells are infected with eluted phages and plated onto LB-agar supplemented with 1% of glucose

and 34 pg/ml of chloramphenicol (LB-CG plates). After overnight incubation at 30°C, the TG
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colonies are scraped off the agar plates and used to inoculate 2xYT-CG until ann ODgpons 0 0.5 18
reached and VOSMI3 helper phages added for infection as described above.

5. Solid Phase Panning against Capiured NPRA-Fe with HuCAL GOLDY

This example describes solid phase panning which 1s used for selection. HuCAL
GOLD® antibody-phage are divided into three pools corresponding to different VH master
genes n combination with lambda and kappa light chains (pool 1: VHI/5 lambda & kappa, pool
2: VH3 lambda & kappa, pool 3: VH2/4/6 lambda & kappa). An additional pool (pooi 4) is
composed of VH3 lambda & kappa of HuCAL GOLD® antibody-phage Hyperphage
preparation. These pools are individually subjected to 3 rounds of solid phase panning on
NPRA-ECD-Fc captured on maxisorp plates (F96 Maxisorp, Nunc, Rochester, NY} by an anti-
Fe antibody {capture antibody). In detail; The wells of a maxisorp plate are coated with 100 ul
of capture antibody (goat anti-human IgG Fc gamma Fragment specific, DHanova, Hamburg
Germany, 10 ug/ml in PBS). 3 wells per phage pool are coated. The plate is incubated overnight
at 4 °C. On the next day the wells arc washed three times with PBS and then blocked with 200 ul
of MTBST (TBS, 0.05 % Tween 20, 5 % milk powder} for 2 h at RT. After washing three times
with PBS, 100 ul of the NPRA-HCD-Fc contamiug cell supernatant are added and the plate 1s
incubated at RT for 4 h. Then the supernatant s discarded and 100 ul of fresh supernatant are
added. The plate is stored overnight at 4 °C.

The phage are arranged in 4 pools as described above. 100 pl of the phage from original
HuCAL GOLD®R subpools (VH1-6} cach or of subpool VH3 (HuCAL GOLD® Hyperphage
preparation) are used, corresponding to 1.7 - 8.0 x 10" phage. The phage are preblocked in a
TBS solution containing 2.5 % milk powder, 9.05 % Tween 20, 1 % IgG Scrum Goat (Dianova),
1 % 1gG Serum human (Bianovay and 2.5 % FCS (PAN Biotech GmbH]}. The pre-blocking of
phage is performed i 2 ml reaction tubes for 2 h at RT on a rotator.

For the selection process the NPRA-ECD-Fc supernatant is removed from the meaxisorp
plate and the wells arc washed three times with PBS. The pre-blocked phage are added to the
corresponding wells and the plate 1s incubated for 2 h at RT on a microplate shaker. Then the
phage solution s removed and the wells are washed as follows: three times with PBST (PBS,
0.05 % Tween 20), twice with PBST (with an incubation of 5 mun between the washing steps),
three times with PBS and finally twice with PBST (with an incubation of 5 miin between washing

steps). For elution of specifically bound phage 150 ul of 20 mM DTT 1o 10 mM Tris/HCL, pH
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8.0 is added and the sampies are incubated for 10 min at RT. The eluates are used to infect log
phase E. coli TG cultures. Infected E.coli are harvested by centrifugation and plated onto LB
agar plates supplemented with 34 pg/mi chloramphenicol and 1 % glucose. The agar plates are
incubated overnight at 30 °C. On the following day the colonies are scraped off and grown until
reaching an O} of 0.5 to proceed to helper phage infection.

Helper phage infection: TG1 cells are infected with the helper phage VOSMI3
{muudtiphicity of infection of ~20) at 37 °C. The mfected cells are harvested by centrifugation and
resuspended in 2 x YT containing 34 pg/mi chloramphenicol, 30 pg/ml kanamycin and 0.25 mM
IPTG for induction of Fab expression. The cells are grown overnight and the produced phage are
precipitated from the supernatant with polyethylene glycol (PEGYNal and resuspended in PBS.
Input and output titers are determined by spot titration.

Three rounds of selection are performed with increasing washing stringency. Between
each round the eluted phage are precipitated as described above,

C. Alternaring Panning uring NPRA expressing cells

Selections can also are performed using whole cell panning with cells that express the
recepior. For these selections, HuCAL GOLD® autibody-phage are divided wto three pools as
described above and an additional pool (pool 4} is composed of VH3 lambda & kappa of HuCAL
GOLD®R antibody-phage Hyperphage preparation. These pools are individually subjected to one
round of solid phase panning on NPFRA-ECD-Fc, followed by one round on NPRA-expressing
HEK cells, followed by another round of sohid phase panning. The st round and 3rd round solid
phase pannings are performed as deseribed in section 3.4.1. The 2nd round panning 13 a whole
cell panning on NPRA-expressing HEK cells followed by pH-elution,

Maore particularly, in the second round, ali steps are carried out at 4 °C and in a volume of
I ml n total. After detachment in Versene (Gibeo Invitrogen, Carlsbad, CA) cells are washed
twice in blocking buffer (5 % FCS/0.05 % NaN3 / PBS) and adjusted to 1.9 x 107 cells for each
antibody phage pool. The phage selected from the st round of the panning are incubated in
blocking buffer for 2 h and then added to the pre-blocked cells for 2 h under constant wovement.
Afterwards, cells are washed five times in blocking buffer followed by incubation in 1 ml ehution
buffer (0.1 M glycine, 0.5 mM NaCl, pH 2.2) for 10 ruin without shaking. Cells are removed by

centrifugation and the supernatant neutralized by the addition of unbuffered 2 M Tris solution.
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The cluate is mixed with a 15 mi culture of E. coli TG grown to an OD600nm of 0.6 -
0.8 and 1ncubated for 45 min at 37 °C. After centrifugation the bacterial pellet is resuspended in
2 x YT medivm, plated on 2 x LB/ Chioramphenicol / Glucose agar plates and incubated
overnight at 30 °C. The selected clones are then scraped {rom the plates, rescued and araplified
as described above.

D, Alternating Panning Against NPRA in the presence of ANP and BNF

Selection can also be performed in the presence of the ligands for NPRA, For these
selections, HuCAL GOLD® antibody-phage are not divided into three pools, but all different
VH master genes in combination with lambda and kappa light chaings are mixed and subjected to
one round of solid phase panning on NPRA-ECD-Fe, followed by one round on NPRA-
expressing HEK cells, followed by another round of solid phase panning,

Nevertheless two different pools are made, pool T consisting of HuCAL GOLD®
antibody phage normal proparation, pool 2 consisting of HuCAL GOLD® antibody-phage
Hyperphage preparation. The 1st round and 3rd round solid phase pannings are performed as
described above with the following exceptions:

The blocking solution for the phage contained 3 pM ANP and BNP each. The coating
with the NPRA-Fc protein is much shorter; supernatant is only added once, and the incubation i
for 1 h. Afier this meubation the wells are washed three times with PBS, then 100 ul of
ANP/BNP solution (3 uM cach} is added and the plate is incubated 30 min at RT on a microplate
shaker. 8 wells per pool are coated for the selection.

The Znd round panning is a whole cell panning on NPRA-expressing HEK cells followed
by pH-clution as described above with the following exceptions: The blocking solution for the
phage contained 400 oM ANP and BNP ecach. After harvesting the NPRA-transfected HEK ~cells
are resuspended in blocking buffer containing 1 uM ANP. The mixture of cells and ANP is
incubated 30 min at 4 °C under constant movement before adding the blocked phage.

E Subcloning and Expression of Soluble Fab Fragments

The Fab-encoding inserts of the selected HuC AL GOLD™ phagemids are sub-cloned into
the expression vector pMORPH X9 Fab FH or the bivalent expression vector
pMORPH"X9 Fab dHLX MH respectively in order to facilitate rapid and efficient exprossion
of soluble Fabs. For this purpose, the plasmid DNA of the selected clones is digested with Xbal

and FcoRl, thereby excising the Fab-encoding fusert (ompA-VLCL and phoA-Fd}, and cloned
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into the Xbal/EcoRI-digested expression vectors. Fabs expressed from these vectors carry two C-
terminal tags for both, detection and purification. In case of vector pMORPH"X9 Fab FH the
tags are FLAG™ and 6xHis; in case of pMORPH®X9 Fab dHLX MH the tags are myc-tag and
oxHis, respectively.

F Microexpression of HuCAL GOLD® Fab Antibodies in E. coli

Chioramphenicol-resistant single colounies obtained after subcloning of the selected Fabs
into the pMORPH"X9 Fab dHLX MH expression vector are used to inoculate the wells of a
sterile 96~-well microtiter plate containing 100 pul 2xYT-CG medium per well and grown
overnight at 37 °C. 5 pl of cach E. coli TG-1 culture is transferred to a fresh, sterile 96-well
raicrotiter plate pre-filled with 100 pl 2xYT mediurn supplemented with 34 pg/ml
chloramphenicol and 0.1% glucose per well. The microtiter plates are incubated at 30°C shaking
at 400 rpm on a microplate shaker until the coltures ave slightly tarbid (~2-4 hrs) with an
O Dgoonm of ~0.5.
To these expression plates, 20 pl 2xYT medium supplemented with 34 pg/mi chloramphenicol
and 3 mM IPTG (isopropyl-B-D-thiogalactopyranoside) is added per well (end concentration 0.5
mM IPT(), the microtiter plates are sealed with a gas-permeable tape, and incubated overnight
at 30°C shaking at 400 rpm.

Generation of whole cell lysates (BEL extracts): To each well of the expression plates, 40
pl BEL buffer (2xBBS/ EDTA: 24.7 ¢/l boric acid, IR.7 g NaCl/l, 1.49 g EDTA/, pH 8.0)
containing 2.5 mg/ml lysozyme is added and incubated for 1 hr at 22°C on a microtiter plate
shaker (400 rpm). The BEL extracts arc used for primary screening in the cGMP-assay.

G. Expression of HuCAL GOLD® Fab Antibodies in E. coli and Purification

Exprossion of Fab fragments encoded by pMORPH X9 Fab FH in TG-1 cells arc
carried out in shaker flask cultures using 750 ml of 2xYT medium supplemented with 34 pg/mi
chloramphenicol. Cultures are shaken at 30°C until the ODgopur reached 0.5, Expression is
induced by addition of 8.75 vaM PTG for 20 h at 30°C. Cells are disrupted using lysozyme and
Fab fragments isolated by Ni-NTA chromatography {Qiagen, Hilden, Germany). Protein
concentrations is determined by UV-spectrophotometry [Krebs ef ¢, J. Immunaol. Methods, 254,

67-84 (2001)).
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H. Cloning of HuCAL" Ig(G4
v order to express full length imrounoglobulin (Ig), variable doman fragments of heavy
(VH) and light chains (VL) are subcloned from the pMORPH X9 FH Fab expression vectors

into the pMORPH" h_Ig vector series for human 1gG4.1Pro. Restriction enzymes EcoRL, Mfel,

LA

and Bip! are used for subcloning the VH domain fragment into pMORPH® h_1gG4.1Pro: the
vector backbone s generated by EcoRI/ Bipl digestion and extraction of the 6400 bp fragment
whereas the VH fragment (350 bp) 1s produced by digestion with AMfel and Bipl and subsequent
purification. Vector and insert are ligated via compatible overhangs generated by the ZcoRI and
Mfel digests, respectively, and via the Bipl site. Thereby, both the FcoR1T and the Mel restriction
10 site are destroyed. Subcloning of the VL domain fragment into pMORPH™ h_Igx is performed
via the FcoRY and BsiWI sites, whercas subcloning into pMORPH® h_Ig) is done using FcoRVY
and Hpal.
i Transient Expression and Purification of Human IgG
Fukaryotic HKB11 or HEKZ93 cells are transfected with an equimolar amount of 1gG
15 heavy and light chain expression vector DNA. Cell culture supernatant is harvested from 3 t0 7
days post transfection.  After adjusting the pH of the supernatant to 8.0 and sterile filtration, the
solution is subjected to standard protein A affinity chromatography (rProteinA FF or MabSelect
SURE, GE Healthcare), Buffer exchange is performed to T x Dulbececco’s PBS (pH 7.2,
{nvitrogen) and samples are sterile filtered (0.2 um). Purity of IgG is analyzed under denaturing,
20 reducing conditions in SDS-PAGE or by using Agilent BiocAnalyzer and 1n native state by SE-

HPLC.

Example 4: Methods Used {or the Screening of NPR A-binding Fabs

A. Screening for NPRA binding Fabs by ELISA
23 For some pannings ELISA 1s used as the primary screening method for identifyving for
NPRA-F¢ binding Fabs. NPRA-F¢ is captured in microtiter plates by a goat anti-human IgG. A
nonrelevant Fo fusion protein serves as a negative coutrol to exclude Fabs, which are directed
against the human Fe. Briefly, the capture antibody, Affinity Pure Goat anti human 1gG Fe-
gamma specific (Dianova) at 10 ug/ml in PBS, is coated on Maxisorp” microtiter plates (Nunc)

36 overnight at 4 °C. On the following day, the wells are blocked for 1 hour with MPBST (PBS/

0.05 Y% Tween 20/ 5 % muk powder) on a microplate shaker. NPRA-ECD-Fc containing cell
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supernatant is added and incubated for 1 hour at room temperature. The weils of the microtiter
plate are then washed three timaes with PBST (PBS/ 0.05 % Tween 20). If required, a mixiure of
150 nM ANP /300 nM BNP is added and the plates are incubated and washed with PBST. Then
HuCAL™ Fab antibodics are added to the wells and incubated for 1 hour at roor teraperature,
For detection of the primary antibodies, alkaline phosphatase (AP}-conjugated AffiniPure
F(ab")2 fragment, goat anti-hurnan IgG (Dianova, 109-055-097) 15 applied. For the
development of AP-conjugates, the fluorogenic substrate AttoPhos (Roche) i3 used according to
the instructions of the manufacturer. The plates are read in an ELISA-reader (Tecan).

B Screening for NPRA binding Fabs by FACS

HEK WNPRA cells are detached with Accutase (PAA Laboratories GmbH, Cat. No. L11-
007, Austria), harvesied by centrifugation (900 rpm, 4 minutes) and resuspended i FACS buffer
(PBS/ 3% FCS /.02 % NaN3} to a final concentration of 10° cells/ml. 100 ul of the cell
suspension 18 transferred to cach well of a 96 round bottom plate (TC Microwell 96U, , Nune).
(Cells are pelleted (2000 rpm, 5 min, 4 °C), and resuspended in 100 pl of FACS buffer with or
without 100 nM ANP and incubated on ice for 30 min. Cells are washed in 150 ul of FACS
buffer, pelleted and resuspended wn 50 pl of the solution contaiming the primary antibody
comprising a BEL extract of Fabs, a diluted BEL extract or purified antibody diluted in FACS
buffer and ncubated on ice for 30 min.  Cells are washed again 1o FACS buffer and resuspended
in 50 ul of FACS buffer containing the secondary antibody (R-Phycoerythrin-conjugated
Aftipurc F(ab’}), Fragment Goat Anti-Human IgG, Dianova) and incubated on 1ce for 45 min.
Cells are washed twice with FACS buffer and resuspended in 200 ul of FACS buffer for analysis
in the FACS Array (BD Biosciences),

C. Screening for Agonistic or Potentiating Fabs in the HEK NPRA «GMP Assay

The activation of NPRA results in generation of ¢cGMP, the amount of which is
determined using the HitHunter " ¢GMP Assay Kit (DiscoverX, Fremont, CA), The assay buffer
used is PBS /0.1 % BSA /25 mM HEPES containing | mM of the phosphodiesterase mhibitor
3-tsobutyl-1T-methylxanthine (IBMX, Sigma). The assay is performed according to the protocol.
For a standard curve 10-fold dilutions of ¢cGMP between 4 pM and 4 uM are used. Fabs are
screencd in the dHL X -format as BEL lysates, micropurified Fabs or large scale purifications.
The screening is performed in presence or absence of a suboptimal concentration of ANP (final

concentration in assay 40 pM), which does not clicit a ¢cGMP response on its own.
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For the screening assay, ANP is diluted in assay buffer to a concentration of 160 pM and
7.5 ul of this solution was pipetted imto the wells of a 96 round bottom well plate (TC Microwell
961, Nunc). Then 7.5 ul of Fab is added. NPRA-transfected HEK cells are harvested, washed
and resuspended in assay buffer to a final concentration of 3.3 x 10° colls per mb. 15 pl of the coll

-~

suspension is added to the wells and the plate is incubated for 15 nun at 37 °C. Then the cells are
lysed by adding 20 pl of lysis buffer and anti cGMP antibody reagent {mixed 1:1}, Immediately
afterwards 20 pl of ED reagent 1s added and the plate 1s incubated for 1 h at room temaperature.
Then 20 pl of EA reagent is added and the plate 1s incubated for another 30 min. During that
incubation the samples are transferred to a plate suitable for determnation of luminescence

{OptiPlate-96, Perkin Elmer}. Then 30 pl of substrate solution {Galacton Star : Emerald 11 :

Substrate Diluent 1:5:19) 15 added. Luminescence is measured in a TECAN reader after 210 3 h,

Example 5: Identification of a Human NPRA-specific Antibody

A. {nitial Pannings.

The initial two pannings are whole cell pannings performed on NPRA-transfected HEK-
cells with postadsorption on untransfected HEK-cells. One of the pannings 1s performed with
conventional acidic elution, in the other panning the NPRA ligands ANP and BNP are added in
order to displace the potential binding Fab on the autigen aud thus elute the correspounding phage.
From each panning 1140 candidates are screened in ELISA for NPRA-ECD-Fc binding and 276
candidates arc screened in FACS for specific hinding to NPRA-transfected cells. No spectfic
Fabs are found in either screen.

Solid phase pannings are performed on tmmobilized NPRA-ECD-Fe and an alternating
panning against NPRA. The Fabs are subcloned into the pMx9 FH vector, The primary
screening is performed via ELISA against NPRA-ECD-Fe. Out of 1532 Fabs tested, 123 show
specific binding to NPRA-ECD. Fabs that bind to Fe or to the capture antibody are excluded
after detection by an ELISA against a captured control Fe-protein. The secondary screening
consists of a FACS scan looking for binding to NPRA-transfected HEK-cells.

Out of 123 primary hits 49 show at least weak binding (threshold 2-fold over
background). These 49 clonces are sequenced and 6 unique sequences were wentified, However,
these Fabs do not show agonistic or potentiating activity in the cGMP assay, either in the

absence of ligand or in presence of suboptimal concentrations of ANP,
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With the intention of generating antibodies against the active conformation of the NPRA
recepior, the activating higands ANP and BNP are added during the a series of solid phase
pannings on NPRA-ECD-Fe as well as on an alternating panning on NPRA cxpressing cells.

The selected Fab pool 1s subcloned into the pMx9 dHLX MH vector. The primary
screening is done via ELISA against NPRA-ECD-Fc in presence of ANP. Out of 1528 Fabs
tested, 299 show specific binding to NPRA-ECD in presence of ANP. Fabs that bind to Fe-
protein or the capture antibody are detected by an ELISA against a captured control Fe-protein
and excluded. 177 of the 198 hits derived from the alternating panning are also tested for
binding to NPR A-transfected HEK cells in FACS. 175 of these show specific binding. The
secondary screening is performed via cGMP assay performed in presence of suboptimal
concentration of ANP (40 pM) in order to allow tor the detection of Fabs which would not elicit
cGMP response on thetr own, but would elevate ANP-elicited response.

ANP at 40 pM on its own does not stimulate a detectable ¢GMP response in the assay,
BEL extracts of the Fabs were used. (Of the 209 ELISA hits 279 are tested in the cGMP assay.
None of them show significant agonistic activity, but 69 Fabs which showed a slightly elevated
activity are chosen for further investigation afler micropurification. Micropurification 18
preterred, because it yiclds a higher Fab-concentration and because some tests show that BEL-
bufter inhibits the assay to some extent, Of the 69 Fabs 9 are chosen for further imvestigation
based on elevated ¢cGMP response. For 4 out of 9 significant elevation of cGMP levels are
confirmed. These clones are sequenced and proven to be identical. The Fab identified 1s given
the name 5064,

B. Characterization of HuCal Gold selected Fabs.

Several non-agonistic Fabs against NPRA when selected and converted to the IgGl
format bind to HEK hNPRA cells with EC50s between 10 and 20 nM with different saturation
ievels, However, none of these binders, in a2 monovalent (Fab) or bivalent (Fab~-dHLX) format,
display agonistic or potentiating activity in absence or presence of suboptimal concentrations of
ANP. These antibodies are not investigated further,

In coutrast, the binder 5064, in both the monovalent (Fab) and bivalent (Fab-dHLX)
formats show specific and concentration dependent binding to NPRA transfocted HEK293 cells
only in the presence of ANP or BNP, 1.e. this binder specifically recognizes the receptor-ligand

complex (Fig. 1}. Fab-dHLX shows stronger binding than the Fab mdicating increased avidity
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due to bivalency. Both monovalent and bivalent 5064 reveal stronger binding to the ANP bound
recepior compared to BNP bound receptor, which may be related to the higher affinity of ANP
for NPRA. Titration of 5064 Fab, Fab-dHL X and {gG1 over a broader concentration range
allows an cstimation of ECS50 values for cell binding. 5064 Fab displays an EC50 of at least ~100
nM and ~300 oM on ANP and BNF bound HEK NPRA cells, respectively. The corresponding
bivalent antibody formats, Fab-dHLX and IgGl, exhibited about 50 to 100-fold stronger binding
than the Fab (Fig. 2A-2C).

To further assess the specificity of the binder 5064, binding studics with recombinant
NPRA-Fc are performed. As previously observed with cellular NPRA, the antibody 18 able to
bind NPRA-Fc only when it was loaded with the ligands ANP or BNP (Fig. 3}. Since it may be
possible that 5064 binds only to the peptide Higands and not to the receptor, binding of the
antibody to the free ligand is investigated. To this end biotin-labeled ANP is conjugated to
Streptavidin beads and binding of antibodies 1s determined. While a positive control antibody
against ANP shows significant binding, 5064 Fab-dHLX shows absolutely no binding (Fig. 4).
{n another experiment 5064 Fab is pre-incubated with an excess of ANP in solution before being
added to HEK NPRA cells loaded with ANP (Fig. 5). In this setting competition with excess
ANP has no effect on binding of 5064 to the ANP-NPRA complex. Taken together, these
findings show that 5064 specifically recognizes the activated ligand-receplor coruplex, but does
1ot interact with etther receptor or natriurctic peptides alone.

The etfects of 5064 on the guanylyl cyclase activity of NPRA 1s evaluated by incubating
the binder tn the Fab-dHLX format with HEK NPRA cells in the absence or presence of 40 pM
ANP and measuring NPRA dependent production of cGMP. In the absence of ANP, the cGMP
response was not increased above baseline at concentrations of 5064 up to 100 pg/mi (~960 nM}.
{n presence of 40 pM ANP a minimal ¢cGMP signal is observed with or without negative control
Fab-dHLX. However in presence of 40 pM ANP and 5064 Fab~-dHLX at concentrations above
50 pg/ml (~450 nM) the cGMP level is significantly elevated (Fig. 6). A similar effect is
observed when 5064 Fab, Fab~-dHLX and IgG1 are tested at various concentrations in presence
of 40 nM BNP, which 13 insufficient to induce cGMP on its own (Fig. 7). 5064 Ig( enhances the
NPRA dependent cGMP production at concentrations between 10 and 100 oM, it was followed

by Fab-dHLX, which increases the cGMP signal at concentrations above 100 nM. The
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monovalent Fab showed the weakest effect, which could only be observed at the highest
concentration of 400 nM.

To further assess the effects of 5064 on the potency of ANP and BNP in the activation of
NPRA, 20 ug/mal of 5064 or a negative control Fab or Fab-dHLX 1s added to HEK NPRA cells
in the presence of increasing concentrations of ANP or BNP and ¢cGMP production is measured.
In the presence of etther 5064 Fab or Fab-dHLX the potency of ANP and BNP 1s increased by 2
to 3~fold as seen by a shift of the dose~response curves to the left (Fig. 8A and Fig. 8B). 5064
potentiates ANP and BNP-mediated NPRA activation only at submaximal concentrations of
natriuretic peptides. No further fucrease in ¢GMP production is observed at saturating higand
icvels. 5064 uniguely cnhances the NPRA dependent cGMP response to natriuretic peptides.
Other HuCAL™ antibodies that are selected for their ability to bind to NPRA either have no

effect on cGMP production or tnhibit it (Figure 10},

Example 6: Optimization of the anti-NPRA Binder 5064 Throush Affinity Maturation

Altogether these data support the hypothesis that 5064 is able to bind and stabilize the
activated NPRA receptor and thereby enhance the activity of natriuretic peptides.  However,
5064 is the only binder, which shows this activity. Since this binder only has moderate affinity in
the monovalent format (ECSO approx. 160 nM), the affinity of this binder 13 Rurther optimized in
order to potentially increase its biological activity.

A. Generation of Affinity Maturation Libraries

To increase the affinity and biological activity of the anti-NPRA 5064 Fab, L-CDR3 and
HCDRZ regions are optimized in parallel by cassette mutagenesis using trinucleotide directed
mutagenesis (Virnekds et al, 1994}, while the framework regions are kept constant. Prior to
cloning for affinity maturation, the parental Fab fragment is transferred from the corresponding
expression vector (pMORPH X9 FH) iuto the CysDisplay™ vector pMORPH"25 LHC via
Xbal/EcoRL pMORPH25 LHC is created from the HuCAL GOLD" display vector
pMORPH"23 LHC by removal of one BssHIT site interfering with library cloning for H-CDR2
optimization. For optimizing L-CDR3 the L-CDR3 and the constant region of the light chains of
the parcntal Fab are removed by Bbsl/Sphi and replaced by a repertoire of diversified L-CDR3s
together with the constant domain. In a second library the H-CDR2 (Xhol/Bss#il} is diversified,

while the connecting framework regions are kept constant. In order to monitor the cloning
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efficiency the parental H-CDR2 is replaced by a dummy, before the diversified H-CDR2 cassette
is cloned 10, Ligation mixtures of the two different libraries are electroporated in £, cofi TOPIOF
cells (Invitrogen, Carlsbad, CA, USA} vielding from 5 x 10" to 8 x 10° independent colonies.
This library size ensured coverage of the theoretical diversity, Amplification of the library is
performed as described before (Rauchenberger et al., 2003). For quality control single clones are
randomly picked and sequenced (SequiScerve, Vaterstetten, Germany).

5. Whole Cell Panning against NPRA-HEK cells

The phage derived from the above maturation libraries (HCDR2 and LCDR3 maturation
respectively) are individually subjected to 3 rounds of whole cell panning on NPR A-~transected
HEK-cells. Three different conditions are applied: Condition | is a whole cell panning in
presence of ANP/BNP. Condition 2 1s a2 whole cell panning in presence of ANP/BNP with
competition by parental binder 5064, Condition 3 1s a whole cell panning in absence of
ANP/BNP. Thus 6 whole cell pannings are performed.

All steps are carried out at 4 °C. After detachmen t with Accutase (PAA Laboratories,
L11-007) celis are counted, harvested and adjusted to 5 x | 0" cells per panning for the 1™ round.
For the 2nd round 1 x 10° cells per panning are used and for 3vd round 5 x 10° cells per panning,
The cells are resuspended in 1.5 mi of blocking buffer (PBS /5 % FCS/ 0.05 % NaN;) and
incubated for 30 vain on a rotator. For panning conditions 1 and 2 ANP apd BNP are added to a
final concentration of 100 nM cach in this incubation step. The cells are harvested by
centrifugation (2 min, 2000 rpm} and resuspended carclully in the solution containing the pre-
blocked phage. Before that step, 83 ul of phage (corresponding to 5.1 x 10" for HCDR2 matured
library and 9.8 x 10" for LCDR3 matured library) per panning has been pre-blocked by mixing
with 917 ul of blocking buffer and incubated for 2 h on a rotator, During the incubation of cells
with pre-blocked phage ANF and BNP arc added to a final concentration of 100 nM cach for
counditions | and 2.

For condition 2 the parental Fab 5064 is added to a final concentration of 200 nM, but
only after cells and phage had already been incubated for 1.5 h. For all conditions the total time
of incubation is 2 b. Then cells are harvested by centrifugation {2 min, 2000 rpm) and
nonspecifically bound phage are washed off by incubation with 1.5 mi of blocking buffer on a
rotator. The washing steps are performed as follows: 5 x 10 min in the Istround, 5 x 20 min in

the 2nd round and 6 x 20 min in the 3rd round. For condition 2 parental Fab 5064 s added to a
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final concentration of 200 nM in cach washing step. Specifically bound phage are chuted from
cells and subsequent steps are carnied out as described above.

. Panning against NPRA-F¢ captured on beads

Three different conditions arc applied: Condition 1 and 2 are pannings in presence of 30
ndM ANP and BNP each. Condition 3 is a panning in absence of ligands. The antigen
concentration is varied depending on the panning condition by using a different amount of
NPRA-Fe-coated beads or by using different dilutions of the NPRA-ECD-Fe containing cell
supernatant. All plastic tubes used are pre-blocked by filling with 1.5 ml of PBS/ 5 % BSA and
incubating them overmght at 4 °C on a rotator,

The NFRA-Fe protein is captured on Dynabeads” (electromagnetic M-280 Streptavidin
beads, 10 mg/ml, Dynal) via a biotinylated anti-Fe antibody (mouse anti-human Fe, Chemicon,
#CBL102Z, biotinvlated in PC-group). Between incubation steps the beads are washed with 1.5 ml
of Bv buffer (PBS/ 0.05 % BSA /0.02 % Tween) and then harvesied using a magnet.

The beads are prepared as follows: 60 pl of beads are mixed with 1437 ul of Bv-buffer
and with 2.05 ul of biotinylated CBL 102 and the mixture is incubated for 30 minat22°Cona
rotator. The beads are washed, 1.5 mi of the NPRA-ECD-Fc containing cell supernatant is added
and the mixture is incubated for 90 min at 22 °C on a rotator, Then the beads are washed again,
resuspended 1o 1 mil of By buffer and then sphit into 2 fresh tubes, each contamning 0.5 mi of the
NPRA-F¢ coated beads in suspension. In one tube ANP and BNP are added to a final
concentration of 30 nM cach and both tubes are incubated for 30 min at 22 °C on 4 rotator. Both
samples are washed agatn in By buffer and resuspended in 8.75 ml of Bv buffer. Then the beads
are ready to use. The beads are coated fresh for each round of the panning.

Simultaneously to coating the beads, %3 ul of phage (corresponding to 5.1 x 10" for
HCDR2 matured library and 9.8 x 10" for LCDR3 matured library) per panning are pre-blocked
by mixing with 5 pl of Ig Serum mouse (Mouse Gamma Globuhin, Diavova, 815-000-002) and
712 ul of PBS/ 6.05 % Tween / 5% BSA and incubating for 2 h on a rotator.

The beads treated with ANP and BNP are used for panning condition 1 and 2. The beads
without ligands are used for panuning condition 3. For the 1st round 200 pl of the beads “ready to
use” preparation are used.

For selection, 200 pl of beads {1st round) are mixed with 800 ul of blocked phage and

incubated for 2 h on a rotator. The washing steps are as follows: 5 x quick wash in PBS / 0.05 %
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Tween, 3 x 15 min in PBS / 0.05 % Tween on a rotator, 4 x quick in PBS and 3 x 5 min in PBS
on a rotator. Afler washing the beads ave traunsferred into a fresh tube.

For clution, beads are harvested and resuspended in 300 pl of 20 mM DTT in 10 mM Tris
/HCL, pH 8.0 and incubated for 10 min, Then the beads are harvested and the phage containing
supernatant is used to infect E. coli TG as described above.

In order to identify Fab clones with improved binding to cell-bound NPRA after atfinity
raaturation, a modified FACS screceming procedure 18 used: BEL extracts (whole cell lysates) of
Fab-expressing bacterial clones are screened for specific cell binding via FACS. BEL extracts
are diluted 1:50 m FACS buffer and used for FACS screening according to standard protocol.
The dilution is chosen, because at that concentration binding of the parental Fab s barely
detectable. Clones displaying FACS signals significantly above values obtained for the parental
controls are picked for further characterization.

D Characrerization of Affinity Matured Fabs

From both pannings on cells and NPRA-Fc protein more than one hundred hits are
identified and 94 of these binders are micro-purified and further analyzed in cell binding and
cGMP assays. Cut of the 94 Fabs, 21 show superior performance 1o cell binding and/or the
cGMP assay. Sequencing of these 21 binders reveals 14 unique clones, which are purified.

Three of the 14 Fabs are derived from the cell panmings and 11 are selected 1o pannings
on NPRA-Fc, Nine Fabs are H-CDR2 matured and five Fabs are L-CDR3 optimized. Al of them
are derived from pannings done in presence of ANP.

Fourteen selected Fabs punified tn mg-scale are analyzed in cell binding and ¢cGMP
assays., The Fabs are tested at various concentrations for binding to HEK NPRA cells loaded
with 100 nM ANP (Fig, 18A}. In this study Fab 5504 displays the strongest binding followed by
Fabs 5502, 5507, 5513, 5514 with shightly weaker affinitics but still in the low nanomolar range..
Interestingly, the five L-CDR3 matured Fabs show the strongest binding to haman NPRA
transfected cells, whereas the H-CDR2 matured Fabs in most cases display weaker binding.

The potentiating activity of the Fabs is assessed by measuting ¢cGMP production in HEK
NFRA cells in the presence of a suboptimal concentration (400 pM) of ANP (Fig, 11}, This
ligand concentration is sufficient to induce a significant but not a full cGMP response on its own.
As compared to the negative control Fab 3207, the parental Fab 5064 displays a slightly

increased cGMP signal. At least some of the matured Fabs (5502, 5504, 5507, 5511, 5513, 5514
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appear to induce higher cGMP levels than 5064 under these experimental conditions. Based on
cell binding data and the avalysis of the cGMP response the L-CDR3 matured Fabs 5502, 5504,
5507, 5513, 5514 and the H-CDRZ matured Fab 5511 are analyzed in more detail.

In this study increasing concentrations of ANP s added to HEK NPRA cells in the
presence of 400 nM of the selected Fabs and ¢cGMP production is monttored (Fig, 12A). As seen
previously the parcntal Fab 5064 decreases the EC30 of ANP from 3 nM (in presence of negative
control Fab) to 1 oM. Two of the matured Fabs, 5502 and 5504, are able o shift the ECS0 of
ANP further down to 0.3 M and thus enhance the potency of ANP by a factor of 10. Three other
matured Fabs, 3547, 5513, 5514, display intermediate activities resulting in EC50 vahues of 0.5-
0.6 oM for ANP. The impact of the Fabs on the dose-response of BNP is also analyzed.
Although the effect s less pronounced as for ANP, the matured Fabs clearly enhance the potency
of BNP. While the parental Fab decreases the EC50 of BNP ounly 2- fold, the matured Fabs show
a 5-fold decrease down to 18 nM for Fab 3504 compared with an ECS0 of 90 nM in presence of
negative contro} Fab (Fig. 12B).

Altogether, the data provide evidence that affinity maturation of 5064 results in clevated
binding of the resulting Fabs to the NPRA-ligand comaplex as well as in mcreased potentiation of
ANP and BNP dependent ¢GMP production in NPRA overexpressing cells.

The binders 3502, 5503, 5504, 5507, 5508, 3511, 5513, 5514 are converted into the
{gG4-Pro format. The Ig(G4 subtype is chosen to minimize effector function of the resulting
antibodies and the proline 228 to serine mutation 18 introduced to abrogate Fab arm cxchange
{van der Neut Kolfschoten, et al Science 317:1554, 2007). The most promising candidates are
those that have alterations in the light chain (5502, 5504, 5507, 5513, 3514). The Light chains of
these 1gGs are cross combined with the heavy chain of matured fgG 5511, because the 5511 Fab
had shown some increased activity compared to the parental 5064 in cGMP assay (Fig. 11}

The atfinity moatured and cross corabined 1gG4 Pro astibodies are analyzed at various
concentrations by FACS for binding to HEK NPRA loaded with 100 sM ANP (Fig 13A and
Fig. 13B). While the parenial IgG4 Pro 5364 shows half~maximal binding at a concentration of
1.6 oM, the matured antibodies displayed increased binding with ECS50 values down to 0.5 oM,
most likely at the sensitivity limit of the assay.

The selected IgG4 Pro antibodies are also analyzed for their capacity to increase the

potency of ANP and BNP in the cGMP assay. A fixed concentration of 200 nM of antibody is
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applied with various concentrations of ANF or BNP to HEK NPRA cells. Figures 14A and 14B
and 15A and 158 show representative ¢GMP assays, The matured antibodies further potentiate
ANP and BNP dependent cGMP production as compared to the parental antibody 5064, 5502,
5504, 5591 and 5592 induce the largest shift with up to a 10-fold mcrease i the potency of
ANP.

To determine whether the profiled antibodies are sclective for NPRA, binding to the
related natriuretic peptide receptors NPRB aund NPRC 15 asseased by FACS, While the matared
{Fig. 16A) and cross combined (Fig 16B) antibodies bind to HEK NPRA cells incubated with
ANP, no binding is observed to HEK NPRB cells in the presence or absence of its ligand CNP.
Similarly no binding is seen to HEK NPRC cells in the presence or absence of ANP or BNP

{(Fig. 17).

Example 7: Determunation of Antibody Binding Affinity to NPRA - Natriuretic Peptide Complexes

A. Binding Affinity Determination by Quantitative FACS Analysis

The binding affinity of selected antibodies to NPRA complexed to it peptide ligands is
quantitated otilizing several diffevent technologies. In one assay, the binding to HEK NPRA cells in
the presence of 100 nM ANP is evaluated by FACS analysis as outlined above. The parental
Ig(G4 Pro 5064 shows half~maximal binding at a concentration of 1.6 nM while the matured and
cross combined antibodies display increased binding with ECs; values in the nM range. However

these values are thought to be at the limits of this assay.

Table 1: FACS analysis of the binding of 1gG4 Pro antibodics to HEK NPRA cells in the presence
of 160 nM ANP

Antibody {gG4 Pro B, (nM}
5064 108+ 013
5502 46840268
5504 $.56+0.15
5592 0.52 £ 004
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B. Binding Affinity Determination by Surface Plasmon Resonance (Biacore)

v another assay, the purified huoman NPRA-Fc¢ fusion protein construct 1s used to
develop a surface plasmon resonance (BiAcore) assay for determining affinity and kinetic
constants for the antibodies. NPRA-F¢ in 16 mM sodium acetate butter, pH 5.5 18 immobilized
ot a CMS5 chip in a Biacore 3000 instrument {GE Healthcare, Biacore, Inc.} through amine
coupling at a density of 1000 RU. Increasing concentrations of anti-NPRA antibodies ranging
from 0.5 to 7 nM in 10 mM HEPES, pH 7.4, 150 oM Na(l supplernented with 100 oM buman
ANP, BNP or urodilatin 1s injected in the flow cell at a flow rate of 20 pl/nun for 10 minutes
followed by a 15 minute dissociation period. The collected association and dissociation data
from each experument is globally fitted with the association (k,} and dissociation (kg) rates fit
simultancously. Summarized in the tables below, the kinctic binding data demonstrate that the
interactions are of high atfinity, in the rauge of 10 pM ~ 200 pM and that the antibodies bind to
NFRA in the presence of all three of its natural ligands. The candidates have higher affinity in
the presence of ANP than in the presence of BNP and urodilatin, Anti-NPRA 5592 has higher
affinity than 5502 and 5592 in the presence of ANP, BNP or urodilatin. The data fitto a 1:1
binding model which suggests that one bivalent antibody binds to a single dimeric NPRA
extracellular domain. 5591 and 5592 Fabs bind to NPRA-Fc in the presence of ANP with lower

affinity and also with a 1.1 stoichiometry.

Table 2A: Affinity and kinetic data of surface plasmon resonance analysis of interaction between
Fabs or IgGs with NPRA-Fc¢ in the presence of ANP

Fabs or IgGs Ky (pM) k, (1/Mg) kg {1/8)
5591 Fab 1160 8.84¢5 1.03e-3
5592 Fab 426 8.68e5 3.69e-4
5502 1gG 172 1.65¢6 2.83¢-4
5591 1gG 27.5 3.88¢6 1.07¢-4
5592 1gG 11.0 9.59e6 1.06e-4
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Table 2B: Affinity and kinetic data of surface plasmon resonance analysis of interaction between
1gGa and NPRA-F¢ in the presence of BNP

12Gs K (pM) K (1/M3) ke (178)
5502 413 1.36e6 5.630-4
5591 380 2.6966 1.02e-3
5592 45.9 7.42¢6 3 40c-4

Table 2C: Affinity and kinetic data of surface plasmon resonance analysis of interaction between
1gGs and NPRA-Fc in the presence of urodilatin

IgGs Ky (pM} ky (1/Ms) kg (1/8)

3502 211 2.12e6 4.48¢-4

5591 92.8 2.56¢6 2.38¢-4

5592 251 3.96¢6 9.94¢-5
C. Binding affinity determination by KinExA

To confirm the anti-NPRA antibody affintty to cell-associated full fength NPRA, a whole
cell binding assay is done employing the KinExA technology. HEK NPRA cells ranging in
concentration from 2 X 107 cefls/ml t0 9.7 x 10° cells/ml in cold Hank’s Balanced Sait Solution
with 0.5% bovine serum albumin are incubated in the presence of 1 nM ANP and either 75 or
200 pM 5591 1gG for 1 hour at 4°C. The cells are pelleted and the supernatants are loaded into
the KinExA instrument {Sapidyne Instruments) where free 12G is captured on beads using mouse
anti-human kappa hight chain (Southern Biotech) and quantitated using goat anti-human IgG
couple with Alexa Fluor 647 (Invitrogen). Using this methodology, the apparent Kd for 5591
antibody binding is determined to be 590 pM (Fig. 18). This value is about 20-fold higher that
the Kg obtained though surface plasmon resonance binding to the NPRA extracellular domain-Fe

fusion protein.
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Example 8 Antibodyv Potentiation of NPRA Mediated ¢cGMP Responses

The binding of peptide ligand to NPRA results in the activation of the guanylyl cyclase
activity associated with this receptor. The effects of the antibodies on the production of cGMP
in response to ligand are measured in HEK NPRA cells i suspension. The cells are incubated
for 15 minutes in the presence of 10 ug/mi of the NPRA specific igG_Pro antibodies or the

~
i/
i

control 3207 antibody, and tnereasing concentrations of ANP or BNP. ¢GMP levels are
quaniitated using a competitive immmunoassay with a luminescent readout (HitHunter kit,
DhscoverX, Fremont, CA}). cGMP production dose response curves are generated with a four
parameter logistic equation fitted using the Levenburg Marquardt algorithm in XLfit 4.2 data
analysis software (1D Business Solutions, Lid., Guildford, UK} and ECses are calculated. Fold
shifts in an ECsq represents the ratio between the EC50 generated in the presence of an anti-
NPRA antibody and that generated in the presence of an equal concentration of the control
antibody 3207.

5502, 5591 and 5592 reproducibly shift the ANP or BNP dose response curves to the left
as Ulustrated in Fig. 14 and 15, The magnitude of the shifts are enumerated in Table 3 and range
from a maximur of 7-fold for ANP to 44-fold for BNP. The ranges are reflective of individual
experiments with at least 3 expeniments done under cach condition. The jucreased fold shifis
observed in the presence of the antibodies upon activation of NPRA with BNP presumably

results from the weaker affinity of this NPRA peptide ligand.

Table 3: Potentiation of Antibody mediated ¢cGMP responses it ANP or BNP treated HEK
NPRA cells

igGs Shift in ANP ECsg Shift in BNP ECs
5502 5-7 fold 15-19 fold
5591 3-6 fold 15-16 fold
5502 3-5 fold 31-44 fold

The effects of the antibodies are most notable at the sub~optimal levels of natriuretic
peptide which, being n the low pM range, are counsistent with the concentrations of ANP and
BNP gbserved in patients with heart failure. Shifts of similar magnitude are seen in ANP treated

HelLa cells which cxpress NPRA endogenously.
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In order to measure the biclogical potency of the antibodies, these reagents are incubated
with HEK NPRA cells in the presence of a sub-optirnal coucentration of ANP (200 pm) and
cGMP production is monitored. The antibodies are dose responsive with ECsy values around 1

nM and about 10 fold more potent than the parental antibody 5064 (Table 4).

Table 4: Titration of the anti-NPRA antibodies on HEK NPRA cells in the presence of 200 pM

ANP
1gGs CGMP ECs, (nM)
5364 121
5362 2.1
5504 1.2
55391 0.5
5592 1.0

Example 9: Prolongation of NPR A-mediated ¢GMP responses by 5591

in addition to enhancing activation of the receptor at low ligand concentrations, the anti-
NPRA antibodies also appear to extend the timeframe of receptor signaling. This is
demonstrated by monitoring the kinetics of NPRA-~dependent cGMP production m HEK NPRA
cells {Fig. 19). The cells are incubated with either a sub-optimal (200 pM) or an excess {1 uM)
concentration of ANP in the absence or presence of 10 pg/mi 5591 and cGMP production is
measured over time as detailed above.

At sub-optiroal {evels of ANP, 3591 progressively enhances ¢cGMP production over the 2
hour time frame of this experiment. In the presence of a high concentration of ANP, where it
would be predicted that the receptor would already be maximally activated, the antibody has no

effect,

Example 10: Antibodv Binding Stabilizes the Receptor Ligand Complex

In order to directly monitor the effects of the antibodies on the mteraction of a natriurctic
peptide with its receptor, the binding of radiolabeled ANP to HEK NPRA cells is examined. 100
ul of HEK NPRA cells at 2 x 10° celis/ml in DMEM (Invitrogen-Gibeo} with 0.1% bovine serum
albumin (Sigma-Aldrich) are added to each well of Multiscreen HTS FC 1.2 mm G1 96 well
plates (Millipore Corporation, Billerica, MA) coated with 0.2 % polyethylemmine (Sigma-

Aldrich). 5502, 5504, the parental antibody 5864 or the control antibody 3207 1s added at a final
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concentration of 10 ug/ml. 100 ul/well of various concentrations of I ANP (GE Healthcare
Bio-Sciences, Piscataway, NJ) is then added to the appropriate wells and the plates are incubated
at room temperature on an orbital shaker for two howrs. The cells are washed four times with
260 pl/well of cold DMEM with 0.1% BSA using a vacuum manifold, followed by a single wash
with PBS supplemented with 25 mM HEPES, and 6.1% BSA. The plates are air dried
overnight, the bottom each plate 1s sealed with an opague white plate sealer, and 30 ul. of
Microscint 40 1s added to cach well, The top of the plates are sealed with TopCount Plate
Sealers and they are read in a TopCount microplate scintillation counter (Perkin Elmer). Non-
specific binding is assessed by incubating the cells with 2T ANP in the presence of a 200 fold
excess of cold ANP.

Initial studies reveal that this class of antibodies significantly enhanced the binding of
S-ANP to HEK NPRA cells as compared to the contro] antibody 3207 (Fig. 20). The euhanced
binding is evident cven at concentrations of ANP below 200 pM (within the range of ANP levels
observed in heart failure patients). One possible explanation for the observed increased "2 I-ANP
binding seen is that the antibodies slow the release of ANP from the receptor. In order fo test
this hypothesis, 1 x 10° HEK NPRA cells/mi are incubated with 100 nM "I ANP in the
presence of 10 pg/ml anti-NPRA or control antibody for 2 hours at 4°C to form complexes. A
2800 fold excess of cold ANP is then added, and 100 pl samples are transferred to wells ina
filter plate over time and cel associated radioactivity is quantitated as outlined above. In the
presence of the control antibody 3207 the off-rate of ANP is so rapid that it 1s difficult to capture
even at the zero time point {(Fig 21} However 5502, 5504, 5591 and 5592, significantly slow the
release of ANP from the roceptor. The parental antibody 5064 1s less etfective than the matured
aund cross~combined antibodies.  These data are cousisient with a model in which the autibody
binds to and stabilizes the ligand-bound confirmation of the NPRA and sustains and enhances

signaling though this receptor.

Example 11: Epttope Mapping by Hydrogen/Deuterium Mass Spectrometry (HXMS)

fn order to identify the antibody binding site on the extracellular domain of NPRA the
techuique of hydrogen/deunteriurn mass spectrometry 1s utilized. This method 1s employed to study
the solvent accessibility of the backbone amide hydrogens in a polypeptide and changes that occur

upon antibody binding. It involves the exposure of NPRA-Fc¢, NPRA-Fc + ANP or NPRA-Fc +
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ANP + 5591 1gG4 Pro to heavy water for various lengths of time. The hydrogen/deuterium
exchange 1s quenched by low pH and temperature and the protein complexes are rapidly degraded
by pepsin and then analyzed by LC/MS to determine the extent of deutertum incorporation into each

peptide.

LA

4. Deuterium Exchange Experiments - Identification of Peptides.

Peptides generated from NPRA- Fe by peptic digestion are identified.  The protein is
digested with pepsin, on ice, for 5 minutes at §°C. The resuliing peptides are subjected to
pHPLC/FTMS analysis, Mobile phase A (99/1/0.1, HO/Acetonitrile/Formic Acid) and Mobile
Phase B (95/5/0.1, H,O/Acetomitride/Formic Acid). Flow rate 15 100 pl main, witha 10 pl
10 injection onto a 150 x Imum HypersitC18 column. (Thermo PN 22105-396). The gradient

program s from 0%B to 100% B at 15 munutes, hold to19 minates.  FTMS spectra (Braker
Apex I, Billerica, MA} are acquired from nvz 400-1800. Four 0.35 sec spectra are accumulated
for cach stored spectrum with a 256 K length, 50,000 resolution. External calibration is
performed by tn source fragmentation of porcine renin substrate. A second run is made under
15 identical conditions with the cxeeption of imcreasing the capillary exit voltage of the mterface
from 83 V to 180 V to produce fragment ions from the eluting peptides and alteration of the m/z
range to 200-2000 and using 512K word acquisition. Data are converted to MassLynx
{Micromass/Waters, Manchester, UK} format for analysis. All spectra are averaged into a single
spectrum. This is subjected 0 analysis by MassLynx MaxENT3 to produce a list of
20 roonoisotopic molecular weights for each deconvoluted component. This list s searched versus
the protein sequence to determine possible peptides without any constraints on the cleavage sites
with the use of a Sppm exvor window. The corresponding spectrum 1s extracted from the high
capitlary exit voltage run. The fragment ions present in the spectrum arc used for comparison 1o

theoretical fragroentation patterus generated by the MassLyunx software.

[\
W

5. Hydrogen/Deuterium Exchange Experiments

NPRA-F¢, NPRA-Fc¢ + ANP or NPRA-F¢, + ANP + 5591-1gG complexes are diluted
1:10 into deuterated SmM NaH,P(Oy buffer at pH 7.0 and allowed to exchange for varying
icngths of time (5, 15, 45, 100, 1000 scconds) at room temperature, Exchange 1s quenched by
lowering the pH and temperature {(adding an equal volume of ice-cold 100mM NaHPQO4, pH
360 2.5). The protein is then digested with pepsin (1:1 for 5 nunutes on ice) and mjected onto a trap

cohumn (Michrom C18) and then a 8.8 x 150 vaw C18 (PepMap C18, LC Packings) columu for
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separation by uHPLC. The flow rate is 30 pul/min with the injector, sample loop, column and
transfer lines placed in an ice bath,

A Bruker Apex H FTMS with ESI 1s eraployed for on line monitoring of the
chromatographic effluent. A 1.1 sec hexapole accunmmulation is performed before ion injection,
excitation and detection {(mvz 350-2000). Two 256k spectra are averaged for cach stored
spectrum, 128 averaged spectra are acquired per run. Resolution 13 55,000 FWHM. An external
calibration with in-source fragment ions of porcine renin substrate 1s performed. The trapping
and excitation values are optimized to reduce variation of mass assignment with ion population.
The hexapole accurmulation has the effect of integrating the EST ions and thus improving the
measurement of relative abundance data. Capillary exit voltage is typically 70 V.

Spectra from cach time point are analyzed. A program entitled ExPro (Poster entitled
“ExchangePro: An Automated High Performance Software Package {or analysis of BDeuteriam
Exchange Mass Spectrometric Data Obtained by FTMS”, presented at the 52nd annual
confercuce of the American Society for Mass Spectrometry) is used to calculate the “average
mass” of the peptide’s molecular ion cluster, by multiplying the mass times the intensity for each
isotope of the cluster and dividing by the total mtensity. The resulting data 18 plotted graphically
for cach peptide, yielding a map of protection for the protein. For all experiments, reported data
is adjusted for the number of exchangeable hydrogens in each peptide; reported value = centroid
/ number of non-proline residues in the peptide voious one. ViewerLie 4.2 (Accelyrs luc.) 18
employed to map results onto the erystal structures.

C. Results

51 peptic peptides {oncompassing amino acids 7-20, 20-27, 20-28, 28-49, 50-56, 57-68,
B1-87, 71-80, 91-95, 86-104, 96-105, 105-113, 109-115, 114-120, 114-121, 121-129, 1306-135,
136-152, 140-151, 140-152, 165-171, 166-170, 172-187, 183-199, 188-198, 199-208, 218-223,
219-223, 235-238, 239-247, 248-269, 258-271, 270-274, 270-276, 270-280, 281-289, 293-301,
310-320, 313-320, 321-326, 326-330, 326-333, 327-332, 327-333, 331-335, 331-346, 347-362,
352-362, 363-374, 374-400, 378-386, 378-387] dertved from the exiracellular domain of NPRA
are followed at sach of 5 tirne points ranging from 5 to 1000 seconds. The differences in
deuterium exchange rates upon ANP and ANP + antibody binding are determined and the
peptides with the most significant changes are mapped outo a homology model of ANP bound to

the extraceliular domain of human NPRA derived from the publicly available crystal structure of
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ligand bound rat NPRA (Ogawa, ot al. (2004} J. Biol. Chem. 27928625 The results from the
binding of 55391 are depicted in Figure 21,

The area shaded in pink (encompassing amino acids 28-87, 96-113, 293-331, 3106-312,
334-335 and 352-362) ropresents strong protection from exchange and that shaded 1 red
{encompassing amino acids 7-28, 121-129, 313-320, 327-333, 347-351} very strong protection.
The arcas shaded n red are represented by an epitope that comprises residues 7-28
(NLTVAVVLPLANTSYPWSWARV) (SEQ D NOG:30), 121-129 (VKDEYALTT) (SEQ ID
NO31)y, 313-320 (TMEDGLYN} (SEQ 1D N(O:32), 327-333 (HDGLLLY ) (SEQ 1D NO:33) and
347-351(VTDGE) (SEQ D NO:34) located in the three dimensional structore of NPRA when
NPRA 1s bound to ANP and/or BNP and the areas shaded in pink represent epitopes that have
peptide sequences 28-87
(VOPAVELALAQVKARPDLLPGWTVRTVLGSSENALGVUSDTAAPLAAVIDLEKWEHNPA
VELY (SEQ ID NO:335), 96-113 (APVGRFTAHWRVPLLTAG) (5EQ 1D NO:36), 293-301
{(PEYLEFLKQ) (SEQ 1D NO:37), 310-312 (ENF), 334-335 (3(}), 352-362 (NITORMWNRSF}
{SEQ 1D NO:38).

All of the chaunges are manifested as decreases in the rate of exchange. The size of the
area of protection (mean 1680 A” for both partners) is in the same range as that reported for other
antibody-antigen pairs. A bimodal distaibution 1s observed 1o peptides protected frora exchange
by antibody binding. Binding to one side of the homodimer is a mechanism consistent with that
obscrvation. Interestingly the area shaded in red corresponds with that altered upon ANP binding
to the receptor and is distant from the binding site of ANP which ts in the interface between the
homodimers,

The sequence of the NPRA-Fc fusion protein is:

DGTSMONLTVAVVLPLANTSYPWSWARVGPAVELALAQVEKARPDLLPGWTVRTVLGS
SENALOGVOSDTAAPLAAVDLEWEHNPAVFLGPGUVY AAAPVGRFTAHWRVPLLTAGA
PALGFGVKDEYALTTRAGPSYAKLGDFVAAL HRRLGWERQATLMLYAYRPGDEEHCFF
LVEGLFMRVRDRLNITVDBHLEFAEDDLSHYTRLLRTMPREKGRVIYICSSPDAFRTEMLLA
LEAGLCGEDYVFFHLDIFGQSLQGGQGPAPRRPWERGDGODVSARQAFQAAKHTYKDP
DNPEYLEFLKQLKHLAYEQFNFTMEDGLVNTIPASFHDGLLLYIQAVTETLAHGGTVTD
GENITOQRMWNRSFOOGVTGY LKIDSSGDBRETDFSLWDMDPENGAFRVVEINYNGTSQELY
AVSGREKLNWPLGYPPPDIPKCGFDNEDPACNQDHLSTLEPIGGGSGGGPSVELFPPRPKD
TLMISRTPEVTCVVVDVSHEDPEVKEFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLT
VIHQDWINGKEYKCKVSNKALPAPIEKTISKAKGQPREPQVYTLPPSRDELTKNQVSLT
CLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLY SKLTVDKSRWQOQGNVESC
SVMHEALHNBHYTOQKSLSLSPVNDERPLESRGPV (SEQ ID N(O:45)

- 80 -
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Exammple 12 Species Cross-Reactivity

fnitial species cross-reactivity studies are performed using HEK cell lines overexpressing
rat, canine and thesus monkey NPRA. The rat 15 a preferred model due to the availability and
widespread use of heart failure models in this species, while the dog is examined due to the
extensive profiling of recombinant BNP 10 this species, The rhesus monkey s also a preferred
raodel based on the availability of sequence wnformation on NPRA aund is high sequence
homology to human. The affinitics of 5591 to ANP-bound cellular NPRA of these various
species are determined using the Kinexa technology. These apparent Ky values are obtained by
globally fitting the data for two antibody concentrations. The data shown below in Table 5
ilhustrate that 5591 binds to NPRA of different specics with pM affinity. The antibody has the

highest affinity against rat NPRA followed by dog, rhesus mounkey and human.

Table 5: Affinity of 5591 to ANF bound NPRA expressed in HEK cells

5591 }\d app (PMj)
ANP
Human NPRA 590
Rat NPRA i3
Canine NPRA Q6
Rhesus NPRA 266

The effects of 5502, 5591 and 5592 on cGMP production in response to species
appropriate ANP and BNP are also assessed and the results are suramarized in Table 6, As with
human NPRA, the antibodies potentiate the ¢GMP production by dog and rhesus monkey NPRA
in response to both ANP and BNP., With regard to rat NPRA, modest potentiation is obscrved
with rat ANP but no shift in the dose response to rat BNP is seen in the presence of the
antibodies. FACS experiments confirm that the antibodics binds to rat NPRA in the presence of

BNP.
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Table 6: Potentiation of Antibody mediated cGMP responses in ANP or BNP treated HEK

NPRA cells
] Rat Dog Rhesus Monkey
gt Fold shift in ECsq Fold shift in ECsg Fold shift in ECsq
ANP BNP ANP BNP ANP BNP
5502 2-3 None 3-5 7-16 2-8 12
5591 3 None 3-4 4-3 2-4 14
5592 5-6 None 1-4 7-10 2-6 16

Example 13: Pharmacokinetics Studies: BELISA for Detection of Antibody in Plasma

A sandwich ELISA 1s developed to determine the concentration of the antibodies i
plasma. The capture antigen is ANP-bound NPRA-Fc fusion protein and the detection antibody
is cither a monoclonal anti-human {gG4 (for monkey plasma samples) or a monoclonal anti-
human kappa chain (for rat and dog plasma samples) conjugated to horseradish peroxidase.
Specifically, 96-well Nunc-Immuno MaxiSorp plates (Thermo Fisher Scientific, Rochester, NY)
are coated overmght with hursan NPRA-F¢ coutaining | nM ANP. The plates are then blocked
with 3% bovine serum albumin (BSA) in phosphate buffered saline (PBS} (BSA/PBS) for | hour
at room temperature. The plates arc then washed three times with PBS contaimng 0.1% Tween
20 (PBST). For generating the standard curve, e.g., 5591 serially dituted 1:3, from 600 ng/ml to
0.09 ng/ral in 0.5 % BSA/PBS with 1 nM ANP 1s added to the plate and incubated for 2 hours at
room temperature. For the test samples, plasma is diluted at least 1:10 in PBS with 1 nM ANP.
After the 2 hour incubation, plates arc washed three times with PBST containing 0.5% BSA. To
detect bound antibody, mouse anti-human IgG4-HRP or roouse anti-haman kappa chain-HRP
0.5% BSA/PBS is added and and the plates are incubated at room temperature for 1 hour. After
the 1 hour incubation, plates are washed three times with PBST coutaining 8.5% BSA. One final
plate wash is done using PBS only. Color is developed by adding ABTS Single Solution for 10-

20 min. Plates are read at 405 nm.

Exampic 14: Sinele Dose IV and 5C Antibody Pharmacokinetics in Ra

buffered saline vehicle. Blood samples are collected from 0-168 hr in K2-EDTA tubes and
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plasma samples were stored at -70°C until analysis. The samples are analyzed by sandwich
ELISA as described above. Pharmacokinetic parameters are summarized 1o Table 7. The
antibody shows low clearance and volume of distribution (Vss) and a terminal haif-life of 5.8
days. The antibody is rapidly and well absorbed after SC dose reaching a peak at about 3 days

post dose and the SC bioavailability is 81%.

Table 7: Pharmacokinetic parameters of 3591 in roale SD rats (N=3) afler single 0.3 mg/kg IV
and 2 mg/kg SC doses.

Route | Dose Clp Vss AUC Cmax (nM) | Tmax Ti/2 MRT F
(mg/kg) {mL/hr/cgy | (mL/kg) {uM.hry (days) {days) {days} (%}

v 0.3 .94+ 0.16 | 165+ 34 22403 5.8+0.1 72403

8C 2.0 1.6+ 1.9 59.94+ 0.2 3.0+0.0 80.8

Example 15: Single Dose IV and SC Pharmacokinetics of Antibody in Dog

5591-1gG is dosed at 0.3 mg/kg TV to male beagle dogs (N=3) in 50 mM acetate/100 mM
arginine/ 50 oM Tris and at the same dose SC in phosphate butfered saline vehicle. Blood
samples are collected from 0-506 hr (3 weeks) in K2-EDTA tubes and plasma samples are stored
at ~70°C wutid analysis, The samples are analyzed by sandwich ELISA as described above.

Pharmacokinetic parameters are summarized in Table 8. The antibody shows low
clearance, low volume of distribution (Vss) approximating blood volume and a terminal half-hife

of 81 hours {~3 days}.

Table 8: Pharmacokinetic parameters of 5591-IgG in male beagle dog {(N=3) after single 0.3
wmg/kg IV and SC doses.

Route | Dose Clp Vss AUC Cmax Tmax §T1/72 {(days) | MRT F
(mg/kgy | {(mbL/Au/key | (mb/kg) {ug.hry (nM) {days) (days) (%)
v 0.3 0.8140.01 | 8415 25402 3.0+0.6 44411
SC 8.3 35407 92468 334 139
1.2

Example 16: Smmgele dose IV and SC Pharmacokinctics of Anubodics in Monkey

5591-1gG 1s dosed at 0.3 mg/kg 1V and 8C to male cynomolgus monkies (N=3} in

phosphate buffered saline vehicle, Blood samples are collected from 0-506 hr (3 woeks) in K2-
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EDTA tubes and plasma samples were stored at -70°C until analysis, The samples are analyzed
by sandwich ELISA as described above.

Pharmacokinetic parameters are summarized in Table 9. The antibody shows fow
clearance, low volume of distribution (Vss) slightly higher than the blood volume of 85-90
mi/kg and a terminal half-life of 203 hr (8.5 days}. The antibody was slowly and well absorbed
atter SC dose reaching a peak at about 3 days post dose and the SC hioavailability was 145% and

the reasons {or greater than 100% bioavailability are currently not known.
fl v

Table9: Pharmacokinetic parameters of BI 655,002 in male cynomolgus monkies (N=3} after
single 0.3 mg/kg IV and SC doses,

Route | Dose Clp Vss {miskg) | AUC {pM.hr) | Cmax (nM) | Tmax T1/2 (daysy | MRT (days) { F (%)
{mg/ke) {(ral/hy/kg} (days)

v 0.3 0.5440.02 143+12.0 3.7£0.2 8.5+ 0.6 10.940.6

8C 0.3 5.4+ 0.5 175518 127406 145

Unless otherwise defined herein, scientific and technical terms used in connection with the
present invention shall have the meanings that are commonly understood by those of ordinary skill
in the art. Further, unless otherwise required by context, singular terms shall inchude plaralities and
plural terms shall include the singular. Generally, nomenclatures used in connection with, and
techuigues of pharmacokinetic analyses, recorabinant DNA methods, peptide and protein
chemistries, nucleic acid chemistry and molecular and cellular biclogy described herein are those
well known and commonly used m the art.

Although the foregoing invention has been deseribed 1 some detail by way of illustration
and example for purposcs of clarity of understanding, it will be readily apparent to those of ordinary
skill 1o the art in hght of the teachings of this invention that certain changes and modifications may
be made thereto without departing from the spirit or scope of the disclosure herein, inchuding the

appended embodiments
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CLAIMS
What we clair is:

1. An isolated antibody or antigen-binding portion thereof that selectively binds to an
extraccllular domain of a manumnalian guanylyl cyclase (fGC) receptor in the presence of a ligand or
an activating protein specific to the mammalian rGC such that the binding of the antibody or antigen
binding portion thereof increases the apparent affinity of the ligand or activating protein for the
raammalian vGC.

2. The isolated antibody or antigen-binding portion thereof according to claim 1,
wherein the mammalian rGC 1s a human vGC,

3. The 1solated antibody or antigen-binding portion thereof according to claim 2,
wherein the human rGC 1s NPRA, NPRB, GC-C, GC-D, GC-E, GC-F or GC-G .

4. The 1solated antibody or antigen-binding portion thereof according to claim 3,
wherein the human rGC is NPRA.

5. The isolated antibody or antigen-binding portion thereof according to claim 1,
wherein the ligand is an atrial natriuretic peptide (ANP}, a brain natriuretic peptide (BNP), a C-type
natriaretic peptide (CNP), a Dendroaspis natriuretic peptide (DNP), urodilatin (Uro),
FPseudocerasies persicus natriurctic peptide, snake venom natriuretic-like peptide A (TINP-a), snake
venom natriuretic-like peptide B (TNP-b), or snake venom natriuretic-like peptide € (TNP-¢}.

6. The 1solated antibody or antigen-binding portion thereof according to claim 2,
wherein the human rGC 18 NPR-A and the ligand 1« ANP, BNP, Uro, or a nuxture thereof.

7. The 1solated antibody or antigen-binding portion thereof according to claim 2,
wherein the human rGC is NPRA and the ligand 1s ANP or BNP.

8. The isolated antibody or antigen-binding portion thereof according to claim 2,
wherein the human rGC s NPRB and the ligand s CNP.

9. The wsolated antibody or antigen-binding portion thereof according to claim 2,
wherein the human rGC is GC-C, GC-D, GC-E, GC-F or GC-G.

10. The isolated antibody or antigen-binding portion thereof of claim 1, wherein the
increase in apparent affinity of the ligand or the activating protein to the mammalian rGC is at least

2-fold higher than 1t would be if the antibody or antigen-binding portion thereof was not present.
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it The 1solated antibody or antigen-binding portion thereof of claim 1, wherein the ECyg
of ligand 1nduced mtracellular cGMP production is at least 2-fold lower than it would be if the
antibody or antigen-binding portion thereof was not present.

12. The 1solated antibody or antigen-binding portion thercof of elaim 1, wherein the
binding of the antibody or antigen-binding portion thereof further prolongs or enhances a catalytic
activity associated with the mammalian rGC.

13, Thesolated antibody or antigen-binding portion thereof according to
claim 1, wherein the catalytic activity is an increase in intracellular cGMP production.

14, The isolated antibody or antigen-binding portion thereof of claim 12, wherein the
increase in intracellular cGMP production is at least 2-fold higher than it would be if the antibody or
antigen-binding portion thereof was not present,

15, Thesolated antibody or antigen-binding portion thereof according to
claim 1, wherein the antibody or antigen-binding portion thercot s a monoclonal antibody.

16, The isolated antibody or antigen-binding portion thereof according to claim 1,
wherein the antibody is an 1gQG antibody

17.  Thesolated antibody or antigen-binding portion thereof according to claim 1,
wherein the antibody is an {gG4 or an IgG1 antibody.

18, The isolated antibody or antigen-binding portion thereof according to claim 1,
wherein the antibody or antigen-binding portion thereof is selected from the group consisting oft a
human antibody, a humanized antibody, a murine antibody, a chimeric antibody, a peptibody, a
single chain antibody, a single domain antibody, a Fab fragment, a F{ab’), fragment, a Fv fragment,
scFy fragment and fusion proteins,

19, An isolated antibody or antigen-binding portion thereof that selectively binds to an
epitope located in an extracellular domain of a mammalian receptor guanylyl cyclase (fGC) wherein
said epitope forms when said rGC 1s bound to a ligand or activating protein specific to the
marmmalian rGC and wherein said antibody 1s not reactive with the ligand or activating protein
binding site of the vGC.

206, The antibody of claim 19, wherein said antibody potentiates the activity of said
ligand or activating protein through said receptor.

21.  The isolated antibody or antigen-binding portion thereof of clainy 1§, wherein the

mammalian vGC 18 a human rGC.
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22, The isolated antibody or antigen-binding portion thereof of claim 20, wherein the
human rGC 1« NPRA, NPRB, GC-C, GC-I3, GC-E, GC-F or GC-G,

23, The isolated antibody or antigen-binding portion thereof according to claim 18,
wherein the human rGC is NPRA.

24, The isolated antibody or antigen-binding portion thereof according to claim 23,
wherein the antibody or antigen-binding portion thereof selectively binds an epitope located in the
extracellular domain of NPR-A, wherein said epitope coraprises a sequence located in the three
dimensional structure of NPRA when NPRA is bound to ANP and/or BNP, wherein said epitope 18
formed by a sequence selected from the group consisting of residues 7-28
(NLTYAVVLPLANTSYPWSWARV} (SEQ 1D NO:30), 121-129 (VKDEYALTT) (SEQ (D
NO:3D), 313-320 (TMEDGLVN) (SEQ 1D NO:32), 327-333 (HDGLLLY ) (SEQ ID NO:33) and
347-351 (VTDGE) (SEQ 1D NO:34y; residues 28-87
(VGPAVELALAQVEKARPDLLPGWTVRTVLGSSENALGVCSDTAAPLAAVDLKWEHNPAVEF
Ly (SEQ 1D NO:35), 96-113 (APVORFTAHWRVYPLLTAG) (SEQ [D NO:36), 293-301
{(PEYLEFLKQ) (SEQ 1D NO:37), 310-312 (FNF), 334-335 (1Q2), and 352-362 (NITOQRMWNRSF)
(SEQ I NO:38) located in the three dimensional structure of NPRA when NPRA is bound to ANP
and/or BNP.

25. The isolated antibody or antigen-binding portion thereof according to claim 23,
wherein the antibody or antigen-binding portion thereof selectively binds an epitope located in the
extracellular domain of NPRA, wherein said eptiope comprises one or more of the sequences
located in the three dimensional structure of NPRA when NPRA is bound to ANP and/or BNP.

26. The 1solated antibody or antigen-binding portion thereof according to claim 25,
wherein the antibody or antigen-binding portion thereof selectively binds an epitope located 1n the
extraceilular domain of NPR-A when said NPRA is bound to a ligand, said epitope being defined by
a discontinuous region formed by peptides NPRA.

27. The isolated antibody or antigen-binding portion thereof according to claim 19,
wherein the ligand s an atrial natauretic peptide (ANP), a brain natrivretic peptide (BNP), a C-type
natriuretic peptide (CNP}), a Dendroaspis natriuretic peptide (DNP), urodilatin (Uro),
Preudocerastes persicus natriuretic peptide, snake venom natrinretic-like peptide A (TNP-a), snake

.

venom natriuretic-like peptide B (TNP-b}, or snake venom natriuretic-like peptide C {TNP-¢}.

t
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28.  The isolated antibody or antigen-binding portion thereof according to claim 19,
wherein the buman rGC 1s NPRA and the ligand 1s ANP, BNP, Uro, or a mixture thereof,

29.  The isolated antibody or antigen-binding portion thereof according to claim 19,
wherein the human rGC is NPRA and the ligand 1s ANP or BNP.

36.  The isolated antibody or antigen-binding portion thereof according to claim 19,
wherein the human rGC 1« NPRB and the ligand s CNP.

31, Thesolated antibody or antigen-binding portion thereof according to claim 19,
wherein the human rGC is GC-C, GC-D, GC-E, GC-F or GC-G.

32. The isolated antibody or antigen-binding portion thereof of claim 19, wherein the
r(3C is NPRA.

33, Ansolated antibody or antigen-binding portion thereof that selectively binds to an
epttope located in an extracellular domain of a mammalian receptor guanylyl cyclase (rGC) in the
presence of a ligand or activating protein specific to the mammalian rGC, is not reactive with the
ligand or activating protein binding site of the rG{ and competes with a monoclonal antibody
comprising a VH and VL chain, cach VH and VL chain comprising hypervariable regions CDRI,
CDR2 and CDR3 separated by framework aminoe acid sequences, the hypervariable regions having
amino acid sequences in each VH and VL wherein

VHP® of said antibody has a sequence of SEQ ID NO:3;

VH " of said antibody has a sequence selected from the group consisting of SEQ 1D NO:4
and 10,

VHR of said antibody has a sequence of SEQ ID NO:13,

VL of said antibody has a soquence of SEQ ID NO: 14,

VL of said antibody has a sequence of SEQ ID NO:15; and
VL™ of said antibody has a sequence selected from the group consisting of SEQ 1D NO:16, 17
aund 18 for binding to said epitope.

34, An isolated antibody or antigen-binding portion thercof that binds to an epitope that
is essentially the same epitope bound by an antibody comprising a VH and VL chain, cach VH aund
V1L chain comprising hypervariable regions CDRI, CDR2 and CDR3 separated by framework
amino acid sequences, the hypervariable regions having amino acid sequences in cach VH and VL
wherein

VH® of said antibody has a sequence of SEQ 1D NO:3;
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VH " of said antibody has a sequence selected from the group consisting of SEQ 1D NO:4
and 10,

VHR of said antibody has a sequence of SEQ ID NO:13,

VL of said antibody has a soquence of SEQ ID NO: 14,

VL of said antibody has a sequence of SEQ ID NO:15; and

VLP® of said antibody has a sequence selocted from the group consisting of SEQ ID
N16, 17 and 18,

35, An isolated antibody or antigen-binding portion thercof that binds to an epitope in an
extracelhular domam of a mammalian receptor guanylvl cyclase (fGC) in the presence of a ligand or
activating protein specific to the mammalian rGC, wherein said epitope is bound by an antibody
comprising a heavy chain variable region (Vi) and a hght chain variable region (V;), cach Vyand
V comprising hypervariable regions CDR1, CDR2 and CDR3 separated by framework amino acid
sequences, the hypervariable regions having amino acid sequences in cach VH and VL chain of each
VH and VL chains of!

VH "™ having a sequence of SEQ 1D NO:3;

VHP® having a sequence selected from the group consisting of SEQ ID N(:4 and 10,

VH™ having a sequence of SEQ 1D NO:13,

VL™ having a sequence of SEQ 1D NO:14,

VL% having a sequence of SEQ ID NO:15; and

VL® haiving a sequence selected from the group consisting of SEQ ID NO:16, 17 and 18.

36, Anantibody specific for NPRA, comprising: a} a heavy chain variable region having
the following amino acid sequences for complementarity determining regions, respectively:
GDSVSSNSAAWS (SEQ 1D NG:39; RTYYR-SHWYFEYAVSVKS (SEQ 1D N(:40) and
MDVPSFRYFDV (SEQ ID N(G:41) and; b) a light chain variable region having the following amino
acid sequences for complementarity determuning regions, respectively: RASQSVRS - - - - - NYLA
(SEQ 1D NO:42), GASNRAT (SEQ 1D NO:43) and QQISNPP—V (SEQ 1D NO:44), wherein said
antibody binds NPRA m the presence of an NPRA ligand and increases the affinity of said ligand
for said NPRA as compared to the affinity of said ligand for said NPRA in the absence of said
antibody.

37.  Anisolated cell line that produces the antibody or antigen-binding portion thereof

according to any one of claims 1-36.

- 89 -
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38.  The cell line according to claim 37 that produces an antibody wherein said antibody

has a heavy and light chain CDBRs 1, 2 and 3, wherein
b )

VHR of said antibody has a sequence of SEQ 1D NO:3;

VH R of said antibody has a sequence selected from the group consisting of SEQ ID NO:4
and 10,

VH ™ of said antibody has a sequence of SEQ ID NO:13,

VLM of said antibody has a sequence of SEQ 1D NO: 14,

YL of said antibody has a sequence of SEQ D NO:15; and

<« CIR3 N . . ~ it

VL™ of said antibody has a sequence selected from the group cousisting of SEQ ID
NO:16, 17 and 18,

39, Ansolated nucleic acid molecule comprising a sequence encoding an antibody or
antigen-binding portion thereof which binds to natriuretic peptide receptor A (NPR-A), wherein said
antibody or antigen-binding portion thereof comprises a heavy chain hypervariable region CDR2
having a sequence selected from the group consisting of SEQ} 1D NO:4 and 10,

40. An isolated nucleic acid molecule comprising a sequence encoding an antibody or
antigen-binding portion thereof which binds to natriuretic peptide receptor A (NPR-A), wherein said
antibody or antigen-binding portion thereof comprises a light chain hypervariable region CDR3
having a sequence selected from the group consisting of SEQ D NO:16, 17 and 18,

41. An isolated nucleic acid molecule comprising a sequence encoding an antibody or
antigen-binding portion thereof which binds to natriuretic peptide receptor A (NPR-A), whercin said
antibody or antigen-binding portion thereof comprises a heavy chain hypervariable region CDR2
having a sequence selected from the group consisting of SEQ 1D NO:4 and 10 and a light chain
hypervariable region CDR3 having a sequence selected from the group consisting of SEQ 1D
NO:16, 17 and 18,

42, Ansolated nucleic acid molecule comprising a sequence encoding an antibody or
antigen-binding portion thereof which binds to natriuretic peptide receptor A (NPR-A), wherein said
antibody or antigen-binding portion thereof comprises a heavy chaiu variable domain (Vy), wherein

. . : » D . . . g CRR2
the V; comprises hypervariable regions VH™™ having a sequence of SEQ ID NQ:3; VH™®
: - CDR3 :
having a sequence selected from the group consisting of SEQ ID NO:4 and 10, and VH™™ of said
antibody has a sequence of SEQ ID NO: 13, wherein the hypervariable regions are separated by

framework amino acid sequences.

- 90 -
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43. An isolated nucleic acid molecule comprising a sequence encoding an antibody or
antigen-binding portion thereof which binds to natriuretic peptide receptor A (NPR-A), wherein said
antibody or antigen-binding portion thereof comprises a light chain variable domain (Vy), wherein
the V coruprises hypervariable regions VL?® having a sequence of SEQ ID NO:14; VLP®
consisting of SEQ ID NO: 16, 17 and 18, wherein the hypervariable regions arc separated by
framework amino acid sequences,

44. The nucleic acid molecule of claims 42 or 43, wherein the hypervariable regions are
provided in a human framework region.

45. An isolated nucleic acid molecule comprising a sequence encoding an antibody or
antigen-binding portion thereof which binds to natriuretic peptide receptor A (NPR-A}, whercin said
antibody or antigen-binding portion thereof is selected from the group consisting oft Abl, AbZ, Ab3,
Abd and AbS, wherein Abl-AbS comprises a VH and VL chain, cach VH and VL chain comprising
hypervariable regions CIDR1, CDR2 and CDR3 separated by framework amino acid sequences, the

hypervariable regions having amino acid sequences in each VH and VL chain of Abl-AbS5 selected

according to the following table:

Ab} . \/7HC‘DR} VH CDR2 VHCDRS’
(SEQ ID NO:3) (SEQ ID NO:4) (SEQ ID NO:13)
VLCDH VLCDRZ ‘VLCDR%
(SEQIDNO:14)  (SEQIDNO:I5)  (SEQIDNO: 16)
Ab 3 VH CDRI VH CDR2 vV }_i—CDRTS
(SEQ ID NO:3) (SEQ ID NO:4) (SEQ ID NO:13)
VI_JCDR] \Y LCDR?. AV LCDR3
(SEQIDNO:14)  (SEQIDNO:13)  (SEQID NO:T)
Ab3: VHR VHPR VHR
(SEQ ID NO:3) (SEQ ID NO:4) (SEQ 1D NO:13)
\ZLCDRj \/vLCDRQ \lfL-L?DR3
(SEQIDNO:14)  (SEQIDNO:I5)  (SEQID N(:18)
Abd: VHCDRI \V HCDR‘Z \/THCDRB
(SEQ D NO:3) (SEQIDNO:10)  (SEQID NO:13)

~-91 -
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\;LCDRi ‘VLCDRZ ‘V'LCDW,

(SEQIDNO:14)  (SEQIDNO:15)  (SEQID NO:1T)
Z&Xb S . v}_{(jDRl ‘V HCDR 2 \Ir 1 iCDR'}

(SEQ ID NO:3) (SEQIDNO:10)  (SEQID NO:13)

wVLCDRl "ZLCDRZ \7LCDR3

(SEQIDNO:14)  (SEQIDNO:15)  (SEQID NO:12).

46. A vector comprising and capable of expressing the nucleic acid molecule of any one
of claims 39-45,

47, A host cell transformed with the vector of claim 46.

48, The host cell of claim 47, wherein the host cell is bacterial,
49, The bost cell of claim 46, wherein the host cell 1s mammalian.

50. A pharmaceutical composition comprising the purified antibody or antigen-binding
portion thereof according to any one of claims 1-36 and a pharmaceutically acceptable carrier or
excipient thereof.

51, The pharmaceutical composition of claim 50, wherein the antibody 1s monoclonal
anti-natriurctic peptide receptor A antibody comprises a VH and VL chain, cach VH and VL chain
comprising hypervariable regions CDRI, CDR2 and CDR3 separated by framework amino acid

sequences, the hypervariable regions having amino acid sequences in each VH and VL chain of

Abl-AbS selected according to the following table:

Abl . VF iCDI{j VH CDR2 v}_i—CDRS
(SEQ ID NO:3) (SEQ ID NO:4) (SEQ ID NO:13)
VI_JCDR] \Y LCDR?. AV LCDR3
(SEQ IDNO:14)  (SEQIDNO:13)  (SEQID NO:16)
Ab2: VHR VHPR VHR
(SEQ ID NO:3) (SEQ ID NO:4) (SEQ 1D NO:13)
VLCDRi V:EJCDRZ \VLCDRS
(SEQIDNO:14)  (SEQIDNO:5)  (SEQIDNO:7)
Ab3: \ZHCBR 1 \/vHCDRZ xVHCDRS
(SEQ 1D NO:3) (SEQ ID NO4) (SEQ ID NO:13)
VLCDH VLCDRZ ‘VLCDR%
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(SEQIDNO:14)  (SEQIDNO:15)  (SEQID NO:S)

A;b 4 . \;HCDRI \I; HCDRZ \/7HCDR3
(SEQ 1D NO:3) (SEQ IDNO:I0Y  (SEQID NO:13)
Vi ’CDR] ‘VE CRR2 ‘\'YI ChR3

(SEQIDNOG:14)  (SEQIDNO:5)  (SEQID NO:17)

AbS: ORI VECDR? VDR
(SEQ ID NO:3) (SEQID NO:10)  (SEQID NO:13)
‘V'LCDR 1 '\/"LCDRQ \;LC DR3

{SEQ ID NO:14 (SEQ ID NG:15) (SEQ 1D NO:18).

52. A method of producing an 1solated antibody or antigen-binding portion thercof
comprising the steps of culturing the host cell according to claim 46 or the cell line according to
claim 36 under suitable conditions and recovering the antibody or antigen-binding portion thereof.

533, The method of claim 52, wherein the nucleic acid molecule encoding the heavy and
light chain hypervariable regions separated by framework amino acid sequences is coexpressed in
the host cell.

54. A method for potentiating an apparent affinity of a ligand or an activating protein to
an extracellular domain of a mammalian receptor guanylyl eyclase (fGC), comprising contacting the
marmalian rGC with the purified antibody or antigen-binding portion thereof according to any one
of elaims 1-36 in the presence of the ligand or activating protein.

55, The method of claim 34, wherein the mammalian rGC is a human rGC,

56. The method of claim 55, wherein the human rGC 1s NPR-A, NFR-B, NPR-E or

NPR-F.

(9]

7. The method of claim 54, wherein the human rGC is NPR-A.

58. The method of claim 54, wherein the hgand is an atrial natriuretic peptide (ANP), a
brain natriuretic peptide (BNP), a C-type natriuretic peptide (CNP3, a Dendroaspis natriuretic
peptide (DNP), urodilatin (Uro), Pseudocerastes persicus natriaretic peptide, snake venom
natriuretic-like peptide A (TNP-a), snake venom natrturetic-like peptide B (TNP-b), or snake venom
natriuretic-like peptide C {(TNP-c).

59. The method according to claim 55, wherein the human vGC 1s NPR-A and the ligand

is ANP, BNP, Uro, or a mixture thereof
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60.  The method of claim 55, wherein the human rGC is NPR-A and the ligand is ANP or
BNP.
61. The method of claim 55, wherein the human rGC 13 NPR-B and the ligand 18 CNP.

62, The method of claim 55, wherein the human rGC 18 NPR-E or NPR-F,

63.  The method of claim 55, wherein the increase in apparent affinity of the ligand or
activating protein to the mammalian 1GC is at least 2-told higher than it would be 1 the antibody
thereof was not present.

64. The method of claim 55, wherein the increase in apparent affinity of the ligand or
activating protein to the mammmalian tGC s at least 3-fold higher than i would be if the antibody
was not present.

65.  The method thereof of claim 34, wherein the binding of the antibody further enhances
a catalytic activity associated with the mammalian vGC.

66. The method according to claim 54, wherein the catalytic activity 18 an increase in
intracellular cGMP production,

67.  The method of claim 65, wherein the increase in intracellular cGMP production is at
ieast 2-fold higher than it would be if the antibody, variant or fragment thereof was not present.

68. The method according to claim 54, wherein the antibody, variant or fragment thereof

is a monoclonal antibody.

6%.  The method according to claim 54, wherein the antibody is an {gG antibody

70. The method according to claim 54, wherein the antibody s an 1gG4 or IgGl
antibody.

71 The method according to claim 54, wherein the antibody is selected trom the group

consisting of a human antibody, a humanized antibody, a murine antibody, a chimeric antibody, a
single chain antibody, a single domain antibody, a Fab fragment, a F(ab’}, fragment, a Fv fragment,

scFy fragment and fusion proteins.

72. The method according to claim 54, wherein the potentiation s performed in vive or in
viiro.

73. A method for treating a disorder or condition associated with a decreased level of
catalytic activity of a mammmalian rGC in a subjoct comprising admuinistering to the subject in need

thereof an effective amount of a purtfied antibody or antigen-binding portion thereof according to

any one of claims 1-36,
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74. A method for treating a disorder or condition associated with a decreased level of
catalytic activity of a mammalian rGC in a subject comprising administering to the subject in need
thereof an effective amount of the pharmaceutical composition according to claim 50.

75, The method of claim 73 or claim 74 wherein said disorder 1s selected from the group
consisting of heart failure, hypertension, atherosclerosis, diabetes, diabetic nephropathy, stroke,
atrial fibrillation, ventricular arrythmias, deep vein thrombosis, myocardits, valvular heart disease,
pulrionary embolism, pericardial disease, coronary vasopasm, metabolic syndrome X, renal
insufficiency (CKD, ESRD} and allergic rhinitis.

76.  The method of claim 75, wherein said heart disease is selected fromw the group
consisting of non-ischemic chronic heart failure, post myocardial infarction heart failure (ischemic
CHF), acute myocardial infarction, reperfusion imjury, left ventricular dysfiumction, cardiac fibrosis,
diastolic heart failure, hypertrophic cardiomyopathy, acute decompensated heart failure and
ischemic heart disease.

77. A method for treating acute decompensated heart failure in a subject comprising
administering to the subject in need thereof an effective amount of the pharmaceutical composition
according to claim 50,

78. A method for treating hypertension in a subject comprising administering to the
subject i need thereof an effective amount of a purified antibody or antigen-bindimg portion thereof
according to any one of claims 1-36

79. A method for treating hypertension in a subject comprising administering to the

subject in need thereof an effective amount of the pharmaceutical composition according to claim

Ll

4,

1

80. A method for treating atherosclerosis in a subject comprising admintstering to the
subject in need thereof an effective amount of a purified antibody or antigen-binding portion thereof
according to any one of claims 1-36,

81. A method for treating atherosclerosis in a subject comprising adnunistering to the
subject in need thereof an effective amount of the pharmaceutical composition according to claim
58,

82. A method for treating a discasc in a subject, the disease being selected from the group
consisting of Type 1 diabetes, Type 2 diabetes, diabetic nephropathy, stroke, atrial

fibrillation/ventricular arrhythmias, deep ven thrombaosis, mycocarditis, valvular heart disease,
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pulmonary embolism, pericardial diseases, coronary vasospasm, metabolic syndrome X, renal
insufficiency, allergic rhinitis, asthma, inflamrmatory disease, septic shock, obesity and cancer,
comprising to the subject in need thereof an effective amount of a purified antibody or antigen-
binding portion thereof according to any one of claims 1-36.

83. A method for treating a disease in a subject, the disease being selected from the
group consisting of Type 1 diabetes, Type 2 digbetes, diabetic nephropathy, stroke, atrial
fibrillation/ventricular arvhythmias, deep vein thrombosis, mycocarditis, valvular heart disease,
pulmonary embolism, pericardial diseases, coronary vasospasm, metabolic syndrome X, renal
insufficiency, allergic rhinitis, asthma, inflammatory disease, septic shock, obesity and cancer,
comprising to the subject in need thereof an effective amount of the pharmaceutical composition
according to claim 50,

84. A method of treating heart failure in a patient comprising administering a
therapeutically effective amount of a purified antibody or antigen-binding portion thereof according
to any one of claims 1-36, and a second therapeutic agent for the treatment of heart {atlure.

85.  The method of claim 84 wherein said sccond agent is sclected from the group
cousisting of ARB/ACE:, ADP wmhibitors, aldosterone antagounists, naticuretic peptides, anti-
arrhthmic agents, HMG-CoA inhibitors, beta blockers, cardiac glycosides, calcium channel
blockers, diuretics, fibrates, GPHb/Ia wnhibitors, heparing, nicotinic acid derivatives, nitrates and
nitrites, oral anticoagulants, thrombolytics, TZDs, cholesterol absorption inhibitors, acetyl salicylic
acid, diapyridamole, phosphodiesterase inhibitors, CETP inhubitors/apoAl mimetics, thrombin
inhibitors, Factor Xa inhibitors, renin inhibitors, chymase inhibitors, RhokK inhibitors, LpPLAZ
inhibitors, Endothelin receptor antagonists, HDAC mhibitors, nuclear receptor agonists, nuclear
receptor antagonists, vasopeptidase inhibitors, fatty acid oxidation inhibitrs, ACAT inhibitors,
microsomal triglyceride transfer protein inhibitors, adenosine receptor modulators, AGE/RAGE
interaction modulators, gene therapy, cell therapy.

86. The method of claim 84, wherein said second agent is ANP or BNP.

87. The method of claim 86, wherein said second agent is selected from the group
consisting of Nestritide, Carperitide, Ularitide, and combinations thereof,

88. A method of prolonging or increasing the therapeutic efficacy of an NPRA ligand in
a patient comprising administering said NPRA ligand in combination with an antibody of any of

claims 1-36,
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89.  The method of claim 88 wherein said patient is suffering from heart failure.
90.  The method of claim 89, wherein said patient is suffering {rom acute decompensated

heart failure,

91. The method of claim 89, wherein said patient is suffering from chronic heart fatlare.
82, The method of claim 89 wherein said NPRA ligand 1s selected from the group

consisting of 1s selected from the group consisting of Nesiritide, Carperitide, Ularitide, and
combinations thereot.

93. The method of claim 89 wherein co-administering the antibody with said NPRA
ligand prolougs the effect of said NPRA ligand by at least two-fold the time of the NPRA ligand
activity seen in the absence of said antibody.

94.  The method of claim 89 wherein said antibody 18 administered concurrently with,

prior to, or after administration of said NPRA ligand.
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because they relate to parts of the international application that do not comply with the prescribed requirements to such an
extent that no meaningful international search can be carried out, specifically:

3. g Claims Nos.; 46-49, 52-53,75-76
because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. 111  Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this intemational application, as follows:

Group |+: claims 1-45, 50-51, 54-74, 77-94, drawn to an isolated antibody that selectively binds to an extracellular domain of a
mammalian guanylyl cyclase (rGC) receptor. The first invention is claims 1-35, 37-45, 50-51, 54-74, 77-94, wherein claim 24 is
restricted to SEQ 1D NO:30, claims 33-35, 38, 45, 51 are restricted to SEQ 1D NO:3-4 and 13-16; claim 39 is restricted to SEQ ID NO:4;
claim 40 is restricted to SEQ ID NO: 16; claim 41 is restricted to SEQ ID NO:4 and 16; claim 42 is restricted to SEQ ID NO:4 and 13;
claim 43 is restricted to SEQ 1D NO:14-16. Due to the number of sequences in this application, additional inventions of Group I+ will be
defined as necessary depending on Applicant's ultimate payment of additional fees. The additional sequences will be searched if
applicant pays for each additional sequence or shows that the sequences share a special technical feature, i.e. a common structure or
feature that defines a contribution over the prior art. Each additional sequence to be searched must be specified by the Applicant in the
response to this invitation and must either (1) have an additional invention fee paid or (2) have a showing that the sequences share a
common structure or feature that defines a contribution over the prior art.

[NOTE: Ctaims 33-35, 37-38, 42, 44-45, 50-51, 54-74, 77-94 were excluded from Group | as unsearchable, because the sequence
listing contains an error with respect to SEQ ID NO: 13, providing an identical sequence to SEQ ID NO: 4, while the spec indicates it
should be different (pg 20, Table 1)]. weesmwennniesnsContinued in the extra sheet

1. D As all required additional search fees were timely paid by the applicant, this international search report covers all searchable
claims.

2. D As all searchable claims could be searched without effort justifying additional fees, this Authority did not invite payment of
additional fees.

3. D As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

4, g No required additional search fees were timely paid by the applicant. Consequently, this international search report is

restricted to the invention first mentioned in the claims; it is covered by claims Nos.:
1-32, 398-41, 43, restricted to SEQ ID NO: 3-4, 14-16, 30

Remark on Protest D The additional search fees were accompanied by the applicant’s protest and, where applicable, the
payment of a protest fee. B

D The additional search fees were accompanied by the applicant’s protest but the applicable protest
fee was not paid within the time limit specified in the invitation,

D No protest accompanied the payment of additional search fees.

Form PCT/ISA/210 (continuation of first sheet (2)) (July 2009)
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SUPPLEMENTAL BOX
Continuation of: Box No [I! (unity of invention is lacking)

The inventions listed as Group 1+ do not relate to a single general inventive concept under PCT Rule 13.1 because, under PCT Rule
13.2, they lack the same or corresponding special technical features for the following reasons:

The inventions of Group |+ share the technical feature of an isolated antibody or antigen-binding portion thereof that selectively binds to
an extracellular domain of a mammalian guanylyl cyclase (rGC) receptor. However, this shared technical feature does not represent a
contribution over prior art. Specifically, a paper titled “Localization and Characterization of an Orphan Receptor, Guanylyl Cyclase-G, in
Mouse Testis and Sperm°by Huang, et al. (Endocrinology 2006, 147(10):4792-4800) discloses a neutralizing antibody specifically
against the extracellular domain of receptor guanylyl cyclase (GC) (abstract): "A recombinant protein of the ECD (residues 44-472) fused
with human IgG Fc fragment was generated as immunogen to raise the anti-GC-G-specific antisera... The anti-ECD-specific antibody
(anti-ECD Ab) was further puritied on a column coupled with the recombinant protein containing the mGC-G ECD only to remove the anti
-Fc antibody and, therefore, enrich the specific activity for the neutralization. The specificity of the affinity-purified anti-ECD Ab was
confirmed by ELISA" (pg 4793, col 1). As said antibody was known al the time of the invention, this cannot be considered a special
technical feature that would otherwise unify the groups.

Another technical feature of the inventions listed as Group |+ is the specific epitope of rGC of the specific amino acid sequence recited
therein. The inventions do not share a special technical feature, because 1) no significant structural similarities can readily be
ascertained among the amino acid sequences, and 2) US 2007/0141634 A1 to Vuolteenaho, et al. discloses 430 amino acid long
sequence of extracellular domain of human GC-A receptor (SEQ 1D NO 34, para [0081]). Without a shared special technical feature, the
inventions lack unity with one another.

The inventions of Group |+ therefore lack unity under PCT Rule 13 because they do not share a same or corresponding special
technical feature. i

Form PCT/ISA/210 (extra sheet) (July 2009)
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